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INTRODUCTION

Construction safety of the ships is a central objective in the concerns of all the
actors involved in shipbuilding and operation of ships, this being subject to the integrity of
ships, the life of crews and passengers, the integrity of the goods transported, and the
environment protection. The safety construction is achieved by meeting some technical
requirements from international and national regulations as well as from the classification
societies rules and industry standards, in all phases of the ship's life, from design,
construction and operation to scrapping.

Therefore, the purpose of this paper is the analysis of some technical requirements
concerning the construction safety of the ships, stipulated by the main international and
national regulations and following theoretical and laboratory research, to make proposals for
improvement of these requirements, thus contributing to technical progress in the field.

In this respect it has been established the following objectives:

1. Development of computational tools for assessing the construction safety of the

ships on longitudinal strength;

2. Improving the requirements on longitudinal strength of seagoing ships in intact

condition;

3. Development of a method of probabilistic assessment of longitudinal residual

strength of the seagoing ships in damaged condition;

4. Development of a method of probabilistic assessment of overall survival of the

seagoing ships in damaged condition.

The paper is structured in 6 chapters presenting the current state of the technical
requirements and calculation methods, and the novelties and own contributions of the author,
as appropriate, as follows:

Chapter 1. Safety construction as provided in international and national
regulations. In this chapter is made a presentation of the international and national
regulations which ensures the construction safety of the ships and is briefly described how
this safety is achieved in the design, construction and operation phase.

Chapter 2. Computational tools designed and used to analyze the
construction safety of the ships. To analyze the construction safety of the ships, the
following 4 computational programs which allow conducting studies and research to improve
shipbuilding regulations on safety construction were developed:

— A program for calculation of the sectional efforts and of the elastic line of the
ship’s hull at the static position in still-water and at the quasi-static position on the
head wave having cosine or trochoidal form. The program allows determining the
floating parameters for the equilibrium position of the ship in still-water and the
quasi-static position on the wave for different cases of loading conditions, as well
as the sectional efforts and the elastic line of its hull under such conditions. Based
on the classical calculation method in "Ship’s Theory," adapted and developed by
the author in a specific way to automate calculations, the program introduces
several innovative elements described in this chapter.

— A program for linear calculation of the ship’s oscillation parameters and of the
additional sectional efforts in its hull induced by the head wave. The program was
developed based on the classical method in ,Ship’s Theory”, using the ,Ordinary
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Strip Theory” and the ,Modified Strip Theory” developed by the author in a
specific way to automate calculations, introducing several new considerations.
The tests on a series of 3 models validated the adopted method and the
calculation program.

— A program for non-linear calculation of the ship’s oscillation parameters and of the
additional sectional efforts in its hull induced by the head wave. The program was
developed based on the classical method in ,Ship’s Theory”, using the ,Ordinary
strip theory” and the ,Modified strip theory” developed by the author in a specific
way to automate calculations, introducing several new considerations. The tests
on a series of 2 models validated the adopted method and the calculation
program.

— A program for non-linear calculation of the ship’s oscillation parameters and of the
additional sectional efforts in its hull induced by head waves, considering
quadratic damping. The program was developed based on a new method
proposed by the author. The tests on a series of 2 models validated the adopted
method and the calculation program.

Chapter 3. Improving the construction safety of the ships regarding
longitudinal strength in intact condition. Following the comparison of wave-induced
sectional efforts, determined according to IACS regulations, with those obtained with the
programs presented in Chapter 2, it was found that the IACS efforts are smaller than the real
ones, particularly in the case of shear forces for several representative ship types. This
situation leads to the realization of undersized vessels confirmed by the loss of many bulk
carriers of single side skin construction. To avoid such incidents, appropriate corrections are
proposed for IACS formulations to obtain the real values for the sectional efforts and the
construction of properly dimensioned ships that are safer in operation.

Chapter 4. Probabilistic assessment of longitudinal residual strength of the
seagoing damaged ships. To improve the safety of the construction of the damaged ship, it
is proposed to apply a new probabilistic concept for longitudinal residual strength
assessment, which is based on survival after damage, as a measure of the safety
assessment of the ship in damaged conditions, hereinafter referred to as the effective
longitudinal residual strength R, index. For the survival of the ship, it is required that this
effective index be greater than a minimum value called the required longitudinal residual
strength index Ryo.

Chapter 5. Probabilistic assessment of overall survival of the seagoing
damaged ships. To improve the construction safety of the damaged ship, it is proposed to
complement the SOLAS probability concept for assessing the stability of the damaged ship,
with survival and in terms of the hull ultimate girder strength after failure.

Chapter 6. General conclusions, original contributions and perspectives. This
chapter presents the personal contributions to improving construction safety of the ships
within the thesis and the conclusions drawn from the application of these contributions as
well as potential research directions related to the approached topic which will be developed
in the future.
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1 CONSTRUCTION SAFETY OF THE SHIPS AS PROVIDED IN
INTERNATIONAL AND NATIONAL REGULATIONS

1.1 The importance of the construction safety of the ships

The objective of this paper is, following an analysis of some of the requirements
concerning construction safety of the ships under the main international and national
regulations and after a theoretical and laboratory research, to contribute to their
improvement.

The importance of these requirements is underlined by the fact that one of the
important objectives of the International Maritime Organization (IMO) (Figure 1.1.1) and other
international bodies is the safety of vessels for their operation without human or material loss
and without environmental pollution.

-~ .
Ship Environment Ship : Working |
safety protection security | conditions |

- ]
Construction
Fire protection safety of the
ships
Life-saving Operational
appliances problems
Saf.ety.of Freeboard
navigation

Fig. 1.1.1 — IMO goals presented in an unitary approach

This safety includes the safety construction as an essential element, which is
achieved through a set of activities carried out by researchers, designers and shipbuilders in
accordance with international regulations, classification societies rules and technical norms
of naval authorities regarding hull construction, subdivision and stability of ships, construction
of machinery and installations, fire protection.

For this purpose, it has been decided within the IMO that this organization should
exercise its attributions by ship construction standards based on its goals shown in Fig.
1.1.1.

The first three tiers were achieved within the IMO, by adopting the resolution
MSC.296(87) [2] on the Guidelines for verification of conformity with goal-based ship
construction standards for bulk carriers and oil tankers and, by resolution MSC.290(87) [3],
the new SOLAS regulations 11-1/2.28 and 11-1/3-10 [4], and IV and V tiers were achieved by
the International Association of Classification Societies (IACS) by developing the Common
Structural Rules for Bulk Carriers and Double Hull Oil Tanker [5], but the process of
developing and improvement of these 5 tiers is continuous consistent with the technical
progress and the needs of maritime transport.
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Similarly, it is envisaged the safety of the construction of inland waterway vessels,
this being ensured by the regulations of international bodies such as the Danube
Commission, the Central Commission for Navigation onthe Rhine, the UNECE, the
European Commission, etc. as well as by the rules of the naval authorities and classification
societies.

( )
Tier |
N Hiah-level obiectives to be met. y
C _ A
Tier Il
Functional requirements and criteria to be satisfied in order to
conform to the IMO goals.

(G J

Tier 11l
Verification of conformity
Procedures for verifying that the rules and regulations for ship
design and construction conform to the IMO goals and functional
requirements.

s oy N

Rules and regulations for ship design and construction
Detailed requirements developed by IMO, national Administrations
and/or recognized organizations and applied by national
Administrations and/or recognized organizations acting on their
behalf to the design and construction of a ship in order to conform
\ to the goals and functional requirements. /

A

4 )

Tier V
Industry practices and standards
Industry standards, codes of practice and safety and quality
systems for shipbuilding, ship operation, maintenance, training,
manning, etc., which may be incorporated into, or referenced in, the
rules and regulations for the design and construction of a ship.

Fig. 1.1.2 — Goal-based system (GBS) organization

A lower level of safety construction can lead to material losses and failures, human
life losses or ecological disasters.
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Among the lost ships, a significant share was represented by the bulk carriers and
oil tankers, some of them by the collapse of the longitudinal structural elements of the hull
and its breaking into two parts, as can be seenin Fig. 1.1.3 [8], 1.1.4 [9] and 1.1.5 [10].

Studies have shown that losses caused by hull breaking depend in a probabilistic
manner on the following factors:

— the ship’s age, increasing with it;
— the type of cargo, increasing with its specific gravity;

— the chose route, the most dangerous routes being in the Far East and the
Northern Atlantic;

— the type of used material, high strength steels increasing the risk of the ship being
lost because they are more susceptible to corrosion, having an less corrosion
addition, and assuring a greater elasticity to the hull, fostering the appearance of
the «springing» phenomenon, i.e. the appearance of the ship general vibration
induced by waves, which additionally stress it and weakens its strength to fatigue.

Fig. 1.1.3 — EUROBULKER X Bulk Carrier after breaking, on 02.09.2000,
while loading cement at the port of Lefkandi in Greece [8]
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Fig. 1.1.4 — ERIKA oil tanker after breaking, on 12 December 1999, at
60 miles from the coast of Brittany [9]

Fig. 1.1.5 — PRESTIGE oil tanker after breaking on 13 November 2002, at 30
miles from the North-East coast of Spain[10]

Pag. 11



Dumitru LUPASCU - CONTRIBUTIONS TO IMPROVE CAP. 1. CONSTRUCTION SAFETY OF THE SHIPS AS

CONSTRUCTION SAFETY OF THE SHIPS IN THE PROVIDED IN INTERNATIONAL AND NATIONAL
CONTEXT OF INTERNATIONAL AND NATIONAL REGULATIONS
REGULATIONS

1.2 International and national regulations on the construction safety of the
ships

The construction safety of seagoing ships is achieved by applying of the
international and national regulations requirements on general and local strength, and the
buoyancy and stability.

At International level, are in force the regulations developed by the IMO, IACS and
classification societies. At national level, are in force the regulations developed by the
Romanian Naval Authority (RNA):

At European level, for inland waterway vessels are in force regulations developed
within the European Union, the United Nations Economic Commission for Europe (UNECE),
the Rhine Commission, and the Danube Commission. At national level, the regulations
developed by RNA are in force.

1.3 Assessment of the ships safety construction

The assessment of the construction safety of the ships is begun at the design stage
by verifying the fulfillment of the strength criteria as well as the buoyancy and stability criteria
in the design documentation by a naval authority and/or by a recognized classification
society.

During the construction phase, the ship strength is verified by the quality assurance
compartments in shipyard and by the naval authority whose flag the ship is flying and/or by a
recognized classification society through technical survey carried out to ascertain that the
approved design and the manufacturing technologies are in accordance with the regulations
in force:

The assessment of the safety construction of ships in service is conducted on
periodical surveys carried out at 5 years interval, of intermediate surveys carried out at 2.5
years interval and of annual surveys by the naval authority and/or by recognized
classification society.
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2 COMPUTATIONAL TOOLS DESIGNED AND USED TO ANALYZE THE
CONSTRUCTION SAFETY OF THE SHIPS

2.1 Overview

To analyze the construction safety of the ships, the following 4 computational
programs which allow conducting studies and research to improve shipbuilding regulations
on safety construction were developed by author.

2.2 A program for calculation of the sectional efforts and of the elastic line
of the ship’s hull at the static position in still-water and at the quasi-
static position on the head wave.

2.2.1 Program object and destination

The program allows determining the floating parameters for the equilibrium position
of the ship in still-water and for the quasi-static position on the head wave having cosine or
trochoidal form, for different cases of loading conditions, as well as the sectional efforts and
the elastic line of its hull under such conditions.

2.2.2 The applied calculation method

Determination of the floating parameters for the equilibrium position of the ship in
still-water and for the quasi-static layout on the wave for different cases of operational
loading conditions, as well as the sectional efforts and the elastic line of its hull are
performed principally according to the classic method from papers [48] to [57] in the "Ship
Theory," "Ship Computation and Construction" and "Resistance of Materials" fields and
developed and completed by the author in a specific manner, to the level of detail required
for the programming of the calculation.

For this purpose, the ship’s hull surface described by points is related to an
orthogonal axis system (Figure 2.2.1). The points are arranged on the theoretical couples
located along the ship length and define their profile by draft and half-breadth.

Z )

T‘K‘S _—
Yl

Fig. 2.2.1 — The reference co-ordinate system to which the hull surface relates

[5]
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The ship is considered to be in the equilibrium on still-water or in the quasi-static
position on the wave, if its displacement is equal with the buoyancy force of the immersed
hull and if its center of gravity G is on the same vertical with center of buoyancy C (Figure
2.2.2), which means that the following relations are fulfilled:

A=y-k, -V, (2.2.1)
Xe —Xg =(2g —2c) -ty (2.2.2)
Yo — Vo = (25 —2¢) 190 (2.2.3)
|
z
A
3 7 L
Lo AT
— A C
To A v kaVc
B.L. Y X
5 -
AZ

D
—=
5 G
= 26 4 C
z
\_ Ci yVe J oy
O
— yGﬂ—\

Yc

>

Fig. 2.2.2 — Equilibrium condition of the ship

where:

Xe — longitudinal coordinate of ship’s center of gravity;

ye — the distance from the PD to the ship’s center of gravity;
Zec — Vvertical coordinate of the ship’s center of gravity;

v o _ the trim angle;

o

— the angle of longitudinal inclination (the roll or heel angle);
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To — draught at aft ship’s extremity:

Y~ the specific gravity of water;

ka — appendages coefficient (ka = 1,001 ... 1,005)

Ve  — volume of immersed hull;

Xc  — abscissa of the center of buoyancy;

yc — transverse coordinate of the center of buoyancy;

zc  — Vvertical coordinate of the center of buoyancy;

2. Equilibrium condition is obtained by passing two stages:

1. the longitudinal equilibration, which consists in bringing the ship to the position in which its
displacement is equal to the weight of the water displaced by the immersed hull and its
center of gravity G, is on the same vertical as the hull center C, which means that the
relations (2.2.1) and (2.2.2) are fulfilled.

2. after longitudinal equilibration, the roll angle of the ship is determined by the relation:
=y—G (2.2.4)
GM,
where:
GMr — transverse metacentric height corresponding to the ship’s longitudinal
equilibrium position;

For ship laying on still-water, the draught T(x) from centerline (fig. 2.2.2) in a
transversal section X, is given by the relation:

TX)=T,+x-y (2.2.5)

For ship quasi-static layout on the wave, it is theoretical and experimental proved
the fact that additional vertical sectional efforts reach the maximum value when the top or
hollow of the wave are amidships and the wave length is equal with the length of the ship
[49].

Considering the ship quasi-static layout on the cosine wave, the draught T (x) in a
transversal x, is given by the relations:

- for crest amidships (hogging condition) (fig. 2.2.3):

T(x)=TO+x-w—%-cosz.7E'X (2.2.6)

- for hollow amidships (sagging condition) (fig. 2.2.4):

T(x)=T0+x-w+%-cosz.f'x (2.2.7)

Considering the ship quasi-static layout on the trochoidal wave, the draught T(x) in a
transversal section x, is given by the relations:
- for the ship on the crest, the crest being amidships (hogging condition) (fig. 2.2.3):

T(x)=T0+x-z//—%-cosq) (2.2.8)

- for the ship on the hollow, the hollow of the wave being amidships (sagging
condition) (fig. 2.2.4):

T(x)=T0+x-z//+%-cosd> (2.2.9)

where:
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@ - is a parameter obtained from transcendental equation:

x=i-cb+n-sincb (2.2.10)
2.7 2
Av —wave length;

hv —height of the equivalent wave corrected due to the Smith effect.

i

z

-
o
{V

ll\

To| | | /
X

Fig. 2.2.3 — Ship quasi-static layout on wave on hogging condition

o
—

The sectional efforts are obtained by the formulas:
- vertical shear force along the ship length:

Q) = [Im(&) -7 -k, - Q&)]- d& (2.2.12)
0
- vertical bending moment along the ship length:

|
z

£
~
"6

To

P |
<
|

Fig. 2.2.4 — Ship quasi-static layout in wave on sagging condition.

M) =[Q(£)-d¢ (22.12)
0
- torsional moment along the ship length:

M, (x) = J-[(m(é”) “Ym(&) =7 -Ka - B(&)]-cos 0 +[(M(S) - 2 (&) — 7 - kg - C(£)]-sin & +
0

+2¢07 (£)-[M(&) — 7 kg - Q&) -sin-dS (2.2.13)
where:
Q& — immersed area of the couple from & section
B(& - static moment related to center line, of submerged area of the couple from
£ section;
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C(& - static moment related to base line, of submerged area of the couple from &

section
0 — roll angle (angle of list or angle of heel)
zZzct — Vvertical coordinate of the torsion center in current section;

The elastic line of the hull is determined with the relation:
- bending deflection anng the ship length:

v(X) =V, + ¢, - ” M) 4 dé - 17Qe) (2.2.14)
l (cf) G Ay (é)
- bending rotation along the ship length:
o(X) = @, — j ME) 4, QW) (2.2.15)
1, ($) G- A, (X)
In the above relations were used the notations:

ly — moment of inertia to the horizontal neutral axis of the current cross-section
of the hull girder;

Ay — the shear-resistant area in the vertical direction of the current cross-section
of the hull girder;

E — the longitudinal elastic modulus;

G - the transverse elastic modulus;

Vo — bending arrow at the aft end of the ship;

@o — bending rotation at the aft end of the ship;

The elastic line of the hull is considered to be given by the line resulting from the
intersection of the deformed keel, with PD, relative to the theoretical base line (fig.2.2.5).

To determine the elastic line of the ship, in the vertical plane bending, it starts from
the relation (2.2.14), in which v, and ¢, appear as parameters to be determined from the end
conditions.

In setting these parameters, the sectional efforts are determined by initially
considering the ship to be a rigid body and that the deflections at the extremities are zero:

Vo=0 (2.2.16)
vi =0 (2.2.17)
From these conditions it follows:
M) 4 1 QX
o= T H | (5) dx + o1 !Ayf 9 dx (2.2.18)

and the elastic line of the hull is determined by the relation (2.2.14).

With the deflection so calculated, the proper correction of draughts is made and the
ship is balanced in still-water, thus finding the deflections at the ends of the elastic ship,
relative to the ship considered as rigid body:

Vpp= Tepp-Tpp (2.2.19)

Vov= Tepv-Tpv (2.2.20)
where:

Tepp — the draught at the aft extremity when the ship is considered as elastic body;

Tep — the draught at the aft extremity when the ship is considered as rigid body;

Tepw — the draught at the forward extremity when the ship is considered as elastic

body;
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Tew — the draught at the forward extremity when the ship is considered as rigid
body;

With the new values of the draughts are determined the bending moments and the
shear forces, and then the new elastic line of the body. This interactive process continues
until, in two successive iterations, the peak bending moments differ by less than 0.1%.

Because the ship’s body section varies longitudinally, the numerical method
described below, known as the transfer matrix method, was applied to calculate the sectional
stresses and vertical deformations.

N

=
p————
—
- -

i
.
|
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1
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\
|
|
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Fig. 2.2.5 — Vertically deformation of the ship’s hull

The hull is considered to be a flexible thin-walled girder of variable section, meshed
in elementary beams of constant section, having the length of a frame spacing (Fig.2.2.6).

ZA n-2
~ n-1

[S)
[3)
®
5)
©
O

| Lo

] 23456 i+l n-1n
Fig. 2.2.6 — Hull girder meshed in elementary beams

By isolating of an elementary beam "i" from the ship’s hull (figure 2.2.7) and bringing
together the equations of equilibrium of the loads and of the sectional efforts, as well as the
relationships between the deformations and the efforts for this beam, is obtained the
following matrix equation which establishes the link between the efforts and the deformations
at the ends of that elementary beam:

[ Ay2
3 [Ax, M
2
1 0 00 e 3
Qs AX, 1 0 0||Q > A (2.2.21)
M., A1 A, M; ) 6
Moo =1 o) s a1 CZS)/AX -
o, || 281, GA, HI, P L - R R e I N
i ) ! ! 6El, GA, (o tea )
v, A A X v 12El, GA, 2
Y TeEm oA T A 1L A1 A
| 6El, GA, 2El, | e L Y » M1 )Aﬁ
| 12El, GA, 2 | 20E1, on,) 6
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AXi — the length of the elementary beam "i" situated between the coast "i" and
Ili+1ll;
Si  — the outer load at the aft end of the elementary beam "i":
Si=m —y-k,-Q (2.2.22)
Si:1  — the outer load at the forward end of the elementary beam "i":
S =My =7k, Q. (2.2.23)
where:

0 -the immersed area of the transverse section at the end i;
Qi1 - the immersed area of the transverse section at the end i+1.

In the aforementioned relation it was assumed that the external load varies linearly

along the elementary beam "i".

Mi Mi+1
Qi Qi+1

Fig. 2.2.7 — Loads, efforts and deformations in an elementary beam
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Noting that:
Q
_ M
vV, = (2.2.24)
&;
Vi
I 1 0 O]
AX; 0 0
AX? 1 AX.
Al=|-=o- - =1 0 (2.2.25)
[ ] 2El; GA, El,
A AX AX?
- ——— Ax 1
i 6El,; GA, 2El, |
MAx _ _AXiz 1
A : 2
al AX?
B 2 6 (2.2.26)
R =S~ _(GAEXIi +Gl )'Axi +(Si+1_si)/AXi' ( AXiZ . 1 )Aixlz
yi Ay 12El,;, GAy 2
2 2
_(12A|)5(i| +G/1xy,)'A;i A S
i v ' : | 20El, GA;" 6 |
the relation (2.2.21) becomes:
V. =[A]V +R, (2.2.27)
By specifying the relation (2.2.27) for the first and the second elementary beam:
v, =[A]V, +R, (2.2.28)
\73:[A2]'\72+§2:[A2]'[A1]'\71+[A2]'§1+§2 (2.2.29)
or noting that:
D, ]=[A,]-[A] (2.2.30)
P,=[A] R +R, (2.2.31)
is obtained:
v, =[D,]-v, + P, (2.2.32)

By generalization the relations (2.2.30), (2.2.31) and (2.2.32), the efforts and
deformations vector at the frame "i+1" is determined:

V..=[D]- v, +P, (2.2.33)
where:

[O]=[A][AL ) [A][A] (2.2.34)

P=[A]R,+R (2.2.35)

By applying the relation (2.2.33) to the elementary beam from the bow, the
relationship between the aft and forward efforts and deformations is obtained:

V,=[D, ]V, +P,, (2.2.36)
The ends of the ship being free, the sectional efforts are null at the "1" and "n"
couples:
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Q=0

M1 =0

Qn=0

M, = 0.

There are 4 deformations and rotations of the ship's ends based on which the elastic
line of the hull can be determined and for their calculation, there are only the last two
equations of the system (2.2.36), so that in the first stage, it is considered that the ship's
deflections at the ends are zero:

vi =0
vh =0.
From the v, = 0 condition, the aft end rotation, ¢: is determined and then, by

applying the relations (2.2.33) and (2.2.34), the sectional efforts and deformations of the hull
along the ship length are determined.

With the deflections values so calculated, the proper correction of the draughts is
made and the ship is in a steady position in still water.

The elastic line of the hull is determined by the relation (fig. 2.2.5):
Vi = Tg-Ti (2.2.37)

where:
T — the draught at the frame ,i” when the ship is considered as elastic body;
Ti —the draught at the frame ,,i” when the ship is considered as rigid body;

With the new values of the draughts of the deformed ship are determined the
bending moments and the shear forces, and then the new elastic line of the body. This
numerical procedure is cyclically repeated until, in two consecutive iterations, the maximum
bending moments differ by less than 0.1%

2.2.3 Program description

Based on the calculation method presented in 2.2.2, the RLS-V1 program has been
developed, whose code being written in the Visual-FORTRAN language that can be run on
32 or 64-bit computers running Windows XP operating system or a later version.

2.2.4 The verification of the RLS-V1 program

The verification of the program was carried out with a parallelepiped barge, with a
uniform distribution of the masses along its length of 100 t/m, having the following main
characteristics:

L =100,00 m
B =20,00m
D =20,00m
T=5,00m

y =1,025 t/m?3
l, = 20,000 m*
As = 0,200 m?

and which is quasi-static placed first on a cosine-like wave with a height of 7.92 m and then
on a trochoidal wave of the same height.
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Comparative calculations to verify the RLS-V1 program for cosine wave are given in
Table 2.2.1, showing that the differences between manually determined values and program
results are below 1%.

Table 2.2.1 — Comparative calculations to verify the RLS-V1 program for layout on cosine wave

Equilibrium Differences in [%]
q Manually determined Valori determinate between manual and
parameters, values de program rogram
additional efforts prog brog .
. . calculations
induced by cosine
waves, deflection On the On the On the On the On the On the
crest hollow crest hollow crest hollow
To [M] 4,878 4878 4878 4.878 0.000 0.000
w [rad] 0.000 0.000 0.000 0.000 0.000 0.000
O [rad] 0 0 0 0 0.000 0.000
Qwv(+) [KN] 12681 12681 12675 12675 0.047 0.047
Qwv(-) [kN] -12681 -12681 -12675 -12675 0.047 0.047
Mwyv [KNmM] 403858 -403858 403449 -403448 0.101 0.102
Deflection [mm] 86.00 -86.00 85.15 -85.15 0.999 0.999

2.2.5 Comments and conclusions

The RLS-V1 program for calculating the general section efforts and the elastic line
of the ship's hull, at static layout on still-water and at quasi-static layout on the cosine or
trochoidal head wave, is a personal achievement and represent a useful tool for design and
research activities to improve the construction safety of the ships. The program introduces
several innovative elements as follows:

- determination of the elastic line of the hull and its influence on reduction of the
bending sectional efforts by applying the transfer matrix method and by using finite
macroelements;

- determining the reduction of bending sectional efforts due to the influence of the
elastic line of the hull on the draughts along the ship length;

determining of the sectional efforts in emergency situations.

2.3 Linear calculation program of the ship's oscillation parameters and of
the additional sectional efforts in its hull induced by the head waves

2.3.1 Program object and destination

The program allows the linear determination of the ship's oscillation parameters as
well as the additional sectional efforts in its hull induced by the head waves.

2.3.2 The classical method of linear calculation of the ship's oscillation parameters
and of the additional sectional efforts in its hull induced by the head waves

The linear determination of the ship’s oscillation parameters and bending sectional
efforts in the ship's hull in seagoing conditions, with regular head waves, is made principally
in accordance with the method presented in [58], [59] and [60], developed and completed by
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the author in a specific way, to the level of details necessary for programming the calculation,
taking into account only the heaving and the pitching (Fig. 2.3.1).

A
z
Median wave line Wave surface Waterline on still-water
I - "w
[——
LoQ o _f Lo
0 V4 [17] =
LB To / \
Y Xy
O

Fig. 2.3.1 — Dynamic layout of the ship on wave

To simplify the calculations, the following assumptions and considerations are
made:

- the ship is considered a rigid body;

- the surface of the hull, described by points, is related to an orthogonal axis system
(Figure 2.2.1). The points are arranged on theoretical couples located along the ship
length and define the couple profile by draught and half-breadth;

- the sides are considered vertical in the variation zone of the draught;
- water is considered to be deep;
- the amplitude of the oscillations is considered to be small;

- the surface of the waves is considered as cosine-like shape in relation to the surface
of the still-water, as described by the formula (see fig.2.3.2):

h, 2.7 X
X,t)=—"-cos +w-t 2.3.1
gy (x1t) 5 ( Py ) (2.3.1)
where:
A, — wave length
h, — height wave
w — pulsation of the wave;
t — time, variable;
_27c_|2:7-9 (2.3.2)
Ay Ay
c — wave speed,;

If the real wave is regular, periodic and symmetrical to the crest, but has a different
configuration than the cosine, the cosine-like equivalent wave is determined, the
height of which is calculated from the requisite that the potential energy of the two
waves is the same:

8- [£un (X)-dx
A

(2.3.3)
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where:
¢w(X) —  the function that defines the real wave profile;
A
z

Cosine wave surface

hy X

N

A
Y

Fig. 2.3.2 — Cosine wave profile

- the total pressure in the wave is given by the formula taken from [61]:

p,(X,z,t) = p,(2) + p, (X Z,1) (2.3.4)
where:

ps(z) — represents the hydrostatic pressure in the wave;

p(z)=—p-Q-z (2.3.5)
pw(z) — represents the hydrodynamic pressure in the wave;

P (X, 2,t) = p-g-e &L (x,1) (2.3.6)

— the incoming waves are considered to be regular and approximate with a periodic
function, the action of which is equivalent to the cosine waves:

Z,(x0) = % £ 0)-c0sCE X 4 o, ) = £.(x,0)- &y (1) (237)
where:
2
wezwza}+w—-V:a)+k-V (2.3.8)
Ay s
k — the wave number;
2.7
k=22 (2.3.9)
Ay

V — ship’s speed;

Pag. 24



Dumitru LUPASCU - CONTRIBUTIONS TO IMPROVE CAP. 2. COMPUTATIONAL TOOLS DESIGNED AND

CONSTRUCTION SAFETY OF THE SHIPS IN THE USED TO ANALYZE THE CONSTRUCTION SAFETY OF
CONTEXT OF INTERNATIONAL AND NATIONAL THE SHIPS
REGULATIONS

fi(x,t) — the correction function which takes into account the effect of the additional
pressure induced by the wave on the ship, known as the Smith effect.
In the specialized paper [63], the factor Smith f1 (x, t) is in the form of:

f (x,t) =g &0 (2.3.10)
where:
sv (x.t)
TW(X,t):—l-h‘] 1- 2-k . IY(X,Z)-ek[Z_§V(X't)] .dz (2.3.11)
k b.,(x,t) T
bm(x,t) =  the mean breadth of the ship in the variation area of the draught 0-

{V(x,t) from current section X;

— the vessel vertically oscillates around the equilibrium position in calm water, the size
of which is denoted by ((t);

— the ship executes pitch oscillations around its center of gravity and its equilibrium
position in calm water, the size of which is denoted by yAt);

— the vertical displacement of a section x of the ship relative to the surface of the calm
water due to the ship's oscillations is given by:

z(x,t) =4 () —x-w(t) (2.3.12)
— the vertical speed of a section x of the ship relative to the surface of the still water is
given by the following relation:

2(x,t) =< () — x-w(t) (2.3.13)
— the vertical acceleration of a section x of the ship relative to the surface of the still
water is given by the following relation:

7(x,t)=C(t) — x-y7 (t) (2.3.14)
— the relative vertical displacement of a water particle relative to the surface of the
ship's hull due to its oscillations is given by the following relation:

2, (1) ==C (1) + Xy (1) + Sy (1) ==2(x ) + £, (%) (2.3.15)
and the derivatives of this shift are given by the relations:

%t“)?é(t) FX-p () -V ~w(t)+%‘t“) (2.3.16)
B0 )i -2y - + L Ex ) (23.17)
wz_%. f (00 o-sinCZ X 4 o, 1) (2.3.18)
wz_%. fL00t) - @ - cosC- X 4w, -1) (2.3.19)

— the draught measured from the surface of the still-water, in a current section for
calculation x, is given by the relation:

T(xt)=T,-¢(t)+x [y, +y(t)] (2.3.20)
where:
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To — the draught at the aft end of the ship in steady state on still water;
Wo — the trim angle of the vessel in steady state on still water;

T, =T, +AT, (2.3.21)
Tos — draught at the aft end of the vessel in steady state when stationary on still
water;

ATy — the increase of the ship's draught when moving at the speed of V¢ in knots,
relative to the still water, due to the suction phenomenon, determined by the
formula taken from [64]:

081 ;208
Cp - Kg™ - V¢

AT, = 2.3.22);
' 20 (2:3.22)

in canals or in test basins
C VC2 2/3 .

AT, = 100 -(L/200) the high seas (2.3.23);
S

Ks ==+ (2.3.24)
Se

where;:

Sn — Immersion area of the ship's transverse section to the amidships;
Sc — Area of the transverse section of the channel;
Vc — Ship’s speed in channel, expressed in knots.

Taking into account that the draught in still water is given by the formula:
Ts(X) =T, + Xy, (2.3.25)

the expression of the draught in the current x section becomes:
T(x,t) =Ts (x)—z(x,t) (2.3.26)

The ship’s oscillations on waves are defined by the two { and y parameters which
can be determined according to the D'Alambert principle from the dynamic equilibrium
equations under the action of vertical loads of inertia, damping, hydrostatic, hydrodynamic
and weights.

The ship’s hull to be is considered meshed in elements of transverse strips of dx
length and by insulating such an element, on it acts the following loads:

— inertial loads of the distributed mass of the element, from the body structure and the
cargoes:

g, (x,t) =—m(x) - Z(x,t) -dx (2.3.27)
where:
m(x) — the distributed mass of the ship, from the body structure and the cargoes;

— the inertial loads of the distributed mass of elementary water added to the element,
coupled with those of the hydrodynamic damping, according to "Ordinary Strip Theory
(TFO)", Gerritsma and Beukelman (semiempiric) variant, published in [62], given by
the formula:

D Dz (x t) Dz, (x,t) |
qa(X t) {D |: 33( t) :l N33(X,t)'T} dx (2328)
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where:

Mass(x,t) — the distributed mass of additional water in section x;

Ns3(x,t) — the hydrodynamic damping coefficient in section x.

Parameters Mas(x,t) and Nas3(x,t) are determined by model tests or by calculation
methodologies and indicated in the literature, in tabular or graphic form. In the case
of this paper, these parameters are determined based on the data from the paper
[59], using the formulas below:

M., (X, 1) =7 p-b*(X,1)/8-Cy [’ - T, (x,1)/ 9, 2-T, (x,t)/b(x,1), B(x,1)]  (2.3.29)
N, (xt) =@, - p-b° (X, 1)/ 4 A[e? T, (x,1)/ g, 2-T, (x,t)/b(x,1), B(x,1)]  (2.3.30)
where:
T (X, 1) =T (X, t) + &, (X,1) (2.3.31)
b(x,Tt) — the width of the ship at the draught Tr(x,t) in the current section x;

P(X,T1) — the coefficient of the section’s area x at the draught Tr(x,t);
the coefficients €33 and 433 are determined from the diagrams presented in [59].

— the same inertial loads of the distributed mass of additional water of the element,
coupled with the hydrodynamic amortization, according to "Modified Strip Theory -
(TFM)" published by Tasai in 1969 [65], are given by the formula:

D i Dz (x,t
q,(x,t) = a{M%(x,t) —;e- N33(X,t)j|-#} -dx (2.3.32)
which by derivation becomes:
V  dNg(x,t) | D?z, (x,t)
qa(x,t)z{Mss(x,t)jLa)—? 3;)( } e -dx+ (2.3.33)
+ Nt —v - M) | Dz (Y
dx Dt

It is noted that the modified theory differs from the ordinary one by adding the term:
V. dNg(x 1) D*z,(xt)

e ™ Dt (2.3.34)
from relatioen (2.3.33).
— hydrostatic loads:
(68 =2 p-g-y(x,T)-[Ts(X) — 2(x,t) + &, (x.O)]- B, T) - dx (2.3.35)

where:

y(x,T) — half-breadth of the hull in section x to the waterline in steady state on still
water. Shell plating in the draught variation zone during vertical oscillations
of the ship is considered vertical;

P(x,T) — the coefficient of the area of the section x at the waterline in steady state on
still water;

The expression of hydrostatic loads can also be written as:

g, (X,t)=2-p-9-y(X,T5) - Ts () - B(x,Ts) - dx -

=2:p-9-y(x,T5)-[2(x 1) =&, (x,1)]-dx (2.3.36)
It is noted that the first term represents hydrostatic thrust in still water:
Ops (X)=2-p-9-y(X,Ts) - Ts () B(x, T5) - dx (2.3.37)
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and the second term represents additional hydrostatic thrust due to ship oscillation
and wave:

Gy (X,1) = -2- p- 9 YO T)-[2(x,8) ~ &, (X, B)] - dx (2.3.38)

— the weight of the distributed mass of the strip element, derived from the hull structure
and the cargoes:

d, (X) =g-m(x)-dx (2.3.39)

— the shear forces at the ends of the element, which represents the connecting forces:
Qr and Qr+dQr;

— the bending moments at the ends of the element, which represents the connecting
forces: M and M+dM.

By writing the dynamic equilibrium equation of loads in the vertical direction for a
transverse element, it is determined the elementary increase of the shear force:

dQ (X, 1) =0 (X, t) + G, (X, 1) + s (X) + Gy (X, 1) — 0 (X) (2.3.40)
By integrating this relation along the ship length, we obtain the expression of the

total shear force resulting from the loads in still water and from the additional loads due to the
ship and wave oscillations:

Qr(x1)= J.[qi (&) + 0. (S, 1) + s (&) + U (:1) — 0, (£)]-dS (2.3.41)

By regrouping the terms, the expression of the total shear force can also be written
as follow:

Q (1) = [ [0 (£) = 4 (O] & + [ [,(E, ) + A (6,0 + Gy (£,D] A (23.42)
The first term of this expression is the shear force in still water:
Qs () = [ [0 (£) — 0, (£)]-d& (2.3.43)

and the second term of this expression is the additional shear force due to the ship
and wave oscillations:

Qu 6 1) = [[6,(&, 1) + Q. (&, 1) + Gy (£, )] - dE (2.3.44)

The total bending moment along the ship length is obtained by integrating the
relation (2.3.41):

M, (x,t) = iQT (&,1)-d& (2.3.45)
and taking into accomjnt the relations (2.3.42), (2.3.43) and (2.3.44), it follows:

M; (X 1) = [Qs(£)-d& +[Q, (£,1)-d¢& (2.3.46)
where the first term (())f this expres;ion is the bending moment in still water:

Mo () = [Qu(&)-de (2:3.47)
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and the second term represents the additional bending moment due to the ship’s and waves
oscillations:

My, (x,1) = TQN(S,t)-df (2.3.48)
By integrating the expressions (2.3.47) and (2.3.48) by part, is obtained:

M (%) = X Qs (%) — [ & [Ays (£) — 4y (£)]- A& (2.3.49)
I\/IW (th) = X'QW (X!t) _J.g [q| (f!t) +d, (é’ t) + Qpw (é,t)]df (2350)

Taking into account that at the forward extremity, the total shear force, the shear
force in still water and the additional shear force have the zero value, the relation (2.3.44)
becomes:

[10: (&) + 0, (&0 +dpy (£,0]-dE=0 (2.3.51)

Taking into account that at the forward extremity, the total bending moment, the
bending moment in still water and the additional bending moment have the zero value, as
well as the fact that in the same section the shear force in still water and the additional shear
force have the zero value, the relation (2.3.50) becomes:

I £ (E8) + o (E8) + G (£, D)]- dE =0 (2.3.52)

Starting from the relations (2.3.51) and (2.3.52) and taking into account formulas
(2.3.12) - (2.3.19), (2.3.27), (2.3.28) and (2.3.33), by replacements and processing, a system
of 2 differential equations is obtained:

A, 0)-C+B, (1)-C+Cp ()-C+A, (1)-+B,, (1) y+C,, (1) w=F,(t) (2.3.53)

A, 1)C+B, (1)-S+C . ()-C+A,, ()+B,, ©)y+C,, 0)-w =M, )

where:

A, (0= j[m(x)+M33(x )+~ W] (2.3.54)
B, (t)= I[NSs(x,t) v W} dx (2.3.55)
C.t)=2pg I y(x,1)- dx (2.3.56)

A, 0= jx[m(x)+M33(x t)+V W] (2.3.57)
B,, ()= —j{—2V [M (1) + W] (2.3.58)
x-[N (%) -V - dM33(X M (X8 1445
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C., (M) =—[{2:p g% y(x )=V [Ny (x, )~V -W}} dx (2.3.59)
R, (t)=-’ hv jf(xt) [M33(xt)+v W] (%me-t).dx-
o T 1 0t [N O t) -V - IMs D G 2 X ke
2 0 Ay
+pg-h ] fl(x,t)-y(x)-cos(z'ﬂ’i Xt o, )dx =
=K, (t)-cos(w.t) + K (t) - sin(w,t) (2.3.60)
in which it was noted:
e =072 TR0 My (x) T cos 2 g
02 T TNy x-SR i 2 g
0
+pg-hy - 00D y(x,1)-cos(E e (2.361)
Fis(®= 072 T 000 My (0 )+ 2 X Dpin 228y -
o ) NG () v - IMas (D g 20Xy
2 0 A
“p-g-hy -] R0 y(x,1)-sin(E e (2.362)
0
Vo dNg(xt
A )= jx [M(X) + M (X,t) + %] (2.3.63)
B, (t)=J x-[Ngs(x,1) ~V W] dx (2.3.64)
C, ()=2-p-g-[x-y(xt)-dx (2.3.65)
Aw(t)_—jx -Im(X) + M, (X, t)+V M] (2.3.66)

dx

e
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VdNg(x,t
BW(t)——jx{ 2V - [M,(x,t)+ %] (2.3.67)
dM...(x,t
+X- [Ny (x, 1) =V -L]}-dx
dx
c,,(t)= —II_{Z-p- g- X2 y(%,t) =V - X- [Ny (x,t) =V .W]} dx (2.3.68)
0
V dN (x,1) 2-7-X
Mv(t):—a)z-r;’ jf(x t)-x-[M;(x, 1)+ e éx ]-cos( ) +,-1)-dx—
L . .
—w h -jfl(x,t)-x-[N33(x,t)—V-M]-sin(m+a)e~t)-dx+
2 0 A
L 2-7-X
#p-9eh [ H0LD X Y1) 008(= 4 1) =
0
=M, (t)- cos(w,t) + Ms (t) - sin(w,t) (2.3.69)

in which it was noted:

ANy, (X, t), 27X

Me =0 T H000- 5 [My (x ) 45 2

e

dM,(x,t)

oV X V. sin(2 77Xy,
® 5 gfl(x,t) X-[Ng(x,t) -V ]-sin( A )-dx +

Xy dx

+pegh ] fl(x,t>~x~y(x,t>~cos(2';z

Mvs(t):a)z‘% II (X, 1) X-[Mg(x,t)+ v dNaé(X t)] in( E.X)-dx—
L dM (1) i
@ {fl(x )X [Ny (x, 1) =V - : ]-c ( ﬂv )dx

). dx

—p-g-m-(T)fl(x,o-x-y(x,t)-sin(zz

.cos(Z-2-2y. ¢
]- cos( A )-dx

(2.3.70)

(2.3.71)

Taking into account the simplifying assumptions made by the fact that the behavior

of the vessel in the field of small oscillations is studied, when its influence on the

parameters

Mss; and Ns3 can be neglected, the system of second order differential equations (2.3.53) is
considered to be linear and its solution is stabilized and has the form of external excitation

loads Fy(t) and My(t):

¢(t)=¢, -cos, -t)+ &, -sin(w, -t) =g, -cos(w, -t +&,)
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() =y, -cos(@, -t) +y, -sin(w, -t) =y, -cos(w, -t +¢,) (2.3.73)

Between the above parameters, there are the relationships:

Ca=NEE+4T (2:3.74)
Vo =YL +Y; (2.3.75)

&, =—arctg é (2.3.76)
1

g, =—arctg 22 2.3.77)
v,

By replacing the solutions (2.3.72) and (2.3.73) in the system (2.3.53) and deriving
and grouping by cos and sin, we obtain the system of two equations in which the unknowns

are ¢i, G2, Wi, ye!

{[C. - w/A, O] ¢, +@, B, (1), +[Cp, (-l A, (0], +o, By, (1)-y,}-cos, 1) +

{~o, B, (t)- &, +[C, () - 0iA, 1] ¢, - o, - B, (1) - v, +[C,, () - @A, 1)]-w,}sin(e, -t)= (2.3.78)
=Fc () - cos(w, -t) + Fy (t) - sin(a, -t) e

{[C,. ) -wiA, (O] {1+, B ()&, +[C,, (1) -lA,, D]y, +a,-B,, (1)-v,]-cos@, )+

{0, B, (1) &, +[C,. () @A, (D] ¢, ~ @, -B,, (1) v, +[C,, (1) - @A, D] w,]}sin(@, 1) =
=M, (t) - cos(@, -t) + M4 (1) - sin(w, -t)

Since there are only two equations of equilibrium, the 4 unknowns &1, &, wi, w» are
determined by equilibration of the ship for the moments:
t, =0
V4 (2.3.79)

resulting a system of 4 equations that can be written in matrix form:

[A]-{X}={F} (2.3.80)
where:
Cfg(t) we ;g(t) we'ng(t) (t) Cl)e gy/(t) @y Bgy,(t)
“0- B )  Colt)-olAc()  —eoBy)  Cy)-elA, ()] (2381)
C,(t)-wlA, (&) @, B, (t,) C,, (t)-w/A, () . -B,, (1)
-, - ng (tz) C.,,; (tz) - wez A\,/; (tz) — W, B(,/.// (t ) C(,/.// (tz) - a)ez A,/y/ (tz)
X={ & w, vl (2.3.82)
F= {Fvc (t) Fs(ty) Myc(t) My (tz)}T (2.3.83)

By solving the system (2.3.80), the functions ({t) and w(t) that characterize the
ship’s oscillations on the waves are determined, based on which are calculated the additional
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shear force and the additional bending moment when the ship moves on waves, starting from
the relations (2.3.44) and (2.3.50).

2.3.3 Description of the RLD-V1 program

Based on the calculation method presented in 2.3.2 has been developed the RLD-
V1 program for linear calculation of the ship’s oscillation parameters and of the additional
sectional efforts in its hull induced by the head waves, considering linear damping, whose
code being written in the Visual-FORTRAN language that can be run on 32 or 64-bit
computers running Windows XP operating system or a later version.

2.3.4 Verification of the calculation method and of the RLD-V1 program

The verification of the calculation method presented in 2.3.2 and of the RLD-V1 was
performed first of all by comparing the results of the calculations provided by this program
with the measurements made in 1992 on the Wigley lll experimental model, by the Ship
Hydrodinamics Laboratory of the University of Technology in Delft, in cooperation with the
Department of Naval Architecture and Marine Engineering of the University of Michigan and
the Hydrodynamics Committee of the Naval Architecture and Marine Engineering Society,
presented in Works [66] and [67].

This model, shown in Fig. 2.3.3, has the following main features:

Length, L ... 3,0000 m
Breadth, B ....ccooiiiii i 0,3000 m
Draught, T ..o, 0,1875m
THIM, W0 ettt e 0,0000 grd
Distance between couples, & ...........c.oevviiinen 0,1500
Displacement, A ..., 0,0780 t
Block coefficient , Ce.oovvvviiiiiii e, 0,4530
Amidships coeficient, Cr.......cooiiiiiiiiiiiiiii e, 0,6667
Vertical coordinate of the center of gravity, KG ...... 0,1700 m
Radius of inertia for pitch, Ry .............ooiiiiiiinnnns 0,7500 m
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Fig. 2.3.3 — Wigley Il model during the tests [67]

The comparison of the results of the calculations with the measurements made on

the Wigley 1l experimental model was carried out at different navigation regimes
characterized by Fn Froude number, defined by the formula:
Vv
F = (2.3.84)

JoL

using the dimensionless transfer functions for the vertical and pitch oscillations amplitudes
defined by the relations:

* 2'
G, = hfa (2.3.85)
* M L
W, = Ya > (2.3.86)
7-h,

as a dynamic response to the head waves action, characterized by the relative
dimensionless pulsation, defined by the formula:

o =0 = (2.3.87)

g

as well as the phases of these oscillations relative to the crest of the wave considered to be
at the ship’s center of gravity.

Figures 2.3.4 - 2.3.6 graphically show the results of the calculations according to the
presented method and the measurements made on the model, at corresponding speeds in
which Fn had the values 0 and 0.20, on regular waves of 0.04 m height and the relative
length defined as the ratio:

- A

Ay = (2.3.88)
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having the values: 0.50, 0.75, 1.00, 1.25, 1.50, 1.75, 2.00.

In the graphs, the TFO indicates the use of the "Ordinary Strip Theory", and the TFM
indicates the use of "Modified Strip Theory".

WIGLEY Il Model
Transfer function of the vertical and pitch oscillation’s phase
for Fn = 0.00
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O = —— —

-50.0
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WIGLEY Il Model
Transfer function of the vertical and pitch oscillation’s amplitude
for F, =0.00
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. ~
N

27

0.30 n ~
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0.00

0.80 1.00 1.20 1.40 1.60 1. 2.00

e (3 *-model ha*-model emfemfa*-RLD-V1 (TFO) ==pmmiha*-RLD-V1 (TFN)

Fig. 2.3.4 — Dynamic response for the vertical and pitch oscillations at Fn = 0.00.
The measurements on the Wigley Il model are taken from [66]
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WIGLEY Il Model
Transfer function of the vertical oscillation’s phase
for Fn = 0.20

g, [erd]

400.0

390.0

380.0

370.0

360.0

;
I

350.0

/
/
— | —
N\ -

320.0

310.0

300.0
0.80 1.00 120 1.40 1.60 1.80 2.00

= c{-model =ty £{-RLD-V1 (TFO) e £{-RLD-V1 (TFM)

WIGLEY Il Model
Transfer function of the vertical oscillation’s amplitude
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Fig. 2.3.5 — Dynamic response for vertical oscillations at F, = 0.20.
The measurements on the Wigley Il model are taken from [66]
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WIGLEY Il Model
Transfer function of he pitch oscillation’s phase
for Fn = 0.20
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Transfer function of the pitch oscillation’s amplitude
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Fig. 2.3.6 — Dynamic response for pitch oscillations at Fn = 0.20.
The measurements on the Wigley Il model are taken from [66]
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The verification of the method and the program was also carried out by comparative
calculations with the measurements presented in the works [68] and [69], made in 2009 on
the Seatech-D model (representing a RoPax ship at 1:39.024 scale), within the LAINE
project carried out by VTT in Merike (Finland) in collaboration with the Finnish Agency for
Technology and Innovation (TEKES), Aker Shipyards Group, Technip Offshore Finland,
Finnish Navy and SWECO Marine

This model, shown in Fig. 2.3.7, has the following main features:

Maximum length, Lmax ............ccooeiiiiiiiiiiinns. 4,4000 m
Length, L ..o 4,0000 m
Breadth, B .....cooiiii s 0,6400 m
Draught, T ..o 0,1560 m
LI PO 0,0000 grd
Distance between couples, & ...........cccoeveviiiinnnin. 0,2027
Displacement, A ..., 0,2300 t
Block coefficient, Ca ..coveeveneee e 0,5500
Abscissa of ship’s center of gravity, XG ................... 1,9205 m
Vertical coordinate of the center of gravity, KG ....... 0,1700 m
Radius of inertia for pitch, Ry ..., 1,0000 m

Fig. 2.3.7 — Seatech-D model during the tests [68]

The measurement of the bending moment was performed at couple 8, and the shear
force measurement was performed at couple 13.

Comparison of the results of the calculations with the measurements made on the
Seatech-D experimental model was performed in different navigation regimes characterized
by the Froude Fn number, using the dimensionless transfer functions for the transfer
functions for the amplitude of the shear force and of the bending moment at the measuring
points, defined by the relations :

* 2'
* 2' M
M, = gh—ELZ (2.3.90)
p. ‘n,-B-

as a dynamic response to the action of the head waves, as well as the phases of these
sectional efforts relative to the crest of the wave considered to be at the ship’s center of
gravity.

Figures 2.3.8 - 2.3.10 graphically show the results of the calculations according to
the presented method and the measurements made on the Seatech-D model, at
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corresponding speeds in which F, had the values 0 and 0.25, on regular waves of 0.048 m
height and the relative pulsation ranging between 1.3 and 3.65.

SEATECH-D Model
Transfer function of the phase of the sectional efforts

for F, =0.00
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Fig. 2.3.8 — Dynamic response for sectional efforts at F, = 0.00.
The measurements on the Seatech-D model are taken from [68]
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SEATECH-D Model
Transfer function of the phase of the shear force
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Fig. 2.3.9 — Dynamic response for shear force at Fn = 0.25.
The measurements on the Seatech-D model are taken from [68]
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SEATECH-D Model
Transfer function of the bending moment phase

for Fn = 0.25
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Fig. 2.3.10 — Dynamic response for bending moment at Fn = 0.25.
The measurements on the Seatech-D model are taken from [68]
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In addition, verification of the calculation method and the RLD-V1 program was also
performed by comparing the results of the calculations with the measurements made on a
test model, presented in the paper [70]. The model was made of brass and has the
configuration shown in Fig. 2.3.11, having the following characteristics:

L = 6,00 m
B = 0,80 m
D = 0,51 m
Tmax = 0,34 m
Cs = 0,83
Woune = 225 cm?®

Measurements were made in the Mejiro test basin from Tokyo, by towing the model
at the draft of 0.20 m, on regular cosine waves of 6.0 m length, 0.23 m height, 1/26 gradient,
and 2s, and at three speeds: 0.0, 1.39 and 2.8 m/s. The stresses measurements were made
on the deck at the middle of the model. The cosine wave, equivalent of the cosine wave
created in the Mejiro basin, has a height of 0.220 m.

In this case, for the verification of the method and RLD-V1 program, it was directly
analyzed in time domain variation of the deck stresses at the middle of the model.

These variations are graphically shown in Fig. 2.3.12-2.3.14 for the three regimes of
navigation.

2.3.5 Comments and conclusions

The RLD-V1 program for the linear computation of the ship's oscillation parameters
and additional sectional efforts induced in its hull by head waves, is a personal achievement
and represent a useful tool for design and research activities to improve the construction
safety of the ships.

The program was developed based on the classical method presented in Works
[58], [59] and [60], using " Ordinary Strip Theory" and "Maodified Strip Theory" developed by
the author in a specific way to automate calculations, introducing several new considerations:

— delimitation of the independent action of the hydrostatic pressures acting in still water
from the those additional, induced by the waves which are affected by the Smith
effect;

— considering the ship as a rigid one on which all the static and dynamic loads acts, and
separating of static actions from dynamic actions;

— determining of the dynamic equilibrium equations at moments defined by the relation
(2.3.79);

— determining of the additional masses of water, the amortization and the Smith effect
corresponding to these moments, so that the matrix of the linear system of
equilibrium equations is no longer symmetrical as it is commonly shown in the
literature;

— time calculation and graphical display of the ship’s movements and sectional efforts
diagram.

The calculation method presented in 2.3.2 and the RLD-V1 program has been
verified on the three models presented in 2.3.4, noting that the results of the calculations are
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consistent with the measurements on those models, the deviations being generally below
30% and only in isolated cases, such as resonance zones, this limit is exceeded. These
deviations are justified by the complexity of the ship’s hydrodynamics on the waves, in which
alongside the ship participate also masses of additional water which are difficult to accurately
estimate, and the damping phenomena are equally difficult to determine with precision. Also,
the weight distribution of the models was adopted without enough data. However, the
deviations are like those presented in the literature and accepted as reasonable, so the RLD-
V1 method and program can be considered to provide results that can be considered in the
ship design field studies. Noting that, based on this method, maximum calculated sectional
efforts have values that cover those resulting from measurements on models, which means
that the calculated values are reliable in the sense that they will not be exceeded. It is
recommended that, when assessing the sectional efforts, the calculations be made with both
variants of the method.

Ahove deck

t=0,5
40 50 60 [ 1 |70
I

1250

- Kii - -

6000

Above double bottom

1
P

15 25 g5 =08

45 55 65

)

g
i
]
i

[00)

Amidships section

[: : :]q 4
i
i
t=08 I o
AN | 45x05 -
|
¥ |/ ¥
<« t=08
v !/ A v
PiD
e 800 -

Fig. 2.3.11 — Configuration of the test model presented in paper [70]
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MEJIRO MODEL
The variation of the stress in deck
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Fig. 2.3.12 —The time variation of the stress in deck, when the model’s speed is 0.
The measurements on the Mejiro model are taken from [70]

MEJIRO MODEL
The variation of the stress in deck
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Fig. 2.3.13 — The time variation of the stress in deck, when the model’s speed is 1.39 m/s.
The measurements on the Mejiro model are taken from [70]
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Fig. 2.3.14 — The time variation of the stress in deck, when the model’s speed is 2.80 m/s.
The measurements on the Mejiro model are taken from [70]

Pag. 45



Dumitru LUPASCU - CONTRIBUTIONS TO IMPROVE CAP. 2. COMPUTATIONAL TOOLS DESIGNED AND

CONSTRUCTION SAFETY OF THE SHIPS IN THE USED TO ANALYZE THE CONSTRUCTION SAFETY OF
CONTEXT OF INTERNATIONAL AND NATIONAL THE SHIPS
REGULATIONS

24 The program for non-linear calculation of the ship’s oscillation
parameters and of the additional sectional efforts in its hull induced by
the head wave, considering linear damping

2.4.1 Program object and destination

The program allows calculation by non-linear method of the ship's oscillation
parameters as well as the additional sectional efforts in its hull induced by the head wave,
considering linear damping.

2.4.2 Non-linear calculation method considering linear damping

The solutions of the linear system (2.3.78) are determined at the moments indicated
by the relation (2.3.79), but between these moments, the distribution of the additional
masses, damping and pressures along the ship length continuously change, as a function
which can be considered that cosine varies, following the wave profile, as shown in 2.3.2. At
the same time, the ship’s oscillations £ and y also contribute to the change of these
distributions along the ship length so that the ship’s dynamics on the waves is actually non-
linear, as proved in the diagram of Fig. 2.4.1 taken from [68] (in which is presented the time
variation of the bending moment at amidships of a model, determined by measurements and
by linear calculation), but can be linearized on short time intervals.

Hogging | Py "_Q?Iculated, linear
» Y +» ~.

Sagging .

Measured, model test

Fig. 2.4.1 — The time variation of the bending moment at model amidships, determined by
measurements and linear calculation [68]

For such a short time interval, starting from relations (2.3.51) and (2.3.52), we obtain
a system of two differential equations, like the system (2.3.53), having the form:

A -{+By S+Cy ¢+ A, -y+B, y+C, -y =F, (1) (2.4.)
Aw( é/+ Br//( 'éL+Cu/§ '§+AW s B'//'// 'V)+CW w=M,(S,y¥,1)

where, however, the coefficients and free terms are determined by the formulas:
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A 0= IO+ My (X L)+ V - Halbeatly gy (2.42)
B (£ p. )= I[N%(x,cj,y/,t) V. dMBS();'f"/”t)]-dx (2.4.3)
Cor (0 =29 y(x Ly )0 (2.4.4)
Ay (€= MO+ My (X )+ V - Ml ety gy (2.4.5)
B, (G )= [2V My () - Tnleetly (2.4.6)
+X- [Ny (X, & w,t) -V -W]}dx
Cor Cy D) =—J{2-p X YO £, D) = (2.4.7)
VDN (0 ) - - PV Dy
Ay D= XM+ My (x, oy + Ve ARty ag)
B,, (;“,z//,t)zZx-[NsS(x,g“,t//,t)—V - dM%(’;'Xg"”'t)]- dx (2.4.9)
C,.(Cw)=2-p-g -Ix- (X, &1 1) dx (2.4.10)
Ay (D= M)+ M (0, ¢ )+ V S Palle by g 2.4.11)
R R L e 24.12)
X [N (X, &y 1) =V - dM%(z’f"/”t)]}-dx
wa(é,l//,t)z—I{Z-p-g X2 y(%, & pt) - (2.4.13)

dM g (X, &, v, 1)

VX [Ny (X, &y, 1) =V -
dx

13- dx

Fv(é,t//,t)=—w2'%-z (X, &y 1) Mg (X, &y, 1) +
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VAN
. dx

LT
2

T

+ @, -1)-dx —

2-7-X
cos(———
A,

e

I (%, & 1) -[Nay (%, & 1) —

L IMa (D) 20X

ipg-h, -Zfl(x,e:w,t)-y(x,g,w,t)-cos(2 7

™ ]'S'n(T+0)e't)'dX+

+o,-1)-dX  (2.4.14)

M, (Copt)=—0? 1 X ) M0 S ) +

N V .dN33(X,§,l//,t)
2
1) dx

2

2-7-X
]-cos(————+w, -t)-dx—
A,

e

R S F AT N M RN

0]

V- dMss(X’g’W’t)].sin(—z.ﬂ..X +w, -t)-dx +

+p-g- hvj f,(x,.¢w,t)-y(x,.¢\w,t)- COS(

dx

+60 1)-dX (2.4.15)

2-k
f(x,l,vy,t) =1—————.
1(X ¢,y ,t) bm(X,é/,l//,t)
v (D £). eklz-sv (x01 g
_T(x{;(,,t) y(x,z,&,p,t)-e -dz (2.4.16)

h, /2

.[ y(X,Z,;,l//,t)'dZ
b (X,¢,p,t) = 2 m (2.4.17)
TGy, ) =T, =¢(t)+ X[y, —w )]+, (x,1) (2.4.18)

Quota 0(x,&;, wit) is the surface elevation of the still water to which the ship relates
and which changes over time, depending on the ship's oscillations.

Although the system of the differential equations of order two (2.4.1) is nonlinear, it
can be assumed that, on short time intervals, the additional masses, the damping and the
Smith effect are linear, so that this system is also linear at such intervals, and its stabilized
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solution varies according to a cosinusoidal rule as those of the external loads, so it can be
admitted that it is given by the relations (2.3.72) and (2.3.73).

By replacing these relations in (2.4.1) and grouping by cos and sin, we obtain the
system of two equations in which the unknowns are ¢i, &, ya, y2:
[(ng W, gg) ¢+, - ng §2+(ng/ @, gu/) v, +a, - B ‘w,]-cos(w, -t) +

+[~w, 'ng '§1+(ng (28 Agg) ¢, —w, .Bé’y/ 4 +(C@/ (28 gy/) v,]-sin(w, -1) =

(2.4.19)
=R (£1:¢,,v1 w5, 1)

[(Cy/g _a)e2 /g)'§1 +a)e : Bw§'§2+(CV/yj _a)ezAv/l//)'Wl +a)e . Bq//q/ 'WZ]'COS(a)e t)+

+[~w, 'B.,/g ¢y +(CW§1 _wez /gl)'f;z"'(c.,/(,/l _a’ezAgwl)'l//z — @, - B.,/w"//l]'sm(we 1) =
= Mv(é/l 1421‘//1 ,l//z,t)

where:

R (& & )= -0 - r; zfl(x C1:Co W W 1) Mg (X, 8, &y w0 1) +
V2 dN,, (X, gl’é/Z’Wlll/IZ’t)] OS( X+a) )-dx—
w; dx A
h,

_w'? £ 81 G W, 1) ING (%, & 6oy w0 1) —

V. dM, (X, &, ’gzilﬂl"//z’t)]_sin(z'”'x
dx

O‘—nl_

+ @, -t)-dx+

L 2.
+p-g-h, .E'). f.(%80 8w w5, 1) - Y(X, & 8w, 1) - cos( ;:/ X"'a)e't)'dx (2.4.20)

Mv(gl'gva1’W2’t):_w2'% '.IX' £, (X, 610 Gy W2 1) [Mas (X, 814 8o vy, 1) +

+i dN33(X’é/1 74/2 ’l//l ’l//z;t)
@ dx

]-Cos(m+a)e-t)-dx—
2,

_a)'? X £.(%, 80 & Wy, 1) - [Ng (X, &, 65 v W, 1) —

V. dM33(X’§1 ;jgz’l//l ’WZ’t)].sin(—Z X+a)e -t)-dX+
X

;
O'—»f_

Ko, 0)-dx (2.421)

+p-g-h, IX (X80 o W 1) V(X 610 8o Wy 1o, 1) - COS(
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2-k

f 161162, W1 Yot =1- .
1(Xé’ 5 Vi, ) bm(x’é’l’é’z’l//l,wz,t)

sv (X,1)

.[ Y(X,2,81 .85, W1, W5, 1) -eklzmev Bl gz (2.4.22)

“T(X,&y . Go e .o t)

h /2
J.y(xlzlé/]_ 1§2|y/1;v/2,t)'dz

bm (X1 é/l ’ 4/2 ’ Wl ’ WZ 1t) = ey ot o) hv (2423)

T(X, &80 W1, w,,0) =T, —[¢; - cos(@, - 1) + &, - sin(a, - )]+
+ X°{l//o _[l/jl ’COS(C()e t) +Y, 'Sin(a)e t]}+
h,

+—-Cos(m+co-t)
5 ry (2.4.24)

Because there are only two equations, the 4 unknowns &1, &, wi, w», are determined
by balancing the ship at the ends of the time intervals, defined by the formulas:

2.

tp:a).N .p
e T (2.4.25)
2.7

t,, = (p+1

p+l a)e'NT (p )

where :
Nt — no. of the time intervals in which the oscillation period is divided,

for each interval p, resulting a system of 4 non-linear equations, with the unknowns ¢p1, <p2,
wn1, W2, Which can be written under the following matrix form:

A(X,) X, =F (X,) (2.4.26)
where:
_Apll Ap12 Ap13 Apl4 |
Ap (X p) _ Ap21 Ap22 Ap23 Ap24 (2'4.27)
Ap31 Ap32 Ap33 Ap34
_Ap41 Ap42 Ap43 Ap44
Xp = {é/pl Co2 Yo Vo }T (2.4.28)

)
Fo(X,) = {Rpm(X, 1)) Rpa(Xpthn) My, (X,,t) My, (X, t,.)0  (2.4.29)

AL (X,)=(Cy —@iAL,)-COS(@, t,)—a, - B, -sin(w, -t,) (2.4.30)
A (X,)=(Cyy —wlAL)-SiN(w, -t,)+ @, B, -cOS(®, t,) (2.4.31)
A(X))=(C,, —alA,,)-cos(@, t)) -, B,, -sin(w, t,) (2.4.32)
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A (X)) =(C,, —@lA,,)-sin(@, t,)+,- B, -cos(@, t,) (2.4.33)
At (X)) =(Cppy— @l Asp) - COS(@, -t 1) —@, - By -SiN(, -t,,) (2.4.34)
A (X,) = (Cppu — @l A1) -SiN@, -t ;) + @, - By, -cOS(@, -t,,;) (2.4.35)
Aps(X,)=(Cpp — @2 A1) -COS@, -t 1) — @, - B -SiN(a, -t ) (2.4.36)
A (X,)=(Chpy —@lA,..) sSiN(w, -1, )+ @, B, -COS(@, 1) (2.4.37)
A (X)) =(C,p, — @A) COS, - t))—a, B, -sin(a, -t,) (2.4.38)
An(X,)=(C,,—@lA ) sin(e, t,)+a,-B,,-cos(, t,) (2.4.39)
As(X,)=(C,,, —@iA,,)cos(, t,)—w,-B,, -sin(@, t,) (2.4.40)
AL(X,)=(C,, @A) sin(w,-t)+a, B, -cos@,-t,) (2.4.41)
A (X)) =(C oy — @2 A1) - COS(@, -ty ) —@, - B,y -SiN(@, - ) (2.4.42)
AL(X,)=(Cpu— @A 4,) siN@, t,)+®, B, -cos@, 1) (2.4.43)
As(X)=(C, 0 — @A, 1) -COS@, -t ) —, B, -Sin(w, -t,,,) (2.4.44)
AL(X,)=(C,pu— @A, 0.0 SN0, -1, ))+ @, B, -cOS(@, -t ;) (2.4.45)
R (X)) =R (o0 S0 Wi Voo ty) (2.4.46)
Frpa (X ) =R (S0 S0 W s V2 Tpt) (2.4.47)
Myps (X ) =My ($or S0 W pr V2o 1) (2.4.48)
Mypz (X)) =My (o1 $oan W pn W Tput) (2.4.49)
A=A, (é’pl,é’pz,l/lpl,y/pz,tp) (2.4.50)
A=A (Cor C ooV o W pao L) (2.4.51)
ng: Bg (gpl,g”pz,y/pl,z//pz,tp) (2.4.52)
Bipa =By (§o1: S o Wors W o i) (2.4.53)
Cgp:Cg (é’pl,é’pz,t/lpl,l//pz,tp) (2.4.54)
Copn=Cr (Co1 S W VWi tp) (2.4.55)
A=A (€1 G2V o VW party) (2.4.56)
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Agpa= Ay (Co1 S ooV oW 2 L)
Bip = By (Con S ooV o ¥ 2 ty)
Biypa= By, (Con$oarW 1o W g2 L)
Cop=Cp (Cp1: €2 W W aity)
Copn=Cp (€11 G2 VW2 tp)
A=A (€S oW W p2ity)
A=A (Cor CoarW oW p2: L)
B,,=B, (gpl’gpz’wpl'wpz'tp)
B = By (Coni o2 ¥ o ¥ par )
Crp=Cpr(CoCoo Wi ipaity)
Crpa=Cpe (€1 o W o V2 tor)
Ao =Py (€10 C o2 W oW ty)
A= Ay (Co0r C oV oV 2o i)
B,o =By, ($o1Co2 W ¥Wp2ity)
B,p1= By (o $oarV W2 L)
pr:Cw(é/pl'gpz"'”pl"//pwtp)

C’//'//p+1: CV/V/ (é/plaé/pzal//plil//pZ’tp+l)

The non-linear system solution (2.4.26)

(2.4.57)
(2.4.58)
(2.4.59)
(2.4.60)
(2.4.61)
(2.4.62)
(2.4.63)
(2.4.64)
(2.4.65)
(2.4.66)
(2.4.67)
(2.4.68)
(2.4.69)
(2.4.70)
(2.4.71)
(2.4.72)

(2.4.73)

is performed by the successive

approximation method, in a version adapted to the shape of this system. The algorithm of
this method consists in finding of the final solution by successive iterations, starting from a

initial solution Xéo) ={0 0 0 0}, which is used in the calculation of the matrix Ap(X,)

and the vector F(X,©).

Knowing the matrix of the system and its right member, we determine the solution to

the first iteration with the relation:

@) _ p0)-1 0) 0)
Xp _Ap (Xp )'Fp(xp )

(2.4.74)

Generalizing, the solution at the step k is determined with the relation:
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k k-1)—1 k—1 k—1
X = Al (X I F(X D) (2.4.75)
the process continuing until the conditions are met:
(k) (k-1)
‘Cp -, ‘384 (2.4.76)
‘z//"‘) (k 1" <e, (2.4.77)
where :
0 =g cos(w, -1,)+ <9 -sin(a, -t 2.4.78
p pl € °p
I =¢8P cos(w, t,) + <5 -sin(a, - t,) (2.4.79)
K —,, K *) . qj .
Wy =y, Cos(@,-t,)+w ) -sin(a, -t)) (2.4.80)
l// —l//pl V. cos(a, -t )+l//(k1 -sin(a, -t,) (2.4.81)
=h, /100 (2.4.82)
¢, =h, /L/100 (2.4.83)

After finding the solution, starting from the relations (2.3.72) and (2.3.78), is
calculate the additional shear force and the additional bending moment when the ship moves
on waves, on each time interval p, along the ship’s length.

The successive approximation method has the disadvantage that in the resonance
zones it becomes divergent, and in this case shall be used the B-Newmark time integration
method presented in [60] and [73], adapted and developed to solve the (2.4.1) system.

According to this method, the oscillation period is divided in Nt sufficiently short
intervals of At duration, delimited by the times defined by (2.4.25), on which the acceleration
is considered to be constant and equal to the arithmetic mean of the values from the ends of
these intervals, so there are relations:

" _ é:p + é;p+l
cO="—7"—
é;p+1 = é;p + (é/p + é';p+l) ’ %

é/p-#l = é/p + é./p At + (é/p + é;p+1) ’ (%j

Wp+1
ty=_P "
w(t) 5
. 7 %
Wp+l:(//p+p—pl'At

At
Won =V, +V," At+(wp+wp+1)[ j
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which introduced into system 2.4.1, for the p interval, it takes the form:
At AtY | At ALY
Ay + By T Cerp o Cont| Ao+ Byyp o Copp- o) (Ve =
2
At At - .
=K (gp’wp’tp+l)_ R (é/p’l//p’tp) + A;CP - BCZP .?_CQP (Zj .é/P _C§§p -At~g“p +
At AtY | .
Aév/p_BWP'?_CCV/D‘ ) 'V/p_cgu/p'At"//p
At AtY | - At ALY | ..
AV§P+BV/§P'?+CV/§P. ? '§P+l+ AWP_BWP'?_CW/D' ? Vonu=
2
At At - .
=My (&5 t5) =My (S0 1)+ Ay =By ‘?_cwp (2j Cp=Cppp-AL-L+
2.4.90
At AtV , ( )
A//V/D_BV/WP'?_CWD' Pl Wy =Cppp ALY,
where:
Ao = A (G ty) (2.4.91)
Bp =By (Spi 10 1,) (2.4.92)
Cerp=Cr (S ¥pity) (2.4.93)
Aﬁ'//p: ACw(gp’l//pvtp) (2.4.94)
B?l//p: B{u/(gp’wp'tp) (2.4.95)
C@//P:C@/(ij’l//p’tp) (2496)
A=A, t) (2.4.97)
B,y =B, (o 1) (2.4.98)
Coro=Cpe (S ¥p01,) (2.4.99)
A=A, Cw,t,) (2.4.100)
B,,»=B,, (5, ¥,1,) (2.4.101)
Cro=Cy (S0 t) (2.4.102)
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The system of 2 non-linear equations with the unknowns fpﬂ and l/7p+1can be

written under the following matrix form:
Ap(xp) Xp+1 = Ep(Xp)

where:
A (X ): Apll Ap12
P P Ap21 Ap22

Ep(xp) = I:p+1(xp)_ Fp(xp)+

+B,(X,)- X, —C (X)) X,

Fp+1(x p) = { I:Vp+1 MVp+1 }T
T

Fp(xp)z{FVp Mvp}

Bpll Bp12
B,(X,)= B B
p21 p22

C C
Cp(xp):[cpll Cplz}
p21 p22
p+l Wp+1}

a={¢
=l Vol
=1

Con Voa)
={é‘p Vo)
X, ={, v}

X, =&, o)

At
Ao = Ayp By '?+ Cep (?

p12 Sy p cyp’ 2

At [g ?
2

A=Ay By '7+ Cop

AtY

2
At At
A,=A_+B +C@/p-(?

(2.4.103)

(2.4.104)

(2.4.105)
(2.4.106)

(2.4.107)

(2.4.108)

(2.4.109)

(2.4.110)

(2.4.111)

(2.4.112)

(2.4.113)

(2.4.114)

(2.4.115)

(2.4.116)

(2.4.117)

(2.4.118)



Dumitru LUPASCU - CONTRIBUTIONS TO IMPROVE CAP. 2. COMPUTATIONAL TOOLS DESIGNED AND

CONSTRUCTION SAFETY OF THE SHIPS IN THE USED TO ANALYZE THE CONSTRUCTION SAFETY OF
CONTEXT OF INTERNATIONAL AND NATIONAL THE SHIPS
REGULATIONS
~ At (At ?
Aoz = A, T By '?—F we'| o (2.4.119)
At AtY?
Bou =Azp — By o Ce (?j (2.4.120)
B A B, Ac (Aty
p12 — Txyp T Poyp '7_ Cyp’ ? (2.4.121)
B _ g At AtY
par = Aup ~ By o Coen ) (2.4.122)
~ At o (At ?
Bozo = A0~ Byyp o v o (2.4.123)
C i =Cpp At (2.4.124)
C,, =C,,, At (2.4.125)
Cp2 =C,p At (2.4.126)
Cyz =C,,, At (2.4.127)
Fe =R (5w t,) (2.4.128)
Fpa =K (& v tha) (2.4.129)
My, =M, (&,.¥,.t,) (2.4.130)
Myp.s =My (&9 t.0) (2.4.131)
The (2.4.103) system solving is made by the Gauss method,
X =AM (X,)-E (X,) (2.4.132)

and other motion parameters are matrixally determined with the following relations:

. . . . At
Xp+1:Xp+(Xp+1+Xp)'? (2.4.133)

2
Kos =Xy X, 5+ Kt )5 (2.413)

The time integrative method described above goes step by step on each small p
interval throughout the entire period of oscillation. Because the phenomenon is non-linear,
the system matrix and the right member being solution-dependent, to find its stabilized
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values by applying this method, the iterative solution of the system (2.4.103) by the
successive approximation procedure is used in a version adapted to the form of this system.

The algorithm consists in finding of the final solution by successive iterations,
starting from a initial solution X = {0 o}T, which is used in the calculation of the matrix

Ax(Xp®) and the vector Ep(Xp?).
Knowing the matrix of the system and its right member, we determine the solution to
the first period with the relation:

Xoh = AP X)) B (X ) (2.4.135)
Generalizing, the solution at the period k, is determined with the relation:
X = AP ED)-Ep (X §P) (2.4.136)

the process continues until the conditions are met at the end of the two successive oscillation
period:

80, —¢¢P <, (2.4.137)

v, -wi?<e, (2.4.138)

After finding the solution, starting from the relations (2.3.44) and (2.3.50), is
calculate the additional shear force and the additional bending moment when the ship moves
on waves, on each time interval p, along the ship’s length.

2.4.3 Program description

Based on the calculation method presented in 2.4.2 has been developed the RLD-
V1N program whose code was written in the Visual-FORTRAN language that can be run on
32 or 64-bit computers running Windows XP operating system or a later version.

2.4.4 Verification of the calculation method and of the RLD-V1N program

The verification of the calculation method presented in 2.4.2 and the RLD-V1N
program was performed by comparing the results of the calculations with the measurements
made on the test model in Mejiro test basin, presented in the paper [70] and described in
2.3.4.

In this case, the verification of the method and the RLD-VIN program was
performed by direct analysis of the over time variation of the deck stresses at the middle of
the model. These variations are graphically shown in Fig. 2.4.2- 2.4.3 for the three regimes of
navigation.

From the analysis of the diagrams shown in these figures, it is found that the results
of the calculations are consistent with the measurements, the deviations being generally
below 30% and only in isolated cases, such as resonance zones, this limit is exceeded.
However, the deviations are like those presented in the literature and accepted as
reasonable, so the RLD-V1N method and program can be considered to provide results that
can be considered in the industry studies.
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2.4.5 Comments and conclusions

The RLD-VIN program for the linear computation of the ship's oscillation

parameters and additional sectional efforts induced in its hull by head waves, is a personal
achievement and represent a useful tool for design and research activities to improve the

construc

tion safety of the ships.

The program was developed based on the classical method presented in Works

[58], [59] and [60], using " Ordinary Strip Theory" and "Madified Strip Theory" developed by
the author in a specific way to automate calculations, introducing several new considerations:

determining of the dynamic equilibrium equations on small intervals;

determining of the additional masses of water, the amortisation and the Smith effect
corresponding to these moments, taking into consideration their dependence on
ship oscillations and wave parameters, so that the matrix of the linear system of
equilibrium equations is no longer symmetrical as it is commonly shown in the
literature;

presenting the complete formulas for the calculation of the wave-induced sectional
efforts, which were not found in the literature.

time calculation and graphical display of the ship’s movements and sectional efforts
diagram.

The calculation method presented in 2.4.2 and the RLD-V1N program has been

verified on the Mejiro model presented in paper [70] and described in 2.3.4, with acceptable
results, so they can be considered validated. It is recommended that, when assessing the

sectional

efforts, the calculations be made with both variants of the method.
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MEJIRO MODEL
The variation of the stress in deck
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Fig. 2.4.2 — The time variation of the stress in deck, when the model’'s speed is 0.

The measurements on the Mejiro model are taken from [70]
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MEJIRO MODEL
The variation of the stress in deck
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Fig. 2.4.3 — The time variation of the stress in deck, when the model’s speed is 1.39 m/s.
The measurements on the Mejiro model are taken from [70]
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Fig. 2.4.4 — The time variation of the stress in deck, when the model’s speed is 2.80 m/s.
The measurements on the Mejiro model are taken from [70]
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25 The program for non-linear calculation of the ship’s oscillation
parameters and of the additional sectional efforts in its hull induced by
head waves, considering quadratic damping.

2.5.1 Program object and destination

The program allows determining of the ship's oscillation parameters as well as the
additional sectional efforts in its hull induced by the head wave, considering quadratic
damping.

2.5.2 Nonlinear calculation method considering quadratic damping

The theoretical studies and laboratory tests have established that the resistance at
movement of a rigid body in a Fg, fluid it is not proportional to the body speed in the fluid, as
considered in the methods shown at 2.3.2 and 2.4.2 and in the literature for a convenient
calculation, but with the square of the speed, being given by the relation indicated in [71]:

Fr =05-p - A -Cp -V V¢ (2.5.1)
where:
pr — fluid density;
Ac — the area of the projection of the body moving in the fluid on a plane
perpendicular to the direction of movement of the fluid;
Co — drag coefficient which depends on the shape of the body moving in the fluid.
Its values can be found in [72];
Ve —  the relative velocity between fluid and body;

Considering this relation, the formula (2.3.28) of calculating the inertial loads of the
distributed mass of the additional water of the element, coupled with those of the
hydrodynamic damping, according to the "Ordinary Strip Theory", can be reconsidered as

follows:
DZr(X't)|}-dx (2.5.2)

_J| D . Dz, (x,t) .
Q. (X,t)—{{ Dt [M 4, (x,1) D |

Dt

Dz, (x,t)
T:| + N33(X,t) .

where product Dz, (x.t) |Dz, (x,t)| can be developed in the form of:
Dt Dt
Dz,(x,t) |Dz,(x,1)| : . h, 2. X
L == =[-CO)+x-y)-V -y{t)+—=- f,(X)-@-sin
ot | bt | [ M) +x-y(t) W()+2 1(X)- @-sin(

+a,-1)]
(2.5.3)

2-7-X

|—5(t)+X'W(t)—V'W(t)+h7V'fl(X)'w'Sin( + @, 1)

where:
Mas(x,,w,t) — the additional water mass determined in the same way as in the
classic method given in 2.3.2, but taking also into account the ship's

oscillations;
Nss(X, ¢, wt) — damping coefficient determined by the relation:
N33(X1 é,’l/j’t) :p- y(X1 é,’l/j’t)'CD (254)
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In addition to these considerations, the distribution of the pressures along the ship
length continuously change, as a function which can be considered to vary cosine-like, by
following the wave profile or linear or be constantly, on short time intervals. At the same time,
the ship’s oscillations £ and y also contribute to the change of pressures distributions along
the ship length so that the ship’s dynamics on the waves is actually complex and non-linear,
but it can be mathematically modeled on short time intervals.

For such a short time interval, starting from relations (2.3.51) and (2.3.52), we obtain
a system of two differential equations, like the system (2.3.53), having the form:

Agg é"" B;g 'é"'cg 'é,+ Ag(// l//"' Bgu/ 'I/}+C¢U/ Y= FD(é;,l/'/,;,l//,t)+ I:v (é/yl//’t)

(2.5.5)

Ayg §+ Bl//{ 'éL+C|//§ §+ A;/y/ l//—‘r B[//[// .l/'/+Cy/y/ l// = M D(é;’y)7§'W’t)+ IvIV (é/’l//’t)
where, however, the coefficients and free terms are determined by the formulas:

A (€)= (MO0 + Mg, 7, ) (2.5.6)
B, (C.y.t)=-V -ZdM%(z’f’V”t) dx (2.5.7)
C (& )=2:p-0-[YOu L) o (25.8)
Aoy (€)== Xm0+ M (1. v D) (25.9)
B, (L 1) =V -Z[z- My (X & ) + X OII\"33()")(5"”’t)]olx (2.5.10)
oo (=12 g Xyl gy +v - B Dy (25.11)
A(Ew.0= [ MO0 + Moy (0.6 1D (25.12)
B, (C.yt) =V -zx- dM%(z’f"”’t) dx (255.13)
Coe (€ D=2:p-G- [y L) O (2.5.14)
A (€0 == 00+ My (x D) (2.5.15)
B,, ({.w.)=V 'IX'[Z' My (X, Cow ) + X - dM%(gf"/”t)} dx (2.5.16)
C,o (€ )=—[2: g X yix S+ xev? Halhel Dy (2517)
Fo (i Cop i) =[N () - [E0) ~ X0 +V () +h?v- () 0-sinE 2 4 o, D)

0
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. ) h, . 2. X
SO =X-PO+V -y @+ (LD - @-sin to,-)]dx  (25.18)
L 2-7w-X
Fv(é/’l//’t)z_a)z'% 'Ifl(X,é/,l//,t)'M33(X,t)'COS( i +a)e't)'dx+

0

h
2

M0 Gin(E 2% 1 g, 1) dxt
dx A

FOV LT (XY

+pog-hy-f fl(x,é,w,t)y(X)-cos(z'”'X

0

+a,-1)-dx (2.5.19)

2.7 X

h,

My (S, &awot) :—ix- N3 (X, 1) [£ (1) = X (t) +V 'l//(t)+?' f,(x, &y, 1) - -sin( + o, t)]-
1S —x-y(t)+V -w(t)+h7v- LGy oosinEE X o, dd (25.20)
Mv(g,y/,t)z—af-% -Efl(x,g,w,t)-x-M33(x,t)-cos(2""x+a>e-t)-dx+
roV %I £ty x- Ml G 227X e
1p-g-h, Z £ (6w ) x- Y0 -c0s(2 X 4 . 1) - dx (2.5.21)

f,(X,&,y,1) - is determined by the relation (2.4.16).

Although the system of the differential equations of order two (2.5.5) is nonlinear, it
can be assumed that, on small time intervals, the additional masses, the damping and the
Smith effect are linear, so that this system is also linear at such intervals, and its stabilized
solution varies according to a cosinusoidal rule as those of the external loads, so it can be
admitted that it is given by the relations (2.3.72) and (2.3.73).

By replacing these solutions in (2.5.5) and grouping by cos and sin, we obtain the
system of two equations in which the unknowns are 1, &, v, ye:

[(ng _a)ezAgg)‘éll"'a’e‘ng 'gz"‘(Cg.,/ _a)ezAgw)"//l +we‘Bg.// ‘y,]-cos(w, -t) +

+[_we 'ng '4/1 +(Cg¢ _wezAgg)'Cz_we 'B;‘.,/ Wy +(C¢x,/ _a)eZA;W)’l//z]'Sin(we 't):

(2.5.22)
=F5 (&1, 80 v vy )+ R (8, 65w, w5, 1)

[(CV/;’ _a)ezA//g).éll +a)e .By/g’.g2+(cy/|// _wezA//y/).wl +a)e .Bl//y/ .WZ].COS(CUE .t)+

+[~o, - B.y; "¢ +(ng1_weszgl)‘é/z"'(C.,/Wl_weZAg.,/l)"//z — W, - wa'l/ll]'Sin(a)e 1) =
=My (&S W o, )+ M (S, 8wy W, t)
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where:

Fo (81060 w1, v,,1) :_E Ny (X) {@, - [-&; -sin(@, - t) + &, - cos(a, - t)] -

—o, X[y, -sin(w, -t) +y, -cos(@, -t)]+V [y, -cos(@, - t) + v, -sin(w, - t)]+

+%' f.(x, ¢ 142’W1’V/2’t)'a)'5in(2;:x +o, 1)} (2.5.23)

' | 129 '[_é/l 'Sin(a)e t) + é/Z : COS(a)e 't)]_we : X'[_l//l 'Sin(a)e t) +ty, 'COS(COe t)]+

+V [y, -cos(@, - 1) +y, -sin(a, '0]‘*‘%' f,(x ¢ ’élzll//lll//z’t)'w'sm(z‘z‘x +a, 1) |-dx

& . 2-m-X

L
Fv(§1'§27W1’W2't):_w2 2 gfl(Xigl'§Z’V/1’W2't)'M33(X)'COS( +,-1)-dx+
+a)-V-% 'Tfl(x,il,é“z,wl,l//z,t)'dM(jg(X)'Si”(z'”'x+we-t)-d><+
0
L 2.7 X
+p‘g'hv'gfl(x’é/lvgz’W1vW2’t)'y(X)'COS( +a)e't)'dx (2-5-24)

Mo (1,82, W Wy t) = _ZX' N3, (X) {@, -[-¢; -sin(a, -t) + &, -cos(@, - 1)] -

-, X-[-y, -sin(w, -t)+y, -cos(w, - t)]+V [y, -cos(a, -1) +, -sin(w, - t)]+

27X
+o, -} 2.5.25
Py ( )

+%- f,(X,t)- @-sin(

’ I 0 '[_;1 'Sin(a)e 't)+§2 'COS(C()e 't)]_we ’ X'[_l/ll 'Sin(a)e 't)+l//2 'COS(C()e t)]+

+V [y, -cos(w, -t) +, -sin(e, -t)]+%- fl(x,t)-w-sin(z';:x + o, -t) | -dx-

L 2.
Mv(é,l’é/z"//lvl//wt):_a)z'% 'EI;fl(X’gl142’1//11W2’t)'X'M33(X)'COS( i X+a)e-t)-dx—
+a)v% .-I‘:fl(X1é’11421W11W21t).x.dM3:((X).Sin(z'ﬂ.'x-i_a)e't)'dx-i_
0
L 27X
+p'g'h\/'gfl(x’é’l’é/z!Wl!‘//z!t)'X‘Y(X)'COS( +a,-t)-dx (2.5.26)

f,(x,¢,,&,, v, ,w,,1) -is determined by relation (2.4.22).

Because there are only two equations, the 4 unknowns &1, &, ya, w», are determined
by balancing the ship at the limits of the time intervals, defined by the relations:
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2.

t, = p
w. N
e T (2.5.27)
2.7
= (p+1)

p+1
@ * NT

for each interval p, resulting a system of 4 non-linear equations, with the unknowns ¢p1, ¢pe,
o1, Wo2, Which can be written under the following matrix form:

A (X)) X, =F (X)) (2.5.28)
where :

An An An Al

A, A, A, A
R N

A A Ag Ay
X,=1Cu Coo Vo Vool (2.5.30)
Fo (X)) =Fo (X)) + R, (X)) (2.5.31)
Fop(X0) = Fopt (X)) Fopa(X,) M (X)) Mg(X,) (255.32)
FVp(Xp):{FVpl(Xp) Fp2 (X)) My (X)) MVpZ(Xp)}T (2.5.33)
Fop (X)) = Fo (& G ooV o W o t) (2.5.34)
Fop2 (X5) =Fp (&0 S o2 W Wi toin) (2.5.35)
M (X)) =M (Eo0 oo Wt W 1) (2.5.36)
Mpp2 (X)) =Mp (S p2s ¥ s ¥ pas tpa) (2.5.37)
R (X)) =R ($o1 S o2 Vs W2 L) (2.5.38)
Fpa (X)) =F ($o0 $op Wi W2 i) (2.5.39)
Mypt (X ) =My (€10 Co2s Wt Wias b)) (2.5.40)
Mypz (X ) =My (&0 Coon VW o1 Wi i) (2.5.41)

The coefficients of the matrix Ap(Xp), are determined by relations 2.4.30 — 2.4.45.

The non-linear system solving (2.5.28) is performed by the successive
approximation method, in a version adapted to the shape of this system, similar to the
solving of the system (2.4.26).

The successive approximation method has the disadvantage that in the resonance
zones it becomes divergent, and in this case shall be used the B-Newmark time integration
method presented in [60] and [73], adapted and developed to solve the (2.5.1) system.

According to this method, the oscillation period is divided in Ny sufficiently short
intervals of At duration, delimited by the times defined by (2.5.27), on which the acceleration
is considered to be constant and equal to the arithmetic mean of the values from the ends of
these intervals, so there are relations (2.4.84) - (2.4.89), which introduced into system 2.5.1,
for the p interval, it takes the form:
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2 2
At At - At At ..
Ay By '7+ Cep [2) Cpat| Anp T By '7+ Cep (2) Vo=

:FD(é;p'l/}plé/p’l//p’tp+l)_FD(é;pll/}pié,p!l//pltp)+
At AV | :
+F\/(§p’l//p’tp+1)_Fv(é/p")”p’tp)'F AC@_BQP‘?_CC@' ? ’gp_c4§p'At'§p+

2
At At . .
A:u/p_ngp'z_CCu/p'(zJ Wy =Cypp ALY,

2 2
At At - At At .
Ao+ B '?+ Cosp (2] Coat| Ayp =By, o Cop (2} Vo =

:MD(é;P'l/)p’é’p'!//p'thrl)_MD(é.’p!l/)p!é’p'Wp!tp)J’-

At

2
At .. .
+Mv(§p'wp’tp+l)_Mv(gp’l//p’tp)+ AWP _Bwp’_cz/@p'( 2 J 'gp_cw§p At-C+

2 (2.5.42)

2
At At .. .
AVWP_BWWP'Z_CV/WP(ZJ Vo =Chyp ALY,

where the notations from (2.4.91) - (2.4.102) were used:
The system of 2 non-linear equations with the unknowns fpﬂ and v, can be

written under the following matrix form:

A(X,)- X, =E (X)) (2.5.43)
and is resolved similarly to the system (2.4.103) with the difference that:
Foun(X,) ={Fopa + Fips Mo+ My} (2.5.44)
F,(X,)={Fo +Fp Mp, +'V|Vp}T (2.5.45)
Fop = Fo ($o0¥, 00 W pot,) (2.5.46)
Fop = Fo (Cp0 50 Con Wi tyn) (2.5.47)
Fo=FR (v, t) (2.5.48)
R =R (G ¥ tha) (2.5.49)
Moy =My (&0, Wp0ty) (2.5.50)
Mg = Mo (&0, o Wi ta) (2.5.52)
My, =My (&, ¥, t,) (2.5.53)
Mypa =My (S5, ¥ t5) (2.5.54)

After finding the solution, starting from the relations (2.3.44) and (2.3.50), is
calculate the additional shear force and the additional bending moment when the ship moves
on waves, on each time interval p, along the ship’s length.
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2.5.3 Program description

Based on the calculation method presented in 2.5.2 has been developed the RLD-
V2 program whose code was written in the Visual-FORTRAN language that can be run on 32
or 64-bit computers running Windows XP operating system or a later version.

2.5.4 Verification of the calculation method and of the RLD-V2 program

The verification of the calculation method presented in 2.5.2 and the RLD-V2
program was performed by comparing the results of the calculations with the measurements
made on the test model in Mejiro test basin, presented in the paper [70] and described in
2.3.4.

Also in this case, the verification of the method and the RLD-V2 program was
performed by direct analysis of the over time variation of the deck stress at the middle of the
model. These variations are graphically shown in Fig. 2.5.1- 2.5.3 for the three regimes of
navigation.

From the analysis of the diagrams shown in these figures, it is found that the results
of the calculations are consistent with the measurements on the model, the deviations being
generally below 30% and only in isolated cases, such as resonance zones, this limit is
exceeded. As in the case of other models, these deviations are justified by the complexity of
the hydrodynamics of the ship on waves, in which alongside the ship also participate
additional masses of water difficult to accurately estimate, and the damping phenomena are
equally difficult to determine with precision. Also, the weight distribution of the Mejiro model
was adopted without sufficient data. However, the deviations are similar to those presented
in the literature and accepted as reasonable.

The above calculations show that for the Mejiro model, the method outlined in 2.5.2
allows for near-measurement results. Greater approximation of the results calculations with
the measurement would be possible through a better appreciation of the additional masses
and damping.

MEJIRO MODEL
The variation of the stress in deck
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Fig. 2.5.1 — The time variation of the stress in deck, when the model’s speed is 0.
The measurements on the Mejiro model are taken from [70]
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MEJIRO MODEL
The variation of the stress in deck
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Fig.

2.5.2 — The time variation of the stress in deck, when the model’s speed is 1.39 m/s..
The measurements on the Mejiro model are taken from [70]

MEJIRO MODEL
The variation of the stress in deck
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Fig. 2.5.3 — The time variation of the stress in deck, when the model’s speed is 2.80 m/s.

The measurements on the Mejiro model are taken from [70]

2.5.5 Comments and conclusions

The RLD-V2 program was developed based on the method presented in 2.5.2,

based on Morisson equation where the damping is considered to vary with the square of the
speed, and developed by the author in a specific way to automate calculations, introducing
several new considerations:

determining of the dynamic equilibrium equations on short intervals where the
damping is considered to vary with the square of the speed;

determining of the additional masses of water, the amortisation and the Smith effect
corresponding to these moments, taking into consideration their dependence on ship
oscillations and wave parameters, so that the matrix of the linear system of
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equilibrium equations is no longer symmetrical as it is commonly shown in the
literature;

— time calculation and graphical display of the ship’s movements and sectional efforts
diagram.

The calculation method presented in 2.5.2 and the RLD-V2 program has been
verified on the Mejiro model presented in paper [70] and described in 2.3.4, noting that the
results of the calculations are consistent with the measurements, the deviations being
generally below 30% and only in isolated cases, such as resonance zones, this limit is
exceeded. However, the deviations are like those presented in the literature and accepted as
reasonable.

In Fig. 2.5.4 a comparison of the deck stresses calculated by this program with
those obtained with the RLD-V1 and RLD-V1N programs, as well as measurements from the
Mejiro model, are made. It is found that the deviations between the results obtained with the
three programs are small, with the indication that the results of the RLD-V2 program are
closer to the measurements, but with the observation that in the resonance zone at the
speed of 1.39 m/s, the results of the RLD-V1N program, the TFM variant, are slightly closer
to the measurements.

The calculations presented in Table 2.5.2 indicate that up to Fn = 0.20, it is sufficient
to verify the longitudinal strength of the ship to the action of the waves, only by quasi-static
laying, which is simpler to apply.

MEJIRO MODEL
Variation of the stress amplitude as a function of the ship’s speed
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Fig. 2.5.4 — The variation of the deck stresses as a function of the speed in hogging or
sagging condition.
The measurements on the Mejiro model are taken from [70]
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3 IMPROVING THE CONSTRUCTION SAFETY OF THE SHIPS REGARDING
LONGITUDINAL STRENGTH IN INTACT CONDITION

3.1 Overview

In order to make improvements to the existing regulations on longitudinal strength of
the intact ships, aligned with the IACS method [74], an analysis of these was made using the
tools presented in the chapter 2 and where it has been found that they can be completed or

can be improved, proposals substantiated for this purpose have been made.

3.2 Presentation of the IACS method

In order to determining of the sectional efforts due to the waves occurring in the hull
of the seagoing ships, the classification societies have aligned their calculation methods with

those established by the IACS [74.S11].

According to this method, for seagoing ships other than container ships, bulk
carriers and oil tankers with double hull, the bending moment induced by the wave which
occurs with a 10 probability, for navigation at sea in the wave propagation direction, is given
by the following formulas:

e for hogging bending:

Myyy =&y - Fy -C-L*-B-Cy-10° [kN m]

e for sagging bending
Myys =Ks -Fy -C-L*-B-(Cy +0.7)-10°° [kN m]

where:

L

B

ky= 190

ks = 110

Fwm

Cs

C
C=
C=
C=
C=

— Length of the ship [m];

— Breadth of the ship [m];

— Hogging bending coefficient;

— sagging bending coefficient;

— distribution factor defined in table 3.2.1;

— Ship’s block coefficient for draught at full loading draught;

— The wave parameter (represents the height of the wave corrected due to
the Smith effect) determined with the relations:

25

10.75—(
10.75

10.75—(

L+4.1j

300-L
100

L-350
100

.

.

Pag. 69

forL<90m

for90 <L <300 m

for300<L<350m

for350<L<500m

(3.2.1)

(3.2.2)

(3.2.3)



Dumitru LUPASCU - CONTRIBUTIONS TO IMPROVE CAP. 3. IMPROVING THE CONSTRUCTION SAFETY OF

CONSTRUCTION SAFETY OF THE SHIPS IN THE THE SHIPS REGARDING LONGITUDINAL STRENGTH IN
CONTEXT OF INTERNATIONAL AND NATIONAL INTACT CONDITION
REGULATIONS

Table 3.2.1 — Distribution factor Fu

Posmon'of the transverse Distribution factor Fu
section of the hull
. X
0<x<04-L 9. %
L
04-L<x<065-L 1
065-L<x<L N
2.86 (1 L)

The wave-induced vertical shear force appearing in a transverse section of the hull,
for heavy sea navigation, parallel to the wave propagation direction, is determined according
to the IACS method, for the same category of vessel, with the formula:

Quy =kq - Fo-C-L-B-(Cy +0.7)-107 [kN] (3.2.4)
where :
ko=30 - shear coefficient;
Fo — distribution factor defined in table 3.2.2 for positive and negative shear
forces;

Tabel 3.2.2 — Distribution factor Fg

Position of the Distribution factor Fq
section Positive shear force Negative shear force
0<x<02-L X X
= 46-A-— 4.6 —
L L
02-L<x<03-L 092-4 0.92
03-L<x<04-L a—7 (04~ (o4~
(092-A4—7) (0.4 L) +0.7 2.2 (0.4 L) +0.7
04-L<x<06"L 0.7 0.7
0.6-L<x<07"L (X a-7.(X_
3 (L 0.6) +0.7 (10-4—-7) (L 0.6) +0.7
07-L<x<085-L 1 A
085 L<x<L 667'(1—5) 667'A'(1—f)
' L ' L
Note: A = —2C
110-(Cg+0.7)

For containerships, IACS proposed the method in [74.S11A] and for double-hull bulk
carriers and tanks, the method from [5.Ch4.Sec4.3], which are similar to the one described
above, and close results are obtained.
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3.3 Verification of the IACS method for determining of the sectional efforts
in the intact seagoing ship’s hull induced by the wave, based on the
method of the quasi-static layout of the ship on the wave.

The verification of the wave-induced sectional stresses determined according to
IACS, can be done through direct calculations and various methods have been adopted
based on assumptions that reduce the complexity of calculations without significantly
affecting the accuracy of the results of the calculations against to actual values.

A first direct and efficient method consists of the quasi-static layout of the ship on
the wave, as described in 2.2.

The method ensures accurate results for navigation on stern wave parallel to the
direction of movement of the ship.

At positioning on quasi-static wave, it is necessary to take into account the Smith
effect with approx. 15% reduction of the hydrostatic pressure by depth, as a result of the
orbital motion of the wave particles.

For the determination of additional sectional efforts induced by a quasi-static wave
along the ship length, the RLS-V1 program described in 2.2 was used by applying the
formulas:

- for additional shear force:

Quy (X) = Qry (X) = Qg (X) (3.3.1)
- for additional bending moment along the ship length:

My (X) =My, (X) = Mg, (X) (3.3.2)
where:

Qmw(X) - the total shear force at the quasi-static layout on the wave;
Qsw(X) —the shear force at the layout on still water [KN];

Mmw(X) — the total bending moment at the quasi-static layout on the wave;
Msw(x) - the bending moment at the layout on still water [KNm].

3.3.1 Verification of the IACS method for a 15,000 tdw general cargo ship

The methodology for calculating the additional sectional efforts, induced by the
quasi-static wave into the ship's hull, was applied to a 15,000 tdw general cargo ship
presented in Figure 3.3.1, to verify the IACS method.

The main characteristics of the ship are indicated below:

Lmax = 162.30 m

L =155.00m
B=2220m
D =13.40m
T =10.10m

This one was placed quasi-statically on a wave with the height corrected by the
Smith effect, equal to the value C determined by the formula (3.2.3), i.e. equal to 8.997 m
and a length equal to the length of the ship (the real wave having a height of 11.000 m, the
period of 9.96 s, the length of 155 m and the speed of 15.6 m/s, occurs with a probability of
0.04%, as indicated by the statistical measurements presented in [75]).
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The results of the calculations are shown in Table 3.3.1 and graphically in Figures
3.3.2and 3.3.3.

In the same table and graph are gived also the additional wave-induced efforts
according to the IACS method [74.S11].

Table 3.3.1 — Comparative results of the calculations of the additional sectional efforts induced by
waves for the 15000 tdw cargo ship

o ) ) ) ) IACS Method Differences in [%] Differences in [%)] between
Equilibrium Quasi-static Quasi-static between layout on IACS method and quasi-
parameters, layout on the layout on the the cosine wave static lavout on?he

additional cosine wave trochoidal wave and trochoidal trolcho)i/d:I wave
efforts Hogging Sagging wave
induced by On the On the On the On the bending bending On the On the Hogging/ On the | Sagging/ On
waves crest
crest hollow crest hollow hollow crest the hollow

To[m] 7.599 12.630 8.119 13.117 - - -6.405 -3.713 -

y [rad] 0.658 -0.297 0.677 -0.217 - - -2.806 36.866 -

O [rad] 0 0 0 0 0 0 0.000 0.000 0.000 0.000
Qwv(+)[kN] 14622 18003 15164 17587 12353 12353 -3.574 2.365 -22.756 -42.370
Quv(-)[kN] -14115 -18943 -14314 1711 -11365 -11365 -1.390 10.707 -25.948 -50.559

[II(\;IVV;: ] 589390 -838078 | 599373 | -797591 574646 -700266 -1.666 5.076 -4.303 -13.898

It is found that the maximum additional bending moments determined by static
laying of the ship on wave are up to 14% higher than those determined by IACS, and in the
case of shear forces, the differences are much higher, reaching up to 51%, which means that
the relations indicated by IACS lead to sub-dimensioning of ships in terms of wave-induced
sectional efforts.

It is also found that the differences between the maximum sectional efforts when the
ship is placed on a cosine and trohoidal wave are below 10.7%, which allows the
approximation of the actual trohoidal wave with a cosine wave to perform the analysis
regarding behavior of the ship on waves with less effort but keeping the accuracy of the
results within acceptable limits.

Fig. 3.3.1 — The cargo ship of 15000 tdw that was analyzed
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Fig. 3.3.2 — Additional sectional efforts in the hull of the cargo ship of 15000 tdw that was
analyzed, for quasi-static layout on wave crest, and of the sectional efforts determined by
IACS formulas
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Fig. 3.3.3 — Additional sectional efforts in the hull of the cargo ship of 15000 tdw that was
analyzed, for quasi-static layout on wave hollow, and of the sectional efforts determined by
IACS formulas
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3.3.2 Verification of the IACS method for a 65,000 tdw bulk carrier

The IACS method was also verified for a bulk carrier of 65,000 tdw presented in
Figure 3.3.4. The main characteristics of the ship are shown below:

Lmax = 254.10 m

L =250.00 m
B=3220m
D =17.00m
T=12.30m

This one was placed quasi-statically on a wave with the height corrected by the
Smith effect, equal to the value C determined by the formula (3.2.3), i.e. equal to 10,396 m
and a length equal to the length of the ship (the real wave having a height of 13 m, the period
of 12,65 s, the length of 250 m and the speed of 19,8 m/s, occurs with a probability of
0,017%, as indicated by the statistical measurements presented in [75]).

The results of the calculations are shown in Table 3.3.2 and graphically in Figures
3.3.5and 3.3.6.

In the same table and graph are gived also the additional wave-induced efforts
according to the IACS method [74.S11].

Table 3.3.2 — Comparative results of the calculations of the additional sectional efforts induced by
waves for the 65000 tdw bulk carrier

o Differences in [%] Differences in [%]
Equilibriu Quasi-static layout Quasi-static layout IACS Method between layout between IACS
m th ) Y on the trochoidal on the cosine methode and quasi-
paramgters on the cosine wave wave wave and static layout on the
' adfciltlfnal Hogging Sagging trochoidal wave trochoidal wave
efforts . . -
induced by On the On the On the On the bending bending Cz:rr]et:te On the I-Ioor?gtlgg/ Sagging/ On
waves crest hollow crest hollow hollow crest the hollow
To[m] 10.116 12.734 10.623 13.148 - - -4.773 -3.149

y [rad] 0.930 -0.922 0.958 -0.904 - - -2.923 1.991 - -

O [rad] 0 0 0 0 0 0 0.000 0.000 0.000 0.000
Qwv(+) [kN] 50134 55983 51541 54467 37737 37737 -2.730 2.783 -36.579 -44.333
Qwv(-) [kN] -48828 -56032 -49851 -54421 -35015 -35015 -2.052 2.960 -42.370 -55.422
Mwv [kNm] 346881 ! -4132476 3547379 -4024886 3209681 -3459289 -2.234 2.673 -10.521 -16.350

It is found that the maximum additional bending moments determined by static
laying of the ship on wave are up to 16.35% higher than those determined by IACS, and in
the case of shear forces, the differences are much higher, reaching up to 55.5%, which
means that the relations indicated by IACS lead to sub-dimensioning of ships in terms of
wave-induced sectional efforts.
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Fig. 3.3.4 — The bulk carrier of 65000 tdw that was analyzed
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Fig. 3.3.5 — Additional sectional efforts in the hull of the bulk carrier of 65000 tdw that was
analyzed, for quasi-static layout on wave crest, and of the sectional efforts determined by
IACS formulas
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Fig. 3.3.6 — Additional sectional efforts in the hull of the bulk carrier of 65000 tdw that was
analyzed, for quasi-static layout on wave hollow, and of the sectional efforts determined by
IACS formulas
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3.4 Verification of the IACS method for determining of the wave-induced
sectional efforts of the seagoing ships hull based on the methods for
the dynamic laying of the ship on the wave

The verification of the wave-induced sectional efforts, determined according to
IACS, was also performed for the dynamic laying of the ship on the wave, based on the
methods presented in 2.3-2.5 and using the RLD-V1, RLD-V1N and RLD-V2 programs.

For this purpose, the comparative calculations presented below were performed,
for the two types of ships described in 3.3.

The values of the bending moments determined by the linear method with the
RLD-V1 program were corrected due to the non-linearity of the phenomenon, with the
formulae indicated in [75], which were determined considering the IACS method [74]:

2
M =M, —— 34.1
" “1+R ( )
2-R
M =M -— 3.4.2
S L 1+R ( )
where:
r_Cet07 (3.4.3)
1.73-C,

M. — the bending moment determined by the linear method with the RLD-V1
program;

Mn — hogging bending moment;

Ms — sagging bending moment;

3.4.1 Verification of the IACS method for 15000 tdw general cargo ship

For the verification of the IACS method, the additional sectional efforts in ship’s
hull, induced by waves at the dynamic layout, were first determined for the 15,000 tdw
general cargo ship presented in Figure 3.3.1.

Based on the significant wave having the height corrected with the Smith effect,
equal to the C value determined by the formula (3.2.3), i.e. equal to 8.997 m, and having
the length equal to the length of the ship, the parameters of the real wave unaffected by the
Smith effect are obtained and used later in dynamic calculation. This wave has the height of
11.000 m, the period of 9.96 s, the length of 155 m and the speed of 15.6 m/s and occurs
with a probability of 0.04%, as indicated by the statistical measurements presented in [76].

By dynamically laying the ship on such a wave, by calculations are obtained the
results presented graphically in figures 3.4.1 and 3.4.2.

At the same time, the additional wave-induced efforts according to the IACS
[74.S11] method, and those additional at the quasi-static layout are given.

It is found that the additional sectional efforts obtained by direct calculations, at the
dynamic layout of the ship on the wave, increase with the speed until the number Froude
Fn exceeds the value of 0.20, after which the tendency is to stabilize and then to decrease.
As in quasi-static layout, these efforts are greater than those obtained according to the
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IACS method. Thus, the maximum additional bending moments are on average 50% higher
than those determined according to IACS at speed above 20 Nd, and in the case of shear
forces, the differences reaching up to 80%, which means that the formulae indicated by
IACS lead to subdimensioning of the ships in terms of longitudinal strength.

However, up to Fn = 0.20, i.e. up to 15 Nd, the moments induced by the dynamic
wave are on average 25% higher than those of IACS, and the shear forces by 50%.

Note that up to Fn = 0.15, the sectional efforts determined at the quasi-static layout
are generally higher than those determined at the dynamic layout.

It is also noted that up to Fn = 0.10, dynamically calculated setional efforts are
generally below the IACS values.

3.4.2 Verification of the IACS method for 65000 tdw bulk carrier

For the verification of the IACS method, the additional sectional efforts in ship’s
hull, induced by waves at the dynamic layout, were also determined for the 65000 tdw bulk
carrier presented in Fig. 3.3.6.

Based on the significant wave having the height corrected with the Smith effect,
equal to the C value determined by the formula (3.2.3), i.e. equal to 10.396 m, and having
the length equal to the length of the ship, the parameters of the real wave unaffected by the
Smith effect are obtained and used later in dynamic calculation. This wave has the height of
13.000 m, the period of 12.65 s, the length of 250 m and the speed of 19.8 m/s and occurs
with a probability of 0.017%, as indicated by the statistical measurements presented in [76].

By dynamically laying the ship on such a wave, by calculations are obtained the
results presented graphically in figures 3.4.3 and 3.4.4.

At the same time, the additional wave-induced efforts according to the IACS
[74.511] method, and those additional at the quasi-static layout are given.

It is found that the additional sectional efforts obtained by direct calculations, at the
dynamic layout of the ship on the wave, increase with the speed until the number Froude
Fn exceeds the value of 0.20, after which the tendency is to stabilize and then to decrease.
As in quasi-static layout, these efforts are greater than those obtained according to the
IACS method. Thus, the maximum additional bending moments are on average 30% higher
than those determined according to IACS at speed above 20 Nd, and in the case of shear
forces, the differences reaching up to 70%, which means that the formulae indicated by
IACS lead to subdimensioning of the ships in terms of longitudinal strength.

Note that up to Fn = 0.15, i.e. up to 15 Nd, the sectional efforts determined at the
guasi-static layout are generally higher than those determined at the dynamic layout.

It is also noted that up to Fn = 0.10, dynamically calculated setional efforts are
generally below the IACS values.
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Fig. 3.4.1 — Maximum values of the additional wave-induced shear forces in the hull of
15000 tdw cargo ship, depending on ship speed
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Fig. 3.4.2 — Maximum values of the additional wave-induced bending moments in the hull of
15000 tdw cargo ship, depending on ship speed
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Fig. 3.4.3 — Maximum values of the additional wave-induced shear forces in the hull of
65000 tdw bulk carrier, depending on ship speed
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Fig. 3.4.4 — Maximum values of the additional wave-induced bending moments in the hull of
65000 tdw bulk carrier, depending on ship speed
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3.5 Comments, conclusions and proposals

From the data presented in 3.4, it follows that the formulas established by IACS for
calculating the wave-induced sectional efforts in the seagoing ship's hull are exceeded and
lead to sub-dimensioning of their longitudinal structural elements.

This finding is certain because the sectional efforts conforming to IACS were first
compared in 3.3 with the values obtained from the quasi-static layout of the ship on the
wave which provide high accuracy values. This case of navigation is frequently
encountered at navigation with astern waves.

The dynamic layout of the ship on wave has certain approximation limits of efforts,
established by testing the calculation methods and programs presented in 2.3, 2.4 and 2.5,
on three test models, but the differences between the calculations and the IACS method
exceed these limits, so that even in the dynamic layout, the calculated sectional efforts are
certainly higher than those according to IACS.

Sub-dimensioning of the ships in terms of wave-induced sectional efforts is
confirmed by the data from MSC 75/5/2 report regarding bulk carriers safety analysis in
1978-2000 period, conducted by Japan for the Maritime Safety Committee of IMO [77].

As a result, this organization has imposed, as of July 2006, by SOLAS Regulation
XI1/6.2, that bulk carriers with a length of more than 150 m have a double side skin [4].

Considering those presented above, in order to improve the construction safety of
the ship, the following are proposed:

- the factor ky in formula (3.2.1) to be increased by approximately 10%, that is, to
have the value of 210 instead of 190;

- the factor ks in formula (3.2.2) to be increased by approximately 20%, that is, to
have the value of 130 instead of 110;

- the factor kg in formula (3.2.4) to be increased by approximately 50%, that is, to
have the value of 50 instead of 30;

- the formulas will be multiplied by the factor ke which introduces the dependence
of Fn:

ke =max(L/0.5+6-F, ~11-F?2) (3.5.1)

These proposals modify the IACS formulas for determining wave-induced sectional
efforts, as follows:
e for hogging bending moment:

My 1 =&¢ Ky - Fy -C-L*-B-Cy-107° [kN m] (3.5.2)
e for sagging bending moment:

My s =& -Kg - Fy -C-L2-B-(Cy +0.7)-107° [kN m] (3.5.3)
e for shear force:

Qu =&¢ Ky Fy-C-L-B-(Cy+0.7)-10 [kN] (3.5.4)

where:
ka= 210 - hogging bending coefficient;
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ks =130 — sagging bending coefficient;

ko=50 - shear coefficient;

By applying these revised formulas, for the 15000 tdw cargo ship, the new values
of IACS wave-induced sectional efforts are shown graphically in Fig. 3.5.1 and 3.5.2
compared to the values determined by direct calculations.

For the 65000 tdw bulk carrier, the results of the same calculations are shown
graphically in Fig. 3.5.3 and 3.5.4.

From the analysis of these graphically presented results it is found that the revised
IACS formulas sufficiently cover the values determined by direct calculations.

From the performed analysis, it follows that the current IACS formulas for
determining the additional wave-induced sectional efforts need to be corrected because
these efforts are significantly exceeded in real situations, and in particular the shear forces.

An additional confirmation is also provided by the data in Table 3.5.1 where the
sectional efforts determined by direct calculation are compared with those conforming to the
current and revised IACS formulas for 2 oil tankers presented in [75]. It is found that the
results of direct calculations exceed by up to 30% the values obtained with the current IACS
formulas and only up to 10% those obtained with the proposed formulas (3.5.2), (3.5.3) and
(3.5.4).

Table 3.5.1 — Comparative results for 2 oil tankers presented in [75] to review revised IACS formulas

BENDING MOMENTS [kNm)]
Ship’s type Bending type Direct li

pstyp gtyp current IACS revised IACS Irec |rrear
calculation

65200 tdw ol hogging 1785670.366 2213087.057 2145000

tanker sagging 1921743.406 2546698.778 2273000

166300 tdw hogging 5781138.325 6935782.479 7512000

oil tanker sagging 6211134.201 7967792.027 7962000
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Fig. 3.5.1 — Revised maximum values of the IACS additional wave-induced shear forces in
the hull of 15000 tdw cargo ship, compared to the values determined by direct calculations
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Fig. 3.5.2 — Revised maximum values of the IACS additional wave-induced bending
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Fig. 3.5.3 — Revised maximum values of the IACS additional wave-induced shear forces in
the hull of 65000 tdw cargo ship, compared to the values determined by direct calculations
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Fig. 3.5.4 — Revised maximum values of the IACS additional wave-induced bending
moments in the hull of 65000 tdw cargo ship, compared to the values determined by direct
calculations
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4 PROBABILISTIC ASSESSMENT OF LONGITUDINAL RESIDUAL
STRENGTH OF THE SEAGOING DAMAGED SHIPS

4.1 Presentation of currently applicable criteria

According to the IACS Common Structural Rules [5], it is considered that the safety
of the damaged ship is assured if the following deterministic criteria are met for both hogging
and sagging bending:

M
|7/3D 'MSW—D+7/WD'MWV|S # (4.1.1)
RD NA
where
Msw.o — permissible still water bending moment for navigation with ship in the
damaged condition, in the current section, [KN m];
Mwv — wave-induced bending moment for navigation with ship in the intact
condition, [kN m];
Mub — Vertical hull girder ultimate bending capacity in the damaged condition
[KN m];
¥sD — safety factor for the still water bending moment in the damaged
condition: 7, =1.1
JAVD — safety factor for the vertical wave bending moment in the damaged
condition: 7,p = 0.67
JRD — safety factor for the vertical hull girder ultimate bending capacity in the
damaged condition:  rp, = 1.00
Cna — neutral axis coefficient: Cya =1.00 for grounding;

Cya =1.10 for collision.

Because these rules do not address the shear strength in damaged condition of the
hull, it is proposed to check this strength after a relation similar to relation (4.1.1), i.e.:

Q
|7/5D'Q5WD+7/WD'QWV|S —P— (4.1.2)
7ro *Cua
where :
Qswo — permissible still water shear force for navigation with ship in the
damaged condition, in the current section, [KN];
Qwv — wave-induced shear force for navigation with ship in the intact condition,
[KNJ;
Qup — vertical hull girder ultimate shear force in the damaged condition [kN];

The extent of the damage is considered according to Table 4.1.1 and Fig.4.1.1 for
collisions and according to Table 4.1.2 and Fig.4.1.2 for failures.

Table 4.1.1 — The extent of damage caused by collision
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Extent of damage caused Position on side
by collision [m] Simple side Double side

Height, h 0.75D 0.60 D

Width, d B/16 B/16

Length, | 0.1L 0.1L

Tabel 4.1.2 — The extent of damage caused by grounding

Extent of damage caused Position on side
by grounding [m] Bulk carriers Oil tankers
Height, h Min(B/20;2) Min(B/15;2)
Width, d 0.60B 0.60 B
Length, | 0.3L 0.3L
Note: the ships with simple bottom will have length of the damage: | =0.5L

TUTTMTTTTmTI ] =1
=T

—

B

h =

™=

Fig. 4.1.2 — The extent of damage caused by grounding [5]
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4.2 Probabilistic assessment of the longitudinal residual strength of the
seagoing damaged ships

To solve such a problem, it is proposed to apply a probabilistic concept to treat the
construction safety of the ship after damage in terms of longitudinal residual strength, which
is based on the ability of survival after damage, as a measure of ship safety assesment in
damaged conditions hereinafter referred to as the effective longitudinal residual strength
index R..

This probabilistic concept on construction safety of the ship after damage
concerning longitudinal residual strength is similar to the probabilistic concept for dealing with
its post-damage stability, covered by the 1974 SOLAS Convention [4] in Part B-1, Cap. II-1,
to determine the probability of survival in terms of stability under damage conditions,
characterized by the effective subdivision index.

By the probability theory it can be demonstrated that the effective longitudinal
residual strength index R, of the ship can be calculated for each loading case as the sum of
the probability of occurrence of the damage in each compartment and each group of two,
three, etc., adjacent compartments multiplied by, respectively, the ship's probability of
survival after such damages:

RU=2p 4.2.1)
where:

i is the index of each compartment or group of compartments considered,
Pj indicates the probability that only the considered compartment or group of

compartments will be damaged;
f indicates probability of survival after damage to the considered compartment

or compartment group;

The pj probability of occurrence of a damage in a certain area of the hull and its

dimensions [81], (see fig. 4.2.1) can be determined based on the statistical records on
damages from the exploitation of the ships. For the shell, formulas for this probability are
indicated in SOLAS Convention [4], in Chapter II-1.

Fig. 4.2.1 — Damage dimensions and location [81]

Probability of survival after collision rj is proposed to be determined for each
considered case of hypothetical damage, in any initial loading situation, with the relation:
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r =| Max 0;1_‘7/SD'MSW—D+}/WD'MWV‘ . Max 0;1_‘7SD'QSW—D+7WD'Q\NV‘
Myp Quo
7eo *Cra 7eo *Cra (4.2.2)

The terms of formula (4.2.2) were defined in 4.1.

To determine the ultimate sectional efforts Mup and Qup of the damaged cross-
section of the hull, it is necessary to know the size of the damage. This must be consistent
with the configuration and structure of the damaged compartment and must be of such size
as to produce the greatest reduction in the hull strength. For the damage of a side
compartment, at least the dimensions of the damages defined in Figure 4.1.1 may be
considered.

However, the dimensions of the damage in a side compartment shall not exceed the
values covered by SOLAS 1974 [5] and MARPOL [16] in Table 4.2.1, which occur with a
probability of approx. 50% at a confidence level of 95%. If it is intended to consider damage
with a 97.5% probabilistic coverage level and a confidence level of 95% then the maximum
longitudinal extent of damage will be 0.225Ls and the transverse extent will be 0.5B

Table 4.2.1 — The extent of damage by collision

Longitudinal extent 1/3 L?3 or 14,5 m, whichever is less
Transverse extent B/5 or 11.5 m, whichever is less
Vertical extenst From the baseline, upward, unlimited.

The probabilistic criterion for the construction safety of a seagoing ship, to ensure
longitudinal residual strength in damage situations, is proposed to be represented (by
similarity with the damage stability probabilistic criterion required by SOLAS [4], in Chapter II-
1, Part B-1) by condition that the sum of the partial effective strength indices, Ris, Rip and Ry,
for 3 representative draught, is not less than the required longitudinal residual strength index
R, and the additional condition that the partial indices Ris, Rip and Ri1 do not be less than
0.9R., for passenger ships and 0.5R,, for cargo ships, i.e. that the following relations be
fulfilled:

R, = R;, (4.2.3)
Ris=09-R.,
Ry, =209 R, for passenger ships (4.2.4)
R, =09-Ry,
Ry =0.5-R,
Ry, = 0.5 Ry, for cargo ships (4.2.5)
R, = 0.5 Ry,

where:
R,=04-R3+04 R, +02-Ry (4.2.6)
Ris — the effective longitudinal residual strength index R_. at the deepest

subdivision draught ds considered to be the draught which corresponds to
the summer load line of the ship;
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Ry — the effective longitudinal residual strength index Ry at the partial subdivision
draught, considered to be the light service draught plus 60% of the
difference between the light service draught and the deepest subdivision
draught.
Ru — the effective longitudinal residual strength index R. at the light service

draught considered to be the service draught corresponding to the lightest
anticipated loading and associated tankage, including, however, such ballast
as may be necessary for stability and/or immersion. Passenger ships should

include the full complement of passengers and crew on board.

The required longitudinal residual strength index Ri,, can be determined according
to the IMO Revised guidelines for formal safety assessment for use in the rule-making
process. [83].

If the same level of probabilistic safety is required for longitudinal residual strength
after damage and for damage stability, then the required residual longitudinal strength index
RLo can be determined with the same formulas of the SOLAS Convention, Chapter II-1, Part
B-1, Rule 6.

Similarly, it can be probablilistic verified the longitudinal residual strength of the ship
for the bottom damage as a result of the ship's grounding. For the damage of a bottom
compartment, the dimensions defined in fig. 4.1.2 can be considered.

The maximum design dimensions for bottom damage are considered to be those
ruled by SOLAS 1974 and MARPOL according to the table 3.3.4 below:

Table 4.2.2 — The extent of damage by grounding

For 0.3 L from the forward
perpendicular of the ship

Any other part of the ship

Longitudinal extent

1/3 L?3 or 14,5 m, whichever is
less

1/3 L?3 or 14,5 m, whichever is
less

Transverse extent

B/6 or 10 m, whichever is less

B/6 or 5 m, whichever is less

Vertical extent,

B/20 or 2 m, whichever is less

B/20 or 2 m, whichever is less

measured from the keel
line

4.3 Comments and conclusions

The probabilistic assessment method of the longitudinal residual strength of the
damaged ships hull proposed in 4.2 is a modern, elegant and synthetic way of assessing the
construction safety of ships, in line with the mode of probabilistic analysis of the stability of
damaged ships regulated by the 1974 SOLAS Convention [4] and which has proven its
effectiveness by its application.

By taking into account of a large number of damage cases whose influence is found
in the longitudinal residual strength index R., depending on the probability of occurence and
the degree of affecting the longitudinal strength, a better assessment of the construction
safety of the damaged ship is achieved.
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5 PROBABILISTIC ASSESSMENT OF OVERALL SURVIVAL OF THE
SEAGOING DAMAGED SHIPS

5.1 Overview

The need for a probabilistic assessment of the overall survival of seagoing vessels
has arisen as a result of the fact that their longitudinal residual strength and stability under
damaged conditions must be ensured simultaneously for their safe operation. When
determining the method of assessment, we considered the ones presented in the chapter. 4
and the tools presented in 2 were used.

5.2 Description of the method for the probabilistic assessment of the overall
survival of ships

For the overall probabilistic assessment of the safety of a damaged ship, it is
proposed to apply a probabilistic concept, which is based on the overall survival ability of the
ship after damage, as a measure of ship safety assesment concerning residual longitudinal
strength and stability, hereinafter referred to as the effective survival index Se.

By the probability theory it can be demonstrated that the effective survival index Sg of
the ship, corresponding to a loading case, can be calculated as the sum of the probability of
occurrence of the damage in each compartment and each group of two, three, etc., adjacent
compartments multiplied by the ship's probabilities of survival after such damages:

Se =2 Pifs (5.2.1)
where:

[ represents index of each compartment or group of compartments under
consideration,

] indicate the probability that only the compartment or group of compartments
under consideration may be damaged after a collision or grounding. For
collisions, pj is determined in accordance with SOLAS Convention [4], Ch.lI-1,
Part B-1,

ri indicate the probability of survival in terms of longitudinal residual strength
after damaging of the compartment or group of compartments under
consideration and is calculated with the following formula:

‘7SD Mgy o+ 7w va‘ -Max 01— ‘ySD *Qsw-p * Ywo 'Qwv‘
Myo Quo
7o *Ca Yro *Cha (5.2.2)

r,=| Max 01—

The terms of formula (5.2.2) were defined in 4.1.

Sj indicate the probability of survival in terms of stability, after damaging of the
compartment or group of compartments under consideration, and is
determined in accordance with SOLAS Convention [4], Ch.II-1, Part B-1;

The overall probabilistic criterion for the construction safety of a seagoing ship, to
simultaneous ensure both the overall longitudinal residual strength and the stability in
damage situations, is proposed to be represented (by similarity with the damage stability
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probabilistic criterion required by SOLAS [4], in Chapter 1I-1, Part B-1) by condition that the
sum of the partial effective survival indices, Scs, Sep and Sei, for 3 representative draught, is
not less than the required overall survival index Sc, and the additional condition that the
partial indices Sgs, Sep and Se1 do not be less than 0.9Sg, for passenger ships and 0.5S¢, for
cargo ships, i.e. that the following relations be fulfilled:

S¢ = Sco (5.2.3)
Ses = 09S¢,
Sep = 0.9+ Sg, for passenger ships (5.2.4)
S¢1= 09S¢,
SGS 2 05 " SGO
Sep = 0.5 S, for cargo ships (5.2.5)
Se1 = 0.5-S¢,

where:

SG =04- SGS +04- SGp +0.2- SGl (526)

Ses — the effective overal survival index Sg at the deepest subdivision draught ds
considered to be the draught which corresponds to the summer load line of
the ship;

Sep — the effective overal survival index S at the partial subdivision draught,

considered to be the light service draught plus 60% of the difference
between the light service draught and the deepest subdivision draught.
Sai  — the effective overal survival index Sg at the light service draught considered
to be the service draught corresponding to the lightest anticipated
loading and associated tankage, including, however, such ballast as
may be necessary for stability and/or immersion. Passenger ships
should include the full complement of passengers and crew on board.
The required overal survival index Sgo can be determined according to the IMO
Revised guidelines for formal safety assessment for use in the rule-making process. [83].

If the same level of probabilistic safety is required for overall survival after damage
as for only damage stability, then the required overal survival index Sg, can be determined
with the same formulas of the SOLAS Convention, Chapter 1I-1, Part B-1, Rule 6.

5.3 Comments and conclusions

The assessment based on overall probabilistic criterion of survival of the damaged
ships, proposed in 5.2 is a modern, elegant and synthetic way of assessing the construction
safety of ships, in line with the mode of probabilistic analysis of the stability of damaged ships
regulated by the 1974 SOLAS Convention [4] and which has proven its effectiveness by its
application.

By taking into account of a large number of damage cases whose influence is found
in the effective survival index Sg, depending on the probability of occurence and the degree
of affecting the longitudinal residual strength, a better assessment of the construction safety
of the damaged ship is achieved.
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6 GENERAL  CONCLUSIONS, ORIGINAL CONTRIBUTIONS AND
PERSPECTIVES

6.1 General conclusions

The main scop of the thesis was, as a result of documentation and research, to
make proposals to improve the requirements on construction safety of the ships set out in
international and national regulations and to develop methods and calculation tools that allow
assessment of the construction safety of the ships.

In this respect, the following were achieved:

1. analyzing the current state of regulations concerning construction safety of ships and how
they are being implemented from the design phase, continuing during construction, until
the operational phase;

2. proposals to improve the construction safety of the seagoing ship by :

- increasing the longitudinal strength of their hull as a result of the revision of the
current method in international regulations on calculating the wave-induced sectional
efforts. This review is necessary because the analysis of the results of the
calculations made by the current IACS formulas for determining these efforts and
those determined by direct calculations revealed that the longitudinal structure of the
hull of the vessels is under-dimensioned, in particular at shear, this being confirmed
by the significant loss of simple hull bulk carriers. For these reasons, the IMO have
imposed that vessels of this type, which exceed 150 meters in length, be with double
hull;

- the probabilistic evaluation of their longitudinal residual strength in damage situations.
Such an assessment would be a modern, elegant and synthetic way of assessing the
safety of their construction, in line with the mode of probabilistic analysis of the
stability of damaged ships, regulated by the 1974 SOLAS Convention [4], and which
has proven its effectiveness by its application. Taking into account a large number of
damage cases, whose influence is found in the effective residual longitudinal strength
index R, depending on the probability of occurrence and the degree of affecting the
longitudinal strength, allows for a better assessment of the ship's safety damaged;

— the probabilistic evaluation of their overall survival in damage situations. Such an
assessment would be a modern, elegant and synthetic way of assessing the safety of
their construction, in line with the mode of probabilistic analysis of the stability of
damaged ships, regulated by the 1974 SOLAS Convention [4], and which has proven
its effectiveness by its application. Taking into account a large number of damage
cases, whose influence is found in the effective overall survival index Sg, depending
on the probability of occurrence and the degree of affecting the longitudinal residual
strength and stability, allows for a better assessment of the ship's safety damaged;

3. adopting in a specific way, in order to automate calculations, of a method of determining
the ship’s oscillation parameters and the sectional efforts in the ship’s hull for layout on
still water and for the quasi-static layout on the cosine and trohoidal wave, as well as the
elastic line of the hull, on the basis of which the RLS-V1 program was developed. The
validation of the method and program was done by direct calculations. These tools
proved to be particularly effective in the research undertaken to establish proposals to
improve the construction safety of the ship in terms of longitudinal strength;
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4. adopting, in a specific way, in order to automate calculations, of a method for linear

determining of the ship’s oscillation parameters and of the sectional efforts in the ship's
hull for dynamic layout on wave, on the basis of which the RLD-V1 program was
developed. The validation of the method and program was done by comparing the results
of the calculations obtained with the test measurements on 3 models. These tools have
been a benchmark for the other methods and programs made, givend the large number
of validations to which it has been subjected, and have proved to be particularly effective
in the research work being carried out to establish proposals to improve the construction
safety of the ship in in terms of longitudinal strength;

adopting, in a specific way, in order to automate calculations, of a method for nonlinear
determining of the ship’s oscillation parameters and of the sectional efforts in the ship's
hull for dynamic layout on wave, on the basis of which the RLD-V1N program was
developed, considering linear damping depending on the ship’s speed. The validation of
the method and program was done by comparing the results of the calculations obtained
with the test measurements on 1 model. These tools allow a closer to reality assessment
of the sectional efforts, ensuring the achievement of useful results in the research work
carried out within the thesis;

development of an original method for nonlinear determination of the ship’s oscillation
parameters and of sectional effort in the ship's hull at the dynamic layout on wave, on the
basif of which the RLD-V2 program was developed, considering the nonlinear damping
depending on the square of the ship’s speed. Taking into account the damping concept is
a novelty in the study of vertical oscillations coupled with those of the ship's pitching,
being an appreciation of the phenomenon closer to reality. Validation of the method and
program was performed by comparing the results of the calculations obtained with the
test measurements on 1 model. These tools allowed the closest to the reality assessment
of the sectional efforts, ensuring the achievement of particularly interesting results in the
research carried out in order to improve the safety of the ship's construction;

graphical display of the ship’s oscillations on waves and sectional efforts along the ship’s
length, depending on time, by the aforementioned programs.

It follows from the above that, within the thesis, through an intensive study and research
activity, a series of efficient calculating tools have been realized which have enabled
achieving the purpose of the work to contribute by means of substantiated proposals to
the improvement of the international and national regulations requirements on the
construction safety of the ships.

It can be considered that the present thesis also contributes to a better knowledge of
the complex hydrodynamic and strength phenomena that arise when ships navigate on
waves or to a better probabilistic assessment of the safety of their construction under
damage conditions, thus opening new perspectives for deepening of these areas for
future research.

6.2 Original contributions

In order to achieve the proposed goal of the thesis, we made a series of original

contributions of which more important were:

1. study on the current state of regulations concerning construction safety of ships
and how they are being implemented from the design phase, continuing during
construction, until the operational phase
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2. adopting in a specific way, in order to automate calculations, of a method of

1

1

1

1

14.

1

0.

1.

2.

3.

5.

determining the sectional efforts in the ship’s hull for layout on still water and for
the quasi-static layout on the cosine and trohoidal wave, as well as the elastic line
of the hull

development of the RLS-V1 program based on the above mentioned method;

adopting, in a specific way, in order to automate calculations, of a method of
linear determining the sectional efforts in the ship's hull for dynamic layout on
wave;

development of the RLD-V1 program based on the above mentioned method,;

adopting, in a specific way, in order to automate calculations, of a method of
nonlinear determining of the sectional efforts in the ship's hull for dynamic layout
on wave, considering linear damping depending on the ship’s speed;

development of the RLD-V1N program based on the above mentioned method;

development of an original method of nonlinear determination of sectional effort in
the ship's hull at the dynamic layout on wave, considering the nonlinear damping
depending on the square of the ship’s speed. The method can be generalized
throughout the theory of oscillation and vibration mechanics;

development of the RLD-V2 program based on the above mentioned method

graphical display of the ship’s oscillations on waves and sectional efforts along
the ship’s length, depending on time, by the aforementioned programs

resolving in a specific way of the nonlinear differential equation systems
describing the ship’s oscillations by the successive approximation method;

resolving in a specific way of the nonlinear differential equation systems
describing the ship’s oscillations by the B -Newmark method;

substantiated proposal to improve the construction safety of the ships by
modifying of the IACS formulas to determine waves-induced sectional efforts;

proposal to improve the construction safety of the ships by probabilistic
assessment of longitudinal residual strength of the ships when damaged;

proposal to improve the construction safety of the ships by probabilistic
assessment of overall survival of the ships when damaged.

6.3 Future research perspectives

The present paper can be considered as a small bridge between the results of the
research carried out so far and the next one, creating the perspective of approaching new
themes such as:

1.

verification of calculation methods and programs by making measurements on
real ships;

research deepening to improve IACS formulas on longitudinal strength in order
to allow building of the ships such as to ensure their safe operation;

completing the probabilistic analysis method of longitudinal strength of damaged
seagoing ships with studies on the probability of locating the bottom damages
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and establishing the assessment criteria according to [83];

4. completing the probabilistic analysis method of overall survival of damaged
seagoing ships with studies on the probability of locating the bottom damages
and establishing the assessment criteria according to [83];

5. improvement of the methods for determining the quadratic damping coefficients
taking into account the complex configuration of the ship and the fact that they
vary over time;

6. improvement of the mathematical methods of solving the systems of nonlinear
differential equations in which both the system matrix and the free terms depend
on the solution ;

7. expansion of the calculation methods and programs for dynamic ship’s layout on
waves taking into account the slamming and hull’s vibration;

8. completion of the calculation methods and programs for dynamic ship’s layout
on statistical waves according to various spectra, with fatigue analysis ;
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