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Abstract: Hydrostatic parameters of a ship are very important in ship design. The importance of
the parameters compared to one another need to be revealed in realm of uncertainty, so as to
avoid design error. In view of this, a fuzzy-analytical hierarchical process (Fuzzy-AHP) method is
utilized in addressing the subject under investigation. The fuzzy logic is used to address
uncertainty in pairwise comparison exercise, so as to facilitate the estimation of order of
importance of hydrostatic parameters. In this research, the engineering judgements of three
designers in analysis of importance of hydrostatic parameters are aggregated and processed using
the Fuzzy-AHP methodology. The result produced in the study showed that hydrostatic
parameters are importance in order of moments of inertia of vessels (MIV), mass displacement
(MD), tons per centimeter immersion (TPCI), coefficients of form (CF), centers of buoyancy
(CB), metacentric heights of vessels (MHV), ship waterplane area (SWA), longitudinal center of
floatation (LCF), volume displacement (VD) and wetted surface area (WSA) with weight values

of 0.218, 0.095, 0.078, 0.083, 0.074, 0.1, 0.46, 0.108, 0.209 and 0.028 respectively.
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1. INTRODUCTION

Ship stability in water is one of the basic
challenges Marine Engineers and Naval Architects
face during ship design, construction and operation at
sea. Based on this fact, it is imperative that ship
hydrostatics parameters which basically influence the
stability and other floating characteristics of ship at
sea should be well analysed [1]. Ship hydrostatics
parameters are properties of the immersed portion of
the ship in water [2]. These parameters describe the
characteristics of the underwater portion of the ship at
a particular draught. If the ship is out of water, and
draught becomes zero, then the parameters cease to
exist [3].

Some of these parameters are mass displacement
(MD), metacentric heights of vessels (MHV),
longitudinal center of floatation (LCF), ship
waterplane area (SWA), volume displacement (VD),
centers of buoyancy (CB), moments of inertia of
vessels (MIV), coefficients of form (CF), tons per
centimeter immersion (TPCI), and wetted surface area

(WSA) [4-10]. All these parameters are important in
ship stability. However, some parameters are more
important than the other. Such parameters can be
identified by developing and use of mathematical
model under uncertainty. In view of this, a literature
search is conducted on combination of fuzzy logic and
analytical hierarchical process (AHP) in prioritization
of importance of design/engineering
parameters/criteria. The search revealed that there is
a breakthrough in use of a fuzzy-analytical
hierarchical process (Fuzzy-AHP) in solving similar
problems as evidenced in the works of [11-19]. In
view of the above cited references, the workability of
the fuzzy-AHP method in prioritization exercise of
engineering parameters under uncertainty is not in
doubt. This research tends to close that gap of non-
prioritization of the hydrostatic parameters in ship
design and construction under uncertainty, so as to
facilitate effective ship stability and optimal design
process.

Therefore, the fuzzy-AHP method is adopted as
a hybrid approach in investigation and selection of
importance of ship hydrostatic parameters under
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uncertainty in this research. The structure of the paper
is outlined as Section 2: Description of ship
hydrostatic parameters; Section 3: Methodology;
Section 4: lllustrative case study and Section 5:
Conclusion.

2. DESCRIPTION OF SHIP
HYDROSTATIC PARAMETERS

Ship hydrostatic parameters such as SWA, VD,
MHV, MD, LCF, CB, TPCI, MIV, CF and WSA
contribute in ship stability. They are important
parameters and are described as follows:

2.1. Ship Waterplane Area (SWA)

The first ship hydrostatics parameter upon which
others are derived or determined is the waterplane area
of the ship [3, 7, 10]. It is the area of the plane surface
of a vessel’s hull at a particular waterline and it
increases as the draught of the vessel increases [7].
Since ship hull is not a regular shape or body,
mathematical models such as piecewise integration
and simpson’s rules are used to estimate the ship hull
form.

2.2. Volume Displacement (VD)

The VD of a ship at any draught is the volume of
water displaced as a ship moves in a particular density
of water [9]. It indicates the hull type of the ship,
whether the ship is a plaining hull, that is a type of
ship hull where a small portion is submerged in water,
or a displacement hull, which is a type of ship hull
where a large portion of the hull is submerged in water
[20]. This ship hydrostatic parameter enables the ship
designer to properly match the ship to the particular
capacity of propulsion system that will be required for
optimal performance of the vessel [21].

2.3. Mass Displacement (MD)

When a ship floats, mass of water measured in
tons is displaced. This mass of water that was
displaced is called MD [3]. This ship hydrostatics
parameter is dependent on volume displacement and
the density of water the ship floats [7]. It is directly
proportional to the volume displacement. MD as
a hydrostatics parameter contributes in stabilization of
the ship because it is equal to the weight of the ship in
water [4].

2.4. Metacentric Heights of Vessels (MHV)

The metacentric height is another important ship
hydrostatics parameters that influence the stability of
aship in water [3]. This parameter tells the distance
between the point of the center of gravity of the ship
(G) and the point of the metacenter (M), the
metacenter of a ship is simply a point in the ship about
which the ship oscillates when given an angular
moment [22]. Metacentric heights can be transverse or
longitudinal, their values can be positive, negative or
neutral (zero). When the value is positive, it implies

that the vessel is in stable equilibrium at the individual
waterline but when the values become negative, it
means that the vessel is in an unstable condition which
may lead to capsize if the negativity increases to
a certain critical value. Also when the GM value is
zero, it implies that the wvessel is in a neutral
equilibrium that is the vessel will continue in the tilted
or heeled condition until an external righting moment
restores it to stable equilibrium [23].

2.5. Longitudinal Center of Floatation (LCF)

LCF is defined as a point in the waterplane area of
a ship at which when load or weight is added on the
ship, parallel sinkage is produced [4, 23]. This point
normally lies along the longitudinal center line but not
so for the transverse center line because it may drift
a little forward or aft of amidship. Normally it may lie
a distance of about three percent length forward and
three percent length aft of amidships for oil tankers
and containerships respectively. The Centre of
floatation distance can be estimated with respect to the
perpendiculars or the mid-ship [3, 4, 23].

2.6. Centre of Buoyancy (CB)

The centre of buoyancy is the geometrical center
of the immersed portion of the ship body [8]. It can
also be described as any point in the submerged area
of the ship where the upthrust, upward or buoyant
forces act to balance the vessel is called CB. The two
types of centers of buoyancy are: vertical center of
buoyancy (KB) and longitudinal center of buoyancy
(LCB). The CB is also the three-dimensional center of
gravity of the underwater volume of the ship [24]. The
vertical CB can be calculated using some methods
such as “Vertical integration of waterplane method,
approximate formula method and Integration of
displacement curve method” [10].

2.7. Tons Per Centimeter Immersion (TPCI)

The TPCI is a hydrostatic parameter that is
dependent on mass displacement and density of water
the vessel is moving in [3]. It is very significant in
ship stability because it tells how much or to what
extent a ship can be submerged or sink under the
addition of load and to what extent the ship is buoyed
at the removal of load [8]. The TPCI of a ship floating
in water of uniform density, depends solely on the area
of waterplane [4]. This parameter enables Naval
Architects to determine the stability of vessels as they
add or remove weights or loads from vessels during
ship design.

2.8. The Moments of Inertia of Vessels (MIV)

The MIV are hydrostatics parameters as evidenced
in [3]. They are the measure of the ship’s resistance to
rotation or capsize [7, 23]. The three basic types of
moments of inertia are moment of inertia about the
ship’s transverse section, moment of inertia about the
longitudinal center of floatation, and moment of
inertia about midship section.
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2.9. Coefficients of Form (CF)

In comparing ship’s hull forms, displacements and
dimensions, a number of coefficients are used in naval
architecture [3, 7]. These coefficients are useful in
power estimates and in expressing the fullness of
aship’s overall form and those of the body plan
sections and waterlines [25]. Also in ship design, it is
often necessary to classify the hulls, so as to find the
relationships between forms and their properties,
especially the hydrodynamic properties. The CF is the
most important means of achieving this.

2.10. Wetted Surface Area (WSA)
Wetted surface is defined as the total area of

a vessel outside in contact with the surrounding water
while afloat. The wetted surface may be used in
estimating the amount of paint required to coat the
vessel’s bottom up to a given waterline. Also the
wetted surface below the waterline may be added to
area of the topsides above the waterline to obtain the
total area of the shell plating [7, 26]. Thus, the
approximate weight of the shell may be estimated as
well as the paint required for it. WSA is customarily
calculated at various waterlines for a new ship and
appears as one of the curves of form. In some cases,
addition are made for appendages, such as stern, stern
frame, rudder, propeller shaft bossing and bilge keels

[27].

3. METHODOLOGY

The purpose of this research is to prioritize
hydrostatic design parameters under uncertainty, so as
to facilitate ship design process with sound
engineering judgement. In view of the above, two
techniques are used in this research as follows:

— Fuzzy logic: For addressing uncertainty due to
ambiguity in pairwise comparison exercise,

— AHP: For prioritisation of the ship hydrostatic
parameters in order of importance under
uncertainty.

The fuzzy-AHP method is a useful tool in
maritime and other industries. Karahalios et al. [15]
used the fuzzy-AHP method to develop a System of
Hierarchical Scorecards (SHS) that can assist
regulators in evaluating any proposed and/or existing
maritime regulations. [16] applied fuzzy-AHP method
in analyzing the structure of the mooring system
selection problem. In the works of [17], fuzzy-AHP
method is applied to find the importance degree of
each criterion as the measurable indices of
regenerative technologies. In their study, eight kinds
of regenerative technologies are assessed and ranked.
Proper scale was identified as the most important
criterion. The usefulness of fuzzy-AHP method has
also been proved in the works of [18], which was
employed in solving multi-criteria e-commerce
problem. The fuzzy-AHP model is used in ranking e-

commerce websites in e-alliance under uncertainty due
to ambiguity. [19] demonstrated the effectiveness and
feasibility of the proposed fuzzy-AHP model. The
mechanism of fuzzy-AHP method is used in human
error assessment and management in port operations in
their work.

3.1. AHP Technique
The AHP method was developed by Saaty in 1977

to address multi-criteria decision making problems
[28]. The usefulness of the technique has been
evidenced in various studies [15, 16, 29-39]. The
mechanism of the AHP technique can be used to
facilitate ranking of parameters in decision making
problems. The procedures of AHP technique can be
outlined as follows:

— develop a hierarchical structure of the problem
formulation, targeting/aiming decision making
solution in the aforementioned problem,

— carry out pairwise comparison of criteria in the
hierarchical structure of the revealed decision
making problem using relevant formula,

— computation of weight of each criterion,

— rank the criterion in order of importance.

To achieve the procedures above, the following

formulas below are employed [40]:

n

a.
Average Numerical Value Rating = .le @
n
1 a12 a'lL
T= Ya,, 1 A |, (2
:I/alL :I‘/aZL 1
1S &y K=123ccc..... )
W, :HZ - K ( n)
"
i=1
cr _C', 0)
RI
Cl = ﬂ‘max —n, (5)
n—1
>
w,a
i ] k< kKj
Mg = e (6)
n

In Equation 1, n = the total number of designers
involved in the pairwise comparison exercise of design
criteria. a; = value estimated by designer i for
a criterion. Equation 1 is employed when experts
involved in the pairwise comparison exercise are
greater than one.
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In Equation 2, a pairwise comparison n-by-n
matrix T, is introduced to reveal the relative weights
of the designed criteria. The pairwise comparison is
facilitated using information provided in Table 1. The
matrix T stands for the quantified judgements on pairs
of the design criteria and . Two entry rules are used to
define the entries in Equation 2. The rules are [40]:

Rule 1.If @;=cr ,then 8= 1/ , a #0.

Rule 2. If AI is judged to be of equal relative
importance as A then 8;=a;=1

Equation 3 is used to estimate the relative weights
of the A and Aj , and
i,j=1273..... n, - Where wy = relative weight
(k=123........ n). a;(i, j=12...L) = the

entry of row i and column j in a comparison matrix of
order n.
Equation 4 is used to check if w, values

criteria,

associated with the criteria A and Aj are reasonable.

CR stands for consistency ratio. Cl stands for
consistency index value. RI stands for random index

value. W, values established are reasonable and

acceptable if the Consistency Ratio (CR) is less than
or equal to 0.10 [33]. Though this value has not been
proved mathematically [15]. In view of this, Saaty
suggested that CR value could be near 0.2 to
accommaodate justifiable judgement of the experts [41,
42]. Furthermore, in real world it is not easy to
achieve this value due to various experts experiences
[15]. Table 2 is used to indicate the values of RI.
Equation 5 is used to show the relationship of Cl,
A and n values. n stands for the matrix order. e

stands for the maximum weight value of the n-by-n
comparison matrix T. Equation 6 is used to estimate 4,

3.2. Fuzzy Set Theory
Zadeh introduces fuzzy set theory in 1965 [43]. It

is one of the powerful artificial intelligence technique
that can be used to solve engineering problems in
realm of uncertainty. It uses the concept of linguistic
variables [19, 44, 45]. The relevance of the technique
and its mechanism has been demonstrated in various
publications [19, 44-52]. A triangular fuzzy number
A = (a,,a,,a,) Membership function illustrated in

Figure 1 is defined as follows:

0 X<a

,LI(X) _ (X - al)/(az - a1)

(8.3 _X)/(as _az)

a=x=<a, @
a, <x<a,
0 X>a,

Fuzzy number addition and
expressed in Equations 8 and 9.

reciprocal are

(aﬂ’aiZ'ais) @ (a21'a22’a23): (a11+azva12 PP +aza)’(8)

@an) =} Mo k) ©

The fuzzy numbers can be converted to crisp
values using centre of area (CoA) defuzzification
method. The CoA defuzzification method was
developed by Sugeno in 1985 [53]. The method is
described as follows:

X* = [ (x)xdx , (10)
Ji (3 )x
where X = Defuzzified output.
yn (x) = Aggregated membership function
X = Output variable

In view of the above, a triangular fuzzy number
A= (a,,a,,a,) shown in Figure 1, can be defuzzified

as follows:

Fig. 1. A Triangular Fuzzy Number A

a, a, ay
X-a a, —X

J'ilxdx+‘|'xdx+‘|' 4~ xdx

X *_a a, -4, a, a, 8, -8, , (11)
a, a3 3y
X—a a, —X

I ldx+J‘dx+_[ " dx
a; aZ - al a, ay a4 _a3

:%(ai"'az"'as)- (12)
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Tab. 1. Comparison Scale for Assessment Grades of the Criteria

Intensity of Definition Description
Importance
Equal Indicates that the levels of importance of two hydrostatic
1 importance parameters/criteria are equal in facilitation of ship design process.
(E1)
Indicates that the levels of importance of two hydrostatic
2 Weak (W) parameters/(_:rlterl_a_are_ between_ equa! importance and moderate
importance in facilitation of ship design process.
M Indicates that a hydrostatic parameter/criterion is slightly important
oderate - . RPN I
3 - over another hydrostatic design parameter/criterion in facilitation of
importance ship design process
(M) p design p :
Indicates that a hydrostatic parameter/criterion is between moderate
4 Moderate plus  importance and strong importance over another hydrostatic
(MP) parameter/criterion in facilitation of ship design process.
Indicates that a hydrostatic parameter/criterion is strongly
Strong ; : 7
; favour/importance over another hydrostatic parameter/criterion in
5 importance ilitati £ shio desi
() facilitation of ship design process.
Indicates that a hydrostatic parameter/criterion is between strong
6 Strong plus importance and very strong importance over another hydrostatic
(SP) parameter/criterion in facilitation of ship design process.
Indicates that a hydrostatic parameter/criterion is very strongly
Very strong . . . 9
7 . importance over another hydrostatic design parameter/criterion in
importance facilitation of ship design process
(VSI) p design p .
Indicates that a hydrostatic parameter/criterion is between strong
8 Very highly importance and very strong importance over another hydrostatic
strong (VHS)  design parameter/criterion in facilitation of ship design process.
Extreme Indicates that a hydrostatic parameter/criterion is extreme
9 importance importance over another hydrostatic design parameter/criterion in
(ED) facilitation of ship design process.
Tab. 2. Value of Average Random Index (RI) versus Matrix Order [33]
n 1 2 3 4 5 6 7 8 9 10
RI 0 0 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49

3.2.1. Development of Comparison Scale for Assessment
Grades of the Criteria in Fuzzy Environment

The relationship of the fuzzy logic and AHP
technique is facilitated using information provided
in Table 1 and Figure 2 to develop Table 3. Table 3
will provide a platform for application/
implementation of pairwise comparison of ship
hydrostatic parameters exercise in combination with
relevant formulas in Section 4. Table 3 is important
due to existence of uncertainty in judgement of the

pairwise comparison exercise by designers. This
subdue the challenges associated with application of
an AHP technique as a stand-alone, thus giving rise
to combination of the AHP technique with fuzzy
logic. The hybrid approach is the most effective
method that can address the fuzziness of the data
associated with parameters in pairwise comparison
exercise by various designers.
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4. ILLUSTRATIVE CASE STUDY

In this research, a combination of AHP and
fuzzy logic as hybrid approach is applied in
investigation of importance of ship hydrostatic
parameters over another. Ship hydrostatic
parameters have been described in Section 2. The
ship hydrostatic parameters under investigation are
identified and outlined as MD, MHV, LCF, SWA,
VD, CB, MIV, CF, TPCI and WSA.

EI' W MI MP SI SP VSI VHS EIM

A

0123456789

Fig. 2. A Representation of Linguistic Terms in
Triangular Fuzzy Membership Function Form

4.1. Development of a Hierarchical Structure of
the Problem Formulation

The problem formulation is prioritization of ship
hydrostatic parameters under uncertainty using
fuzzy-AHP approach. To address this engineering
challenge, a hierarchical structure is developed in
Figure 3. The Figure 3 reveals the purpose of the
study, which is ranking of the hydrostatic design
parameters and the parameters involved.

4.2. Pairwise Comparison of Hydrostatic Design
Criteria/Parameters in Fuzzy Environment
Pairwise comparison of hydrostatic

parameters/criteria is conducted to facilitate
estimation of their individual weights in fuzzy
environment. Fuzzy logic address uncertainty
associated with estimation of designers’ opinion. In
this study, service of three designers is employed in
the pairwise comparison exercise. The designers
have equal experience in the subject under
investigation, thus Equation 1 will be employed in
aggregation of their experiences.

In the pairwise comparison exercise under
uncertainty, the serial nos. 1-45 have corresponding
aggregated fuzzy estimates of (14, 17, 20), (22, 25,
27), (7,10, 13), (5,8, 11), (4,7, 10), (16, 19, 22),
(19, 22, 25), (23, 26, 27), (10, 13, 16), (5, 8, 11),
(14, 17, 20), (19, 22, 25), (5, 8, 11), (4, 7, 10), (20,
23, 26), (23, 26, 27), (4, 7, 10), (11, 14, 17), (6, 9,
12), (10, 13, 16), (21, 24, 27), (7, 10, 13), (14, 17,
20), (19, 22, 25), (7, 10, 13), (4, 7, 10), (16, 19, 22),
(23, 26, 27), (22, 25, 27), (7, 10, 13), (8, 11, 14), (16,
20, 23), (22, 25, 27), (7, 10, 13), (8, 11, 14), (19, 22,
25), (11, 14, 17), (20, 23, 26), (22, 25, 27), (5, 8, 11),
(11, 14, 17), (13, 16, 19), (8, 11, 14), (17, 20, 23)
and (16, 19, 22) respectively (See Table Al in
Appendix for details). The fuzzy estimates are
obtained using Equation 8. These values are
produced/calculated using Equation 1. These fuzzy
estimates/values are defuzzified using Equation 12.
Their corresponding crisp values are 5.67, 8.22,
3.32, 2.65, 2.32, 6.33, 7.33, 8.45, 4.33, 2.67, 5.67,
7.33, 2.67, 2.33, 7.67, 8.45, 2.32, 4.67, 3, 4.33, 8,
3.33, 5.67, 7.33, 3.33, 2.33, 6.33, 8.45,8.22, 3.33,
3.67, 6.33, 8.22, 3.33, 3.67, 7.33, 4.67, 7.67, 8.22,
2.67, 4.67, 5.33, 3.67, 6.67 and 6.33 respectively as
evidenced in Table Al of Appendix.

Ranking of Hydrostatic Design Parameter

MD MHV LCF SWA VD

CB

MIV CF TPCI WSA

Fig. 3. A Hierarchical Structure for Ship Hydrostatic Parameters/Criteria
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Tab. 3. Comparison Scale for Assessment Grades of the Criteria in Fuzzy Environment

Intensity of

. Definition
importance

Fuzzy Number

Description

1 1,1,2)

2 1,2,3) Weak (W)

Moderate importance

3 (2,3, 4) (M)

4 (3,4,5) Moderate plus (MP)

5 (4,5, 6)

6 (5,6,7) Strong plus (SP)

7 (6,7,8) )

Very highly strong

8 (7,8,9) (VHS)

Extreme importance

9 (8,9, 9) &)

Equal importance (EIl)

Strong importance (SI)

Very strong importance

Indicates that the levels of importance of two
hydrostatic parameters/criteria are equal in
facilitation of ship design process.

Indicates that the levels of importance of two
hydrostatic parameters/criteria are between equal
importance and moderate importance in facilitation
of ship design process.

Indicates that a hydrostatic parameter/criterion is
slightly important over another hydrostatic
parameter/criterion in facilitation of ship design
process.

Indicates that a hydrostatic parameter/criterion is
between moderate importance and strong
importance over another hydrostatic
parameter/criterion in facilitation of ship design
process.

Indicates that a hydrostatic parameter/criterion is
strongly favour/importance over another hydrostatic
parameter/criterion in facilitation of ship design
process.

Indicates that a hydrostatic parameter/criterion is
between strong importance and very strong
importance over another hydrostatic
parameter/criterion in facilitation of ship design
process.

Indicates that a hydrostatic parameter/criterion is
very strongly importance over another hydrostatic
parameter/criterion in facilitation of ship design
process.

Indicates that a hydrostatic parameter/criterion is
between strong importance and very strong
importance over another hydrostatic
parameter/criterion in facilitation of ship design
process.

Indicates that a hydrostatic design
parameter/criterion is extreme importance over
another hydrostatic parameter/criterion in
facilitation of ship design process.

5. CONCLUSIONS

A fuzzy-AHP method has been utilised in analysis
and calculation of importance of hydrostatic
parameters in realm of uncertainty, so as to facilitate
ship design process. Importance of ship hydrostatic
parameters over another has been revealed using the
fuzzy-AHP model. The numerical illustration in
Section 4 exposed that MIV is more important than
other parameters because is associated with weight
value of 0.46, thus ranked as 1. Furthermore, WSA is

ranked as 10 because of its weight value of 0.028,
which is an indication is the least importance
parameter. Other parameters such as MD, MH, LCF,
SWA, VD, CB, CF and TPCI are associated with
weights of 0.218, 0.095, 0.078, 0.083, 0.074, 0.1,
0.108, and 0.209 respectively. Their respective
corresponding ranks are 2, 6, 8, 7, 9, 5, 4 and 3. Ship
construction companies can adopt this model in their
decision making process during the design of a ship.
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Nomenclature

Symbols

a, — Value estimated for designer i for a criterion

n — Total number of designers involved in the pairwise

comparison exercise of design criteria

T — Pairwise comparison n-by-n matrix

A — Criterionii

AJ_ — Criterion j

Wi — Relative weight k

3 — Entry of row i and column j in a comparison

matrix of order n

Ay . -

) _ Summed estimated value on column j in
comparison matrix T

CR — Consistency ratio

Cl — Consistency index value

RI — Random index value

Arax  _ Maximum weight value of the n-by-n comparison

matrix T

A — Triangular fuzzy number with membership

function (81-82.a3)

X" _ Defuzzified output

AX . .

H '( ) — Aggregated membership function

X — Output variable

Acronyms

AHP  — Analytical Hierarchical Process

MIV  — Moments of Inertia of Vessels

MD - Mass Displacement

TPCl — Tons Per Centimeter Immersion

CF — Coefficients of Form

CB — Centers of Buoyancy

MHV - Metacentric Heights of Vessels

SWA — Ship Waterplane Area

LCF - Longitudinal Center of Floatation

VD — Volume Displacement

WSA -~ Wetted Surface Area
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Weights Estimation of Hydrostatic Parameters/Criteria
in Fuzzy Environment
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Table Al Pairwise Comparison of Ship Hydrostatic Parameters/Criteria under Uncertain in Fuzzy Environment

. Division Of Crisp_\_/alu_e
Aggregation A (Defuzification
A Designer Designer  Designer of ggregated of Divided
g g g
S/N Pairwise Important #1 Fuzzy #2Fuzzy #3Fuzzy Designers’ Fuzzy Estimates Aggregated
Comparison criterion Esti - - by Total Number -
stimate Estimate  Estimate Fuzzy . Fuzzy Estimates
- of Designers - .
Estimates - - using Equation
Using Equation 1 12)
1 MD MH MD (4,5,6) (5,6,7) (5,6,7) (14,17,20) (4.67,5.67,6.67) 5.67
2 MD  LCF MD (7,8,9) (8,9,9) (7,8,9) (22,25,27) (7.33,8.33,9) 8.22
3 MD  SWA MD (3,4,5) (2,3,4) (2,3,4) (7,10,13) (2.3,3.33,4.33) 3.32
4 MD VD MD (2,3.4) (1,2,3) (2,3.4) (5,8,11) (1.67,2.67,3.67) 2.67
5 MD CB MD (1,2,3) (2,3.4) 1,2,3) (4,7,10) (1.33,2.33,3.33) 2.33
6 MD  MIV MD (6,7,8) (5,6,7) (5,6,7) (16,19,22)  (5.33,6.33,7.33) 6.33
7 MD CF MD (7,8,9) (6,7,8) (6,7.8) (19,22,25)  (6.33,7.33,8.33) 7.33
8 MD  TPCI MD (8,9,9) (7,8,9) (8,9.9) (23,26,27) (7.67,8.67,9) 8.45
9 MD  WSA MD (4,5,6) (3,4,5) (3,4,5) (10,13,16)  (3.33,4.33,5.33) 433
10 MH LCF MH (2,3.4) (1,2,3) (2,3.4) (5,8,11) (1.67,2.67,3.67) 2.66
11 MH SWA MH (4,5,6) (5,6,7) (5,6,7) (14,17,20) (4.67,5.67,6.67) 5.67
12 MH VD MH (6,7,8) (7,8,9) (6,7,8) (19,22,25) (6.33,7.33,8.33) 7.33
13 MH CB MH (2,3.4) (1,2,3) (2,3.4) (5,8,11) (1.67,2.67,3.67) 2.67
14 MH MIV MH (1,2,3) (2,3.4) 1,2,3) (4,7,10) (1.33,2.33,3.33) 2.33
15 MH CF CF (7,8,9) (6,7,8) (7,8,9) (20,23,26) (6.67,7.67,8.67) 7.67
16 MH TPCI TPCI (8,9,9) (7,8,9) (8,9,9) (23,26,27) (7.67,8.67,9) 8.45
17 MH WSA MH (1,2,3) (2,3.4) 1,2,3) (4,7,10) (1.33,2.33,3.33) 2.33
18 LCF SWA LCF (4,5,6) (3.4,5) (4,5,6) (11,214,17) (3.67,4.67,5.67) 4.67
19 LCF VD VD (2,3.4) (2,3.4) (2,3.4) (6,9,12) (2,3,4) 3
20 LCF CB CB (4,5,6) (3,4,5) (3,4.5) (10,13,16)  (3.33,4.33,5.33) 433
21 LCF MIV LCF (7,8,9) (7,8,9) (7,8,9) (21,24,27) (7,8,9) 8
22 LCF CF LCF (2,3.4) (3,4,5) (2,3.4) (7,10,13)  (2.33,3.33,4.33) 3.33
23 LCF TPCI TPCI (4,5,6) (5,6,7) (5,6,7) (14,17,20) (4.67,5.67,6.67) 5.67
24 LCF WSA LCF (6,7,8) (7,8,9) (6,7,8) (19,22,25) (6.33,7.33,8.33) 7.33
25 SWA VD SWA (3,4,5) (2,3.4) (2,3.4) (7,10,13)  (2.33,3.33,4.33) 3.33
26 SWA CB CB (1,2,3) (2,3.4) 1,2,3) (4,7,10) (1.33,2.33,3.33) 2.33
27 SWA MIV SWA (5,6,7) (6,7,8) (5,6,7) (16,19,22)  (5.33,6.33,7.33) 6.33
28 SWA CF SWA (7,8,9) (8,9,9) (8,9,9) (23,26,27) (7.67,8.67,9) 8.45
29 SWA TPCI TPCI (8,9,9) (7,8,9) (7,8,9) (22,25,27) (7.33,8.33,9) 8.22
30 SWA WSA SWA (3.4,5) (2,3,4) (2,3,4) (7,10,13)  (2.33,3.33,4.33) 3.33
31 VD CB VD (2,3.4) (3,4,5) (3,4.5) (8,11,14)  (2.67,3.67,4.67) 3.67
32 VD MIV VD (6,7,8) (5,6,7) (6,7,8) (17,20,23) (5.66,6.67,7.67) 6.33
33 VD CF CF (7,8,9) (8,9,9) (7,8,9) (22,25,27) (7.33,8.33,9) 8.22
34 VD TPCI TPCI (3.4,5) (2,3,4) (2,3,4) (7,10,13)  (2.33,3.33,4.33) 3.33
35 VD WSA VD (2,3,4) (3.4,5) (3,4,5) (8,11,14) (2.67,3.67,4.67) 3.67
36 CB MIV CB (6,7,8) (7,8,9) (6,7,8) (19,22,25) (6.33,7.33,8.33) 7.33
37 CB CF CB (4,5,6) (3.4,5) (4,5,6) (11,214,17) (3.67,4.67,5.67) 4.67
38 CB  TPCI TPCI (7,8,9) (6,7,8) (7,8,9) (20,23,26) (6.67,7.67,8.67) 7.67
39 CB  WSA CB (8,9,9) (7,8,9) (7,8,9) (22,25,27) (7.33,8.33,9) 8.22
40 MIV CF MIV 1,2,3) (2,3,4) (2,3,4) (5,8,11) (1.67,2.67,3.67) 2.67
41 MIV  TPCI MIV (4,5,6) (3.4,5) (4,5,6) (11,214,17) (3.67,4.67,5.67) 4.67
42 MIV  WSA WSA (5,6,7) (4,5,6) (4,5,6) (13,16,19) (4.33,5.33,6.33) 533
43 CF  TPCI CF (3.4,5) (2,3,4) (3,4,5) (8,11,14) (2.67,3.67,4.67) 3.67
44 CF  WSA CF (6,7,8) (5.6,7) (6,7,8) (17,20,23) (5.67,6.67,7.67) 6.67

45 TPCI WSA  TPCI (67 (678 (567 (161922) (5.33,6.33,7.33) 6.33
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Table A2 Ship Hydrostatic Parameters/Criteria Crisp Value Matrix

CRITERIA MD MH LCF SWA VD CB MIV CF TPCI  WSA
MD 1 5.67 8.22 3.32 2.67 2.33 6.33 7.33 8.45 4.33
MH 1/5.67 1 2.67 5.67 7.33 2.67 2.33 1767 1/845 232
LCF 1/8.22 1/2.67 1 4.67 173 1/4.33 8 3.33 1567 733
SWA 1/3.32 1/5.67 1/4.67 1 3.33 1/2.33 6.33 8.45 1/8.22 333
VD 1/2.67 1/7.33 3 1/3.33 1 3.67 6.33 1/8.22 1/3.33  3.67
CcB 1/2.32 1/2.67 433 2.33 1/3.67 1 7.33 4.67 1767 822
MIV 1/6.33 1/2.33 1/8 1/6.33  1/6.33 1/7.33 1 2.67 4.67 1/5.33

CF 1/7.33 7.67 1/3.33  1/8.45 8.22 1467  1/2.67 1 3.67 6.67
TPCI 1/8.45 8.45 5.67 8.22 3.33 7.67 17467  1/3.67 1 6.33
WSA 1/4.33 1/2.32 1/733  1/3.33  1/3.67 1/8.22 5.33 1/6.67  1/6.33 1
Sum 3.05 24,712 25.67  26.116 26.892  18.461 43.569 28.124 18.124 43.308
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