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!e main objective of this study is to analyze the structural response of a boat during a slamming 
event using the Finite Element Method in a Small Water Area Twin Hull (SWATH) type boat.  In 
the mentioned load condition, the acceptance criteria established by a classification society must be 
fulfilled, taking into account the areas where this event affects the structure such as the junction deck, 
the pontoons and other structural members established by the standard, all this generated by the high 
pressure loads in the ship's structure in a very short period of time being an element of study in this 
type of vessels, as long as they are within the range of high speed vessels. Among the main results of this 
study were the deformations and stresses in the structure obtained under the reference parameters of the 
classification society [1].

El objetivo principal de este estudio, es analizar la respuesta estructural de una embarcación en el evento 
del Slamming utilizando el Método de Elementos Finitos en una Embarcación tipo Small Water Area 
Twin Hull (SWATH).  En la mencionada condición de carga se deben cumplir con los criterios de 
aceptación establecidos por una sociedad clasificadora, teniendo en cuenta las áreas donde este evento 
incide en la estructura como lo es la cubierta de unión, los pontones y demás miembros estructurales 
establecidos por la norma, todo esto generado por las altas cargas de presión en la estructura del buque 
en muy corto espacio de tiempo siendo un elemento de estudio en este tipo de embarcaciones, siempre y 
cuando estén dentro del rango de embarcaciones de alta velocidad. Dentro de los principales resultados de 
este estudio se obtuvieron las deformaciones y esfuerzos en la estructura bajo los parámetros de referencia 
de la sociedad clasificadora [1].
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!e use of the Finite Element Method (hereinafter 
FEM) is a tool that allows to analyze and evaluate 
both the stresses and deformations that occurs in 
an element of study as a response of a load on it. 
!is allows the Naval Design and Engineering 
area to perform evaluations of elements of a 
system, which in the case of this study, simulates 
the response of the structure and generates a tool 
for the designer to analyze the overall vessel under 
slamming pressures.

In this way, the aim is that the vessel to be designed 
complies with the requirements established in the 
classification regulations ensuring the structural 
integrity of the vessel during its life cycle in the 
Operation Phase. While it is true that the rules of 
the various classification societies are guidelines for 
design, these aim for the structure to support the 
conditions of the ocean it will face, and generates 
as a result the dimensions of the structural 
elements and all those elements that contribute to 
the structural integrity of the boat. 

!e vessel in this study was designed to comply 
with particular performance specifications such as 
speed, length and beam dimensions, for which the 
shapes were carried out through the use of design 
tools (CAD) and analysis (CAE) (Computer Aided 
Design- Computer Aided Engineering). !is was 
an input in the subsequent implementation of 
structural analysis by the Finite Element Method 
with the use of numerical modeling. !e process 
integrates the basic knowledge of surface handling 
and is complemented with the application of the 
different loads that affect the case study such as 
Slamming in the Wet Deck and Hull, Hydrostatic 
Pressure, Gravity and the Displacement of the 
Vessel. Within the development of this study, the 
mesh sensitivity analysis was carried out, which 
ensures the independence of the results of the mesh. 

Due to the above, and in view of the fact that FEM 
allows the analysis of irregular geometries such as 
the hull of a vessel, the application of loads, the 
handling of the system's boundary conditions and 
the numerical evaluation of the materials' behavior, 
it can be established that it is a convenient tool to 

carry out the analysis of the present investigation 
and to observe the response of the vessel's structure.

Currently, FEM is applied to different areas of 
knowledge, thus becoming a functional tool for 
the development of any research, validation or 
evaluation of a physical phenomenon. Within the 
applications that are most used in engineering 
processes, we find the analysis and evaluation that 
allows to determine the field of displacements, 
deformations, stresses in any element of the 
system, frequency, resistance, rigidity and fatigue 
among others. With which, it is possible to analyze 
and evaluate through a study if the conditions in 
which a future project can become feasible from an 
initial design stage and make decisions that reduce 
time and decrease the costs associated with an 
engineering design and construction process.

Based on the above and in view of the evaluation 
and analysis capabilities of FEM which allows to 
analyze the mechanical behavior in a linear, non-
linear, static or dynamic way, the Naval Industry 
has developed the validation of its projects in the 
preliminary and contractual design stage with the 
use of these computational tools. In this way, and 
given the current conditions of competition in the 
Shipyard environment and their Design Offices, 
the use of FEM is a tool for the development of 
their activities of criteria testing and cost reduction 
in the Industry, with this, being able to analyze 
if the results obtained are acceptable against the 
established acceptance criteria and the products 
should be marketed. 

An example of this application is found in the 
work of Numerical and Experimental Validation 
of Bending in a Resin Steel Sandwich Structure 
for bulkheads and structural members, where the 
real behavior is compared with the numerical one 
and allows according to the authors to observe the 
behavior curve of the material and the process of 
failure and subsequent cracking [4]. In the same 
way, in other studies observed, structures and plates 
of any vessel in composite material are evaluated 
and allow to validate the results generated by the 
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FEM, such as the specifi c case of the experimental 
and numerical fl exion analysis of steel/resin 
sandwich material, which looked for to confront 
the real results with the FEM. ! e result is that 
both are similar and arriving at the conclusion 
that validates any real analysis with the numerical 
one for the use of Bulkheads, Reinforcements or 
any primary member that is required in a vessel 
[5]in multi-hull type boats, in [6] a trimaran-
type vessel is designed, analyzed and optimized, 
scanned with diff erent classifi cation societies, the 
stress and deformation results are compared with 
each one and an overall reduction of the vessel's 
displacement is achieved.

Likewise, in [7] a SWATH type vessel, an analysis 
of the structure was carried out by means of FEM, 
with the purpose of comparing the response of the 
structure with transversal loads, as a reference in the 
use of numerical models that allow the evaluation 
of the real conditions of a vessel, demonstrating 
again, the viability of the use of the method. 

For this study understanding the conditions in 
which the vessel would be found was fundamental, 
therefore, the study of the slamming event is 
important in understanding that it is a transitory 
load that aff ects the structure of the vessel in its 

operation, evaluating this throughout its entire 
structure and validating the calculations enhanced 
in the scantlings, is a fundamental tool for any 
design process and testing of any vessel, allowing 
with it to validate that the process is suitable and 
responds to the objective of the present study. 

! is process has shown that the structure supports 
the stresses and deformations allowed by the 
classifi cation society, under real parameters that 
contribute to the knowledge of a design process 
and structural analysis of a SWATH type vessel 
and gives the possibility to perform other analyses 
in diff erent load conditions where it is required to 
study elements globally or locally using the FEM. 

! e vessel in this study has the general characteristics 
described in Table 1 and was designed as shown in 
the General Arrangement Plan Fig. 1, its mission 
profi le is based on carrying out patrol operations 
in the Colombian Caribbean Island area, where 
the average wave height ranges from 1 meter to 
5.56 meters according to statistics provided by the 
General Maritime Directorate [8] Table 1.
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Features Quantity

Maximum length 26,55 m

Maximum beam 12,5 m 

Design Draught 3,1 m 

Strut 8 m 

Service Speed 30 Kn 

Distance between hulls 9,15 m 

Displacement 205 ton 

Installed Power 6240 Hp

7DEOH����9HVVHO�FKDUDFWHULVWLFV� )LJ�����*UDYLW\�

)LJ�����+\GURVWDWLF�SUHVVXUH�LQ�WKH�KXOO�GHSHQGLQJ�RQ�WKH�
design draught. )LJ�����6ODPPLQJ�RQ�:HW�&RYHU�

! e previously described design is characterized 
under the displacement and speed standards for 
high speed craft, or HSC, where it states that it 
cannot displace more than 243.55 tons and must 
have a speed greater than 17.38 knots according to 
equations 1 and 2 [9].

/RDGLQJ�FRQGLWLRQV

During the development of the analysis, the 
recommendations of the mentioned classifi cation 
society were followed, for the application of the forces 
that act in the hull of the ship, which were divided in 
three diff erent forces, characterizing the Hydrostatic 
Pressure with the design draught under full load (Fig. 
2), the pressure during  the Slamming event and the 
standard acceleration due to gravity, Fig. 3 [10].

(1)

(2)

6RXUFH��$XWKRUV� 6RXUFH��$XWKRUV�

6RXUFH��$XWKRUV�

In this study, the eff ect of slamming on the structure 
of the boat is analyzed. [11]! is eff ect are the pressure 
loads generated by the impact of the boat with the 
waves in short periods. ! erefore, the classifi cation 
society proposes as an acceptance criterion an stress 
value not higher than 125 MPa [10]. 

! e results for the slamming load on the structure, 
bending moment, accelerations and others, were 
obtained by using the classifi ciation rules and 
construction, special vessels section 3 C 3.5.2 and 
C 3.5.3. of GL, which parameterize that they are a 
function of the dimensions of the vessel and, in the 
case of slamming, vary according to the length of 
the vessel as shown in Figs. 4 and 6.

6ODPPLQJ�HIIHFW�RQ�WKH�VWUXFWXUH
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)LJ�����6ODPPLQJ�3UHVVXUH�RQ�:HW�&RYHU�

)LJ�����+XOO�6ODPPLQJ�

)LJ�����6:$7+�6FDQQLQJ�3URFHVV�)ORZFKDUW�

)LJ�����6ODPPLQJ�SUHVVXUH�RQ�WKH�VXEPHUJHG�KXOO�

Structure of the boat 

! e Craft Scantling process can be seen in Figure 
8 and was based on the GL classifi cation rules, 
calculating the primary structural elements 
according to table No. 2 and Fig. 9 shows the 
midship section scantling drawing. For this study 
and for the characteristics of the patrol boat, 
aluminum 5083, density 2770 Kg/m3, Modulus of 
Elasticity 7.1 x 1010 Pa, Poisson's coeffi  cient of 0.33, 
length not supported (le) 1200 mm and a space 
between longitudinal reinforcements (s) of 480 mm 
were selected as the material and parameters. 

6RXUFH��$XWKRUV�

6RXUFH��$XWKRUV� 6RXUFH��$XWKRUV�

6RXUFH��*HUPDQLVFKHU�/OR\G�

S TART

END

Calculation of Vertical and
Transversal Accelerations

(Ac and Av)

Force Calculations (F  ) and
Moments (M  )

Comparison of Primary and
Secondary Elements

Comparison of Calculated Elements
with Commercial Elements

Selection of Primary and Secondary
Elements

Calculations of Impact Pressures at
the bottom of the hull (P  ) and

impact on the wet deck
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)LQLWH�(OHPHQW�0RGHO

!e vessel was modeled and discretized using 
computer aided design software, thus modeling 
the hull shapes and structural elements. !is 
process allows to materialize the project in order 
to export it to the finite element analysis software 
[12]. !is allows for the analysis and observation 
of each of the members and their geometries so 
that they contribute to the structural rigidity and 
distribution of the loads applied to the boat [27].

Model Mesh

For the analysis of this structure, several factors 
were considered: First, the selection of the type 
of element, which for the case study a Shell 181 
element was selected for having four nodes and six 
degrees of freedom and admitting normal loads 
to its plane, bending loads, membrane loads and 
moments [27]. !is is a tool that can analyze the 
Slamming loads in the structure, and giving priority 
to rectangular and not triangular elements, since 

Structural Scantling

Plating Comercial  (mm) Calculated (mm) Fraction In.

Bottom Shell 15 11,257 9/16

Bilge Plating 8 7,388 5/16

Side Shell 8 7,388 5/16

Wet Deck 8 5,042 5/16

Internal sides 7 6,743 5/16

Deck Plating 10 9,408 1/2

Stiffeners cm3 cm3 Kind

Bottom Stiffeners 84,00 6,53 FB 160*12

Bilge Stiffeners 26,97 2,10 FB 100*8

Side and front wall 32,38 1,26 FB 90*11

Stiffeners of the wet deck 22,21 2,10 FB 50*5

Deck Stiffeners 26,97 2,10 FB 50*5

Stiffeners of boundary 26,97 2,10 FB 50*5

Primary Supporting Members

cm3 cm3 Kind

Structure 33,601 6,534 FB 110*10

Floor 12,951 2,518 FB 75*7

Gidders 12,951 2,518 FB 75*7

Primary Supporting 
members of sides and 2,002 0,195 FB 50*5

Primary Supporting members of the wetdeck and internal sides of

Wetdeck 27,672 6,534 FB 100*10

Internal Sides 33,601 6,534 FB 110*10

Primary Supporting members of decks

Deck transverse 1,580 0,307 FB 50*5

Primary Supporting 
members of deckhouse 2,120 0,412 FB 50*5

Stiffeners and Girders 20,09 1,64 FB 75*10

6RXUFH��$XWKRUV�

Table 2. Craft Scantling.
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normal displacements in the elements can occur 
and cause the nodes to not represent the physics of 
what is happening in the system, thus generating, 
possibly, errors. Secondly, the aspect ratio of the 
elements, which should predominate in values 
close to 1 in symmetry and allows for evaluating 
the physical eff ects that occur in the time period 
(Fig. 10). And thirdly, the quality of the elements 
(Fig. 11). All this, allows for the generation of 
the appropriate mesh, resulting in better analysis 
results. [13].

In the process of generating the mesh, it was 
necessary to produce independent meshes for the 
structural members, which, due to their geometry, 
did not allow for the alignment of the nodes, thus 
achieving a correct distribution of the elements 
and allowing the analysis to be homogeneous with 

)LJ������$VSHFW�UDWLR�RI�WKH�HOHPHQWV�

)LJ������1XPEHU�RI�HOHPHQWV�DQG�WKHLU�TXDOLW\�

)LJ�����0LGVKLS�VHFWLRQ�

6RXUFH��$XWKRUV�

6RXUFH��$XWKRUV�
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In the verifi cation of the independence of the 
results with respect to the density of the mesh, in 
Table 4, the results of stress and deformation are 
presented. Finally, in Table 5 the percentage of 
change with respect to the previous refi nement is 
shown. ! e change between mesh 2 and 3 is less 
than 2%, which allows us to conclude that the 
mesh with medium-high refi nement is enough to 
obtain satisfactory results. However, mesh No. 4 
was chosen, since it does not demand excessive 
computational resources, giving independence to 
the results with respect to the mesh.

respect to the spatial distribution of the elements 
(Fig. 11). In order to ensure that the structure 
behaves as a single set, contact regions were 
established between the edges and faces of the 
diff erent surfaces [14].

In the generation of the mesh for the analysis of 
the loads in the structure of the ship, diff erent 
refi nements to the mesh were made (Table 3) in 
a global way for the hull, superstructure, primary 
and secondary members that contribute to the 
structural rigidity of the ship. ! is is a process of 
global and systematic refi nement of the mesh that 
allows to determine that the results are independent 
of the density of the mesh. In this iterative process, 
it was possible to analyze and evaluate the quality 
of the elements and the independence of the results 
with reference to the density of the same. ! e 
relation of aspect of the elements in the diff erent 
meshes, and the form of the elements were verifi ed, 
obtaining as a result in the fi nest mesh, 210,300 
rectangular type elements and 1,633 triangular 
elements, generating a percentage of 99.29% of 
rectangular elements.

Based on the above, the quality of the elements is 
deemed adequate for the structure of the study, 
obtaining a homogeneous mesh according to the 
proportions of the elements, having a density much 
higher than 50% (Fig. 12).

Mesh independecy analysis

)LJ������)LQLWH�(OHPHQW�0RGHO�RI�WKH�6WXG\�9HVVHO�

6RXUFH��$XWKRUV�

6RXUFH��$XWKRUV�

6RXUFH��$XWKRUV�

6RXUFH��$XWKRUV�

Number of elements
Type Mesh Elements

1 Thick 164316

2 Medium 188592

3 Medium - High 208865

4 Fine 210300

Number of elements

Type Maximum Stress 
[MPa]

Max. deformation 
[mm]

1 92,16 4,64

2 111,93 4,85

3 109,97 4,93

4 108,37 4,99

Mesh Sensitivity Analysis

Comparison % Change Stress Change 
Deformation

1 - 2 21,46 1,04

2 - 3 1,75 1,02

3 - 4 1,45 1,01

Table 3. Project Mesh Characteristics.

7DEOH����6WUHVV�DQG�GHIRUPDWLRQ�

Table 5. Mesh Sensitivity Analysis.
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! e physical phenomena that occur in the boat 
by the action of slamming load on the wet deck 
and hull, require a reliable result. It is necessary to 
evaluate the results of the stresses and deformations 
obtained and compare them with the acceptance 
criteria established by the GL classifi cation society. 
As a condition for the system's contour, the inertial 
lightening function was used, which allows the 
system to be balanced, inducing fi ctitious loads 
that, for the case study, would be the ! rust Force, 
generating a static equilibrium [15] [16] [17]. 

For the GL classifi er, the stress acceptance criteria 
should not exceed 125 MPa according to Table C 
3.2.1 of the GL classifi er rules for welded aluminum 
alloy 5083. ! erefore, the values should be lower in 
the structure.

For the procedure, it becomes indispensable to 
use appropriate geometric shapes in the structural 
members that allow a homogeneous distribution of 
the stresses and reduce the points of concentration 
of stresses (Hard Points) in the development of 
the results. In this way, it was possible to for the 
stresses with the highest values to be found in 
the structures of the Naca profi les of the boat on 
the pontoons of the hull and the wet deck. ! is 
is in accordance with the distribution function of 
stresses in the hull by the action of the slamming 
load. In the case of the maximum deformation, it 
was shown in the wet deck in the sector of the bow 
with a value of 4.99 mm (Fig.14), and in the case of 

the maximum stress, it had a value of 108.37 MPa 
(Fig. 13) in the area of the structure in the Naca 
profi les that join the pontoon with the upper hull.

According to the classifi cation rules for HSC type 
boats Part 3 Structures, Equipment, Chapter 
3 Hull Design - Aluminum 2018, they cannot 
exceed the following permissible stresses and 
can be analyzed in three elements (Equations 
3, 4 and 5) Sheets, Reinforcements and Primary 
Members, for which the validation of the results 
obtained in the area where the greatest stresses of 
the structure will be presented was made (Figs. 
15, 16 and 17).

Stresses in sheets 

Hull of the boat

Results analysis

)LJ������0D[LPXP�9HVVHO�6WUHVV��������03D�

)LJ������0D[LPXP�9HVVHO�'HIRUPDWLRQ������PP�

)LJ������9HVVHO�+XOO�

6RXUFH��$XWKRUV�

6RXUFH��$XWKRUV�
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Maximum stress: 43.09 MPa

5HLQIRUFHPHQW�VWUHVVHV�

Transverse reinforcement Naca profi le structure

Maximum stress: 106.22 MPa

3ULPDU\�PHPEHU�VWUHVVHV

Main Deck 

From what was previously observed, it could be 
seen that the stresses on the structures was kept 
well below the maximum allowable stress presented 
by the Slamming event adequately under the 
parameters of the DNV GL classifi cation society 
in a Conceptual Design stage.

! e design and the results obtained, for the case 
study, comply with the criteria established by GL. 
! is, as a result of the application of the loads to 
which the boat is submitted in its hull and the 
junction deck during the Slamming event, results 
in a structure that presents a maximum stress of 
108.37 MPa and a maximum deformation of 4.99 
mm, being 13.3% below the value characterized by 
GL. In future work, and to ensure the structural 
integrity of the ship, the events of Splitting Moment, 
Tortional Moment and/or any combination of the 
above should be analyzed.

! e process developed in this study, obtained 
adequate results to the parameters established by 
the Classifi cation society by means of the use of 
FEM and the integration of diff erent computer 
tools, making it a reference for the application of 
this in any type of vessel for further study in the 
Slamming event, because it has allowed to evaluate 
the designed structure by means of the obtaining of 
the stresses and deformations, characterizing those 
structural members under superior stresses by the 

(3)

(4)

(5)

)LJ������7UDQVYHUVH�6WUHVV�3RQWRRQ�3URÀ�OH�6WUXFWXUH�

)LJ������0DLQ�&RYHU�

6RXUFH��$XWKRUV�

6RXUFH��$XWKRUV�

Conclusions
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loads of the system and their structural response.
!e use of computational tools for modeling, 
allows to analyze, from initial stages, to the designs 
of any type of vessel, obtaining, in perspective, 
the possible failures of an engineering project, 
allowing for correction prior to construction of 
any structural optimization with the purpose 
of obtaining a functional design to satisfy the 
needs of the shipowner and the reduction of 
costs in a shipyard.
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