
1 INTRODUCTION 

1.1 State of the art 

Three main players take part in the design and 

shipbuilding process: owners, designers and shipbuilders. 

Although each player abides by a different set of 

constraints, and the final product is, in fact, a mix of their 

requirements.  

The owner may be an individual, a company or even a 

government. In the commercial market, the owner’s 

interest is to maximise earnings while minimising 

investments.  

The owners look at the possible operational environment 

while attempting to understand both current and future 

challenges assessing the most appropriate vessel to meet 

the challenges. 

The Mediterranean Sea is issued as an example of a 

potential operational environment for the patrol vessel 

design that is analysed here. The Mediterranean Sea is 

located between three continents: Europe, Africa, and 

Asia, and has three connections to seas or oceans, mostly 

surrounded by land. 

The coastline extends for about 46 thousand kilometres. 

The sea surface area is about 2,510,000 square 

kilometres with an average depth of 1,500 meters The 

Maximum East to West distance is about 4,000 

kilometres, and the distance from the North to the South 

is about 800 kilometres.  

New challenges/business opportunities in this region 

have been registered in the last few years, including an 

illegal sea crossing, offshore oil and gas exploration and 

sea pollution. 

On the 16th of January, 2018, around 1,400 people were 

rescued in eleven different rescue operations in the 

Central Mediterranean Sea. In a total of, about 8,000 

people have crossed the sea in the first four and a half 

weeks of this year, and many still try and succeed in 

crossing Europe’s maritime borders, even in very adverse 

conditions [1].  

Offshore oil and gas exploration and drilling within the 

region of the Mediterranean Sea and the Black Sea, has 

increased substantially; with the upcoming projects and 

the existing production, both in the Mediterranean Sea 

and in the Black Sea are logging more rig every year. 

Mapping the three main challenges in the Mediterranean 

Sea gives the owner the ability to understand and define 

the potential patrol vessel that fulfils the owner 

requirements. The owner will define the Vessel’s main 

characteristics and start looking for a design office and 

shipyard to build the ship. 

The designer, receiving the owner’s 

requirements/specifications, will develop the project 

through all stages up to the production phase. Before 

starting the design process, the designer should choose 

the design rules to be followed. 

Following the International Association of Classification 

Societies, IACS [2] definitions, which purpose is to 

provide classification, statuary services and assistance to 

the maritime industry and other regulatory organisations 

who deal with the pollution prevention, maritime safety 

using accumulated knowledge. The objective of ship 

classification is to verify the ship structural arrangement, 

strength and integrity of the ship hull and all appendages.  

During the design process, the designer is using different 

software, which diverted in pricing, capabilities, and 

integration in-between themselves, where several design 

Ship and Structural Design and Analysis of Offshore Patrol Vessel 
 

N.A. Almany  
 

Centre for Marine Technology and Ocean Engineering (CENTEC), Instituto Superior Técnico, Universidade 
de Lisboa, Lisbon, Portugal 

 

 

 
 

 

 

 
 

ABSTRACT: The objective of this work is to develop a ship and structural design approach of a patrol vessel of medi-

um size. The work reviews the present state of the art, market reality and modern software tools currently used in ship 

design. The works covers all mandatory ship design tasks, initializing general arrangement and compartmentalization, 

vessel hull offset, equipment and structural weights, resistance, shaft power and loads. The work also deals with ship 

structural design loads, scantling and buckling control. A special attention is paid to the direct strength assessment 

where FEM is implied, a global ship hull structural FE model of patrol vessel is generated. Three different approaches 

are used: two with FEM named “Master node” and “Gravity force” and one based on the beam theory. The estimated 

displacements and stresses, based on the different approaches used in the present study, are compered and several con-

clusions are derived. The results demonstrated by the FE analyses show similarity to the one based on the beam theory.    

. 



stages are followed: concept, preliminary, contract and 

detail ones. 

Each one of these stages is characterised by a different 

amount and confidence of information. Using the “Spiral 

design “approach each loop introduces more and more 

information, which makes the ship design more precise.  

Nowadays, the design process is more dynamic and 

needs to react quickly to the client and market needs. To 

be more efficient, the designer cannot start from scratch 

every time. A previous project database is used, and the 

“traditional design “stages boundaries are faded, and 

even more, the vessel may start to be built, although the 

design has not finalised. 3D modelling software is being 

used. 

The design flow presented below in Figure 1 summaries 

the design procedure that is used in the present study. In 

the first flowchart, the concept design stage is a mix-up 

with the preliminary design stage, in that way the long 

lead equipment items can be defined, ordered and meet 

the project scheduled.  

Building the vessel, made of one type of material, 

simplify the design and the production.  

The majority of the commercial ship’s hulls are made of 

steel and the superstructure diverted in between steel and 

aluminium. The superstructure of the present project is 

designed to be of steel for two main reasons: first, it is 

cheaper and second, not all shipyards are specialised in 

building in aluminium.  

Designing and building takes time and may need more 

than a year. Having the ability to decrease the design 

stage time will allow the shipyard to start building the 

hull in advance or even as a shelf product, may save 

money and man-hours. 

A designed patrol vessel may satisfy the challenges 

presented above and can be classified as a Special 

Service Craft. 

A design framework is developed here by employing 

serval software at each design stage as can be seen in 

Figure 1. 

In the current market, the design and production must be 

very efficient and at the same time very client oriented. 

The design reflects on the production time and 

flexibility. Improving the design regarding the quality 

and time will have a direct influence on the production 

and on the shipyard ability to compete with other 

shipyards.  

Developing an advanced design framework for design by 

integrating different software tools will improve the 

confidence of the design process. 

The objective of this work is to develop a ship design 

framework and to perform a structural analysis of an 

offshore patrol vessel of medium size. The developed 

framework employs several commercial software 

including AutoCAD [3], Auto hydro [4], Excel [5], 

Maxsurf [6], Rhinoceros [7], Ship Constructor [8], SSC 

Scantling Software [9] and Ansys [10].  

 
Figure 1 Design framework  

2 SHIP DESIGN 

2.1 Introduction 

The design is developed along several stages based on a 

set of requirements identified by the owner. The 

conceptual design starts with the vessel main dimension 

identification. The design process is divided into several 

stages. For the purpose of the present study, once the 

ship is designed, a direct strength assessment will be 

performed. Figure 2 shows the design stages, and the 

relevant information needed for the present study is 

marked in red. 

The design vessel will participate in patrol duties, 

maritime safety, secure the economic waters, search and 

rescue in offshore areas. 

 
Figure 2 Design stages [11] 

Comprehensive bench marketing study is performed to 

verify if the vessel can fulfil those requirements. The 

offshore patrol vessel “family “were analysed to identify 

the most appropriate characteristics as a required by the 

operational profile of the patrol vessel. The main vessel 

characteristics are summarised in Table 1.  

 

 

 



Table 1 Main vessel characteristics 

 

2.2 General arrangement, compartmentalisation  

The ship will accommodate up to 20 crew members and 

has the option of taking 20 castaways to the nearest port. 

While taking into consideration the daily crew needs for 

one week at sea and the ship mission autonomy of 1,000 

miles, the following arrangement is conducted. 

The main hull, is a monohull, with one meter as a frame 

spacing. While creating the subdivision, the following 

requirements are considered: 

 Class Society Rules regarding the collision 

BHD location. [12] 

 Main equipment types to be fit. 

 Boat bay location. 

 Bow thruster room. 

 Main engines, the most substantial compo-

nent, located in the vicinity of the Midship 

section. 

 Damage stability. 
The collision bulkhead is designed following the Rules 

and located at the frame 39. 

The main engine room and the diesel generator’s room 

are separated. The transverse bulkheads are extended 

from the bottom to the main deck, and inside of the 

superstructure. Special care is also given to the tank 

definition, once they would be fitted at the bottom of the 

vessel.  

The watertight bulkheads divide the hull spaces below 

the main deck, into nine compartments with the 

following arrangement: 

Compartment I: Between frames 1 and 4, the steering 

room is located here. 

Compartment II: Between frames 4 to 10, one has the aft 

accommodations. It consists of two rooms, each capable 

of holding 4 crew members with a private WC for each 

room. Between the two rooms, a small hall is fitted, with 

washing machines and spare parts, for small repairs. 

Compartment III: Between frames 10 to 14 defined as an 

auxiliary engine room, that holds systems like the bilge 

water system, and electrical cabinets. A small engine 

control room, with visibility to the engine and the 

auxiliary engine room, is fitted on the boundary of the 

frame 14.  

Compartment IV: Between frames 14 to 21, is the engine 

room, holding the two main engines, air compressors, 

lubrication oil system, fuel treatment and pumping 

system, inlet and exhaust system, heating and 

refrigerating systems and fire pumps. 

Compartment V: Between frames 21 to 24 are the 

accommodations of the officers. These rooms are for 

only one person and have private showers.  

Compartment VI: first officer and captain 

accommodations, in between frames 24 to 28. The stairs 

to the main deck are fitted on the port side, P.S. 

Compartment VII: Between frames 28 to 35 where the 

remaining crew accommodations are located, with two 

very similar rooms, each for two people and a shared 

bathroom. The arrangement is mirrored on the two sides 

of the ship, holding eight people in this quarters. Below 

is also the sewage treatment room 

Compartment VIII: Between Frames 35 to 39 hold the 

bow thruster room. It is accessible from the corridor on 

the previous living space. 

Compartment IX: Between frames 39 to 43 is the bosun 

and chain locker, having frame 39 as collision bulkhead. 

Superstructure: The superstructure has two tiers and an 

open bridge. 

The need for a 360-degree view bridge to accommodate 

all main navigation and control systems are identified. 

The first tier of the superstructure accommodates the 

“service areas” like as Galley, store room and the crew 

mess, all these are at the same level, to have easy access 

for loading supplies, cooking and eating. Between the 

frames, 21 to 24 one can find the galley, waste bins, 

refuelling (on the port side), and the storeroom and co2 

room (on starboard). The storeroom and galley are in 

front of each other for ease of access. Next to the galley 

and the storage are the crew and officers mess, located 

between frames 24 to 29.  

Being an SSC, it is expected that she enrols on life-

saving sea operations. Thus, there is a need for a place 

that could accommodate up to 20 castaways that may be 

found. This place can be found on the bow of the ship, 

between frames 29 and 32, and is composed of a room 

with seats and a bathroom. This area is separated from 

the other common areas to assure the safety of the crew. 

Wheelhouse: The bridge will accommodate the main 

navigation and control system, side by side with the 

communication, at the front of the Wheelhouse, the 

engine and steering system will be located taking into 

consideration the field of vision. 

All around the space, windows will be fitted to have 360 

degrees of visibility; the wheelhouse is defined as a 

separate fire zone.  

Open bridge: At the open bridge, an additional steering 

console is fitted to achieve the maximum visibility while 

manoeuvring the ship the toward other ships or while 

conducting the mooring procedures. 

Mast: The mast will accommodate two marine radars to 

support the navigation and the gun systems. On the top of 

the mast, all navigation light following the conventions 

are placed.  



On the highest point of the mast, an Electro-Optical 

device, Top light EOS are located, to have the maximum 

effective distance. 

Main Deck: The main deck will have all around handrail 

following the rules, with an opening on both sides to 

enable secure and safe access to the ship.  

On the deck, the mooring arrangement is fitted, and the 

place for specified equipment with the ship mission 

definition (Guns, Fire hydrant, Crane, Life rafts, etc.). 

There is also a small crane with a maximum lifting 

capability of 1 ton at the maximum outreach of 5 meters, 

Palfinger PK6500, allocated for loading of supplies and 

sea operations. At the stern, the boat bay is placed. 

2.3 Vessel hull offset  

The ship’s hull arrangement follows the similar vessel 

types, where a general ship hull shape for the SSC is 

defined.  

The modelling started with an existing shape, using the 

lines plan to model a 3D surface. After a series of 

iterations, due to the outfitting and other structure’s 

arrangement, the lines plan drawing, and the offset tables 

are plotted. For these processes, the coordinates from the 

defined ship sections are exported to a spreadsheet. 

The ship’s hull has raked stem and transom stern, with 

round bilge type of a proven design. The lines are 

designed to maintain excellent stability and sea-keeping 

at high speeds, as well as at the cruising speed, avoiding 

as far as possible the green waters. 

2.4 Equipment 

2.4.1 Mooring and anchoring arrangement 

Following the CSR [12], the mooring and anchoring 

equipment is chosen. The mooring arrangement is to be 

composed of the following accessories: at the fore, four 

double inclined-bollard for towing and mooring, and at 

the aft, six double inclined-bollards. 

The vessel is to have at the bow, at the CL one chain 

connected to one anchor and a windlass (with the wildcat 

and associated horizontal warping head to operate the 

mooring ropes and anchor chain. At the stern, another 

windlass with warping head will be fitted, for mooring 

operations and also for the sea withdraw from the rubber 

boat. The system is chosen following LR leads to one 

anchor of 360 kg; the total length of the stud link chain 

cable is 137.5 metres and the diameter is19 mm (Q2). 

2.4.2 Deck crane 

A crane with a maximum lifting capability of 1 ton at the 

maximum outreach of 5 meters, Pal finger PK6500, will 

be mounted for loading of supplies and deck operations. 

The crane can assist in deck operations, at the shore and 

sea. The crane weight is 700kg 

2.4.3 Bow thruster 

As per SSC, the ability to moor and unmoor without any 

assistance of a tug is essential. In the general 

arrangement, in correspondence of the 36th Frame, a 

tunnel bow thruster is located. This essential equipment 

can create thrust in the two transversal directions. 

The following maker and model were chosen: SIDE 

POWER, Type: SAC386-450/45-X 28kw with a weight 

of 258 kg. 

2.4.4 Rigid Inflatable boat 

The idea is to have a RIB that can reach high speeds 

(high speed, four-stroke engines), while on the other 

hand to stay at the medium speed and budget OPV. 

Having a RIB has a significant advantage while 

conducting search and rescue operations and while 

assisting to castaways. 

2.4.5 Lifesaving equipment 

Although the ship does not comply with the SOLAS 

minimum tonnage definition, it is decided to apply these 

regulations accounting for the crew size and the optional 

castaways number. 

2.4.6 Diesel generators 

A preliminary electrical balance is performed where the 

energy needs in different service conditions are 

estimated.  

The sum of all final power of each consumer (Pf) gives 

the total power (Pt) to be supplied by the main plant in 

each service conditions. An increase of 10%  
Table 2  Required power 

 

As can be seen from Table 2, two diesel generators CAT 

C4.4 86kW, 50 Hz provide enough power to satisfy the 

demand of all equipment on board. Each diesel generator 

weights 1.2 tons. The E.D.G. should have the capacity to 

support all vital systems The Estimated Power is ~ 

38kW, taking into consideration 10% future growth the 

minimum EDG power is 42 kW. MTU 4R0080 DS45 is 

chosen with 45 KW, and a weight of 700 kg. 

The tank capacities, sizing and locations are obtained 

after iteration between the fuel tank size, autonomy and 

the water consumption. 

2.5 Structural weight  

The structural weight is estimated using a similar ship, 

applying scale size coefficients and the structural 

scantling. At later design iteration stage, the 3D CAD 

model is used to have a more accurate weight estimation.  

2.6 Vessel main dimensions 

After the first iteration of the initial stage of the 

designing, the main dimensions are defined and shown in  

Table 3 

 

 



Table 3 Vessel main dimensions 

 

2.7 Resistance 

The propulsion power is estimated using the commercial 

software Maxsurf [13]. The first step is to create a 3D 

ship model as an input for this program.  

The Fung method [13] as it is integrated at the Maxsurf 

software is employed to estimate the sip resistance. 

Using the Fung method, the ship hull resistance and 

propulsion power are estimated for a variety of speeds.  

Besides the hull resistances, additional resistances need 

to be taken into account, including appendages and 

aerodynamic resistance. 

2.8 Shaft power 

To select the main engine motors, the effective power is 

estimated, accounting for a sea margin of 15% is applied 

and the shaft power.  

The power prediction process ends with the selection of 

an engine. Two engines are allocated, one for each shaft 

line. The ideal continuous rating of the engine is between 

85 to 95%, so it is not recommended to operate outside 

of this range. In Table 4 engines available on the market 

are presented, considering the MCR for different speeds: 
Table 4 Main engines 

 

Finally, the 16V4000M73L engine is chosen due to the 

excellent rating for the speed and size. 

2.9 Initial stability  

The hydrostatic properties are estimated using the 

Autohydro software. Using the weight distribution as 

estimated at previous chapter, the hydrostatic 

Equilibrium is defined.   

Using the software Autohydro, the intact stability and 

cross-curves of stability can be computed and examined 

following the new Rules, IMO A.749. 

2.10 Loads 

Using all lightweight estimation, the total weight 

distribution is estimated. The weights were divided into 

groups following the Ship Work Breakdown System 

(SWBS) method [14] and are shown in Table 5. 

Table 5 Lightship weight 

 

The loading conditions considered here are related to 

100% consumables, 50% consumables and 10 % 

consumables. It is also considered that the fuel in the fuel 

tanks is located to satisfy the most suitable trim. 

Having the hull’s form using the hydrostatic software 

Autohydro, the bouncy along the hull is estimated. 

Figure 3 to 5 show the weight and bouncy distribution 

satisfying the static equilibrium. 

 
Figure 3 Weight and buoyancy distribution, 100% consumable 

 
Figure 4 Weight and buoyancy distribution, 50% consumable 

 
Figure 5 Weight and buoyancy distribution, 10% consumable 

The shear forces along the vessel are estimated based on 

integration on the resultants loads and the second 

integration leads to the estimation of bending moment 

along the vessel. It can be seen from Figure 6 that the 

shear forces and bending moments start and ends at zero 

at the extreme of the ship, which follows the assumption 

that the ship is modelled as a “free – free” beam. The 

maximum bending moment occurs at the same point 

where the shear forces cross the zero. Resultant forces, 

shear forces and bending moments are estimated for all 

loading conditions. 



 
Figure 6 Resultant forces distribution, 100% consumable 

 
Figure 7 Shear force and bending moment, 100% consumable 

3 STRUCTURAL DESIGN  

The structural design is performed based on Lloyds Class 

Society “Rules and Regulations for the Classification of 

Special Service Craft July 2017” [12]. First, all 

calculations are made using the formularies at each 

relevant chapter, and then the design is verified by the 

LR scantling software, SSC [9].  

3.1 Design load 

The global and local load and design criteria are used in 

conjunction with chapter 3.4 of “Scantling determination 

for monohulls”. Following part 5 of the SCR Rules [15], 

the global and local strength is checked by taking into 

consideration the operational envelope.  

The operational envelope assigned to the vessel is based 

on the allowable speed, significant wave height and 

corresponding displacements. The vessel operates in a 

displacement mode or in a semi-displacement mode that 

occurs at high-speed, Hydrostatic analysis is performed 

by the commercial software Autohydro [4]. 

The vessel service group is defined as G6, unrestricted 

allowing the maximum operational freedom. Due to that, 

the minimum significant wave height is defined by the 

rules as 4.0 meter. 

Using the Lloyds Register scantling software, SSC, the 

ship structural scantling is verified.  

3.2 Scantling  

The scantling of the monohull craft is performed 

following the CSR Part 6, Hull construction in steel, 

Chapter 3 [12]. 

All calculations are done manually using the formulas 

presented in the Rules and later are verified and 

optimised using the Class Scantling software. The 

material properties for building the vessel are present in 

Table 6. 
Table 6 Material properties  

 

The buckling control is performed following Part 6, 

chapter 7, section 4 of CSR [15], and verified by the SSC 

software [9]. 

4 DIRECT STRENGTH ASSESSMENT  

The commercial finite element analysis (FEA) programs 

have gained common acceptance in the design process 

and life cycle structural assessment and commercial 

software Ansys is employed for the present analysis [15].  

The FEM depends on the decomposition of the domain 

into a finite number of elements. The ability to 

discretised the irregular domains with finite elements 

makes the FEA a practical tool for various engineering 

disciplines. 

4.1 FE modelling 

Due to the hull’s rounded shape, a straight line is used to 

simplify the modelling. 

First key points are allocated along the shape of the hull, 

and using the key point coordinates the areas are defied. 

The curved plates are modelled by triangle area assigned 

to have a maximum similarity to the hull shape. All 

structural components are designed using Rhinoceros and 

later predefined by key points.  

Triangular shape areas are assigned to the shell and at the 

flatten plates rectangular areas are assigned. 

All components of the primary structure, such as deep 

beams, girders, deck plating, bottom and side shell 

plating, longitudinal and transverse bulkhead plating, 

transverse floors are represented by plate elements. The 

size and type of plate elements are selected to provide a 

satisfactory representation of the physical ship hull.  

Secondary members, such as panel stiffeners, following 

the rules, may be individually represented by line 

elements with appropriate axial and bending properties. 

Where appropriate, a single line element may represent 

more than one secondary stiffener. 

Figure 8 shows the scantling section as design and as FE 

modelled ones. The secondary members are implemented 

to the primary members using an equivalent thickness. 

Later the FE model of structural components are adjusted 

to which in this particular case is using the element 

thickness.  

A uniform 7 mm structural member thickness is applied 

to the whole main structural members.  



 
Figure 8 Secondary members 

The vessel is modelled at the first stage as half breadth 

and later on is mirrored. The modelled structure is 

located in between the bulkhead number 4 and bulkhead 

number 39, which are fully modelled. The far ends of the 

aft peak and forepeak are partially modelled, as it can be 

seen in Figure 9. 

 
Figure 9 Modelling areas along the vessel 

Using txt file that is uploaded to the Ansys processor the 

ship hull geometry is rebuilt, by modelling each area 

using the key points along the area. Each intersection in 

between plates or other structural members defines the 

boundary between two adjacent elements. The material 

properties assigned to each area. Due to the ship hull’s 

shape, the hull’s coverture changes every section. 

Defining the key point and later areas using the key point 

it is the most time-consuming process, this process last 

more than six months with daily effort of five working 

hours a day. After few iterations, modelling refinement 

and txt code debugging the vessel model is successfully 

generated as shown in Figure 10. 

 

 
Figure 10 Half breadth FE model 

Following the CSR, all openings and appendages are 

accurately modelled. Only the engine room hatch and the 

engine room air intake opening at the main deck are 

being defined as can be seen in Figure 12.  

The plate element mesh density, follow the primary 

stiffening arrangement. Hence, it is anticipated that there 

will be:  

• Longitudinally, at least one element between web 

frames or mainframes. 

• Transversely, one element between stiffeners or 

longitudinals. 

• Vertically, elements suitable for the locations of 

stiffeners and longitudinals and/or to maintain suitable 

aspect ratios 

The mesh density is applied to the geometry considering 

few variables: the element type, stress consternation 

areas and the size of the elements. 

The element type used at the present analysis is shell 

181, a squared element, with four nodes and six degrees 

of freedom, corresponding to each vertex and middle of 

the edges. It is suitable for analysing thin to moderately-

thick shell structures.  

4.2 Boundary conditions  

The boundary condition applied to the generated FE 

model of the ship hull is developed accordingly to the 

CSR as can be seen in Figure 11. 

Having a full scale, full breadth model gives the 

opportunity to use the “Boundary conditions for mono-

hull craft (full breadth) model ,as defined in section 5 of 

the rules [15]. 

 

 
Figure 11 Boundary conditions [16] 

The use of “Inertia Relief “in the static analysis is a 

solution for a challenge to analyse a structure having 

mass without vertical constraints if there is a constraint 

to prevent a vertical motion. It will create a reaction 

force where the vertical constraint is applied. In the 

absence of a vertical constraint, the structure would be 

subjected to the force difference between weight and 

applied vertical force. Inertia Relief gets the FE model to 

the equilibrium of the force difference (the applied 

buoyancy force minus the weight) in a static analysis 

with the body forces over the whole structure so that the 

reaction forces on the vertical constraints are zero.  

4.3 FE model of patrol vessel 

Following the Beam theory and applying the boundary 

condition as presented in the previous chapter the vessel 

behaviour is analysed by the FEM using the FE model 

generated between the transverse bulkheads 4 and 39.  



 
Figure 12 Vessel FE model 

The loads (buoyancy and weight) applied from these two 

bulkheads to the extreme of the vessel are transformed 

into the adjacent compartments in the way as shown in 

Figure 13. 

 
Figure 13 Force transformation of adjacent compartments 

The resultant forces are estimated as: 

  (1) 

 +    (2) 

   (3) 

  (4) 

4.4 Loading conditions 

The ship is loaded according to the CSR [15]. Three 

service loads are verified: 100 %, 50 % and 10 % of 

consumables. The resultants forces for each loading case 

is presented in Figure 14 to Figure 16.  

 
Figure 14 Resultant forces - 100% consumable 

 
Figure 15 Resultant forces -50% consumable  

 
Figure 16 Resultant forces - 10%  consumable 

4.5 Strength analysis  

Following the CSR, the strength analysis is performed 

into two main parts, the first one covers the service loads 

and the second one is related to the design load as 

stipulated by CSR. 

The service load strength analysis is conducted by using 

different approaches. The first approach, BT estimates 

the shear forces and bending moments based on the 

Beam theory, assuming that the ship hull may be 

presented as a “free-free” beam. The second and third 

approaches rely on the nodal forces as defined by the 

FEM using two different definitions named “Master 

node”, MN and “Gravity force”, GF. 

The beam theory, BT assumption requires that the ship 

structure is slender and the net-sections stay planar 

before and after the load is applied. The shear forces are 

estimated by integrating the resultant forces and the 

bending moment is calculated by integrating the shear 

forces; both are starting at the zero and ends at zero.  

 

 
Figure 17 to 19 show the estimated shear forces and 

bending moment, using BT for Load 1, 2 and 3 in the 

case of “station-station”, SS and “bulkhead-bulkhead”, 

BB. 

 



 
Figure 17 Shear forces and bending moment 100% consumable 

 
Figure 18 Shear forces and bending moment, 50% consumable 

 
Figure 19 Shear forces and bending moment, 10% consumable 

The shear forces and bending moments have also been 

estimated using the commercial software, Ansys based 

on the resultant forces as presented in Figure 17. The 

resultant forces are applied in a different manner when 

employing the “master node”, MN and “Gravity force”, 

GF approaches. 

The master nodes are points located at the natural axis, 

along with the CL of the ship, at each transverse frame 

and bulkhead. 

Only nodes associated to the longitudinal strength, at 

each transverse section, are connected by a beam 

element, MPC 184, to the master node. The beam 

element, MPC 184 is a constraint element that applies 

identical displacements between nodes. A minimal mass 

is introduced while defining the master node to prevent 

any mass influence on the ship hull structural FE model 

behaviour. The inertia relief boundary condition 

approach is also used. When applying the load at the 

master node, each connected nodes reacts in accordance 

to the master node displacement and rotation.  

Using the master node approach, MN is assumed that the 

transverse structural frames are rigid, won’t buckle and 

stay planar, leading to similar structural behaviour as to 

the one modelled by the beam theory. 

The gravity force approach, GF is using the acceleration 

to calibrate the FE model by satisfying the static 

equilibrium of the resulting vertical forces as a function 

of the weight and buoyancy forces applied to any specific 

section, represented by: 

 Fi=mi*ai   (5) 

 Fres,i=mAnsys,i*a   (6) 
 mres,i9.81=mAnsys,i*ai       (7) 
where mAnsys,i*ai is the resulting force estimated based on 

the difference between the section spaced weight and the 

bouncy, mAnsys, i is the mass defined based on the FEM by 

using Ansys, having the section space mass and the 

specific gravity, a* of the material. 

Applying different acceleration, ai at each section space 

generates a resulting force, which leads to a ship hull 

structural behaviour similar to the one based on the 

Beam theory.  

Once the resultant forces are defined and subjected to the 

ship hull structure, the internal shear forces and bending 

moments are estimated. 

The design load is estimated based on CSR [15], as a 

function of the full-length ship. However, the generated 

FE model is extended between the extreme bulkheads 

and because of that its length is slightly adjusted as can 

be seen in Figure 21. It can be noticed that the magnitude 

of the design wave-induced bending moment is kept as it 

is stipulated by CSR.  

The adjusted design vertical wave-induced bending 

moment is modelled by applying a four-point bending 

moment to the ship hull structure. The applied forces are 

estimated using the maximum moment that needs to be 

applied to the adjacent bulkhead. The constant bending 

moment is kept at the cylindrical part of the hull. The 

generated using FEM is employing simply supports, 

where the sum of the vertical reaction forces equal to the 

applied load forces. 

 
Figure 20 Adjusted design vertical wave-induced bending mo-

ment  

4.6 Acceptance criteria  

Following the CSR, the stresses resulting from the 

different load application of the load cases can be 

accessed by criteria.  

The design still water bending moment, Ms, Hogging and 

sagging is the maximum moment calculated from the 

service lading conditions, as defined in [17]. Dealing 

with linear static structural analyses, the superposition of 

the wave-induced and the still water bending moment 

resulting stresses at the most critical area along the hull 

is performed, and the total stresses are compared to the 

acceptance criteria.  

4.7 Results and discussions 

Applying the load related to all loading conditions on the 

ship hull structure, and employing the three defined 



approaches, BT, GF and MN, shear forces and bending 

moment are estimated. The 10% consumables, load 3 is 

the identified as the most critical one, due to that these 

results will be presented. 

 
Figure 21 Shear forces and bending moment, Load 3, BT, MN 

and GF. 

The shear forces and bending moments, Load 3, for the 

three approaches are presented in Figure 21. As can be 

seen from Figure 21, the shear forces are almost the same 

for the three employed approaches BT, MN and GF, 

satisfying the vertical equilibrium of the forces. The 

bending moments show a small scatter as a result of the 

different approaches being used. In the case of BT, the 

bending moment is calculated by integrating the shear 

force distribution. In the case of the FEM, which 

includes MN and GF, the bending moment is calculated 

using the internal axial forces acting at any node of each 

net-section of the ship hull. First, the global strength of 

the whole ship hull analysis is presented and later stress 

and displacement descriptors for the ship hull section 

where the maximum bending moment is observed, which 

is around the frame nº 31 are presented. The nodal 

solution is used to present the results.  

 
Figure 22 Von Mises stress, Pa, GF, Load 3. 

The results presented in Figure 22 show the global 

structural behaviour of the designed ship hull structure. 

The results indicate very clearly the location of the 

maximum bending moment and shear forces, and it 

seems that some enhancement of the weight distribution 

is possible, leading to fewer stresses and vertical 

displacement.  

 

Figure 23 Longitudinal stresses, Pa, MN-left, GF-right, Load 3. 

It can be seen from Figure 23 and Figure 24 that the 

stresses are reaching the yield stress in very isolated 

locations, mainly around the central deck opening. A 

local reinforcement may be applied to reduce the 

maximum stresses in those areas. The load distribution 

along the ship hull is moderate, and at the same time, it 

can be seen that around the frame nº 27-28 the maximum 

bending moment occurs. Redesigning the structure and 

load destitution will improve the structural performance 

of the whole vessel. 

 
Figure 24 von Mises stress, Pa, MN – left, GF - right, Load 3. 

The design loads are modelled using the 4-point bending 

moment, where an artificial bending moment is 

generated. The ship hull structure responds in the case of 

sagging and hogging are shown in Figure 25 to Figure 28 

starting from the global presentation of the full structure 

and ending by focusing on the mid part, which is 

subjected to a pure bending moment. The vertical 

displacements are higher than the ones observed in the 

service loading conditions. 

 
Figure 25 von Misses stresses, Pa, design load, sagging – left, 

hogging - right 

 
Figure 26 von Misses stresses, Pa, design load, pure bending 

moment area, sagging – left, hogging – right. 

As can be seen in Figure 25 the maximum stresses occur 

at the central deck opening, at longitudinal girder without 

attached plate, at sagging. The design fulfils the 

acceptance criteria, the local high stresses areas can be 

improved, and the general design may reduce the plate 

thickness.  

The global vertical displacement is shown in Figure 27, 

and the local vertical displacement for sagging and 

hogging is shown in Figure 28. A potential buckling may 

be seen in Figure 28; it may reduce by changing the plate 

thickness or adding a half frame. 



 
Figure 27 Vertical displacement, m, sagging – left, hogging- 

right. 

 
Figure 28 Vertical displacement, m, pure bending moment area, 

sagging – left, hogging – right. 

 
Figure 29 von Mises stresses, 

Pa, GF, Load 3, frame 27-28. 

Figure 30 von Misses stresses, 

Pa, design load, hogging. 

As shown in Figure 29, the maximum stresses are at the 

bottom in-between frame 27-28, 7.6 Pa. In the same area, 

in the case of the design load, the maximum stresses of 

105 Pa are seen, as shown in Figure 30. The acceptance 

criteria for that area and the FE mesh density is: 

    (8) 

=164.5MPa (9) 
where σsw, MPa, is the maximum stresses at still water 

among all loading conditions [15], σw, MPa, the wave-

induced stresses and σy is the material yield stresses. The 

ship structure, as designed, fulfils the acceptance criteria, 

but it may still be improved locally, which will enhance 

the global structural behaviour as well.  

5 CONCLUSIONS  

This work performed ship and structural design of a 

patrol vessel of medium size. The work covers all 

necessary ship design tasks, initialising general 

arrangement and compartmentalisation, vessel hull 

offset, equipment and structural weights, resistance, shaft 

power prediction and loads. The patrol vessel was 

designed to operate in the Mediterranean Sea. The ship 

structural local and global design and service loads were 

identified, and scantling and buckling control were 

performed. Particular attention was paid to the direct 

strength assessment using the beam and finite element 

theories demonstrating a very close structural behaviour.  

It has to be pointed out that the generation of the FE 

model is one of the most time-consuming tasks while 

developing the thesis, raising the question if it is 

reasonable to put so much effort in using the FEM 

analysing the offshore patrol vessel. Having said that 

ways to import the 3D model directly from other CAD 

software might be a part of the future work. That will 

make it easy to use as a part of the designer framework, 

which will make it profitable even to medium size 

shipyards.  

Although many working hours are invested in having the 

FE model and the designer “framework” it will pay it 

back by using it for many years adjusting the design in 

accordance to the future clients.  

Three different approaches were employed: two with 

FEM named “Master node” and “Gravity force” and one 

with the beam theory. The estimated displacement and 

stress distribution based on the different approaches used 

in the present study are compared, and no significant 

difference is observed. 

The present work is a hybrid approach that is using some 

element of the Beam theory and the more advanced FE 

method. The generated FE model was calibrated and 

from this point, ahead can be used for more advanced 

non-linear FE analyses. 

Having a full 3D FE model generated and proven to be a 

good representation of the ship opens the door for many 

future studies as the ultimate strength, slamming, 

vibration, collision and grounding assessment, ship hull 

structural degradation and fatigue.  
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