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ABSTRACT 
The intention of this thesis is to develop, evaluate new concepts and look over the current 

design for a container sized barge module. By request of Group Ocean, a cost and weight 

reduction is the main improvement criteria along with keeping the strength of the module. 

 

Five concepts are developed, analyzed and discussed with the supervisor at Group Ocean, 

where three are decided to be presented here. The other two are left out, since they are 

considered way too expensive without giving a satisfying result. The three concepts that are 

developed throughout this thesis are; changing to high strength steel, changing to sandwich 

panels and increasing stiffeners with smaller dimensions.  

 

A structural optimization is made in the software MATLAB to find out the best dimension to 

use for the sandwich panels. To determine the local stresses, the finite element method is 

used in Inventor Professional. It is also where the design and CAD modules are built in, so 

for simplifications it is used for FEA (Finite Element Analysis) as well. To reduce the amount 

of elements and nodes, shell elements and other structural constraints are used in the FEA.  

All the concepts are modelled with the same structural constraints so a practical comparison 

study can be made.  

 

The final designs resulted in a total weight reduction up to 40% with a material cost 

reduction of 12%. Based on what type of material is chosen, the material cost reduction 

range is between 3-12% and the weight reduction range is between 13-40%.  

 

 

Key words: sandwich panel, structural optimization, cost reduction, weight reduction, high-
strength steel, finite element analysis.    
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Sammanfattning 
Avsikten med denna avhandling är att se över den nuvarande designen, utveckla och 
utvärdera nya koncept för en containerpråm.  På begäran av Group Ocean är kostnads- och 
viktminskning de viktigaste förbättringskriterierna tillsammans med att bibehålla styrkan i 
modulen och är följaktligen målet i konceptbedömningen som gjorts. 
 
Det finns sex koncept som utvecklas, genom att läsa artiklar och diskussion med 
handledaren på Group Ocean där tre av dessa beslutas presenteras här. De andra tre har 
blivit utelämnade sedan beslutet att det var alltför dyrt att utföra och utan att ge ett 
tillfredsställande resultat. De tre koncepten som presenteras är: byta till höghållfast stål, 
byta till sandwichpaneler och öka antalet stiffeners med mindre dimensioner. 
 
En strukturell optimering görs för att ta reda på den bästa dimensionen som ska användas 
för sandwichpanelerna i programmet MATLAB. För att bestämma de lokala spänningarna 
används den finita elementmetoden i Inventor Professional. Det är också där designen och 
CAD-modulen är byggd, så för förenklingar används den också för FEA (Finite Element 
Analysis). För att minska mängden element och knutpunkter har skalelement och andra 
strukturella begränsningar använts i FEA. Alla koncept har modellerats med samma 
strukturella begränsningar så att en praktisk jämförelsestudie kan göras. 
 

De slutgiltiga designen resulterade i en total viktreducering av 40% och en material -

kostreducering av 12%. Baserat på vad för typ av material som är valt, kostreduceringen för 

materialet ligger mellan 3-12% och viktreduceringen mellan 13-40%  

 

Sökord: sandwich panel, strukturoptimering, kostreducering, viktreducering, höghållfast stål, 

finita elementmetoden analys.  

 

 

  



4 
 

Content 

ABSTRACT ................................................................................................................................... 2 

Sammanfattning (in Swedish) .................................................................................................... 3 

Nomenclature ............................................................................................................................ 6 

1 INTRODUCTION .................................................................................................................. 8 

1.1 Background .................................................................................................................. 8 

1.2 GOAL/ PROBLEM DEFINITION ..................................................................................... 9 

1.3 METHODOLOGY .......................................................................................................... 9 

1.4 Design criteria ........................................................................................................... 10 

1.4.1 Deflection ........................................................................................................... 11 

1.4.2 Stresses .............................................................................................................. 11 

1.4.3 Stakeholders’ requirements .............................................................................. 12 

1.5 Limitations ................................................................................................................. 12 

1.6 Market analysis ......................................................................................................... 12 

2 Reference Barge design ................................................................................................... 13 

2.1 Plates with stiffener .................................................................................................. 14 

2.2 Beam system ............................................................................................................. 14 

2.3 Connection ................................................................................................................ 15 

2.4 Sandwich materials ................................................................................................... 16 

2.4.1 Face material ...................................................................................................... 16 

2.4.2 Core material ..................................................................................................... 16 

2.5 Load cases ................................................................................................................. 17 

3 Theory .............................................................................................................................. 18 

3.1 Beam theory .............................................................................................................. 18 

3.2 Plate theory ............................................................................................................... 20 

3.3 Local loading on panels ............................................................................................. 21 

3.4 Hull longitudinal strength.......................................................................................... 21 

3.5 Optimization .............................................................................................................. 22 

3.6 Finite element method .............................................................................................. 23 

4 BARGE DESIGN (concept development) .......................................................................... 24 

4.1 Design of stiffened panels (top, bottom and sides) .................................................. 24 

4.1.1 Stiffened panels in high strength steel .................................................................. 25 

4.1.2 Stiffened panels in sandwich construction ............................................................ 25 

4.1.3 Stiffened panels in steel ........................................................................................ 26 

4.2 Design of beam system ............................................................................................. 26 

5 STRUCTURE ANALYSIS AND OPTIMIZATION .................................................................... 26 



5 
 

5.1 The optimization of plate with stiffener for sandwich materials ............................. 27 

5.2 Optimization for steel structure ................................................................................ 29 

6 RESULTS............................................................................................................................ 30 

6.1 Top panels ................................................................................................................. 31 

6.2 Side panels ................................................................................................................ 34 

6.3 Beam system ............................................................................................................. 37 

6.4 Result of assembled configuration ............................................................................ 39 

7 Discussion......................................................................................................................... 41 

8 Conclusion (not done) ...................................................................................................... 42 

9 References ....................................................................................................................... 45 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



6 
 

Nomenclature 
 
α Factor from [19] 

ija  Weight parameter 

fA  Flange Area 

β Factor from [19] 

b  Width 

jb  Limit value 

C  Coefficient 

ic  Weight factors 

WC  Wave coefficient 

NC , SC , 1C , 

6C , 7C , 8C  
Factors from [22] 

plate  Deflection 

d  c ft t   

D  Bending stiffness 

E  Yield strength 

cG  Shear Modulus 

h Web height 

yyI  Moment of inertia 

k  Constant 

sk  Constant 

l  Stiffener spacing 

L  Length of beam 

cL  Length of the dock 

m  Mass of the par 

yM  Bending moment 

P  Deck load 

q  Deck load 

Q  Distributed load 

r  Distance to mass center 

vM  Von Mises stress 

x  Stress reached 

S  Shear stiffness 

zS  Static moment 

xz  Bending shear stress 

t  Thickness 

T  Draught 
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ct  Core thickness 

ft  Face thickness 

wt  Web thickness 

V  Reaction force 

w  Deflection 

ix  Design variables 

z  The distance from neutral axis to the fibre 
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1 INTRODUCTION 

This thesis was written at Group Ocean in Quebec City, Canada. Group Ocean is a big 

company with its main business in the eastern part of Canada but is also taking contracts 

globally. The company’s’ main areas are dredging, floating wharves, harbour towing, ship 

building and repairs, marine transportation, marine equipment rental and marine salvage.  

 

 
Figure 1.1 The company’s’ main areas. [1] 

Group Ocean builds most of their own towing ships and designs and constructs a couple of 

barges annually. Most of the barges are made in specific size and Group Ocean needs to 

provide a large number of different sizes for its customers to lease, since their needs vary.  

Following this constraint, Group Ocean came up with a new type of barge: a container size 

module that can be assembled into any desired size. The container barge that is currently in 

production is judged too expensive when it is compared with the competition. 

Consequently, an investigation is started to see if it is possible to reduce the fabrication 

cost.  

 

Barges are usually used for different types of transportations, but can also be used as a 

temporary bridge, wharf or floating working platform. The barge that will be optimized here 

is used to carry cargo, but can also hold different kinds of equipment: crane, excavator, 

drilling machines etc. It can also be used as jack up platform.   

The advantage of having a barge made in modules is that it can be optimized depending on 

what type of project it will be used for. The barge module (BOC) is designed to fit the 

Standard ISO container sizes [2]. To build it as ISO standard makes it cheaper and also makes 

it easier to transport the modules on trucks, trains or container vessels.  

1.1 Background 

Traditionally, barges are built of steel which has been used in ship building for a long time 

due to its high strength and low cost. The material is heavy but where weight is not a 

limitation, steel is an excellent choice. The decks, or outer panels, consist of a steel plate 

with both longitudinal and transversal stiffeners. Their job is to reduce the deflection of the 
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plate. The barges usually don’t have an engine and are instead towed or pushed by a tug. 

Therefore, the emissions are not considered in this thesis.  

A container can be built in different sizes, but the most commons are the ISO standards built 

in 20 feet or 40 feet in length with 8 feet width and height. They are manufactured with a 

strong frame to carry all vertical loads (see figure 1.2) and panels as walls, roof and floor.   

 

 
Figure 1.2 Container frame [3] 

Today’s development of materials has given a lot more choices than steel and there are 

several potential advantages in changing the material.  

 

1.2 GOAL/ PROBLEM DEFINITION 

The aim of this thesis is to investigate if there is a possibility to reduce the fabrication cost 

for the barge and also its weight all without reducing its strength. The solution can be made 

by changing the barge structure or by changing its material.  By reducing the fabrication 

cost, the company will make a bigger profit when leasing out the barges and by decreasing 

the weight, the customer will save money for transportation costs. This also leads to a barge 

that can handle heavier load. Reducing material weight also has a positive impact on the 

environment since less material is used and less energy is used for cutting and welding.  

 

1.3 METHODOLOGY 

The barge can be divided into two main assembles; the stiffened plates and the structural 

beam system (frame). The stiffened top plate supports the cargo and transfers the load to 

the beam system. For the stiffened plates, stress is a critical design parameter, as is 

deflection for the sandwich panels. When trying to reduce the dimensions, the stress will be 

even more critical to keep in mind.  

 

The stiffened plate is designed using the software MATLAB and Inventor Professional. A 

program written in MATLAB is used to find the optimal plate thickness, stiffener scantlings 

and the amount of stiffener needed. This is thereafter controlled using FE-analysis for local 

stresses.  

 



10 
 

The design of the beams is made to be able to withstand the moment and the distributed 

load created by the cargo. This is calculated by standard solid mechanics and controlled with 

FE-analysis for local stresses.  

 

Successively, the stiffened plates and the beam system are simulated together to confirm 

that the system still have the safety factors needed to be classified as safe and compared to 

the reference solution. During the project, the costs for every solution is calculated and 

compared to the reference solution. The weight and cost are of importance for indication 

whether the solution is justifiable or not.  

  

1.3.1 Design of stiffened plates 

A lot of concepts are evaluated for the stiffened plates; the three main concepts are 

sandwich panel with stiffeners, high strength steel stiffened panel and extruded aluminum 

profiles welded together with FSW (Friction Stir Welding). These concepts are presented in 

detail in section 4.  

 

The concepts are compared by means of estimated weight, estimated manufacturing cost 

and strength. The deflection is also checked since high deflections are believed to be 

associated with fatigue. One of the concepts are chosen in this comparison and evaluated as 

an assembled configuration. The main purpose is to reduce the material since that is the 

main cost in the production.  

  

1.3.2 Design of beam system 

The beam system is designed to handle the load from the top plate, the bending moments 

and shear forces subjected from the cargo. It is designed against a limited stress of the 

system as well as the weight and fabrication cost. The reference system already has high 

strength and only small changes can be done with steel. Because of that, high strength steel 

is evaluated as well. This gives higher deflections of the structure but since it’s not 

dimensioning and as long as the safety factor stays the same or higher as for mild steel, this 

could be a solution.  

 

1.3.3 Final simulation 

After the stiffened plate and beam system is set, a final simulation is made where both 

concepts are assembled together. This is to evaluate that no big difference occurs for the 

two concepts due to other limitations. The final solution is simulated with pressure from 

both sea and cargo.  

 

1.4 Design criteria 

To compare the concepts with the reference solution when optimizing the barge, the 

reference solution is given by Ocean Group. This makes it possible to compare cost and 

weight, as well as strength, deflections and dimensions.   
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1.4.1 Deflection 

When the beams and the plates are exposed to a force or a distributed load, a deflection is 

created. The deflection increases for increased load but also for increased length or surface.  

The stiffness criteria for sandwich panels are expressed by maximum allowable deflection w 

in relation to the panel’s shortest side b, see equation 1.1. For beams, there are no 

particular deflection criteria but to avoid consequences from high deflections, a reasonable 

deflection criteria set to 5% of the beam length divided by beam spacing is used. These are 

recommendations to avoid fatigue and these are used as constraints [4]. 

 

 0.02
w

b
   (1.1) 

1.4.2 Stresses 

The maximum uniformly distributed load the barge will be subjected to is 10t/m2. This load 

will give rise to stresses in the structure and are dimensioning constraint.  Depending on 

what material is used, the materials can handle different amount of stresses. The yield 

stress for the material that is investigated can be seen in tables 1.1 and 1.2. Shear stress is 

also something that needs to be considered and is usually less significant than the normal 

stress.  

 
Table 1.1  Face and single skin material properties [5] [6][7] 

Property Steel High Strength 

Steel 

Aluminum 

Alloy 6082 

Young’s Modulus *GPa+ 200 200 70 

Yield Strength [MPa] 250 700 240 

Density [kg/m3] 7800 7850 2700 

Possion’s ratio    0.295 0.295 0.334 

 
Table 1.2  Core material properties [8] [9] 

Property H100 H200 Aluminum 

honeycomb 

Compressive Modulus [MPa] 135 310 2414 

Shear Modulus[MPa] 35 73 372 

Shear Strength[MPa] 1.6 3.5 3 

Density [kg/m3] 100 200 130 

 

As can be seen, high strength steel can handle almost 3 times higher stress than mild steel 

and aluminum can.  
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1.4.3 Stakeholders’ requirements 

The above requirements are made by the classification societies to be able to design a safe 

structure. On the other hand, there are other stakeholders involved, both in the design and 

manufacturing of the barges.  All the different stakeholders associated with the barge follow 

as: 

 Ocean Group: The Company that designs, builds and leases the barges.  

 Classification Societies (DNV, RINA): that approve the final design. 

 The Companies that manufacture and sell the steel profiles. 

 Society: Wants a product that is recyclable and consistent with a sustainable future.   

 

1.5 Limitations 

The limitations in the thesis are the following: 

 The module has to follow the ISO standards within the outer dimensions and are as 

follows; 40’ x 8’ x 8’ (length x width x height).  

 The classification rules used as guidance and support for design made by DNV and 

RINA.  

 Fatigue life of welds and other joints are not evaluated. 

 The global strength of beams is evaluated using uniformly distributed load.  

 The stresses around the connection and fasteners are not evaluated.  

 

1.6 Market analysis 

There are a lot of barges for lease, but it does not seem like anyone can offer a barge model 

with ISO container size. There are companies based in the USA, which have similar models, 

but most of them are not approved according to the ISO standard. In fact, it is only one 

model that is an ISO container barge[10]. There are also a lot of barges for lease but in 

specific sizes, which this barge has an advantage to be flexible in size. Some barges are also 

impossible to move to between lakes because of their size. This barge can have potential to 

many areas as: 

 

 ER staging/forward logistics for sustained operations 

 Afloat accommodation modules 

 Arctic/community supply 

 Science missions 

 Afloat working platform 

 Jack up barge 
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2 Reference Barge design 

The barge module is a 40x8x8 ft: (length x width x height) container which is regulated by 

the ISO standards.  The total structure consists of 389 parts and to combine them all, 

around 1200 meters of welding is needed. The structure has 12 connections in total: 4 on 

each longitudinal side and 2 on the transversal sides, to be able to connect the modules 

together. The current design handles a distributed load of 10t/m2 acting on the top panels. 

 

 

 
Figure 2.1 Exploded view of the module 

Two BOC’s connected to each other can be seen in figure 2.2.  

 
Figure 2.2 Two modules connected to each other without some plates for better view. 
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2.1 Plates with stiffener 

The outer plates are built in steel with the thickness of ¼”. To avoid large deformations, 

stresses and buckling, stiffeners are also used. The top and bottom panel are stiffened with 

angles L6 x 3.5 x ¼” to reduce the deflection. The side panels have 3 stiffeners of the same 

size as the top and bottom stiffeners. The plate thickness is a highly important factor of the 

total weight but reducing it will increase the risk of buckling and deflection. The panels are 

dimensioned to carry 100kPa. A simplification of the stiffened panels mounted together can 

be seen below.  

 

 
Figure 2.3 Simplification of all the panels mounted together 

2.2 Beam system 

The beam system that carries the entire load, consists of 3 different main beams, the 

transversal C-beam (2), the L-beams (3) that support the C-beam and the L-beam (1) that 

connects the panels in the ends.  These beams are built in steel and keep the whole 

structure together. The size, total length and total weight of the beams can be seen in table 

2.1.  

 
Table 2.1  Part information about the beam system. 

Nr. in figure Size [in] Total length [m] Total weight[kg] 

1 L5x5x 3/8 41.5 755.7 

2 C6x13 22.7 599.6 

3 L4x4x¼ 31.1 590.4 

 

The beam system is dimensioned to carry 20ton/m2. To be able to carry this heavy load, the 

structure has transversal beams connecting between the connections. These beams are of 

size C13x6 and are connected to the top and bottom of the BOC to the connection frame as 

transversal beams (see the red arrows in figure 2.4). 
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Figure 2.4 The beam system and the panels’ stiffeners. 

Between these two C beams, three structural angles are used to handle the forces and 

moments that occur.  

2.3 Connection 

To be able to connect the container modules, a connection designed by Ocean Group is 

used. It consists of a connector that is placed in a track and slide down to the bottom of the 

barge where it is tightened with wedges. The connector is also intended to carry bending 

moments. In order to provide resistance to shear forces as well as to bending moments, two 

screws are used at the top of the connection, see figure 2.5. The connection will be 

excluded from this project since it is already a good structure and some 

parts are made in high strength steel.  

 

  

1 

3 

2 
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Figure 2.5 The connection that is used to connect the modules 

2.4 Sandwich materials 

A sandwich construction consists of two face layers with a core between. The concept will 

be described more in details in 5.1.  

A fast check using Carbon fiber and Kevlar was done but resulted in very high costs and was 

therefore excluded from this project.  

 

2.4.1 Face material 

Steel is the most used material in the ship industry considering to its material properties. 

Steel has been used for centuries and is isotropic, which make it easy to know how it 

behaves. However, steel has some disadvantages; the biggest one is the weight. Steel is 

heavy and has a density of 7.85 ton/m3. Since it is a metal, a possibility of corrosion must be 

considered, although this can be avoided by using primers.  

 

In the last decade, the steel has had a fantastic development and on today’s market, there is 

a lot of different high strength steel [11]. This type of steel has a higher friability which can 

lead to cracks rather than deflections. It is also problematic to weld but with the right tools 

and method it is not seen as a problem. 

 

Aluminum with alloys is a metal with remarkable properties: The low density with good 

strength and good ability to resist corrosion, it has become a major metal used in 

aerospace, civil and marine structures. Cost reduction can be expected by avoiding 

corrosion coating used on steel. Aluminum has almost 3 times lower density than steel, 2.7 

ton/m3. Aluminum is much softer than steel and can be made in very special profiles, 

excellent for increased strength. Only to the BOC’s heavy load, a construction in aluminum 

would require a lot more stiffeners and transversal beams to be able to carry that load. It 

would be much more expensive than the original structure and thus excluded in the beam 

system. It was also evaluated as a profile for the stiffened panel, but resulted in a high cost 

and was excluded.  Aluminum as a sandwich construction is worth investigating further.  

 

2.4.2 Core material 

Honeycomb of aluminum is a structure of hexagons and got its name from the bees’ way to 

build a beehive, see figure 2.6. It is a very good way to build up a high strength- and light 

weight structure and thus the reason humans use it now too. A honeycomb built in 

aluminum gives a low weight but a great performance. It has mostly been used in aircraft 

structures, but is becoming more common for other applications too, like marine structures.  
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Figure 2.6 Sandwich panel with honeycomb core. [12] 

Divinycell H - a foam core with a closed cell type - has exceptional properties and a great 

performance. This core has been used for Naval Architects for decades and has set a high 

standard [13]. The core has excellent fatigue resistance to a wide-ranging of chemical 

products. This core has the highest strength to weight properties and varies from density of 

30kg/m3 to 250kg/m3. As a solution, the H100 and H200 have shown the best results and 

are therefore presented.  

 

2.5 Load cases 
For the analysis of the beam system and stiffened panels, four main load cases are used: 

 
Figure 2.7 Simply supported panel on all four side with a distributed load q. [9] 

Top panel; 

The panel will be fixed on the shortest side and supported on the longest side where the 

stiffeners will be welded on the beam system 

Load Case: The load from the cargo directly on the panel as pressure of 100kPa.  

 

Side panel; 

For the side panel all the sides will be fixed as well as the stiffeners edges. This is because it 

is welded on the connection all around.  

Load Case 2: The sea pressure acting directly on the side panels of 50kPa, where worst case 

scenario is if the whole BOC is under water.   
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Beam system; 

The C-beams are fixed in their edges, as well as the L-beams (1). The other L-beam (3), will 

be bonded automatically in the FE-analysis.  

Load Case 3: The load from the cargo subjected to the beam as 160kN.  

3 Theory  

This section will describe the different theories used to investigate the different parts. It 

includes beam theory, which is used for structural beams and stiffener and plate theory 

used for the plates on the BOC. To determine loads on the panels from the water, the 

classification rules are used.   

3.1 Beam theory 

Beam as a term has an explicit meaning in mechanics: It is a component that is designed to 

support transversal loads, that is, loads that act perpendicular to the longitudinal axis of the 

beam. When a force, moment or pressure is acting on the beam, the beam will bend. 

Depending on the cross section of the beam, it can also be twisted.  When the beam is bent 

by a downward transversal load, the fibres in the top of the beam will contract and fibres in 

the bottom of the beam will extend.  

If the beam is simply supported or clamped in one or both sides, it will react differently. To 

be able to use the engineering beam theory the cross section need to stay constant in the 

longitudinal direction. The load case can be evaluated in 2 dimensions where the load is 

applied on top of the cross section and distributed along the beam, see figure 3.1.  

 

 
Figure 3.1 A clamped beam in both ends with a uniformly distributed load. [14] 

 

 
Figure 3.2 Equilibrium diagram of a beam. [15] 
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The maximum deflection is reached at w(x=L/2) for the beam. An equilibrium equation can 

be evaluated as: 

 

  
2

2

2 2
x

qxLxM q x     (3.1) 

 
Where the boundary conditions to solve the equation are: 
 

 

( 0) 0

( )
2 0

w x

Lw x

x

 

 




  (3.2) 

 

Worth mention is that warping and torsion, a load case where the force is applied 

asymmetrical will not be evaluated. These two cases can give slightly higher stresses, but 

since the safety factor is high enough, this will not be considered.  

 

To evaluate the global strength, a vertical distributed load is subjected to the beam. Only 

the normal bending stress and shear stress is evaluated here. To determine the bending 

stress x  , the following equation is used [16]: 

 

 

 
y

x

yy

M z

I
    (3.3) 

 

Where yM  is the bending moment, z  the distance from neutral axis to the fibre which is 

evaluated in the cross section and yyI is the moment of inertia for the cross section which is 

evaluated.  

 

   
To evaluate the shear stress the following equation is used [16]: 

 

 
y z

xz

z

V S

tI
     (3.4) 

 

Where yV  is the reaction force, zS  is the static moment, t  is the thickness of the evaluated 

shear stress and zI  are the moment of inertia.  The highest shear stress will occur in the 

neutral axis, where the normal stress is zero.  

 

In order to determine the stress safety factor, the von Mises stress[17] can be evaluated. 

This is determined using equation 3.5,  
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 2 2 2 2 2 23 3 3vM x y z x y y z z x xy yz zx                       (3.5) 

 

The deflection that occurs when a load is subjected to a beam is determined by equation 3.6 

 

 
4

384

QL

EI
    (3.6) 

 

where Q is the distributed load, L is the length of beam, E is the yield strength and I is the 

moment of inertia for the cross section evaluated.  

 

The deflection depends on the boundary conditions, where both clamped edges and simply 

supported is used. The clamped condition is used for the beam system and for the stiffeners 

used on the side panel. The simply supported beams are used for the top and bottom panel. 

As can be seen in equations 3.5 and 3.6, the deflection is five times higher for a simply 

supported beam compared to clamped beam with the same size subjected with the same 

load. [9] 

 

 
4

 
5

384

QL

EI
    (3.7) 

 

3.2 Plate theory 

The aim of plate theory is to calculate the dimensioning factors, deformation and stresses in 

the plate which is subjected to loads. The plate’s behaviour can be described by the plate 

equation, developed by Kirchhoff-Love[18].  

 

 
2 2 2 2

2

2 2 2

1
2x y xy

x y

w w w w
w q N N N h

D x y t


    
            

  (3.8) 

  

Since the formula can be seen complicated, it has been simplified by Roark’s[19](table 11.4): 

The plates stresses and deflections as simply supported can be described by equation 3.10 

and 3.11  

 

 
2

max 2

qb

t


    (3.9) 
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   (3.10) 
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where α and β depend on the length and width of the plate and can be found in table 

11.4[19] and α are set between 0.11-0.14 and β between 0.61-0.74 .  

3.3 Local loading on panels 

To calculate the pressure acting on the bottom panel, the following formula recommended 

by DNV is used:  

 

  10 1.5bottom s Wp T k C     (3.11) 

 

Where T is the draught, sk =3 a constant and WC =6  the wave factor[20]. This pressure is 

used to dimension the side panels, subsequently if the barge will be overloaded so much 

that it’s all covered of water, this is highest pressure created by the sea.  

 

The deck panels have different pressure levels subjected depending on what type of cargo 

the barge is carrying.  The cargo has a limit which is specified to avoid damage and failure of 

the structure if designed based on that. The dimensioning pressure is calculated as 

following:  

 

 
0.6

10 1 0.35
1000

deck

L
p k q

  
    

  
  (3.12) 

 
Where k=0.8  is a constant, L is the length of the deck, and q the load acting on the deck 
[20]. 

3.4 Hull longitudinal strength 

A vessel or barge which is much longer than wider can be idealized as a beam (in some 

cases, a solid beam or in this case a hollow rectangular beam). For longitudinal strength 

calculations: there are two cases that needs to be considered, still water bending moment 

and how waves are affecting the bending moment.  

 

Where the water is calm, as in this case (lakes and harbours) the still water bending 

moment affects the barge. This moment always has to be considered. Due to the moment, 

there is also a shear force acting in the still water bending moment that needs to be 

considered. For vessels designed to sail in oceans, the wave bending moment needs to be 

considered as well.  

 

The barge may be subjected to two conditions: hogging and sagging. Hogging occur when a 

wave is pushing the mid ship upwards and forcing the ends downwards. Sagging occurs 

when two waves are pushing the ends up and the cargo’s weight is forcing the mid ship 

downwards. This case is mostly affecting the barge, but both are taken into consideration.  

Figure 3.3 illustrates hogging and sagging and how the yield stress varies for the both cases.  
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Figure 3.3 Sagging and hogging illustration. [21] 

The bending moments depend on the moment of inertia of the barge. The barges moment 

of inertia is calculated with all the thickness of primary and secondary parts of the structure.  

The sagging moment can be calculated with equation 3.14 from RINA[22]. 

 

 (1.25 1.10 )sag cM C PL     (3.13) 

Where C=0.8  is a coefficient, P is the designed lifting capacity and cL  is the length of the 

deck. 

3.5 Optimization  

An optimization can either be a maximisation or minimisation of a problem, where the 

search is either for the highest or lowest value allowed from the constraints. The 

mathematical formulation of an optimization problem will have an object function ( )f x  

here as the linear equation given by equation 3.15. This equation combined with equation 

3.16, called the constraint function characterizes an optimization problem that can be 

optimized. The function in equation 3.15 depends on the design variables ix  , which is 

weighted by the weight factors ic  . These factors ic , decide the impact of the variables on 

the result. The constraints ( )g x  restrict the solution to a feasible area, dependent on the 

limit value jb  and the weight parameter ija [23].  

Setting this in relation to ship building, the constraints will be related to structural integrity 

and the object function to the lowest cost or weight possible to obtain. 

 

 ( ) max i i

i

f x Z c x    (3.14) 
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  (3.15) 

 

3.6 Finite element method 

The finite element method is used to find local stresses, which can differ from global 

stresses. For the simulation to work, the model needs to be assigned a material. To define 

how the model sticks together, an automatic contact function is used, where the parts that 

are close to each other are set as bond. This is a simplification instead of using welding, or 

other attachments. In the model, the entire area of contact is set as bonded, but in reality 

this may not be the case, which needs to be considered. During the analysis the loads are 

transferred trough the bonded areas and the components will never separate during the 

analysis, i.e. the two parts will be in direct contact during the analysis.  

 

The model is thereafter separated in very small elements, called meshing. The mesh size is 

chosen by the user, but a convergence study is the most efficient way to verify the result. 

The software then runs the simulations with refining the mesh size until the solution has a 

convergence lower than a specific value set by the user.  

 

For thin parts, it is recommended to use shell elements, which is used for the panels. This is 

assigned during the process of the FEM- analysis. Meshing thin parts as solid elements 

would require a very fine mesh and much longer simulation time.  

 

The beam system is modelled as solid elements, since modelling it as mid-surface is not 

recommended. Since it’s modelled as 3D the simulation takes longer compare to 2D for shell 

elements.  

 

If the structure is very thin, the shape is most likely to change during the load analysis is run. 

When the plate deflection is large it behaves in a non-linear way and therefore a non-linear 

analysis is to recommend as the load will follow the structures deformation, see figure 3.4.  

To avoid over dimensioning, it is of importance to use a geometric non-linear analysis when 

high deflections occur. It is important to do a non-linear analyse since it can differ a lot 

compare to linear analysis for the same structure. When the structure is deflecting, the 

stiffness in the structure is changing as well, which will give more accurate result. In the 

linear solution the load direction never changes and gives rise to higher stress response.  

If the deformations are larger than 1/20 of the part’s largest dimension, it is considered 

necessary to use non-linear analysis[24]. That is however not necessary in this case.  
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Figure 3.4 Non-linear vs linear deformation 

4 BARGE DESIGN (concept development) 

The first thing that was designed in this thesis was the stiffened panels and thereafter the 

beam system. The reason is that the panels can be designed in so many ways compared to 

the beam system and it has the uppermost impact on the weight. This gives an advantage to 

optimize the stiffened panels, but can also lead to drawbacks (because the beam system is 

connected to it).  

 

To create a concept for the stiffened panel, three different proposals were designed and 

compared by cost and weight. All of these proposals were analyzed globally to see if it fitted 

all the constraints and restrictions as well as locally which can be seen in section 6.  The 

local stress analysis was evaluated using Inventors in-cad Nastran and Inventors stress 

analysis tool.  

 

4.1 Design of stiffened panels (top, bottom and sides) 

The stiffened panels, (the outer shell structure), can be simplified as a panel with a 

distributed load. The panel can then be divided into smaller plates with simply supported 

constraints. The more height the stiffener has, the more stress it can handle. Therefore, it is 

usually more lucrative to choose a high stiffener with a small flange as long as buckling do 

not occur.  

 

The original structure is a plate with ¼” thickness and stiffeners with dimensions 

L6x3½x5/16”. This means that the web height is 6 in, flange length is 3.5 in and the thickness 

of the stiffener is 5/16 in.  

 

The total length of the panel is 40 ft., but the longest length between two supports is 

1800mm. This is the length used for calculations. The design load for the structure is set to 

100 kPa (10ton/m2): based on what type of cargo the barge will be used for.  
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4.1.1 Stiffened panels in high strength steel 

Using high strength steel (HSS) can lead to lower weight and higher strength and is 

therefore investigated to see if it’s possible in this case.  

 

It is feasible to find out what level of moment the beams need to withstand so an 

investigation with smaller beams is done and compares the moments. When the smaller 

beams with higher yield strength have the same moment or higher than the original, the 

beam is considered acceptable.  

 

4.1.2 Stiffened panels in sandwich construction 

Another proposal was to use sandwich panel with stiffener with the same material as the 

flange. By using a mixture of materials simultaneously, the stiffness and strength can be 

highly increased. But what is a sandwich material? A sandwich material is a mixture of two 

materials where a thin flange is used with a high density (ex. Aluminum). The faces encircle 

a core material with a low density, stiffness and strength but high shear strength, see figure 

4.1. This technique has numerous advantages. Sandwich panels are mostly used in the 

aerospace industry, but are becoming more and more common in the naval industry 

[13][25], especially in pleasure crafts like motorboats and sailboats, but in larger vessels as 

well.   

 
Figure 4.1 A sandwich panel showing face sheet, adhesive and core.  

The sandwich solution is calculated and optimized with mass as the objective function. The 

constraints that the sandwich solution is dimensioned against are deflection and tensile and 

compressive stress in laminates, compression and shear of the core. The laminated 

materials investigated are steel and aluminum, after ruling out Kevlar and carbon fibre as to 

expensive. The core materials that are investigated for the sandwich panels are Divinycell 

H100, Divinycell H200 and aluminum honeycomb.  
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The current stiffener spacing is 480 mm, but to see if it is an advantage to decrease the 

number of stiffener, it is set as a variable. For simplicity, the stiffeners are in the same 

material as the faces with the assumption that the web is taking all the shear stress. 

 

4.1.3 Stiffened panels in steel 

To see if it is possible to save cost and weight while keeping steel as the material, an 

investigation is made by increasing the number of stiffeners but reducing the size. This gives 

more stiffeners to weld and also longer assembling time which means that the price 

reduction really has to be high for the concept to be lucrative. The thickness of the plate is 

kept constant and the same as the reference solution. Since the stiffeners already are in L- 

shape, it is kept that way. I-beams and bulb flats could also be used but would be heavier so 

it is rejected. If a parametric study is done with eq. 3.3, it is shown that the web height is of 

the highest importance to the bending moment, so lower it too much would end up being 

undesirable. This gives a very tight range and was quick to evaluate.  

 

4.2 Design of beam system 

The beam systems purpose is to transfer the distributed load acting on panels of the 

clamped edges. It must also to be able to handle the moments that may occur when the 

BOC has a crane onboard. The beam system barely has any limitations on the size except for 

the outer dimensions that is required as ISO standard. To have as low fabrication cost as 

possible, is it beneficial to have fewest beams since it would require less welding. It still 

needs to be able to carry the load though it needs to withstand high deflections and 

stresses.  

 

Building the beam system as a sandwich construction seems complicated and would require 

much more time than building it in steel. It is therefore excluded as a concept and only stays 

as possible for the panels. Aluminum is also excluded due to a lot more stiffeners and beams 

would be required to handle the heavy load.  

 

This leads to keeping steel as the main material and try to change the structure so it will be 

stronger. But also change the material to high strength steel and see if it would be able to 

decrease the beam sizes, weight and also cost.  

 

5 STRUCTURE ANALYSIS AND OPTIMIZATION 

To be able to determine the local stresses and deflections, the finite element method, also 

called FEM is used. For the sandwich panels the software MATLAB is used to evaluate the 

global stresses and gives a really good estimation of how thick the face and core material 

needs to be. To determine the local stresses, the software Inventor Professional is used. It is 

mostly used as CAD software, but has some FE-Analyze tools inbuilt. An extra plugin is also 
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Nastran, which is a more powerful in FE-analyze. It gives the opportunity to do nonlinear 

static analysis as opposed to the linear stress analysis the Inventor provides.  

 

5.1 The optimization of plate with stiffener for sandwich materials 

When using optimization, one seeks a combination of different parameters, which are 

subjected to a set of constraints, where the aim is to find the best value of the objective 

function.    

 

The optimization function that is used is one of MATLAB’s in built functions called fmincon. 

With this function, an objective function can be optimized by giving the variables and 

constraints.  

 

The sandwich solution is built the following way:  

 

Objective function: Weight 

 

Input:   Material data 

  Stiffener spacing 

  Pressure (load) 

   

Variables: Face thickness 

 Core thickness 

 Flange Area 

 Web thickness  

 Web height  

 

Constraints:  Deflection 

  Facing Stress 

  Core Shear 

  Skin Wrinkling 

   

The sandwich panel is partially fixed around its perimeter. The laminate normal stress 

should have a safety factor of 3.33 and the core shear stress has a safety factor of 2.5 

according to DNV(pt.3 ch.4 sec.5) [26] 

The panel can be divided into plates with stiffeners in the longitudinal direction of the hull 

where the simplification is considered valid for of the real structure. The sandwich plates’ 

upper face will contribute to both bending stiffness and –strength. This is because of the 

concept of effective width, where some of the width of the face carries the load equivalent 

to the lower flange of the I-beam shaped stiffener.  

 



28 
 

The variables limits are shown in table 5.1, where initial values that are needed for the 

optimization is chosen between these limits. The lowest limit for the face thickness ft  is 

based on DNV’s criteria against crush strength[27], but also since it’s hard to produce sheets 

with a thickness lower than the set one.   The wt  and fA  also has a lower limit to have a 

reasonable stiffener that can be produced.  

 
Table 5.1  Variables limits and start values. 

 
ft [mm] ct [mm] fA [mm²] wt [mm] h [mm] 

Min 1 0 500 0 5 

Max 1000 1000 1000² 200 1000 

Start 5 50 1600 2 100 

 

The effective width for the sandwich face can be evaluated by: 
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  (5.1) 

It is assumed that h is the distance between the two local neutral axes of the flanges and 

that the web only carries shear stress.  

 

The shear stiffness and the bending stiffness, found in Zenkert [28] can be calculated as: 
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The stiffener is an asymmetrical I-beam with an upper flange with the cross section area fA  

, the lower flange with a cross section area eff fb t  and finally a web with height h and 

thickness wt , see figure 5.1.  

 
Figure 5.1 Sandwich panel with stiffener showing the variables. 

 



29 
 

For simplicity, the stiffeners are evenly spaced.  

 

Constraints  

The constraints for the plate are found in DNV [29](Pt.3 Ch.4).  

The deflection for a simply supported plate can be calculated according to: 

  
6 4

6 8 72

10
plate

qb
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D
     (5.4) 

 

And for a free supported beam the deflection is calculated according to: 
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The stress for flange material is calculated as below: 
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The core shear is also of importance and is calculated as: 
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    (5.7) 

 

The objective 

To optimize the stiffened panel with sandwich materials, an objective function is needed 

and so also constraints optimizations criteria. Sandwich plates with stiffeners were 

optimized only for weight, using equations 5.4-5.7. The plates and beams are set to have 

simply supported edges. The stiffener is assumed as a conventional stiffener with all the 

same material as the face.  

5.2 Optimization for steel structure 

Instead of using sandwich material, it is also possible to try to optimize the structure while 

keeping steel as the material. Where it is possible and necessary, the current steel can be 

changed to high strength steel to reduce the weight and maybe cost.  

 

The first thing that was investigated was whether it could be possible to save weight and 

reduce material cost by changing to high tensile steel.  

 

The moment of inertia for the beam, the distance to gravity and the yield stress needs to be 

set to determine the maximum bending moment. This gives the bending moment the beam 

can handle without overreaching the yield stress. 
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The moment of inertia for the beams are calculated according to Steiner’s theorem [30]: 

 

 2

'z zI I mr    (5.8) 

 

It is now possible to investigate other sizes of beams that can handle the same or higher 

bending moment without reaching the yield stress for the high strength steel.  

 

For the plates, it is more complicated, since the formula for plate deflection depends on 

different parameters. To determine the stresses and deflections for the plates, calculations 

for different thicknesses are done with eq. 3.10 and 3.11 and can be seen in figures 5.2-5.3.  

 

 
Figure 5.2 Pressure for different thickness.  

 
Figure 5.3 Displacement for different thickness. 

 

As can be seen, the lower the thickness is, the more both the stress and deflection increases 

exponentially. The pressure is kept constant for all cases.  

6 RESULTS 

This section presents the result for each evaluation performed. The top panel solution is 

presented in section 6.1, the solution for side panel is shown in section 6.2. The beam 

system is presented in section 6.3 and thereafter a summary of them all is shown in section 

6.4.  
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6.1 Top panels 

The top panel is the structure that had the most time to be evaluated and to end up as a 

really good solution. Many different concepts have been evaluated and will be presented in 

this section.  

 

High tensile steel  

By changing to high strength steel, it can be seen that the stresses increase since the 

dimension decreases. This also leads to higher deflection, something the structure can 

handle and is not a problem in this case since there is no deflection constraint.  

The panel can be decreased down to 4mm and the stiffeners can be decreased down to the 

size L3½x2½x¼. A comparison to reference panel can be seen in figure 6.1.  

 

 
Figure 6.1 Comparison between reference panel and suggest high strength steel panel 

 

The bending stress in the profile is affected by the web height which here is decreased, but 

still does not exceed the stress limits. The top panel in high strength steel lowers the weight 

with 41.7 % and with a slightly cost increase of 1.3%. The proposed concept has a uniform 

thickness all over, and could probably be modified in areas where the stress is lower. This 

would require a very detailed FE model without shell elements. Some lab test would also be 

needed since these small elements give rise to high uncertainty in the results, especially 

where there are sharp edges.  

Figure 6.2 shows the von Mises stresses evaluated using inventors’ stress tool. As can be 

seen, the stress is highest where the stiffener is connected to the plate as well as the 

clamped edges.  
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Figure 6.2 Von Mises Stress distribution with LC1 

The maximum deflection of the panel is 8.8 mm which is 2.2% of the shortest side.  

 

Sandwich construction 

By using a sandwich construction, the panel will be much thicker compared to using steel, 

but much lighter. The optimization is run with different stiffener spacing, i.e. between 1 and 

5 stiffeners. The final result and suggested design is to use 5 stiffeners along with the 

dimensions seen in table 6.1.  

 
Table 6.1  Final values for top and bottom sandwich panel.  

ct  [mm] ft  [mm] h  [mm] 
fA  [mm²] wt  [mm] 

16 1 200 558 7.2 

 

This gives a final weight of 2539kg for the two panels.  As mentioned before, the safety 

factor for the sandwich panel is much higher compared to the other solutions due to lack of 

knowledge. This is recommended by DNV and is therefore followed.  

The solution using aluminum and steel as face material with H100, H200 and honeycomb 

aluminum as core can be seen in figures 6.3-6.5 where the thickness, mass and cost are 

shown. 
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Figure 6.3 Thickness depending on stiffener spacing, face material and core material.  

 
Figure 6.4 Weight depending on stiffener spacing, face material and core material. 

 
Figure 6.5 Cost depending on stiffener spacing, face material and core material. 

It is of importance to note that the cost here is only for the one stiffened panel and not the 

whole structure or barge. The assumed costs for the different materials can be seen in table 

6.2. Since the list is from 2006, aluminum is set to a higher value. The honeycomb is 

assumed to be more expensive than Divinycell cores.  
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Table 6.2  Material costs. [31] 

Material Steel Aluminum Divinycell 

Core 

Aluminum 

honeycomb 

Cost [$/kg] 1.10 5.0 22.5 30.0 

 

Changing stiffener size 

When decreasing the stiffener size the stress will increase and therefore compensates at 

most by using stiffeners. This will lead to more parts and more welding. The final result 

would be to increase to 7 stiffeners with the size L4x4x¼. This will give a weight reduction of 

93.6kg or 2% as well as a cost reduction of 2%.  

 

Summary  

As can be seen in figure 6.6, where all the different concepts are presented there are 

remarkable differences in weight, but not an outstanding difference for the cost.  

 

 
Figure 6.6 Summary of the three concepts.  

6.2 Side panels 

The side panels differ from the top/bottom panel, since the pressure and the bending 

moment are lower. This result using fewer stiffeners saves both weight and costs.  

 

High strength steel 

Using high strength steel for the side panel is very similar to the top panel. The best solution 

is to decrease the dimensions as for the top panel. The final design is to use a 4mm plate 

with three stiffener of size L3½x2½x¼.  

 

The stress is highest in the plate, next to the bottom of the stiffener and maximum 

deflection of the panel is 14mm.   

-10.00%

0.00%

10.00%

20.00%

30.00%

40.00%

50.00%

60.00%

Original Decrease
stiffener size

High-Strength
Steel

Sandwich
construction
(Steel+HC)

Percentage reduction deck/bottom panels  

Weight reduction

Cost reduction



35 
 

 
 
Figure 6.7 Stress distribution for the high strength panel 

Sandwich panel 

Using a sandwich panel on the sides would give a high weight decrease along with a cost 

saving. The thickness will be increased to 9.5 mm where the best solution is to use 5 

stiffeners. The final dimensions can be seen in table 6.3. This will give a weight saving of 

57.6%, with a total mass of 1616 kg. The cost reduction will be 28.4 % with a total price of 

$3004.  It is worth to mention that no cost for fastening the face material with the core 

material has been taking into consideration. Some kind of glue is needed and that cost is not 

negligible.  

 
Table 6.3  Final values for side sandwich panels.  

ct  [mm] ft  [mm] h  [mm] 
fA  [mm²] wt  [mm] 

7.5 1 145 500 5 

 

 

 
Figure 6.8  Thickness depending on stiffener spacing, face material and core material. 
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Figure 6.9 Weight depending on stiffener spacing, face material and core material for one panel. 

 

 
Figure 6.10 Cost depending on stiffener spacing, face material and core material for one panel. 

 

Decrease stiffener size 

To be able to withstand the bending moment and distribute load acting on the panel, the 

amount of stiffener can be increased to five, with a size of L4x3x¼ along with a reduction of 

the plate thickness down to 3/16”. This will give a deflection of 1.76 mm and a cost 

reduction of 19.6 % with a total price of $3373.2. As can be seen in figure 6.11, the highest 

stress is in the top of the stiffener, where it is clamped to the plate.  
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Figure 6.11 Von Mises Stress distribution for LC2. 

Figure 6.12 shows the comparison in weight and cost for the different concepts for the side 

panel. As can be seen, the most valuable solution is sandwich panel.  

6.3 Beam system 

The beam system is different from the panels, since it only includes beams.  

The system has three different beams and the final result is to use high strength steel. 

Aluminum and sandwich construction is not an option here since it would be too 

complicated.  By using high strength steel, the new beams can have the dimensions shown 

in table 6.4.  

 

By changing to high strength steel, the beam can handle a much higher bending moment 

even with decreased beam dimensions. As can be seen in table 6.4, the three different 

beams, all have increased strength against bending moment and also much lower weight.   
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Table 6.4  Result for the beam system. 

Reference size New size % lighter % stronger moment 

C6x13 C4x7,5 44% 27% 

L5x5x3/8 L4x4x¼ 46% 12% 

L4x4x½ L3½x3½x¼ 55% 1% 

 

The reference solution has a cost of $2140 for these three different beams using a steel 

price of $1.1/kg. As for the new beams, a higher price of $1.9/kg is used, where the new 

total price is $1520. This results into almost a 29% cost decrease and also a 47% weight 

decrease.  

 

 
Table 6.5  Result for beam system. 

 $/kg $ 

Reference cost 1,1 2140,3 

New cost 1,901 1521,2 

Price saving $ 619,1 

Price saving % 28,9% 

Weight saving [kg] 1029,4 

Weight saving % 47% 

  

The highest deflection for the beam system is 4.76 mm and the highest stress is reached in 

clamped area for the C-beam is 383 MPa with load case 3. 

 

 
Figure 6.14 Von Mises Stress distribution for beam system with LC3. 

 
Figure 6.13 Displacement distribution     

for beam system 
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6.4 Result of assembled configuration 

After the result of the two parts, an assembled configuration of those is made. This is to 
confirm that the final result is similar to the result evaluated in 6.1-6.3. The assembled 
model is constraint in the same way as for the separate parts with two different load cases. 
Both the stiffened panel and the beam system are built in high strength steel. The first load 
case is with 100 kPa acting on the stiffened panel, seen in figure 6.15, with the result of 447 
MPa as von Mises stress.  
 

 
Figure 6.15 Von Mises Stress distribution for the assembled configuration with LC1 

 
For the LC1, it is known that the highest stress is reached in the supported area in the 
stiffeners’ flange. It can also be seen that in the longitudinal direction where the stiffener is 
welded together with the panel, the stresses is high (green areas in figure 6.14).  
 
It is clearly visible that the only high stress concentration is in the stiffeners’ flange where 
supported on the C-beam in LC1 (see figure 6.15). The highest deflection is right between 
the two supports since it’s the longest distance from the support. The maximum stresses 
are shown in the simply supported edges where the stiffeners are welded together with the 
transversal beams.  
 
In figure 6.16, where the different results are presented, it is clear that there are a lot of 
possibilities to reduce both weight and cost.  



40 
 

 
Figure 6.166 Total reduction of the three concepts. 

 
Below (in table 6.6) the different thicknesses and amount of stiffeners that is shown in the 
results can be found, as well as the different costs, weights and their reductions. Worth to 
mention is that the figure only shows the material cost and not the labour cost that cannot 
be neglected in this take. The glue is not taken into consideration in the material cost and 
has to be added in the manufacturing cost of the sandwich panels.   
 
Table 6.6  Detailed description of the result of the stiffened panels.  

  Topp/bottom panel 10ton/m
2
 Side panel 5ton/m

2 

  Original Decrease 
stiffener 
size 

High-
Strength 
Steel 

Sandwich 
construction 
(Steel+HC) 

Original Decrease 
stiffener 
size 

High-
Strength 
Steel 

Sandwich 
construction 
(Steel+HC) 

Plate thickness 
6,35mm 6,35mm 4mm 18mm 6,35mm 4,76 mm 4mm 9,5 mm 

Nr stiffener 
2x5pcs 2x7pcs 2x5 pcs 2x5pcs 2x3pcs 2x5pcs 2x3pcs 2*5pcs 

Total weight [kg] 
4590,2 4496,6 2677,9 2198,0 3814,5 3066,5 2218,9 1616,0 

Total cost [CA$] 
5049,2 4946,3 5114,8 5079,3 4195,9 3373,2 4238,0 3004,0 

Weight reduction - 2,0% 41,7% 52,1% - 19,6% 41,8% 57,6% 

Cost reduction - 2,0% -1,3% -0,6% - 19,6% -1,0% 28,4% 

Weight reduction 
[kg] - 93,6 1912,3 2392,2 - 747,9 1595,6 2198,5 

Cost reduction 
[CA$] - 103,0 -65,5 -30,0 - 822,7 -42,1 1191,9 
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7 Discussion  
This study shows that there are a lot of possibilities to reduce the weight of the module, but 

in some cases with a cost increase. The weight reduction is highly dependent on what type 

of configuration is used. By changing to high strength steel, it may be necessary to also 

change the attachment to a higher strength, since it is there the highest stresses will occur. 

The attachment- and corner plates to increase strength and support are not included in the 

calculations, but instead they are set as a clamped constraint.  

 

In this project, the cost and weight reduction is divided into two different parts: the 

stiffened panel and the beam system. The stiffened panel is the first one, which also has a 

lot more possibilities to change. Main focus stays on it, since one third of the weight is just 

these parts. Hence, the question could be asked is whether the result would change if the 

beam system would instead be the main base and was evaluated first. Since the dimensions 

for the stiffened plate are hard to change since it is regulated by the ISO standard, it cannot 

be increased. This would give rise to more stiffeners, more welding and most likely higher 

fabrication cost.  It would though be possible to create an optimization for the whole 

structure, something that would require a lot more time. Creating a FE-model and run 

multiple simulations would be very time-consuming as the input variables would increase.     

 

For the beam system, the boundary condition is set as fixed. It is believed that the 

assumptions that are made is correct as well as the von Mises stress results. It would of 

course be even more conservative to use one side fixed and one simply supported, but since 

this project is about weight and cost reduction and there are safety factors against, the 

boundary conditions are not studied any further. If it would be proven that boundary 

condition is non-conservative, the bending stress and the bending moment would be 

marginally higher. Clamped boundary conditions are more conservative regarding stress but 

non-conservative regarding deflections.  

 

Combining sandwich and stiffeners is not the most ultimate construction and the main goal 

with using sandwich panel is to get rid of stiffeners. Doing that, resulted as we can see in 

higher prices but lead to less parts and simpler structure. The stiffener would as well create 

local transversal loads on the sandwich panels where the core material is not very suitable 

for.  

 

Speaking of high strength steel, it seems hard to find a supplier that sells beams in HSS, 

which would require own bending in forming L angels or C beams. The steel producer has 

good explanations on how to perform this, and it is also possible to order directly from the 

steel factory where some types of beams are available to order. This must take into account 

further calculation on what this type of bending would cost as a labour expense. Group 

Ocean has a bending machine, but the time it requires to bend the stiffeners is still 

unanswered.  
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The assembled configuration was done before the price of the HSS was known, before an 

assumed price was used, but after receiving a valid quote, the price was 15% higher than 

calculated with before. This gave of course other aspects, and changed the result. If Group 

Ocean would order a bigger quantity, this price may go down to the before calculated price 

of $1.65/kg. Future will tell.  

8 Conclusion  
In the results, it is known that there is a large possibility to reduce the BOC’s weight, 

however more difficulty to reduce the cost.  Several concepts are presented, discussed and 

evaluated using FE-analysis. During the project, the cost and weight has been the objective 

to be reduced.  

 

The main conclusions of the study are summarized as follow: 

 

 For the top panels, the most weight efficient technique is to change to a sandwich 

panel. But the most cost efficient one and also the only way not to increase the cost, 

increasing the amount of stiffener with smaller dimensions would be more efficient. 

 For the side panel, the best solution is more clear; the sandwich panel. It gives a 58% 

weight reduction and a 28% cost reduction. But since the labour cost is more 

expensive than normal steel, it could be a good solution to increase the amount of 

stiffener as well.  

 For the beam system, there are good reasons to change to high strength steel. The 

main reason to change is a weight reduction of 47% and a cost reduction of almost 

29%  

  

Based on the side panel and beam system, it is obvious there is both cost- and weight saving 

here but also for the top pane it is a big weight saving for just a slightly increased cost. 

Keeping everything in same material can simplify assembling like welding, but also cutting. 

Ordering a bigger quantity of the same material can also result in lower prices which could 

be an advantage. 
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9 Further work  
Through at this work noticed that local stress could become critical when using a crane 
where the wheels of the crane would have significant point loads in small areas.  
A pre-study where made using the same FE-software as during the project. But in this case a 
wood mattress was placed between the crane and container, figure 9.1 
 

 
Figure 9.1 Container barge with wood mattress placed between container and crane 

 
 
The wood mattress had the following characteristics: 
 
Table 9.1 Wood characteristics 

Description Hemlock 

Young’s Modulus *GPa+ 8,7 

Yield Strength [MPa] 27 

Density [kg/m3] 430 

Possion’s ratio    0.38 

 

Basically, the wood mattress distributes point loads. The wood doesn’t really carry any load 

by itself but with a mission to distribute the load. The mattresses are not attach at all and 

are placed on top of the panel.  The wood is Hemlock, which is a North American tree that is 

often used for general construction. The wood mattress is of size 4ft x 8ft x 4in (length x 

width x height). The density is 430kg/m3 but since it is often wet and full of dirt an 

approximation of 800kg/m3 is more accurate.  

 

The FE-analysis with double the load and wood mattress vs the analysis with regular load 
and without wood shows similar stresses, i.e. the structure can handle double the load if the 
wood mattress is used. This is a promising analysis but more simulations with different 
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loadings and different wood characteristics to make sure the relations of stresses when 
including wood is constant.  
As shown in figure 9.2 compare to figure 6.15, the stresses reduce considerably.  
 

 
Figure 9.2 Von Mises Stress distribution with doubled load and wood mattress 

 
This comparison shows potential of reducing deflections of the top panel but further 
analysis and testing should be done to quantify the stress reduction shall this solution be 
applied. 
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