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Executive Summary 

The objective of deliverable D5.2 is to summarize and present the evolutions of the shipyard to 
reach the production of large composite vessels. To describe this process the report will go 
through several steps, information from existing facilities of the small/ medium shipyards working 
in the FIBRESHIP consortium, considering real needs.  

The goal is to develop the adaptation path to address the construction of large-length composites 
vessels in the case that the current regulation changes for vessels larger than 500 GT (Gross 
Tonnage). This document considers how might be the evolution of the facilities transformations 
and their economic viability for different typologies of shipyards.  

This deliverable is fed by other WPs of the FIBRESHIP project, including findings and surveys from 
other tasks, such as T7.2 from WP7, which corresponds to the production of the FIBRESHIP 
demonstrator and represents the main input of this study. 
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1. INTRODUCTION 

The use of modern composite materials in the shipyard is relatively new compared to the long 
story of the shipbuilding with other materials. The composite field is still evolving fast from the 
point of view of the materials itself or from the point of view of the processes or tooling. 

Today the mid-size composite-shipbuilding is quite well known, but the large ship composite 
shipbuilding is to be explored. We are not going to focus on the reasons, among all of them, the 
regulation. The aim of this report is to assess and imagine how the production should evolve to 
produce large composite ships on an efficient way and with all the certification. The product 
reaches all the criteria of quality that we should expect from a large ship. 

The feedback from the building of the demonstrator is helpful to face and answer issues that was 
not in the scope. 
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2. ASSESSMENT OF THE EXISTING FACILITIES FOR SMALL/MEDIUM 
VESSEL 

The following section will describe the current workshop capacity (see Table 1, Table 2, Table 3 and 
Table 4) of the three shipyards in the FIBRESHIP consortium (iXblue, Figure 1; TUCO, Figure 2; and 
NAVROM Shipyard [NAVREP], Figure 3) and outline the methods employed there. 

 
Figure 1 : iXblue's facilities 

 
Figure 2 : Tuco's facilities  

 
Figure 3 : Navrom shipyard’s facilities 
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Table 1 : Facilities at shipyards 

 
  

 

Workshop(s) 

White room 
40m x 15m x 7m  
Temperature controlled 
2 ceiling cranes @ 7t each 

50m x 28m x 12m 
Temperature controlled 
1 overhead crane 2 x 40 T 
Full length x 26m wide under 
crane 
Exterior doors 11,5m x 6m 

Workshop 1 
30m x 15m x 8m 
Temperature controlled 
2 ceiling cranes 3t & 6t 

150m x 25m large 
9m under crane 
2 ceiling cranes @ 2x10t each 
Exterior door 16m x 9m 

Workshop 2 
25m x 10m x 7m 
Temperature controlled 
2 ceiling cranes @ 1t each 

80m x 30m large 
9m or 12m under crane 

Workshop 3 
40m x 8m x 8m 
Temperature controlled 
Cranes 500 – 5.000kg 

Outdoor facilities 

State owned facilities with: 
Travel lift 300t 
A frame 600t 
Crane 250t 
Lift 2.000t 
Dry dock 335m x 60m x 9m 

4 floating dry docks, dimensions: 
77m x 12m, lifting capacity 800t 
Floating crane 100t 

35m x 12m block size 

Location Directly at sea 
Located on the Danube in 
Romania, 80nm from the Black 
Sea 

Located 5km from international 
harbour in Denmark 
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Table 2 : Current technologies and processes at shipyards 

 
  

 

Hand layup 

For production of small pieces 
with epoxy vinylester or 
polyester 
Used to make joints or structure 

For production of small pieces 
with epoxy vinylester or 
polyester 
Used to make joints or structure 

For production of small pieces 
with epoxy vinylester or 
polyester 
Used to make joints or structure 

Infusion 
For elements <400m2 with 
epoxy, vinylester or polyester 
Monolithic and sandwich 

Not defined 
For elements <250m2 with 
epoxy, vinylester or polyester 
Monolithic and sandwich 

Bonding Used during assembly processes Used during assembly processes Used during assembly processes 

Moulds 
Flat tables: 
12m x 4m (two units) 
6m x 3m (one unit) 

Not defined 
Flat tables: 
10m x 6m (two units) 

Machinery 

2X 3-axis CNC milling – 2,5m x 
1,3m 
5-axis CNC milling – 12m x 5,8m 
x 2,5m 

CNC machine in neighbouring 
company 

Close cooperation with 
neighbouring specialist in 
composites tooling: 
5 axis cnc milling 52m x 8m x 4m 
5 axis cnc milling 29m x 7m x 4m 
5 axis cnc milling 15m x 4,7m x 
2m 
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Table 3 : Geometries and limits for current technologies at shipyards 

Part type Tool Process 
Temperature 

[Co] 
Weight 

[kg] 
Dimensions 

[m] 
Ambient 

conditions 

Post 
curing 

[Co] 

Humidity 
[%rH] 

Handling 

Flat parts 

Flat table 

Infusion 15 – 30 <35.000 

<12 x 40 Depending 
on dew 
point <60 

<80 
Crane 

Wood 
structure 

<7 x 30 

Composite <15 x 30 - - 

Stringers Metal tool 
Infusion 

15 – 30 <35.000 <40 x 2 
Depending 

on dew 
point 

<60 <80 Crane 
Bonding 

Hull 
section 

Wood 
structure Infusion 15 – 30 <35.000 

<7 x 12 x 50 
Depending 

on dew 
point <60 

<80 
Crane 

Composite <4 x 15 x 50 - - 

Junction of 
hull 
section or 
other parts 

No mould 
Hand 

lamination 
15 – 30 <200.000 <7 x 12 x 50 

Depending 
on dew 
point 

- <80 
Special 
vehicle 

Junction of 
hull 
sections or 
other parts 

No mould 
Hand 

lamination 
15 – 30 <600.000 <7 x 15 x 50 

Depending 
on dew 
point 

- <80 Lift frame 
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Table 4 : Commonly used materials and limits to processes 

Production method Matrix Fabric Core Thickness [mm] Post-curing [Co] Gel time [h] 

Vacuum infusion 
Sandwich 

Polyester 
Vinylester 

Epoxy 

Glass 
Carbon 
Aramid 

Balsa 
Cork 

Foam (<100mm) 
150 60 <12 

Vacuum infusion 
Monolithic 

Polyester 
Vinylester 

Epoxy 

Glass 
Carbon 
Aramid 

- 80 60 <12 

Hand lamination 
Polyester 
Vinylester 

Epoxy 

Glass 
Carbon 
Aramid 

Balsa 
Cork 

Foam (<100mm) 
30 Ambiant <12 

Bonding (1) 
Polyester 
Vinylester 

Epoxy 

Glass 
Carbon 

- 30 - <6 

Bonding (adhesive) (1) 
Methacrylate 
MS polymer 

- - 30 - <1,5 

 
(1) Adhesive bonding: normaly for parts which are not in GRP, like metal support. Bonding: is for structural parts. 
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3. KNOWN COMPOSITE MANUFACTURING CHALLENGES 

Generally, the challenge for manufacturers of composite structures is to create a new multi-
component material by properly controlling and manipulating the blend of heterogeneous 
constituent elements. The physical and chemical characteristics of the new material are 
determined by how these individual constituent materials are chosen, arranged and combined; 
whether the end-product will comply with the intended engineering design is largely contingent 
on appropriate handling and manufacturing processes. While composite materials allow engineers 
and designers to customize the physical and chemical properties of the material for specific 
purposes, this freedom also poses unique challenges in terms of manufacturing since so many 
interrelated parameters must be managed to guarantee economic feasibility and to obtain the 
intended material properties and prevent unforeseen or premature failure. Proper pre-treatment 
is the prerequisite of subsequent in-service performance. 

Hence, choice of production setup and manufacturing method is driven by several interrelated 
technical and economic constraints pertaining to design, production and final performance. These 
constraints include factors such as component design/geometry and dimensions, joining 
techniques, feasible production rate/productivity, HSE (Health, Safety and Environment), safety, 
resin types, core materials, fibre type and preforms, fibre volume fraction and other parameters 
related to final mechanical/chemical/thermal performance etc. These factors must all be 
considered and compared when devising the optimum production setup for any specific purpose. 

In order to determine the optimum strategy and techniques for the purposes of building large-
length ships and to specify the preferable methods in relation to subdivision of vessels and 
production/assembly sequences, a decision procedure based on available input and existing 
practice will be devised and used to make recommendations for production of the three vessel 
types studied in FIBRESHIP (see Figure 4). 

 
 

Figure 4 : Vessels studied in FIBRESHIP - Category I, II and III respectively 

 
  



D5.2 Shipyard adaptation to develop 
this new activity 

 

 Page 16 of 41 

4. ANALYSIS OF THE NEEDS TO DEVELOP THIS NEW ACTIVITY FOR LARGE 
LENGTH VESSELS 

The following section seeks to identify and explain the needs and challenges of building large 
length ships with composite materials. This part will not consider the regulation but it is more 
focused on the shipyard facilities and capabilities. Also, this section shows the evolutions which 
must be passed in order to build large composite vessels. 

 

4.1. Moulds 

Pieces made in composite are using a process with a mould. A mould is a hollow container used 
to give shape to the composite in this case. For composite, the mould also can be a flat surface in 
order to do flat pieces or it can be a curved mould for the manufacturing of curved pieces.  

 

4.1.1. Type of mould 

The different types of moulds are explained. Due to the size of pieces, only few of them fit the use. 
There are two types of mould: flat one and curved one. 

For the first category the pieces are done on tables, of various dimensions. The pieces produced 
can be bulkheads, decks or any flat pieces. The Figure 5 shows the use of flat table to produce 
bulkheads.  

 

 

Figure 5 : Tables for large flat pieces production 

For the second category a mould dedicated to the shape is used. Composite pieces that 
shipbuilders do often have a convex shape. In order to remove the piece from the mould, the piece 
has to be concave. The mould is the surface that will give the shape to the piece once the resin is 
cured. As seen on Figure 6, a hull mould will be the female mould because the nice finished part of 
the piece should be the outside of the hull.  
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Figure 6 : Convex and concave moulds 

This family of mould have several types regarding their conception and their realisation.  The first 
step is to determine if the surface can be made of curved panels or not. Some parts can be a mix 
of both. If the radius of the curved piece is too small or the shape too complicated, it is impossible 
to bend panels to match the surface expected. In this case the mould should be done by milling. 
This technic allows to do very complex shapes.  

The material and the quality of the mould will be chosen depending on the number of pieces to 
be produced inside and from the process used. The lowest quality can be used for one piece only 
and the best one for many pieces. The price and the time to produce the mould is increasing with 
its capacity.  

The second step is to determine the type of process that will be used. If the piece is made of 
polyester or vinylester with a gel coat, there is no need that the mould be air tight (but it is safer) 
as the first skin is going to give the air tightness for the infusion. If the process is going to use 
epoxy, in this case the mould will have to be air tight as there is no first skin as seen on the figures 
7 and 8. 

Once the fabric and the resin into the mould, an exothermic reaction starts curing the composite. 
In order to have a complete cured composite, the mould can be heat through holes drilled during 
the manufacture. When the composite cured, the piece can be demoulded by lifting it. 

                     
 
 
 

All those parameters taken into consideration here are under the mould building process. Basic 
mould is made of compressed wood or plywood (structure, surface), see below an example in 
Figure 9. The surface is covered by primer and paint in order to have a smooth surface. The quality 
of the mould surface will give the outside quality of the piece.  

Figure 8 : Schema of infusion system for 
epoxy 

 

Figure 7 : Schema of infusion 
system for polyester or vinylester, 

extracted from [1] 
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Figure 9 : Large basic mould 

A medium step mould can have a reinforced structure (more wooden structure), and the surface 
is reinforced by a layer of composite before the primer. The quality of the surface can be adjusted 
by polishing the paint. The difference of quality and the roughness of the surface will directly 
depend on the time-polishing. The range of this roughness can be between the elephant skin and 
the mirror surface.  

4.1.2. Production mould 

This type of mould starts by building the shape of the final piece with a high quality of surface 
finish. Usually this shape is done by a CNC machine as seen on the Figure 10. 

 

Figure 10 : CNC machine milling a pre form 
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On this pre form, it is a laminated surface of the mould with resin for tooling. Then the structure 
is made of metal as seen on Figure 11. As said above, this type of mould is economically viable if 
there are few pieces made, five pieces is the minimum amount. This type of mould is the most 
expensive and the longest to do. 

 
Figure 11 : Production mould 

To sum up the use of moulds, if there is a large number of pieces of the same shape, we are going 
to use production mould. The price of the mould could be shared with the large number of pieces 
or can be sold due to the complexity of the piece. On the other hand, if the shape is quite simple 
and the number of pieces to produce quite low, we are going to use a wooden mould with a ratio 
price per square meter much lower than the first category. 

So, one of the key points of the price of the tooling is the design of the pieces. All the management 
should have to keep in mind the design-to-cost. This is much more important as we are heading 
to large ships, with thousand square meters of moulds. 

 

4.1.3. Mould’s life 

Large ships may imply large moulds building; therefore, it should be considered wood for the case 
of large moulds. 

 

 Building of moulds 

The logistic for this type of part starts by cutting the panels which is pieces of the structure of the 
mould. If this step is done in the shipyard, there is a need of CNC machine (one or several) and 
large areas to store the wood and the pieces. 

As seen on the Figure 12, the slices of the structure will be assembly as a giant puzzle, all part 
securely connected. Then the slice of mould should be elevated and place on a perfectly flat 
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surface which will be the base of the mould. Several slices should be assembled in the same time. 
So, this require more space that the surfaces of slices assembled in the same time. 

There is a need of a rolling crane to move the slices of mould. One or several cherry pickers will be 
used by the operator to access the top part of the slices one elevated for assembly. 

 

Figure 12 : Wooden mould structure 

Once the structure is elevated, the surface can be treated and covered in order to obtain the 
surface of the part it is wanted to be built. 

The increasing of the size of the moulds for large ships should be done taking into consideration 
the following parameters: 

- Structural strength of the mould itself 
- Capability to move or to assembly parts of the slice vertically with keeping a good cohesion 
- Process to build the mould in short time 
- Storage of the material 
- Space for preparing the slices 

 

 Movements of moulds and storage 

The movement of a mould has to be integrated during its conception. The larger the mould is the 
more difficult the movement is. It is possible to move a wooden mould smaller than 20m and 
between 40m and 50m for a steel mould. If the size is bigger than that, the structure must be 
strong to keep the geometry while being handle, so the price of the mould is higher. 

A way to move bigger mould is to divide the mould into several blocks that can be bolted together 
with bolted flanges. Each block must be equipped with handling points and a study of structure 
has to done too. 
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When in use, the mould is taking a little more space than the piece builds in for different reason.  

• The first reason is that the piece has to be bigger to be cut at the right dimensions with 
neat edges. The red shape on the Figure 13 shows the hull surplus that it can be cut. This 
part was integrated into the mould. 

 
Figure 13 : Example of hull surplus 

• Also, to be able to work on the mould and around the piece, the access needs to be big 
enough for a human person. That is why there is a parapet walk, or stairs in the FIBRESHIP 
case, as seen on the Figure 14. 

 
Figure 14 : Example of parapet walk and stairs 
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Once unmoulded there is the need of twice the space (mould + piece). So, the storage of moulds 
is a real concern for composite shipyards. It is difficult to consider the production workshop as a 
storage area for many reasons. 

Those issues will be bigger with large ships building. There will be a choice to be done at the 
beginning between building a mould per piece and destroy it at the end of the production or 
building a reusable mould that will be more expensive to build and will have storage costs when 
not use. 

 

4.1.4. Personal safety: 

The increase of the size and the height of the moulds increase the risks for the workers.  

The height inside the moulds could reach several meters with strong slopes. People will have to 
work on those surfaces. First for the mould building, and then to produce the composite parts.  

During the construction of the parts of the mould, it could be not so stable. In fact, during the 
assembly, workers might need to access to areas which are high with no protections on the mould 
itself yet. Also, when the mould is waxed, it is really slippery. 

The main issue concerns the access to the workstation. The access around the moulding surface 
can be done with scaffoldings or stairs. However, the access on the composite part could be more 
problematic. It seems that a scaffolding would not really fit to the issue as the surface to be 
covered is large and no step is allowed in the middle to support the scaffolding structure. Another 
difficulty in to allow a safe access in the part without blocking the workstations with bars. Also, 
there are risks of fall inside the moulds. ISO 10333 and ISO 14122 can be used as a potential 
reference for this type of work. 

The design of the connections between the different parts of the hull shell has a huge impact on 
the shape of the moulds and on the access inside. But there is always a compromise between the 
easiness of access, the size of the part and the productivity and costs. 

 

4.2. Industrialisation  

A ship is made with curved surface for the hull shell and for the superstructure shell. Decks and 
bulkheads are made with flat panels which is about 40 000m² for a 100m ship. As seen previously, 
the production of the flat panels is not calibrated to reach such a production. 

In the future, if the need of those products is growing, some plants will produce panels on 
dimensions compatible with shipping standards. This solution might be useful for shipyards which 
could buy composite flat panels like ply wood, core foam or any type of panels. 

 

4.3. Laminating machine 

Some process is existing to produce panels for furniture or light, but it should be adapted to reach 
the shipping standards. The laminating machine principle (Figure 15 and Figure 16) starts with two 
rolls of fabric on the entry side, one on top and one under, the core material passing between. 
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When the fabric and the core pass through, the machine is applying resin. The type of resin and 
polymerisation must be adapted for a fast production. 

 
Figure 15 : Principle of laminating 

 

 

Figure 16 : Example of a laminating machine, extracted from [2] 
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Aucune source spécifiée dans le document actif. 

In order to gain time on the specific tasks which needs to have a specific knowledge, the flat panels 
and the stiffeners could be produced in another workshop or subcontracted. However, that might 
imply other issues regarding logistic, transport delay that should be considered. These potential 
issues are described on the section 5 of this document. 

Today, there is the possibility to buy profiles made by pultrusion and some companies start to 
merge with the building industry. However, at the moment, this type of profiles does not reach 
the mechanical characteristics needed to be part of the structure. 

4.3.1. Automated placement fibre machine 

The automated placement fibre machine is able to put different layers of fibre on a mould. It is 
able to put different width of fibre which means that it can be faster on flat and easy surface. Also, 
fibres can be impregnated with resin which means that the amount of resin is perfectly controlled. 

This robot (principle shows on the Figure 17) might replace those tasks in order to have something 
perfectly overlapped with a neat cut on the edge. This solution would reduce wastes and labour 
costs. Doing stiffeners and flat panels is a repetitive task and it could be done by a machine.  

 
Figure 17 : Automatic placement fibre machine principle, extracted from [3] 

All those actions imply a good repeatability of the stiffeners for the strength’s and the weight’s 
standards but also for the time production.  

In that case, that machine would be used for a massive production only but not for a complete 
hull shell or a complete boat. During the production time of the machine, composite people would 
do more valuable and versatile things that a machine cannot do. Different companies are doing 
this type of machines as Coriolis in France (Figure 18) or M.Torres in Spain. 
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Figure 18 : Automated placement fibre machine (Coriolis), extracted from [4] 

4.4. Core materials perforation 

Composite is made by stacking different layers of fibre glass and including resin in it, it is called a 
monolithic panel. In order to have a stronger monolithic panel, more layers can be put on it. 
Another way to have a stronger panel is to include a core material inside. Different core material 
can be used like PVC foam, cork or balsa wood for example.  

Another topic which is very tricky is the core material perforation. Depending on the type of core, 
the resin can go through or not during the infusion. For balsa and cork, the resin uses the natural 
ways of the material, but for other ones it is resins tight. So, for the second group it is necessary 
to make holes to allow the resin flowing through the material (Figure 19). The network and 
diameters of holes have to be determined regarding the scantling of the skins (ratio flow vs extra 
weight to be found). The aim is to have enough flow in the second skin to avoid a too big difference 
of resin progression between the top and down faces. The main issue is that it can lead to dry 
areas.  

The meshing for holes is approximatively every 5cm. Regarding the quantity of holes, doing this 
manually is really time-consuming because the workers has to drill every hole. The time to 
measure, mark and drill is really long comparing to CNC machine time drilling. The supplying of 
the core with holes is very long (8 to 10 weeks), so it has to be considered as a dedicated step in 
the composite shipyard supply chain. Today, hole’s cores are provided by companies which 
business is not in the composite field. Their CNC machines are not optimised for those tasks, the 
capacity is limited, and the versatility is really bad. Otherwise, core perforation could be done 
directly by foam manufacturer in their mould in order to have a foam directly drilled.  
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Figure 19 : Foam core perforation 

4.5. Mastery and skills of workers 

Today, all around the world, the composite use is under expansion in several fields (automotive, 
energy, airplanes, building…). The amount of skilled composite workers is not increasing as fast as 
the activity. People learn more by experience from their different jobs rather than their knowledge 
from training. However, for several years, some composite training is multiplying, but the number 
of people getting out is still too low and they need to learn the specific work of the shipyard. Some 
shipyards have taken at their own cost the training of their future teams. 

In order to face big composite project, all the sector should evolve. We can imagine that there will 
be a creation of qualifications, for metal welders for example or for the skills necessary to carry 
out correctly composite structures. 

Those qualifications could be set by each company or could be universal. Anyway, it will care about 
the way to carry out the composite, the first field concerned by workers qualification is the 
bonding. It must take care about the environment of the bonding (surface preparation, 
temperature, moisture…), the way to use the product and to follow the procedures set. 

 

4.6. Safety and environment 

The composite shipbuilding implies the use of chemical products. The storage and the use of them 
must comply with strict rules to avoid accidents. There are several levels and types of hazards all 
described on the ECHA regulation EC No 1272/2008. They concern the toxicity for the 
environment, fire risk, corrosive risk, risk to breath, among other risks and hazards. 

Another point is concerning the company category regarding the chemical hazards. The categories 
are defined according to the type of products and to the quantity. 

In the case of the composite shipbuilding the main concern is the resin storage due to the big 
quantities.  

The use of chemical products implies to identify, to watch and to assess the risk. 

For the chemical products, a stock list is mandatory, in this list we have to encounter the following 
information: 

- Name of the product 
- Type of product 
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- Brand 
- Reference 
- Labels according to the CLP (Classification Labelling Packaging) from REACH regulation 
- Position of the storage 
- Individual or collective personal protection related to the product 
- Security data sheet post 2012 (REACH) 

 

 
Figure 20: CLP labels, extracted from [5] 

The storage of chemical products has to comply with strict rules. The storage area for new unused 
products has to be ventilated, kept around 21°C and away from any source of activation. Usually 
it is a dedicated room or building. If needed, the products must be placed on dip trays to avoid 
any leaking. 

Those products have a big potential to set on fire, so it needs a fire protection system as water 
sprinkler or other system.  

For the used products there are 2 steps. The first one is when the product is still reactive, it has to 
be insulated from other garbage in the case that an exothermic reaction occurs, and a fire starts. 
Once the product is polymerized and inert, it can be placed into a chemical garbage bin.  

The risk of fire due to exothermic reaction is one of the most common and most dangerous things 
in the composite shipyards. It can occur with only few kg of product mixed at the end of a 
lamination or infusion process. 

The risk assessment is provided by doing a risk matrix. Following the results of the risk matrix, the 
action for safety can be done.  

With bigger quantities of chemical products, the management of the safety and the storage 
conditions will be one of the main challenges to ensure the everybody’s safety. 

Several levels corresponding to the quantity and types of risky goods depending on country 
regulation: 

- Declaration level 
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- Declaration with control 

- Registration level 

- Authorisation low level 

- Authorisation high level 

- SEVESO 1 (major technologic risks built after year 1982) CE regulation 

- SEVESO 2 (major technologic risks built after year 2000) CE regulation 

- SEVESO 3 (major technologic risks built after year 2012) CE regulation 

Resins have a specific range to be used and need to be used on the good range. It can lead to a 
bad polymerisation if too cold or short gel time and exothermic reaction if it is too hot. Sometimes, 
the temperature is higher than the top limit, so the product has to be less reactive and those trim 
can be done only by highly skilled people from the shipyard and the resin manufacture in order to 
reach the good gel time and the good mechanical characteristics at the end. 

So, for most of the areas in Europe it means that the workshops should be heated during the 
winter time. 

 

4.7. Workshop adaptation 

Today, we can consider different types of shipyards, those doing small/medium steel vessels, 
those doing large steel vessels and those doing small / medium composite vessels. 

The small/medium steel vessels shipyards are really different from small/medium composite 
shipyard and there are many things to change to start a new activity. A small/medium steel 
shipyard is not composite nor big that’s why this document will not talk about this case. 

The first category has all the spaces and the facilities to build large ships. Moreover, they have the 
knowledge of how to use modular building at a large scale. But the facilities are not adapted to 
the composite use. It means that they have to adapt the production processes to the new building 
concept, the replace/re-train existing workers for composite business and to comply with the 
environment conditions seen above. 

The adaptation for the composite shipyard will concern mostly a size evolution. The technics used 
to carry out the composite will remain the same, but the volumes and the logistic will increase. 
Also, the staff will need to learn a new kind of work on a new field or the staff will change with 
new people. 

For the logistic: 

- Storage like explained in the previous chapter, other goods, storage and supply chain inside 
the shipyard. 

- Large heating system with good insulation to maintain workshop temperature 
- Large areas for pieces production, pieces storage and pieces assembly 
- Access and securing of the working areas 
- Ventilation to extract the composite dust (done while cutting the overlength or preparing 

the surfaces for joining) and the chemical solvents. 
- Lifting or moving appliances. 

 
  



D5.2 Shipyard adaptation to develop 
this new activity 

 

 Page 29 of 41 

5. PROBLEMS AND SOLUTIONS (SUBCONTRACTING) 

5.1. Scenario of subcontracting small blocks 

Small blocks do not need a huge facility to do but it takes a lot of time to do that is why they can 
be manufactured by subcontractors.  

 

5.1.1. Subcontractor’s tasks 

A main shipyard could subcontract the small blocks building to other companies. Subcontractors 
of different size could do different parts and different fittings as seen on the flowchart underneath 
(Figure 21).  

 
Figure 21: Subcontractor path flowchart 

 

5.1.2. Mother shipyard’s tasks 

The final action on the mother shipyard would be the alignment and joining blocks delivered by 
the subcontractors. Depending on the size and the parts of the ship, blocks can be assembly on 
different way. Because of the size, some can be put on the water, aligned, put on earth, assembled 
and then again on the water.  

To be able to assembly the blocks, the structure has not to be stuck on joining areas. Once the 
joining of the hull shell is done, the structure of the joining area can be built and make the 
connection between the two blocks. After that, those joining areas will receive a final surface 
treatment similar to top coat. 

Also, the mother shipyard will do the main mechanical installations and the final outfitting. After 
that, they will be able to the test and approval phases. This part of the process is not specific to 
composite shipbuilding. 

Mother shipyard

Assembly Network connections
Big components' integration 
(engine, propeller, shaft...)

Medium/big subsonctractor

Blocks fabrication Interior fitting
Network (piping, 

electricity...)

Small subsonctractor

Making flat pannels Making stiffeners
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5.1.3. Quality management 

One of the biggest and most important things when working with subcontractors is the 
standardisation of the process. The standardisation of the following key points is the minimum to 
ensure a good production quality:  

- Mould production 
- Infusion 
- Temperatures of process 
- Post curing 
- Polymerisation control (to control the chemical dosage) 

 

Standardisation of the quality control is also really important. The composite quality control is 
based on a visual inspection of the piece, a tapping, a sample destruction. If needed or if the 
materials used are not translucid like carbon fibre, the quality control can be done by ultrasonic 
tests. Those US tests have to be performed by skilled people as the interpretation of the result is 
very important. Many tiny defects have absolutely no consequences on the composite, so the aim 
is to make the difference between those ones and real defects which can damage the structure. 

Also, to be able to assembly the blocks, a dimensional accuracy is necessary. The next step is to 
allow a correct outfitting pre assembly inside the blocks as explained on the paragraph 6.1. 

 

5.1.4. Transport of blocks 

Because of the size of the ship, when blocks are made by subcontracting, those one has to travel. 
There are different ways to bring them back to the mother shipyard, by the air, by the earth or by 
the sea.  

Before going on a support to travel, it has to be handled but pieces or blocks we are talking about 
are big by their dimensions and weights. Because of those sizes, the handling has to be big too. 
However, it does not need to be as heavy as on a steel ship building because composite structures 
are approximately around 70% lighter than steel as it was set in the WP4 and WP7 in the FIBRESHIP 
project or by the findings of the project RAMSSES.  

Another thing different than steel is the way you take the piece, where to put the fixing point and 
how to fix it in place. Even the fixing points are different because you cannot weld a lifting ring, 
the fixing point has to be thought. Also, the hull shell can be thin on some point and you have to 
be aware that punching failures can appear if the disposal is not conformed. 

The limits come from different things as the price, the time to travel to the mother shipyard but 
also the maximum size depending on the road for example.  

To maximise the efficiency of the process the blocks should have a size that cannot be shipped by 
truck. But, for example, for the truck shipping, the maximum size and height depend mostly on 
the size of the roads, the bridges but also the kind of road. In Europe, most of the roads have a lot 
of turns and it would be hard to deliver them like that. The road standard limit is about to have 
blocks of 12m x 2.5m x 2.5m. 

For the airplane shipping, the problem is more that blocks might do not fit into the airplane. Also, 
the maximum weight, for the Beluga XL airplane for example, is 40 tons which is not enough for a 
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finalize block. The weight issue would be the same for an airship, but the size could be bigger. 
Another fact is that the price for air shipping is more expensive than boat or truck shipping. So, air 
shipping would probably be used for smaller pieces and for emergency shipping. 

Logistic all around the world is common practice and it exists a huge experience on big steel 
shipyard to know what is the best way to travel with those big parts (Figure 22). All this logistic part 
would be the same for composite blocks. 

 

Figure 22 : Different means of transport, extracted from [6], [7], [8], [9] 

The aim is to have a sea shipping, but it must be considered that there are different ways of 
shipping transport. Sea cargo shipping are the most developed and the maximum capacity can go 
until 40 000 tons which is enough for composite shipyards. The size is not really limited either if 
the cargo is navigating only on seas or oceans. Thus, if the sea cargo is going inland, the situation 
will be different because of the size and height under the bridges. The medium speed of a sea 
cargo shipping is about 15 knots. Thus, if it leaves Hanstholm port in Denmark to go to Le Havre 
port in France (which is about 1000km so about 540NM), it would take 36 hours. 

LASH (Lighter Aboard Ship) ships are similar and can do the same job but for lighter pieces 
(maximum of 380 tons). LASH barges can be valuable for small parts traveling by truck, the aim 
would be to cross rivers inland easily. Also, LASH ships can be useful, as seen on Figure 23, to move 
and assembly blocks at shipyard’s proximity. 

 

Figure 23 : Block shipping, extracted from [10] 
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5.1.5. Infusion size  

The size of the infusion depends on different parameters as the capacity of the company but also 
of the knowledge and the experience of that one. The thing that it shall determine the successful 
completion is the ratio between the size and the risk. This ratio depends on the company’s 
experience but also on the size of the company. On one hand the bigger the part is, the better the 
economic efficiency ratio is. On the other hand, the bigger the part is, the riskier is the infusion. 
There are more connections through the vacuum bag, bigger quantities of resin to mix, the 
infusion flow will be more complicated… So, there are much more possibilities to have an error on 
one step which can lead to a fail of the infusion. If the infusion fails the part goes to garbage with 
all the consequences (production time, material…). So, the critical infusion size is a balance 
between maximum efficiency and risk of infusion fail.  

 

5.1.6. Parallel works 

One of the hardest things for the subcontractor’s management is that the production of different 
parts has to be delivered at the right time in order to be assembled. If the timing is not good, it 
might imply a delay for the construction of the boat like on the current process.  

 

6. ANALYSIS OF EXISTING SHIPYARD FACILITIES TRANSFORMATION AND 
ECONOMIC VIABILITY 

6.1. Current process for large ship steel building 

Over the past decades, the process for steel shipbuilding had many iterations to get more and 
more efficiency. 

Use of steel in shipbuilding industry has a long history compared to the use of composite materials. 
Thus, the processes and regulations are far more developed than the ones regarding the 
composite process. Still, keeping in consideration the idea of shipbuilding, there are some similar 
steps to follow, even the approach may be totally different. 

Design – in both situations there is necessary to start with the design (technical) project, 
developed by a specialized design office, in agreement with the existing rules of the classification 
society. Still, it has to be considered that the technical approaches are totally different, especially 
due to the materials to be used, as well as the type of connections between different elements of 
the construction (welding/bonding/mechanical joints) which are leading to the non-identical 
construction patterns to be followed. 

Cutting – next step in steel shipbuilding is to prepare the elements which has to be assembled in 
order to build a block section.  For this well-defined (as material type) steel plates are used and 
with the aid of oxi-fuel, water-jet, laser or plasma cutting machines parts for stiffener plates, 
manholes, hatches, drains, the skin of the vessel, the skeleton, block parts, and pipes are cut. 

Block section assembly – after the cutting process, resulted parts are then assembled by welding 
in block-sections, according to the execution drawings. This welding process is well defined in 
procedures and the operations are performed by classification societies certified welders or 
maybe by robot welders. Above this, non-destructive tests are performed in critical points to 
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eliminate the possibility of hidden defects in welding operations, resulted section having the 
corresponding strength in every point (steel plate or connecting point). The size (weight and 
dimensions) are defined during the project considering the technical capabilities of the 
constructing shipyard, parameters which can vary from one location to other. Lifting points for 
each section are predefined during the design project. 

Furthermore, the block sections are assembled on the dry-dock or shipyard platform (then 
transported to the slipway) to create the ship hull and superstructure. 

In difference from the composite materials, the steel is far more exposed to corrosion factors, 
which is the main reason for anticorrosive protection. Painting is very important in the building 
process of a vessel, and it is starting from early cutting stage up to the end of building operations. 
Also, in this process, materials and technics are well defined by classification societies regulations. 

Opposite from composites material buildings where the colour is included in the material, in steel 
building the colour is applied on the surface. Considering this, the technologies used in the process 
are different. 

Storage and the use of paint materials should comply with strict rules to avoid accidents, both 
human or environmental nature. 

As well as in every field of work, skilled workers are needed to perform those activities. There are 
specific requirements and qualifications that are needed in composite building as well as in steel 
work (mainly regarding welding processes and design). 

 

6.2. Current process for composite shipbuilding 

The use of the composite in the shipbuilding industry is quite new in comparison with the sailing 
long story. The use of those products started about 50 years ago for the pleasure crafts. 

The products themselves evolved to get more stable to the environment. In the eighties many 
types of gel coat and resin had a problem of osmosis when in contact with water, today this 
problem is solved due to chemical evolutions of the products. The range of products has extended, 
and the research is still going on. 

In the same time, the size of the ships produced has increased to reach the limit of the 500 UMS 
(Universal Measurement System) which is about a 45/50m long ship. The SOLAS (Safety Of Life At 
Sea) rule is an enforced regulation started after the Titanic’s sink and the first SOLAS acceptation 
was in 1914. This regulation is evolving with every major sink around the world in order to have 
the best safety for boats. Even if SOLAS is a regulation for all size boats, tests to applicate SOLAS 
says that boat bigger than 500 GT cannot be made with combustible material.  

The process to build those ship is to realize the hull in one or two parts in a mould. Then the 
structure like stiffeners are built in order to get a hull strong enough to be handle without losing 
the geometry. 

Then, flat panels are assembled inside the hull to create the bulkheads and decks. Some additive 
structures are fitted. 

Meanwhile, most of the time, the superstructure is built in a mould following the same process 
(Figure 25).  
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Figure 24 : Bulkhead assembled on the hull shell 

 

The hull and the superstructure are equipped, as far as it is possible, and assembled together 
(Figure 26). 

 

Figure 25 : Hull shell assembly 

Therefore, the block assembly is already used in the composite shipbuilding but with a low number 
of blocks due to the size of the ships. 
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6.3. Process for large ship composite building  

Some issues can appear during the construction of a large ship composite building (Figure 26) such 
as the sequence of sections assembly and construction. One of the solutions is to build the sections 
with high level of interior fitting in order to optimize the time construction and assembly of the 
boat.  

Also, due to the big number of layers, the weight of fabric is very heavy, and it becomes very 
difficult to maintain the fabric on the mould, it just wants to fall down. 

If there are several ships to do or the several same sections, moulds can be kept but a special 
attention has to be done to take care that the moulds stay as flat as possible. Otherwise, if the 
shipyard does not need them, they can be crushed and thrown. 

Concerning the final assembly, the size and tolerances between blocks have to be planned because 
a junction area skin with no structure has to be kept being able to move it over several mm. Once 
the 2 parts connected, the geometry will be secured by the structure (bulkheads, girders, etc.). 

In order to joining areas, it needs to have scaffolders, external and internal of the surface. Areas 
with scaffolding should be determined before assembling the blocks, those ones have to be pre-
equipped to minimize the scaffolding assembly once the junction of the blocks is done. 

Depending on the size of the shipyard and of the ship by itself, the curing and assembly might be 
done outside. Also depending of the geographic area of the shipyard, it might need a cocoon to 
do the assembly, regarding the rain, the snow or the outside temperature.  

 

Figure 26 : 90m survey vessel profile, extracted from [11] 

 

6.4. Shipyards transformations and economic viability  

We’ve been to the conclusion that the mean evolution for the shipyard transformation is facilities 
(building, cranes and launching facilities) excepted for the automatic machine for flat panels 
production. For large building there is a huge need of space for moulds, pre assembling parts 
storage and block’s storage. 

Therefore, there are several possible scenarios: 

- Transformation of a large metal shipyard into a large composite shipyard 
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- Transformation of a medium composite shipyard into a big composite shipyard 
- Subcontracting of blocks in a small shipyard and assembly in a big shipyard. 

Those 3 scenarios should be considered with 3 sizes of ships (80m, 150m, 250m) as the size will 
impact highly the need of facilities. 

 

6.4.1. Transformation of a large metal shipyard into a large composite 
shipyard 

In this case, we assume that the facilities have the capability to hoist large ships. So, the 
workshops, the lifting appliances, the launching facilities, the quays and all the logistic are scaled 
for large ships. 

The evolutions should be about the processes, the workers, some tools and for the supplier’s 
loops. 

- As initial point the technical project is the first step in changing. The design must be as 
according for composite vessels building techniques. For example, on a composite 
structure, the opening for the portholes or for the frames of the doors have to be 
consolidated. To think, design and make the technical approach for the mould and the hull, 
you must have an expert knowledge of composite which is way different than metallic 
structures.   

- Production processes must be adapted: part of the current steel building procedures will 
totally/partially disappear and be replaced with specific composite building process. 
Production lines and some of the equipment might be converted for composite, in other 
cases will must be replaced. 

- For the workers, the main changes are that the need of welders will be less so they will be 
replaced by composite people or trained to be able to work on the composite field. Some 
welders will remain for all the metallic parts which are fitted on the structure of the ship 
and to build the mould. The process to build the blocks will be new. A big step will be to 
master the building of large composite parts. Also, a lot of the PPE (Personal Protective 
Equipment) are going to change.  

- Different ventilation and filter system will be needed because of the cutting and trimming. 
The type of dusts is different from those of steel works. 

- The logistic will be different, the suppliers will change, for resins and fibres. 

- For the structure, there will be some investments for the tools to build the moulds because 
it’s often made with wood. Those investments can be done in the shipyard or by 
subcontracting the part to make the moulds. 

- Different way of stock management because of the expiration date of products. 

- The temperature regulation may be the biggest evolution for a shipyard which is not 
already insulated. As explained earlier, the composite has a temperature range to be 
carried out. The range for welding is larger. The temperature has a real influence on the 
composite manufacture. If it is too low the curing process will be long or never occur and 
if it is too high the resin will come to exothermic reaction and has a short pot life. 
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- The storage of the products will also need a range of temperature without UV rays and it 
will have to result from a risk assessment due to the quantities. This part should be done 
with care as the biggest chemical risks are in the storage room. However new chemical risk 
will appear in the workshop regarding to the composite products themselves or the 
products needed to carry out the composite products (acetone, alcohol…). Also, the resins 
and the fibres need to be stored on a humidity-controlled area.  

- In order to manage a good safety for the workers, the shipyard will need extractor hoods 
for solvents and dusts.  

- One of the most important things on a composite site is the fire detection and fire 
extinguishment. In fact, when the mixing resin components starts, it might set on fire so 
that’s why there is a need to have those systems.   
 

6.4.2. Transformation of a medium composite shipyard into a big composite 
shipyard 

In this case, we assume that the shipyard has already the skills to carry out the composite 
structure. For this point the need will be to increase the team workers. 

If the shipyard is in the middle of large facilities, it won’t be a problem. If the shipyard has the 
facilities scaled to ships until 50m, there will be needs of huge investments to build very large 
ships. For a small size extension (60, 70m), if the facilities to launch the ship allow this size increase, 
we can assess that the investment could be very limiting. For larger ships, there will be needs of 
big facilities and a lot of space.  

On the other side, the process, the logistic, the workers, the storage and the structure will not be 
really different except by the size. Without thinking about money, some areas allow an extension 
and in other places it is not possible due to many factors as close city, geography of the place and 
so on… 

 

6.4.3. Transformation of a small composite shipyard into a big composite 
shipyard 

As seen above this paragraph, the transformation of a medium composite shipyard into a big 
composite shipyard is pretty hard and it might be impossible for a small composite shipyard 
company to grow as a big composite shipyard. However, a small composite company will be able 
to make profiles, bulkheads or decks for a bigger company.  

 

6.4.4. Industrial risks because of the transformation 

On both cases, the fact to change the size of the shipyard or to change the core business has a 
risk. Doing big vacuum infusions has a limit and a risk. Its boundaries are that the economic 
advantages have to be superior to the price and the labour of the piece because if it does not 
work, the piece is lost. It implies:  

- Loss of money 
- Loss of time and a risk to be out of delays 
- Loss of labour 
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- Loss of materials (fibres, resins) 

 

To be able to do big pieces, it needs to have enough experience on the composite work. The other 
industrial risk is that people have in mind that the purchasing price is the most important thing. In 
fact, for composite ship, the price might be higher than conventional steel ship building, and some 
people won’t want to buy composite ship because of that. There are different reasons for this:  

- Price for fibre and resin is more expensive 
- The labour is longer 
- The shipyard has to have some temperature and humidity-controlled areas 

 

6.4.5. Assets 

Composite structure has a lot of assets rather than steel structure. One of them is the dimensional 
stability depending on the temperature. In fact, thermal expansion for steel is 12x10-6 K-1 and 
about 8x10-6K-1 for composite as used for the FIBRESHIP which means that dimensional stability 
is better for composite than steel.  

Another good thing is that composite doesn’t need a final coat because it is already done into the 
mould.  

Also, opposite to the steel, a worker can work on composite on one side of a bulkhead and another 
can do something different on the other side of it. In fact, there is no fire issues due to the 
temperature on the other side of the bulkhead because there is no welding.  

In few years, there is a profitability to have a composite ship because:  

- The ship structure is far lighter, so the petrol consumption is far less, or cargo capacities 
are much more important 

- The ship structure does not need corrosion protection nor corrosion maintenance  
 

6.4.6. Assessment of shipyards needs to be adapted for composite large 
length vessels 

The structure of all the shipyards around the world are different, so all the evolutions needed 
would be different. Consequently, Table 5 hereunder tries to summarize the evolutions and 
upgrading needed depending of the type of shipyard.  
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Table 5 : Shipyard's evolution to be adapted to composite large length vessels construction 

 Large steel shipyard Medium composite shipyard Small composite shipyard 

Warehouse 
size 

No changes Need to have more space Need to have more space 

Lifting 
facilities 

No changes Need to have bigger cranes Need to have bigger cranes 

Launch and 
quay facilities 

No changes Case by case Need to create large launching 
systems and long and depth 
quays 

Process Need to adapt the process to 
composite building. For 
design and production 

No major changes Need to switch the process to 
larger pieces production 

Storage Need to adapt the process to 
composite building 

Need to have more space Need to have more space 

Skills Need to change most of the 
steel workers by composite 
workers 

No major changes, only more 
people 

Need to adapt the skills to large 
composite production and to 
have more people 

Supply chain Need to adapt the process to 
composite building 

No major changes Suppliers could evolve to have 
more industrial ones 

Warehouse 
equipment 

Need to manage temperature 
and ventilation 

Number and size could change Number and size could change 
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7. CONCLUSIONS 

Some of the principal evolutions to develop this new activity (adaption to large-length vessel 
construction in composite materials based on fibre) is the evident process of change to be 
addressed by the interested shipyards in order to switch from their traditional market to FIBRESHP 
market by means of manufacturing and bonding huge composites parts to obtain the large-length 
vessels. 

One of the major differences with steel-based ship building is the need of a mould to produce a 
composite structure. The interested shipyard has to be aware of the cost and the size of the 
needed moulds and their optimization of using during manufacturing, keeping in mind expected 
implications in terms of investment and storage of it, as well as the storage and management of 
the composite materials to be used in the construction.  

Likewise, the need of training of skilled workers for composites vessels is essential for the proper 
evolution of this market, because there has been identified a lack of workers specialized ready to 
this field, which will be an issue if the demand of these sort of vessels increases. A certification of 
the workers capacity is also demanded in the future by the regulatory bodies. 

The transformation of a small composites shipyard into a large composites shipyard is quite 
complicated due to the investments to be addressed, nevertheless, it is not the case for medium 
composites shipyards or large steel shipyards. As seen above, although the adaptation to 
transform a company in a big composite shipyard might be long and hard, with a good 
management among existing shipyards and auxiliary industry around them, the adaptation to 
FIBRESHIP solutions could be really fast. It might be needed significant investments, nevertheless, 
this cost worth it because of the several advantages of composite materials and the continuous 
growing of this market year-by-year.  

The European Maritime Industry is willing to change in order to increase European 
competitiveness, cost optimization, environmental protection and vessels quality & life-cycle, and 
this change will be driven by the adaption or amendment of the current regulatory framework to 
enable the construction of large-length vessels in composites, i.e. vessels larger than 500GT (Gross 
Tonnage), which approximately means vessels longer than 50m.  

Thanks to projects such as FIBRESHIP, it is demonstrated the feasibility of this technology, 
forecasting the expected change for the next coming years due to the actual support of marine 
stakeholders. 
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