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Innovative Materials for Ships:

less fuel and emissions

efficient and competitive

safe and comfortable

smart and functional

RAMSSES did:

DEVELOP & DEMONSTRATE

VALIDATE

INTEGRATE &
COOPERATE

maritime products
and processes

technical and LC 
Feasibility

Innovation 
Capability



5Objectives | Challenges | Achievements | Outlook

March 2022, Center of Maritime Technologies gGmbH
5

ADAM4EVE

 

continuity + cooperation + application = SUCCESS

 

Deck of a river cruiser

Bridge retrofit

Rail driver cab

Superstructure

Cruise ship balcony

DAMEN Waterbus

ULJANIK Car Carrier
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1.1 Physical demonstrators, 

validated and with a targeted TRL

1.2 Demo specific exploitation and 

market uptake plan

1.3 Foster material innovation

(process chains, integration in large 

products)

1.4 Prove feasibility of processes

and products (technical, safety)

1.5 Provide summary information

on material and process innovation

Develop

1.Maritime Products
and processes

Validate

2.Proof of technical and 
LC feasibility

Integrate and 
Cooperate

3.Improve Innovation
Capability

2.1 Prove readiness for (pre-) 

approval of demo cases

2.2 Efficient testing and valid 

models of relevant demo

properties

2.3 Assessment of LC costs and 

environmental impacts

2.4 Documentation of tests and 

unified testing standards

3.1 Analyse innovative non-maritme

material applications (TTG)

3.2 Collect feedback from external ship

operators (MAG)

3.3 Common Knowledge/data repository

3.4 Strategic dissemination including a 

sustainable network

3.5 Approach towards ‚smart track to

approval‘; to be fed into the rule making

process

3.6 maintain forecast on expected

impact; provide plans for exploitation and 

market uptake
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Consortium representing the strengths and diversity of the

maritime and lightweight community in Europe:

• 36 partners in total

– 11 Shipyards and/or Tier 1 suppliers

– 13 Technology providers, engineering offices

– 7 Research organisations

– 4 Universities

– 1 Classification society

• 12 countries (FI, UK, SE, SP, DE, EE, FR, NL, IT, HR, HU, GR)

… plus external communication groups and networks:

• Maritime lightweight networks (E-LASS, S-LASS, D-LASS, 

MariLight)

• Maritime Advisory Group (ship owners/operators, navys)

• Technology Transfer Group (other industry sectors)
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Equip-
ment

Pre-fab
Components Modular LW 

System
Steel

Custom 
Specific

Repair

Ship and Process Integration
Innovative 
materials

Demonstrating
process chain

addressing complexity

TRL (5) 6…7All relevant mate-
rials and processes

composites HS steel Fabrication OutfittingAssembly Approval
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Technical Life Cycle

Assessment 
process chain

Properties relevant 
for approval and 
customer acceptance Fire Noise, 

vibration
Corrosion Comfort EmissionsMechanics Costs

Coupon tests, 
production trials 

(Demo Cases)

(Pre) approval 
tests (RISE et al)

Common LCPA 
approach and 
tool (BALance)

RAMSSES knowledge
repository

Sustainable
assessment

LCPA
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End users’ requirements 
and feedback

Inter-sectoral exchange 
of ideas, experiences; 
future concepts

Input Output

Easy to use standards and 
rules for new materials

Dissemination, 
sustainable network

Internal

RAMSSES 
knowledge
repository

Enhance innovation
capability

Exploitation, definition 
of future research needs
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iii. Main achievements 
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Collaborative development in three different 

clusters…

… resulted in 13 demonstrators close 

to commercial application
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• Development:
– Automated laying of carbon fibres to form a load bearing inner structure, 

which will then be covered, e.g. with GFRP laminates

– Flexible concept, capable to produce various structures (e.g. bulkheads, decks, 
cabins)

– Passed FTP Code Part 11 (sustained 60 minutes of flame without failure)

• Product innovation:
– Design and production of an ultra-lightweight catamaran

– Modular design → easy assembly/disassembly and transport

– Electric propulsion based on photovoltaic energy → Zero-emission

Perspective:

• Serial production of small 
electrical ferries or leisure boats 
on lakes

• Sales partner/investor sought for 
a related project
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• Development:
– Development of a lightweight composite sandwich panel concept based on a 

renewable PFA (Polyfurfuryl alcohol) resin made of hemicellulose, with good 
fire performance and mechanical properties

– Two panel concepts available: (a) Balsa core + PFA/glass prepreg facing + fire 
retardant facing; (b) Silicate core + PFA/glass facing

– Reduction of mounting time combining multiple options of interior outfitting 
applications using for external structural components

• Product innovation:
– Tailored solutions for several demos in the Composite structures cluster →

Meyer Werft, FLOW Ship Design, Baltic Workboats, Chantiers de l’Atlantique

Perspective:

• Develop a semi-automated 
production line to reach a 
competitive price

• Further improvement of acoustic
properties
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• Development:

– Design, production and test of a hollow propeller blade demonstrator, 

manufactured by Wire Arc Additive Manufacturing (WAAM)

– Size allows concept extrapolation to the propeller market globally

• Product innovation:

– Weight reduction 50% in sea water → less material

– Improved efficiency of 5% and less erosion → less repair

– Radiated noise in correlation with directive for sea mammals

– Vibration (-60% cavitation) → less material for the aft hull

Perspective:

• Enable NDT on rough internal surfaces

• Improve monitoring for numerical validation

• New design&chord variation for better efficiency

• Use cavity for additional material/monitoring
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• Development:

– Innovative and lightweight composite-based rudder flap for high-lift rudder application

– Adaptation of steel-based flap design for application of composites → glass-fibre
construction technique using a rib and spar combined with one-shot infusion approach

– Improvement on the hydrodynamic design

– Reduction of maintenance, transportation and handling cost

– Increased safety

– Elimination of corrosion

• Product innovation:

– First load adapted as well as hydrodynamically optimized application on flap-rudders for 
merchant vessels

– Approval in principle by classification society obtained

Perspective:

• Improved production with simpler moulds

• Proof of less wear due to improved 
elasticity under dynamic conditions

• Knowledge transfer to other components
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• Development:

– Modular lightweight panel, capable to be implemented in the yard production process

– 86 fire tests in total – Fire resistance requirements FTP code part 5 & 3 passed

– General design taking into account a huge variety of requirements, such as mechanical, 
noise & vibration and processes

– Efficient installation process using bonding techniques of composite and steel materials

– Demonstration of a globally non-load bearing internal bulkhead.

• Product innovation:

– Ready to introduce fibre reinforced polymers (FRP) into the yard production process for 
usage in cruise ships, passenger ferries and gas carriers with the aim to reduce weight (up 
to 30%)

Perspective:

• Further material development iteration & fire tests 
until all criteria are compliant to SOLAS 
requirements

• Review of the IMO FTP Code tests and test 
institutes’ practice regarding the applicability to 
deliver viable test results with thick FRP sandwich 
instead of “thin” standard metal specimens
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• Development:
– Internal decks for ro-ro vessels introducing FRP, using pultruded FRP profiles as main solution

– Design concept is applicable for production and assembly procedure at steel shipyard conditions

– Integration of outfitting such as lashing openings

– Laboratory tests results (mechanical tests, fire tests), site tests on the full scale demonstrator as 
well as demonstrator production process and assembly.

• Product innovation:
– Weight reduction of 14 % compared to conventional steel decks

– Reduced fuel consumption up to 2 % (1 t/day) or increased payload for 400 t compared to 
design with conventional steel decks

– Production lead time reduced by more than 10 %, production costs by almost 20 %

– Reduced emissions during production and operation up to 0,9%

– NPV value up to 0,71% higher compared to the application of steel decks 

Perspective:

• Fexibility in both design, production 
and cost → opportunity to introduce 
the technology to shipyards and 
shipowners

• Further extend the range of 
applications to structural and outfitting 
applications on various types of vessels



19Objectives | Challenges | Achievements | Outlook

March 2022, Center of Maritime Technologies gGmbH
19

• Development:
– Double skin extruded Al panels and composite sandwich panels for 

deckhouses and superstructures of small to medium-size workboats 
(up to 50 m)

– Composite sandwich design with comparable structural properties 
compared to conventional single skin design using extruded Al panels

– Demonstrator built in a smaller representation of the sunroof of a 
riverboat

– Reduced production lead time 

• Product innovation:
– Decreased weight of the deckhouses of a workboat

– Composite panel beneficial due to integrated fire insulation (time 
saving during assembly)

– Double skin Al panels preferable when thickness of single skin Al 
panels would be 6 mm or higher

Perspective:

• Further develop novel fire-resistant 
panels towards
– more suitable mechanical properties

– Lower core density
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• Development:
– Conception, production, testing and validation of a demonstrator for composite 

superstructure module on a metallic deck meeting multi-criteria

– Design and choice of materials for the selected application case

– Demonstrators of the joints and tests to guarantee the resistance against regulatory 
loads

– Fire tests to select the most efficient configurations meeting IMO SOLAS criteria

– Regulatory process with classification society to approve the structure

• Product innovation:
– 50 % of weight reduction → Nearly 6 tons for the funnel block

– Qualification of materials and assemblies → Structural approval

– Improved fire behavior of composite → fire approval

– Validation of integrated sensors during full scale tests on junctions

Perspective:

• Extend the use of 
composites on surface ships 

• Functionalization: 
– Flat antennas in bulkheads

– Signature reduction

– Process and health 
monitoring with digital twins
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• Development: whole development cycle in a single project

– Requirements definition for a hull of an 85 meters vessel

– Design development, evaluation and HazId in a multi-expert team, including class

– Material development → novel high performance resin

– Process development and demonstration → infusion process for 6 m high hull shells

– Development and tests of joints → capable to assemble hull sections and interconnect them

– Demonstrator assembly at shipyard and validation testing witnessed by class

• Product innovation:

– Capability acquired to design, produce and market complete composite vessels approx. 85 m 
length that complies with SOLAS and class regulations

– Validated and economically viable production process of large composite structures, key 
performance indicators on fire resistance, impact resistance and structural robustness

Perspective:

• Industrialise the processes

• Extend the use of FRP in larger ships

• Communicate towards IMO 
(benefits of new test standards, 
Smart Track to Approval, review of
interim guidelines)
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• Development:

– Innovative cabins, modular and fully equipped and with ship structure interfaces

– Design and various fire tests of cabin floor using different composite materials 
and insulations

– Concept for pre-assembly, pre-outfitting and final assembly

• Product innovation:

– Novel ship structure architecture, featuring 6 face cabin with floor & bay window 
prefabricated in cabin factory

– No more steel deck under cabin → self supported floor for cabin in lightweight 
material

– Cabin could be installed at the final position from outside the ship

Perspective:

• Further technology watch needed for 
materials with higher fire performances, 
sufficient sound insulation and lower weight 
saving costs → 500 kg/cabin could be saved

• Investment in modification of the ship 
erection process
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Development

• Demonstration of the effectiveness of welded joints in High Strength Low Alloy (HSLA) 
steel for improving the mechanical performance (static, corrosion and fatigue) of the 
marine structures

Product innovation:

• High tensile steels can offer significant weight saving (5-20%, case-dependant) thanks to 
better mechanical properties of the HSLA

• HSLA could be properly welded in shipyard conditions using appropriate techniques 
without extra costs due to pre and post heating, guaranteeing adequate performances in 
respect of the current regulatory framework over-performing from the point of view of 
static, corrosion and fatigue behaviour. 

• Process parameters and post-treatment methods developed in the demo are applicable for 
a wide variety of large structures in ships and offshore structures.

Perspective:

• Approval of the qualification welding 
procedures by class society

• Design guidelines including admissible 
stress (according to Class rules)

• Supply chain evaluation for the non-
conventional steel procurement
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Development

• Implementation of high-strength steel materials and advanced manufacturing technology 
together 

• Full-scale demonstrator: a block of passenger ship superstructure, in which the selected 
strength critical structural elements (e.g. joints) are made from high strength steel and using 
thin plates (4mm) in deck structures

Product innovation:

• Weight of the cruise ship can be reduced using thinner and higher strength steels compared to 
the use of conventional steel. 

• 4 mm thick deck plate and HSS bulkheads are possible to be used in building cruise ships using 
state of art production technologies.

• Tests from the demonstrator show that with high quality production i.e. laser-hybrid welding, 
the use of 4 mm thick deck plate is possible in terms of deck flatness and weld misalignment. 

• Fatigue strength similar to thicker plates in the design codes.

• For plasma-cut base material fatigue strength was very good.

Perspective:

• Opportunity for significant weight saving 
with thin and high strength steels

• Further fatigue testing of welded high 
strength steel with different thicknesses 
and joint types
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Development:

• innovative repairing solutions. Reinforcement composite solutions have been developed to be 
applied over steel welds and composite structures, to improve their in-service behaviour, 
preventing fatigue damage. 

• Materials and configuration selection for patch design, laminate manufacturing for composite 
characterization, an exhaustive characterization and numerical modelling

• Three different demonstrator cases have been developed:
– Repairing of steel structures by overlamination of composite patches 

– Repairing of non-metal structures by composites.

– Composite overlamination

Product innovation:

• Demonstrate that composite overlaminate is suitable both as repair technology for damaged 
structures in a marine environment to improve the pristine properties of welded joints.

• Decrease crack growth rate and increase the lifespan of the patched steel and patched composite
Perspective:

• Enable overlaminating
onboard while navigating

• This requires some technics 
developing (vacuuming, 
heating, …) and training of 
crew



26Objectives | Challenges | Achievements | Outlook

March 2022, Center of Maritime Technologies gGmbH
26

• Sustainable network E-LASS
– 7 initiatives to enhance matchmaking between 

stakeholders, project dissemination, 
attractiveness of E-LASS events, connections 
to national networks, project exploitation, 
sharing of research data

– E-LASS is the place to be for international 
information exchange on maritime lightweight 
in Europe

• Smart Track to Approval (STtA)
– Set of measures to make the approval process

under the existing regulatory framework
more efficient



27Objectives | Challenges | Achievements | Outlook

March 2022, Center of Maritime Technologies gGmbH
27

iv. Lessons learnt and Policy recommendations for further research

v. Exploitation potential and challenges for market take-up

vi. Further information and contacts
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1. Technical development: Viable solutions for various applications could be found, but

1. Fire properties are still a challenge (esp. for applications with high fire division or in load bearing structures 

of large SOLAS ships), and

2. Acoustic and thermal insulation may require additional material which harms the weight saving (Integration 

of systems for internal walls…, Multi material lightweight cabin…)

3. Solutions which started on a lower TRL still offer various perspectives for development (e.g. Propeller 

blades…)

2. Uptake of results: Required processes are in place, however

1. Further development for automation (e.g.  Lightweight Components for high loads…) or

2. Large scale industrialisation (Custom made hull…, Multi material lightweight cabin…) needs to be done

3. Approval process, rules & regulations: Many RAMSSES solutions were successfully qualified, 

whereas

1. The suggested STtA concept is able to speed up the development process within the existing regulatory 

framework

2. The approval of novel solutions depends on whether (Custom made hull…) or not (Integration of systems 

for internal walls…) the suitability of existing test codes and routines is questioned
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1. Upscaling

– Projects to demonstrate in full scale

• Production process in large scale/quantities

• Large lightweight products

– Suitable funding schemes:

• Innovation Fund – applicable if lightweight structures are one enabling technology among others for carbon reduction

• Other funding schemes which allow focusing on full scale demonstration of lightweight technologies are being sought

2. Continue the ongoing dialogue with IMO

– IMO invited to give feedback on the INTERIM GUIDELINES FOR USE OF FIBRE REINFORCED PLASTIC… 
(MSC.1/Circ.1574)

– RAMSSES partners intend to prepare a submission to IMO SDC9 (Jan 2023), with the suggestions to both

• Review the regulation and consider specific modifications (see below), and

• Accept the STtA as a concept that can help making the approval process smoother

– E-LASS and national fellow networks will be involved in the specification process of the submission

– Participation by representatives from the Commission and CINEA could be very useful, e.g. at E-LASS in May 2022

3. R&D and accompanying rules development

– Funded RIA with the goal to

• Systematically review the existing regulation, particularly fire tests codes

• Develop and apply alternative test procedures which are applicable to new materials‘ and structures‘ specific properties
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krause@cmt-net.org

Carlo.cau@cetena.it

project website:

– Publications

Public Deliverables

Final

Conference

brochure

RAMSSES videos

LinkedIn

https://e-lass.eu/archive/seminars/

mailto:krause@cmt-net.org
mailto:Carlo.cau@cetena.it
https://www.ramsses-project.eu/fileadmin/user_upload/D6-7_Final_recommendations_to_rules_and_policy_makers.pdf
https://www.linkedin.com/company/ramsses-project/?lipi=urn%3Ali%3Apage%3Ad_flagship3_search_srp_all%3BpBAtaL28TfWHI3mt5W4t3g%3D%3D
https://e-lass.eu/archive/seminars/
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Call Topic: MG-2.2-2016 Development and Use of High Performance and 
Lightweight Materials … (IA)

Coordinator: CETENA (Italy) – Financial and Administrative

CMT (Germany) – Technical and Dissemination

The project RAMSSES has received funding from the European Union’s Horizon 2020 research and 
innovation programme under grant agreement No 723246.
The information contained herein reflects the views only of the author(s), and the European Union cannot 
be held responsible for any use which may be made of the information contained herein.


