RAMSSES - Realisation and Demonstration of Advanced
Material Solutions for Sustainable and Hficient Ships
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Scaling up Composites Technology, and its Acceptance ‘:\

Custom Made Hull for Offshore Vessel
Marcel Elenbaas
Damen Naval

Smart Tracko Approval
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Scaling up the composites technology, and its acceptance, in collaboration
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Why would we go for composites!?
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A Starting Point

Based on public available figures, in collaboration with, Balance LCPA

Global warming potential

Production cost comparison
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Just Imagine, how composites can affect the Design Spiral...

12 tons structural weight reduction
10 tons propulsion reduction
5 tons systems reduction
40 cm more slender hulls
27 tons total reduction
20% fuel reduction N

N

3-5 years to break even
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Just Imagine, how composites can affect the Design Spiral...

N

To carbon Waterbus
enabling full electric

To Carbon Ferries?

From GRP composite Waterbus

N

To Carbon Hydrofoil High Speed ferries?
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Just Imagine, how composites can affect the Design Spiral...

Reduced Production time
Reduced Costs of facilities
Reduced Insurance Costs
Reduced Manpower
Reduced Overhead
Shorter time to market

N\ More ships sold per yeaN

If Smart Track to Approval
Hence:

(RAMSSES)
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We collaborate; Together we have impact on regulations
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Featuring the whole development cycle in a single project!

Requirements for 85 meters byDSNS& Bureau Veritas
Design performed byDSGo& evaluated bBureau Veritas
Novel resin developed byEvonik

Infusion process byAirborne andInfracore

6 meter hull shell infused b&irborne,

6 meter infusion achieved dnfracore

Joints developed bynfracoreand tested byITNO
Hazld performed byDSNS, NMTF, Bureau Veritas, Ri

© © N oo 0o K~ W D PF

Assembly at steel yard by Infracore DSNS, BNS & CTP

10. Validation testing byTNO witnessed b\Bureau Veritas
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Requirements Developed for 85 meter hull, beyond class rules

NEW:

A Introduce Hoggingand Saggintpads
A Assembly at Ste@hipyarctonditions
A Floodingloads on joints

A Comfortablesafetymargines

A RiskBasedesignfor Fire Safety

A Helideckwith emergencyanding loads
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Design

Basic Design by DAME®orinchem
A Prepared for Production by Airborne arldfracore
A Joints Design Developed hyfracore

Featuring:
A 240 mm thickmonolitichco-infused keel section
A 200 mm recyclable PET core sandwich bottoRull Deflection Deck Deflection
A Prefab monolithic inserts around joints
A Shear ties around joints
A All for one shot infusion

Sagging bending moment Natural Frequencies
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Design, with novel Infracore Technology

Allowing for production at steel yard
A Comfortable safety margin on joints,
A No need for extensive fatigue assessme

Featuring:

A Optimising space

A Dealing with tolerances

A Low cost and/or fire retardant core

A With optional outfitting inside panels
A Fit for assembly at steel yard

A Shapdocked adhesively bonded joints
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Novel resin, low viscocity for large scale infusion

@ eVONniIK Viscosity curve Core shell particle representation

Leading Beyond Chemistry

o
& 15 @ Albidur VE hull 3.0
n
® Albidur VE hull 3.0 Atlac Resin
[] @ Albidur VE hull 3.1

ALBIDUR® VE hull 3.developed by Evonik featuring:
A Low viscosity for large scale infusion

A No toughener particles lagging behind in infusion
A 7% elongation at break for fracture toughness

A 240 mm monolithic keel section without exothermal burn
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Vertical infusion; the challange overcome by Airborne

6 meter vertical infusion achieved by Airborne V
Real i sing hull shell 1n e

Featuring:

A Recyclable PET core Bymacell

A 240 mm ceinfused monolithic

A Monolithic prefab insert parts

A Shear ties | T

(4

https://www.youtube.com/watch?v= a9B8zpgbY0&feature=youtu.
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https://www.youtube.com/watch?v=_a9B8zpqbY0&feature=youtu.be

Traditional Sandwich vs. Infracore technology, in practice

Building block approach
Applicability at steel yard
conditions
Integration of shear ties
Integrated fire safety
Low Scrap rate
Non structural foam
Optional fire retardant foam
Integrated infusion channels
Short Leadtime
Short Infusion time
Low Cost & Low Weight
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Assembly of demonstrator at DSNS Steel yard

Steel yard conditions;
It 0s no cl ean r

Featuring:
A Limited temperature control
A Dealing with tolerances

A Fitting parts from two supplierggas e N N\ Ty . T\
A Industrialised bonding \{ i1
procedure .= DR

Approved procedure by Bureau | =
Veritas
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Assembly of demonstrator at DSNS Steel yard

A Video Assembly ‘\
A https://vimeo.com/440941262/c0a00bOedEd i U8
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https://vimeo.com/440941262/c0a00b0e81

A Video Assembly ——
A https://vimeo.com/440941262/c0a00b0 LSl
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https://vimeo.com/440941262/c0a00b0e81

Impact testing, validation multipléneliemergency design loads

Multiple impact tests surpassing helicopter emergen i
landing loads are demonstrated on the RAMSSES hi®%
shell and its composite helicopter deck.

A 1500 kg, 1, 5 m falling height
A Multiple hits on deck and hull

https://vimeo.com/52271650
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https://vimeo.com/522716506

Full scale testing up beyond actual ship bending loads

Representing hogging and sagging loads on actual ship
For validation of design and production

A Design load 400 tons achieved successfully!

A Post design load up to 800 tons

=

! 400 * tesla

12m
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Risk Based Design including Fire Safety Assessment

Qualitative desigijaziD

A 85 Meter Offshore vessel
A Unrestricted sailing

A SOLAS Ch4R Reg.17 & MSC.1/Circ1455

A Alternative design
A By Damen
A Supported by RISE

A Monitored by Bureau Veritas & NMTF
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Risk Based Design including Fire Safety Assessment

Connecting

A Fire performance pecompartment
A Passivdire safetymeasures

A Activefire safetymeasures

A andhumaninterventions

Estimated fire surfac
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Passive protection 60 min Time to insulation fail
Passive protection 30 min Time to insulation failure
Passive protection 15 min Time to insulation failure / Bulgin
FIFI 1 Time to FIFI activatio FIFI ation /'
Firefighting Al'arm gnd Tlme t 0 f|.rst attack First attach External offénsive + re-entry BA crew
crew present first aid Firefighting crew
Success rate 98% 73% P 96%

Firefighting
no crew present;

automatic detection succesful

Alarm

Time to first attack
Firefighting crew

First attack

\'/ External offensive + re-entry BA crew
hJ

automatic detection fails. Cre

detect fire from corridor

Success rate 37,509 75%

Firefighting

no crew present in Time to first attack |_ )

compartment; Alarm e First attack External offensive + re-entry
Firefighting crew

NETHERLANDS
MARITIME
TECHNOLOGY

DAM=NMN $

Final Public Conference
17 November 2021, Nantes, France

22




Risk Based Design including Fire Safety Assessment

Consideringspecificfire scenariossuchashelicopter crash

Foam monitor
* Capable of reaching the entire deck

Combustible superstructrure

Possible risks on damaged deck
A Exposed core Infracore deck
. e -~ i * Bolidt B3 System
A Convex helideck N & - W e AN * 3D reinforced ICC sandwich Panel
. |y o BN t * Designed according NR600 requirements
A Ignition of the superstructure +  Slightly convex for fuel spillage
. . *  6-10 mm GRFP + Coating (vinylester)
A Flame spread on helideck (askid)
A Toxic fumes

* PUFoam

Anti- Slip layer (PU)

LSA facilities below heIideck, Glass reinforced Vinylester
Protected from spillage J

> PU foam
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Risk Based Design including Fire Safety Assessment

Fire testfor validationof assumptions [l Seksr il —eee=  DamadgecHelideck:

CERTIFIED MANUFACTURER

ooy,
InfraCorer==

" “ampe s  WE  ciideck top coat:
F bolidt

A Steel reference + Bolidt B2
A Composite Panel + Bolidt B3 + Damage |
A Stack of 1FuroPalletsas fire source

Fire source of 15 pallets
producing a peak HRR

of ~3 MW
0,8
l_l_\
Heat flux will be (((( {
(
measured
Pile-of EPAL 2,16m L_/)
+
+
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Full scale fire testing on helideck; passsing one hours duration

Surpassing one hours fire duration; representative for helideck fire
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Full scale fire testing on helideck; passsing one hours duration

Easy extinguishable after one hour duration. Thank you all involved!

A Limited increase in smoke production from the FRP
A No substantial difference regarding flame spread

A Unexposed side composite at room temperature

A Irradiance not likely to ignite superstructure

A Nobulging expected
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From process definition, to realization, through building blocks

Risk based design up to approval in Principle from coupon to full production scale

Demonstrator

/ Box testjni

Joint testing

Coupon scale testing
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Smart Track to Approval

Innovation platfo

Risk analysis of all 13
demo cases
(according to MSC1455)

Alternative
Design

Project

Shipyards,
Description

Materials database
(incl. RAMSSES
mechanical and fire
test results)

Final
Drawings
Submission

STtA includes

e standard risk scenarios
e standard tests

e standards solutions

¢ 3 database to lookup
for reusable data

e Guidelines
Other

Equipments
Specifications

SMART TRACK to APPROVAL (STtA)

% CERTIFICATION

rd

Classification

Societies Project Evaluation

Design Review

Validation

.

Construction
Survey

Letter of

Endorsement Certificate
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Standard Fire Risk Scenarios

Identify which category of

division the structure being F e
A £ replaced with FRP Ir
composite belongs to.

E Y N N - A A andB ClassDivision

&
|C_3 Wi\l‘the structure be Iqad- .
£ h1 1 qmimeie A Loadbearingor not
GS LB n-LB n-LB = . L.
_____________ YA A A A | W A Resistanc€lasDefinition (REIpr EI)
o what are the performance . . .
REI 60 REI 60 El 60 El 30 Stfée;z&:i:%zvr\ﬁf:h:i%%gﬂgad I R - Ioad bea” ngcapaCIty
et e pel s integrity (E) al;d insulation | E — | nteg rlty
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‘ | | =insulation

Will fire resistance be
achieved through the use of
insulation?

A Insulation/ Noinsulation
I FireRestrictingMaterials
I LowFlameSpread
I Restrictinggnitability

Will the structure have an
exterior surface?
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What are the performance
requirements with regard to

s fire growth potential? - .
s oo | [FEOE | pann | |weion| [l A Selectionof appropriateFTRPCodetests
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