DEVELOPMENT OF MATERIALS USED IN

NAVAL SHIPBUILDING




Shipbuilding

Introduction DAMEN Shipyards

150-180 New-builds/year>1500 Repair
jobslyear
Steel, Aluminum and Composite shipyards



Shipbuilding
Relative Complexity of a Naval Platform
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Shipbuilding
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I —,
— — ES
1975-1976 1985 -1986 2001-2004 2011-2012
2 X TROMP 2 X HEEMSKERCK 4 X ZEVEN 1 X SIGMA 10513
CLASS CLASS PROVINCIEN 2 X SIGMA 9813
CLASS CLASS
A EEEEEEEEEEEEEEEEEEES
1978 -1983 1990 -1995 2007-2009 2010-2013 ' 2014-
12 X KORTENAER 8 X KAREL DOORMAN 4 X SIGMA 9113 2 X SIGMA 10514
CLASS CLASS CLASS 4 X HOLLAND CLASS
CLASS
I I I I I
— — —



Shipbuilding
Engineered To Order Process



Shipbuilding
Prescriptive Ruleset derived by experiences from multiple incidents

Wave loading

DNV-GL
Stability

Human Factor

Fire safety



M How to introduce new Materials in this system?

In general new technology is not covered by established codes and procedures

Risk based and goal based design allows to prove
equivalent safety for new solutions






Shipbuilding
Is it worth it?

= DNVGL cost study show a typical qualification campaign for a composite pipe
system costs more than 3 M$ if the qualification plan is executed effectively.



W Why?

Increase performance by reducing:

* Weight

e Signature

* Maintenance
e Vulnerability




Shipbuilding



Requirements for SOLAS Classes vessels

Design, evaluated by Bureau Veritas

Materials development, for robustness
Composite Infusion Process for 6 meter high hulls
Joints development fit for steel yard conditions
Risk Based Design with equivalent safety to steel
Assembly at our steel yard DSNS

Validation testing witnessed by Bureau Veritas



Assembly at our steel yard

Steel yard conditions
Geometrical tolerances
Industrialized bonding process

Witnessed by Bureau Veritas



Validation of design by large scale testing

Representative actual wave bending moments
Four point bending on box 8 * 2 * 2 meters
Full scale scantlings and joints

Witnessed by Bureau Veritas

Achieved Design load



W Military loading conditions

] Fysical Damage Functional Damage



OCEANS OF POSSIBILITIES
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