RoPax & Naval vessels composite
experiences

Sven-Erik Hellbratt (Senior Specialist Composite Structures)
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Conversions two Ro-Pax Vessels z

2009 TKMS AB worked with two project on conversion of two Ro-Pax
Vessel with composite superstructures on the top level
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Conversions two Ro-Pax Vessels

+ For a long time the prescriptive rules for safety at sea in SOLAS
have excluded other construction material than “steel or equivalent
material”, which means that composite materials not could be used
In, superstructures, structural bulkheads, decks and deckhouses
since they are combustible.

+»Since 2002 a new rule 17 in SOLAS allow construction of other
material than steel provided that they can give same safety level as
the ship should have had if it had been constructed according to

the prescriptive rules for steel ships
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Conversions two Ro-Pax Vessels

The aim of the conversion was to design and build the superstructure on
the upper decks in GRP sandwich on both vessels:

+ The new parts of the superstructure should be converted to a light
weight design solution made of composite materials with a sill of steel,
which shall be possible to weld to the steel hull with traditional welding
methods by the dedicated yard for the final installation of the
superstructure on board the actual ship.

+ The design should meet the structural requirements in accordance with
the Lloyds Registers Rules

+ The structure shall fulfill SOLAS convention and the structure will be
based on tested and approved solutions according to Rule 17 in SOLAS
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Design work :

= The conversion and steel design was done by two well
known consultants companies:

www.Knuaenansen. com

AL- KNUD E. HANSEN A/S

NAVAL ARCHITECTS * DESIGNERS * MARINE ENGINEERS

<’ DELTAMARIN

The composite design was made by Kockums

The conversions should be approved by

loy&i’s

egister
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Conversions two Ro-Pax Vessels

Total Composite weight Stena Brittanncia ~90 ton
Total Composite weight Stena Hollandica ~50 ton

The expected weight saving of using composite instead of steel is ~ 50%,

which had a positive impact on stability and on green effects and was the
driver for projects

@ ThyssenKrupp
ThyssenKrupp Marine Systems AB



1 | 2 | 3 L 4 | 3 | B | 7 B | | iT | i 2
8560
- LEE F18RE_DIRECT 10N (w2}
t a I [EYTE 50" 45
EI la ‘ ' l l l I I b GHLTEE0| 220 200 200 200
" ﬂ._i UL600| 550 30 [
. | BXEOD [ 400 1 400
- 1 uL4SD| 419 a o a
1 1350 SPACING HEg /50 |
_ | |wma s s0 ~|.,q__ T NEEE 2a0%LT#ET0E e B
T £ .
ZOKLT/SIOE | SR | \u | TR ———
T b S1[FFINERS OF GLAES FIBER
N T e I | e
] |
T | !
Hi I
] [[ET-L E 1l NERE u METT TET.T] o ; L -
1 ] i
[ GET=A] . LOOKIHG WFT.
1 -0 L OET.T]
-t
1BO /50
22O¥LTFS10E Wan 4 50
¢ <= OXLT/SIDE [DET-T
— 1 DETF1 r
! i
¥, rr H L]
i 'l. [T |d
ir. T 0Lo0 |
- | — ;
- == AEEEHEH
i
HHHEHHH
b #86 B0 895 305 #3|0 a3 #3200 325 330 #3335 w340 aX45 #3550 £355 £380 £385 #3ITOS10R103
AT T T T F T AT T S T I TR AT T PV T I
B-8
SPACING 2250
ASTE bk
7 h57p 275
HEO /50 STEEL
o [ L e
ET-L
STEEL
— #86 90 895 a305 4310 #4315 #3E0 325 e330 e335 w340 #4345 #350 355 eI60 £365 e370100103
pras bov b bovra by b depan teraa bt il by b o Besea biaalie
3 : g 3 :
23 ki
F G ; g4 4 4
13131
g 3 = a
o r:— -------------------
feonsin |
T
fzzaag |
IM I
lanag |
2uaey |I|' - [¥] | gt
SRl I 1 C
B S| r%ﬂfa—r
I [y L THE OWWERSHIP OF THIS DOCUHENT BY KOCKUMS AB
'mll = 2 BEOD | Tpoece 15 PROTEGTED 87 SWEDIGH LAW. THE DOCUMENT OR
lzaare | THE GCOMTENTS THEREOF HAY WOT BE MADE KNOWN.
[t an.m: COPLED, OUPLICATED OF OTHERWISE USED WLTHOUT
o ADslaps THE WRITTEW PE F C a
leaza | ! E WRITTEW PERMIZS1ON OF KOCKUMS AB
& lammaza L} 00,1 800 N X
- 'mml‘. .- :,!M’ SCALE 1:200
n e ET . | EiEa1400 [Chmiinion Rarwe of Proviu. S Pl |
< | apmrenc RESTRICTED ETERA HELLANEACA | PROJESTEANG
2 DET-El | 200et a0z
e - | ‘520,140t 5 ~r STERA HOLLANDICA
e sdeick | CLASEIRCATON DRANING
= O
g #92x95 #5305 #3110 315 320 325 4330 a0 435 #305 A310 4315 #320 #325 £330 €335 340 #I45 aI50 35 #360 365 #370 £10) e Cmmwtmesiiy e ~DECK 812 HEW AGCOMMIOATION
2 IR NI EN FET NI AN TN NN TE RN | T R T T R R NPT SU TSN PR TS FERTE RN TA RTRR FETE SRVES ST P oo Giown  goospiega |WPHGENENT CRAVARG
o DECK 10 ’ KOCKLUMS AB H .
BE DECK 11 DECK 12 Ko hlrmarseret K527 - BoOO - 4206601 -o3
I:'_L,,Il_ 1 II I L T | 3 } . | - 6 | B | 2 B i . II | T T

ThyssenKrupp

ThyssenKrupp Marine Systems AB



Design solutions

A number of design solutions for the hybrid Steel/Composite solution
were developed and sent to Client for visualization and for information to
Yards that might give a quotation for the scope of installation work of the
composite superstructure
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Composite to Steel
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Composite to Steel

GRP-SANDWICH d
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Composite to Steel
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Outfitting

ATTACHMENT FOR CABINELEMENTS

STEEL PROFILE CC~1400

—
(\3 \ {\PIPES

CABIN

|
\ CABELS
VENTILATION DUCT

CORRIDOR
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Risk based analysis

+ A risk based analyses have to be carried out showing that
the safety iIs better or equal compared to a traditional steel
design

+ The Risk based analysis is quite time consuming and thereby
expensive and must start early

Expertise from users and yard participates and must be
done with experts on the subject for Risk Based Analysis
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Risk based analysis X

Cabin fire, internal, base design.

Cabin fire, base design, int
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*If no ventilation from outside (only internal doors open) can fire continue until a structural collapse?
“*Ifventillated fire cam continue until a structural collapse, fire is also spread fo oufside areas - shown in separate event trae

Example of a preliminary event tree — Cabin fire, internal
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Fire tests in the LASS project

Standard'Cabin after test

60 minutes Fire Resisting Division
» Load-bearing decks
- Load-bearing bulkheads

» Deck with pipe and duct
penetrations and cable transits

» Bulkhead with pipe and duct
penetrations and cable transits

. Bulkhead with doors

- Bulkhead (superstructure
side/front) with window

30 minutes Fire Resisting Division
» Load-bearing bulkheads
Fire Restricting Materials

Large scale fire test, two cabins with
a corridor inside a FRP-sandwich
structure
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Problematic areas

The different ships had different flag-states:
« Stena Britannica has MCA (UK) Administration
« Stena Hollandica have NSI (Holland) Administration.

» When TKMS AB ( former KOCKUMS AB) started this project, it was just
Stena Britannica that was actual and therefore the first contact
was with Maritime and Coastguard Agency who represented the
UK Administration

» Later it was decided that LR was "acting on the behalf of 'NSI’
(Dutch equivalent of the Swedish Maritime Administration).
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Problematic areas

» Lack of knowledge regarding composite material in general and
fire of composite materials particularly at both LR and the
Administration

+» The experienced person from MCA that have participated in
earlier projects like SAFEDOR and had good knowledge of the Risk
Based Analysis procedures retired without transfer of knowledge
to younger staff in the organization

+» The representative from LR was an older and experienced
gentleman who was very skeptical of anything that had the
composite.
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Possible reasons for not choosing the composite solutions

Too expensive for conversion projects, where the whole benefits not can be
integrated in the total design as for a New Building Project and not can be paid
back during the rest of the life time of the vessel

Time frame with Risk Based Analysis created a too high risk for the owner to
postpone the conversion, since usage of the vessels after conversion was in
detail planned

Risk that the different flag states have different interpretation of the Risk Based
Analysis

Outcome of the too late started Risk-based Analysis and how this would be
judged by the Administration with no of such large Projects ( No one would like
to be the first in experience this size of a project)

Selected steel yard for conversion lose work and gave a higher price due to un-
known risks
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Lessons Learned

+ The project was to big for any Administration to take the
lead in the development according to Rule 17

- Flag State (Administration) and the Class must be involved at
an early stage of the Project

+ Class work and evaluation according to Rule 17 must be
done with a template or otherwise it will be time critical in
future projects
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What News on Naval Side and R&D?

Naval Side:

» Two Superstructures in CFRP-sandwich with a length of 78 m and total
weight or 120 ton each have been produced in sections and shipped to
an Indian Shipyard and is mounted on a steel hull with traditional welding
methods used by the steel ship yard on the normal Indian conditions!

- A new project for Singaporean Navy with an 80 m High Speed Patrol
Vessel in optimized High Strength Steel with a CFRP-sandwich
superstructure according to same principles
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What News on Naval Side and R&D

Carbon fibre composite superstructures to the Indian Corvette before shipment
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What News on Naval Side and R&D
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Launching of the 109 m Indian Steel Corvette with 120 ton composite superstructure
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What News on Naval Side and R&D

An extensive work has been carried out within in BESST where one goal
for
DNV was to establish Classification Rules.

Since some Flag states are very conservative and are not willing to accept
Composite solutions and Rule 17, the outcome could only be guidelines
and not rules.

Several fire test were performed within BESST and both for interior
and exterior fire and increased knowledge of the behavior for SOLAS
vessels with higher structural loads are gained.

Methodology for Risk based analysis is developed and throughput time for
the risk analysis is supposed to be shorter
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