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How to create lightweight solutions from bulky steel? (RAMSSES)
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Steel Cluster (RAMSSES)

Steel Cluster

Block joint
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Why HSLA steel!
Which are the main obstacles to their use and RAMSSES obijectives (RAMSSES)

Higher allowable stress (static and fatigue)
Good corrosion behaviour
Less insert plates with extra thickness onboard

General reduction of the hull plates 2> weigth saving
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Higher cost of the bulk material

The extensive use of the HSLA is not contemplated in the current rule framework ‘ RAMSS Es ’

Workability
X Weldability
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* There are two main obstacles to extensive use of the HSLA steel in the ship industry:
* There are uncertenties about the possibility to work (weld) the HSLA in shipyard condition without significant extra cost
» Their use is not fully contemplated in the current rule framework (UR S4 IACS). Only special uses are allowed )

 RAMSSES project has paved the way to overcome these obstacles:
* Demonstrating that the HSLA can be welded with appropriate techniques in shipyard condition without extra cost
* Increasing the grade of knowledge about the mechanical properties of the HSLA and push the Class Societies to fully integrate

these steels in their rules
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Test campaign — |st phase program (RAMSSES)
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e Three materials: AH36,S460 and S690

*  Four combinations of butt weld joint: AH36-AH36, S460-S460,
AH36-S460,AH36-690

* Qualification test in accordance with NR216 (Bureau Veritas Code):
* Non destructive test
* Macro-hardness test
* Tensile test
* Impact test
 Bending test

* Fatigue test (ISO 12107 and BV rules NIé61 1)

10mm

« Corrosion test

* Fracture test (ISO 15653 and ASTM E647)
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Test campaign — |st phase: qualification test (RAMSSES)
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* Qualification test demonstrated that the HSLA steels can be welded using appropriate technologies in
shipyard condition without extra cost (e.g. no pre/post heating treatments)
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Fit up joint FCAW vertical welding Final welded sample
Example of pWPS (ISO 15609-1) propedeutic to the WPQR
(1S015614-1)
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lest campaign — | st phase: results of qualification, corrosion, fatigue and fracture
tests BAMSSES)

* Qualification test: all HSLA joints overcame the qualification Rules requirements

e Corrosion test: HSLA steel showed a behavior similar to the conventional steel

* Fatigue test: all tested combination exceed the Rules requirements

« CTOD test: all specimens give results in an acceptable range

* Fatigue Crack Growth Rate: all specimens give results in an acceptable range

Tensile (qualification) Corrosion Fatigue test CTOD
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Test campaign — 2nd phase: post treatment techniques and DoE (RAMSSES)
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* Two post treatment techniques for improving the fatigue life:
* Friction stir treatment

e Overlamination

* DoE tecnicques was used to:
* Reduce the time and cost of the experimental campaign guarantying an adequate level of quality in the results
* Evaluate the effectiveness of the post treatment techniques with the support of the DoE method

Factor Coding: Adual
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Intro: Is HSLA applicable on-board cruise vessels!? (RAMSSES)

Motivation:

*  Weight of the cruise ship can be reduced using thinner and higher strength steels than in conventional
shipbuilding

WP20 goal:

* Goal is to demonstrate that 4mm thick deck plate and HSLA are possible to be used in building cruise
ships using state of art production technologies

Main steps:

* Step |: With small scale specimens it's verified that the used production technologies (MAG, LHY, plasma
cutting) can produce quality that fulfils strength requirements

e Step 2: Large scale demo block (~17 ton) is produced under real shipyard conditions

* Step 3: Specimens cut from demo block will be tested
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Pre-tests

|0 fatigue test series:

Plate 1 Plate 2 . .
] . Joint type Welding method
t, mm Material | t,mm Material
6 AH36 6 AH36 |non-load-carrying X-joint MAG
4 AH36 4 AH36 |panel line butt joint laser-hybrid
4 AH36 4 AH36 |block joint MAG
10 AH36 10 AH36 [non-load-carrying X-joint MAG
10 S690QL 10 S690QL |non-load-carrying X-joint MAG matching
10 S690QL 10 S$690QL |non-load-carrying X-joint MAG undermatching
6 AH36 15 $690QL |shear-load-carrying X-joint | MAG (partial penetration weld)
4 AH36 15 $690QL |shear-load-carrying X-joint MAG (fillet weld)
10 EH36 10 EH36 |panel line butt joint laser-hybrid
4 AH36 6 S690QL |panel line butt joint laser-hybrid

(RAMSSES)
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Geometry and
Macro and hardness residual stress Fatigue tests

Welding and NDT

Workflow

v
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Demonstrator: block of cruise ship superstructure (RAMSSES)

T

A36-5690QL

Plasma-cut
4mm E36 Test specimens

= " 4 and 5 mm free edge
" specimens (ID-53)
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Results and Conclusions (RAMSSES)

Thin decks panels

— In a global scale, deck flatness was very satisfactory Butt-joint 15/20mm (5355/5690] vortost oy o comecton o
— With geometry scanning also very good quality was observed locally
. . . — * o S e .
close to laser-hybrid welded butt-joint g . . i} amEYe U4
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— Fatigue strength is good being close to design recommendations
given for thicker plates & £
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— HSLA showed higher fatigue strength than A36 (Pre-tests, non load-
. . i ID-48 S-N plot (S690QL base material - Plasma-cut, grinded Thin (4mm E36) deck panel specimens
Carrylng Cruclform ConneCtlons) e sendblasted) Web-frame fillet weld failure
— Butt-joint fatigue strength (A36-S690QL) above design — 7 N
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2 e Laser-hybrid butt-weld failure
— Very high fatigue strength for S690QL base material \ “
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» WP20 results show a clear potential in utilizing thin deck panels and e Jj
HSLA in future cruise ship structures. wmkerctevtestl - ()3 Numberof ycles
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Composite Patches & Overlamination for Repairing (RAMSSES)
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WP21.- Composite Overlay to repair and improve metallic and non-metallic structures

Objective: demonstrate that composite overlaminating is suitable both as a repair technology for damaged structures in
a marine environment as to improve the pristine properties of welded joints

' DEMONSTRATORS |
LAYER

————— -
#

I I
. . WP21 interaction within
Steel cluster 1 1 «gpin integration: | Steel Cluster: | Standard RAMSSES partners
: (WPI 9/WP29/ : :Composite” layer:! : reinforcement : testing g
\\WP2|)3 repalr/, \ joint repair ,I \ /
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Composite Patches & Overlamination for Repairing (RAMSSES)

DC 21.1: Composite Overlamination for Crack Arresting — Metallic Structures Repair

Objective: demonstrate that composite overlaminating is suitable as a repair technology for metallic damaged structures
in @ marine environment as to improve the pristine properties of welded joints

Manufacturing Process & Set-up Fatigue Test :
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Composite Patches & Overlamination for Repairing (RAMSSES)
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DC 21.1: Composite Overlamination for Crack Arresting — Metallic Structures Repair

Fatigue Test Results:
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Composite Patches & Overlamination for Repairing (RAMSSES)
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DC 21.2: Composite Overlamination for Crack Arresting — Non-Metallic Structures Repair

Objective: demonstrate that composite overlaminating is suitable as a repair technology for non-metallic damaged
structures in a marine environment as to improve the pristine properties of welded joints

Manufacturing Process & Set-up Fatigue Test :
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Composite Patches & Overlamination for Repairing

(RAMSSES)
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DC 21.2: Composite Overlamination for Crack Arresting — Non-Metallic Structures Repair

Objective: demonstrate that composite overlaminating is suitable as a repair technology for non-metallic damaged

Fatigue Test Results:

structures in a marine environment as to improve the pristine properties of welded joints
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Composite Patches & Overlamination for Repairing (RAMSSES)

DC 21.3: Improving fatigue behaviour of welded HSLA by Composite Overlamination

After DoE: selected the best combination for Patch configuration

Manufacturing Process Set-up Fatigue Test
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Composite Patches & Overlamination for Repairing (RAMSSES)
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DC 21.3: Improving fatigue behaviour of welded HSLA by Composite Overlamination

Objective: demonstrate that composite overlaminating is suitable as a technology for improving the fatigue behaviour in
a marine environment as to improve the pristine properties of welded joints

Fatigue Test Results:

Survival Probability Level of 97,7%

Nominal values comparison (free slope mean curves) logC m FAT
COwverlamination 16,60211671 49873 1 116,27
1000 Overlamination + Aging 13,78107959 3,8082 92,09
— D Curve D curve in seawater without corrosion protection 11,7 3 63,27
D curve in air 12,1818 3 91,25
D Curve SEA | 1 1
g « Over Nominal $460 Smm *  Overlamination has a better FAT than D curve in
g _ air (according to N6l ).
100 ~ —— Over Nominal $460 5mm Mean Curve
\ * Aging exposure has caused a worst fatigue
i inal . . . .
peinetveromineriE mm behaviour than without aging. Instead of that, it
AgingOver Nominal 5460 5mm Mean Curve had a better FAT than D curve in seawater
without corrosion protection (according to
10 Ni6él ).
10000 100000 1000000 10000000 . . °
N (cycles) Both combinations have an acceptable fatigue
behaviour.
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Contact (RAMSSES)

CETENA

Carlo Cau : cau(@cetena.it
Giovanni Risso : risso@cetena.it

FINCANTIERI

Paolo Poli - paolo.poli@fincantieri.it
Andrea Castino - andrea.castino@fincantieri.it

MEYER TURKU

Matti Rautiainen : Matti.Rautiainen@meyerturku.fi

AIMEN

Lourdes B. Salgado - Ibsalgado@aimen.es
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Information on EU funding and Disclaimer (RAMSSES)

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 723246.
The presentation reflects only the author's view and the Agency and the
Commission are not responsible for any use that may be made of the
information it contains.
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