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SOLUTION

USE HSLA STEELS TO 
MAKE STRONGER 

THIN PLATES

RESULTS

o LESS WEIGHT
o LESS WELDING
o LESS COST

o LESS STRENGTH

SCOPE:
REDUCE STRUCTURAL WEIGHT

HOW:
REDUCE THICKNESS
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Steel Cluster

Join

WP19

Build

WP20
Repair

WP21
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✓ Higher allowable stress (static and fatigue) 
✓ Good corrosion behaviour
✓ Less insert plates with extra thickness onboard
✓ General reduction of the hull plates→weigth saving

X Higher cost of the bulk material
X The extensive use of the HSLA is not contemplated in the current rule framework
X Workability
X Weldability

• 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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• 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 NI611)

• Corrosion test

• Fracture test (ISO 15653 and ASTM E647)
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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)

Example of pWPS (ISO 15609-1) propedeutic to the WPQR 
(ISO15614-1)  

Fit up joint FCAW vertical welding Final welded sample
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• Qualification test:  all HSLA joints overcame the qualification Rules requirements  

• 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

Fatigue testCorrosion CTODTensile (qualification) FCGR
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• Two post treatment techniques for improving the fatigue life:

• Friction stir treatment

• 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
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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 1:  With small scale specimens it‘s verified that the used production technologies (MAG, LHY,  plasma

cutting) can produce quality that fulfils strength requirements

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

• Step 3: Specimens cut from demo block will be tested



10
Final Public Conference

17 November 2021, Nantes, France

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 S690QL non-load-carrying X-joint MAG undermatching

6 AH36 15 S690QL shear-load-carrying X-joint MAG (partial penetration weld)

4 AH36 15 S690QL 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

Plate 1 Plate 2
Joint type Welding  method

Macro and hardnessWelding and NDT
Geometry and 
residual stress Fatigue tests

10 fatigue test series:

Workflow
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Full scale panel test 
specimens (laser-hybrid 
welds) (ID-04)

4 and 5 mm free edge 
specimens (ID-53)

15mm A36 – 20mm S690 butt 
weld specimens (ID-21)

20mm S690 free edge specimens 
(4-point bending) (ID-48)

New materials

Built demonstrator

Test specimens
A36-S690QL Plasma-cut 

4mm E36

4mm deck panel Plasma-cut 20mm S690QL



12
Final Public Conference

17 November 2021, Nantes, France

Thin decks panels

– In a global scale, deck flatness was very satisfactory

– With geometry scanning also very good quality was observed locally 

close to laser-hybrid welded butt-joint

– Fatigue strength is good being close to design recommendations 

given for thicker plates

HSLA

– HSLA showed higher fatigue strength than A36 (Pre-tests, non load-

carrying cruciform connections)

– Butt-joint fatigue strength (A36-S690QL) above design 

recommendations

– Very high fatigue strength for S690QL base material

➢ WP20 results show a clear potential in utilizing thin deck panels and 

HSLA in future cruise ship structures.
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Thin (4mm E36) deck panel specimens

Web-frame fillet weld failure

Laser-hybrid butt-weld failure
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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

Steel cluster

(WP19/WP20/

WP21): repair

Steel Cluster: 

reinforcement

“Ship integration: 

Composite” layer: 

joint repair

WP21 interaction within

RAMSSES partners

WP7

Standard 

testing

WP21 

DEMO 

CASES

DEMO CASE 21.2: composite joint

repair by composite overlamination 

solutions.

DEMO CASE 21.3. reinforcement in 

way of structural details with 

external exposures. Improving 

fatigue behavior 

DEMO CASE 21.1: crack arresting 

on a damaged structural detail on a 

deck opening of a cruise ship 

WP21 <
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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 a marine environment as to improve the pristine properties of welded joints

Manufacturing Process & Set-up Fatigue Test :
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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 a marine environment as to improve the pristine properties of welded joints
Fatigue Test Results:
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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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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

Fatigue Test Results:
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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

After DoE: selected the best combination for Patch configuration

Manufacturing Process Aging Test Set-up Fatigue Test
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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

• Overlamination has a better FAT than D curve in 
air (according to Ni611).

• Aging exposure has caused a worst fatigue 
behaviour than without aging. Instead of that, it 
had a better FAT than D curve in seawater 
without corrosion protection (according to 
Ni611).

Both combinations have an acceptable fatigue 
behaviour.

Fatigue Test Results:
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lbsalgado@aimen.es
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