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AIMEN Technology Centre - Profile (RAMSSES)
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We are an innovation and technology centre specialized in research and in providing technological
services in the field of MATERIALS, ADVANCED MANUFACTURING PROCESS and INDUSTRY 4.0
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AIMEN Technology Centre — Advanced Materials (RAMSSES)
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Background for RAMSSES Project
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= WP21 RAMSSES Overview
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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

e

I
" WP21 interaction within
Steel cluster | 1 «ghip integration:! | Steel Cluster: ! Standard RAMSSES partners
; (WPI9/ WPZ(.)/ ; :Composite” Iayer:: | reinforcement ! testing P
v WP2I):repair ;| ioint repair , /
\____I____/ \_____‘___/ N e e e e e e ~ -_
: \~\ ~~~-~-~~
_____ Y e SNsma o ____
‘ Vo o 3
1 | 1 | 1 Composite Overlamination i
' P! ) <7 7 I
: ! I ! 1 I
I
| o B e et iy WP2|
o o | . DEMO
I
| - o . . CASES
: .
I . I
; DEMO CASE 21.1: crack arresting : 1 DEMO CASE 21.2: composite joint : : DEMO Cf\SE 21.3. rieénfozcem.err]\t Ny
I on a damaged structural detailona | 1 repair by composite overlamination | | way of structural detalls wit :
| deck opening of a cruise ship 1 ! solutions. i I external exposures. Improving |
N D / \_ _ _ _ _ fatigue behavior _ _ _ _,
1 CETENA c M T? E-LASS Seminar #15; November 18t 2021 <
r‘J o R, & VP2l — Composite Overlay to Repair and Improve Metallic and Non-Metallic Structures amen 7
DHTEENIEANAVALE Center of Maritime Technologies gGmbH WP Leader = CARDAMA Shipyard TECHNOLOGF CENTRE




= Pre-Tests Procedure

ENTRO PE | STUDI

DDDDDDD VALE ot ot e 'e s gombH WP Leader — CARDAMA Shipyard

1 FﬁET‘ 'A ‘ MT? E-LASS Seminar #15; November 18t 2021
r‘J ' WP 21 — Composite Overlay to Repair and Improve Metallic and Non-Metallic Structures




WP 21 - Composite Patches & Overlamination for Repairing (RAMSSES)
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Pre - Tests

o . o E,r [GPa] 51,8+1,4 49,4 +0,9 46,6+1,10
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WP 21 - Composite Patches & Overlamination for Repairing

Pre - Tests

Metal Treatment & Dissimilar Joint Characterization
* Adherent |I: CFRP (3 CS)
Adherent 2: Steel (AH36 6mm)
Steel Surface Conditioning Treatments: Non treated (Ref), Sandpaper & Gritblasting
* Lamination was done directly on the steel surface.
The Adhesive Bonding of Hybrid Joints has been studied by SL| test (ASTM D5868)
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— Composite Overlay to Repair and Improve Metallic and Non-Metallic Structures
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WP 21 - Composite Patches & Overlamination for Repairing (RAMSSES)
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Pre - Tests
Composite Treatment & Dissimilar Joint Characterization
* Adherent I: CFRP (3 CS)
* Adherent 2: GF/Polyester
Composite Surface Conditioning Treatments: Sandpaper
* Lamination was done directly on the composite surface.
* The Adhesive Bonding of Hybrid Joints Composite-to-Composite has been studied by Pull-off test (ISO 4624)
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= Description DC21.1
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WP21 — DC 21. |. Composite Overlamination to Repair on a Damaged Steel Structure (RAMSSES)
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WP21 — DC 21. |. Composite Overlamination to Repair on a Damaged Steel Structure (RAMSSES)
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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 @ marine environment as to improve the pristine properties of welded joints

Manufacturing Process & Monitoring Systems :
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WP21 — DC 21. |. Composite Overlamination to Repair on a Damaged Steel Structure (RAMSSES)
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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 @ marine environment as to improve the pristine properties of welded joints

Set-up Fatigue Test :
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WP21 — DC 21. |. Composite Overlamination to Repair on a Damaged Steel
Structure (RAMSSES)
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DC 21.1: Composite Overlamination for Crack Arresting — Metallic Structures Repair

Fatigue Test Results:
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= Description DC21.2
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WP2| -DC 21.2. Composite Overlamination to Repair on a Damage Non-metal structure {(ramssks)
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—— o e o e o - = == JOINT REPAIR STRATEGIES

Questionnaires with all Selection of a type of Representative demo
the partners involved in repair to be studied: JOINT SMARTYards Project demo
the composite layer repair (CARDA)

Design of the test

CRACK 1 - -
the stress << 50 MPa R |

CRACK 2
the stress is = 50 MPa

CRACK 3
cutting on 3 faces of the bcain

stress is = 330 MPa
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WP2| -DC 21.2. Composite Overlamination to Repair on a Damage Non-metal structure {(ramssks)
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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

Monitoring Systems:
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WP2| -DC 21.2. Composite Overlamination to Repair on a Damage Non-metal structure {(ramssks)
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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

Monitoring Systems:

FBG sensors on the cracks
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WP2| -DC 21.2. Composite Overlamination to Repair on a Damage Non-metal structure {(ramssks)
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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 Test :
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WP2| -DC 21.2. Composite Overlamination to Repair on a Damage Non-metal structure {(ramssks)
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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

Dynamic and Static Test Results:
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= Description DC21.3
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WP21 — DC 21.3. Composite Overlamination to Reinforce HSLA welded joints to
immmﬂhmi&gu&l&hax&ur BamssE)
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(lab scale specimens)
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WP21 — DC 21.3. Composite Overlamination to Reinforce HSLA welded joints to
(RAMSSES)

Improve their Fatigue behaviour s

Post Treatment: Composite Overlamination — Ist Phase Study: DoE

36 Composite overlamination specimens were manufactured under the DoE selected conditions (SR, wp/ww)

0 | Da=smm |  Di=iomm

Thickness Dii= Smm B1= 40mm
0.30 0.5 0.1 0.30 0.5 ww =20mm ww=27mm
Atelisi m (A-1) G Lc= 85mm Lc= 95mm
B I 8 M e e
CSa (B)
CSo

wp (mm)

CS1 1.7 5.2 8.7 3.5 10.4 17.3

25
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WP2| — DC 21.3. Composite Overlamination to Reinforce HSLA welded joints to

| heir Fatisue behaviour

Post Treatment: Composite Overlamination — |st Phase Study: DoE
36 Composite overlamination specimens were performed by Tensile Test (ISO 4136) for DoE analysis

Patch debonding stress were used:
- to select the most efficient patch configuration

- to perform the fatigue tests

498

466,25

Stress (MPa)

0,1 0,0 0,1

Tensile Overlamination 5mm CS1 Epoxy/Carbon Prepreg

The values used for the DoE

debonding stress, extracted

from the corresponding
stress-strain curves.

0,2 0,3
Strain (mm)

——RUN 11
——RUN 16
RUN 22

analysis were the patch

0,4 0,5 0,6 0,7

SR Value (A)

0.30 0.5
—-nn

CSa
CSo

CS1

1.7 5.2

8.7

D-1= 5mm
ww =20mm
Lc=85mm

Thickness
Steel (D)

wp (mm)

(RAMSSES)
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WP21 — DC 21.3. Composite Overlamination to Reinforce HSLA welded joints to

Improve their Fatigue behaviour Bamssey)
DC 21.3: Improving fatigue behaviour of welded HSLA by Composite Overlamination
After DoE: selected the best combination for Patch configuration

Manufacturing Process Aging Test Set-up Fatigue Test

S
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WP21 — DC 21.3. Composite Overlamination to Reinforce HSLA welded joints to
Improve their Fatigue behaviour LRy,
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
QOverlamination 16,60211671 4,9873 116,27
1000 |
Overlamination + Aging 13,781075%9 3,8082 92,05
——D Curve
D curve in seawater without corrosion protection 11,7 3 63,27
D Curve SEA [
D curve in air 12,1818 3 91,25

= QOver Nominal $460 5mm

Ao (MPa)

e Qpverlamination has a better FAT than D curve in

100

= ——Over Nominal $460 5mm Mean Curve . . .
\ air (according to Ni6l1).
AgingOver Nominal 5460 5mm . .
* Aging exposure has caused a worst fatigue
AgingOver Nominal $460 Smm Mean Curve behaviour than without aging. Instead of that, it
had a better FAT than D curve in seawater
10 without corrosion protection (according to
10000 100000 1000000 10000000 N'6I I
N (cycles) I )
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= Conclusions
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WP21| — Repairing with Composite Overlamination applications on Steel and Composite Structures (RAMSSES)
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Conclusions

DC21.1

Composite patch works as crack arrested. So this behaviour represent an improvement
of the 2.6 times of the fatigue life comparing UnPatched and Patched damaged steel.

DC21.2:

At the end of the tests on the cracked UnPatched side, the crack increased its length by 50
mm. On the other hand, regarding the cracked Patched side, the patch arrested the crack
completely, so this behaviour shows that the composite repair works properly and
the structure maintains its stiffness.

DC2].3:

Overlamination without and with Aging tests combinations have an acceptable fatigue
behaviour.
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Q&A (RAMSSES)
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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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