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COPATCH CONCEPT

Repairing the damaged structure by a bonded composite patch
Damage: crack or corrosion
4 Composite

S—"" . <
Adhesive layer patch

ﬂbﬁmf@‘lm@lﬁ < Cratk

<—— Steel

m

Stress distribution

COPATCH solution works transferring the stress
from the damaged steel to the composite patch
through the adhesive layer.

It allows to recover the integrity of the damaged steel
to its original state.

M

Stress distribution

Homogeneous load transfer
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COPATCH CONCEPT

Yiewport: 1  ODB: C:/calculos/001_166_PTU-C...culos/Cat-GO5-UnPatch.odb Yiewport: 3 ODE: C/calculos/001_166_PTU-C...05-b-th2-15_S5YM_mat02.odb

Unpatched crack Patched crack
l
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- ADVANTAGES OF THE COMPOSITE PATCH REPAIR

Conventional solution in shipbuilding: replacement of the damaged steel sheet
(cutting and welding) or double sheet welding.

Disadvantages of the conventional solution:

Temperature: thermal treatment distortions

Residual stress : . .
www.distorsioncero.es

Weight increase

<N X X

Resto de

Harmful environment work (particles, fumes, Operaciones MANIOBRA

17% 15%

smokes)

CONFORMADO
5%

AN

Necessity of grounding

AN

RETRABAID
SOLDADURA 20%

40%

At explosive environments: Need of emptying
and cleaning of tanks

3%

v' Large working hours and high labor costs

5th COST TU1402 workshop


http://www.distorsioncero.es/

DECISION THEORY

aimen E:m?f Introduction

CENTRO TECNOLOGICO

- ADVANTAGES OF THE COMPOSITE PATCH REPAIR

Conventional solution in shipbuilding: replacement of the damaged steel sheet
(cutting and welding) or double sheet welding.

Main advantages of COPATCH solution:

v" Low (almost environment) temperatures

(\

“In situ” application

v' Low added weight — low weight materials —
cranes are not necessary to move the
material

v" No stress concentrations — good fatigue
behavior

v' Good durability — less corrosion

v'  Easy to perform

5t COST TU1402 workshop



aimen Introduction

CENTRO TECNOLOGICO

- BACKGROUND — COMPOSITE PATCH REPAIR

Composite patches have been applied successfully on civil constructions, on naval
ships (military), aircraft, pipe works and offshore platforms :

| The Royal Australian
== Navy. Adelaide Class
Frigate

Repair of the main
deck

and Offloading) - Norway
Repair of the cargo tank bulkhead

ISO/TS 24817:2006: Petroleum,
petrochemical and natural gas industries --
Composite repairs for pipework --
Qualification and design, installation, testing
and inspection

West Gate Bridge, Melbourne, 2012
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\ BACKGROUND — COMPOSITE PATCH REPAIR

mm COPATCH CHALLENGE

SPECIAL FEATURES OF COMPOSITE REPAIR IN SHIPBUILDING

- Material: conventional steel (grade A)

\ 4

- Thickness: 6 - 20 mm

Classification Society Approval > Control of patch repairs

FBGs Monitoring
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v Small size and weight i e il

v Multiplexing and multifunctionality o
v Highly sensitive and precise

v Excellent performance in harsh environments with long term stability
v'modular equipment

v Absolute measurements without referencing

v’ Suitable for hard-to-reach locations

v Immunity to electromagnetic and radio frequency interferences

v Packaging suitable for various applications (laboratory, outdoor, concrete...) and

I nsing networks.
large scale sensing networks i —

\%\~ WELDABLE

Pa—

—

N composITE

v ldeal for remote monitoring

~

" EmBEDDED
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- FBG Strain Sensors to monitor bonded composite patch repairs

- Failure modes of a composite patch repair:

ADHESIVE FAILURE AND
DEBONDING CRACK GROWTH

—

Laminate

Metal Substrate

| FBGs can monitor:

1. Steel crack growth (patch side or back side)
2. Composite debonding (adhesive layer)
3. Internal composite failure
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‘ FBG Strain Sensors to monitor bonded composite patch repairs

Mid-scale tests specimen Composite laminate monitoring
SIDEVIEW (Embedded FBGS)
_ S |
I < 300 . =71 -»>
FRONT VIEW

?ix!ug gxlug

& &b
* 2 @ 0 e +

@0 OFQ

L 400 !

Back side steel monitoring

Adhesive
layer
monitoring
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Experimental results

- Mid-scale specimen - Static Tensile tests

Comparative study: Conventional strain gages vs FBGs measurements

FBGs (FA, FB) and strain gages (GA,GB) bonded in steel and one

strain gage bonded in the top of the patch (GC)

FRONT VIEW
VA0 ac A
Fixture F it
area i — :Iarr.*uarE
D = o]
* 200 ¥
(G LA A
o A
¥
L 400 =||
BACK VIEW
Gy o QA GB oA
Fist 100 100 Fixt
e T oy oo, e
o
= * 140 mm
QA 12y
[ +—3
! FA T &%
—— Crack
®m Straingages
= FBG
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Experimental results

Mid-scale specimen - Static Tensile tests

Preliminary tests to select patch materials and steel surface treatment

Global Load vs Displacement curve. FAILURE: patch debonding.

320 - —— Unpatched
{— Patched SB Patched NG Q°
280 14— Patched SB corroded Patched NG 45°

1 ———= Patch debondin
240 - g

Crack opening

Load (kN)

0 I ! I ! 1 ! I ! I ! 1 ! 1 ! 1

0 2 4 6 8 10 12 14

Total displacement (mm)
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Patch effectiveness:
greatly increase the
stiffness of the structure
and the maximum load

Max load
Unpatched 125 kN
Patched 260 kN

Best results:

v’ Grit blasting surface treatment
v' Hand lay-up manufacturing

v Vinyl ester

v’ Carbon fiber, unidirectional
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Experimental results

Mid-scale specimen - Static Tensile tests

Comparative study: Conventional strain gages vs FBGs measurements

BACK VIEW
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Experimental results

~ Mid-scale specimen - Cycled Tensile tests

A, B: adhesive layer Good patch adhesion
C: steel (back side) /\\
16000 .
Patched - Sand blasting ”“5{85@“'“”
14000 - 50 cycld
—FBGA [20(c:>y§ D KN]
—FBGB
120004 —— FBGC 50 cycles Pl
[180-270 KN] \' 50cycles
100 cycles —= [210-300 Kp
Q 10000 - [160-250 KN] %des
= | 100 cycles 7 nsozsokn
% 8000 - 1200 cycles [130-220 KN] [140-230KN] 50 cycles
o ] > [170-260 KN]
(7) 100 cycles —
6000 - [110-200 KN] 100 cycles
— = [150-240 KN]
7 100 cycles
4000 - [60-150 KN]
100 cycles ——
71 [10-100 KN]
2000 ———
0 _ LT Y v B : o
I ! I ! I ! I ! I ! I ! I ! I ! I ! I ! I ! I ! I ! I ! 1
0 2 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000
Elastic to Plastic behavior Time (s)
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~ Full-scale test - CATAMARAN steel structure monitoring

—~ |«—0.8 m—%

2.2m A A

Shipbuilder
CARDAMA
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Experimental results

Full-scale test - CATAMARAN steel structure monitoring

Fatigue cycle (bending): filling up/emptying the upper tank

Unloaded

1l

4,5 tonn

5th COST TU1402 workshop

Upper tank

0

0:00:00 0:10:00 0:20:00 0:30:00 0:40:00 0:50:00 1:00:00

Hour
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} Full-scale test - CATAMARAN steel structure monitoring

FBG Monitoring of:

v’ 3 types of cracks

v In different frames

v Patched and unpatched

1. 45° length=100mm

b kW“NTNU

ro€

-‘rﬁmme 5% G B

UJMAE
VINUC etena
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m ‘%';%f Experimental results

} Full-scale test - CATAMARAN steel structure monitoring ‘

Portside i Starboard

Patched: 3 FBGs S

Top patch

& - L L L —
‘ﬁwhﬁw"?ﬂﬂ-ﬂ"uﬂuﬁm Frame 3 |—=

N
Interface Steel-Patch .

Back side

\—025 M

e
Unpatched: 1 FBGs
p Frame® | /
(D) COL
Y / ] .f’ CRACK 3 N
CRACK 2 o/ N
g ™
l .':\ FBG I_-'I Frame 9 | ﬁl /
Smrh‘\o {-"
T:I - -
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~ Full-scale test - CATAMARAN steel structure monitoring ‘

=

T IS e

.
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~ Full-scale test - CATAMARAN steel structure monitoring
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Full-scale test - CATAMARAN steel structure monitoring

—— C3F3 Unpatched Starb.
500 ~ —— C3F3 Patched (Back) Ports.
450_' 10.000 cycles — C3F3 Patched (Interface) Ports.
1 —— C3F3 Patched (Top) Ports.
400 -

350
300 6
250 4
2004
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150
100
50

50 - Wm
T T T T T T T T
0 800 1600 2400 3200 4000 4800
Time (s)
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l Full-scale test - CATAMARAN steel structure monitoring

1000

0 Tons
w0 ——C2F6: Unpatched After 20.000
e C2F6: Patched back side .
= (C2F6: Patched top patch CyCIeS nelth?r
o patch debonding
a0 nor crack growth
N o~ A have been
[ TN observe:
July’12 May 13
6 Tons ——(C2F6: Unpatched
800 ~——(C2F6: Patched back side

[_/_\/_\/\/\ —C2F6: Patched top patch
600
00 / /\/’\ /\

200

T T T T
o %,,@‘ <,.,;’;" @7;“’ &

-200 ~
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Experimental results

 Premature FBG’s debonding
was detected because of the
action of the corrosion.

* Protective paint
should be applied in whole
area where the FBGs are
bonded to avoid corrosive
processes that damage the
fiber.
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 FBG monitoring gives information of the reparation and defects can be
detected: debonding and crack growth

« Patch material and application techniques have been optimized during
co-patch project and failure reduced: no defects in 20.000 cycles of
fatigue in a full scale demonstrator catamaran

 Codes, Flag administrations and Classification society do not include
composite patch reparations

» Additional inspections and approvals (plan reviews) are needed to compile
for approvals by Classification Society — they are expensive

— Monitoring with FBGs could accelerate inclusion of patch reparations in
codes — we have the adequate tool to evaluate and feed models with
experimental data

 VOI will be related tradeoff between ship downtime, reparation costs
(+plan review?), maintenance cost of reparation and failure/defect
robability

5th COST TU1402 workshop
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