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National Laboratory for Civil Engineering (LNEC)

LNEC's mission is to undertake, coordinate and promote scientific
research and technological development, aiming to the continuous
improvement and the good practice of Civil Engineering.

Main fields of activity

Civil engineering / Public works
Housing and urban planning
Hydraulics and water resources

Transportation
Environment
Construction materials

Building industry

Components and other construction products
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Slyeel s.lyee Ifg/\ We are specialists in the design, engineering,

manufacture and assembly of steel structures
and facades.

Two players that increasingly assume the role
of emerging leaders.
awards

our — We are Portuguese companies with a global
EURDPEAN D N A spirit and international operating ability.

We are the key ally,
partners for demanding, innovative and

sophisticated projects.

. Capable of executing landmark architectural
landmarkin g —  works, engineering feats, aesthetic
partners landmarks in the landscape.

m:m landmarking partners is our value

ancHmcTmY proposition, we want to support customers
in creating landmarks, creating works that
designbuarn make an impact, that build the future.

Portugal We go up to where

France ambition, engineering
our &

lobal . Monaco and design take us.
glo U.K. We operate throughout
offices )r:eth?rlands Europe, as well as in
ngoia the American and
Luxembourg : .
African continents.
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The context

= Steel structures are typically protected to prevent atmospheric corrosion, which
has impact on aesthetic and functional aspects, as well as on economic and safety
of people and goods.

= For steel modular construction components, fire protection may be needed as
structural integrity of steel structures can be compromised in case of fire .

" |ntumescent coatings are a well-known fire protection strategy, as they reduce the
heating of underlying steel member.

=  When specifying anticorrosive and fire protection coating systems for steel to be
exposed to different atmospheres, the durability of both protective properties
plays a key role in ensuring long-term service life and minimizing maintenance
costs.

= EAD 350402-00-1106, which specifies the methods to assess durability of
intumescent coatings, refers to standard EN I1SO 12944-1 (and EN ISO 12944-6) in
case the product contributes to corrosion protection, but the methods specified in
this standard were developed for corrosion protection coatings and do not cover
intumescent coatings.
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O_bjectives

To validate anticorrosive protection systems for steel structures with and without fire
protection properties for C3 and C5 corrosivities and high durability (C3-H, C5-H),
through:

o artificial ageing tests according to EN ISO 12944-6 standard,
o natural exposure tests in outdoor testing sites (Aveiro and Sines),

o study of degradation mechanisms.
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Corrosivity
category

C3
medium

C5
very high

High

durability (H)
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Definition of C3 and C5 atmospheric corrosivity categories

for low carbon steel after 15t year of exposure
and of high durability (ISO 12944- parts1 and 2)

Mass Thickness Examples of
loss loss typical environments

/m?2 m : :
8 H Exterior Interior

>200to [>25t050 Urban and industrial Production rooms with high
400 atmospheres, moderate humidity and some air
sulfur dioxide pollution; pollution, e.g. food-
coastal areas with low processing plants,
salinity laundries, breweries, dairies

>650to >801to 200 | Industrial areas with high Buildings or areas with

1500 humidity and aggressive almost permanent
atmosphere and coastal | condensation and with high
areas with high salinity pollution
15to 25 years

o%e

®
9a®

@
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Anticorrosive (AC) paint systems for C3-H

O 4 paint systems without
intumescent layer
A-D

Acrylic polyurethane
A-50 / B-60 / C-80 / D-60 um

A-130/B-120/ C-40 / D-120 um

Blast cleaned steel
Sa 2%
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O 4 paint systems with
intumescent layer (IL)
Al-DI

Intumescent
Al-3806 um

Blast cleaned steel
Sa 2Y%

Acrylic polyurethane
BI-60 / CI-80 / DI-60 um

Intumescent
BI-1000 / CI-1118 / DI = 3000 um

BI-120 / CI-40 / DI-120 um

Blast cleaned steel %0
Sa 2% ® ..’
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Artificial ageing tests for C3-H - ISO 12944-6

salt spray test (NSST) - 480 h 0 Water condensation test (CT)-240 h

T
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Corrosion at scribe, M
M=(C-W)2
+ C— average of the width of

steel corrosion
W —width of the scribe

.
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Before NSST After NSST o%0
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Evaluation tests - ISO 12944-6

[ Visual evaluation of degradation of coatings (after NSST, after CT)
Blistering | Rusting | Cracking | Flaking

[ Corrosion at scribe (after NSST)

[ Adhesion (initial state, after NSST, after CT)
AC,CF{?”FWSS without IL

‘ ; : ?lﬁzefzzaa;:lﬁﬁgflj?;ﬁ:ll;hsz; Classification AC Coatings With IL
3 (Example for six parallel cuts)
r | \ 0
| .{E, // 1
\
|
| 2
! |
B 3
| - : :
S Pull-off test
Cross-cut test = Breaking strength %0
I‘r (coating thickness < 250 um) = Nature of the fracture @ :
@
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Evaluation tests - ISO 12944-6 reguirements

Evaluation tests

Visual
evaluation

Corrosion at
scribe

Adhesion by
cross-cut

Adhesion by
pull-off

Requirements (a)

After CT No blistering / No rusting /
After NSST No cracking / No flaking

Max. 1.5 mm corrrosion at scribe

After NSST
as average value.

Initial state (IS)
After CT Classification O to 2
After NSST

Initial state (IS) Minimum pull-off value of 2.5
MPa for each measurement.
After CT

0% adhesive failure between
steel /first coat (unless pull-off

After NSST
= values are at least 5 MPa)

' - (a) - 2 of the 3 test panels shall comply with the requirements
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Evaluation tests

[ Insulation capacity (initial state, after NSST)
AC coatings with IL

At 640 °C, door was replaced by a

Heating the muffle to 640 °C; similar insulating panel, but with

original door replaced by an the test panel in the interior side,
insulating panel (rockwool + coating facing the interior of the

calcium silicate plates) muffle.

Test sample + Rockwool Sodium silicate .0..
‘r thermocouples plates ® o®
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Evaluation tests

[ Insulation capacity (initial state, after NSST)
AC coatings with IL

Temperature monitoring :
 1TC on the muffle near the sample

* 5TC on the back of the sample Temperature in the
muffle near the test
sample
3 4 200 ® Thermocouple 1
(inside the
2 muffle furnace)
’ ° v ® Thermocouple 2
(center of the

500

20cm x 30 cm 5 sample)
T 100 o Average
g 300
& Temperature on a steel
- test panel without
v intumescent layer

0:00 0:30 1:00 1:30 2:00 '®

Time (h:min) . .
Y
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Results - AC paint systems without IL

( Evaluation according ISO 12944-6

A B C D

Gl  Adnesion 1-2 1-2 1-2 1-2

Cross-cut

Blistering 5(S2)
- Visual No rusting / No blistering / No rusting /
O evaluation No cracking / No cracking / No flaking
o No flaking
= .
Adhesion 1-2 2 2 1
Cross-cut
No blistering / No billsterlr?g / No t?llsterl.ng / No b.|ISterIr.1g /
: . 1 corrosion point on 2 2 corrosion points on 1 1 corrosion point on 1
Visual No rusting /
— luati No cracking / of 6 panels of 6 panels of 6 panels
% €valuation No flakin No cracking / No cracking / No cracking /
P & No flaking No flaking No flaking
il Corrosion at
£ ' 0.3-0.4mm 1.0-1.4 mm 0.6-0.7 mm 0.6 -0.8 mm
< scribe
Adhesion 1-2 2 1-2 1
Cross-cut
®e
hr A
®
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Results - AC paint systems without IL

(J SEM - cross section
= System A

Before artificial agin

[=78.7pm == 79.9 pm
! |

219 ym

Lack of adhesion
between primer /
topcoat

After neutral salt spray test

& _—
B T e S ey St N —
Punctual lack of adhesion between primer / topcoat; o%0
| i
\f .
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Results - AC paint systems without IL

J SEM — cross section

= System B

| Some pores in the
primer which may be
due to solvent retention

After neutral salt spray test

Punctual lack of adhesion
primer / topcoat

@
| [ PV
r s
BSE-E[;(: LZJ_IJQW ZOZE:‘J[T; Std.-PC44.0  HighVac. X200 100 um W
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Results - AC paint systems without IL

J SEM — cross section

Before artificial aging

" Systemd( Some pores in the

top coat 5 m: .1Un-l_pmv S

After neutral salt spray test

AccY SpotMagn Det WD —— 100um
§150kv 3.0 200x BSE99 LNEG

BED-C 150kV WD 101 mm  Std.-PC440 HighVac. [81x190

STD 0680 2025 Aug. 12

Punctual lack of cohesion in the top coat;
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HR EXCELLENCE IN RESEARCH

C. Ferreira et al. — CEES2025 — 11-13 June 2025 — Bari - Italy



Results - AC paint systems without IL

(J SEM - cross section
= System D

Before artificial aging

Punctual lack of
adhesion primer/
top coat

Acc.Y SpotMagn Det WD p————o 100 um

150KV 30 200x BSE 100 LNEG

After neutral salt spray test

Punctual blistering in the
top coat

®
[ P48
%e®
@
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Results - AC paint systems with |IL

( Evaluation according ISO 12944-6

Al Bl Cl DI
. 3.0-4.8 MPa 2.2-3.9 MPa 2.0-5.3 MPa
v BGCUEEEN  70.909,.p/8;  90-100% B/C; 20 S MPa 60-90% C
pull-off 100% C
10-30% B 0-10% C 10-40% D
Visual . . . . .
5 evaluation No blistering / No rusting / No cracking / No flaking
o 1.4 -4.0 MPa 1.0-2.4 MPa 2.8—-4.6 MPa
o i 1.6 -3.0 MP
= IRl 30-70%-A/B; 0-50% B/C; 90-100% C; o
30-70% B 40-100% C 10-50% C/D °
No blistering / Blistering < 2(S2)
Visual No rusting / No rusting / No blistering / No rusting /
— evaluation No cracking / No cracking / No cracking / No flaking
% No flaking No flaking
2 .
= Corr05|on. at 0.0 mm
9 scribe
[
< . 0.6 —-1.8 MPa 2.6 —4.2 MPa 1.8-4.5 MPa
Adhesion B P WY Y 30-100% C; 70-90% C
Pull-off 100% B
10-80% C 10-40% C/D 10-30% D

N
Nature of the fracture: A/B — adhesive substrate/first coat; B — cohesive of first coat; B/C — adhesive first coat/second .‘. [
\ r coat; C— cohesive of second coat; C/D — adhesive second coat/third coat; D — cohesive of third coat. ..
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Results - AC systems with IL

O Insulation capacity
0o Al 700 Bl

e P1 (before ageing) e P1 (before ageing)
600 e P2 (before ageing) 600 e P2 (before ageing)
e P3 (after salt spray test) e P3 (after salt spray test)

® P4 (after salt spray test
c00 o P4 (after salt spray test) 500 ( pray test)

A
o
o
A
o
o

N
o
o

Temperature (°C)
w
8
Temperature (°C)
N w
8 8

[any
o
o

[ERN

o

o

0 0
0:00 0:30 1:00 1:30 2:00 0:00 0:30 1:00 1:30 2:00
Time (h:min) Time (h:min)
e P1 (before ageing) e P1 (before ageing)
600 e P2 (before ageing) 600 e P2 (before ageing)
o P3 (after salt spray test) . e P3 (after salt spray test)
g"j 500 o P4 (after salt spray test) © 500 ¢ P4 (after salt spray test)
Y )
S 400 5 400
© ©
o 300 L 300
£ £
2L 200 @ 200
100 100

o
o

0:00 0:30 1:00 1:30 2:00 0:00 0:30 1:00 1:30 2:00
Time (h:min) Time (h:min)



Conclusions

O Anticorrosive paint systems without intumescent layer

= Paint systems B, C and D met the requirements of EN ISO 12944-6 standard for
C3-H.

= SEM analyses evidenced only a punctual lack of cohesion on top coat/punctual
lack of adhesion between primer and top coat, before and after the neutral salt

spray test.

O Anticorrosive paint systems with intumescent layer

= None of the paint systems simultaneously met all the requirements of EN I1SO
12944-6 standard for C3-H, in particular the defined for adhesion by pull-off,

= Intumescent layers of paint systems Bl and Cl are sensitive to water exposure,
requiring extreme care in the application of the top coat.

= Systems BI, Cl and DI maintained the insulation capacity after NSST in the
conditions of the test performed.
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Conclusions

O Validation of AC paint systems with intumescent layer

= Methodologies defined in EN ISO 12944-6 have been developed for corrosion
protection paint systems and they do not cover intumescent coatings.

= Although EAD 350402-00-1106 states that if the fire protection paint system
claims to provide corrosion protection, it must be evaluated according to EN
ISO 12944-1 with the methods defined in EN ISO 12944-6, those may be not
applicable.

= Research is needed to assess the suitability of the methodologies of EN I1SO
12944-6 and to understand the need to develop different methods so that
systems can provide adequate corrosion and fire protection.
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Aveiro

Aveiro -
t= 6 months

Aveiro
Estagao maritima /.

17 M¥m?
16 Ml/me
15 Md/ma2

14 Mlm2

Sines f
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