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Abstract

Coatings are designed to protect concrete against environmental attacks. Water is one of
the aggressive parameters able to deteriorate the concrete structure. The aim of this
paper is to present the effects of water during operations of application of the coating on
the support and on the pull-off test conditions; effects of semi-permanent humidity by
absorption from the uncoated face, total immersion or diffusion of water from the back
face of the support are analysed. This is sometimes more aggressive than direct attack
and may make the coating protection inefficient.
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1 Objectives of the tests

The objectives of the research are to analyse the effect of non-permanent water attack on
coating systems used for protection of concrete supports. Four types of aggression
modes will be presented here :

- adhesion of coatings on water saturated supports by capillary absorption from the
uncoated face; we studied also the influence of the degree of saturation of the support
and the use of hydrofugation layer;

— adhesion of coatings on water saturated supports by total immersion into water;
degree of saturation of the support and hydrofugation are also analysed;

— adhesion of coatings on water saturated supports by capillary absorption from the
uncoated face, submitted to freeze-thaw cycles;

— adhesion of coatings on supports where water vapour transport is coming from the
back face of the support.

The pull-off tests have been realised in dry, moist and saturated situations.




2 Description of coatings and repairing systems

2.1 Supports

Concrete sandblasted supports have been prepared at different degrees of saturation

obtained in the following conditions :

~ dry support (S) : hygrothermic equilibrium at 23 £2°C and 50 £5 % R H.;

— moist support (h) : after 7 days of total immersion into water, the support is stored for
24 h at 5°C and 90 £ 5 % R.H. before application in these conditions. It corresponds
to a degree of saturation of 95 % [4];

~ back moisture (H) : the support is submitted to water capillary absorption from the
back face immersed into water on 1 ¢m high at 23 & 2°C during 72 h before
application;

~ hydrofugation (1) : 7 days after hydrofugation, the support is submitted to water
capillary absorption from the back face immersed into water on 1 cm high at 23 £ 2°C
during 72 h before application.

2.2 Application and storage

The coating systems are applied according to the prescriptions of the manufacturer. The
interval between the different layers is 24 h and the samples are stored for 7 days at
application conditions and for 7 days at 23 + 2°C and 50 + 5 % R H. before pull-off test.

2.3 Description of the coating systems
Table 1 describes the different coating systems used and tested for the protection of

concrete.

Table 1. Ten coating systems for protection of concrete

System Nature of the resinous layer Application ratio (g/m?)
nr impregnation  base layer finishing impregnation base layer finishing
layer layer

1 methacrylic methacrylic methacrylic 100 - 300 200 200
(0) (0) (0)

2 acrylic (A) acrylic (A) acrylic (A) 250 400 400
(+ pigments)

3 PVAc methacrylic methacrylic 200 250 200
(O) (A) (A)

4 PUR mono- PUR mono- - 175 330 -
component component

3 methacrvlic (O) acrylic (A) - 100 400 -

6 methacryvlic (0) acrylic (A) acrylic (A) 200 800 400

7 PUR PUR PUR 200 300 125

2 components 2 components 2
compotents

3 vinylic (O) vinylic (A) vinylic (A) 200 330 350
9 vinyhe (O) vinylic (O) vinylic (O) 200 200 200
(+ pigments) (+ pigments)  (+ pigments)
10 - methacrylic  methacrylic - 200 200
0) (0)

{A) = aqueous solution (O) = organic solvent




3 Capillary absorption from uncoated face

3.1 Description and results of the tests

Cores of 5 cm diameter are taken from the specimens prepared as described in chapter 2
and immersed on 1 cm high into water, by the uncoated face in order to promote
capillary absorption. The samples are 5 cm high and the adherence is measured directly
after the exit from water.
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Fig. 1. Test description for capillary absorption by uncoated face

Table 2. Adherence of coatings (IN/mm?) and type of rupture* after capillary absorption
from uncoated face

System nr Adherence vs degree of saturation of the support
S h H 1

1 395¢c 446 ¢ 3.76¢ 270 ¢
2 202a 2.50b 1.254a 0.90a
3 408 ¢ 338¢ 2.54a,¢ 239a,c
4 3.03¢ 434c 469¢ 388¢
5 1.94a 1.62a 1.18a 1.16 a
6 0.56 b 092b 0.66b 0.29b
7 470 ¢ 335¢ 365¢ 329¢
8 123 a 1.87b 1.47b [.0lab
9 2.14a 320a 1.03 a 122a
10 3.93¢ 4.64 ¢ 3.15¢ 3.55¢

»*

a = adhesive rupture

b = cohesive rupture in the coating

¢ = cohesive rupture in the concrete support
This corresponds to the moist condition test (H).

3.2 Observations

— Coatings on dry support : for all the systems where there is a cohesive rupture in the
support, the same behaviour is observed when test is realised on moist coating.

Systems 6 and 8 present a cohesive rupture at moist state higher than at dry state
(64 % for 6 and 52 % for 8).




- Hydrofugation : the same behaviours than for dry support are observed for
hydrofugated support. The systems presenting cohesive ruptures in the support are
presenting the same performances while systems showing cohesive ruptures in the
coating have lower values (£ 50 % for 6). Finally, when the rupture was of adhesive
type, the difference between hydrofugation on dry and wet support is high (45 % for 9
and 65 % for 5).

The treatment of the concrete support with these silanes don't permit to avoid alterations
of adhesion when water is coming by capillary absorption from the back face.

— When coating is applied on supports submitted to water absorption from back face,
we observe more sensitive behaviours, for example for system 3 (the cohesive rupture
type becomes adhesive), for system 9 (loss of cohesion) or even for system 2. The
adherence falls down for systems 2, 3, S and 9.

4 Immersion into water
4.1 Description and results of the tests
Core samples are immersed into water during 3 days; the adherence is measured directly

after exit from water.

Table 3. Adherence of coatings (N/mm?) and type of rupture after immersion into water

System nr Adherence vs degree of saturation of the support
S h H I

I 272 a 2.60a 273 a,b 248¢
2 0.48 a 0.85a 026a 082a
3 [.54a 0.96 a 0.47 a 2.09a
4 4.76 ¢ 199a 352¢c 340¢
5 0.53 a 0.26a 0.27a 0.75a
6 0.29a 0.26b 0.27b 0.29b
7 391c 201 a 231¢ 240c¢
8 1.15a 092a 075a 1.14a, b
9 0.87a 134 a 031a 0.79 a
10 295a 1.68 a 1.21a 340¢

This corresponds to the saturated condition test (T).

4,2 Observations

—~ Coatings on dry support : cohesive rupture type on dry support often becomes
adhesive for wet support, except for the two polyurethane based systems. Two
methacrylic impregnation systems present adhesive rupture (> 2 N/mm?) but for
vinylic impregnation systems, that falls to 1,15 N/mm?,
Adherence of system 2 falls down for 80 % and the adherence of 6 becomes 50 %
lower.




Total immersion into water induces alterations for coatings greater than capillary
absorption from uncoated face.

- Hydrofugation : it generally permits to avoid the fall of adherence.

— Application on wet support (near saturation point) induces a loss of adhesion and
more adhesive ruptures.

— When coatings are applied on support submitted to water absorption from back face,
the loss of performances is greater than for moist state, except for polyurethane based
systems and system 1; indeed, in this case, the polymerisation in H state (ambient
temperature) is lower disturbed than in moist state (5°C and 90 % R H.).

S Water and freeze-thaw cycles

5.1 Description and results of the test

Samples of 40 x 25 x 4 cm are stored at 23 + 2°C and 50 £ 5 % R.H. for 7 days. They
are then immersed into water on 1 cm by the uncoated face for 72 hours (see test
principle described in 3.1). The samples are submitted afterwards to 50 cycles :

-23 hin 1 cm water at 23 2°C,

- 1 h (just after exit from water) of application of calcium chloride (CaCl, - 500 g/l) at -
18°C on coated face (2 cm high).

During the week-end, the samples were maintained in semi-immersion,

The solicitations of the coated concrete are so :

- water absorption from uncoated face, and

- freezing effect on coating, interface and superficial layer of concrete support. This can
induce tangential stresses at the interface by difference of thermal dilatation coefficient
and thermal gradients. Normal stresses can also appear due to freezing action.

Table 4. Adherence of coatings (N/mm?) and type of rupture after capillary absorption
and freeze-thaw cycles

System nr Adherence Type of rupture

3.34
2.85
1.96
3.89
1.66
0.86
3.99
1.26
3.36
0 3.70
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5.2 Observations

The results are coherent with the conclusions obtained in previous tests :

~ systems with adherence greater or near the cohesion of the support when the test is
realised in moist state, don't present any perturbation. Their adherence is high again
after ageing (systems 1, 4, 7 and 10);

— systems with low adhesion/cohesion values present formation of blisters (systems 2, 6
and 8),

— systems 3, 5 and 9, which showed important alterations of adherence in moist state,
present here different behaviours (fall from 4.08 to 1.96 for 3 and 1.94 to 1.66 for 5).

6 Water vapour diffusion

6.1 Description and results of the tests
Support of 40 x 60 cm are fixed on boxes and the coating systems are applied after
fixing; one half support has been treated with hydrofugation

hydrofugation 3°C/0 %R H. coating

sample

plastic box

heater

thermostat h

35°C/ 100 % R.H.

Fig.2. Test device for water vapour diffusion measurements

After 7 days maturation at 23 + 2°C and 50 £ 5 % R.H,, the boxes are placed in a
climatic chamber at 10°C and 70 % R.H. for 2 months.
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Photo 1. Iltustration of test device for water vapour diffusion measurements

Table 5. Adherence (N/mm?) after water vapour diffusion test (2 months)

System nr Without hydrofugation With hydrofugation
! 3.11 2.61
2 .11 1.35
3 1.55 2.26
4 3.42 3.19
S 1.29 .71
6 0.44 0.61
7 3.44 3.59
8 227 2.09
9 2.91 2.35
10 3.40 3.34

6.2 Observations

Systems presenting cohesive rupture type before agetng have an excellent behaviour after
the test, except for system 3. Adherence for system 2 falls down for 33 % of its initial
value while systems 6 and 8, characterised by cohesive ruptures in the coating, present a
toss of cohesion of 20 Y.

Hydrofugation of the support generally limits the loss of adhesion or cohesion of
coatings {35 % in place of 55 % for system 2) and induces a lightly higher value of
coheston for systems 6 and 8.




7 Conclusions

Table 6 presents a summary of the results of the tests realised on ten systems and twelve
ageing situations :
first letter : test conditions S = dry coating

H = moist coating
T = immersed coating

second letter :  application conditions S = dry support

h = moist support
H = moist support due to capillary absorption
[ = support with hydrofugation

The tests in dry conditions were previously realised during the research program {8].

Table 6. Adherence (IN/mm?) for the 120 combinations of systems and supports

Systemnr SS Sh SH SI HS Hh HH HI TS Th TH TI

Ed = - IS B e (LU N SRR S I

0

45 406 328 353 395 446 376 2.7 272 260 273 248
1.94 13 092 1.73 202 250 125 090 048 085 026 0.382
413 4.12 299 418 4.08 338 254 239 1.54 0.96 047 2.09
371 326 3.68 396 3.03 434 4.69 3838 476 199 352 34

2,55 081 096 221 194 162 1.18 1.i6 0653 026 027 0.75
0.5 031 026 071 056 092 066 029 029 026 027 0.29
422 346 312 3.74 47 335 3.65 329 391 201 231 24

25 191 102 158 123 187 147 101 1.15 092 075 1.14
1.83 3.13 059 148 2.14 320 103 122 087 134 031 0.79
503 348 295 408 393 464 315 355 295 168 121 340

Some general comments can be made on the results presented in table 6.

Coatings laid down on dry support : the most brittle link of the system is the interface
between base layer and concrete support. This interface is generally reinforced by the
resistance of the impregnation; when the test is realised on samples humidified by
capillary absorption, same conclusions can be made. However, when adherence is
measured in immersion conditions, we observe some falling down of the adherence,
that can be due for example to blistering.

Coatings laid down on moist supports (95 % saturation) : the positive contribution of
the resistance of the impregnation seems to be again effective for tests in dry and
moist conditions. However, a decrease of the cohesion of the support can be
observed, due to the lower penetration of the impregnation into the support,

Coatings laid down on saturated support : same conclusions than for moist supports
can be made, with a more important decrease of the properties and contribution of the
impregnation to the adherence of the interface.




~ Coatings laid down on supports with hydrofugation : hydrofugation generally induce a
better behaviour of the interface for dry supports tested in dry or moist conditions. It
seems to act as protection against water or vapour penetration. For the water vapour
diffusion tests, coatings, laid down on hydrofugated supports present a better
behaviour than for normal dry supports. However, adherence measured on moist or
immersed samples shows the same decrease than the one observed for coatings laid
down on dry supports.

This could lead to a classification of the test and application conditions, classified as a

functio

n of a decreasing adherence value.

Table 7. Classification of adherence vs condition of application and test

Class Situation

Class 1 SS, Sh, SH, SI, HI, T!
Class 2 HS, TS

Class 3 Hh, Th

Class 4 HH, TH
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