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External surface of building walls is continuously effected by the natural climate phenomena of variable intensity and
the factors occurring due to the anthropogenic activity. The heat and mass exchange between outside air and walls is the
most distinct in a relatively thin (1 - 3 cm) surface layer. The activity of physical processes, substantial variations of
temperature and moisture and the effects of various origins are particularly distinct in the above layer. Durability of the
surfaces depends on the prevailing climate effects and on a complex of physical and mechanical values of the materials
used. The complex and partial methods have been worked out for application at investigation of destruction processes.
Partial methods have been applied in the cases of investigation of the physical and mechanical characteristics, which are
necessary to be evaluated before direct weather durability test in the climatic chamber along the program of simulated
effects. It is established that the paint under consideration should be grouped according to their nature and character of
macrostructure and ground layer to be covered by paint according to their capillary structure and moisture deformations.
Keywords: paints, physical and mechanical properties, interaction of materials, investigation method, durability.

1. INTRODUCTION

Physical and mechanical properties of construction
substrate and finishing layer can supplement one another
or, on the contrary, stimulate destruction [1 — 7].

In [8 — 12] much information is given on the paint and
coatings, physical and chemical nature of paints, structure
formation, results of investigations of physical and
mechanical values. However, the data of complex
investigations of the surfaces already finished are
insufficient. Usually the physical and mechanical values of
individual components — the coating and the wall being
painted — are known. However, the knowledge about the
resulting of the whole complex of properties of a new
derivative — the surface layer — is insufficient.

The differences of moisture and temperature cause
deformations of coating and substrate, which may cause
internal stress in the coating and shift in the joint, that can
be increased by the pressure of vapour migration to outside
[13]. The resistance to shift can be defined by mutual
adhesion of materials, which is not yet well enough
investigated. On the other hand, vapour migration flow
outside and moistening of external layers show contrary
effects [14 — 18, 20]. The above phenomenon creates a
certain collision between the necessity to thicken paints
against rain penetration and, vice versa, to thin the
thickness of paints, so that they do not accumulate vapour
between the layers, but evaporate freely. So, the material
beyond the vapour barrier does not undergo delamination.

The investigation of the external layer of walls and
durability of different paints is carried out in the present
paper.

2. MATERIALS AND INVESTIGATION
METHODS
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In [7,14-17, 20—-27] we find some data on the
physical and mechanical properties of materials intended
for finishing, which predetermine the durability of such
materials. However, these data are often insufficient and
fragmentary.  Therefore, the partial comparative
investigations have been carried out.

In order to properly investigate the durability of paints,
it is necessary to compose a methodical chain - the scheme
of stage-by-stage (intermediate) and chamber-type
consecutive investigations (Fig. 1).

The methods of generalised complex investigations
were made up on the basis of the results of investigations
carried out according to the stage-by-stage methods.

It was found that the provided specific physical and
mechanical properties of the paints may change in the new
combination of “paint - substrate”. The adequate and
comparative results of durability were obtained by the
classification of coatings in three groups according to their
structural nature: 1) paints formed out of aqueous
polymeric dispersions; 2) silicate paints; 3) paints formed
out of polyacrylates and silicone solutions in organic
solvents, or silicone dispersions.

In the case of bi-laminar system “paint film - wall
painted” we encounter with water (rain) flow rate from
outside towards the wall and water vapour flow rate from
the wall to outside. The optimum selection of the paint is
necessary for the wall to be painted. The water vapour is
accumulated in the wall, when disturbed from escaping
through a very dense (vapour - tight) film might cause
blebs or tear off the whole film or its parts.

Since several hundreds of combinations are formed
while plenty of surfaces are coated with various paints, the
silicate brick was chosen for investigation. The choice
was
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Fig. 1. Principal scheme of complex research methods

predetermined by the advantages of the silicate brick
surface and its homogeneous capillary structure in order to
have the results less scattered. The moisture diffusion
processes in the silicate brick are comparatively even
[15,17, 18, 19].

The brick was coated using paints of different origin
(total 26 compositions). Analyses of compositions of the
paints indicate that vapour permeability depends on the
paint used, polarity of film-makers, and bonding agents
used.

Water vapour permeability coefficient was determined
in 20 °C environment according to requirements of the EN
ISO 12572:2001 [28]. It was determined by preparation of
3 specimens of 100 mm diameter and 25 mm thickness of
the materials without paint and 3 specimens with surfaces
already painted. The painted specimens were fixed on a
cup, paint facing down (cup method).

Water vapour resistance Z,, [m?>h-Pa/mg] is in reverse
proportion to vapour permeability &,, [mg/(m-h-Pa)]:

Z,="*, (1)

where d, is the thickness of samples of bricks, in meters.
The specimens used for determination of vapour
permeability were as well used for determination of
surface water sorption coefficient by DIN 52 617 [29].
The specimens paint facing down were soaked in a
water bath keeping 20 °C temperature.
Water sorption coefficient w,
calculated:

[kg/(m*h"%)] is

m
N
where m is a mass of absorbed water related to 1 square
meter of sample, in kg/m? ¢ — duration of soaking, in
hours.

The basic conditions and means used for climatic tests
were as follows:

a) in the warm part of the chamber room temperature
is automatically maintained at = (18 +2)°C and RH
¢=(50-70) %;

b) an automatic climatic regime was maintained in the
cold part of the chamber:

—room temperature during 15 hours freezing down to
t=—(1545) °C;

— the temperature of a protective finished layer of the
wall 6, = (15 + 20) °C during 8 hours reheating;

w=

2)
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— UV light lamp was used at the last hour of heating;

—in the cold part of the chamber, enclosure-flushing
equipment has been installed. During one hour water-
flushing operation, the finish of the wall must get covered
by a uniform water film (flushing intensity 1 1/m’® min,
temperature ¢ = (7 + 12) °C, water pressure in the flushing
tube — 0.15 MPa);

—air circulation at the velocity of v=2 +4 m/s was
maintained by a ventilating device installed in the cold part
of the chamber.

3. RESULTS AND ANALYSIS

Physical properties of the surface layer (0.025 m) of
silicate bricks coated with aqueous polymeric disperse
paints are compared in Fig. 2 and Fig. 3 [26].

Aqueous disperse paints are distributed according to
the water sorption coefficient in two subgroups:
a) Al (EA-1-1), A2 (Dufa), 43 (Herbol), 44 (Akmena)
[w >0.60 kg/(m*h"%)] (Fig.2); b) 45 (Renovierfarbe),
A6 (EA-1-2), A7 (Hansa Nobel), 48 (EA1), A9 (EA-1-3)
[w < 0.10 kg/(m*h")] (Fig. 3). As can be seen the increase
of vapour resistance less than twice, decreases the water
sorption coefficient more than 30 times. The water
sorption coefficients of neighbouring paints (44 and A5) in
separate subgroups vary in 6 times.

Fig. 2 shows that surface water absorption in the case
of the paints of subgroup “a” is high - these are relatively
“rain permeable” paints: w=(0.81 +0.60) kg/(m*h"?).
Their vapour resistance Z,= (0.47 + 0.62) m*h-Pa/mg
[, =(0.053 + 0.041) mg/(m-h-Pa)].

Surface water absorption in the case of paints of
subgroup “b” is low — these are rather “tight” paints
w = (0.024 = 0.10) kg/(m*h*?) (Fig. 3).

Their vapour resistance Z, = (0.65+0.84) m*h-Pa/mg
[, = (0.038 + 0.030) mg/(m-h-Pa)] is on the average 35 %
higher than those of subgroup “a”.

As was foreseen before investigations of paints on the
durability the theoretical attitude (low vapour resistance -
low rain penetration - “good”; high vapour resistance -
high rain penetration - “bad”) can be insufficient evaluate
paints durability.

Therefore, during investigation the changes in the
surface layer showing decrease in adhesion between paint
and silicate brick, were fixed. After the investigations in
the climate chamber were finished and the results were
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Fig. 2. Comparison of variation in the water sorption coefficient
and in the vapour resistance of the aqueous polymeric
disperse paints (subgroup “a”) applied on silicate bricks.
Notes: paints mark 0 - non-painted silicate brick
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Fig. 3. Comparison of variation in the water sorption coefficient
and in the vapour resistance of the aqueous polymeric
disperse paints (subgroup “b”) applied on silicate bricks

calculated, the reliability of theoretical statement was
verified.

The value of resistance to complex effects was
compared with the resistance of non-painted silicate bricks
surface in the modelled cycles.

The tests carried out in the chamber indicated that the
paints of identical vapour resistance could be compared
even though the nature of deterioration and ageing as well
as protective significance of such paints for the painted
surface were different. The mechanism of such differences
is explained taking into account additionally the complex
effects of the moisture-caused deformations of the
substrate and physical and mechanical values of the paints
[6, 71.

Paint - substrate adhesion is explained by interaction
between polar and ionic groups of the bonding agent of
paint and functional groups of substrate surface.
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Durability of the aqueous polymeric disperse paints is
described (considering two basic physical properties) in
Fig. 4 and Fig. 5.

In the all cases the vapour resistance increase was
influenced by using the acrylic bonding agent in
appropriate proportions. However, the increase of vapour
resistance is permissible and does not reduce durability of
a properly selected composition of the paint. In the case of
subgroup “a” permissible water sorption coefficient
w< 0.65 kg/(m*h®%) and the highest value of vapour
resistance Z, < 0.62 m?-h-Pa/mg [, > 0.041 mg/(m-h-Pa)]
are suitable with respect to durability. In the case of
subgroup “b” all physical parameters are high enough. The
reason of undurability of two paints 46 and A9 is
distinguished: the amount of bonding agent was
insufficient. The interaction between paint and silicate
brick was low.

The deterioration of silicate bricks in climatic chamber
was compared with the natural 15 years duration
observation.

Durability of paints in the case of insufficiently
stabilized compositions of the aqueous polymeric disper-
sions is C < 80 cycles irrespective of the values of the
water sorption and vapour permeability coefficients.
Destruction of the above compositions is expressed in the
fast wrinkling of the film, mould formation, loss in the
adhesion (small blebs) and washing off after 50 — 80
cycles.

150 accelerated cycles in the climatic chamber
correspond to 12 years at an average natural ageing.
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Fig. 4. Resistance to climate effects of aqueous polymeric
disperse paints (subgroup “a”) on silicate brick walls considering
water sorption coefficient and vapour permeability
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Fig. 5. Resistance to climate effects of aqueous polymeric
disperse paints (subgroup “b”) on silicate brick walls
considering water sorption coefficient and vapour
permeability

The resistance of the non-painted silicate bricks
surface was found to be about 180 cycles. Following the
effect of 170—180cycles, hydrosilicate crystalline
structure of the silicate bricks surface thin layer
(0.05-0.2 mm) underwent deterioration. Ground sand
particles together with hydrosilicate deterioration products,
dirt and other adhered aerosol inclusions crumbled off or
were washed away comparatively easily.

By analysing the results of grouped paints it was found
that peculiar nature of vapour permeability and water
sorption was typical of each group; spreading of the paint
destruction is different. The nature of paint destruction
depends on the moisture-caused deformation of the
substrate on the different level.

3. CONCLUSIONS

1. Investigation on the durability of the building walls
external surfaces paints by modelled complex effects
in a climatic chamber is purposive only after
intermediate investigations and measurements of the
substrate  physical and mechanical properties
predetermining durability, sorption-desorption and
moisture-caused deformations. The effect of the above
mentioned properties upon durability should be
evaluated.

2. Proper determination of paint durability is possible
only in the case of simultaneous investigation of the
wall surface layer.

3. Influence of moisture deformations upon destruction
of coatings depends on the porosity of materials of the
surface being coated and on the origin and
macrostructure of the coating.
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Moisture-caused deformations increase the number of
blisters of aqueous polymeric disperse paints and
paints formed out of polyacrylates and silicone
solutions in organic solvents.

The nature and signs of deterioration and ageing of
paints of the separate groups develop in a different
way.

The intensity of surface destruction is unproportional
to the number of testing cycles. The increase of the
number of modelled cycles accelerates destruction
processes.

Durability of the paints formed out of aqueous
polymeric dispersions as well as the subgroups of
paints is distributed (not so distinctly due to some
decrease in water vapour permeability) in the direction
of fast decrease of water sorption coefficient.

Durable coatings should be considered to be thoses
which have withstood from 150 to 180 modelled
complex cycles of climate effects. The coatings of
acceptable  (permissible) durability are those
withstanding 110 — 150 cycles. Non-durable are the
coatings withstanding less than 100 — 110 cycles -
their aesthetic depreciation usually starts following
30—-50 testing cycles. The coatings of acceptable
durability depreciation of which starts after 80 — 100
cycles are not recommended either.
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