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Abstract. Durability of building materials, as a vital parameter affecting the lifetime of
structures, is related to their resistance to harmful effects of the external environment. This
article is aimed at studying the changes in the properties of frequently used building materials
after being exposed for four years to weathering in the conditions of Prague, Czech Republic.
The selected materials were sandstone, normal strength concrete, fired clay brick and
autoclaved aerated concrete. Their resistance to weathering was assessed using the
measurement of basic physical properties, mechanical properties and water vapour diffusion
parameters.

1. Introduction

There are various requirements on building materials depending on their application and main
function. However, the common feature of all claims on building materials is their durability. As the
lifetime of a building is given by the durability of the weakest element, it is desirable to prolong the
durability of every single material used in the structure, which has a vital function and is not easily
removable. This applies especially for materials with load-bearing function. The most common
materials for load bearing structural members in the Czech Republic are concrete, bricks and - from
the historical times - sandstone. Many research studies are concerned with the durability of these
materials [1, 2, 3, 4, 5].

The durability of building materials is related to their resistance to external conditions. The harmful
factors are air pollution, erosion and abrasion due to wind and rain, acid attack, freezing and thawing,
carbonation, etc. This paper is aimed at studying the effects of external conditions on four selected
building materials in the course of four years. The investigated materials are sandstone, normal
strength concrete, fired clay brick and autoclaved aerated concrete.

2. Materials

Table 1 gives the list of studied materials with their labels. Sandstone marked S comes from Msené-
Lazné, Czech Republic, and was widely used in historical buildings on the Czech territory. C stands
for concrete of class 15/20, which is commonly used for normal-strength elements. Fired clay brick as
another representative of materials suitable for historical buildings is marked as FB. AC stands for
autoclaved aerated concrete, which falls in the class P1.8, i.e., the minimal compressive strength of the
blocks is supposed to be 1.8 MPa.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd 1



FORM 2018 IOP Publishing
IOP Conlf. Series: Materials Science and Engineering 365 (2018) 032051 doi:10.1088/1757-899X/365/3/032051

Table 1. The list of studied materials with their labels

Label Material

S Sandstone, MSené-lazné
Normal strength concrete
FB Fired clay brick
AC Autoclaved aerated concrete P1.8 300

3. Experimental methods

3.1. Basic physical properties

Basic physical properties were characterized by bulk density p, [kg m™], matrix density pua [kg m™]
and total open porosity y, [%]. For the determination of these parameters water vacuum saturation
method was used. The measurement was done on 50 x 50 x 50 mm samples. Each sample was dried
in a drier to remove majority of the physically bound water. After that the samples were placed into a
desiccator with deaired water. The specimen was then kept under water not less than 24 hours.

The water vacuum saturation method employs the Archimedes' principle for the determination of
specimen volume. The difference between the weight of water saturated sample on the air, m,,, and the
Archimedes weight, i.e., the weight of water saturated specimen fully immersed in water, m,, is equal
to the weight of water displaced by the whole volume of the specimen, V, which can then be
determined from the equation

V — 4 a
P o

where p, is the density of water. The open porosity, bulk density and matrix density are calculated
according to the equations
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3.2. Mechanical properties

Mechanical properties were characterized by compressive strength [MPa] and bending strength [MPa].
The compressive strength test was performed with the use of the testing device EU 40 and the
procedure was done according to the EN standards [6-12].

3.3. Water vapour transport properties

For the determination of water vapour transport properties, the wet and dry cup methods were used.
The obtained parameter was the water vapour diffusion resistance factor pu [-]. The cup for the wet cup
method was filled with water, for the dry cup method it was filled with silica gel [13]. The experiment
took place in a climatic chamber with 50% relative humidity. Steady state values of mass gain or mass
loss determined by the linear regression over the last five readings were used for the calculation of
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water vapour diffusion properties. As the primary parameter, the water vapour diffusion permeability o
[s] was calculated as

_ Am-d
S-7-Ap, 5)

where Am the amount of water vapour diffused through the sample [kg], d the sample thickness [m], S
the specimen surface [m°], 7 the period of time corresponding to the transport of mass of water vapour
Am [s], Ap, the difference between partial water vapour pressure in the air under and above specific
specimen surface [Pa]. In an analogous way, the water vapour diffusion coefficient D [m’s’'] was
determined,

Am-d-R-T
D= (6)
S-z-M-Ap,

where R is the universal gas constant, M the molar mass of water, and 7 the absolute temperature [K].
On the basis of the diffusion coefficient D, the water vapour diffusion resistance factor x [-], which is
the diffusion parameter most often used in the building practice, was calculated,

= (7)

where D, is the diffusion coefficient of water vapour in the air.

4. Experimental results and discussion

4.1. Basic physical properties

Table 1 summarizes the values of basic physical properties of studied materials. The bulk density and
matrix density increased in time for all studied materials. However, the change in the particular values
was within 6% for bulk density and 4% for matrix density, with the exception of matrix density of
autoclaved aerated concrete, which rose by 13%. The values of open porosity also grew up, only in the
case of concrete the open porosity decreased, which could be the result of continuing hydration of the
cement gel. The biggest increase in open porosity was found for fired clay bricks, which was 10%.

Table 2. Basic physical properties of studied materials

ref 4 years
Material 3 P 5 P
pv [kg m™] Pmat [Kg M™] Vo [%] pv [kg m™] Pmar [Kg M™] Vo [%]
S 1868 2618 28.7 1879 2638 29.7
C 2207 2601 15.5 2327 2670 13.3
FC 1831 2581 27.9 1858 2682 31.0
AC 289 2200 86.9 304 2531 87.9
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4.2. Mechanical properties

Figure 1 presents the results of the compressive strength test. The fired clay bricks showed a decrease

in strength by 10%. An increase of compressive strength was found for autoclaved aerated concrete —

by 24%. Rise in the compressive strength values for normal concrete was by 4%, for sandstone by 8%.
The values of bending strength are presented in Figure 2. Again, fired clay bricks showed a

decrease — by 9%. The increase of bending strength for sandstone was 7%, for normal concrete 15%.

The bending strength of autoclaved aerated concrete increased by 20%.
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Figure 1. Compressive strength of studied materials
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Figure 2. Bending strength of studied materials
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4.3. Water vapour transport properties

Results of the measurement of water vapour transport properties are given in Figures 3 and 4. The
ability of water vapour diffusion through all studied materials except for normal concrete rose in time,
or in other words their resistance to water vapour transport decreased. The most significant drop in
values of water vapour diffusion resistance factor (Figure 4) was recorded for brick, being by 50%
(dry cup), followed by autoclaved aerated concrete and sandstone — by 25% (wet cup). For normal
concrete the increase in water vapour diffusion resistance factor was up to 8% which was related,
similarly to the open porosity and mechanical parameters, to the continuation of the hydration process.
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Figure 3. Water vapour diffusion resistance factor obtained by dry cup method
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Figure 4. Water vapour diffusion resistance factor obtained by wet cup method
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5. Conclusions

Durability of building materials is the essential parameter controlling the lifetime of all structures. The
harmful effects of the external conditions cannot be avoided and therefore it is necessary for the
building materials to withstand as much as possible. Four commonly used building materials were
selected and left for four years on the outside environment in Prague, Czech Republic to suffer from
weathering. The selected materials were sandstone, normal strength concrete, fired clay bricks and
autoclaved aerated concrete. These were tested in terms of basic physical properties, mechanical
properties and water vapour transport parameters. Experimental results showed increase in strength for
all materials except from fired bricks, which values decrease was within 10%. The ability of water
vapour diffusion rose in time for all materials except for normal strength concrete. The overall higher
resistance of normal strength concrete to weathering, as compared to the other studied materials, was
caused by the continuing hydration process in the cement gel.
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