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The durability of a building stone is its resistance to deterioration processes under
the climatic conditions of a given geographical area. This parameter plays an
important role in the selection of a suitable building stone, as ignoring it can lead
to premature deterioration of the stone during the life of a building. Therefore,
before selecting a building stone, it is necessary to pay special attention to its
durability and to select a stone that has a suitable resistance to environmental
degradation processes. The physical and strength characteristics are among the
factors that influence the durability of a building stone. The evaluation of these
characteristics can provide valuable information about the durability of stone
subjected to deterioration processes. In this work, the effects of physical and
strength characteristics on the durability of building stones were investigated. The
results indicate that porosity, water content, degree of saturation and pore size
distribution are the most important physical characteristics determining the
durability of a building stone. In addition, strength properties, including uniaxial
compressive strength, tensile strength, flexural strength and abrasion resistance,
also play an important role in the durability of a building stone. The results of the
present study can be used as a simple, quick, inexpensive and practical tool to
indirectly evaluate the durability of building stone against environmental
degradation processes.

Introduction

In some cases, masonry is subject to

higher quality stone for use in a particular
location in a building and under particular

deterioration during its life in a building.
Climatic conditions and the location where the
stone is used determine the nature of the
deterioration process. The resistance of the stone
to deterioration processes can be assessed with
the durability parameter. Undoubtedly, when a
building stone is exposed to a deterioration
process, its inherent characteristics undergo
some changes. A smaller change in the inherent
characteristics indicates a better durability of the
stone and vice versa. Therefore, in order to select
a suitable and high quality building stone, it is
necessary to study its durability. This will lead to
an increase in the service life of the stone in a
building.In order to assess durability more
accurately, the study of the factors that influence
durability can be of great help in selecting a

climatic conditions. In the present study, the
effects of inherent characteristics, including
physical and strength characteristics, on the
durability —of building stones against
deterioration processes were investigated. The
results of this work can be used as a quick and
inexpensive tool for preliminary assessment of
the durability of building stones.

Materials and methods

This paper presents a comprehensive review of
previous studies on various aspects of the
durability of masonry exposed to deterioration
processes  such as  freeze-thaw, salt
crystallization, heat-cool, wet-dry, acid and
alkaline solutions. A systematic method was
used to analyze the data from previous studies
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from an innovative perspective. Based on the
data analysis, the effects of physical properties
(porosity, water content, degree of saturation and
pore size distribution) and strength properties
(uniaxial compressive strength, Brazilian tensile
strength, flexural strength and abrasion
resistance) on the durability of building stones
were investigated.

Discussion

The role of physical characteristics in the
durability of building stone

Porosity: A building stone with a higher porosity
has more pore space. Therefore, the contact
surface of the stone matrix (i.e., the solid part)
exposed to water/fluid is greater. This can lead
to an increase in the adverse effects of the
deterioration process (especially the chemical
deterioration process).

Water content: Water content plays a critical role
in the durability of stone in two ways. Water
facilitates the lubrication and softening of the
stone's constituents (particularly clay minerals).
These processes facilitate the failure of the stone
under external stresses caused by deterioration
processes such as salt crystallization and freeze-
thaw.Saturation degree: In addition to the role of
the degree of saturation on the strength
characteristics, it also directly controls the
durability behaviour of the stone against
deterioration processes. The intensity of stone
deterioration due to the freeze-thaw process is
significantly dependent on the degree of
saturation. The water in the pore space of the
stone becomes ice when the temperature drops
below 0°C. This is associated with a 9% increase
in volume, resulting in stress on the pore wall.
When the ice crystallizes in pores with a degree
of saturation above 91%, significant stress is
induced in the pore wall. In addition, when the
degree of saturation is less than 91%, the pores
have some free space for volume increase due to
the transformation of water into ice. Under these
conditions, the intensity of the stress imposed on

the pore wall is less than when the degree of
saturation is greater than 91%.

Pore size distribution: The pore network plays a
significant role in the durability of building stone
against deterioration processes that occur in the
presence of water/fluid. In general, the
susceptibility of a stone to the freeze-thaw
process increases as the number of fine pores
increases. Stones with finer pores are also less
resistant to salt crystallization than those with
larger pores.

The role of strength characteristics in the
durability of building stone

Processes  such as  freeze-thaw, salt
crystallization, wet-dry, heat-cool and the
activity of organisms create stresses in the body
of a stone. In some cases, the stresses caused by
these processes can lead to deterioration of the
stone. The durability of a stone under the stresses
of freeze-thaw and salt crystallization is a
function of its mechanical properties,
particularly those related to the strength of the
stone. If the strength of the stone is low so that it
cannot withstand the stresses imposed by the
deterioration processes, the stone may undergo
pore modification, which will result in its
disintegration. In terms of durability, the
strength of a stone is a measure of its resistance
to stress induced by deterioration processes. The
greater a stone's resistance to stress, the greater
its durability against deterioration.

Conclusions

The physical and strength characteristics play
significant roles in the durability of building
stone subjected to environmental deterioration
processes  (such as  freeze-thaw, salt
crystallization, heat-cool, wet-dry, and the
activity of organisms). According to the data
analysis, an increase in porosity, water content
and saturation degree and a decrease in pore size
significantly reduce stone durability during
deterioration processes. On the other hand, the
stone strength has a critical effect on the stone so
that with increasing uniaxial compressive
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strength, Brazilian tensile strength, flexural
strength, abrasion strength, and point load index,
the stone durability increases.
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Fig. 1. The use of stone in ancient monuments A) Tomb of Bu-Ali Sina (Hamedan, Iran) B) Persepolis (Fars, Iran)
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Fig. 2. Some uses of building stone in modern buildings A) Internal fagade and flooring B) Roofing tile C) Paving
D) Stair
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