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a b s t r a c t

Building stones, particularly sandstone and granite, are very important in the building elements of Por-
tugal’s historical and cultural heritage. Experimental research, based on uniaxial compressive tests, was
carried out on selected representative samples of lithotypes of rocks used in historic built heritage, with a
view to evaluating the compressive mechanical behaviour of different building stones. The results
showed that porosity plays a central role in the compressive behaviour of granites and sandstones. As
porosity can be evaluated in field conditions with non-destructive tests it was decided to derive an ana-
lytical model to predict compressive behaviour based on the knowledge of porosity of the building
stones. A cubic polynomial function was adopted to describe the pre-peak regime under compression
to implement the model. Furthermore, a statistical correlation between mechanical and porosity data
had to be defined. Good agreement between experimental and analytical compressive stress–strain dia-
grams, from which the mechanical properties like compressive strength and modulus of elasticity can be
derived, was achieved.
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1. Introduction

Built heritage such as castles, churches and palaces play an
important role in the cultural life of Portugal. In general, massive
masonry walls characterize the construction of these ancient con-
structions and natural stone is the most widely applied material.
The use of dimension stones in traditional constructions is closely
related to the distribution of rock outcrops. Granitic rocks are pre-
dominant in the northern and central regions of Portugal, but it
also possible to find them in some important monuments in the
south. Sandstone is less widely distributed in Portugal, but its
use is common in traditional buildings at regional level, particu-
larly in the Western regions close to the sea (Peniche, Lourinhã
and Silves). Fig. 1 shows some traditional buildings with granite
and sandstone loadbearing masonry.

Conservation, rehabilitation and strengthening of the built her-
itage are clearly required by modern societies, meaning that appro-
priate intervention techniques on materials and structures should
be available. The proper rehabilitation of ancient buildings should
be based on appropriate diagnosis and understanding of the exist-
ing materials [1]. In addition, the principles of safeguarding archi-

tectural heritage according to the international charters of Athens
cited by Venice [2] and Krakow [3] recommend that studies should
be carried out on the building stone with the lowest degree of
intrusion and fullest respect for their physical integrity. In fact,
one of the main problems of diagnosis with respect to an ancient
building is the difficulty of removing material for mechanical and
physical characterization. The principle of minimum intrusion
has been broadly taken into account by the scientific community,
which has been proposing alternative non-destructive techniques
to evaluate the mechanical and physical properties of construction
stone [4,5]. Ultrasonic pulse velocity (UPV) and the Schmidt ham-
mer (rebound hammer) are two examples of simple and inexpen-
sive solutions that can predict the elastic mechanical properties
and the weathering state of building stones [6]. Porosity is a prop-
erty that can be estimated also by a Schmidt hammer and by ultra-
sonic pulse velocity [6–8].

The dependence of the compressive mechanical properties on
the physical properties of rocks has been reported by several
authors [9–14]. This relation was also assessed for granite using
a set of statistical correlations between mechanical and physical
properties [15]. In general, increasing porosity is associated with
decreasing compressive and tensile strength and a lower modulus
of elasticity. This behaviour is to great extent related to the higher
heterogeneity and presence of weak bonds such as pores, voids and
microcracks in very porous rocks.
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