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Abstract: One of the problems caused by air pollution is acid rain. The development of urban
communities and subsequent use of air polluting vehicles on the one hand and the widespread use of
travertine in building facades in Iran on the other hand have doubled the study of the effect of acid rain on
the properties of travertine. In this study, three types of travertine (Travertine B, Travertine D and Travertine
R) were studied. This paper investigates the effect of the rain at four pH (2.5, 4, 5.5 and 7) on its physical
properties including effective porosity, longitudinal wave velocity and permeability, and its mechanical
properties including tensile strength and uniaxial compressive strength. The results showed that as the pH
decreases, the effective porosity increased and the longitudinal wave velocity, tensile strength and uniaxial
compressive strength decreased. The highest increase in effective porosity due to decreasing pH was related
to travertine B and the lowest increase was related to travertine R. The highest decrease in longitudinal
wave velocity, tensile strength, and uniaxial compressive strength due to decreasing pH was related to
travertine B and the lowest decrease was related to travertine R.

Keywords: Acid rain, Physical properties, Mechanical properties, Travertine, Building stone.

INTRODUCTION

The physico-mechanical properties of rocks are important parameters in the planning and design of
mining and civil constructional works. These properties are adversely affected by acidic environments.

Travertine is composed mainly of calcite (CaCO3).

The natural forces and agents of weathering, such as rain, snow, temperature, wind and atmospheric
pollutants may have a degrading effect on the appearance and structural of travertine. In the past, studies
such as research of Singh et al. have been conducted on the effect of acid rain on rock properties.

Singh et al. investigated effect of pH on the physico-mechanical properties of marble.

The study revealed that the physico-mechanical properties of marble are adversely affected by acidic
watery environments .Both the unconfined and cohesive element of the shear strength of marble are reduced
under acidic conditions while the angle of internal friction is not much affected by the pH of the solution.
At pH 7, marble has its maximum strength. The strength decreases under increasingly acidic conditions.
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As marble is composed of calcium carbonate, it is highly susceptible to attack by acidic agents, even
when the solution is a very weak acid. The speed of the deterioration varies with the nature of the acid. The
reduction in strength is due to the chemical reaction of the solution with the marble; the change in water
characteristics reduces the bond strength between the different particles.

At a low pH value the dissolution of marble is faster as the acid is more able to attack the free charged

particles that bind the CO3 of the marble. The correlation coefficient between the pH and the physico-
mechanical properties varies between 0.92 and 0.99; hence it is considered that the empirical equations

established can be used for the estimation of the change in physico-mechanical properties of calcareous
rocks in different pH environments [1].

Most research conducted around the world is focused on the effects of acid rain on Concrete. Little
research has been conducted on the effects of acid rain on building stones. Moreover, such studies have
mostly been conducted on marble. This study provides a new perspective in terms of the studied samples.

MATERIALS STUDIED AND THE METHOD OF EXPERIMENT

In this study, three types of travertine (Travertine B, Travertine D and Travertine R) were studied.
Travertine blocks from mines were transferred to the laboratory. For microscopic studies, a thin section was
prepared from the specimen and examined under a microscope.

The physical and mechanical properties of the specimen including dry weight, uniaxial compressive
strength, Brazilian tensile strength, and longitudinal wave velocity were determined using the methods
proposed by the International Society of Rock Mechanics [2]. To determine the uniaxial compressive
strength and the Brazilian tensile strength, cores with a diameter of 54 mm and a length/diameter ratio of 2
were used for uniaxial compressive strength and a diameter-to-thickness ratio of 2 for the Brazilian tensile
strength. Saturation and immersion methods were used to determine the dry weight and effective porosity
of the specimen. The results have been presented in Table 1.

Table 1. Physical and mechanical properties of dry travertins

Type of travertine Dry unit weight longitudingl wave Tensile Strength Uniaxial compressive
(KN/m?) velocity (MPa) strength (MPa)
B 23.73 5469 3.77 28.55
D 23.95 5571 5.75 43.23
R 25.01 6005 6.85 53.03

In this study, three types of travertine (Travertine B, Travertine D and Travertine R) were studied.
This paper investigates the effect of the rain at four pH (2.5, 4, 5.5 and 7) on its physical and mechanical
properties.

TEST RESULTS

The results showed that as the pH decreases, the effective porosity (Figure 1) and permeability increased
and the longitudinal wave velocity, tensile strength (Figure 2) and uniaxial compressive strength decreased.

CONCLUSION

The results of the present study on three types of travertine showed that by decreasing pH, longitudinal
wave velocity and tensile strength of the samples decreased, while their porosity increased. Reduction
of properties was different in three type travertine; so that the maximum reduction in longitudinal wave
velocity, tensile strength, and uniaxial compressive was seen in the travertine B and the minimum reduction
in the travertine R. Increase of properties was different in three type travertine; so that maximum increase
in effective porosity was seen in the travertine B and the minimum increase in the travertine R.
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Figure 1. Effective porosity changes in three types of travertine due to pH changes
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Figure 2. Tensile strength changes in three types of travertine due to pH changes
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