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Abstract: In the case of explosions and fires, the rocks undergo cycles of heating and cooling, that is,
they are exposed to considerable heat first and then cooled after extinguishing the fire. The purpose of this
paper is to study how the temperature in a heating-cooling cycle can affect the physical and mechanical
properties of travertine. In Iran, travertine stone is widely used for building facades, so travertine was chosen
as the material of study. In this study, three types of travertine (Travertine B, Travertine D and Travertine
R) were studied. The effective porosity and permeability at 25 °C for Travertine B is greater than Travertine
D and Travertine D is greater than Travertine R. Also, the longitudinal wave velocity, tensile strength and
uniaxial compressive strength at 25 °C for Travertine B are lower than Travertine D and Travertine D is
lower than Travertine R. During the heating phase in a heating-cooling cycle, experiments were performed
on specimens that were initially exposed to temperatures of 150, 300, 500 and 800 °C and then cooled
gradually to ambient temperature. A series of experiments were performed on specimens that were not
exposed to a heating-cooling cycle. This paper investigates the effect of the heating-cooling process 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 temperature increases, the effective porosity and permeability increased and the longitudinal wave
velocity, tensile strength and uniaxial compressive strength decreased. The highest increase in effective
porosity and permeability due to increasing temperature 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 increasing temperature was related to travertine B and the lowest decrease was
related to travertine R.

Keywords: Physical properties, Mechanical properties, Fire, Travertine, Building stone.

INTRODUCTION

Rocks are occasionally exposed to elevated temperature which creates thermal stress and affects their
properties. Thermal loading can generate two types of micro cracks in rocks via different mechanisms:
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cycling cracks and thermal gradient-induced cracks. Cycling cracks form because of a mismatch between
thermal expansion coefficients of adjacent mineral grains in a homogeneous temperature field, while
thermal gradient-induced cracks result from thermal stresses induced by temperature gradients exceeding
the local grain strength [1]. In theory, a maximum thermal stress of EQAT/(1 - v) could be generated (where
E is the Young’s modulus, a is the coefficient of thermal expansion, AT(T - T,) is the change in temperature,
and m is Poisson’s ratio). Some of previous researches are presented in Table 1.

Table 1. Previous Studies on effect of temperature on properties of various rocks

Refernces | Rock ¢ | e | Smwlesize | i | SGR | svenh
[2] Salt 20-240 ISRM SM Decrease Increase
[3] Granite 20-800 5cm(¢p) X 10cm | Decrease Decrease
[4] Marble 20-700 ISRM SM Decrease Decrease
[5] Granite 30-160 ISRM SM Diig:zzz_ Diflg:zz:_ Decrease
[6] Granite 25-1300 2.5cm(¢d) X cm Decrease Decrease
[7] Gabbro 25-1000 4cm(Pp) X 9cm Decrease Decrease

One of the studies conducted in this regard is a laboratory study by Kim et al. on the samples of igneous,
sedimentary and metamorphic rocks. Samples were slowly heated to the temperatures of 100°C, 200°C and
300 °C and then quickly cooled down with a fan to the room temperature (25 °C). The rate of temperature
rise was 1-2°C/min. The test results including the tensile strength of the samples due to temperature changes
on Coconino sandstone showed, the tensile strength reduced from 6 MPa in unheated samples to 5 MPa in
the samples which were heated up to 300°C and cooled rapidly. In addition to this test, the effect of cycles of
heating up to 100°C and then cooling on the tensile strength of Coconino sandstones was also investigated.
In this case, samples underwent 10, 15 and 20 cycles of heating and cooling. On account of these cycles,
the tensile strength decreased from 6.3 to 6 MPa [8]. The researcher also investigated the various effects of
heating and cooling cycles on different rocks. In this respect, samples were heated up to 5 cycles at 100°C.
Results of the studies conducted on Sierrita granite showed that the samples undergoing 5 cycles of heating
and cooling exhibited lower longitudinal wave velocity and greater porosity than unheated samples. In
these examples, cycles of heating and cooling caused increases in the crack widths and densities.

These changes were different in Diabase. The results showed that the samples enduring 5 heating and
cooling cycles had higher longitudinal wave velocity and porosity compared to the unheated ones. Crack
density decreased as they were subject to compressive stress which also led to decreased porosity. The same
scenario was observed in Skarn, diabase and quartzite. For this reason, the samples enduing five heating and
cooling cycles exhibited greater tensile strength compared to the unheated samples.

Most research conducted around the world is focused on the effects of temperature on rock properties
in a heating process. Little research has been conducted on the effects of the heating - cooling process on
rock properties. Moreover, such studies have mostly been conducted on granite and sandstone. This study
provides a new perspective in terms of the studied samples as well as the effect of the heating - cooling
process on the properties of rocks.

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 [9]. To determine the uniaxial compressive

1FAQ Glisli oF oo (eamiy 0390 17 AY
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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 2.

Table 2. Physical and mechanical properties of sandstone

Type of travertine Dry unit weight Longitufiinal wave Tensile strength Uniaxial compressive
(KN/m?) velocity (m/s) (MPa) strength (MPa)
B 23.70 5479.4 3.86 29.84
D 23.99 5773.2 5.83 45.36
R 25.05 6002.5 6.98 51.45

In this study, three types of travertine (Travertine B, Travertine D and Travertine R) were studied.
During the heating phase in a heating-cooling cycle, experiments were performed on specimens that
were initially exposed to temperatures of 150, 300, 500 and 800 °C and then cooled gradually to ambient

temperature. A series of experiments were performed on specimens that were not exposed to a heating-
cooling cycle.

TEST RESULTS

The results showed that as the temperature increases, the eftective porosity (Figure 1) and permeability

increased and the longitudinal wave velocity, tensile strength (Figure 2) and uniaxial compressive strength
decreased.
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Figure 1. Effective porosity changes in three types of travertine due to a heating-cooling cycle
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CONCLUSION

The results of the present study on three types of travertine showed that by increasing temperature,
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 and permeability was seen in the travertine B and the minimum increase in
the travertine R.
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