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With the rapid development in technology, the radiation protection has become one of the most
important part of building construction. As shielding is the basic method for radiation protection,
besides the physical and mechanical properties of materials used in building construction, the radiation
shielding properties should also be known. In this study, the linear attenuation coefficients of two
different types of Golcuk-Isparta pumice which is an alternative building material have been measured
and the results were compared with the calculation and some other materials.
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INTRODUCTION

Building materials are important in building construction
for both in durability and to carry architectural culture to
next generation. For this reason, instead of using single
type of building materials, mixture of them is more useful.
This can cause a number of problems such as me-
chanical deformation, thermal and voice conductivity. The
pumice formed after volcanic event, is cavity, spongy,
porous and light building material. As the inferred reserve
of pumice high in Turkey, it becomes important materials
in engineering sectors. About 80% of produced pumice is
used in construction sector as light block elements and
isolation materials (Erkoyun, 2005). Besides being one of
the most common building materials it can also be used
as an architectural covering stones in many engineering
structures. Because of this, it became vital to investigate
its response to radiation, heating and cooling, and also
it's thermal and voice conductivity properties. Properties
like having lower unit weight than normal concrete and
also high performance on thermal and voice conductivity
make it ideal choice in building construction. Besides
using it in natural form, it can be used in compressed
form as a decorative wall cladding material (Davraz et al.,
1997). The photon attenuation coefficients of such an
important material should be determined by testing the
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should be determined by testing the materials for
radiation shielding. It is important in radiation physics and
radiation dosimeter as it measures the probability of all
possible interactions between photon and atomic
medium. The magnitude of linear attenuation coefficient
depends on the incident photon energy, the atomic
number and the density (p) of the shielding materials
(Woods, 1982). A number of experimental and theoretical
works have been performed on the linear attenuation
coefficients for different types of materials such as
marble, barite and limra (Akkurt et al., 2004), some kind
of rocks (Ozkahraman, 2004) and also concrete (Akkurt
et al., 2005; Bashter, 1997) which is commonly used
materials in building construction.

In this paper, the linear attenuation coefficients of
pumice will be presented for two different forms and then
will be compared with the calculation and some other
materials.

MATERIALS AND METHODS

The pumice used in this study was obtained from Isparta- Gélcik
region where its inferred reserve is about 2.5 billion m® (Davraz
2005; Giindiiz, 1998). Both natural (NatPum) and powder pumice
were casted 5 x 5 x 2 cm in sizes. The powder pumice was
compressed (CompPum) in a metal mould. The density of powder
and natural pumice became 1.69 and 0.787 g cm™ respectively. The
linear attenuation coefficients (1) were obtained via mass
attenuation coefficients wp calculated using the XCOM code at
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Table 1. Chemical composition of pumice (%) (Ginduz et al. 1998).

Chemical SiO,  AlO3

Fe>O3
Percentage (%) 70 14 2.5

Ca0O MgO Nax0+Kx0 LOI
0.9 0.6 9 3

Table 2. The results of linear attenuation coefficient for pumice.

Photon energy (Average) Materials Experimental (1 1) cm™ XCOM (p) cm™
1.25 MeV Natural pumice 0.027 0.031
Compressed pumice 0.071 0.068
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H s - - - NatPum(XCOM)
E ' @ MNatPumiEzp)
W
st 1 E4HD
o
‘!-.E} B LR
1 E02 T T .
1 E-03 1,E0M 1 E+HMN 1 E4H3 1EHE

Photon Energy (MeV)

Figure 1. The linear attenuation coefficients of two types of pumice as a function

of photon energy.

photon energies of 1 keV - 100 GeV (Berger 1987). The XCOM
data base run on a PC and was prepared by combining previously
existing data bases for coherent and incoherent scattering,
photoelectric absorption, and pair production cross sections. It uses
chemical structure of materials as input for materials. The chemical
properties (Davraz, 2005) of pumice are tabulated in Table 1. The
linear attenuation coefficients (1) were determined by measuring
the transmission of y-rays through the target of three different
thicknesses. The y-rays of the average 1.25 MeV obtained from
9Co source which emits 1.17 MeV and 1.33 MeV were used in this
study as the Geiger-Muller counter does not identify each y-ray. The
linear attenuation coefficients (1) can be given by the following
expression:

_ —pox

Where N and No transmitted and incident photon recorded by
detector respectively and x is the thickness of material.

RESULTS AND DISCUSSION

The photon attenuation coefficients at 1.25 MeV were
measured for both natural and compressed pumice and
the results were compared with the calculation. These

values are given in Table 2 and are shown in Figure 1
and where it can be seen that the agreement between
measurement and calculation are good (even only one
data point) and the linear attenuation coefficients
decrease with the increasing photon energy. It can also
be clearly seen from this figure that the linear attenuation
coefficients are higher for compressed pumice than for
natural pumice. In Figure 2 the linear attenuation
coefficients of pumice were compared with the other
materials of barite, limra and marble (Akkurt et al., 2004).
It can be seen from this figure that the linear atte-
nuation coefficients are lower for pumice in comparison
with the others. This could be resulted from differences in
densities as the linear attenuation coefficients are related
to materials density. This is plotted in Figure 3 where it
can be clearly seen that there is a linear relation between
linear attenuation coefficient and the density of materials.
In radiation shielding, it is important to know material’s
thickness to stop half and tenth rate of radiation. The
shielding effect of various materials to radiation is usually
expressed in half-value thickness, or tenth-value
thickness: in other words, the thickness of material
required to reduce the intensity of radiation by one-half or
one-tenth. Successive layers of shielding each reduce
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Figure 2. The comparison of linear attenuation coefficients for pumice and other materials (Akkurt

et al. 2004).
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Figure 3. The linear attenuation coefficients as a function of pumice’s density.
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Figure 4. The radiation transmission rate as a function of pumice’s thickness.



the intensity by the same proportion, so three tenth-value
thicknesses reduce the intensity to one-thousandth. This
is obtained for both types of pumice and displayed in
Figure 4. It can be seen in this figure that to shield 50% of
1.25 MeV photons, the thickness of 25.67 cm natural
pumice and 9.79 cm compressed pumice are required.
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