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The density of the concrete is important parameter for di�erent properties. Using di�erent types and rates of
aggregates cause di�erent densities of the concretes. Radiation shielding properties can be varied with the density
and it is important to obtain optimum density for this purpose. In this study radiation attenuation coe�cients were
measured by comparison of �ve di�erent densities of concrete that called lightweight, semi-lightweight, ordinary
and semi-heavyweight and heavyweight. For this purpose concretes were produced with suitable aggregate in
laboratory conditions and determined some physical and mechanical properties. The total linear attenuation
coe�cient measurements have been obtained by a collimated beam of gamma ray from sources 60Co.
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1. Introduction

Concrete is by far the most widely used material for
reactor shielding due to its cheapness and satisfactory
mechanical properties. It is usually a mixture of hydro-
gen and other light nuclei and nuclei of fairly high atomic
number [1]. The aggregate component of concrete that
contains a mixture of many heavy elements play an im-
portant role in improving concrete shielding properties
and therefore has good shielding properties for the at-
tenuation of photons and neutrons [2, 3].
Pumice is a natural material of volcanic origin pro-

duced by the release of gases during the solidi�cation of
lava. The cellular structure of pumice is created by the
molten lava �owing from volcanoes becoming trapped on
cooling. The cells are elongated and parallel and some-
times interconnected. Pumice has been used as aggre-
gate in the production of lightweight concrete in many
countries of the world [4, 5]. Turkey has rich reserves of
pumice [6].

2. Experimental details

In the investigation �ve di�erent densities of concretes
were produced in laboratory conditions; some physical,
mechanical and radiation attenuation properties were de-
termined. Samples of concrete in the investigation were
prepared using method of absolute volume as a mix
design. All types of concretes were produced by us-
ing suitable aggregates. Concretes were produced with
coarse and �ne both pumice aggregates that are called
�light weight� coarse pumice, and normal sand aggregates
called �semi lightweight� coarse, and �ne both normal ag-
gregates called �normal concrete�, with both coarse and
�ne siderite aggregates called �semi heavyweight�, and
both coarse and �ne barite aggregates that called �heavy-
weight� concretes and they are tagged as LC, SLC, OC,
SHC, and HC, respectively.

Portland Cement (PC) 42.5 type of cement from Goltas
plant in Isparta was used as binder materials. Pumice
aggregate for LC and SLC concretes was obtained from
Gölcük region in Isparta. Normal �ne aggregates were
obtained in Atabey region in Isparta. The nominal max-
imum aggregate size was kept constant at 16 mm in all
mixtures. Fine and coarse aggregates were separated into
two size fractions, 0�4 mm and 8�16 mm, respectively.
Table I shows densities and compressive strengths of con-
cretes. City network water was used as mixing water.

TABLE I

Densities and compressive strengths
of concretes.

Concrete
Density
[kg/m−3]

Comprehensive
strength
[MPa]

LC 1484 14.04
SLC 1869 20.01
OC 2460 24.6
SHC 2953 28.25
HC 3463 35.25

The linear attenuation coe�cients of concretes have
been measured using the gamma spectrometer system
containing NaI(Tl) detector coupled to a digital spec-
trum analyzer (DSPEC LF) which was a full featured 16k
multichannel analyzer on advanced digital signal process-
ing techniques, and were recorded on the MAESTRO-32
gamma spectroscopy software. The measurements have
been performed at 1173 and 1332 keV which was obtained
from 60Co radioactive sources. The schematic arrange-
ment of the experimental setup used in the present study
is shown in Fig. 1.
The photon attenuation coe�cients have been evalu-

ated comparing N and N0, which are the measured count
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Fig. 1. Schematic view of the experimental setup.

rates in detector, respectively, with and without the ab-
sorber of thickness x (cm)

N = N0 e
−µx. (1)

3. Results and discussion

The linear attenuation coe�cients (µ) for concretes
have been measured at the photon energies of 1173 and
1332 keV. The obtained results are displayed in Table II.
Also, in Fig. 2 it can be seen that the measured results
decrease with both increasing photon energy.

Fig. 2. Measured linear attenuation coe�cients.

TABLE II
Measured linear attenuation coe�cients.

Concrete
Density

[g cm−3]
1173 keV 1332 keV References

LC 1.484 0.101 0.090 present work

SLC 1.869 0.115 0.109 present work

OC 2.460 0.174 0.165 Akkurt et al. [7]

SHC 2.953 0.175 0.167 Akkurt et al. [8]

HC 3.463 0.180 0.170 Akkurt et al. [7]

Fig. 3. Variation of the linear attenuation coe�cients
for the density of concretes.

As the linear attenuation coe�cients depend on the
material density, it is interesting to plot obtained linear
attenuation coe�cients as a function of materials density.
This has been obtained and displayed in Fig. 3. It is
clearly seen from this �gure that the linear attenuation
coe�cients increased with the increasing density of the
concretes.
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