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Concrete of various type have been used extensively for the adequate shielding of the radiological equipment
using X and gamma rays. In its basic form, concrete is composed of pieces of inert aggregate held together by
hardened cement paste. Different concrete types with special cements have been prepared. The linear attenuation
coefficients of conventional concrete and concrete with supplementary mineral additives (barite and witherite) at
different gamma energies (Co-60: 1.25 MeV, Cs-137: 0.662 MeV, Ir-192: 0.37 MeV) in narrow beam conditions
have been measured. This paper includes some experimental data regarding the influence of barite and witherite

additives on photon attenuation coefficients of concrete.
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1. Introduction

The installations that use X-ray and sealed gamma ray
sources up to 10 MeV for medical and non-medical pur-
poses are one of many sources of risk associated with
radiation. The primary factor involved in X and gamma
radiation shielding is the reduction of the intensity of the
radiation to the desired level in order to keep the expo-
sure of the persons to radiation to levels as low as rea-
sonable achievable and secondary to this, there are eco-
nomical and mechanical factors, which are interrelated
to a considerable extent. Concrete, both of normal and
special types, is the most commonly used shield material,
due to the fact that it is an effective, versatile and eco-
nomic material for the construction of any nuclear facili-
ties. Concrete, in its basic form, is composed of pieces of
inert aggregate held together by hardened cement paste.
The concrete shielding properties depends on the compo-
sition the concrete. Various types of concrete have been
developed ranging from ordinary Portland cement con-
crete to barite and witherite concrete. While ordinary or
conventional concrete in sufficient thickness will provide
satisfactory shielding, heavy concrete, made from special
aggregates is often preferable due to smaller thickness
requirement. Industrial by product such fly ash, slag,
and granule blast furnace are used as supplementary ce-
menting materials and as result, to reduce environmen-
tal pollution. Mineral additives added in concrete, as
barite (BaSO4) or witherite (BaCOg3), which are well
photon radiation absorbent, can improve the attenuation
parameters for gamma ray as linear attenuation coeffi-
cient (u, cm™!) and mass attenuation coefficient (u/p,

cm?/g~) [1].
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There are a lot of studies in literature concerning the
radiation shielding properties of the different types of
normal and heavy concrete [2].

In this study, linear attenuation coefficient of gamma
rays of conventional concrete and concrete with supple-
mentary mineral additives (barite and witherite) at ener-
gies of 1.25 MeV, 0.662 MeV, 0.37 MeV and mass atten-
uation coefficients of each sample have been determined.

2. Materials and methods

The concrete has been modeled experimentally so as to
be highlighted, the more realistic, the gamma radiation
shielding performance cements. Thus, we designed and
carried out identical concrete compositional parameters,
referring to water to cement ratio (as low as possible),
and to aggregates volume and particle size distribution.
The only variable was the type of cement. The materi-
als used to obtain concretes were special cements with
the ability oo shielding gamma radiation, natural river
aggregates (fine and coarse) and high range water reduc-
ers (HRWR) superplasticizers. The HRWR, based on the
modified polyether carboxylate, Premia 180 Chryso and
Chryso Fluid Optima 206, have had a major contribu-
tion to the decrease of the water to cement ratio (W/C)
as a key factor for increasing concrete compactness as a
significant property for the increase of the gamma radi-
ation shielding. Three different series of concrete have
been prepared, maintaining constant quantitative com-
positional parameters respectively, the W/C ratio, the
ratio and the dosage of cement and aggregate. Propor-
tions of all mixture ingredients used are given in Table I.

In Table I the concrete mixtures are designed based
on the following code: Cement E=CEM 1, Cement
B2=CEM 1 with 20% BaSO,, Cement BC2=CEM 1
with 20% BaCOjz, EC=ordinary concrete, B2C and
BC2C=concrete with B2 and respectively BC2 cement.
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The concrete mixes with the special cements. TABLE I
Concrete|Cement| Sand | Coarse HRWR w/C
code | dosage |[kg/m®]| [kg/m?| |Superplasticizer|Ratio
[kg/m®]|0-4 mm|4-16 mm [%]
EC 375 703 1147 1.6 0.38
B2C 375 703 1147 1.6 0.38
BC2C 375 703 1147 1.6 0.38

Concrete mixtures were poured in parallelepiped
moulds with the dimensions of 210 x 300 mm and thick-
nesses of 20, 40, 70 and 100 mm. The concrete plate
was placed between detector and source, and the dis-
tance source-detector was of 86 cm. The equivalent dose
rate of the radioactive source was determined, with and
without the concrete plate between the source and the
detector, for each type and thickness of concrete sample
using flow meter Eberline FH-40-GL model. The follow-
ing radioactive sealed source has been used: Iridium-192,
mean gamma energy 0.37 MeV); Cesium-137, gamma
energy 0.662 MeV and Cobalt-60, mean gamma energy
1.25 MeV. The radioactive source was shielded by pin-
hole collimators to achieve the narrow beam condition.
The measurements were repeated 10 times in order to
decrease the statistical errors.

Gamma ray attenuation coefficients, i, have been eval-
uated according to the exponential attenuation law

I(z) = Io exp(p/x), (1)
where I is the incident intensity of photons penetrating
a layer of material of thickness x and I is the emerging
intensity of photons.

The schematic arrangement of the experimental setup

is illustrated in Fig. 1.
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Fig. 1. Experimental setup.

3. Results and discussion

The physical and mechanical characteristics of the spe-
cial cements E, B2 and BC2, which have been used in this
study and have been determined according to SRN 197-1,
are presented in Table II.

The densities of each type of the concrete obtained,
EC (ordinary concrete), B2C (concrete with barite)
and BC2C (concrete with witherite) were: 2.38 g/cm3,
2.45 g/cm? and 2.40 g/cm?.

The concrete mixtures were prepared using the same
compositional parameters, referring to W/C ratio and
to aggregates volume and particle size distribution.
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Physical and mechanical properties of the
cements E, B2, and BC2.

TABLE II

Characteristic Cement| Cement B2 |Cement B2C
E |(barite 20%)| (witherite)
Setting time: 190 300 280
beginning [min]
Setting time: 4-00 6-30 7-00
end time [hrs.-min]|
Flexural strength 5.5 4.0 4.0
2 days, [MPa|
Flexural strength 8.7 7.4 6.8
28 days [MPal
Compressive strength| 28.0 17.9 18.2
2 days, [MPa]
Compressive strength| 52.0 42.2 424
28 days, [MPa]

The W/C ratio, which is inversely related to concrete
strength, was decreased by adding in concrete mixtures
high water reducer superplasticizers [3].

To investigate the effect of adding barite or witherite
in concrete composition on gamma radiation shielding
properties, the photon attenuation was determined by
measuring the ratio of transmission of the penetrating
radiation through concrete samples (equivalent dose rate
ratio). Plotting the logarithmic form of Eq. 1 versus dif-
ferent x, a straight line was obtained. The linear atten-
uation coefficient, p, was obtained using the value of the
slope [4].

The linear attenuation coefficients for concrete types
produced with special cements have been measured at
photon energies of 1.37 MeV, 0.661 MeV, and 1.25 MeV.
The experimental results are listed in Table III.

Linear attenuation coefficients of TABLE III
concrete E, B2, and BC2, u [em™!].
Ir-192 Cs-137 Co-60
EC 0.202 0.167 0.120
B2C 0.212 0.175 0.128
BC2C 0.216 0.178 0.126

4. Conclusion

The linear attenuation coefficient is one of the most
important parameter which characterizes the radiation
shielding properties of the concrete. In this study, the
gamma ray attenuation of ordinary concrete and concrete
with special cement (barite and witherite as additives)
has been determined. The shielding properties of the
concrete samples have been studied in the gamma field
emitted by three radioactive sources: Ir-192, Cs-137 and
Co-60 [5].

As a conclusion the linear attenuation -coefficient
slightly increases, about 3-7%, for concrete with special
cement compare to conventional concrete. The linear at-
tenuation coefficients p decreases with increasing gamma
ray energy for all the concrete types studied [6].
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The results show that there is no significant differ-
ence between photons attenuation for barite concrete and
witherite concrete at energies 1.25 MeV, 0.661 MeV and
0.37 MeV.
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