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A local ore material from Wadi Al-Shatti (south west of Libya) using different concentrations were
investigated as a shielding material. The linear attenuation coefficients, mass attenuation coefficients and
calculated density showed that the ore material used in this study may be preferred as shielding material
against gamma radiation. It is clear from the results that as the sample thickness increases, the detector
intensity decreases and when percentage of Wadi Al-Shatti Iron Oxide (WSIO) increases, the linear
attenuation coefficient (LAC), on the other hand, the mass attenuation coefficients (MAC) decreased.
Generally, the attenuation of WSIO increases as increasing the linear attenuation coefficient.This
research is also concerned with studying the effect of replacing a mix sand of concrete with different
weight of WSIO namely. It was expectedthat addition of iron oxide material with higher density higher
hardness than Portland cement will increase the compressive strength. In general, the addition of low
contents of WSIO to the concrete may improve the compressive strength, but still depends on the
concentration of iron oxide as well as the thickness of the concrete.
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Introduction
Radiation is a part of our daily life, so radiation and life are radiation, are emitted as a result of nuclear reactions. These types of
inseparable. Today, with the development of nuclear technology, the radiation have a high penetration capability in material, and if not
use of radiation in different areas of industry, agriculture, and attenuated using proper protection, they can bring serious harm to
medicine is flourishing. Different rays, including X and gamma humans and cause irreparable environmental hazards.The design
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and construction of radioactive radiation shielding for protecting
people, equipment, and buildings from the harmful effects of
radiation is one of the most important issues in nuclear science.
Selecting and employing appropriate material may be helpful in
reducing the radiation emitted by radioactive materials to the
authorized level [1].

Concrete is a good radiation protector material because it has the
characteristics necessary to weaken the gamma rays and neutrons [1].
The aggregate component of
concrete plays an important role in improving concrete shielding
properties and therefore has good shielding properties for the
attenuation of X and y rays [2], [3].

2 Basic Shielding Parameters

2.1. Linear Attenuation Coefficient (LAC)

The linear attenuation coefficient gives information about the
effectiveness of a given

material per unit thickness, in promoting photon interactions [4]. The
large value of attenuation coefficient is more likely to the given
thickness of material [4]. The magnitude of attenuation coefficient
varies with thickness of material and its density, as we imply, with
photon energy, while specific values of the attenuation  coefficient
will vary among materials for photons of specified energy [4]. The
plots of attenuation coefficient versus photon energy are similar for
different materials. In general, trends shows high values of
attenuation coefficient at low photon energies that decreases as
photon energy increases. The reason of these trends is that the
linear attenuation coefficient is made up of three major components,
each of which is depends upon different types of  photon
interaction [4]. At lower energy, a process is called
photoelectric effect is the dominant interaction mode that has strong
energy dependence, decreasing approximately as the inverse cube of
the energy [4].Linear attenuation  coefficient (u) cm™! is
determined by using a well collimated narrow beam ofphotonpassing
through a homogeneous absorber of thickness °t’, the ratio of
intensity of emerging beam from the source along the incident
direction, to the intensity is given by the Beer Lambert law [4].

1

wo= - (1) [4] where, I, is the
incident photon intensity, | is the transmitted photon intensity, and
X is the thickness of absorber.

2.2. Mass Attenuation Coefficient (MAC)
The ratio of linear attenuation coefficient (w) to the density (p) is
called the mass attenuation coefficient (1 / p) and has the dimension
of area per unit mass (cm3/gm).A narrow beam of mono-energetic
photons with an incident intensity I, , penetrating a layer of
material with mass thickness t and density p, emerges with intensity
I given by the following relation:

nG)

Hm = (L2 [5]

The thickness of the absorber can be calculated by the following
formula:

X = pt(1.3) [5]
2.3. Apparent Density (AD)
Density can be represented as the following:
p =7(14)[6]
where, p is the apparent density, M is the mass and V is the
volume.
2.4. Calculated Density (CD)

The calculated density gives better and accurate results than the
apparent density, since the calculated density using the y-ray and the
mass attenuation coefficient [6]. The calculated density can be
represented by the following relation:

In (i)
ps = (15 [6]
where, p, is the calculated density, in (Ii) is the absorption
logarithm, pu,, is the mass attenuation coefficient, and X is the
material thickness [6].
3. Iron Oxide (10)

Properties of hematite iron oxide is shown in (Table 3.1].
Table 3.1. Hematite Iron Oxides Properties [8]

Density
g/cm3 Colour Cation Formula Oxide
5.26 Red Fe3* o-Fe,0; Hematite

Reddish

4.87 brown Fe3*  y-Fe,0; Maghemite

4. Literature Survey

Mostofinejad et al. (2012) [9] studied the mix design parameters
that had an effect on the gamma ray attenuation coefficient and the
strength of normal and heavy concretes. They showed that the barite
concrete attenuation coefficient was 30% higher than the
conventional concrete. Also, replacing cement with silica fume will
diminish the concrete attenuation coefficient [9].

Ouda (2015) [10] investigated the suitability of some concrete
components for producing high-performance, heavy-density concrete
using different types of aggregates. The results indicated that the
compressive strength of the high-performance, heavy-density
concrete incorporating magnetite as a fine aggregate was
significantly higher than that containing sand [10].

5. Constituent Materials and Experiments

5.1. Cement

Portland cement (Type 42.5 N) was used in the experiments it is
produced in Zliten Cement Factory in Zliten/Libya with Libyan
specifications (No. 340/2009), a type of cement shown in the (Figure
5.1).

Figure 5.1 Sample of Portland Cement (Zliten Cement Factory,
Libya)
(Table 5.1 and 5.2) show the chemical and physical requirements for
ordinary Portland cement respectively [10].
Table 5.1 Chemical Requirements for Ordinary Portland

Cement [10].

Percent, Max.
Magnesium Oxide (MgO) 8.00
Sulphur Trioxide (SO5) 3.00
SulphideSulphur (S) 1.50
Loss on Ignition 5.00
Insoluble Residue 4.00
Chloride (CI) 0.05

Table 5.2 Physical Requirements for Ordinary Portland
Cement [11].

Content Max.

Finebess 225 m¥kg
Soundness 8.0 %
SulphideSulphur (s) 1.5
Setting Time
a) Initial setting time not less than 30 min.
b) Final setting time not more than 600 min.
Compressive Strength
a) 72& 1 h not less than 16 MPa
b) 168 2 not less than 22 MPa
C) 672 f4 not less than 33 MPa
5.2 Water

(Table 5.3) show the contents of mineral water used to hardened the
ordinary Portland cement [712].
Table 5.3 The Content of Mineral Water [12]
Content Max.

Sodium (Na) 52.200 %
Calcium (Ca) 04.008 %
Magnesium (Mg) 02.400 %
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Bicarbonates 24.400 %
Chlorides (CI) 12.270 %
Sulfur (S) 09.500 %
Total Dissolved Salts (T. D. S.) 100
pH 7.3

5.3. Wadi Al-Shatti Iron oxide Analysis

The WSIO ore sample contains 61 mass % Fe Oxide / Hydroxide,
3l mass % quartiz, 5 mass % apatite, 1 mass % ilmenite, 1 mass %
clay minerals and trace amounts of Zircon, rutilel / anatase, monazite,
calcite and Ca Sulfate. By mass, the majority of Fe Oxide / Hydroxide
occurs in the coarsest fraction and the least amount in the finest
fraction [13].

5.4. Steps of Wadi Al-Shatti Iron oxide Collecting and Dressing

As shown on the Figure 6.2 a WSIO ore was collected and dressed as
the following processes: (i) Collection of the iron oxide; (ii)
Calibration of an electronic balance; (iii) Weighting of plastic bowl
used to balance iron oxide; (iv) Weighing of iron oxide Collected
sample; (v) Screening of iron oxide Collected sample using different
mesh sizes; (vi) Weight of bowl Used to Balance Tailings and
Concentrate Iron Oxide; (vii) Weighting of tailings (3 mm Mesh);
(viii) Weight of Tailings (2 mm Mesh); (ix) Weight of Tailings (1
mm Mesh); (x) Weighting of Iron Oxide Concentration.

Figure 5.2 Steps of WSIOCollecting and Dressing
5.5 Mix Proportions
5.5.1. Design Requirements

The job mix will is designed according to Standard Practice for
Selecting Proportions for Normal, Heavyweight, and Mass Concrete
(ACI 211.1-91). The design criteria that were used in the present
research are as:

The water cement mix ratio was (0.55). The final average weight
for the mix was listed in (Tables 5.5, 5.6, 5.7, and 5.8), and the
applied force for a compressive test was 1560 kN.

The percentage and weight of theWSIO material and the weights of
the main constituents of concrete were listed in (Tables 5.5, 5.6, 5.7,
and 5.8).

Table 5.5 Mix Design of the Concrete Samples with 0.0 %
WSIOConcentration

Sample Cement Water  Sand  (g) Iron
No. (9) (9) Oxide(WSIO)
()
MO04 108 054 0324 000
M08 216 108 0618 000
M12 324 162 0972 000
M16 432 216 1290 000

Table 5.6 The Mix Design of the Concrete Samples with 0.5 %
WSIOConcentration
Sample Cement Water  Sand (g) Iron Oxide

No. (@) )] (WSIO) ()
M04 108 054 320.76 03.24
MO8 216 108 641.52 06.48
M12 324 162 962.28 09.72
M16 432 216 1283.04 12.96

Table 5.7 The Mix Design of the Concrete Samples with 1.0 %
WSIOConcentration
Sample Cement Water Sand (g) Iron Oxide

No. )] @ (WSIO) (9)
M04 108 054 0324 000
M08 216 108 0618 000
M12 324 162 0972 000
M16 432 216 1290 000

Table 5.8 The Mix Design of the Concrete Samples with 3.0 %
WSIOConcentration
Sample Cement Water  Sand (g) Iron Oxide

No. ()] )] (WSIO) (g)
M04 108 054 314.2 09.72
M08 216 108 628.56 19.44
M12 324 162 942.12 29.16
M16 432 216 1257.12 38.88

5.6. Sample Categories

Concrete samples were produced with and without fine powder
iron oxide. In all samples, applied iron oxide was considered as a
percentage of iron oxide to sand ratio (0.5%, 1.0%, and 3.0%).
Obtained mixtures were molded into cylinders with diameter 6.72 cm
and four different lengths of (4cm, 8cm, 12cm, and 16cm) for
compression test and penetration gamma ray radiation test. The total
number of plain concrete samples are 48 for ray penetration test and
compression strength as showing on (Table 5.9).

Table 5.9 Concrete Samples for Gamma Rays Penetration and
Compression Test

Iron Oxide Samples for ray and
% Compression Test Total
4cm  8cm 12 cm 16 cm Samples
0.0 3 3 3 3 12
0.5 3 3 3 3 12
1.0 3 3 3 3 12
3.0 3 3 3 3 12

Figure (5.3) showing casted concrete samples ready for gamma ray
attenuation and compression tests.

Figure 5.3 Casted Concrete Samples Ready for Gamma Ray
Attenuation and Compression Tests

5.7 Equipment and Testing Procedure

Cobalt 60 was used as a source of gamma ray radiation. (Figure
5.5), displays the radiation parameters of gamma ray machine.The
linear attenuation coefficient, the mass attenuation coefficient, the
apparent density, and the calculated density were determinedfor all
concrete samples using formulas (1.1, 1.2, 1.4 and 1.5) respectively.
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Radiation
Source
€060

Concrete

Figure 5.5 Basic Gamma Ray Source Machine

6. Experiments Results and Discussion

The penetration of y-ray to concrete after 14 days from casting
date using Geiger — Moller Counter to measure absorbed dose
through concrete sample at different thicknesses (4cm, 8cm, 12cm,
and 16cm) and different WSIO percentages (0.0 % to 3.0%).

6.1.2. Linear Attenuation Coefficient (LAC)
and Mass Attenuation Coefficient (MAC)

Figures 6.1 show the exponential curves for relations between
detector intensity (usv/h and sample thickness cm) for concrete with
several WSIOweights %. Through those figures shielding parameters
such as linear attenuation coefficient (LAC) and mass attenuation
coefficient (MAC) for each ratio of iron oxide was derived as shown
in (Tables 6.1, 6.2, 6.3and 6.4). It is clear from figure 6.1 that as the
sample thickness increases, the detector intensity were decreased and
when WSIO weight % increases, the LAC were decreased, similarly,
the mass attenuation coefficients MAC were decreased as well.

Table 6.1 Concrete Samples with 0.0 %WSIO

Sample No. X 1y, U p Ps
(cm) em™)  (em’g™!) (gem™) (gem?)
M04 04 0.3975 0.1506 2.5996 2.6002
M08 08 0.2453 0.0929 2.6033 2.5894
M12 12 0.1860 0.0688 2.6621 2.6516
M16 16 0.1464 0.0541 2.6124 2.6095

Table 6.2Concrete Samples with 0.5 %WSIO

—
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Figure 6.1 Relation of Logarithm y — Ray Absorption vs. Sample
Thickness with 0.0 %, 0.5 %, 1.0 %, and 030 % Weight ofWSIQin
Concrete
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Figure 6.2 Relation of LAC Average vs.
WSIO % in Concrete
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Figure 6.3 Relation of MAC Average vs.
WSIO % in Concrete

Table 6.5 LAC Average Calculation

Sample No. X 1o Hm p Ps
(cm) em™)  (cm?g™)) (gem™3)  (gem”3)
M04 04 0.3873 0.1474 2.6276 2.6279
MO8 08 0.2499 0.0951 2.6409 2.6274
M12 12 0.1860 0.0722 2.5908 2.5758
M16 16 0.1464  0.0545 2.6872 2.6869

Table 6.3Concrete Samples with 1.0 % Iron Oxide

Sample No. X I Hm p Ps
(cm) em™)  (cm?g™) (gem™3) (gem~3)
M04 04 0.3975 0.1526 2.6042 2.6052
MO8 08 0.2453 0.0946 2.6057 2.5929
M12 12 0.1860 0.0721 2.5932 2.5793
M16 16 0.1464  0.0559 2.6189 2.6187

Table 6.4Concrete Samples with 3.0 % WSIO

Sample No. X I Hm p Ps
(cm) em™)  (em’g™) (gem™) (gem”®)
M04 04 0.3960 0.1523 2.5996 2.6002
MO8 08 0.2493 0.0963 2.6033 2.5894
M12 12 0.1829 0.0690 2.6621 2.6516
M16 16 0.1490 0.0571 2.6124 2.6095

Table 6.5 and 6.6 show the results of LACand MAC average for
each WSIO weight %at different concrete sample thicknesses
respectively. A relation has been constructed as shown on Figure 6.2,
thus,it can be observed that the LAC was decreased as WSIO
increased from 0.0 % to 0.5 %. The LAC was increased as WSIO
increased from 0.5 % to 3.0 %. The maximum % increasing in LAC
was approximately 26 % at WSIO weight 3.0 %. A relation has been
constructed as shown on Figure 6.3, thus, it can be observed that the
MAC was increased as WSIO increased from 0.0 % to 1.0 %. The
MAC was decreased as WSIO increased from 1.0 % to 3.0 %. The
maximum % increasing in MAC was approximately 2.345 % at
WSIO weight 1.0 %.

WSIO Concrete LAC LAC
% Sample u(cm™1) Average
Thickness up(cm™1)
(cm)

04 0.3975

0.0 08 0.2453 0.24380
12 0.1860
16 0.1464
04 0.3873

05 08 0.2499 0.24240
12 0.1860
16 0.1464
04 0.3975

1.0 08 0.2453 0.24380
12 0.1860
16 0.1464
04 0.3960

3.0 08 0.2493 0.24430
12 0.1829
16 0.1490

Table 6.6 MAC Average Calculation

JOPAS Vol.21 No. 4 2022

WSIO Concrete MAC MAC
% Sample uy(cm™1) Average
Thickness up(cm™1)
(cm)

04 0.1506

0.0 08 0.0929 0.09160
12 0.0688
16 0.0541
04 0.1474

0.5 08 0.0951 0.09230
12 0.0722
16 0.0544
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04 0.1526 0.0 2.6952

1.0 08 0.0946 0.09380 12 0.5 2.5793 2.62550
12 0.0721 1.0 2.5758
16 0.0599 3.0 2.6516
04 0.1523 0.0 2.9066

3.0 08 0.0963 0.09368 16 0.5 2.6187 2.70520
12 0.0690 1.0 2.6861
16 0.0571 3.0 2.6095

6.1.3. Apparent and Calculated Densities

(Table 6.7 and 6.8) shows the average of apparent density
(AD)and calculated density (CD) for the variouswSIO (0.0%, 0.5%,
1.0%, and 3,0%) at different concrete samples thickness (4cm,
8cm,12cm, and 16 cm). Figure 6.9 and 6.10, showing the those
relations, Based on the Figure (6.9), it's observed that the average
AD increases as the WSIO % was increased,the maximum %
increases in AD was 1.45 % at WSIO 30 %, and based on the Figure

4cm | Bam 1Zcm § $ 16 cm
LR === :
=“:o:s = = : EEEEE=SE
» $ 3 $-2-2 4 S
E’ o3 $
- ; i E2i
2 o2
= $ 3% 3
:goxs - i i
o1 =33
005
o EEEEEEFEEFEEEFEEEE e
° os : s 2 2s s >s
WSIO %%
Figure 6.7 LAC Average Vs. WSIO %
o18 i i s PR I i
0.16 4 cF
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%0‘.)
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o0z
[ ] oS 1 1.5 z s a as
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Figure 6.8BMAC Average Vs. WSIO %
Table 6.7Average of Apparent Density (AD)

Concrete

Sample AD AD
Thickness WSIO p(g cm™3) Average
(cm) % p(gcm=3)
0.0 2.6392
04 0.5 2.6276 2.61765
1.0 2.6042
3.0 2.5996
0.0 2.6527
08 0.5 2.6409 2.62565
1.0 2.6057
3.0 2.6033
0.0 2.7161
12 0.5 2.5908 2.64055
1.0 2.5932
3.0 2.6621
0.0 2.7036
16 0.5 2.6872 2.65553
1.0 2.6189
3.0 2.6124
Table 6.8Average of Calculated Density (CD)
Sample
Thickness CD CD
(cm) WSsIO ps(g cm™3) Average
% ps(g cm™)
0.0 2.5433
04 05 2.5383 2.58860
1.0 2.6726
3.0 2.6002
0.0 2.5047
08 0.5 2.6413 2.60120
1.0 2.5792
3.0 2.5894

(6.10), it's observed that the average CD increases as the thickness of
concrete sample was decreased,the maximum % increasing in CD
was 4.31 % at WSIO 30 %.

2.66
2655
2.65

2.645

g

2.635
263
2,625

2.62

Average of Apparent Density
(p) gem™S

2.615
4 8 12 106 20
Concrete Sample Thickness (cm)
At Various WSIO %

Figure 6.9 Average of AD vs. Samples Thickness at Different
WSIO %
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Figure 6.10 Average of CD vs. Samples Thickness at Different
WSIO %

7.Effects of WSIO %on theCompression

Strength of theConcrete Samples

The samples were compressed using ELE international machine
Model with load speed of 100 N/s, as shown in (Figure 7.1). The
experimental results were obtained in (kN) values. According to the
produced data, the value of the failure stresses (MPa) for each sample
is extracted. The (%) percentages of increase in the failure stresses
are also calculated.

Figure 7.1 Concrete Sample under Failure of Compression Load

The cylindrical samples with dimensions of (7.62cm) diameter
and lengths (4 cm), (8 cm), (12 cm), and (16 cm) were prepared for
testing a compressive strength. The concrete mixes with varying
WSIO (0% , 0.5%, 1.0%, and 3.0%) iron weight as partial
replacement of sand were casted into cylindrical plastic molds for
subsequent testing. Each sample was divided into three sub-
spacimens. Before the test was carried out, each sample was grinded
and polished in order to obtain a balanced surface to get accurate
results. The number of prepared concrete sample in the present
research were 48 as shown on Figure (7.2) The load was applied
axially without shock till sample was crushed. The results are
presented in (Table 7.1). The relation between compressive strength
and WSIO % is showed on (Figure 7.3). It can be observed that the
addition of iron oxide to the Portland cement depends highly on both
the WSIO % and the thickness of the concrete sample. When the
thickness of the concrete sample was 4 cm, the compressive strength
was improved at WSIO 0.5% but it was declinedas WSIO increased
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to 1.0% and more further to 3.0%. Again at concrete sample thickness
8 cm, the compressive strength was improved at WSIO 0.5% and
declined as same as in the case of 4 cm concrete sample. The
improvement of compressive strength in the cases of 12 cm and 16
cm concrete samples was not clearly identified. In general, the
addition of WSIO to

the concrete may improve the compressive strength, but  still
depends on the concentration of iron oxide as well as the
thickness of the concrete. The un-stability of compressive strength
with addition of WSIO may attributed to the formation of porosity of
iron oxide as shown on (Figure 7.4). The more WSIO addition, the
more pores were appeared inside of iron oxide regions [14].

ples Prepared
for the Compression

Table 7.1. The Compression Strength Results

Concrete

Sample WSIO Average Compressive
Thickness ~ Sample % Load Strength
(cm) No. x103 (N) (kPa)
M1 0.0 11.30 118
04 N1 0.5 24.00 125
P1 1.0 33.30 116
R1 3.0 42.00 110
M2 0.0 04.67 049
08 N2 0.5 22.67 118
P2 1.0 26.00 090
R2 3.0 37.67 098
M3 0.0 04.00 042
12 N3 0.5 11.83 062
P3 1.0 22.00 077
R3 3.0 22.00 057
M4 0.0 04.00 042
16 N4 0.5 08.33 043
P4 1.0 21.67 075
R4 3.0 30.67 080

hicl (
at various WSIO %

Figure 7.3. Compressive Strength vs.WSIO %

which have appeared during formation of iron oxide Ho)[14]

8. Conclusions

Wadi Al-Shatti Iron Oxide (WSIO) was used in variousweights %
to investigate its ability to be used as a shielding material as well as
studying their effects on the compressive strength of the hardened
concrete. The Linear Attenuation Coefficients (LAC), Mass
Attenuation Coefficients (MAC), Apparent Density (AD) and
Calculated Density (CD) showed that the ore material used in the
present study may be preferred as shielding material against y —ray
radiation. It is clear from the results that as the sample thickness
increases, the detector intensity decreases as well and when WSIO %
increases, the LAC increases as well. On the other hand, the MAC
decreasesthus, this indicated that the main absorption operations such
as electrophoto effect, Compton effect were occurred depending on
the photon energy from the source (Cobalt 60). The CD increases as
the concrete sample thickness increases and also as the WSIO %
increases, this indicating that, the CD has a physical property. The
results also showed that the addition of WSIO % can enhanced the
compression strength of hardened concrete specially in those samples
with WSIO lower than 3.0 % and those with thick sizes.

In general, the addition of low contents of WSIO % to the concrete
slightly improving the radiation attenuation of concrete and may
improving the compressive strength, but still depends on the of WSIO
% as well as the size of the concrete.
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