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ABSTRACT 

The radiation is a major problem that should be prohibited to avoid its bad effects on the 
surrounding environment.  This have been achieved by utilizing heavy weight concrete (HWC) with 
high attenuation coefficient .This paper presents a comparative investigation between different types 
of heavy weight aggregate (HWA) that can be used in the production of heavy weight concrete to 
promote  mechanical and physical , moreover shielding properties of concrete for gamma radiation. 
The obtained results indicated that barite, hematite and electric arc furnace slag can be used as HWA 
to shield gamma radiation. In addition, Electric arc Furnace slag aggregates recorded high strength 
than other aggregates and it can be used in the production of high strength concrete.   
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Introduction 

Concrete is one of the most common materials utilized in the construction of nuclear facilities. 
Usually, regular concrete is used in casting thick walls as a barrier to radiations. However, in case of 
space limitations, heavy concrete is an alternative solution (Topcu, 2003) . For high intensity and 
energy of radiations, utilizing heavy concrete is vital to reduce the thickness of the protecting shield 
(Demir et al., 2011; Gencel et al., 2011; Mahdy et al., 2002; Yılmaz et al., 2011) .Gamma rays 
sources are considered a human health danger sources of radiation in spite of  it is useful for medical 
purposes and nuclear power plants. Considerable research efforts were done to enhance the shielding 
properties of concrete to reduce the radiation intensity to harmless level. Concrete with shielding 
properties  must  have heavy weight aggregate or contain aggregate with metallic components (Fugaru 
et al., 2015; Horszczaruk et al., 2015) .  

The high density of the heavy weight concrete (HWC) is efficient for gamma rays shielding, 
which is usually mixed using materials as barite, magnetite, hematite, iron ore, graphite, steel, and 
polyethylene aggregate. Depending on the radiation type and energy of materials, concrete is 
considered the most suitable solution that can be gainfully employed in fabricating shields that 
possess not only safe attenuation property but also the required mechanical strength. Further, concrete 
can be cast into molds of any required shape, and by varying the constituents, high densities can be 
achieved. Since concrete shields require almost no maintenance, they have an additional advantage of 
being economical too.   

Akkurt et al. (2006) studied the effects of utilizing different types of heavy and normal 
aggregates, barite and normal weight aggregates, in concrete on the linear attenuation coefficient 
(LAC).attenuation was calculated directly on different concrete specimens. The results from this 
experiment study proved that (LAC) for barite aggregate is higher than specimens containing 
traditional normal aggregates. 

Sharma  et al. (2009) studied mechanical and shielding properties of fiber reinforced concrete 
(FRC) containing different types of fibers as (steel fibers, lead fibers and a combination of the two 
hybrid fibers). The compressive strength (Fcu), split tensile strength and flexural strength were 
performed, and radiation shielding properties for gamma radiation was measured. It was concluded 
that concrete mix having hybrid fibers proved a significant development in both mechanical and 
shielding properties of concrete.  
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Kharita et al. (2009) studied the effect of using carbon powder as addition on the radiation 
shielding properties of concrete mixed with hematite aggregate.  It was proved that the addition of 6% 
(by weight) carbon powder to the concrete enhanced its strength by about 15%. In addition, the 
shielding properties decreased for both gamma and neutrons with increasing carbon powder content.   

Gencel et al. (2010) investigated the effects of different concentrations of hematite aggregate 
on the properties of concrete. A W/C ratio of 0.42 and 400 kg/m3 cement content was selected. It was 
concluded that the addition of hematite proportions improves the dry bulk density so that a smaller 
thickness of concrete is safe for radiation shielding. It was also concluded that after 30 freeze-thaw 
cycles while plain concrete lost (21.3 %) of its compressive strength and the concrete containing 10 % 
hematite lost only (7.8%) of the strength. It was also established that concrete having hematite 
composites display lower drying shrinkage than plain concrete.  

Basyigit,  et al. (2011) studied using HWA of different mineral origin (Limonite, Siderite) to 
investigate the radiation shielding properties of concrete specimens performed using them. It was 
proved that the concrete performed with HWA of different mineral origin can be used as radiation 
shielding aggregates.   

Gencel et al. (2011) made experimental measurements to investigate gamma and neutron 
attenuation properties of (hematite) aggregate concrete. It was noticed that there was no effect of 
(hematite) aggregate addition in concrete with respect to the neutron absorption capability. But, the 
gamma-ray attenuation coefficient and the mechanical strength of concrete enhanced with increasing 
quantity of hematite. 

Kansouh, (2012) studied the shielding properties of serpentine concrete, hematite-serpentine 
concrete, ilmenite-limonite concrete, and ordinary concrete. The results showed that ilmenite-limonite 
concrete is a better reactor biological shield than the other three concretes. Serpentine concrete 
investigated was found to be a better reactor fast neutrons shield than ordinary and hematite-
serpentine concretes.   

Abo-El-Enein et al., (2014) in their work they concluded that heavy weight high performance 
concrete (HPC) can be prepared with the use of limonite (FeTiO3) and hematite coarse aggregates 
when properties such as high strength and good radiation shielding are required. Such concretes have 
higher densities than those made with dolomite and air-cooled slag aggregates.  The study showed 
that ilmenite coarse aggregate gives better mechanical properties than the other aggregates. The study 
also revealed that crushed air-cooled slag can be used to make high-strength concrete with better 
mechanical properties than concrete made with crushed hematite and ilmenite. Also, high density 
concrete made with fine aggregates of ilmenite and air-cooled slag were found to be suitable for 
shielding against gamma rays. 

Ouda, (2015) investigated some of the natural minerals used as aggregates in high density 
concrete are barite, magnetite, goethite, and serpentine .Heavyweight and high strength concrete can 
be used for shielding purposes if it meets the strength and radiation shielding properties. Such 
concrete that normally utilizes magnetite aggregate can have a density in the range of 3.2-4 t/m3, 
which is significantly higher than the density of concrete made with normal aggregates 

Tobbala, (2019) investigate the effect of using Nano cobalt ferrite (NCF) powder, silica fume as 
a partial replacement for cement and Steel reinforced (SFR)with (0.5, 1 and 1.5) % of concrete total 
volume. Mechanical properties, gamma attenuation coefficient and unit weight of concrete were 
enhanced by using SFR and NCF with increasing their proportions. The optimized mix was reached 
by using 2% NCF. 

One of the innovative alternatives for the heavy weight aggregate which is significantly cheaper 
than these aggregates is the electrical arc furnace (EAFS) steel slag aggregates (Tossavainen et al., 
2007).As the Steel slags are strong and durable, excellent angular shape, high resistance of impact and 
abrasion, efficient attenuation coefficient for gamma ray this properties(Wang, 1992) .These 
advantages made EAFS aggregate a perfect alternative for heavy weight aggregate.  

Qasrawi et al. (2009)stated that the high angularity of EAFS aggregate enhanced the bounding 
between the particles and the cement past (packing), which had led to an increase in compressive 
strength. 

Ristinah et al. (2011) showed that the attenuation coefficient for heavyweight concrete 
including steel slag as fine aggregate (density 3272 kg/m3) was 1.5 times higher than that of normal 
concrete (density 2311 kg/m3). 
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Pellegrino et al. (2013) found that the tensile strength of concrete is highly affected by the 
contact surface between cement matrix and aggregate, where it is higher in EAFS aggregate -based 
concrete than that of normal concrete, due to the guts and holes in EAFS aggregate.  

Maslehuddin et al. (2013) found that the concrete mixed with heavyweight aggregates by 50% 
EAFS and 50% steel shots achieved the weight and radiation requirements. As well as a reduction in 
the cost of concrete. 

Azeez et al. (2013) noticed a great enhancement in attenuation performance by 20% -25% in 
concrete specimens containing 30 % iron particulates, steel balls, and slag by weight as compared to 
those having of steel balls.  

Khafaga et al. (2014) noticed that the dry density of concrete increased by 17% comparing with 
control mix with an increasing of the proportion of EAFS as fine and coarse aggregate. 

Saravanan & Suganya, (2015) found that the use of EAFS as aggregate in concrete reduced the 
water absorption, while increased flexural and split tensile strength 

From the previously investigates results, it can be concluded electric arc furnace slag can be 
used as HWA to shield gamma radiation. In addition, EAFS can be used in production of high 
strength concrete.   
 
Experimental program 

 
Materials 

Barite, hematite and EAFS are graded to be like coarse aggregate as shown in Fig. 1. Also the 
aggregate properties is tabulated in table 1, moreover the chemical analysis is listed in table 2. 
Ordinary Portland cement and silica fume (SF) have been utilized in all mixes. These cement and SF 
with specific-gravity (S.G) of 3.15 and 2.15, respectively. Super-plasticizer utilized in specimens was 
Sika ViscoCrete-3425 complying the requirements for super plasticizers according to ASTM-C- 494. 
 
Concrete mixes. 

Three concrete mixes are performed using water to cement (W/C) ratio 0.30, as indicated in 
Table 3. The first mix, Mix1, has been mixed using cement (C) content of 500 kg/m3.Content of Sand 
(F.A), coarse barite (B), SF and SP were 80%, 15% and 2% respectively of cement content by weight. 
The second mix, Mix2 has been prepared with the same proportions of Mix1 except replacing coarse 
aggregates by coarse hematite (H). The last mix, Mix3 has been prepared with the same proportions of 
Mix1 except replacing coarse aggregates by coarse electric arc furnace slag aggregate (S). 

The concrete specimens used in tests for compressive strength (Fc), dry density, gamma 
attenuation coefficient are 100 mm dim cubes. However the specimens used for splitting tensile 
strength are cylinders with dim (100 x 200) mm) respectively. The dry density of the cubes is 
estimated according to ASTM C127-15. The compression test is executed at ages (7 and 28 days) in 
accordance to reference Standards IS: 516-1959. While the splitting tensile strength test is performed 
at 28 days only in accordance to ASTM (C496-96). Also the linear attenuation coefficient (µ) is 
performed at 28 days by using National Institute for Standards (NIS) Cs-137 irradiation facility 
(Hassan et al., 2017). 

 

 
 

 
 

 

a) Coarse EAFS (S) b) Coarse barite(B) b) Coarse hematite(H) 

Fig. 1. General types of aggregates 
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Table 1 : Aggregate properties                                                                                 .  

Aggregate 
Specific 
gravity 

Water absorption % 
Bulk density 

g/cm3 
Fineness modulus 

Coarse slag (S) 3.54 0.922 1.9 6.2 
Coarse barite (B) 4.1 1.8 2.5 6.5 
Coarse hematite (H) 3.1 4 1.78 6.3 
Fine aggregate (F.A) 2.65 0.90 1.7 2.35 

 
Table 2: Chemical analysis of aggregate (XRF)  
 Sample 
name 

SiO₂ 
% 

Al₂O₃ 
% 

Fe₂O₃ 
% 

CaO 
% 

MgO 
% 

SO₃ 
% 

Na₂O 
% 

K₂O 
% 

P₂O₅ 
% 

BaO 
% 

CL 
% 

L.O.I˟˟ 
% 

Total 
% 

EAFS 15.91 7.00 38.70 27.04 3.06 0.25 1.13 0.04 0.49 1.63 0.78 0.85 99.21 
Hematite 2.56 0.45 84.66 0.45 0.19 2.66 0.65 0.02 0.44 2.16 0.02 4.46 99.69 
Barite 4.61 1.37 6.34 2.05 0.35 28.74 1.01 0.04 0.08 53.81 0.11 1.13 99.84 
Dolomite 2.27 0.95 0.60 37.87 15.02 0.40 0.25 0.08 0.03 - 0.12 42.23 99.82 

                                                                   
Table 3: Concrete mixes (kg/m3). 

Mixes type 
Cement 
Kg/m3 

water 
L/m³ 

S.F 
Kg/m³ 

S.P 
L/m³ 

Aggregates (Kg) 
F.A B H S 

Mix1  
500 
 

172.5 75 
10 777 1438 - - 

Mix2 10 777 - 1200 - 
Mix3 10 777 - - 1260 

 
 
Results and Discussion 
 
 

Unit weight 
 

The unit weight of concrete specimens is listed in Table. 4. It is noticed that there is 
enhancement in concrete density with using barite, hematite, and EAFS as coarse aggregate. Which is 
considered as a heavy weight concrete when compared with control mix 2450 kg/m3 (Azreen et al., 
2018). 
 
Compressive strength 
 

Figure.2 displays the compressive strength of all mixes at 7 and 28-days age. It can be found 
that, the optimized mix obtained by using EAFS aggregate and this mix recoded compressive strength 
(67.8 and 87.6 MPa) at (7-28 days) respectively, and this mix can be considered as high strength 
concrete. Those improvements happened due to the good properties of the steel slag aggregates such 
as its stiffness and low water absorption as indicated in Table 2. Also it can be concluded that the 
concrete containing barite has compressive strength than hematite concrete, and this is compatible 
with ACI report indicating that barite presents a highly crystalline structure that makes it a friable 
material. 

 
Tensile strength  
 

The test results of all mixes are shown in Fig.3. It can be concluded from that the maximum 
improvement in splitting tensile strength is reached by using EAFS coarse aggregate. This 
improvement happened as a result for the enhancement in compressive strength. 
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Fig. 2: Compressive strength mixes at different ages 

 

 
Fig. 3: Splitting tensile strength of mixes at 28 days age 

Linear Attenuation coefficient (LAC)  
The unit weight of mixes, LAC, and half value layer (HVL) are listed in Table 4. According to 

this table, it can be noticed that using barite, hematite or EAFS aggregate as coarse aggregates 
increases the density and hence, enhance the linear attenuation coefficient. As can be concluded from 
the table, the optimized mix obtained by using barite as a coarse aggregate. Generally, the obtained 
conclusion comply with those obtained by other researchers (Baalamurugan et al., 2019; Ouda, 2015; 
Pomaro et al., 2019). Accordingly, those aggregate can be used as heavy weight aggregate for gamma 
radiation shielding.   
Table 4: The linear attenuation (µ) for the concrete samples irradiated by Cs137 source. 

Sample No. Unit weight(g/cm3) (µ) (cm-1) HVL 
Mix1 3.15 0.2339 2.96 
Mix2 2.622 0.2018 3.60 
Mix3 2.77 0.2108 3.24 

 
Conclusion 

From the previous results, it can be concluded that barite, hematite and electric arc furnace slag 
can be used as HWA to shield gamma radiation. In addition, EAFS aggregates recorded high strength 
than other aggregates and it can be used in the production of high strength concrete.  
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