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The mass attenuation coefficient , the build up factor, the half value thickness X1/2, and 
tenth value thickness X1/10 of fiber concrete, 0%, 1%, 2%, 3%, and 4% by weight fiber 

content were measured at different gamma ray energies in MeV: 0.511, 1.274 from  

Na-22, 1.17, 1.33 from Co-60 and 0.662 from Cs-137. Appreciable variations were 

noticed in the former nuclear parameters, due to the changes in the fiber content and 

gamma ray energies .A comparison of shielding properties of concrete with fiber 

content  and reference sample(concrete without fiber) have proven that the addition of 

steel fibers by weight to concrete  have a potential application as a radiation shielding. 

 
INTRODUCTION 

 

Concrete is by far the most widely used material for reactor shielding because if 

its physical attributes. It is an ideal shielding material for both neutrons and gamma 

ray. Frequently, it is desirable to make use of high density concrete to permit 

thickness as more working space is needed [1]. 

The primary functional factors to be considered, when selecting shield materials 

are: 

1- The activity of the radiation source.  

2- The type of radiation (alpha, beta, gamma ray, and neutrons, etc.)  

3- Radiation energy. 

  

The secondary functional factors affecting, and sometimes deciding, the choice of 

materials are: 

I- The residual activity.  

II- Release of gasses.  

III- Resistance to radiation damage. 

IV- Resistance to radiation heating. 
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Accordingly, the secondary properties of prospective shield materials are, the 

activation cross section and the half life of the isotope present in a given material, the 

specific gas release, the radiation stability, the radiation energy absorption factor, and 

the thermal conductivity of the material [2].  

Some works in the field of radiation shielding were done and published [3-10]. 

 

 

EXPERIMENTAL EQUIPMENT AND TECHNIQUE 

  

The steel fibers reinforced limestone sand concrete (L.S.C.) were made from 

Libyan natural occurring limestone (5-10 mm aggregate size), and sand (0.15-0.5 mm 

grain size) mixed with Portland cement and water . Melt extract process steel fibers of 

aspect ratio range (fiber length/fiber diameter) range from (60-100) [where the length: 

3-8 cm, diameter: [0.5-0.8mm] as shown in figure 1, were reinforced by 1,2,3, and 4% 

to concrete mixture [11]. 

   

  

  

  

  

  

  

 

 

 

 
Fig. 1. Dimensions of melt extracts process steel fiber 

 

The compressive strength and tensile strength tests had been carried out using 

cubical samples of 15 cm length and cylindrical samples of 15 cm diameter and 30 cm 

length. 

 

Fig. 2. The Narrow-beam geometry where only the uncollided photons may reach the 

detector. 
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Cylindrical samples of steel fibers reinforced limestone sand concrete of 10 cm 

diameter and different thickness in cm were placed in front of the gamma ray flux 

emitted from Cs-137, Na-22, and Co-60 gamma ray sources, the source placed inside a 

specially designed source collimator and detector collimator for narrow beam. The 

sample and the detector centers were placed in the same horizontal plane with the beam 

center as shown in figure 2. 

 

Measurements were performed using an NaI(Tl) scintillator of 1.5”x15” crystal size 

coupled with photomultiplier tube and MCA box-cassy multi channel analyzer. 

       

The buildup factor estimations of γ-rays were made through the measurements of 

γ-rays transmission through the concrete samples under investigations. Figure (3) 

represents the arrangement followed to measure transmitted intensity of the broad 

beam reaching the detector. The γ-rays sources [
60

Co, 
137

Cs and 
22

Na] were placed 

bare without any collimator as well as the detector in of order to measure all 

transmitted, scattered γ-ray and uncollided photons.  

                                                                      

 

 

 

 

 

 

 

 

 

Fig. 3. Broad beam arrangement diagram used in the present work [12]. 

 

Mix Design 

There are many methods of designing the mix of concrete such as the absolute 

volume, the maximum weight and empirical method. By using the method absolute 

volume, which is the chosen method in this work, the effect of steel fiber addition by 

weight ratio can be studied which is the only variable factor. 

Concrete mixes were designed to follow the absolute volume method by using the 

following absolute volume equation [11]. 

 

          Absolute Volume =(C/GC) + (Ca/GCa ) + ( Fa/GFa) + (W/GW) + (A/GA)            (1) 

where: 

C is weight of cement, Ca is weight of coarse aggregate, Fa is weight of fine 

aggregate, A is weight of additive, W is weight of water, and 

GC, GCa, GFa, GA and GW is specific gravity of cement, coarse aggregate, fine 

aggregate, additive material and water, respectively. 
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Applying equation 1 to the mix design of concrete samples in the present work 

results in the mixtures of samples as shown in Table 1. The mix design for the sample 

under investigation had the following composition by weight: 

-  content of cement            = 350 kg / m
3 

-
   

water cement ratio (w/c)  = 0.55 

- additive ratio                    = 2.5 % 

Where the ratio between fine and coarse aggregate was 1 to 2 of the cement used 

in the mixture. 

 
Table 1. Mixtures of samples prepared using absolute value method. 

Steel fiber 

(kg) 

Additives 

(kg) 
Water (kg) 

Coarse      

aggregate 

(kg) 

Sand  

(kg) 

Cement  

(kg) 
Mixture 

0* 0.261 5.737 35.557 17.777 10.432 1 

0.6975 

(1%)** 0.261 5.737 35.557 17.777 10.432 2 

1.395 (2 %)
**

 0.261 5.737 35.557 17.777 10.432 3 

2.093 (3 %)** 0.261 5.737 35.557 17.777 10.432 4 

2.79 (4 %)
**

 0.261 5.737 35.557 17.777 10.432 5 

  * reference sample. 

** percentage of steel fiber addition by weight. 

  

THEORETICAL PRINCIPLE 

 

      The transmission of a narrow (Parallel) beam of γ – rays through layers of 

different materials was measured and quantified with respect to photon incident 

energy and atomic number of the material. The mass attenuation coefficient µ/ρ (cm
2
 

gm
-1

) which can be defined as  

                                                   µ/ρ = t
-1

 ln[I0/It]                                                    (2) 

 

where t is the mass thickness of the absorber layer in unit of gm/cm
2
, I0 is the intensity 

beam of photon measured with the absorber layer removed from the beam, and It is 

the intensity of the transmitted beam measured with the absorber interposed as shown 

in figure 2, ρ is the density of the absorber layer in gm/cm
3
 and µ is the total linear 

attenuation coefficient in cm
-1

 which depends on the sample density which can vary 

considerably for a given element or compound [13].  

          According to the bad geometry case there will be more gamma flux 

encountered by the detector. The result of calculation will be larger by a certain factor 

as indicated by the following equation: 

 

                                  
xµ

oγ eI)E,t(BI −=                                            (3) 

 

where the factor B(t,Eγ) is the buildup factor and Eγ is the γ.ray energy. The 

experimental term is retained to describe the major variation of the γ-ray counting rate 

with absorber thickness and the buildup factor is introduced as a simple multiplicative 

correction. The magnitude of the buildup factor depends on the type of detector used 

and on γ-ray energy. With a detector that responds only to the direct γ-ray (uncollided 

γ-ray only) the buildup factor is unity. The buildup factor also depends on the specific 

geometry of the experiment. As a rule of thumb, the buildup factor for thick slab 

absorber tends to be about equal to the thickness of the absorber measured in units of 
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mean free path of the incident γ-ray provided the detector responds to a broad range 

of  γ-ray energies 
[61GFK 2000]

.  

 

      Many workers investigated empirical formuale that may be used to calculate the 

buildup factor and also to achieve the closeset possible fit to the computed set of the 

buildup factor data with the smallest number of arbitrary parameters. A good formula 

should satisfy the following criteria: 

i. The number of the independent parameters should be minimized, i.e., the 

formula should be simple. 

ii. The range of the penetration covered with a reasonable accuracy of 

prediction should be large. 

iii. The formula should give a value of exactly unity at zero penetration 

distance. 

iv. The formula should be well adopted for the use as point kernel when 

integrating analytically over the extent of a surface or a volume source. 

v. It should be desirable to provide a formula that permits extrapolation to deep 

penetration. 

     Some of these empirical formulas are listed in the following table. 

 

Table 2.   Empirical functions used to calculate and to fit buildup factors, 
where the thicknesses of the absorber ( µ x ) is in mfp. 

 

Name Empirical Formula 

Taylor formula )xµ(β
e)A1(

)xµ(α
eAB

−
−+

−
=  

 

Berger formula 
∑∑∑∑
====

µµµµββββ====
3

0i

t
)t(B  

where    
j

4

0j

)
E

1(ijC∑∑∑∑
====

====ββββ  

Quadratic plynomial 

formula 

2
)t(c)t(baB µµµµ++++µµµµ++++====  

Simple linear form x1)x,(B µµµµ++++====µµµµ  

where: 

            A, α and β are fitting parameters in Taylor’s formula. 

            β, Cij  are fitting parameter in Berger’s formula. 

            a, b and c are fitting parameter in Quadratic’s plynomial  formula [14]. 

 

 

 

RESULTS AND DISCUSSIONS 
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    Figure 4 represents the relationship between concrete fiber content and the total 

mass attenuation coefficient (µ/ρ) of γ-ray for different energies. It is shown that the 

(µ/ρ) increases with increasing the fiber content up to about 3% and then decreases. 

At the same time (µ/ρ) decreases with increasing the γ-ray energies where the average 

error is ± 0.01722 [4.2%].This error is calculated by using the following equation: 

 

                             ∆(µ/ρ ) = (1/ρt )[∆I0 /I0 + ∆I/I + ∆ρ/ρ ln (I0 /I )]
(15)
                        (4) 

  

 
 

 

    

 hows the effect of concrete thickness on γ-ray buildup  factor  B, at γ-    

 

Figure 5 shows the effect of concrete thickness on γ-ray buildup factor B, at γ-ray 

energy 0.511 MeV for different fiber contents. The values of buildup factor B 

increase with increasing concrete thickness for all samples, where the 3% sample 

fiber content, has the maximum values of the buildup factor B. 
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Fig. 4. Effect of concrete fiber content on gamma ray total mass attenuation coefficient  
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T
o

ta
l 

m
a
ss

 a
tt

en
u

a
ti

o
n

 c
o

ef
fi

ci
en

t 
(c

m
2
/g

)
  
 



Proceedings of the 4th Environmental Physics Conference, 10-14 March 2010, Hurghada, Egypt 

 

-129- 

 

 

 

 

    

      

    Figures 6 to 9, display the same behavior for the buildup factor but for different γ-

ray energies (0.662 MeV, 1.170 MeV, 1.274 MeV and 1.330 MeV). Varying 

magnitudes of B is observed in each case according to the percentage of the addition 

of steel fibers to the concrete. The obtained maximum values of B are also at about 

3% fibers as compared to the other percentages. The average error is ± 0.01192 

(5.4%). It is observed that buildup factor increases with increasing concrete thickness 

as well as with increasing concrete density.  

 

 

 Concrete thickness (cm) 

Fig.  6.  Effect of concrete thickness on gamma ray buildup factor   

B at E=0.662 MeV for different fiber contents. 
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Fig.  5.  Effect of  concrete thickness on gamma  ray  buildup facto B  at 

E=0.511 MeV for different fiber contents.  
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Concrete thickness (cm)  

Fig.  7.  Effect of concrete thickness on gamma ray buildup factor B                   

             at E=1.170 MeV for different fiber content. 
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Fig.  8.  Effect of  concrete thickness on gamma  ray  buildup factor B                   

             at E = 1.274 MeV for different fiber content. 
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GENERAL CONCLUSION 

 

From the experimental results of gamma ray for fiber concrete under 

investigations, it can be concluded that the total mass attenuation coefficient is 

increased with increasing the fiber content up to 3% steel fiber by weight. Addition of 

3 wt% steel fibers to the concrete improves the total mass attenuation coefficient by a 

factor of 1.52. The buildup factor increases with increasing concrete thickness and 

with increasing concrete density. The maximum value of build up factor found at 

3%wt of steel fibers addition to concrete. 
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