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The linear attenuation coefficient of normal weight concrete containing nanoparticles has 

been simulated using Monte Carlo transport code MCNP5 to evaluate their shielding 

performance. The outcomes of the numerical simulations were compared to the 

experimental samples computed with Cesium 137 (0.662 MeV) and XCOM program 

results. Three different nanoparticles mainly nano silica (NS), nano ceramic (NC), and 

nano metakaolin (NMK), and their hybridization were used in the present research. 

Slump test, density, water absorption, compressive strength and tensile strength were 

investigated. Moreover, the scanning electron microscopy technique (SEM), X ray 

diffraction analysis (XRD) were used to prove the improvement in the microstructure of 

concrete as a result of the use of NS, NC, NMK, and their hybridization. The results in 

the present study indicate that the inclusion of single nanomaterials as a replacement of 

cement improves the mechanical, physical, properties and the linear attenuation 

coefficient of concrete, while the results of the hybrid nano inclusion showed a slight 

improvement of the properties of concrete. In addition, the results of the simulation of the 

linear attenuation coefficient using the Monte Carlo simulation were in good agreement 

with the experimental and XCOM program results.  
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 1-INTRODUCTION  

   The utilization of nano silica in concrete mixture has 

appeared improvement in compressive, flexural, tensile and 

flexural strength of concrete. When adding nano silica as          

a replacement of cement, it can generate nano crystal of C-S-H 

gel after hydration. These nanocrystals are absorbed in the 

micro pores of the cement concrete, hence, the improvement in 

the permeability and strength of the concrete can be achieved 

[1]. A 70 % increase in compressive strength can be achieved 

when the cement is replaced by 4% NS [2]. The effect of 

different dosages of nano silica on properties of concrete was 

investigated by Nazari and Riahi [3]. They concluded that the 

improvement in compressive strength of concrete will be 

achieved due to the improvement in the microstructural of 

concrete. In a previous study[4], it was concluded that the 

concrete containing 25% fly ash and 1% nano silica gave the 

highest compressive strength when compared to other mixes. 

Another study [5] obeved that while improvement in 

compressive strength and durability properties were         

obtained when nano silica was added to concrete containing 

25% recycled aggregate, the improvement in tensile strength 

was achieved in concrete with 50% recycled aggregate. Mohd 

et al. [6] investigated the influence of nano silica in mortar     

and cement paste regarding porous concrete pavement. They 

concluded that the incorporation of nano silica in cement           

paste and mortar with the right composition will improve         

their mechanical properties. The positive impacts of utilizing 

nano silica in concrete, cement paste and mortar have    

appeared in earlier publications  [7-10].  Ghafarti et al. [11] 

and Tawfik et al. [12] achieved the best performance of 

concrete when using 3 wt. % of nano silica. In another work 

[13], the authors concluded that incorporating 2% NS and      

8% micro silica as partial replacements of cement can improve 

the tensile and compressive strength for normal strength        

and high strength concrete. In addition, when using the          

hybrid silica (micro and nano), the Ca(OH)2 crystals 

disappeared, and the cement matrix became more dense than 

the control mix.  
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   Metakaolin (MK) is a Kaolinite calcined clay, it can be used in 

concrete as supplementary cementing materials (as partially 

replacement of cement) [14, 15]. The particle size of metakaolin 

is smaller than cement particles, but not as fine as silica fume.  

Metakaolin has been known as a very reactive pozzolan, for this 

reason, the incorporation of MK in concrete will improve the 

mechanical properties, permeability and chemical resistance. In 

addition, metakaolin improves the packing of particles in the 

matrix through its fine particles, [16]. The surface area of nano 

metakaolin can be increased by 2- 8 times when the MK changed 

to nano metakaolin (NMK), and it is possible to minimize NMK 

into smaller particles depending on the transformation process.  

NMK is similar to MK in shape and surface texture [17]. On the 

other hand, Morsyet et al. [18], investigated the addition of nano 

metakaolin in cement mortar, they found that the improvement 

in the compressive strength and the tensile strength of mortar 

can be achieved when using 2% up to 8% NMK as replacement 

of cement.  Shoukry et al. [19] showed that the peak of X-ray 

diffraction intensity and calcium hydroxide (CH) content were 

decreased slightly when increasing the amount of NMK 

replacement, although the calcium silicate hydrate (C-S-H) peak 

value showed a growing trend. The CH content of cement paste 

was reduced by 6 .7% due to the increase of NMK [20]. 

Moreover, Shoukr et al. [19, 20] studied the influence of 

incorporates of NMK at a rate from 2 to 10% on the properties 

of high-volume vermiculite blended white Portland cement 

(WPC). WPC was replaced with 70 vol% expanded vermiculite 

(EVM), they concluded that the increase in compressive and 

tensile strength were achieved by 57 and 59%, respectively 

when using 10% NMK replacement of cement. On the other 

hand, Nithya et al. [21] concluded that the use of 1% nano 

metakaolin as a replacement of cement will give the maximum 

compressive strength than a 10% metakaolin as a replacement of 

cement. Additionally, Xie et al. [22] found that the compressive 

strength gradually increases with the increase of NMK at             

a constant recycled aggregate concrete. The 28-day compressive 

strength of recycled concrete increased with increasing the 

NMK content when the replacement rate of recycled aggregate 

was constant. On the other hand, the slump of concrete 

containing 9% NMK was reduced by 15.7 % while the setting 

time increased at 2% NMK, and then decreased at 20% NMK.  

   Ceramic nanoparticles are a form of nanoparticles made up of 

ceramics, characterized by nonmetallic solids, heat-resistant and 

inorganic material which can be made up of nonmetallic and 

metallic compounds. The substance has its own set of 

characteristics. Macroscale ceramics are stiff, brittle and they 

break when struck. On the other hand, ceramic nanoparticles can 

perform a wider range of functions, such as pyroelectric, 

dielectric, piezoelectric, ferroelectric, ferromagnetic, 

superconductive, electro-optical and magneto resistive [23].  

Ceramic nanoparticles have been utilized to deliver drugs in        

a variety of diseases, such as cancer chemotherapy, glaucoma 

and bacterial infections, [24]. Among the researches which 

investigated nano ceramic, Tawfik et al. [12] who studied the 

effect of nanoceramic (NC) and nano silica (NS) on the 

properties of concrete, they found that using NC up to 6%, NS 

up to 3% and hybrid of NS and NC can improve the mechanical 

properties of concrete. However, Li et al. [25] showed that the 

improvement in compressive strength will be achieved when 

using micro ceramics as a replacement of cement.  Singh et al. 

[26] used seven types of concrete which were used in nuclear 

reactor facilities. They concluded that the results of attenuation 

properties from experimental data, XCOM program and MCNP 

for energies 1.5, 2, 3, 4, 5 and 6 MeV are in very good 

agreement. Moreover, high-density concrete was investigated 

for mega voltage photon beam spectra for various energies (4, 6, 

10, 15, and 18 MeV) of the Varian linac and Co60 gamma rays 

and were simulated using Monte Carlo method by Khaldari et al. 

[27]. They concluded that the attenuation of high-energy 

photons was affected by both density of the concrete and atomic 

number. Moreover, they found that the relation between the 

density and the attenuation coefficient was not totally linear. 

McDowall [28] studied the shrinkage of concrete subjected to     

a dose of 1.14 × 102 Gy/hr for 320 days. He found that the 

shrinkage of the irradiated samples was three times more than 

that of the non-irradiated samples. He concluded that the 

increase in shrinkage was due to the radiolysis of water of 

hydration in the concrete which would cause losses in strength. 

According to the results of the experimental data and computer 

simulation, alloy steel added to concrete has the best shielding 

properties, however concrete with various fillers added also 

showed improvement in the shielding ability. It was shown that 

by increasing the fillers to 6 w%, the improvement in the 

shielding capability for ordinary concrete against x-ray/gamma 

ray reached 40~60% [29]. 

3-EXPERIMENTAL PROGRAM  

3.1. Materials 

   The nano materials used in the present study were nano silica 

(NS), nano Ceramic (NC), and nano metakaolin (NMK). They 

were used in a powder form as a partial replacement for cement. 

NS was brought from Nanotech Egypt for Photo-Electronics, 

Giza, Egypt, while NMK was brought form Helwan and NC 

were prepared in Housing and Construction Research Center by 

crushing the ceramic and grinding it and finally, it was placed in 

a pooling mail in the Egyptian Atomic Energy Authority, Cairo, 

Egypt. Ordinary Portland cement (OPC) used in this research 

was (CEM I/42.5 N) in compliance with ESS 2421/2005 [30]. 

Mechanical properties of cement are shown in Table(1), chemical 

composition of the cement and nano materials are shown in 

Table (2), and physical properties of nano materials are shown in 

Table (3). The TEM images of the nanoparticles are shown in 

Figure (1), and their XRD diffractograms are shown in Figure 

(2). Natural gravel and sand were used in the experimental work. 

The 10 mm maximum nominal size of gravel was used. The 

results of testing for both natural gravel and sand are presented in 

Table (4) according to the ESS 1109/2002 [31]. According to the 

mix design, the w/c ratio was used as 0.42. The superplasticizer 

used is a product of Sika Company; Viscocrete 10. It has the 

following properties: dosage = 0.3–2% by weight of cement, 

density = 1.08 kg/l, and base = modified polycarboxylates.  
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Table (1): Mechanical properties of cement 

Properties   Measured values 

Blaine surface area (cm2/gm)  2850 

Specific gravity  3.15 

Soundness (Le Chatelier) (mm)   1.3 

Initial setting time min)   120 

Finial setting time (min)   160 

Compressive strength (MPa)  2 days 22 

  28days 51 

                                                                          
 

Table (2):  Chemical composition of cement, Nano silica, 

Nano Metakaolin and Nano Ceramic                                 

Oxide % Cement 
Nano 

silica 

Nano 

Metakoline 

Nano 

Ceramic 

SIO2 20.89 95.39 89.6 66.57 

Al2O3 4.78 0.15 0.9 21.6 

Fe2O3 3.94 1.11 2.0 1.41 

CaO 63.01 0.43 .43 2.14 

MgO 2.01 0.09 0.09 - 

SO3 2.68 0.05 - - 

K2O 0.19 0.030 4.55 2.79 

Na2O 0.19 1.790 - 1.41 

CL- 0.02 0.71 - - 

TiO2 3.6 2.9- 1.61 0.7 

ZrO2 -- - - 1.49 

L.O.I. 1.99    
 

 

Table (3): Physical properties of Nanoparticle                    

 NS NMK NC 

Appearance                            

(Color) 
White Brown 

Brown 

 

Appearance 

(Form) 
Powder Powder 

Powder 

 

 Solubility Dispersion 

into water or 

ethanol 

 

Dispersion 

into water or 

ethanol 

 

Dispersion 

into water or 

ethanol 

 

Avg. Size 15-25 nm 7-13 nm 11-17 nm 

 

Density 

gm/cm3 

 

1.989 

 

2.5 

 

0.923 

 

 

 Table (4): Properties of gravel .and sand                

Test Sand Gravel 

Specific weight 2.63 2.56 

Bulk density(t/m3) 1.72 1.66 

Clay and line dust content (%) 1.4 1.7 

Abrasion (Los Angeles) - 12.6 

Impact value (%)  - 10.6 

Water absorption (%)  - 1.03 

 

   
NS NMK NC 

 

Fig. (1): TEM of nano particles 
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3-2 Mix Design and Samples preparation 

   The experimental program is composed of six concrete 

mixes. It is composed of a control mix and five concrete 

mixes with three nano materials as given in Table (5), NS, 

NC, and NMK are the three nano mixes, and the fourth and 

fifth mixes were hybridization of two types of nano 

materials (NS+NC) and (NS+NMK). The unsafe utilization 

of nano particles has dangers to one’s wellbeing. To keep 

away from contact with the nanomaterial, gloves and 

extraordinary masks with satisfactory filters were used 

when preparing the samples. The dry contents: cement, 

gravel and sand were mixed in high-speed mixer for 2 min 

to obtain a homogenous mix. The nanoparticles were added 

to the dry contents after being thoroughly dispersed in the 

mixing water using a high-intensity ultrasonic bath 

(frequency: 20 kHz) for 15 minutes. At the end, all the 

contents were mixed in the mixer at a speed of 50 rpm.  

Three sets of samples were cast for testing in this 

investigation. For testing the density, water absorption, and 

compressive strength, the first group was cast in     

10x10x10 cm cubes. The second group was cast as 

cylinders with dimensions of 15 cm in diameter and 30 cm 

in height for tensile strength testing and radioactivity 

experiments. To determine the linear attenuation coefficient, 

the cylinder was cut to various thicknesses. For flexural 

strength, the third group was cast as a 10x10x50 cm prism. 

In the casting room, all test specimens were kept at a 

temperature of 240C. They were put into a tank of water 

until testing of samples after being demolded for 24 hours. 

3.3. Testing of Concrete Samples 

   The following experiments’ tests on hardened concrete 

were carried out in the current study: 

3-3-1 Compressive Strength 

   The test was performed using control compression 

machine with capacity 200KN according to the Egyptian 

Standard Specifications ESS 1658/2006 [32]. To 

determine the concrete compressive strength at different 

ages, compression tests were performed on concrete 

specimens in normal conditions at 7 and 28 days. 

3-3-2 Tensile Strength  

   The tensile strength and flexural strength were 

determined according to the Egyptian Standard 

Specifications ESS 1658/2006 [32].  The average strength 

of three samples per mix was reported.  

3-3-3 Water Absorption and Density  

   Water absorption and density were computed according 

to ASTM C642-97 [33]. In absorption test, first, the 

specimens were dried in an oven drier at about 110 °C for 

24 h. After that, the specimens were cooled to 22 °C and 

their masses were calculated. This procedure was repeated 

until the specimen masses were stable, and the dry masses 

were recorded (Wd). Then, the specimens were removed 

after 48 hours of immersion in water, their surfaces were 

thoroughly dried, and their saturated masses were 

computed (WS). Finally, the water absorption was 

calculated using the formula % = (WS-Wd)/Wd. The 

average of three specimens was reported. The average 

density of three samples per mix was measured.  

3-3-4 XRD Testing 

  The XRD test is a nondestructive test. The samples for 

this test were cured for 28 days and then ground into 

powder in order to achieve higher accuracy. The obtained 

dry hydration samples were subjected to X-ray diffraction 

(XRD) analysis using a X-ray diffractometer (XRD 

Shimadzu 6000) employing Cu-Kα radiation (λ = 0.15418 

nm, 40 kV, 50 mA) over scanning range 2θ =0° ∼ 90° at 

step width 8° per min. The XRD for nano materials were 

shown in Figure (3). 

 

Table (5): Composition of Concrete Mixes and results 

 

7 
d

ay
s

28
 d

ay
s

Con. Control 350.0 1400 700 147.0 52.6 0.0 12 196 260 25 3.5 2.35 0.179 0.176 0.182

NS 3% 339.5 1400 700 143.0 50.9 10.5 10 210 286 29 3.1 2.39 0.182 0.179 0.185

NC 6% 329.0 1400 700 138.2 49.4 21.0 9 220 290 29 3 2.44 0.186 0.183 0.189

NMK 2% 343.0 1400 700 144.1 51.5 7.0 8 240 319 30 2.8 2.61 0.199 0.196 0.202

NS+NM

K
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Fig. (2); XRD for nano materials 
 

3-3-5 Microstructure 

    The Microstructure was examined using SEM analysis 

that also provided visual clear evidence of the 

microstructural elements which are responsible for 

improving the physical and mechanical properties. 

Samples were morphologically investigated using a 

scanning electron microscope model ZEISS-EVO 15-

UK operating at 25 kV. To prepare the specimen for 

microstructure analysis, following the strength test, the 

small specimen containing hardened cement and nano 

material were removed from crushing specimen and 

were dried at 50oC for 1 day and then coated with a thin 

layer of gold. These analyses were carried out at the 

National Center for Radiation Research and Technology- 

Atomic Energy authority- Egypt.  

3-3-6 Experimental measurements of shielding 

properties 

   The measured samples are prepared in cylindrical 

forms of 15 cm diameters and five different thicknesses 

(heights).  Six groups of samples are investigated as 

mentioned in sec. 3-2 and Table (5). Due to the existence 

of some tolerance, the thickness of each sample was 

measured at five different locations. Shielding properties 

of ordinary concrete and concrete with nano materials 

samples have been investigated through measurement of 

their linear attenuation coefficients. The measurements 

are performed by allowing the mono-energetic gamma-

rays (661.7 keV) emitted from a Cs-137 point source to 

penetrate the samples and detected by a 3”x3” NaI(Tl) 

detector. To reduce the time of measurement,               

two Cs-137 sources with a total activity of 15 μCi 3% 

were placed together. The used gamma ray spectrometer 

system is composed of a Multichannel Analyzer (Model: 

166-USB V2, GBS Elektronik, GmbH Rossendorf), the 

NaI detector is (Amcrys, type: 12S12/3.VD.PA) and the 

used software was WinSPEC for spectrum acquisition 

and analysis. A set of collimators are used to produce      

a near line beam of gamma radiation. Figure (3) shows 

the setup of the detection system, the set of collimators, 

the location of the sample, the gamma source, and the 

front and rear views of the collimators set. The 

dimensions and locations of collimators and samples are 

illustrated in Figure (4). The openings of the set of 

collimators were aligned using a metallic rod that has 

almost the same diameter as those of the openings. The 

measuring time ranges between 950 to 5000 seconds to 

measure samples of different thicknesses starting from 

zero (no sample) to about sample with 10 cm. The 

measuring time was adjusted in such a way to keep 

statistical error in count rates always less than 3%. Three 

runs were performed for each sample. Since the concrete 

samples are normally not homogeneous and there is a 

recognized tolerance in thickness, the sample was rotated 

to measure the penetration probability at three different 

locations for each run.  According to Eq.1, the linear 

attenuation coefficients of the concrete specimens were 

calculated from the slope of the relation between count 

and the thickness (cm) [34]. 

(1)         

Where: 

μ: Linear attenuation coefficient, cm−1 

I0: The count of gamma rays (without absorber) 

Ix: The count of gamma rays (at each specimen 

thickness) 

x: Specimen thickness, cm 
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Fig. (3): Setup of the detection system 

 

 

 

 

 

 

 

 

 Fig. (4): Dimensions and locations of collimators  

 

Table (6): Fraction of elemental compositions for ordinary concrete and concrete containing nano materials 

 
 

3-3-5 Theoretical Calculations of linear attenuation 

Coefficient  

    Two methods are considered to determine the theoretical 

linear attenuation coefficients for the samples. They include 

using the online XCOM database and Monte Carlo calculations.  

 A)  XCOM  

   The XCOM [35] is an available web database that can be 

directly used to calculate the mass attenuation coefficient 

for elements, compounds and mixtures. It performs 

calculations based on narrow beam penetration probability 

through homogeneous samples. Consequently, the linear 

attenuation coefficient for ordinary concrete samples is 

obtained assuming their homogeneity. The fraction of 

elemental compositions for ordinary concrete and concrete 

containing nano materials used in XCOM are given in 

Table (6). 

NS+NMK NS+NC

3%+2% 3%+6%

H 0.64 0.64 0.64 0.64 0.64 0.64

O 49.64 49.69 49.69 49.67 49.71 49.74

Si 30.49 30.61 30.64 30.56 30.69 30.76

Al 4.58 4.56 5.38 4.56 4.55 4.61

Fe 1.21 1.19 1.17 1.20 1.18 1.15

Ca 8.99 8.82 8.66 8.88 8.71 8.49

Mg 0.26 0.26 0.25 0.26 0.25 0.25

S 0.20 0.19 0.18 0.19 0.19 0.18

Na 1.72 1.73 1.72 1.72 1.72 1.72

K 1.90 1.90 1.92 1.91 1.91 1.92

Element

Atomic  Fraction (%)

Control NS 3% NC 6% NMK 2% 

 

NaI Detector 

with Shield 

Miniature 

MCA 

Set of 

Collimators 

Sample 

Spectrum 

Acquisition 
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Fig. (5): Exact modeled setup as drawn by the MCNP visual editor with particle collisions 
 

B) Monte Carlo 

   The MCNP general Monte Carlo Code is used for 

estimation of the linear attenuation coefficient of ordinary 

concrete samples, and samples with nanomaterials. Two 

cases are considered. First, exact modeling of experimental 

setup for ordinary concrete measurements is carried out to 

check the model validity. Secondly, ordinary concrete 

samples with nanomaterials are modeled to determine any 

changes in the shielding properties.  

a) Modeling of experimental setup for ordinary 

concrete 

   The experimental setup for ordinary concrete is modeled 

as shown in Figure (3) using the MCNP Code. Figure (4) 

shows the dimensions and locations of the used collimators. 

Figure (5) presents the modeled setup as drawn by the 

MCNP visual editor. Photon tracks (interactions) are also 

illustrated in the Figure indicating the exact modeling 

without any source biasing variance reduction techniques. 

The MCNP Pulse height tally “F8” is used to calculate the 

absolute full energy peak efficiency of the detector at the 

0.662 MeV gamma-ray energy. Calculation of “F8” tally 

without a sample, and with samples of different thicknesses 

allow the determination of μl through fitting the exponential 

absorption relation I/Io=exp(-μx), where Io and I are the 

intensity of un-attenuated and attenuated radiation in the 

absorber medium, respectively. Material card is used to 

define material composition of the ordinary concrete 

sample by weight fractions as given in Table (7). The 

number of histories is selected and defined in the MCNP 

nps card to keep statistical error in MCNP calculations less 

than 1%. (2e8 35 min uncert 0.5%). 

b) Modeling of concrete with nanomaterials 

   The validated model of ordinary concrete is modified to 

investigate the effect of nanomaterials. Figure (6) shows      

a drawing for the MCNP model used to estimate the linear 

attenuation coefficient for ordinary concrete and concrete 

with nano materials samples. A mono energetic (0.662 MeV) 

mono directional (DIR=1) point source is defined in the 

MCNP SDEF card. A set of lead collimators is considered 

to define a narrow beam of radiation. Samples with 

nanomaterials of 15  cm diameter and different heights      

(1-10 cm) are modeled. Moreover, the MCNP repeated 

structure geometry feature with the U (universe), FILL, 

LAT (lattice) associated cards is employed to create the 

nano-structure material. A lattice of type 2, RHP (Right 

Hexagonal Prism) is filled with two universes (ordinary 

concrete and nano-silica), (ordinary concrete and nano-

ceramic) and (ordinary concrete and nano-metakaolin) for 

samples with 3% NS, 6% NC and 2% NMK by mass 

respectively. However, three universes are used to fill the 

lattice for samples with hybrid nanomaterials (NS 3%+NC 

6%) and (NS 3%+NMK 2%) respectively. Nano materials 

are defined as spheres of 1.4e-7 cm diameters and densities 

of 1.989, 2.5 and 0.923 cm3/g for NS, NMK and NC 

materials, respectively. The building unit is composed of a 

hexagonal prism that contains the spheres of nanomaterials. 

The number of spheres inside a prism is calculated using 

their volumes and densities relative to the mass of ordinary 

concrete in the prism. The atomic fractions of the elemental 

composition for nanomaterials are given in Table (7).  

Figure (7) shows the repeated structure of the MCNP model 

created to estimate the linear attenuation coefficients for 

samples with 3% NS. A three-dimensional drawing created 

by the 3D Ray Tracing capability of the MCNP for the one 

building unit of samples with 3% NS is presented in Figure 

(8). The 3D drawing is treated with a cookie cutter cell to 

illustrate the nanoparticles inside. 

 

 

 

 

 

 

 

 

 

 

Fig. (6): MCNP model 

 

Pb 

collimator 

Pb 

Air Front surface used for 

determination 

Point Source 

Concrete with nano-

material 
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Table (7): Atomic fractions of elemental composition 

of nanomaterials 

  

 

 

Fig. (7): Repeated structure of the MCNP model 

                               

 

 

 

 

 

 

 

 

 

 

 
 

 

 

    Fig. (8): Tracing capability of the MCNP 

  
4-RESULTS AND DISSECTION  

4-1 Properties of Fresh concrete 

   According to ESS 1658/2006 [32], the concrete's 

workability is measured in terms of slump. The slump of 

all mixes is shown in Figure (9). It can be observed that 

the slump of concrete with nanomaterials was decreased 

than the control mix by about 16.7, 25, 12.5, and 8.3% 

for NS, NC, NS+NMK and NS+NC respectively. 

However, the slump of NMK was decreased by 33.3% 

compared to the control mix. This may be attributed to 

the large specific surface area of nano metakaolin which 

absorbed more water from concrete than nano silica and 

nano ceramic, which is partially in confirmation of 

previously reported results [36]. 

 

 

 

 

 

 

 
 

Fig. (9): Slump of concrete mixes   
 

 

Fig. (10): Density of concrete mixes 
 

4-2 Mechanical Properties of Concrete  

4-2-1 Density  

   The results of density of all mixes are presented in Table 

(5) and Figure (10). As expected, the NMk mix has a 

higher density than that of the control, NC, or NS mix. 

The high density was due to the small size of NMk 

particles when compared with NC or NS particles as 

shown in Table (3) which result in a low pour in the 

mixture of concrete. This is confirmed by SEM 

micrographs shown in Fig. (21). However, the hydration 

degree of cement particles increases due to the nucleation 

of nano ceramic or nano silica and pozzolanic reaction 

which causes additional hydration products to fill the 

particles pores resulting in a decrease in the porosity and 

an increase in the density compared to the control sample. 

The addition of hybrid nanomaterials leads to a decrease 

in the porosity and resulting in a slight increase in the 

density as shown in Figure (10). These results are in 

agreement with those obtained by Liu et al. [37]. 

NS NMK   NC

 O 65.25 64.60 52.40

 Si 31.80 29.87 26.00

Al 0.06 0.36 0.26

Fe 0.44 0.80 1.00

Ca 0.22 0.22 0.22

Mg 0.05 1.00 -

S 0.01 - -

K 0.02 2.91 2.00

Na 1.19 - 1.00

Cl 0.71 - -

Ti - 0.23 -

Zn - - 1.00
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     4-2-2 Compressive Strength  

     In Table (5), the test results of the compressive strength 

for all mixes at 7 and 28 days are presented. Three 

measurements samples were used to get the average of each 

result. From Figure (11), it can be noticed that the 

compressive strength of concrete increases when replacing 

the cement with nanomaterials. Among all mixes, the NMK 

mix showed the highest increase in compressive strength by 

22.7 %. This may be attributed to the improvement of the 

cementitious materials by the reaction of NMK and CH 

generated by cement hydration to produce extra C-S-H and 

hexagonal hydrated calcium aluminate (mostly C4AH13) 

[38]. Additionally, SEM images  confirmed the main 

contribution of the pozzolanic interaction between the 

various materials, as shown in Figure (21). The following is 

an explanation of how the addition of NMK improved the 

chemical and physical properties: The microstructure of 

cement paste became denser when NMK's ultra-fine 

particles filled in the cement's pores. Excess calcium silicate 

hydrate (C-S-H) produced by the pozzolanic reaction of 

NMK with free lime released during the hydration process 

is deposited in the pore system, improving the mechanical 

properties [18]. These results were confirmed by another 

research [21]. Moreover, the compressive strength of 

concrete with NS is higher than the control samples by 10% 

due to the pozzolanic reaction of NS as in [39- 41]. Tawfik 

et al. [12], studied the effect of NC and NS on the 

properties of concrete, they found that when using NC up to 

6%, NS up to 3% and hybrid of NS and NC, it enhances the 

mechanical properties of concrete. The increment in the 

compressive strength of NC samples as compared to the 

control samples due to the additional surfaces of NC. For 

the heterogeneous nucleation of hydration products such as 

calcium hydroxide (CH), calcium-silicate-hydrate (C-S-H), 

and other hydration products, it may be supplying 

additional sites and locations. Additionally, the uniform 

distribution of ceramic grains reduces the distance travelled 

by ions from the active minerals to the nucleating sites. 

Those effects have the power to effectively boost cement 

hydration rates and heterogeneous nucleation densities. 

Science, the NC pozzolanic reactions result in stronger 

binding phases that enhance contacts between cement 

hydrates and ceramic grain particles. The mechanical 

attitude of the NC-cement materials is simultaneously 

affected by those chemical-physical influences [42]. Binary 

mixes (NS+NC or NS+NMK) showed a small increase 

compared with that of the control sample. This is due to the 

double effect of nano silica and nano ceramic or nano silica 

and nano metakaolin on the substantial properties.  

4-2-3 Tensile Strength 

   As illustrated in Figure (12), it is noted that the tensile 

strength of NMK samples exhibits the highest value.  In 

fact, the NMK uses two mechanisms to increase the 

tensile strength of hardened cement mortar. The first 

mechanism involves the effect of NMK as filler packing 

intermittent voids inside the skeleton of the hardened 

microstructure of cement mortar, so improving both its 

density and strength. The pozzolanic effect is the second 

mechanism. In the NS samples, the pozzolanic reaction 

between calcium hydroxide and amorphous silica is slow 

during extended moist curing, but it responds quickly in 

an alkaline environment, such as the pore solution of 

freshly mixed Portland cement mortar. It is obvious that 

NMK and portlandite or calcium-hydroxide (CH) can 

react and result in the formation of additional C-S-H that 

is identical in composition and structure to that produced 

by the hydration of Portland cement. (18). Much research 

has confirmed that using NS in concrete fills the pores in 

the concrete matrix while also acting as a nano-

reinforcement and filling agent and enhancing the tensile 

strength, [43- 46]. Moreover, the use of NC in concrete 

exhibited a higher tensile strength compared to that of the 

control mix as found in the work of Tawfik et al. [12].   

Fig. (10): Compressive Strength at 7 and 28 days 
 

 

 

 

 

 

 

 

 

 

 

 

 
 Fig. (11): Tensile Strength at 28 days 
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4-3 Physical Properties of Concrete 

   Table (5) provides a summary of the test results for the 

water absorption of all mixes at 28 days. The average of 

three measurements is used to calculate each value. It 

can be observed that using nanomaterials as                     

a replacement of cement decreased voids, pores, and 

improved the homogeneous characteristics of concrete in 

all mixes compared with the control mix. The percentage 

of decreases in water absorption were [11.41%, 

14.28%,20%, 25.71% and 22.85%] at NS, NC, NMK, 

Ns+NMK, and NS+NC mixes respectively as shown in 

Figure (13). This decrease is attributed to the filler 

effects of nanoparticles and their pozzolanic activity. 

One more observation is that the pozzolanic reaction and 

the filler effect of the nanoparticles have improved the 

interfacial transition zone in concrete. These findings 

confirm the results of Nazari and Riahi [47].  

 
 

 

 

 

 

 

 

 
  Fig. (13): Water Absorption of all Mixes 

 

4-4 Experimental and Theoretical results of linear 

attenuation coefficient  

   Results of gamma attenuation are illustrated in Table 

(5) and Figures (14-16). The results include sample 

thickness (X), μ × X = ln (Io/I), linear attenuation 

coefficient (μ, cm− 1), and density. The values of μ in 

Table (5) are the average of five different tests 

conducted on five different thicknesses of the same mix. 

The experimental results and MCNP5 calculations for 

control and samples containing nano materials are 

presented in Figures (14 and 15). It is clear from the 

Figures that the penetration probability of radiation is 

higher for control samples than for samples containing 

nanomaterials. This means that nanomaterials improve 

the shielding properties of concrete [48]. Figure (15) 

shows the comparison between the simulation results of 

linear attenuation coefficient using MCNP code, XCOM 

program and experimental values. From the experimental 

work, the highest average linear attenuation coefficient 

was found in (NMK) samples. The gamma attenuation 

for concrete with nano metakawlin is 0.196 cm-1, 

concrete with nano ceramic is 0.183 cm-1, concrete with 

nano silica is 0.179 cm-1, (NS+NC) and (NS+NMK); 

concrete with hybrid nano materials; is 0.178 and      

0.179 cm-1 respectively, and, finally, in the common 

concrete without nanomaterial (control concrete) was 

0.176 cm-1. These values are compatible with those 

reported in earlier publications [48-49]. The simulation 

linear attenuation coefficient was calculated using 

equation 1, by applying the intensity ratio (I/Io) obtained 

from the results of the MCNP5 run and XCOM program. 

The interpretation  of the results of μ yields that when the 

density increases due to incorporating nanomaterial in 

concrete, the linear attenuation coefficient increases. The 

highest increase in attenuation coefficient was in NMK 

concrete due to the fineness of NMK than the other 

nanomaterials which were used in this research. The 

NMK fills the pores and voids in cement paste that leads 

increasing the density. The validation of the MCNP 

model has been verified by comparing experimental and 

calculated linear attenuation coefficient as shown in 

Figure (16). The relative difference between the 

experimental and the MCNP values is found to be about 

1.553% higher than experimental  results, this may be 

due to many reasons which may include the non-

homogeneity of the material compositions, the tolerance 

in the thicknesses of the samples, and statistical errors in 

counting rates and position-related errors. All these 

sources of errors could be avoided in simulation models 

and XCOM program. Figure (17) demonstrates the 

relation between the sample thickness and ln(lo/l). The 

relation is directly proportional considering all control 

and nano mixes.  

 

Fig. (14): Experimental results for all mixes 
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Fig. (15): Monte Carlo simulation for all mixes 

 

 
Fig. (16): Comparision between experimental and 

theoritical work for all mixes   

 

Fig. (17): The relation between sample thickness and 

ln (Io/I) 

The validation of the MCNP model has been verified by 

comparing the experimental and calculated linear 

attenuation coefficient as shown in Figure (7).  

4-5 Results of XRD Analyses  

     X-ray diffractograms of concrete with nano particles 

hydrated for 28 days are shown in Figure (18). The Figure 

shows that the concrete containing nano silica (NS 

concrete) has less intensity diffraction lines corresponding 

to C-H and more intensity diffraction lines with 

characteristics for C-S-H compared to the corresponding 

lines of the control mix). This is caused by the pozzolanic 

interaction between the nano silica and C-H resulted in 

more C-S-H phases [39]. Furthermore, the same results 

were shown in concrete containing NC or NMK when 

compared with the control sample, the intensity of the CH 

peak decreased and remarkably increased the intensity of 

C-S-H in each mix with the incorporating of NC or NMK. 

This is due to the acceleration growth of the C-S-H by the 

nucleation effect of the NC and NMK and the pozzolanic 

reaction which gets more C-S-H as described in other 

studies [26, 33]. The denser the concrete is, the greater 

intensity of diffraction lines for C-S-H. Indirectly, it will 

improve the properties of the concrete as shown in NMK 

concrete as it has a higher mechanical property when 

compared with other samples as described in sec 4-2 and 

in another work [40]. The intensity of diffraction lines of 

characteristics for (Q) quartz appeared for NS                    

at (2θ) = 22.1, for NC at (2θ) = 26.8, and for NMK at (2θ) 

= 26.88, this agreed with the XRD analysis of nano 

particles as shown in Figure (2). Figures (19 and 20) show 

that the diffraction lines corresponding to C-S-H in 

(NS+NC) was less than those of the corresponding lines 

of the NS or NC mix and slightly higher intensity of the 

diffraction lines of characteristics for C-H for (NS+NC) 

than those of the corresponding lines of the NS or NC. 

Additionally, the same behavior occurred when mixing 

the NS and NMK, which reflected the dual effect of 

nanomaterials as illustrated in mechanical properties. 

 

 

 

 

 

 

 

Fig. )18 (: XRD pattern of concrete containing different  

nano materials 
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Fig. (19): XRD pattern of concrete containing NS+NC 

 

 

 

 

 

 

 

 

Fig.(20): XRD pattern of concrete  containing NS+NMK 
 

4-4 Microstructure  

     The morphological features changes of concrete 

containing nanomaterials were examined to analyze the 

effects of the nanomaterials compared with the control 

concrete and the results are shown in Figure (21). In 

Figure (21-a), the microstructure of the control sample is 

presented, there are more unhydrated cement particles 

and low C-S-H crystals, furthermore, it has a high ratio 

of porosity and less homogeneity compared to that 

samples with nanoparticles. It is readily visible in Figure 

(21-b) that adding nano silica results in the reduction of 

the amount of cumulative incursion related to porosity 

compared to the control sample. Porosity decreases with 

the addition of nano silica compared with the control 

sample. It can be attributed to the finesse of nano silica 

which fills the pores and leads to denser matrix. In 

addition, it is notable that incorporating the nano 

ceramic, makes the sample denser than the control 

sample, and thus, the initial voids, flaws, and gaps 

between particles are filled with new hydrations 

progressively (C-S-H) from pozolanic reaction as shown 

in Figure (21-C). The microstructure of the concrete 

containing NMK appeared to be much denser matrix 

than the control sample, NS, and NC samples which is 

attributed to the high fineness of NMK particles which 

can fill the pores between cementitious material particles 

in the microstructure as shown in Figure (21-D). 

Furthermore, The NMK acts as a link between micro-

cracks to prevent the formation of new cracks in 

concrete and enhance its mechanical properties. 

Additionally, NMK forms a more compact structure. 

These findings are compatible with other studies [50, 

51]. The microstructure of the sample containing 

NS+NC appeared quite dense and compact with 

relatively fewer capillary pores as compared to the 

control sample. It could be clearly observed that the 

pores and the number of voids are reduced as a result of 

adding NS or NC or NMK. It is also clear that the 

nanoparticles enhance the concrete's fine pores. This 

could explain how nanoparticles contributed to improve 

the mechanical properties indicated in Sec. 4.2. 
 

 

(a) Control Concrete 

 

 

(b) Concrete with NS 
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Fig. (21): Microstructure of all mixes 

 

5- CONCLUSION 

   The present work shows the simulation of linear 

attenuation coefficient with the Mont Carlo and XCOM 

program of concrete containing nanomaterials NS, NC or 

NMK and their hybridization comparing with the 

experimental results. The nanomaterials were added at 

percentages of 3%, 6% and 2% as a replacement of 

cement weight for NS, NC and NMK respectively. 

Moreover, the physical, mechanical properties, SEM and 

XRD of the concrete were investigated. Based on the 

results of the laboratory tests and the theoretical studies, 

the following conclusions can be drawn: 

1- The gamma attenuation coefficient results showed 

that the highest increase value in μ of the Monte 

Carlo simulation was in concrete containing NMK 

with a percentage increase of 7.08% followed by: NC 

with 2.16%, NS with 1.6%. The least increase in μ 

was found in the hybrid nano concrete mixes. 

2- The relative difference between the experimental and 

the MCNP values of attenuation coefficient was 

found to be about 1.553% higher than the 

experimental, while the relative difference between 

XCOM and MCNP was about 1.658%. 

3- The nanomaterials increase the shielding of the 

concrete and lead to a proper filling characteristic and 

hence increasing the concrete density. The increase in 

attenuation coefficient directly leads to a decrease in 

the designed concrete thickness. 

4- Water absorption decreased due to the use of 

nanoparticles. The highest reduction in water 

absorption was 25.7 % measured in the NS+NMK 

samples. 

 

(C) Concrete with NC 

 

(D) Concrete with NMK 

 
 

(E) Concrete with NS+NC 

 
 

(F) Concrete with NS+NMK 
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5- Using nanomaterials improved the compressive 

strength of concrete for all mixes to some value when 

compared to the control mix. It increases by 10%, 

11.5%, 22.7%, 4.6% and 4.6% for NS, NC, NMK, 

NS+ NMK, and NS+NC respectively at the age of   

28 days. Furthermore, the increases in tensile strength 

were 16%,16%,20%,4% and 8% for NS, NC, NMK, 

NS+NMK, and NS+NC respectively at the same 

nano ratio. 

6- Microstructure analysis showed that the incorporating 

the NS, NC and NMK nanoparticels in the concrete 

led to good hydration product as well as filling effect 

of voids in cement matrix thus making the 

microstructure of the cement paste more denser 

comparing with the control mix. 

7- Pores from the image processing SEM images showed 

a significant decrease in the percentage of pores 

between the control mix and the mixes containing 

nanomaterials. The highest pores reduction analyzed 

among all mixes was attributed to the addition of 2% 

NMK. 

8- Based on the XRD analysis, it can be concluded that 

there is a significant effect of nanomaterial on the 

tested samples. 
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