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ABSTRACT 

 
The Brazilian Nuclear Program predicts the increased use of nuclear power to generate electricity, with the 

construction of new nuclear power plants in the country. Given this scenario, associated to the growth of the 

application of radioactive materials in different areas, deserving attention from the responsible governmental 

institution especially in the steps related to safety and security. The management of the radioactive waste 

generated in these activities, including its final storage, is part of this responsibility. A repository, or final 

deposit, is the licensed deposit for storage of radioactive wastes, without the intention of removing, in 

accordance with the criteria of the competent authorities. Normally a repository for low and intermediate- level 

radioactive wastes is operated for many decades and, after its closure, it should be surveyed for 300 years. So 

the goals of this research are to study, develop and select formulations of concrete, in order to meet safety and 

performance criteria for the installation, once they should have sufficient durability to isolate the waste from the 

environment, during the radioactivity decays. 
 

1. INTRODUCTION 

 

The Brazilian Nuclear Program predicts the increased use of nuclear power to generate 

electricity, with the construction of new nuclear power plants in the coming years. With the 

growth of the nuclear uses in different sectors, the issue of radioactive wastes deserves 

government actions, in order to assure the suitable management of these wastes until the final 

storage. Federal Law 10,308 [1] regulates the storage of the radioactive waste produced in the 

country, including site selection, construction, licensing, operation, supervision, costs, 

damages, liability and security for its deposits. 

 

The material resulting from human activities, containing quantities of radionuclide higher 

than the exemption limits established by CNEN, whose reutilization is not appropriate or 

foreseen is called radioactive waste or simply waste [2]. In compliance of CNEN Standards 

[3], these wastes are divided between wastes with beta and gamma emitters and alpha 

emitters, and liquid and solid ones. They are classified in low, intermediate and high-level 

radioactive wastes, depending on their concentration of radionuclides. The biggest volume of 

the wastes is classified as low and intermediate level, and comes from the Nuclear Power 

Plants (NPP), in Angra dos Reis, and other installations that use radionuclides spread among 

the country. 
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In Brazil the treatment of these wastes consists initially on volume reduction, followed by 

different treatment processes depending on the waste type. In accordance of the Law [1], all 

the waste should be solid or converted in a solid form, inside a package, so that the risk of 

radionuclide release and radiation exposure will be avoid or reduced. At the end they will be 

disposed in repository. 

 

A repository, or final deposit, is the licensed deposit for storage of radioactive wastes, 

without the intention of removing, in accordance with the criteria of the competent authorities 

[2]. These repositories are constituted of engineering systems, which behave as barriers to the 

waste release. According to Silva [4], the repository is a facility where the wastes are placed, 

whose design includes structures, systems and shields calculated to prevent or limit the access 

of water, considered to be the major route to transfer the radionuclide, as well as contribute to 

its retention and delay its leaching. Thus all the barriers, including the packaging and the 

over-pack must provide the containment of the waste during the time required for the decay 

of the radionuclides takes place. 

 

In the Roman age it was used a similar material to the concrete, having as binder a mixture of 

lime and volcanic ash (natural pozzolan), and with this material were performed remarkable 

engineering works. Concrete is a material used in building construction, consisting of a hard, 

chemically inert particulate substance, known as an aggregate (usually made from different 

types of sand and gravel), that is bonded together by cement and water [5]. It is widely used 

in engineering, mainly due to excellent water resistance, one of its advantages, when 

compared to other materials, like wood and steel. The durability of concrete in relation to 

aggressiveness of the water is responsible for its extensively use in many severe 

environments, both industrial and natural. Although the concrete is the most widely used as 

structural material, it is heterogeneous and highly complex. 

 

Aguiar [6] states that one of the significant properties of the hardened concrete is the 

durability, which is defined as the useful life of the material under specific environmental 

conditions. Typically, impermeable concretes exhibit long-term durability. Permeable 

concrete, however, are less durable. The permeability of concrete depends not only on the 

proportions of the mixture, compacting and curing, but also on the microcracks caused by 

normal cycles of temperature and humidity. This material is extremely reliable when it has a 

suitable quality control and the dosage is perfectly adapted to the needs of the project to 

ensure the life of the structure. 

 

Helene and Tutikian [7] explain that the dosage study of Portland cement concrete includes 

the necessary procedures to obtain the best ratio between the constituent materials of 

concrete. This ideal relation can be expressed by mass or volume. The materials, which can 

be used in concrete, are the different cements, sand, gravels, water, admixtures, pigments and 

fibers. In Brazil, the best known methods used to dosage studies are those developed by 

ABCP (based on the American Concrete Institute method - ACI), by IPT (IBRACON), by the 

Instituto Nacional de Tecnologia (INT) and by the Instituto Tecnológico do Rio Grande do 

Sul (ITERS). Although there is no a consensus in the method to make a dosing study, certain 

activities are common to all, such as, the calculation of the mean strength of the dosage and 

the correlation between the compressive strength and the water / cement ratio for a specific 

type of cement, without neglecting the economy and sustainability. A dosage study should be 

performed to obtain the optimal mix and more economical for a particular region and the 

locally available materials, to meet the necessary requirements. The usual basic requirements 

to be met are mechanical strength, workability and consistency, durability and deformability. 
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The objective of this work is to study, develop and select formulations of concrete  to be used 

in the construction of the disposal areas in the repository, as criteria for safety and 

performance required to guarantee durability and sealing to prevent the risks of contaminant 

migration, radioactive or not, from the wastes to the environment. 

 

2. EXPERIMENTAL 

 

The initial parameters were taken from the concrete used in the construction of the El Cabril 

Repository, in Spain, whose parameters are: fck = 35.0 MPa; 400 kg of cement; concrete 

resistant to sulfates and factor w / c (water/cement) = 0.42. 

 

This study was conducted with materials found in the Metropolitan area of Belo Horizonte, 

based on a technical study [8], in accordance of the ABCP methodology. The initial dosages 

for one cubic meter of concrete are shown in Table 1. Mixtures with the two dosages were 

prepared, one without the additive and another with the additive plasticizer Glenium 51 

BASF. This last one aims to have a concrete with better workability and to reduce the amount 

of water the mixture. 

 

Table 1: Selected dosages for 1m
3 

of concrete 

 

CHARACTERISTICS 
DOSAGE 

Dosage #1 Dosage #2 

fck (MPa) 35 35 

Slump (mm) 100±20 100±20 

w/c  0.46 0.46 

C: S: G: G: w/c 
1.000: 1.737: 1.024: 1.902: 

0.46 
- 

C: S: G: G: w/c: A - 
1.000: 1.737: 1.024: 1.902: 0.46: 

2.68 

Cement CPIII E 40 RS (kg) 446 446 

Quartz sand (kg) 697 697 

Gravel n° 0 limestone (kg) 311 311 

Gravel n° 1 gneiss (kg) 726 726 

Water (l) 205 (60%) 123 

Plasticizer Glenium51 (l) -  2.68 

C=cement; S=sand; G=gravel; w/c=water/cement; A=additive (plasticizer) 

 

The concrete was prepared in order to produce 18 cylindrical specimens (10cm x 20cm) from 

each mixture. After molding, the samples were left to stand for 1 day, and then demolded, 

identified and properly stored in a humid chamber during the established time for the tests, as 

presented in Table 2. Three specimens were stored as witness. 

 

2.1. Planning of experiments 

 

Four mixtures were produced, two with conventional concrete (dosage #1) and two with the 

addition of plasticizer additive (dosage #2), i.e. each dosage was prepared in "duplicate". The 

planning for the tests was made and this is shown in Table 2. Some samples were used in 

more than one test. 
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Table 2: Planning for 1
st
 test mix. 

 

 
* cilinder: diameter =10cm and height=20cm 

 

2.2. Materials. 

 

The sand used in this work was of medium / thick texture coming from Cachoeira da 

Prata/MG (Fig 1) with the following physical properties: fineness modulus = 2.29; real 

density = 2.58g/cm
3
; pulverulent material content = 0.94%; content of organic matter = below 

the maximum 0.10% and clods of clay = 0.00%. 

 

The coarse aggregates selected for this study were from Minas Gerais (Fig 2). The 

characteristics of gravel are presented in Table 3.  

 

 
 

Figure 1: Sand used in the test 

 

Table 3: Characteristics of the gravel used in the concrete 

 
CHARACTERISTICS GRAVEL # 0 GRAVEL #1 

Fineness modulus  5.94 7.63 

Real density (g/cm
3
) 2.66 2.69 

Apparent especific density (g/cm
3
) 1.44 1.43 

Pulverulent material content (%)  0.49 0.94 

Content of organic matter (%) below the maximum 0.10 below the maximum 0.10 

Clods of clay  0.00% 0.00 

Ultrassonic
Compressive 

strength

Dynamic mod of 

elasticity
Splitting test Capillarity Permeability Special tests Witness

1 X X

2 X X

3 X X

4 X X

5 X X

6 X X

7 X X

8 X X

9 X

10 X

11 X

12 X

13 X

14 X

15 X

16 X

17 X

18 X

specimen 

nº (*)

Test performed at 28 days
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Figure 2: Gravel Nº 0 and gravel Nº 1 used in the test. 

 

The cement used was CP III 40 RS CAUE and the Blaine fineness in accordance of 

manufacturer is 4500 cm²/g. It is recommended for use in “aggressive environments", as 

gallery water and sewage and marine works, providing greater durability against chemical 

attacks. 

 

The water used was provided by the system supplier of the city of Belo Horizonte, COPASA. 

The selected additive was Glenium 51, produced by BASF, which acts as dispersant of 

cementitious material, providing super plasticizers and high reducing water, making the 

concrete more workable without changing the cure time. 

 

2.3. Production of Concrete. 

 

The concrete was prepared and tested according to the Brazilian Standard ABNT NBR 

12655:2006 [9], using a stationary vertical shaft mixer 120L-capacity. The “slump” test was 

performed in specific metal molds for this. For the subsequent tests samples were molded in 

cylindrical molds of 10 cm diameter and 20 cm height. The curing process occurred in a 

camera with humidity ≥ 90%. In Fig. 3 is presented the steps to prepare and to test the 

concrete and also the molding and storage of samples.  

 

   
Figure 3: Preparation, slump test and samples of concrete 

 

2.4. Tests 

 

After curing the samples were subjected to different tests to determine some concrete 

properties in order to verify its quality. The tests were performed in Departamento de 

Engenharia de Materiais e Construção (DEMC/EE/UFMG) and in CDTN’s Laboratories. 
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2.4.1 Dynamic elasticity modulus 

 

In Fig 4 is shown the extensometer used to determine the modulus of elasticity or 

deformation of the concrete samples. The elastic modulus of concrete is a very important 

mechanical parameter reflecting the ability of the concrete to deform elastically. 

 

 
 

Figure 4: Extensometer used to determine the modulus of elasticity 

 

2.4.2 Compressive strength 

 

The compressive strength test was performed using a compression testing machine PC200 

from EMIC (Fig 5), according to the technical standard ABNT NBR 5739:1994 [10]. The 

machine capacity is 2000 kN with the sensitivity of 10 N.  

 

 
 

Figure 5: Compression testing machine 

 

2.4.3 Tensile strength (splitting test) 

 

The tensile test was performed in the same compression testing machine PC200 (Fig 6), 

following the Brazilian standard ABNT NBR 7222:1994 [11].  
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Figure 6: Sample ruptured in the splitting test 

 

2.4.4 Ultrasonography 

 

Ultrasonography test was performed in order to evaluate the discontinuities and defects in the 

specimens produced in the laboratory, as well as to verify the quality of their compactness. Its 

execution followed the ABNT NBR 8802:1994 [12]. In Fig 7 it is presented the equipment 

and the reading system used. It was selected the direct method of reading, done in the 

diagonal direction, with 100 mm of travel of the wave; transducers of 50 mm diameter with 

gel coupled with specific contact.  

 

 
 

Figure 7: Ultrasonic test – equipment and reading system. 

 

2.4.5 Capillarity. 

 

The tests were performed with the objective of verifying aspects related to the permeability of 

the concrete. This test was performed based on the ABNT NBR 9779:1995 [13]. Samples 

were put into an oven to dry for 72 hours, being weighed after 24, 48 and 72 hours. 

Subsequently they were allowed to cool to room temperature and then were re-weighed. They 

were then placed in a tray and subjected to a water depth of 15 cm. The samples were 

weighed after 3, 6, 24, 48 and 72 hours of immersion, using an analytical balance, with a 

precision of 0.1 grams, to evaluate the capillarity coefficient (Fig. 08). 
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Figure 8: Samples immersed in water reservoir 

 

2.4.6 Water permeability under pressure. 

 

This test has the purpose to determine the water permeation in the concrete in finished 

structure. It is done passing the water flow through the prepared concrete sample, using the 

GWT (Germann Water permeation Test), manufactured by Germann Instruments S/A [14]. It 

was cut 3cm disk from the concrete specimen, which was subjected to a selected test pressure 

of 0.16 bar. 

 

 
 

Figure 9: GWT equipment 

 

2.4.7 Scanning electron microscopy (SEM) 

 

SEM method was used to have useful information concerning the structural of material. 

Energy dispersive spectroscopy (EDS) technique was applied to analyze the elemental 

distribution in the samples as well. The EDS plots provide the presence of the chemical 

elements, which will confirm the composition of crystal in the concrete samples. 

 

2.4.8 Adsorption of nitrogen 

 

Adsorption of N2 was performed to identify the pore structure. After the rupture of the 

sample, the mortar was separated from the gravel, granules collected and tested. 
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2.4.9 FTIR 

 

Fourier Transform Infrared Spectrometry test – FTIR – was performed to identify the 

crystalline structure of the concrete. The mortar was separated from the gravel, ground with 

grade agate and then tested.  

 

2.4.10 X-Ray Diffraction 

 

The X-ray diffraction was carried to identify crystalline phases. Parts of concrete were 

ground with grade agate and then tested by using an X-ray diffractometer. 

 

3. RESULTS AND DISCUSSION 

 

The results of dynamic modulus of elasticity are presented in Table 4. The results are 

supported by theory and consistent with the resistance of the concrete produced.  

 

The results of the compressive strength tests are shown in Table 5. At 28 days the fck results 

for the two dosages were 36.6 MPa, 38.3 MPa, 52.4 MPa and 39.7 MPa, higher than fck used 

as base for this study, 35MPa. 

 

Table 4: Table of the results of the dynamic modulus of elasticity 

 

 
 

Table 5: Results of compressive strength testing (28 days) 

 

 

Frequency (Hz) Modulus (MPa) Frequency (Hz) Modulus (MPa)

2 10250 38645,9 17 10478 40815,0

4 10010 36932,9 18 10170 38928,3

5 10000 37025,2 19 10310 39035,7

4 10064 38000,2 24 10250 39160,9

37512,7 39098,3

820,4 891,8

Frequency (Hz) Modulus (MPa) Frequency (Hz) Modulus (MPa)

32 10530 41974,8 51 10630 43256,1

34 10530 41789,5 56 10590 42914,0

38 10490 41539,9 57 10510 42117,2

43 10500 41221,4 60 10500 41665,2

41664,7 42515,6

326,3 727,1

arithmetic average

standard deviation

arithmetic average

standard deviation

1ª Concreting

3ª Concreting

2ª Concreting

4ª Concreting

arithmetic average

standard deviation

arithmetic average

standard deviation

Sample
Force 

(kN)

Stress 

(MPa)
Sample

Force 

(kN)

Stress 

(MPa)
Sample

Force 

(kN)

Stress 

(MPa)
Sample

Force 

(kN)

Stress 

(MPa)

1 272,70 34,7 16 290,11 36,9 36 433,04 55,1 46 311,66 39,7

6 284,88 36,3 20 295,35 37,6 40 388,23 49,4 47 309,22 39,4

8 298,63 38,0 23 314,34 40,0 42 424,39 54,0 53 310,81 39,6

10 293,03 37,3 27 303,99 38,7 45 401,02 51,1 59 317,02 40,4

36,6 38,3 52,4 39,7
1,4 1,4 2,6 0,4

Compressive Strenght (MPa)

1ª Concreting 2ª Concreting 3ª Concreting 4ª Concreting

arithmetic average arithmetic average arithmetic average arithmetic average

fck found (MPa) fck found (MPa) fck found (MPa) fck found (MPa)

standard deviation standard deviation standard deviation standard deviation

35,0 35,0 35,0 35,0

36,6 38,3 52,4 39,7

fck Project (MPa) fck Project (MPa) fck Project (MPa) fck Project (MPa)
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In Table 6 are shown the results of tensile strength at 28 days. The fct results for the two 

dosages are 2.7, 2.8, 3.4, and 3.2 MPa). It is often used as parameter value 10% of fck, i.e. 3.5 

MPa. The values obtained with the dosage 2 were the closest of this reference. An additional 

information, in the Brazilian standard for “Design of structural concrete” [15] is suggested a 

range for calculation of reference. The values obtained in both dosages are close to the 

average value calculated, being in the range of minimum and maximum values. 

 

The tensile and compressive strengths are important for the structural stability and the 

modulus of elasticity supports in the determination of the internal forces in the structure and 

verification of the service state limits, but these results, in general, cannot be used as a 

parameter for evaluation of the durability 

 

The range of values related to propagation times, in µs, from ultrasonography: which 

identifies this particular work, are from 25.7 µs to 33.7 µs for dosage 1 and from 25.1 µs to 

29.7 µs for dosage 2, i.e. values very close. The individual values of the time of propagation 

of the wave in the samples show that concrete has good compactness, no empty or cracks. 

The values of ultrasound in the future will be considered as a reference standard and analysis 

of durability. 

 

Table 6: Test results of tensile test (splitting test) 

 

 
 

The coefficient of capillary values pointed out that the concrete without additive (dosage 1) 

has higher saturation than that with additive. The worst situation was for the dosage 1, 0.61 

g/cm
2
. The dosage 2 presented 0.29 g/cm

2
. 

 

For water permeability under pressure, the samples can be classified as low permeability to 

the flow of water passing through the concrete, with values ranging from 1.0 x10
-6

 to1.0 x10
-7

 

mm/s. In Table 7 is summarized the results of these experiments. 

 

  

Sample Force (kN) Stress (MPa) Sample Force (kN) Stress (MPa) Sample Force (kN) Stress (MPa) Sample Force (kN) Stress (MPa)

2 877,8 2,8 17 741,4 2,3 32 1278,3 4,0 51 1336,7 4,2

4 1116,4 3,5 18 1076,2 3,4 34 997,1 3,2 56 973,9 3,1

5 859,5 2,7 19 1016,5 3,2 38 1269,8 4,0 57 1044,5 3,3

11 900,9 2,9 24 1126,1 3,6 43 1297,8 4,1 60 1067,7 3,4

arithmetic 

average
938,7 3,0

arithmetic 

average
990,1 3,1

arithmetic 

average
1210,8 3,8

arithmetic 

average
1105,7 3,5

standard 

deviation
119,7 0,4

standard 

deviation
171,7 0,5

standard 

deviation
142,9 0,5

standard 

deviation
159,1 0,5

f ctm  (MPa)
f ctk, min 

(MPa)

f ctk, max 

(MPa)
3,2 2,2 4,2

2,7 2,8 3,4 3,2

fct found (MPa) fct found (MPa) fct found (MPa) fct found (MPa)

Tensile Strength (MPa)

1ª concreting 2ª concreting 3ª concreting 4ª concreting

Calculation ABNT NBR 6118 (2003)
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Table 7: Test results of water permeability under pressure 

 

 

 
 

According to Aguiar [16], the water absorption of the concrete can carry aggressive media, 

leaving vulnerable to external agents. The volume occupied by the pores of the concrete is 

measured by absorption. The capillary absorption test evaluates the behavior of the samples 

when in contact with water, and by analogy the potential durability can be estimated. The 

permeability determines the relative ease with which the concrete is saturated with water and 

depends on the capillary porosity. Both tests may be useful for the durability of the concrete. 

 

5. CONCLUSIONS 

 

A concrete production work was performed to check some characteristics of its composition 

through destructive and nondestructive tests. Mechanical tests such as compressive strength, 

tensile strength, modulus of elasticity provide information that is useful targeting the 

structural aspects and it is not sufficient to evaluate the durability or the concrete quality 

during its life. In this way ultrasound, capillary and permeability may contribute to this 

research. The use of the additive provided better results in comparison with the ordinary 

concrete, i.e. without additive. Referring to the permeability, it will be necessary to add sealer 

in this concrete to improve this property.  

 

The next steps in this research is to perform the same tests on concrete subjected to other 

scenarios, such as to the attack of sulfates, chlorides, carbonation, and also to prepare 

concrete using different cements, comparing with these results. 

  

Number of Reading Reading Flow "q" Number of Reading Reading Flow "q"

readings: range(min) micrometer(mm) (mm/seg) readings: range(min) micrometer(mm) (mm/seg)

0 0 0 - 0 0 0 -

1 15,00 0,16 4,63E-06 1 15,00 0,16 4,63E-06

2 30,00 0,16 0,00E+00 2 30,00 0,16 0,00E+00

3 45,00 0,16 0,00E+00 3 45,00 0,16 0,00E+00

4 60,00 0,15 -2,89E-07 4 60,00 0,15 -2,89E-07

1,09E-06 1,09E-06

2,05E-06 2,05E-06standard deviation

q average:

standard deviation

q average:

sample 3 - Trace 1 sample 25 - Trace 1

WATER PERMEABILITY UNDER PRESSURE

CÁLCULATION OF WATER FLOW THRU (mm/s)

Number of Reading Reading Flow "q" Number of Reading Reading Flow "q"

readings: range(min) micrometer(mm) (mm/seg) readings: range(min) micrometer(mm) (mm/seg)

0 0 0 - 0 0 0 -

1 15,00 0,16 4,63E-06 1 15,00 0,16 4,63E-06

2 30,00 0,15 -2,89E-07 2 30,00 0,16 0,00E+00

3 45,00 0,14 -2,89E-07 3 45,00 0,16 0,00E+00

4 60,00 0,14 0,00E+00 4 60,00 0,16 0,00E+00

1,01E-06 1,16E-06

2,09E-06 2,00E-06

q average:

standard deviation

q average:

standard deviation

sample 41 - Trace 2 sample 55 - Trace 2
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