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ABSTRACT 

The electrical resistivity is a property able to evaluate the ease of penetration of chlorides and carbon dioxide in portland cement 

composites. In this way, studies on the useful life of reinforced concrete are increasingly addressing electrical resistivity as a 

parameter of durability. Existing researches shows that the microstructure of concrete affects directly its electrical resistivity. 

However, there are few studies on the resistivity behavior during cure. This study aims to analyze the evolution of resistivity 

along the curing of two concretes with different water cement ratios. Two mixtures of specimens were produced for the study: 

both with the same mix but different water cement ratios: 0.45 and 0.65. Specimens were submitted to water submerged curing 

and their surface electrical resistivity measurements were obtained at periodic intervals (3, 7, 14 and 28 days) with a four-point 

(Wenner probe) method. The bulk resistivity was obtained with a two-point uniaxial method after 3, 7 and 14 days of cure. At 

the end of the experiment, it was concluded that the variation of the w/c ratio between the mixtures remains constant throughout 

the cure and it was observed that the superficial resistivity of the 28th day was twice the resistivity of the 3rd day. Comparing the 

bulk and superficial resistivity from the 3rd, 7th and 14th days, it was observed that the average of the relation between the 

values was 2,68 (superficial resistivity/bulk resistivity). 
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1. INTRODUCTION  

Durability of portland cement composite structures is one of the main aspects to be considered in the context of sustainable 

construction. The life of the structure is related to the quality of the composite. Under normal conditions, the basic environment 

surrounding the rebar protects the metal from corrosion. However, this environment may have its pH altered when the material is 

subjected to aggressive atmospheres, either by the penetration of CO2 or by the action of chloride ions, among others, which 

favors corrosion of the reinforcement.  

The evaluation of the resistance of the cementitious compound to the action of these agents can be performed by indirect or 

direct tests. Electrical resistivity techniques have been pointed out as methods capable of evaluating the ease of penetration of the 

chlorides in the cementitious composites, since the resistivity is a very sensitive parameter to the microstructure of the material, 

especially regarding the diameter, the connectivity and the distribution of the pores, microstructural characteristics that directly 

influence the penetration of fluids and the moisture content present in the pores [1,2,3]. In this context, the electrical resistivity of 

the concrete can be used to evaluate the size and extent of pore interconnectivity [4]. 

The electrical resistance is the ratio of the applied voltage to the resulting current [5]. In the literature, two methods are described 

for evaluating the electrical resistivity of cementitious composites [6,7,8]. The first is the measurement of the potential difference 

between the opposing faces of the specimen. In the second, the measurement occurs at points located along the sample. In the 

quality control of structures, the surface method is used. In concrete quality control, the bulk method is commonly used. 

Electrical resistivity of concrete can be influenced by many parameters, such as degree of saturation, temperature, carbonation, 

aggregates, water to cement ratio and type of cement, for example. Degree of saturation in the pore network of the concrete may 

depend on the atmospheric conditions and variations of the relative humidity of the environment in which it is exposed [9]. The 

solution present in the pores acts as an electric conductor in the internal structure of the concrete. Thus, the increase of water in 

the samples along with the higher permeability, contribute to the increase of the conductivity inside the concrete and result in 

lower values of resistivity [10]. Therefore, the electrical resistivity is strongly influenced by the degree of saturation of the 

samples. Thus, it is necessary to maintain the same conditions of saturation of the specimens in the experiments. For example, 
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one study (Figure 1), showed that the resistivity of concrete can reach almost zero, when degree of saturation is 1,0 and 

approximately 1.600 Ω.m when degree of saturation is near 0,30 [11]. 

 

Fig. 1 Influence of degree saturation on electrical resistivity of concrete [11]. 

A study of the literature reports that structures with thin pore networks with low connectivity have low permeability, while 

porous structures with higher pore connectivity have high permeability and, consequently, lower durability [4]. 

It was identified that the concretes produced with cements containing high percentages of blast furnace slag and / or fly ash 

present higher values of electrical resistivity than concretes produced with Portland cement, which does not contain blast furnace 

slag or fly ashes [12]. 

A study identifies that the use of recycled concrete aggregate influences the electrical resistivity of concrete indicating a greater 

probability of occurrence of corrosion of the reinforcement associated to the use of these aggregates [13]. 

In terms of temperature, studies report that 1 ° C of temperature variation leads to variations of 3% in the electrical resistivity of 

saturated concrete and 5% in unsaturated concrete - both made of ordinary Portland cement [14]. 

It was verified that the occurrence of carbonation causes an increase in the electrical resistivity of the concrete. This would occur 

because the calcium carbonate fills the pores reducing the porosity of the concrete [15]. 

The aim of the present study is to analyze the evolution of concrete electrical resistivity with different porosities through 

superficial and bulk methods. It is intended to evaluate the relationship between surface and bulk electrical resistivity for 

concrete with different water cement ratios. 

2. MATERIALS AND METHODS 

The experiments consisted in the evaluation of the superficial and bulk electrical resistivities of concrete made with the same 

materials and different water cement ratios. 

2.1 MATERIALS 

There were prepared two different mixtures of specimens (cylindrical –10.0 x 20.0 cm), according to Brazilian Standard NBR 

5738. They were denominated "Mixture 1" and "Mixture 2". Both mixtures were prepared with the ratio of 1 of cement to 2 of 

natural sand and 2.5 of coarse aggregate. Mixture 1 was prepared with water / cement ratio of 0.65 (15 specimens) and Mixture 2 

was prepared with water / cement ratio of 0.45 (14 specimens). Tables 1 and 2 show the characteristics of fine and coarse 

aggregate and mixing ratio of Mixture 1 and Mixture 2. The cement used for both blends was Brazilian Portland Cement – Type 

V, which is characterized for having high resistance in initial ages. 
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Fine Aggregate (Natural Sand) 

Properties Results 

Apparent Specific Gravity  (g/cm³) 2,58 

Angularity 
Nominal Maximum Aggregate Size (mm) 2,4 

Fineness Modulus 2,15 

 

Coarse Aggregate (Limestone Gravel) 

Properties Results 

Apparent Specific Gravity  (g/cm³) 2,67 

Angularity 
Nominal Maximum Aggregate Size (mm) 12,5 

Fineness Modulus 5,74 

 

Table 1 Fine and coarse aggregate characteristics. 

 

 Mixture 1 Mixture 2 

Materials Proportion Proportion 

Ordinary Portland Cement - OPC  (kg/m³) 382 382 

Natural sand (kg/m³) 764 764 

Limestone coarse aggregate (kg/m³)   955 955 

Water (l/m³)   248 248 

w/c ratio   0,65 0,45 

 

Table 2 Proportion of materials used in Mixture 1 and Mixture 2. 

2.2 MEASUREMENT OF ELECTRICAL RESISTIVITY 

In the first 24 hours the specimens were cured under environmental conditions and after that period they were cured in a water 

saturated environment until the end of the study (28 days). The surface resistivity measurements were performed with the Proceq 

Resipod equipment (distance of 50mm between the electrodes). The equipment was configured with standard parameters (no 

form factor was included - factor 1.0 was defined). Four measurements of surface electrical resistivity were performed on each 

sample, on each test day, and after each measurement, the sample was rotated 90 degrees and then a new measurement was 

made (Figure 2). This procedure allowed to obtain measurements that more accurately described the surface resistivity. bulk 

   

Fig. 2 Measurements taken with Proceq Resipod (50mm). 

BulkThe bulk electrical resistivity measurements were performed with an apparatus developed in the laboratory of the Civil 

Construction Department of the Engineering School of the Federal University of Minas Gerais (Figure 3). In this technique the 

concrete sample is placed between two parallel metallic plates (electrodes) where an alternating current is applied-between the 

surfaces - a damp sponge is used to ensure an appropriate electrical connection. The potential drop between the two electrodes is 

measured and the resistance is observed by an impedance analyzer [4]. There were performed five bulk measurements on each 

sample, on each test day. 
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Fig. 3 Apparatus developed in the laboratory of the Department of Civil Construction of the Engineering School of the Federal 

University of Minas Gerais for bulk resistivity measurements. 

2.1 RESULTS   

The results of this study are presented in Figures 4 and 5 and Table 3. Figure 4 shows the results of surface electrical resistivity 

and Figure 5 presents the results of the bulk resistivity. The mean values and amplitudes of the measured values are presented. 

Table 3 presents a summary of the results. 

 

 

 

 

 

Fig. 4 Evolution of surface electric resistivities (days 3, 7, 14 and 28). 

 

0

20

40

60

80

100

120

140

160

180

200

220

3 7 14 28

E
le

ct
ri

ca
l 

R
e

si
st

iv
it

y
 (
Ω.

m
)

Time (Days)

Superficial - M1

(Average)

Superficial - M2

(Average)



International Symposium on Structural Health Monitoring and Nondestructive Testing 2018, Saarbruecken, Germany 

5 

 

 

 

 

 

Fig. 5 Evolution of bulk electric resistivities (days 3, 7 and 14). 

 

Days 
Superficial - M1 

(Average) - Ω.m  
Superficial - M2 

(Average) - Ω.m  
Bulk - M1 

(Average) - Ω.m  
Bulk - M2 

(Average) - Ω.m  
Relation (surface resistivity ÷ bulk 

resistivity) 

3 48,43  99,45  18,47  35,49  2,62  2,80  

7 59,70  122,77  22,87  44,15  2,61  2,78  

14 76,15  162,88  30,34  59,60  2,51  2,73  

28 96,57  197,30    Average 2,68 

 

Table 3 Results of the tests of electrical resistivity. 

The values of surface electrical resistivity are higher than those of bulk electrical resistivity for all situations studied: the ratio 

between surface and bulk resistivity presented a minimum of 2.51, a maximum of 2.80 and a mean of 2.68. That is, it is 

practically constant. A higher value of surface electrical resistivity would be related to the equipment used on tests (Resipod – 

Proceq – distance of 50mm between the electrodes). As studied on preliminary tests, the Resipod – 50mm, configured with 

standard parameters (no form factor included - factor 1.0 defined) and used to measured surface electrical resistivity on 

cylindrical samples (10.0 x 20.0 cm), results in higher values of electrical resistivity measurements, probably because of a 

“geometric factor” due to the sample size. 

It is observed that the electrical resistivity, measured by both methods, of Mixture 1 (w / c 0.65) is considerably smaller than that 

of Mixture 2 (w / c 0.45), for the studied ages. This occurs because the blend 1 is more porous than the blend 2, so the ability to 

promote the transfer of ions in the blend 1 is less than in the blend 2. 

At the age of 3 days, the average surface electrical resistivities were 48.43 and 99.45 Ω. m, for Blends 1 and 2, respectively. 
After 14 days of curing, the average surface resistivities were 76,15 and 162,88 Ω. m for Blends 1 and 2, respectively. This 
means that, the surface electrical resistivity increased by 57% on Mixture 1, and 63% on Mixture 2, from day 3 and day 14, 

which represents an average of 60%, from day 3 and day 14, considering both blends. After 28 days of curing, the average 

surface resistivities were 96.57 and 197.30 Ω. m for Blends 1 and 2, respectively. This means that, for both blends, the surface 

electrical resistivity increased by approximately 100%, from day 3 and day 28.  

In the case of bulk electrical resistivity, at the age of 3 days, the average bulk electrical resistivities were 18,47 and 35,49 Ω. m, 
for Blends 1 and 2, respectively. After 14 days of curing, the average bulk resistivities were 30,34 and 59,60 Ω.m for Blends 1 
and 2, respectively. This means that, the bulk electrical resistivity increased by 64% on Mixture 1, and 68% on Mixture 2, from 

day 3 and day 14, which represents an average of 66%, from day 3 and day 14, considering both blends, similar to the increase 

observed on surface electrical resistivity, for the same period. 
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3. CONCLUSION 

The results indicate that in concretes with water cement ratio of 0.65 and 0.45, the increase in surface electric resistivity between 

the 3rd and the 28th day was approximately 100%. As observed, from day 3 and day 14, the increase of resistivity of both 

methods was similar (average of 60% for surface resistivity and 66% for bulk resistivity). 

 

The values of surface electrical resistivity were superior to those of bulk in all situations studied, probably because of a 

“geometric factor” due to the sample size, as explained on this article. 

 

It was obtained a constant relation between the superficial and bulk electrical resistivities (around 2.68), which would indicate 

that it is possible to estimate the bulk resistivity only with the measurement of surface resistivity and vice versa, considering the 

equipment used on this study. 
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