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ABSTRACT

This research confronts the following concrete properties: water absorptions (by immersion and
capillarity), electrical resistivity and compressive strength. Concrete mixtures with two types of cement
were tested. Results showed that concretes with higher content of pozzolan had higher resistivity and
greater absorption by capillarity, for water/cement ratios lower than 0,60. This behavior is attributed to
reduced pore diameters and microstructure densification. However, for water/cement ratio of 0,60,
concrete with lower content of pozzolan presented higher absorption by capillarity. It was observed that
the compressive strength and the electrical resistivity behaved inversely proportional to the water/cement
ratio, and the absorption by immersion and capillarity are directly proportional to the water/cement ratio.
Correlations with high determination coefficients were found between tests.
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Correlacdes entre absorcao de agua, resistividade elétrica e resisténcia a
compressao de concreto com diferentes teores de pozolana

RESUMO

Essa pesquisa confronta as seguintes propriedades do concreto: absor¢do de agua (por imerséo e
capilaridade), resistividade elétrica e resisténcia a compressdo. Concretos com dois tipos de
cimento foram ensaiados. Os resultados mostraram que 0s concretos com maior teor de pozolana
apresentam maior resistividade e absorcao por capilaridade, para relacdo agua/cimento menor que
0,60. Esse comportamento é atribuido a reducédo no diametro dos poros. No entanto, para relacao
agua/cimento de 0,60, concretos com menor teor de pozolana apresentaram maior absor¢ao por
capilaridade. Ademais, a resisténcia a compressdo e a resistividade elétrica sdo inversamente
proporcionais a relacdo agua-cimento, enquanto que a absorcdo por imersao e capilaridade sdo
diretamente proporcionais a relacdo agua/cimento. Correlacbes com elevados coeficientes de
determinacéo foram encontradas entre 0s ensaios.

Palavras-chave: durabilidade; concreto; absorcéo; resistividade; resisténcia a compressao.

Correlacion entre la absorcion de agua, la resistividad eléctrica y la
resistencia a la compresion del hormigon con diferentes contenidos de
puzolana

RESUMEN

Esta investigacion correlaciona las siguientes propiedades: absorcion de agua (por inmersion y
capilaridad), resistividad eléctrica y resistencia a compresion. Se ensayaron dos tipos de
hormigones con cementos diferentes. Los resultados mostraron que los hormigones con mayor
contenido de puzolanas y relacion agua-cemento menor que 0,60, presentaron mayor resistividad
y absorcién por capilaridad. Ese comportamiento se atribuye a la reduccion del diametro de los
poros. Por otro lado, en los hormigones con relacion agua/cemento de 0,60, pero con menor
contenido de puzolanas, también se observé un aumento de la absorcion por capilaridad. Como
esperado, la resistencia a compresion y la resistividad eléctrica fueron inversamente
proporcionales a la relacién agua/cemento, en cuanto que la absorcidn por inmersién y capilaridad
se mostraron directamente proporcionales a la relacion agua/cemento. Las correlaciones
encontradas entre los ensayos tuvieron altos coeficientes de determinacion.

Palabras clave: durabilidad; hormigdn; absorcion; resistividad; resistencia a la compresion.

1. INTRODUCTION

Durability of concrete structures have a direct impact in the economy of civil construction industry.
Therefore, it is essential to understand the mechanisms that cause the degradation of concrete
structures. Some of the main variables that control the degradation processes in the concretes are
electrical resistivity, water absorption and concrete porosity. Electrical resistivity can be correlated
with the corrosion rate and its deterioration level, while water absorptions (by immersion and
capillarity) can be directly related to the diffusivity of aggressive ions into the concrete
microstructure. Moreover, the porosity (pore size, connectivity and tortuosity) is, also, an important
aspect that may influence all these properties, including the compressive strength (Hornbostel et
al., 2013; Yeetal., 2017).
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Ramezanianpour et al. (2011) studied the relation between concrete resistivity, water absorption,
chloride penetration and compressive strength, in order to offer a better comprehension over these
properties. The authors concluded that the resistivity, the water absorption and the chloride
penetration could be correlated. However, contrary to the expected, the compressive strength could
not express a clear correlation with the electrical resistivity, once both parameters held variables
(such as the cement type) that were not accounted in their study. Therefore, this article tries to fill
this gap with the study of cements with different levels of pozzolans.

Still in this perspective, Andrade and D’ Andrea (2011), Silva et al. (2011) Ait-Mokhtar et al. (2013)
and Sengul (2014) also studied extensively these correlations. According with their research, due
to the existing relation between porosity, permeability, saturation level, mechanical strength,
chloride penetration and diffusivity, the electrical resistivity can be very helpful to service life
predictions of concrete elements.

The influence of different cement types and mineral admixtures in the physical-electrical properties
of the concrete was investigated by several studies (Lopez and Castro, 2010; Yildirim et al., 2011,
Lubeck et al., 2012; Hoppe Filho et al., 2013; Medeiros-Junior and Lima, 2016). Some of them
tested partial replacements of cement by blast furnace slag, silica fume and fly ash. In general, the
authors concluded that higher electrical resistivity coefficients and lower water absorptions were
found in concrete with partial replacements by mineral admixtures, due to the pore refinement that
reduced its connectivity. However, the effects are not yet fully understood. For example, concrete
curing can play an important role in these relations. Presuel-Moreno et al. (2013) and Sabbag and
Uyanik (2018) concluded that the curing process influences the permeability of the concrete. This
reflected in higher water absorption rates and electrical resistivity and lower compressive strengths.
According to these authors, better results were found when specimens were cured immersed in
water or, at least, stored in a moist chamber.

The aim of this research is to investigate the possible correlations between concrete water
absorption (by immersion and capillarity), electrical resistivity and compressive strength,
comparing two different cements with different fly ash contents (12.5% and 27.0%). Therefore,
this study attempts to understand the intensity of the correlations between these variables
through coefficients of determination and how these relations are affected by the different content
of pozzolan.

Finally, the results obtained with this research are useful to better understand the relation between
parameters related with the durability of concrete structures and its compressive strength, which is
the main variable regarding quality control in building design and construction.

2. EXPERIMENTAL PROGRAM

2.1 Materials

In this study, two mixtures with different pozzolan contents were selected. Design Mix 1 is
composed by IP pozzolan-modified Portland cement (12.5% of fly ash) and Design Mix Il is
composed by IP (MS) Portland-pozzolan cement (27.0% of fly ash). The chemical composition
and physical properties of both cements are listed in Table 1. In addition, the main characteristics
of the fine and coarse aggregates are shown in Table 2. Natural sand was used as fine aggregate
from the Iguazu River, in Porto Amazonas.
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Table 1. Mechanical, ph

sical and chemical cement characteristics.

Design Mix I: Design Mix 11:
Properties and Characteristics Units | Pozzolan-modified Portland
Portland cement | pozzolan cement
Fly ash content % 125 27.0
Al2O3 % 6.22 9.77
SiO» % 21.98 29.17
Fe203 % 3.08 3.84
CaO % 54.46 45.04
MgO % 3.68 2.94
SO3 % 2.54 2.27
Loss on ignition % 5.40 3.54
Free CaO % 0.66 0.61
Insoluble residue % 11.04 25.62
Alkaline content (Na20 e K>0) % 0.85 1.15
Expansibility mm 0.24 0.26
Initial setting time h:min 4:20 4:26
Final setting time h:min 5:06 5:11
Blaine cm/g 3,560 4,193
# 200 % 1.83 0.49
#325 % 8.33 2.78
Compressive strength (1 day) MPa 11.8 13.0
Compressive strength (3 days) MPa 25.3 25.9
Compressive strength (7 days) MPa 32.1 32.9
Compressive strength (28 days) MPa 41.0 45.4
Table 2. Characteristics of the aggregates used.
Characteristics of the Units Design Mix | Design Mix 11
aggregates Fine Coarse Fine Coarse
Type i Natural sand Basalt Natural Granite
gravel sand gravel
Maximum aggregate size | mm 2.36 19 2.36 19
Specific gravity g/cm3 2.35 2.71 2.65 2.71
Water absorption % 1.88 0.40 0.70 0.20

According to Bem et al. (2018), chemical admixtures might affect the electrical properties of the
concrete. Therefore, no chemical admixtures were used. The proportioning in weight of the
concrete mixtures was set as 1:1.4:2.1 (cement:fine aggregate:coarse aggregate). The content

(kg/m?) of the ingredients used in each Design Mix is shown in Table 3.
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Table 3. Concrete specimen mix design.

Design Mix | Design Mix 11
Codes B0.40 | B0.50 | B0.60 | G0.42 | G0.48 | G0.54 | GO0.60
Cement (kg/md) 489.8 | 480.0 | 470.6 | 4849 | 471.2 | 458.3 | 446.0

Fine aggregate (kg/m?3) 685.7 | 672.0 | 6588 | 678.9 | 659.7 | 6415 | 624.4
Coarse aggregate (kg/m?3) | 1028.6 | 1008.0 | 988.2 | 1018.3 | 989.5 | 962.3 | 936.6
Water (kg/m?3) 1959 | 240.0 | 282.4 | 203.7 | 226.2 | 2475 | 267.6
Water/cement ratio 0.40 0.50 0.60 0.42 0.48 0.54 0.60

The concrete specimens consisted in cylindrical samples, measuring @100 mm x 200 mm of height.
This geometry was chosen, due to the tabulated data of the form correction factor, which is
necessary to determine the electrical resistivity. According with UNE 83988-2 (2014), for this
geometry, the factor is 0.377.

Concretes were cast following the recommendations of the Brazilian standard NBR 5738 (2015).
Thus, 24 hours after molding, the samples were demolded and cured in a moist chamber (relative
humidity > 95%, and temperature of 23°C + 2°C) for, at least, 28 days. Finally, as three specimens
were used for each test performed, the results discussed in this study are the mean of three
replicates.

2.2 Methods

2.2.1 Electrical Resistivity

The non-destructive electrical resistivity test was performed according with the European code
UNE 83988-2 (2014), which establishes the experiment setup for the four-point probe technique
(Wenner’s method). In this approach, four electrodes are placed over the specimen’s surface. Then,
the concrete is subjected to an electric current applied between the two external electrodes. This
way, the resulting difference on the electric potential can be measured by the two internal
electrodes. Nonetheless, for each test specimen, three measurements were required to be taken,
with a 120°-angle-distance apart. The specimens were in a saturated-dry surface condition during
the experiment.

2.2.2 Compressive Strength

The compressive strength test was performed in the same specimens used, firstly, to execute the
electrical resistivity experiment. Moreover, the test procedures were followed as described in the
Brazilian standard NBR 5739 (2018). In this context, samples were placed on a hydraulic machine,
where they were compressive-loaded until failure. During this experiment, it was used an
equipment with a loading-capacity of 1000 kN, with a loading rate of 0.45 £ 0.15 MPal/s.

2.2.3 Water absorption by immersion

The water absorption test by immersion, performed only for the Design Mix Il specimens, complied
with the prescriptions of the Brazilian code NBR 9778 (2009). The experiment started by having
the samples dried in an oven (T = 105°C), until mass variation was lower than 0.10 g. Then, the
oven-dried mass of the concrete was registered. Thereon, the cylindrical specimens were immersed
in water for 72 hours. The immersion was performed according to Brazilian standard: 1/3 of the
samples’ height immersed in the first 4 hours, 2/3 in the subsequent 4 hours, and finally, the total

Correlations between water absorption, electrical resistivity and compressive strength
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concrete sample immersion, in the 64 hours remaining. Thus, the water absorption rate by
immersion, in percentage, represents the difference between the mass of the specimen after
immersion (72h) and its oven-dry mass.

2.2.4 Water absorption by capillarity

The aim of this procedure is to monitor the mass increase of the samples, due to the water
absorption by capillarity. This way, the test is started by drying the samples in an oven (T=105°C),
until mass variation is lower than 0.10 g, according to NBR 9779 (2012). After that, specimens are
placed in a (5£1) mm water layer, with exposed bottoms, and their weights are measured after 3,
6, 24, 48 and 72 hours of exposure. These measurements were also used to determine the sorptivity
(S), according with Eq.1.

g= Vivater (qu)
Axvi

Where, Vwater represents the volume of water absorbed by capillarity, in mms3; A represents the area
of the specimen in contact with the water, in mm?; and t is the exposure period, in hours.

3. RESULTS AND DISCUSSION

3.1 Electrical resistivity and compressive strength

Table 4 shows the electrical resistivity and the compressive strength for each mixture and
water/cement ratio at 28 days. According to Table 4, the greater the water/cement ratio, the lower
is the electrical resistivity and the compressive strength. As the water/cement ratio increases, the
internal porosity of the concrete microstructure and its connectivity increase as well. Therefore, the
greater the permeability of the concrete, the lower is the mechanical strength, as well as the
resistance against the electric current flow. This is not new and has already been reported by several
studies (Mehta and Monteiro, 2006; Ait-Mokhtar et al., 2013; Olsson et al., 2013).

Table 4. Electrical resistivity and compressive strength.
Design Mix | Design Mix 11

Code B0.40 | B0.50 | B0.60 | G0.42 | G0.48 | G0.54 | G0.60
Electrical resistivity (kQ.cm) 8.3 55 4.3 14.9 115 9.7 8.7
Compressive strength (MPa) 45.2 33.2 21.4 49.3 41.0 32.0 27.9

Medeiros-Junior and Lima (2016) and Yu et al. (2017) also related the increase of the water/cement
ratio with the increase of the porosity of the specimens. This way, the resistance to the electric
current flow decreases when more water is present inside the concrete pores. To ensure this, it was
performed the Mercury Intrusion Porosimetry (MIP) test, in the G0.42 and G0.54 samples. The
results showed that the porosity was 23.6% and 36.3%, respectively. In addition, the mean pore
diameters were 43.9 nm e 48.8 nm, for each concrete tested.

Design Mix Il had the greatest resistivity and compressive strength values among the mixtures
tested (Table 4). The greater amount of pozzolan in Design Mix Il contributed with the pore
refinement, restraining its connectivity. This effect directly contributed to the reduction in the
permeability and increased the resistance against the electric current flow. Similar results were
found by Lépez and Castro (2010), Yildirim et al. (2011) and Medeiros-Junior et al. (2014). Also,

Correlations between water absorption, electrical resistivity and compressive strength
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the partial replacement of cement by pozzolan resulted in the consumption of the calcium
hydroxide — Ca(OH)., in a chemical combination called Pozzolanic Reaction. This process hydrates
the mixtures gradually and slowly, contributing to the increase of mechanical strength over time,
as proven by Medeiros-Junior and Lima (2016).

Finally, in order to confirm the differences seen in the results obtained for each type of cement
adopted, the values from Table 4 were submitted to a statistical treatment. The Analysis of Variance
(ANOVA) with a single-factor and 5% significance proved that the electrical resistivity and the
compressive strength were statistically different for each Design group.

That said, a graph with curves for each Design Mix was created, correlating the electrical resistivity
versus the compressive strength (Figure 1). In addition, to describe the behavior of these variables,
a logarithmical approach was chosen. This was the better data adjustment and it was also used by
other studies (Andrade and D’Andrea, 2011; Wei and Xao, 2014; Medeiros-Junior et al., 2014).

In Figure 1, both parameters are directly proportional, i.e., the greater the compressive strength, the
greater the electrical resistivity. This behavior was also noted by Dinakar et al. (2007) and Lubeck
et al. (2012), and it is related with the clear influence that the porosity has over both properties.
Moreover, the good graphical correlation shown in Figure 1 (both R-Squared over 0.98) reaffirms
this relation.

- 60
2 , @DesignMix|
= <& Design Mix 11
N~ A0 AT
2g
I 1 T
L
I B
o = -
O g yzAI9-2929
R2=0.983
0 T T T T T T T
0 2 4 6 8 10 12 14 16

Electrical resistivity (k€.cm)
Figure 1. Correlation between electrical resistivity and compressive strength.

Furthermore, when both mixes are compared with the same range of compressive strength, it can
also be observed that the correlation curve for Design Mix Il has a smoother slope. This is due to
the greater pozzolan content in Design Mix |1, which created a denser microstructure with greater
electrical resistivity.

3.2 Water absorption by immersion

Water absorptions by immersion were 3.67%, 4.32%, 5.69% and 6.36% for test specimens G0.42,
G0.48, G0.54 and G0.60, respectively. Therefore, the water/cement ratio increased, and so did the
absorption coefficients. This had already been observed by Zhang and Zong (2014), Castro and
Ferreira (2016), Gans (2017) and Pinto et al. (2018), and it is mainly due to the porosity in the
concrete microstructure and its permeability, given that both are parameters significantly
influenced by the water/cement ratio.

In addition, according with the Comité Euro-International du Béton (CEB 192, 1989), the concrete
may be qualitatively classified as good, average or poor, according to its absorption by immersion
level. Figure 2 correlates the results obtained through the experiments with these levels. In Figure
2, while the higher water/cement ratios (0.60 and 0.54) are associated with poor quality concrete,
the lower values of this parameter (0.42 and 0.48) classified the concrete with an average quality.

Correlations between water absorption, electrical resistivity and compressive strength
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Water/cement ratio (w/c)

Good Average Poor
>

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00

Water absorption by immersion - 72h (%0)

Figure 2. Water absorption by immersion and the concrete quality according with the criteria

proposed by the CEB192 (1989).

Figure 3 shows the correlation between the water absorption by immersion and the electrical
resistivity. Similarly to Figure 1, a logarithmical approach better described the behavior of both

quantities.

The good correlation obtained in Figure 3 portrays the inversely behavior between the water
absorption by immersion and the electrical resistivity. Thus, the water absorbed into the concrete
microstructure enhances its electrical conductivity and, consequently, reduces its electrical
resistivity. Figure 4 correlates the water absorption by immersion and the compressive strength,
using a logarithmical approach.

Absorption by

immersion (%o)

O FRLPNWPM OO

0 2 4 6 8 10 12 14 16

Electrical resistivity (k€.cm)

Figure 3. Correlation between electrical resistivity and absorption by immersion.

Absorption by

immersion (%o)

o N OB~ OO ©

1 y=-48hx+2241
L R2=0993
0 10 20 30 40 50 60

Compressive strength (MPa)

Figure 4. Correlation between compressive strength and absorption by immersion.
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According to Figure 4, as the water absorption by immersion increases, the compressive strength
decreases. The curves from Figure 3 and Figure 4 have the same behavior since the parameters that
influence these tests are similar. Therefore, the greater the water/cement ratio, the greater is the
porosity and its connectivity. This implies in reduced compressive strengths and electrical
resistivity, while the water absorption by immersion is increased.

In summary, comparing the R-squared values from both graphs (Figures 3 and 4), it can be noted
that the water absorption by immersion is better correlated with the compressive strength than with
the electrical resistivity. This might be related with the dependence that the electrical resistivity has
with the chemical composition of the solution present within the concrete pores (Ramezanianpour
et al., 2011; Presuel-Moreno et al., 2013; Sabbag and Uyanik, 2018). Also, this behavior explains
the low dispersion obtained in the regression curve shown in Figure 3, even though a high R-
squared coefficient was found (R2 = 0.935).

3.3 Water absorption by capillarity

Figures 5 and 6 show the variation of the water absorbed by capillarity over time for Design Mixes
I and 11, respectively. Water absorption by capillarity increased over the 72-hour exposure, in both
mixtures. However, as the specimen approached its maximum absorption capacity, a stabilization
tendency was identified. This behavior could be observed by different slopes in the curves over
time. Usually, the increase in the absorption level was greater during the first 12 hours of the
experiment.

1.400
1.200
1.000
0.800
0.600
0.400
0.200
0.000

Capillary water
absorption (g/cm?)

Figure 5. Absorption by capillarity over time - Design Mix I.

1.200
1.000
0.800
0.600
0.400
0.200

Capillary water absorption
(g/cm?)

0.000

Figure 6. Absorption by capillarity over time - Design Mix II.
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In addition, the water absorption by capillarity increased with the water/cement ratio. This way, as
proven previously through the MIP test, a more porous concrete contributes directly to the water
absorption and percolation.

Furthermore, in order to determine the sorptivity of the concrete, the results obtained with the
absorption by capillarity experiment was used in Eq. (1). The sorptivity of the specimens ranged
from 0.034 to 0.147 g/(cm2.min*?). Figure 7 illustrates the correlation and the variation of this
parameter according with the water/cement ratio.

~ 0.160 -

= 0.140 4 Y =0.235In(x) + 0.2569
';;_ 0.120 4 R2=0.8917

£ 0.100

> 0.080

> 0.060 4 B Design Mix |
2 0.040 1 ©Design Mix II
o

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70
Water/cement ratio (w/c)

Figure 7. Sorptivity variation with different water/cement ratios.

As shown in Figure 7, greater water/cement ratios had greater sorptivity values. This was mainly
due to the porosity increase. However, comparing both Design Mixes, it can be noted that Design
Mix Il (with larger amounts of pozzolan) had absorption by capillarity coefficients greater than in
the first mix. This is observed visually at points above the trend line shown in Figure 7.

The main reason for greater coefficients in Design Mix Il was the pore refinement and the reduction
of its diameters. Consequently, in association with the surface tension of water, stronger capillary
forces were experienced, and more water was absorbed (Mehta and Monteiro, 2006; Yildirim et.al.,
2011; Medeiros et.al., 2017).

Similarly, Pinto et al. (2018) observed the same behavior, while analyzing the influence of
carbonation in the absorption by capillarity. According to Lopez and Castro (2010), Chen et al.
(2014) and Leung et al. (2016), the greater the replacement of cement by pozzolan, the better the
microstructure is rearranged, and therefore, less porous.

In contrast, comparing the results for the water/cement ratio equal to 0.60, it is observed that the
sorptivity behavior was the opposite, with Design Mix I (with lower pozzolan content) developing
greater coefficients. This was also seen by Olsson et al. (2013) and might be related to the pore
tortuosity. In this case, larger amounts of pozzolan replacements have more tortuous pores, as
observed by Medeiros-Junior and Lima (2016). Thus, even though its capillary forces are stronger,
its absorption by capillarity coefficients are lower.

In summary, the effect of the reduced diameters of capillary pores linked to the surface tension of
water was the main reason responsible for the growth of capillary absorption in lower water/cement
ratios (sorptivity of Design Mix Il > Design Mix I). On the other hand, for greater water/cement
ratios, the tortuosity of the pores was the major factor that led to lower absorption coefficients in
Design Mix II.

In addition, the water absorption by capillarity was correlated with other properties of the concrete.
Figure 8 shows the capillary absorption after 72 hours and the electrical resistivity correlation.
Figure 9 presents the behavior of the capillary absorption versus the compressive strength.
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Figure 8. Correlation between electrical resistivity and water absorption by capillarity.

According to Figure 8, the water absorption by capillarity decreases as the electrical resistivity
increases, for both design mixes. Similarly, according to Figure 9, the water absorption by
capillarity and the compressive strength are inversely-related parameters. Also, good R-squared
coefficients were found, which assures the dependence between both variables.

Furthermore, Figure 10 shows the correlation between the water absorption by immersion versus
capillarity. Both absorption measurements are directly-related and according to Figure 10, a high
dependence can be identified among them, consolidating the influence of both properties in the
water absorption and percolation in the concrete microstructure.
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Figure 9. Correlation between the compressive strength and the water absorption by capillarity.

L2000 rmremmmnrmm o
BT 1000 ormrsmememeeoe oo
25
S D 0.800 f--mveomreoemrsoeersoseommneoence e T e
‘gg 0600 T
§g 0.400 -y =0.939IN(X) = 0.6294
S 0200 RE=09416
0.000 ‘ ‘ ‘ ‘ ‘ ‘ ‘
0.00 1.00 200  3.00 4.00 5.00 6.00 7.00
Absorption by immersion (%)
Figure 10. Correlation between water absorptions by immersion and by capillarity.

162

Correlations between water absorption, electrical resistivity and compressive strength
of concrete with different contents of pozzolan

Medeiros-Junior, R. A., Munhoz, G. S., Medeiros, M. H. F.



Revista ALCONPAT, 9 (2), 2019: 152 — 166

Finally, Table 5 summarizes all the logarithmical tendency equations obtained with the
correlations. According to Table 5, most of the R-squared coefficients found were greater than
0.900. This is a consequence of the dependence between all the parameters studied (electrical
resistivity, compressive strength, water absorption by immersion and water absorption by capillary)
and the porosity of the material, although this correlation was not exclusive. However, equations
in Table 5 must be extrapolated cautiously, as they are solely valid for the materials and
considerations adopted in this research. Nonetheless, the study of the validation of these equations,
as well as other materials, is highly encouraged.

Table 5. Correlation equation of the parameters evaluated.

Parameters Equation Design Mix | R?
Compressive strength (fc) and Electrical | fc = 35.49In(p)-29.29 I 0.983
resistivity (p) fc = 40.97In(p)-60.65 I 0.987
Absorption by immersion (Ai) and o
Electrical resistivity (p) Ai = -5.13In(p)+17.32 I 0.935
Absorption by immersion (Ai) and o
Compressive strength (f) Ai = -4.83In(fc)+22.41 I 0.993
Absorption by capillarity (Ac) and Ac =-1.38In(p)+3.15 I 0.895
Electrical resistivity (p) Ac = -1.05In(p)+3.38 I 0.998
Absorption by capillarity (Ac) and Ac = -1.29In(f;)+5.16 I 0.991
Compressive strength (fc) Ac = -0.94In(f;)+4.23 I 0.956
Absorption by capillarity (Ac) and _ N
Absorption by immersion (A) Ac = 0.94In(Ai)-0.63 I 0.942

4. CONCLUSIONS

The following conclusions were drawn through the development of this study:

e There is a dependence relation between the compressive strength and the electrical
resistivity, which was proved by the R-squared coefficient over 0.98, in both design mixes.
Thus, the electrical resistivity and compressive strength of concrete tend to grow together,
at least until the age investigated in this article.

e The water absorption by immersion was inversely proportional to the compressive strength
and the electrical resistivity of the concrete. Moreover, the absorption by immersion was
directly proportional to the water/cement ratio.

e The same behavior can be observed in the water absorption by capillarity. Correlation
coefficients higher than 0.89 were observed in this case.

e Concretes with higher pozzolan content had higher resistivity and absorption by capillarity,
for water/cement ratios lower than 0.60. This behavior is attributed to reduced pore
diameters and microstructure densification. However, concrete with lower pozzolan content
presented higher absorption by capillarity for water/cement ratio of 0.60 due to smaller
tortuosity of the pores.

e It was proved that the correlation between the parameters should be used separately for
each type of cement with different pozzolan contents, since the correlation curves were
displaced for the two types of cement used in this article. The only exception was the
correlation between the sorptivity and the water/cement ratio, which an adjustment between
both mixes as a single group was possible (R-squared = 0.89).
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