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1. INTRODUCTION

In general, weakening of the ground bearing capacity and

cavities under the concrete pavement occur due to the poor

drainage, the aging of large pipelines, and infiltration-related

ground softening over time. A cavity under concrete

pavement causes separation between the concrete slab and

the ground, which results in the settlement and cracking of

the concrete slab (Park et al., 2012; Sohn et al., 2013). To

prevent this problem, a pre-investigation of the ground under

the concrete pavement should be conducted. Coring with the

naked eye is a definite method to detect the ground condition
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ABSTRACT

PURPOSES : The pole electrode method damaged the concrete pavement on inserting the electrode into the pavement surface. This study
examined the feasibility of the flat electrode method to observe the concrete pavement instead of the pole electrode method and analyzed the
resistivity characteristics of the concrete by performing laboratory tests. 

METHODS : The resistivity of the concrete specimens manufactured with three different mixing ratios (38.50%, 39.50%, and 40.50%) were
measured using the pole and flat electrode methods according to the concrete age (7 and 28 days) and electrode spacing (20 mm, 30 mm, and 40 mm).

RESULTS : In both pole and flat electrode methods, the resistivity increased with increasing fine aggregate proportion regardless of the
concrete age. The resistivity measured at a concrete age of 28 days was slightly larger than that measured at 7 days. In the case of a concrete
age of 7 days, the resistivity measured by the flat electrode method was larger than that measured by the pole electrode method. The
difference disappeared at 28 days. 

CONCLUSIONS : The results suggest that the flat electrode method can replace the pole electrode method because the resistivity measured by
both methods was similar. Hence, the development of a technology to apply the flat electrode method to actual concrete pavement is necessary.
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under the concrete pavement but coring damages the concrete

slab and reduces its durability. In addition, it is impossible to

detect a deeply located cavity. To overcome such deficiencies,

non-destructive testing should be conducted to determine the

condition under the concrete pavement (Yeom et al., 2013;

Sohn et al, 2013; Lee et al., 2014).

Because a large amount of data is processed in a short

period with high reliability due to the development of

electronic devices, resistivity surveys have been used widely

in geotechnical investigations: underground cavity location

surveys, fault and crack identification, and underground

water location surveys (Park et al., 2004; Park et al., 2006;

Gambetta et al., 2011; Reynolds, 2011). In general, a

resistivity survey is conducted with the pole inserted and

fixed on the pavement. On the other hand, it is difficult to

insert and fix the pole on the concrete pavement because of

its hardness. Moreover, it can damage the concrete pavement

surface during installation (Lee et al., 2014).

Therefore, this study examined the feasibility of resistivity

surveys using a flat electrode method to detect the ground

condition under the concrete pavement without damaging the

concrete. The survey was carried out in a laboratory using

both the pole electrode method and flat electrode method.

The resistivity of the concrete specimens was measured with

respect to the electrode spacing and mixing ratio.

2. THEORY of RESISTIVITY SURVEY

2.1. Resistivity

In a geophysical survey, resistivity is the most fundamental

property. The amount of flowing current is determined when a

constant voltage is applied to an object. If the structure under

the concrete pavement is homogeneous, then the resistivity

can be considered the true resistivity ( ). A resistivity survey

normally uses 4 electrodes: a positive potential electrode (P+),

negative potential electrode (P-), positive current electrode

(C+), and negative current electrode (C-). The difference

between two potential electrodes measured in situ helps

determine the resistivity, as expressed in Eq. (1). The unit of

resistivity is ·m (Ohm-meter) (Park et al., 2004; Farooq et

al., 2009; Reynolds, 2011).

where is the difference between two potential

electrodes, is the current, is the length of an object, 

and is the area of an object.

Even if the purpose of a resistivity survey is to determine

the true resistivity, the resistivity measured is generally

converted to the apparent resistivity, as expressed in Eq. (2).

This is because the actual underground medium is not

completely homogeneous and the measured resistance

depends on the way of arraying the electrodes so that the

apparent resistivity can be defined as the equivalent resistance

obtained from a heterogeneous medium corresponding to the

resistance obtained from a homogeneous medium. The unit

of apparent resistivity is ·m (Reynolds, 2011).

where is resistance ( ) and is a geometric factor that

can be expressed as Eq. (3).

When the object to measure, such as the ground, is

heterogeneous, the apparent resistivity changes with the array

of electrodes because the geometric factor generally changes

with the electrode array. Fig. 1 shows the general array of

electrodes. On the other hand, if the structure under the

concrete pavement is homogeneous, the calculated apparent

resistivity can be considered to be the true resistivity

(Reynolds, 2011).

2.2. Method of electrode array and installation

Several electrode array methods are used for resistivity
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Fig. 1 General Electrode Array
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surveying. This study used the dipole-dipole array method,

which was performed in the vertical and horizontal directions

simultaneously to investigate the two-dimensional structures

under the concrete pavement. As shown in Fig. 2, the interval

between the current electrodes (C+, C-) and potential

electrodes (P+, P-) was fixed, and a survey was performed

with interval increments of a, 2a, 3a, , na. The geometric factor

for the dipole-dipole array can be expressed in Eq. (4). The

value measured with the dipole-dipole array is illustrated in a

particular position according to (Reynolds, 2011).

In a resistivity survey using the pole electrode method, the

pole should be inserted and fixed on the concrete pavement.

Although the possibilities of error from poor contact is very

low, its installation is time consuming and it can damage the

concrete pavement surface. On the other hand, the flat

electrode method is easy to install and does not damage the

concrete pavement surface but there can be errors in data due

to the poor contact and high resistance (Reynolds, 2011; Lee

et al, 2014).

3. LABORATORY TEST

In this study, experiments were performed using these two

methods, and the results were analyzed comparatively, as

shown in Fig. 3. The pole electrode method uses 38-mm-long

concrete nails, while the flat electrode method uses a hex-

wrench and a copper plate.

Considering that the measuring depth of the resistivity

varies with the electrode spacing, a laboratory test was

performed with six electrode spacings, as shown in Table 1, as

the maximum diameter of the specimen is 150mm.

To evaluate the effects of the fine aggregate modulus (S/a)

on the resistivity, three concrete specimens were produced for

each mix design based on the standard specifications of road

construction (ASTM C192/C192M, 2015; MLTMA, 2009).

In total, 9 concrete specimens were produced with 3 different

mix designs with a diameter of 150mm and a height of

300mm, as summarized in Table 2. The resistivity

measurements were repeated 5 times using the pole electrode

method and the flat electrode method at 7 and 28 days. The

(4)

Fig. 2 Dipole-Dipole Array

(a) Pole Electrode Method

(b) Flat Electrode Method

Fig. 3 Electric Resistivity Survey Methods

Table 1. Type of Electrode Spacing

Type
Electrode Spacing

a (mm) n

a 20 1

b 20 2

c 20 3

d 30 1

e 30 2

f 40 1
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results were analyzed by calculating the average value.

4. ANALYSIS of TEST RESULTS

4.1. Resistivity of concrete at 7 days

The resistivity with the change in the electrode spacing was

measured using each method at 7 days. The results are shown

in Table 3 and Fig. 4. Table 3 lists the resistivity obtained by

subtracting the resistivity obtained with the pole electrode

method from the resistivity obtained using the flat electrode

method. When the resistivity was a positive value, the

resistivity obtained using the flat electrode method was larger

than that obtained using the pole electrode method.

Overall, the resistivity obtained using the flat electrode

method was slightly larger than that obtained using the pole

electrode method. Because of the wide contact area of the flat

electrode and the high ground resistance of the concrete

surface, the ground resistance affected the current flow of the

flat electrode method more than that of the pole electrode

method. On the other hand, the difference range of the

absolute value was 0-16 ·m and that of the percentage was

0.29-35.56 %, which was relatively small.

Furthermore, the change in the electrode spacing showed

that sensitivity of the resistivity increased with decreasing

electrode spacing using both electrode methods. Therefore, the

disturbance of current flow between the electrodes frequently

occurs due to the ground resistance when the electrode

spacing is small at the concrete with a high ground resistance.

Regarding the change in mixing ratio, the resistivity increases

with increasing fine aggregate modulus.

4.2. Resistivity of concrete at 28 days

The resistivity with the change in the electrode spacing was

measured using each method at 28 days. The results are

shown in Table 4 and Fig. 5. Table 4 lists the resistivity

obtained by subtracting the resistivity obtained using the pole

electrode method from that obtained using the flat electrode

method. When the resistivity was a positive value, the

resistivity obtained using the flat electrode method was larger

than that obtained using the pole electrode method.

Table 2. Mix Design of Concrete

Case
W/C
(%)

S/a
(%)

Unit Quantity(kg/m3)

Cement Sand Gravel

a 40.00 38.50 7.51 11.80 19.58

b 45.00 39.50 6.67 12.37 19.69

c 50.00 40.50 6.00 12.90 19.70

Table 3. Difference in Resistivity of Concrete at Age of 7Days 

according to Electrode Spacing

Case

Type of
Electrode Spacing

1 2 3

Resistivity
(Ω·m)

Percentage
(%)

Resistivity
(Ω·m)

Percentage
(%)

Resistivity
(Ω·m)

Percentage
(%)

a 11 24.20 6 12.49 16 35.56

b 15 31.89 15 33.35 15 31.90

c 10 21.85 3 7.44 -4 8.32

d 12 26.15 4 8.13 3 5.78

e 3 6.43 0 0.29 -4 7.95

f 5 10.12 0 0.92 -7 16.08

Table 4. Difference in Resistivity of Concrete at Age of 28Days 

according to Electrode Spacing

Case

Type of
Electrode Spacing

1 2 3

Resistivity
(Ω·m)

Percentage
(%)

Resistivity
(Ω·m)

Percentage
(%)

Resistivity
(Ω·m)

Percentage
(%)

a -5 5.98 5 6.44 -7 7.66

b 2 2.19 11 13.12 8 9.56

c 8 9.53 14 16.12 39 46.11

d 1 1.10 1 1.30 7 7.86

e 1 1.60 9 10.81 6 7.39

f -17 19.99 -10 11.22 5 5.81

(a) a=20mm, n=1 (b) a=20mm, n=2

(c) a=20mm, n=3 (d) a=30mm, n=1

(e) a=30mm, n=2 (f) a=40mm, n=1

Fig. 4 Resistivity of Concrete at Age of 7 Days according to 

Electrode Spacing
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The difference in the absolute values measured by both

methods was 1-39 ·m and that of the percentage was 1.10-

46.11 %. At the spacing ‘c’in Table 4, there was a significant

difference in the absolute values and its maximum value was

39 ·m. In contrast, the tests at the other spacings showed a

small difference of 17 ·m and the percentage was under 20

%. In general, the difference in the resistivity by both electrode

methods was not large and the resistivity by both electrode

methods was similar. 

Regarding the change in electrode spacing, the sensitivity of

the resistivity with both electrode methods was low compared

to the sensitivity of the resistivity measured at 7 days. At the

initial phase of the curing time, the surface of the concrete had

dried significantly, and there was a significant difference in

humidity between the inside and outside of the concrete. On

the other hand, the pore water decreased inside the concrete

due to hydration and evaporation and the both sides of the

concrete became dry over time. Therefore, moisture has a

similar effect on the ground resistance in both electrode

methods. 

When reviewing the change in resistivity according to the

mixing ratio, however, the resistivity at 28 days increased

with increasing fine aggregate modulus similar to the results

at 7 days.

4.3. Analysis of overall trend of resistivity

The resistivity measured on every concrete specimen at 7

and 28 days was analyzed according to the change in the

electrode spacing. The results are shown in Fig. 6. Fig. 6 (a)

presents the results measured in accordance with the change in

the fine aggregate modulus by the different electrode methods,

age, and electrode spacing. Fig. 6 (b) presents the results

measured in accordance with the change in the fine aggregate

modulus by the electrode methods and age, regardless of the

electrode spacing. The results of the electrode spacing are

already presented in sections 4.1 and 4.2. Although the

electrode method did not affect the resistivity, it increased with

age and increasing fine aggregate modulus. In general, the

current flows due to ions dissolved in the pore water in the

concrete. On the other hand, the pore water decreases due to

hydration and evaporation over time, which makes the current

flow rough and the electrical conductivity low. Eventually, the

resistivity increases with the age of the concrete (Polder et al.,

2000; Farooq et al., 2009).
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(a) a=20mm, n=1 (b) a=20mm, n=2

(c) a=20mm, n=3 (d) a=30mm, n=1

(e) a=30mm, n=2 (f) a=40mm, n=1

Fig. 5 Resistivity of Concrete at Age of 28 Days according to 

Electrode Spacing

(a) All Data Points

(b) Ignore of Electrode Spacing

Fig. 6  Overall Trend of Resistivity of Concrete
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5. CONCLUSIONS

This study examined the feasibility of a resistivity survey

in concrete using flat electrode method. The investigation

was carried out in a laboratory using concrete specimens.

Concrete specimens with three mixing ratios were prepared

and the resistivity measured by the pole electrode method and

was analyzed comparatively. Both were conducted with the

change in the electrode spacing and age of the concrete. The

results of this study were as follows.

1. The resistivity increased with increasing fine aggregate

modulus in both methods. In addition, the resistivity

measured at 28 days was larger than that measured at 7

days. This is because the amount of pore water and ions

dissolved in it decrease due to hydration and evaporation,

which leads to a decrease in electrical conductivity and an

increase in resistivity.

2. At the test using the concrete specimens at 7 days, the

resistivity measured by the flat electrode method was

larger than that measured by the pole electrode method.

This is because of the wide contact area of the flat

electrode, which is affected more by the current flow. On

the other hand, the maximum difference in the absolute

value was 16 ·m(35.56 %), which was relatively

small. With the change in mixing ratio, there was no

significant difference in resistivity between both

electrode methods.

3. In the test using the concrete specimens at 28 days, there

was no large difference between the resistivity by both

electrode methods, compared to the results of the test

using the specimens at 7 days. This is because of the

decreased difference in humidity between the inside and

outside of the concrete, which reduces the effect of the

moisture and ground resistance. The trend of the

resistivity with different mixing ratios in the tests by both

methods was similar at 28 days.

4. The difference in resistivity measured by the pole

electrode method and flat electrode method was small. In

addition, the trend of the resistivity in accordance with

the change in mixing ratio was similar in both electrode

methods. Therefore, there is no problem using the flat

electrode method, which does not damage the concrete

surface and does not require difficult installation of the

electrodes. Hence, a technology that can apply the flat

electrode method to an actual concrete pavement in the

field will be needed.
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