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Lately, electrically conductive concrete (ECC) is being investigated to prevent accumulation of snow and ice. The 

conductivity of electrical conductive concretes containing steel fiber is reduced by the corrosion of the steel fiber in 

time. Therefore, it is proposed to produce electrical conductive concretes that does not contain steel fibers recently. In 

this study, it is aimed to examine rebars in electrical conductive concretes non containing steel fiber. For this, 

45  45  5 cm ECC slabs with and without Փ10 rebars were produced. Carbon fiber was used as a single fiber type in 

the mixtures. The heating times and thermal behaviors of the slab specimens were examined in a cooler at about – 10 °C. 
According to the results, the temperature in the rebars reinforced specimens has increased first in the regions near the 

electrodes and then proceeds towards the middle of the specimen. In non-rebars specimens, temperature rise has started 

from random points. 
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1. INTRODUCTION  

In recent years, the examination of different materials 

in electrically conductive concrete has become an 

interesting subject [1 – 4]. Electrically conductive 

concretes (ECCs) can be used in different areas [5 – 8]. 
ECC is a recommended type of concrete to prevent 

accumulation of snow and ice in the construction industry 

[9, 10]. After snow and ice accumulation on the airport 

runways, the concrete threatening factor is the freeze-thaw 

event. In order to reduce the freeze-thaw effect that causes 

damage to the concrete, it is recommended to produce 

concretes with closed porosity or denser and non-porous 

structures. The aim of these classical methods is to produce 

more durable concrete against freeze-thaw by accepting the 

accumulation of snow and ice. Therefore, these methods 

are not a method to prevent damage to freeze-thaw cycles. 

Also, in snowy and cold weather, in streets, bridges and 

ramps, snow and ice accumulation leads to dangerous and 

deadly traffic [11].  

From about 2000's, it has been recommended to apply 

ECCs, as a modern method for the solution of this 

problem. For the purpose of melting snow and ice, the 

production of electrically conductive concrete was first 

suggested by Yehia and Tuan [9]. 

Concrete is a material with low electrical conductivity. 

It is possible to reduce the electrical resistance of the 

concrete by the use of electrically conductive materials 

such as carbon, graphite, steel fibers and carbon fibers [2 –

 4, 8, 12, 13]. In previous studies, fiber types were used to 

improve mechanical properties, generally. Amini was has 

studied strength of different fiber reinforced concrete in 

marine environment [14]. Different researchers examined 

the effect of fibers on post-cracking behaviour and fracture 
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energy [15], impact response and strength reliability [16] 

and development of concrete paving blocks prepared [17]. 

In 1999, Yehia and Tuan [9] produced ECC with steel 

fiber and shaving to prevent icing on bridge decks. The 

compressive strength of the produced conductive concrete 

was 40 MPa and the electrical resistivity was measured 

between 500 and 1000 Ωcm. According to the results of 

the heat test conducted in the laboratory, it was found that 

the power of 520 W was sufficient for the 10 cm thick 1 m2 

conductive concrete to heat from  – 1.1 to 15.6 °C. In his 

later work, Tuan and Yehiya [18] conducted a study 

supported by the Nebraska State Highway Authority. This 

scientific research consists of covering the surface of a 

bridge with electrically conductive concrete in Roca, south 

of Lincoln state of Nebraska. The area covered with 

conductive concrete has a width of 8.5 m and a length of 

36 m. An average of 590 W/m2 thermal power was 

consumed to heat the conductive concrete coated to a 

speed of 0.14 °C/min. Galao et al. [5] produced and 

examined 30  30  2 cm carbon fiber reinforced 

conductive concrete slabs to prevent icing. According to 

the different mixes, the average thermal power was 

obtained as 71 – 526 W/m2 for the specimens to be heated 

between 3 and 27 °C.  

In 2016, ECC research at the airport in the state of 

Iowa is one of the most comprehensive and up-to-date 

studies [3, 7, 19 – 23]. This project was carried out by 

Ceylan and his team and will continue until 2020. In the 

project, two 3.8  4.6 ECC slabs containing carbon fibers 

were produced [24]. The amount of power required to 

prevent snow accumulation was measured as  

300 – 350 W/m2 [7]. 

In the present study, it is aimed to examine the effect 

of rebars in ECC containing carbon fiber (CF) and nano 

carbon black (NCB). 
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2. EXPERIMENTAL 

2.1. Materials 

Two different conductive filler materials were used in 

ECC mixtures. 6 wt.% NCB as powder, and 0.5 vol.% and 

1 vol.% CF as fiber were used. The CF length, diameter 

and electrical resistivity were 6 and 12 mm, 7.2 µm and 

0.00155 Ωcm, respectively. The NCB used is a type of 

carbon black obtained by pyrolysis from waste tires. Both 

the wires [25] and carbon [26] of waste tires can be 

evaluated in construction materials.  

Both fine (0 – 5 mm) and coarse (5 – 15 mm) 

aggregates were used in equal proportions 850 kg/m3. 

450 kg/m3 CEM 42.5 cement was used as binder. The 

water/binder ratio was maintained at 0.45. In mixtures 

0.2 wt.% carboxy methyl cellulose (CMC) as fiber 

dispersant and 1.5 wt.% superplasticizer (SP) were used. A 

schematic view of the mixing procedure is given in Fig. 1. 

Fine and Coarse
aggregates + Cement

2/3 Water +
CMC

1/3 Water +
SP

CF

45 cm

45 cm 45 cm

ø10 RebarsPlywood mold

 

Fig. 1. Schematic view of the mixing procedure 

2.2. Method 

10  10  40 cm Prismatic specimens and 10 cm 

diameter 20 cm high cylinder specimens were produced 

from each of the ECC mixtures produced. Prismatic 

specimens were used for the 3-point flexural test and the 

cylinder samples were first used for resistance 

measurement, then for pressure testing. 

For the heat test, 5 cm thick 45  45 plate specimens 

were produced. The mold geometry of the slab specimens 

is shown in Fig. 1. From these specimens, a total of 4 units 

were produced, one with rebars and one without 

reinforcement (Table 1). For the plate specimens, two 

galvanized sheets of 1 mm thickness were used as 

electrodes (Fig. 2). To ensure good connection between the 

electrodes and the concrete, 5 cm length screws were 

connected at equal distances to the electrodes. For both 

mechanical and electrical-thermal tests, specimens were 

produced as shown in the Fig. 3. All samples were 

removed from the molds after 28 hours and kept in the 

curing pool for 7 days. 

The mechanical tests of the specimens at the age of 

28 days were performed using universal test equipment. 

The measurement of the resistances of the ECCs was 

carried out by two-point uniaxial method. This method is 

also used frequently in the literature [2 – 4, 27]. In this 

method, a potential difference is applied between the two 

ends of the specimen and the amount of current realized is 

measured. The resistance of the specimen is obtained by 

putting the current value and applied voltage into ohm's 

law (Eq. 1). The resistivity is calculated from the Eq. 2. 

V = IR; (1) 

p = RA/L, (2) 

where V is the applied voltage; I is the measured current; R 

is the resistance; p is the resistivity; L is the sample length; 

A is the cross section of the specimen. 

Heat test experiments were carried out in a cooler at 

about  – 10 °C. By applying voltage between the two 

electrodes, the temperature change was monitored outside 

the cooler. 120 V has applied to slabs 1 and 2 and 80 V to 

slabs 3 and 4. Schematic view of the test apparatus is 

shown in Fig. 4. In order to monitor the temperature from 

outside, 9 thermometers were affixed at different points of 

the specimen surfaces (Fig. 5). 

Table 1. Properties of ECC slabs 

Slab No NCB, wt.% CF, vol.% Rebars 

1 6 0.5 No 

2 6 0.5 Yes 

3 6 1.0 No 

4 6 1.0 Yes 

  

a b 

Fig. 2. Electrode attached molds: a – without rebars; b – with 

rebars 

 

Fig. 3. Molding of specimens 
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Fig. 4. Schematic view of the test apparatus 

 

a 

 

b 

Fig. 5. a – specimen in the cooler; b – thermometer monitors 

outside the cooler 

3. RESULTS 

The electrical resistance and mechanical properties of 

ECCs obtained from two different mixtures are given in 

Table 2. The NCB ratio was fixed at 6 wt.% in both 

mixtures. In the 1st mixture, CF was used at 0.5 vol.% and 

in the 2nd mixture 1 vol.% was used. With an increase of 

CF from 0.5 vol.% to 1 vol.%, the electrical resistivity 

value decreased 2.78 times. However, the measured 

resistivity results are quite low and good. Sassani et al. 

[28] found the electrical resistivity of ECC containing 

1 vol.% CF as 800 Ωcm. In addition, the use of CF in high 

dosages showed positive effects on the flexural and 

compressive strengths of ECCs containing 6 wt.% NCB. 

Table 2. 28 Day, electrical and mechanical test results 

No Mixture code BR, Ω cm σc, MPa σf, MPa 

1 NCB6CF0.5 222.45 45.49 7.63 

2 NCB6CF1.0 80.08 47.82 8.62 

In order to examine the heat performance of the slab 

specimens after the application of voltage, the 

temperatures of the slabs at an equal distance from 9 points 

were monitored and recorded. With the help of the 

measured temperature values, thermal cantor graphs of the 

slabs were drawn before and after heating (Fig. 6). At t = 0, 

the few difference in temperature of a, c, e and g is due to 

the temperature difference in the cooler. In the non-

reinforced slab containing 6 % NCB and 0.5 % CF, the 

temperature distribution as shown in Fig. 6 b is not 

uniform. This can be commented by the inadequate CF 

dosage. The temperature of this slab after 120 V voltage 

application varies between 3.8 and 5.6 NCB. Although 

there is no significant difference in the temperature range 

of the reinforced sample with the same mixture, it is 

warming starting from both sides. The non-reinforced slab 

with 6 % NCB and 01 % CF is heated from two sides to 

middle as smetric. As shown in Fig. 6 f, the temperature 

range varies from 7 to 16 °C. In addition, a defect in the 

temperature symmetry of the reinforced slab having the 

same mixture occurred (Fig. 6 d). 

In Fig. 7, the temperature changes of each of the 4 

plates, depending on time, is given. A 120 V voltage was 

applied to both reinforced and non-reinforced slab 

specimens containing 6 % NCB and 0.5 % CF. Both slab 1 

and slab 2 specimens warmed with equal temperature 

values. The temperature increase rate for these samples 

was calculated as 2 °C/h.  
In most studies it was stated that 300 to 550 W/m2 of 

power is sufficient in conductive concretes to prevent 

accumulation of snow and ice [7, 9, 23, 29, 30]. In this 

study, a voltage of 80 V was applied to the slab 3 and slab 

4 samples which were over conductive to protect this 

limitation. The non-reinforced slab 3, with 6 % NCB and 

1 % CF, warmed at high speed from  – 10  C to 12.6  C in 

1 hour. The reinforced slab 4 in the same mixture warmed 

from  – 10 °C to 8.5 °C in 2.5 hours. Therefore, the use of 

rebars in excessively conductive concretes is a major 

disadvantage in terms of conductivity. The reason for this 

can be explained by the fact that most of the electric 

current passes through the rebars rapidly and prevents the 

concrete from heating. 

However, the rebars did not have a positive or 

negative effect on the low conductor slab. Also, non-

reinforced slab with 6 % NCB and 1 % CF was heated in 

the shortest period of time and at the highest level 

compared to other specimens. In Fig. 6, temperature-time 

formulas for slabs 1 – 4 are formed and given in equations 

3 – 6 below. The regression coefficients (R²) for all 

equations are close to 1. 

R² = 0.9942 y = 0.0401 x  – 9.8487; (3) 

R² = 0.9968 y = 0.0354 x  – 9.4329; (4) 

R² = 0.9459 y = 0.4101 x  – 12.598; (5) 

R² = 0.9826 y = 0.1193 x  – 8.7823, (6) 

where y is the temperature change; x is the time. The 

current I after the voltage applied to the slab specimens 

was measured, the amount of power P spent was calculated 



474 

 

and summarized in Table 3. For reinforced and non-

reinforced specimens containing 6 % NCB and 0.5 % CF, 

120 V were applied due to their low conductivity. The 

average of 0.28 A was measured for the non-reinforced 

slab and 0.30 A for reinforced slab. The amount of power 

spent was calculated, from equation 7, to be 165.9 for non-

reinforced and 177.8 for reinforced. 

 
a 

 
b 

 
c 

 
d 

 
e 

 
f 

 
g 

 
h 

Fig. 6. a, c, e, g – thermal cantor views of slabs at t = 0; b, d, f,  

h – t = end of the experiment 
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Fig. 7. Temperature change of slabs depending on time 

Therefore, the rebars has no significant effect on the 

concrete slab with this mixture. However, in slabs 3 and 4 

with 1 % CF, the amount of power spent in the reinforced 

state has increased almost threefold. However, in slabs 3 

and 4 with 1 % CF, the amount of energy consumed in the 

reinforced state has increased almost threefold, although 

there is no significant difference in the amount of power 

spent. The amount of energy increased with increasing 

time. The amount of energy was obtained by multiplying 

the amount of power with time. 

P = V  I. (7) 

Table 3. Heat performances of slabs specimens 

Slab 

No 

Voltage, 

V 
I, A 

∆T, 

⁰C 

P, 

W/m2 
∆t, h 

Energy, 

kWh/m2 

1 120 0.28 14.1 165.9 6.5 1.08 

2 120 0.30 14.7 177.8 6.5 1.16 

3 80 1.05 22.6 418.8 1.0 0.418 

4 80 1.15 18.8 454.32 2.5 1.14 

The amounts of power consumed for the four 

specimens are compared in Fig. 8. Because the power 

consumed for slabs 1 and 2 is low, the slabs require a long 

time to heat up. Also, according to the literature, the power 

values suitable for ECCs are specified as 300 – 550 W/m2. 
Therefore, slab 3 is suitable for this study in terms of 

power. Temperature of slab 2 increased from  – 10 °C to 

+ 10 °C at 60 min with a power of 418.8 W/m2. 
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Fig. 8. Comparison of consumed power values 

4. CONCLUSIONS 

In this study, the effect of the rebars on the conductive 

concrete slab was investigated. The warming interval, 

warm-up time and the amount of power spent for ECC 

plates were calculated. The results are listed below: 

The electrical resistances of the slab specimens were 

measured at a significant high level relative to the 

resistances of the cylinder specimens. This change 

adversely affects the formation of heat. 

Along with the lack of any effect on the low 

conductive sheet of the rebars, the adverse effect on the 

excess conductive concrete plate was understood. 

The negative effect of rebars on the excess conductive 

concrete slab can be explained by the rapid flow of 

electricity from the rebars and slowing of heat generation. 

As a result, the use of rebars in ECC is not proposed 

because of the negative effect of rebar. 
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According to the results of this study, the most ideal 

system for heated floors is recommended non-reinforced 

slab with 6 wt.% NCB and 1 vol.% CF. 

In subsequent studies, it is recommended to examine 

the effect of polypropylene fibers to prevent cracking in 

electrically conductive concretes. 
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