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Abstract—Concrete is regarded as a composite material that has good mechanical and durability properties for construction.
However normal concrete is poor in electrical conductivity. An endeavour has been made with concrete to have all these
Ǥ ϐ   
causes an increase in strength and durability properties as well as electrical conductivity. In this paper, experimental results
of compressive strength and electrical resistivity are presented. This Concrete technology can be applied with low voltage
Ǧ ϐǡǤ  
cost and environmental issues of roads in snow fall region.
Keywords: ϔǡ ǡ  ǡǦ ǡ    ǡ 

INTRODUCTION

problem. China started the research of conductive concrete
in the late 1980s (Xie Xin, et. al, 2015). But in India, a
countable number of studies have been done.

The development of infrastructure necessitates the
technological improvement in concrete. The current
researches are therefore trying to improve or modify the
property of the concrete to meet the needs of today’s world.
The conventional concrete has the desirable properties of
strength and durability, according to the mix design and
materials used. But it is very poor in electrical conduction
property (Purushothaman M, et. al., 2008). In addition to
or replacement of the conventional materials used in the
production of concrete by mineral and chemical admixtures,
can change or improve the property of the concrete. Many
experimental studies focussed on mechanical and durability
properties but the studies on electrical properties of
concrete are very limited.
The electric conductive property can be achieved by adding
some conductive material to conventional concrete. This
Conductive concrete can be widely used for melting snow
of road, bridges, and airport (Xie P, et. al. 1995; Yehia S,
et. al. 1999) and also used in radio frequency interference
shielding, electromagnetic defense, protecting the building
from lightning, radiation heating, corrosion protection,
automated high way systems, etc (Xin Tian, 2012). America,
Canada, and Northern European countries researched
    ϐ
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A major portion of Kashmir in the western Himalayan
region of India experiences heavy snowfall between
  Ǥ  ǡ ϐ     
days in the National Highway of 270-km, which is the single
road linking Kashmir with the rest of the country, due to
  ȋ ϐǡ ʹͲͳͺȌǤ    ϐ 
issue for the Indian government. In India, de-icing salts
and mechanical equipment are used for snow clearance of
roads. These methods are uneconomical and also affect the
environment. In the Previous studies of conductive concrete
in India, preliminary research has been made to study on
electrically conductive concrete made with bottom ash
(Purushothaman M, et. al., 2008), Steel residue(Abid Ahmad
ϐǡ et. alǡ ʹͲͳͷȌǡ   ǡ ȋ  ϐǡ
et. al, 2016).
   ϐ      
component than other types of materials for improving the
conductive property of the conductive (Xin Tian, 2012-b).
Recent studies on conductive concrete have also proved
that ϐ ed to conventional concrete to
improve both mechanical and electrical behaviors (Mashudi,
2014; Xin Tian, 2012; Oscar Galao, 2016). Short length
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ϐ
mix (Ohama Y,1985).  ϐ
concrete mix is not uniform, the resistivity will be different
 ϐǤǡ
   ϐ        
concrete (Wu J, et. al, 2015). The addition of silica fume
as an admixture in concrete will help for dispersion of the
ϐϐ
matrix, thus enhancing the properties of the concrete
(Chung D.D.L, 2000; Wang Chuang, 2018). Well-dispersed
 ϐ    ǡ    
compressive strength (Mashudi, 2014) and decrease
the resistivity and becomes an electrically conductive
cement composite (Oscar Galao, 2016; Wen S, et. al. 2003).
Therefore, in this experimental study, the effect of carbon
ϐ     
resistivity property was studied.

MATERIALS AND METHODS
Ordinary Portland cement of 43 grade Portland according
to IS: 8112-1989; potable tap water; locally available river
sand; crushed hard blue granite stone of size 20mm and
below; Silica fume (SF) obtained from Elkem. India private
Ltd., Mumbai, India; Polyacrylonitrile (PAN)-based short
ϐȋ Ȍǡͷǡ 
SRJ composites, Hyderabad, India, was used to prepare
the concrete specimens.    ϐ  
aggregate were determined as per IS:2386-3,1963 and the
  ǡ      ϐ 
collected from the supplier. Table 1. and Table 2 shows the
properties of CF and SF.
Three groups of concrete namely conventional concrete
(CC), concrete with silica fume (CSF) and electrically
conductive concrete (ECC) were considered in this study.
Table 1: Properties of Carbon Fiber
Property

Value

Diameter

7μm

Length

5mm to 7mm

Carbon content

93%

Tensile strength

2800 MPa

Resistivity

1.43 ×10-3πǦ 

dosage of silica fume, the volume of the cement of the CC mix
was replaced by 0% to 20% of Silica fume and the volume of
other ingredients kept constant. The 28 days compressive
strength test results for 150 mm cube specimens prepared
from each mix and the corresponding dosages of silica fume
was plotted as shown in Fig.1. from the experimental results,
10% in volume of cement is the optimum for the concrete
mix. Beyond this level of replacement, the reduction in
strength of concrete was observed. Strength and resistivity
are the two important parameters considering in the
production of ECC.
As strength is concerned, the experimental results of
various researchers (Andrey Nevsky, et. al., 2015, Manivel,
et. al,.ʹͲͳͻǡ ǤǡʹͲͳͺȌͳΨ ϐ
is the optimum. Considering the percolation threshold, the
    ϐ    
is 1% by Volume (Alireza Sassani, 2018). Therefore, in this
experiment, the electrical resistivity of ECC made with 1%
 ϐǤ
ǡͳΨ ϐ
  ϐ
aggregate content. The other ingredients were adopted as
same as the CSF mixture. Mix proportions of these three
mixes are shown in Table 3. The high range water reducing
 ȋ Ȍ  ϐ   ȋ Ȍ  
used in the mix. Methylcellulose of 0.4% by weight of binder
was used as FDA in all the three mixes for consistency.
The ECC mix was prepared as per the procedure followed
by HOU zuofu (HOU zuofu, et. al. 2007). Methylcellulose in
ϐ
 ǡ ϐ
then added and stirred gently again. The SF and cement
were mixed well in a dry state; HRWR has added with the
rest of the mixing water stir well for uniformity. HRWR
        ϐǡ 
the binder mix was added and allowed to rotate for 3 min.
Finally, the CF mix was poured into the mixer and allowed to
rotate for 1 min, then the FA aggregate followed by CA was
added and allowed to run for 3 min each. The admixtures
  ϐ
    ϐȂ   ȋ  ǡ
D.D.L. Chung 2001; Yunsheng Xu and DDL Chung, 2001).
Six numbers of 150 mm × 150 mm × 150 mm cube
specimens were cast from each mix. Three specimens
used for compressive strength test (IS: 516,1959), and the
remaining three was used for resistivity test. Water curing
for 28 days was adopted for all the specimens.

The proportions of the ingredients for CC of grade M30 was
arrived by following IS:10262-2009. To know the optimum
18
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Table 2: Properties of Cement and Silica Fume
Property

Specific Gravity

SiO2

Al2O3

MgO

CaO

Fe2O3

Cement

3.1

21.94

5.04

2.08

63.61

3.16

Silica fume

2.2

93.2

0.48

0.4

0.1

0.36

Table 3: Mix Proportions-kg/m3
Materials

Cement

SF (10%)

FA

CA

CF (1%)

w/b

CC

394

---

776

1082

---

0.5

CSF

394

28

776

1082

---

0.47

ECC

394

28

749

1082

18

0.47

Mix

RESULTS AND DISCUSSIONS

Where,

ĔĒĕėĊĘĘĎěĊęėĊēČęč

V = Voltage drop across the specimen; A = Area of cross
section, cm2

Compressive strength test results from the mean value of
three cubes for CC, CSF, and ECC mixes are given in Table.4.
From the test results, it is known that the strength of ECC
mixes is greater than other mixes. This may be due to the
  ϐ   
mixture. Incorporation of a pozzolanic material, Silica fume
  ϐ
thus enhancing the properties of the concrete; improved
durability; and the mechanical properties of concrete
(Shetty. M.S, 2007; Chung D.D.L, 2000; Mashudi, 2014).

I = Direct current taken by the conductive specimen (amps)

đĊĈęėĎĈĆđĊĘĎĘęĎěĎęĞ
The value of resistivity depends on the properties of the
conductive material. Resistivity and conductivity are
inversely proportional. On reducing the resistivity of the
concrete, the conductivity will be more. The electrical
resistivity of the concrete mixes was determined using the
Two-probe method. In this test, a thin copper plate is pasted
on the side surfaces of the cube specimen as an electrode.
It should be checked for no gap between the plate and the
concrete surface. Then only a uniform current will pass
through the side surfaces. The (Direct current) DC source of
50v applied to the electrode. A voltage difference between
the electrodes (V) and current (I) was measured using a
multimeter. The following expression is used to calculate
the resistivity.
AV
Resistivity, U
(1)
IL

L = Length of the specimen between the two electrodes, cm.
The resistivity of the conventional concrete under dry
condition varies from 6.54 × 103ȳȂͳͳǤͶͲέͳͲ3ȳǦǡ
hence it acts as a pure resistor (Whittington et. al., 1981)
When the resistivity is reduced, the electrical conductivity
will be more. The use of conductive materials in concrete
reduced the resistivity considerably. The resistivity of
 ϐ         
 ȋδ ͷ πǦȌ        
per Chinese national standard (Xin Tian, 2012; Mashudi,
et. al., 2018).

Fig. 2: Schematic Diagram and Test Setup for Electric
Resistivity
The average resistivity of the cube specimens of each mix
is tabulated in Table 4. The high electrical resistivity was
observed with CSF cube, comparing with CC cubes, whereas
the reduced resistivity was observed with ECC mixture
when compared to CC and CSF mixtures. Generally, if the
compressive strength of concrete and the resistivity are
directly proportional. But, the test results of ECC mixture
19
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   ϐ    
ͳͲȳǦ 
de-icing (Hou, et. al.; Oscar G, 2016; Tang, et. al. 2005). From
ǡ  ϐ
is well dispersed in the concrete system and can be used to
produce conductive concrete. Anyhow, further experimental
study with slab specimens of different size, test for surface
heating is to be done.
Table 4: Test results of Concrete Cube Specimen
Property
Comp. strength, MPa
  ǡπǦ 

CC

CSF

ECC

31.2

34.9

38.7

9.2×106

1.12×107

801

CONCLUSION
1.     ϐ   
concrete reduces the resistance and improves the
  Ǥ ϐ  
as a good ingredient for making conductive concrete.
2. The resistivity of Electrically conductive concrete
 ϐ
required for de-icing.
3. The electrical resistivity of concrete with silica fume is
higher when compared to the conventional concrete.
It is due to the pozzolanic effect of silicafume.
4. Nowadays the whole world is facing a major problem
of environmental pollution. Utilization of an industrial
waste silica fume as cement replacement material in
concrete for construction, will help to protect our
environment.
5. This study may helpful for future experiments on
electrically conductive concrete and could be an ecofriendly solution to the de-icing problems of snow fall
regions of India.

REFERENCES
ϐǡ ǤǡǤ
(2015). Use of waste conductive steel residue in concrete
 ϐ   Ǧ   Ǥ 
Journal of Civil Engineering and Technology (IJCIET). 6(12):
pp. 66-73.
  ϐǡ   ǡ   ǡ
Mohmmad Vekas Wani and Aeijaz Masoodi (2016).
Electrically Conductive Concrete Formed by Using Waste
  ϐ   Ǥ   
Mechanical and Civil Engineering (IOSR-JMCE). 13(1) Ver. II:
pp. 07-12.

20

Andrey Nevsky, Konstantin Kudyakov, Ilia Danke, Aleksandr
Kudyakov and Vitaly Kudyakov (2015). Improvement
of Cement Concrete Strength Properties by Carbon
Fiber Additives. Advanced Materials in Technology and
Construction (AMTC-2015), AIP Conf. Proc. 1698. Pp.
070005-1–070005-5.
Chung D.D.L. (2000). Cement reinforced with short carbon
ϐǣ    Ǥ ǣ   ͵ͳǣ
pp. 511-526.
HOU Zuofu, LI Zhuoqiu and WANG Jianjun (2007). Electrical
Conductivity of the Carbon Fiber Conductive Concrete.
Journal of Wuhan University of Technology-Mater. Sci. 22(2):
pp. 346-349.
IS: 516-2004. Methods for Tests for Strength of Concrete. Bureau of
Indian Standards, New Delhi, India. 2004.
IS: 2386 (Part III)-1963. Methods of Test for Aggregates for
 ǣ ϐ ǡǡ
bulking, Bureau of Indian Standards. New Delhi. India. 1963.
 ͺͳͳʹǣ ͳͻͺͻ ȋϐ ʹͲͲͷȌǤ  ϐ   Ͷ͵ 
ordinary Portland cement. Bureau of Indian Standards. New
Delhi. India. 2005.
IS: 10262-2009, Recommended guidelines for concrete mix Design.
Bureau of Indian Standards. New Delhi. India. 2009.
ǡǤǤǤȋʹͲͲͳȌǤϐ  
mortar improved by using acrylic dispersion as an admixture.
Cement and Concrete Research. 31: pp. 1633-1637.
Manivel S., Susmita Suresh Kakkanattu, Satya Ramesh Pott V. (2019).
Cement Partially Replaced With Fly Ash and Carbon Fiber
in Light Weight Concrete. International Journal of Recent
Technology and Engineering (IJRTE). 8(3), pp. 517-521.
Mashudi, Wicaksono S.T., Ardhyananta H. Effect of surfactants on
 ϐ     ϐ  
composite for self-monitoring applications. International
Conference on Science and Applied Science (ICSAS) 2018; AIP
Conf. Proc. AIP Publishing; 2014. pp. 020111-1–020111-6.
MohammdϐȋʹͲͳͺȌǤ
snowfall in Kashmir, India in January 2017. Weather. 73(1):
pp. 15-17.
Navya HA and Nayana N Patil (2018). Experimental studies on
 ϐ   Ǥ 
Journal of Civil Engineering and Technology (IJCIET). 9(7),
pp. 1461-1469.
ǡǡȋͳͻͺͷȌ ϐ
reinforced cement with silica fume. Concrete International.
7(3): pp. 58-62.
Oscar Galao, Luis Bañón, Francisco Javier Baeza, Jesús Carmona
and Pedro Garcés (2016). Highly Conductive Carbon Fiber
Reinforced Concrete for Icing Prevention and Curing.
Materials 9: pp. 1-14.
Purushothaman M and Senthamarai RM. Concrete conducts
Electricity. Second International Conference on Resource
utilization and intelligent systems (INCRUIS-2008); Kongu
Engineering college, Tamilnadu, India; 2008. pp. 270-273.
Purushothaman M., Senthamarai. Rm (2012). High performance
      ϐ Ǥ  
Structural Engineering. 39(1); pp. 56-60.
Salah A. Abo-El-Enein, Hamdy A. El-Sayed, Ali H. Ali, Yasser T.
Mohammed, Hisham M. Khater, Ahmed S. Ouda (2013).
Physico-mechanical properties of high-performance concrete
using different aggregates in presence of silica fume. Housing
and Building National Research Center, pp. 43-48.

Incorporation of Carbon Fiber and Silica Fume in the Production

Shetty. M.S. (2007) Concrete Technology. S. Chand and Co. Ltd., New
Delhi.
Sidney M. Levy (2012) Calculations Relating to Concrete and
Masonry. Construction Calculations Manual, Section 5.
pp. 211-264.
Tang Z, Li Z, Qian J, Wang K (2005) Experimental study on deicing
  ϐ     Ǥ
J. Mater. Sci. Technol. 21: pp. 113–117.
Wang Chuang, Peng Lei, Li Bing-liang, Gao Ni, Zhao Li-ping, Li
ǦȋʹͲͳͺȌǤ ϐ  
       ϐ 
cement matrix. Article No. e00868. Published by Elsevier Ltd.
open access article.
Wen S., and Chung D.D.L. (2003) A Comparative Study of Steeland Carbon-Fiber Cement as Piezoresistive Strain Sensors.
Advances in Cement Research. 15(3): pp. 119-128.
Whittington, H., McCarter, W. and Forde, M.C. (1981). The conduction
of electricity through concrete. Mag. Concrete. Res., 33(114):
pp. 48-60.
Wu. J, Liu. J, and Yang. F (2015). Three-phase composite conductive
concrete for pavement de-icing. Construction and Building
Materials. 75: pp. 129-135.

21

Xie P and Beaudoin J.J. (1995). Electrically conductive concrete and
its application in deicing, International Concrete Abstracts
Portal. 154: pp. 399-418.
Xin Tian, Hu Hua. Test and Study on Electrical Property of
Conductive Concrete. International Conference on Structural
Computation and Geotech Mechanics (2012). Published
by Elsevier Ltd. Procedia Earth and Planetary Science 5:
pp. 83-87.
Xin Tian, Hu Hu and Bin Chen (2012). An Environment-Friendly
Conductive Concrete. Earth Science Research. 1(2);
pp. 185-188.
Xie xin and Zou Mengqiu (2015). Literature Review of the
Application of Conductive Carbon Fiber-graphite Concrete
 ϐ Ǥ Ǥ      
Applications-ijera. 5(7), Part–2: pp. 161–163.
Yehia S. and Christopher Y.T (1999). Conductive concrete overlay
for bridge deck deicing. ACI Materials Journal. 96(3):
pp. 399-418.
ǡǤǤǤȋʹͲͲͳȌǤǦ ϐ
reinforcing cement. Carbon 39; pp. 1995-2001.

