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The effect of carbon inclusion on the mechanical properties of concrete with emphasis on strength is 
the focus of this paper. Graphite being the most stable form of carbon under standard conditions was 
introduced at different proportions in different samples of pure concrete from Portland cement. A 
range of 0 – 10% graphite of particle size variation of 75 to 53 microns was introduced into known % 
weight of cement, and mixed together to form paste of dimension 150x150x150mm. The pastes cast in 
molds were allowed to set for 28days as curing time under room temperature and the compression 
test was thereafter carried out. A crushing strength of 33.33N/mm

2
 was achieved for pure cement 

while the highest crushing strength 26.67N/mm
2 

was achieved for a composition of 99% weight 
cement and 1% weight graphite and the least crushing strength of 6N/mm

2 
was obtained for the 93% 

weight cement and 7% weight graphite. A 5th Order Polynomial equation representing the variation in 
Crushing Strength as a function of Density was also established for the Carbonous Concrete. 
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INTRODUCTION  
 
Concrete is a composition materials formed by mixing 
and curing ingredients such as cement, fine and coarse 
aggregates and water. most concrete, however, contain 
additional ingredients such as chemical admixtures 
including air-entraining admixtures, fly ash, fibers, slag 
and other products (Bresler,1974). It is the most widely 
used building material in the world because of its beauty, 
strength and durability, among other benefits. Concrete 
is used in nearly every type of construction, including 
homes, buildings, roads, bridges, airports and subways, 
just to name a few. And in an era of increased attention 
on the environmental impact of construction, concrete 
performs well when compared to other building 
materials.  It   is  therefore  desirable  to  have  a  good  
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knowledge of its behavior under different conditions in 
order to make the best use of it and avert the incessant 
building collapses being witnessed more in the 
developing countries of the world. The physical, 
chemical and durability characteristics of concrete 
depend on many factors such as the type and amount of 
the components, temperature, pore and pore size 
distribution, surface area, interfacial features, exposure 
conditions etc. Several physical, chemical and 
mechanical techniques are applied in concrete research 
and practice. They provide important information 
including characterization of raw materials and cured 
concrete, quality control, quantitative estimation of 
products, prediction of performance, development of 
accelerated test methods and durability characteristics, 
development of new materials etc. In most instances, no 
single technique provides all the needed information and 
hence   application   of   several    techniques   becomes  



 
 
 
 
necessary (Taylor, 1966). The active constituent of 
concrete is cement paste and the performance of 
concrete is largely determined by the cement paste. 
Admixtures in concrete confirm some beneficial effects 
such as acceleration, retardation, air entrainment, water 
reduction, plasticity, etc. and they are related to the 
cement-admixture interaction. Mineral admixture such as 
a blast furnace slag, fly ash, silica fume and others, also 
improve the quality of concrete. The performances of 
concrete depend on the quality of the ingredients, their 
proportions, placements and exposure conditions. 
 
 

Formation of portland cement 
 

According to ASTM C-150, Portland cement is a 
hydraulic cement produce by pulverizing clinker 
consisting essentially of hydraulic calcium silicates, 
usually containing one or more types of  
calcium sulphate as an underground addition. 

The microstructure of concrete is such that it has 
capillary pores to the extent of 28%. The extent of pores 
depends upon quality of concrete and the presence of 
water at its time of mixing. These pores are created due 
to evaporation of excess free water during strengthening 
of concrete mass. These pores are interconnected and 
go inside the concrete mass from surface of concrete 
structures. The major phases of Portland cement are 
Tricalcium Silicate (3CaO.SiO2), Dicalcium Silicate 
2(CaO.SiO2), Tricalcium Aluminate (3CaO.Al2O3), and 
a ferrite phase of average composition of 
4CaO.Al2O3.Fe2O3 (Midgley, 1979). 
 
 

Carbonation of Concrete 
 

Carbonation of concrete is a process by which carbon 
dioxide from the air penetrates into concrete through 
pores and reacts with calcium hydroxide to form calcium 
carbonates. The conversion of Ca(OH)2 into CaCO3 by 
the action of CO2 results in a small shrinkage. As CO2 itself 
is not reactive. In the presence of moisture, CO2 changes 
into dilute carbonic acid, which attacks the concrete and 
also reduces alkalinity of concrete (Pressler et al., 1961). 

Air contains CO2. The concentration of CO2 in rural air 
may be about 0.03 percent by volume. In large cities the 
content may go up to 0.3 percent or exceptionally it may go 
up to even 1.0 per cent. In the tunnel, if not well ventilated 
the intensity may be much higher. The pH value of pore 
water in the hardened concrete is generally between 12.5 to 
13.5 depending upon the alkali content of cement. The  
high alkalinity  forms a  thin  passivation  layer around  steel 
reinforcement and  protect it  from action of  oxygen and 
water.  
 
 
MATERIALS 
 
The major component of test piece aggregates are: 50kg 
of  Portland  cement;  Water  (as  Binder)  and  40kg  of 
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Graphite, all locally sourced. 
 
 
Equipment 
 
List of required equipment necessary to achieve the aim 
of the investigation is contained in Table 1  
 
 
Calculation of density, mass and volume of cement, 
graphite and water 
 
One bag of cement weighs 50kg; Cement density is 
1505kg/m

3
 

Density is the ratio of mass to volume; 
V

M
=ρ  

Therefore the Volume in m
3
 of one bag of cement is = 

50kg/1505kgm
3
 =0.0332m

3
 

Density of graphite is 2.25g/cm
3
 =2.25 x 10

-3
kg/10

6
m

3
 = 

2.25 x 10
3
kg/m

3
= 2250kg/m

3
  

For one 150mm cubic box, we have 150 x 150 x 150 
mm

3
 = 3.375 x 10

6
 x 10

-9
 m

3
 = 0.003375 m

3
 

Therefore Total Volume (V) = Cement (C) + Graphite (G) 
+ Water (W) 
1% of graphite = 0.01 x 0.003375 = 3.375 x 10

-5
m

3
 

Mass of 1% graphite = Density x Volume 
= 3.375 x 10

-5
m

3
 x 2.25 x 10

3
kg/m

3 
=0.0759kg 

Cement and Water (C1 + W1) = 0.99 x 0.003375 = 
0.00334125 m

3
 

Mixing Cement and Water in ratio 2:3 gives 
Volume C1= 2/3 x 0.00334125 m

3 
= 0.0022275m

3
 

Mass C1= 0.0022275m
3 
x 1505 =3.353kg 

Volume W1= 1/3 x 0.00334125 m
3 

= 0.00111375m
3
 = 

1.11375Liters of Water 
Details of the data from the calculations are as shown in 
Table 2 
 
 
METHODS 
 
The graphite lump was pulverized into granules. Based 
on the granularity of the crushed graphite, sieving of the 
crushed graphite was done into different mesh sizes for 
proper homogeneous mixture with cement. Water was 
used as binder to bind the already sieved graphite and 
cement together at different percentage compositions 
ranging from 1-10% carbon. The volumetric ratio of 
water to cement is 2:3. One sample was prepared for 
each composition while pure cement  mixed with water 
was used as control sample (Sample Code ‘A’), a total of 
a series of 11 samples as shown in table 3 were 
produced for this investigation. 

A flat round bowl was used for mixing 40kg of cement 
and water and later apportioned into ten different moulds 
with varying percentages of carbon (see plates 1and2). 
After pouring into molds, an external vibrator was used 
to facilitate compaction and decrease the amount of  air  
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Table 1. Required Equipment 
 

S/N Equipment Purpose Source 

1. Compression Testing Machine Crush test-pieces for compression test 
Federal University of Tech. Akure (FUTA) 
Geotechnical Lab. 

2. Ball Mill Sizing of Graphite FUTA Met/Mat Laboratory 

3. 
Optical Daheng Software 
Driven Microscope 

Microstructure EMDI Microscopy Laboratory 

4. Weighing Scale Weighing of graphite and cement EMDI Workshop 

5. Measuring Cylinder Water measurement EMDI Chemistry Laboratory 

6. Sieve Shaker Sieving of graphite to granules EMDI Physical Metallurgy Laboratory 

 
 

Table 2: Gravimetric and Volumetric Analysis of Test Pieces 

 

 
 
 

Table 3: Coding of Test-Pieces 
 

Sample Code Description % Graphite 

B Cement + Water (99%) 1% 

C Cement + Water (98%) 2% 

D Cement + Water (97%) 3% 

E Cement + Water (96%) 4% 

F Cement + water (95%) 5% 

G Cement + Water (94%) 6% 

H Cement + Water (93%) 7% 

I Cement + Water (92%) 8% 

J Cement + Water (91%) 9% 

K Cement + Water (90%) 10% 

Control A Cement + Water (100%) 0% 

Graphite 

Test Piece A (Ref) B C D E F G H I J K 

Density (kg/m
3
) 

 
2250 2250 2250 2250 2250 2250 2250 2250 2250 2250 

Volume (m
3
) 

 
0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 0.003375 

  
           

  
 

1% 2% 3% 4% 5% 6% 7% 8% 9% 10% 

Mass (kg) 
 

0.075938 0.151875 0.227813 0.30375 0.379688 0.455625 0.531563 0.6075 0.683438 0.759375 

  

Cement 

Density (kg/m
3
) 1505 1505 1505 1505 1505 1505 1505 1505 1505 1505 1505 

Volume (m
3
) 0.003375 0.003341 0.003308 0.003274 0.00324 0.003206 0.003173 0.003139 0.003105 0.003071 0.003038 

  
           

  100% 99% 98% 97% 96% 95% 94% 93% 92% 91% 90% 

Mass (kg) 3.38625 3.318864 3.252155 3.186123 3.120768 3.056091 2.992091 2.928768 2.866122 2.804154 2.742863 

 
Water 

Volume (Liters) 1.125 1.102613 1.08045 1.058513 1.0368 1.015313 0.99405 0.973013 0.9522 0.931613 0.91125 
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Plate 1. Concrete Weight Measurement  

 
 

 
 

Plate 2: Graphite of varying weights  

 
 

 
 

Plate 3. Test piece being crushed with ADR Touch 1500 Compression  
Machine with Digital Read Out  
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Table 4. Compressive Strengths of Concrete with varying amount of Graphite 
 

Cube No Weight of Cube (Kg) Density Kg/m
3
 Crushing Load (N) Crushing Strength N/mm

2
 

A (Ref) 4.50 2000.00 750,000 33.33 
B 4.40 1955.00 600,000 26.67 
C 4.40 1995.46 595,000 26.44 
D 4.10 1959.38 525,000 23.33 
E 4.50 2000.00 400,000 17.78 
F 4.90 1785.06 395,000 17.56 
G 5.50 1566.96 505,000 22.44 
H 5.50 1566.95 360,000 16.00 
I 5.59 2203.70 450,000 20.00 
J 5.50 2037.04 450,000 20.22 
K 5.35 2015.07 400,000 17.78 

 
 

 
 

Figure 1: 5th Order Polynomial Curve of Crushing Strength Vs Density of  
Carbonous Concrete 

 
 
bubbles. The samples were de-molded and then cured 
in air at room temperature for 28 days. Ten samples of 
concrete pastes were prepared (consisting of graphite, 
cement and water) with different percentages 
compositions and control sample labeled A.  
 
 
RESULTS AND DISCUSSION 
 
Tables 4 shows the compressive strengths of test pieces 
with varying quantities of graphite depicting the graphitic 
effects on pure concrete. The crushing strength of the 
concrete decreases with the addition of graphite carbon 
with few exceptions (see Figures 1 and 2).  

Figure 1 shows the graph of Crushing Strength against 
Density. After curve fitting was done, a 5

th
 order 

polynomial curve of equation y = 0.2416x
5
 - 29.858x

4
 + 

1460.1x
3
 - 35325x

2
 + 422832x - 2E+06 and a coefficient 

of determination, R
2
 of 1 was obtained. This equation 

thus gives a good prediction of the relationship between 
the Crushing Strength and Density since R

2
 is 1. 

CONCLUSION 
 
The study has been able to establish the variation in the 
strength of concrete as a result of carbon 
inclusion/addition. A 5

th
 order polynomial curve of 

equation y = 0.2416x
5
 - 29.858x

4
 + 1460.1x

3
 - 35325x

2
 + 

422832x - 2E+06 was derived to represent the 
magnitude of the variations where y is the Strength 
Variation of Carbonous Concrete and x is the density. 
Since the variation in density is due to addition of 
carbon, the same equation can be said to represent the 
strength variation of carbonous concrete.  

However, works relating to this investigation is scanty 
and more work will need to be done for more insight into 
the chemistry that is responsible for the near-sinusoidal 
cyclic phenomenon observed. 
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