
International Journal for Research in Engineering Application & Management (IJREAM) 

ISSN : 2454-9150    Vol-04,  Issue-11,  Feb 2019 

116 | IJREAMV04I1147049                        DOI : 10.18231/2454-9150.2019.0022                      © 2019, IJREAM All Rights Reserved. 

 

Influence of Unburned Carbon Content on the 

Compression strength and Corrosion of Steel in Fly 

Ash Concrete 

N. Sivakami 

Lecturer (senior grade), Department of Civil Engineering, Alagappa Government Polytechnic 

College, Karaikudi, India. civilsivakami@gmail.com 

Abstract - The increase in carbon content accelerate the corrosion of steel (TMT Rebar) in ordinary Portland cement 

(OPC) concrete containing fly ash with different percentages of carbon. When the quantity of carbon was increased, 

cement lost its characteristic color. Compression Strength and Corrosion rates were comparable to OPC, OPC + Fly 

Ash 20%, OPC + (2% to 6% Carbon admixed 20% Fly ash). Compression Strength Study proves that the strength was 

reduced when the carbon content in the fly ash was increased. This is due to the unburned carbon content in fly ash. 

The carbon content was increased beyond 8% in fly ash, twice the rate of corrosion was observed for one year exposure 

period. The unburned carbon content in the fly ash should be limited to 8%. (fly ash contains 1.5% of carbon + 

Addition of 6% carbon) 
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I. INTRODUCTION 

Corrosion of steel in concrete is influenced by various 

factors like P
H
 reduction, carbonation, chloride ingress etc. 

Ashes from the combustion of coal are one of the major 

industrial by product, used and admixture in Portland 

cement. The utilization of fly ash causes pollution of the 

environment. Fly ash accelerates the reinforcement 

corrosion due to the presence of unburned carbon. In order 

to produce fly ash with stable properties and adequate 

quantity, many power plants have implemented their own 

sophisticated quality control measures. 

The carbon content in fly ash from the thermal electric 

power plants depends on the efficiency of the combustion 

process. For estimating the quantity of fly ash is loss on 

Ignition (LOI) unburned carbon is responsible for Ignition 

loss and also an undesirable constituent of fly ash is used 

in reinforced concrete construction. 

The presence of the unburned carbon in fly ash has several 

important effects on concrete. 

 It increases the electrical conductivity of 

concrete. 

 Mortar and concrete incorporating fly ashes 

appear black. 

 It reduces the strength of concrete. 

 Water requirement for fly ash cement paste is 

affected because the water/ (cement + fly ash) 

ratio needed to obtain a paste of the normal 

consistency is greater for fly ashes with high 

carbon content. 

The objective of the present investigation is to conduct a 

systematic test on the influence of unburned carbon on the 

Compression strength and corrosion resistance properties 

of fly ash blended cements and thereby to predict the 

tolerance level of carbon in fly ash. 

II. EXPERIMENTAL ANALYSIS 

3.1 MATERIAL USED: 

Class –F fly ash was used. The composition of fly ash used 

was as follows. 

Table 3.1 Constituents of Fly ash. 

Constituents Fly ash 

CaO 0.86 

SiO2 40 

Al2O3 23.96 

Fe2O3 13.41 

Mg 4.62 

Na2O3 5.39 

LOl 1.5 

The fly ash used was first sieved through 150μm sieve. 

This fly ash is used though out this investigation. Ordinary 

Portland cement with specific gravity 3.1, Natural fine 

aggregate of specific gravity 2.68, Coarse aggregate of 

specific gravity 2.78 and  M20 design mix (1:1.58:3.11, 

w/c = 0.51) used. 
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The system studied were (1) OPC (Control) (2) 80:20 ratio 

of (OPC+FA) (3) 80:20 ratio of (OPC+2 to 10% carbon 

admixed fly ash) 

3.2 TECHNIQUES USED: 

3.2.1 Compressive Strength: 

Compressive strength was conducted for evaluating the 

mechanical properties of above different systems of 

concrete. 150mm X 150 mm X 150mm size Concrete 

cubes were prepared using the above mix design for 

different system. The cubes were unmolded, and 

compressive strength tests were carried after 7 days, 14 

days and 28 days. Triplicate specimens were tested and 

average values were reported and results are compared. 

The compressive strength of concrete cube is calculated as 

below, 

 om  essive s  e g h   
   im  e  o  

  oss se  io      e  o  s e ime 
 

3.2.2 Corrosion Resistance Properties: 

By conducting the following tests, the corrosion resistance 

properties of different systems of concrete are made. 

3.2.2.1 Linear Polarization Resistance Test: 

Cylindrical reinforced concrete (1:1.58 : 3:11,w/c  = 0.51) 

specimens of size 60mm diameter and 100mm height were 

cast in triplicate with OPC (control), OPC + FA and OPC 

+ FA with different percentages of carbon from 2% to 10 

%. The TMT rebar specimen of 12mm in diameter 60mm 

height was used. All the triplicate specimens were cured in 

distilled water for 28 days. After 28 days the specimens 

were taken out, and subjected to alternate wetting (15 

days) in 3% Nacl and drying (15days) to accelerate 

reinforcement corrosion. The solution was changed once 

every 15 days. Potential measurements were carried out 

for OPC, OPC + FA, OPC + FA with different percentages 

of carbon from 2% to      10 %, using Electro chemical 

(Impedance Analyzer). In this three electrode cell 

assembly was used, which consists of embedded TMT 

rebar in concrete as anode, stainless steel ring electrode as 

cathode and saturated calomel electrode as reference 

electrode. 

 o  osio     e   3.2      u     
  uiv  e    eigh 

       
 

Polarization measurements are carried out ±50mv from the 

open circuit potential with a scan rate of 0.01 v/s. from the 

linear circuit plot, Rp values were obtained and then 

converted into corrosion rate. 

 

Fig 3.1 System: OPC 

dv/dl = Rp 

0.044 / 0.29 = 0.152 = Rp 

26 mV / Rp = 1 Current in mA 

Corrosion Rate = 0.0389 mmpy 

III. RESULTS AND DISCUSSION 

4.1 COMPRESSION STRENGTH RESULTS: 

The average compressive strength calculated is in N/mm
2
 

for 7 days,  14 days, 28 days are given in table 1, from the 

table it is observed that the compressive strength for 80 : 

20%  ratio of  (OPC + FA) system was about 20% less 

than that of compression strength of OPC . From the 

results that the compressive strength of 80 : 20 ratio of 

(OPC + 2 to 6 % Carbon ) was slightly reduced and more 

reduction in strength were obtained for 8%, 10% of carbon 

admixed fly ash concrete when compared with the 20% fly 

ash admixed concrete. 

Table 4.1 Compression Strength Results 

SYSTEM 

COMP. STRENGTH in 

N/mm2 

7 

Days 

14 

Days 

28 

Days 

OPC 37.1 41.3 46.4 

OPC+20% FA 28.9 35.1 39 

OPC + 

(2% carbon admixed FA) 
27.6 30.7 34.5 

OPC + 

(4% carbon admixed FA) 
26.6 29.3 34.2 

OPC + 

(6% carbon admixed FA) 
25.5 27.2 32.8 

OPC + 

(8% carbon admixed FA) 
20 23 25 

OPC + 

(10% carbon admixed FA) 
19.8 22.7 24.4 

 

Fig 4.1 Compression Strength Results 
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It was that up to 8% of carbon (fly ash contains 1.5% of 

carbon + Addition of 6% carbon) did not adversely affect 

the compressive strength properties of concrete. Beyond 

that the compressive strength much reduces that is  8% to 

10% carbon admixed 20% fly ash. 

4.2 LINEAR POLARIZATION RESISTANCE 

MEASUREMENTS: 

The more carbon added systems (8% and10% carbon) 

shows more negative potential indicating the active carbon 

added systems from 2% to 6% maintained the passive 

condition of the embedded rebar. From the table it shows 

that the corrosion rate of TMT rebar embedded in the 

system is twice for 8%, 10% carbon admixed 20% fly ash 

than that of  2% to 6% carbon admixed 20% fly ash.  

Table 4.2 Corrosion rate for different system 

SYSTEM Corrosion rate  (mm/y) 

OPC 0.0389 

OPC +20% FA 0.0278 

OPC + 

(2% carbon admixed FA) 
0.0325 

OPC+ 

(4% carbon admixed FA) 
0.0364 

OPC + 

(6% carbon admixed FA) 
0.0376 

OPC + 

(8% carbon admixed FA) 
0.0554 

OPC + 

(10% carbon admixed FA) 
0.0643 

 

 

Fig 4.2 Corrosion rate for different system 

The above shows the variation of the corrosion for the 

different systems. It shows that corrosion rate was reduced 

for OPC replaced by 20% fly ash than OPC. But when the 

carbon content in the fly ash was increased beyond 6% the 

corrosion rate also increases.  It was clear that the control 

of carbon content in fly ash is absolutely necessary to 

improve the corrosion resistance properties of steel in 

concrete. 

 

V. CONCLUSIONS 

The following conclusions were obtained: 

 Up to 8% carbon admixed system did not 

adversely affect the strength Properties, more 

than that the strength greatly reduces. 

 TMT Rebar embedded in OPC suffered severe 

corrosion when the carbon level in fly ash was 

increased  to 8%. 

 The cement lost its characteristic colors when the 

Quantity of carbon was increased.  

 Compressive Strength was more reduced for 8%, 

10% of carbon admixed fly ash concrete when 

compared with 20% of fly ash admixed concrete.  

 The tolerable limit of carbon in fly ash is found to 

be between 6% to 8%. 
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