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Abstract 

 

Carbonation of concrete is one of the causes of deterioration in reinforced 

concrete structures and it is a major cause of concrete structures deterioration 

leading to expensive maintenance and Conservation operations. The rate of 

carbonation in concrete is influenced by both its physical properties and 

exposure conditions. Therefore, service life prediction of reinforced concrete 

structures in an environment where carbonation is a probable cause of 

corrosion of steel in concrete may be made in terms of both the physical 

properties and the exposure conditions. The main purpose of this study is to 

find the effect of replacing cement by GGBS (10-30%),and silica fume (3%). 

The curing age (7 and 28 days) on carbonation of concrete made with these 

supplementary cementious materials and to study the relationship between 

permeability, curing period, compressive strength with the carbonation depth 

of self compacting concrete. The result reveals that addition of mineral 

admixture decreases the depth of carbonation. Depth of carbonation decreases 

with the decrease of permeability whereas it decreases with an increase of 

curing period and compressive strength. 

 

Keywords: Self-Compacting Concrete, GGBS, Silica fumes, Carbonation, 

Compressive Strength, Split Tensile Strength. 
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1. INTRODUCTION  
In this era of explosive advances in concrete technology, India is the fourth largest 

country in economy in the world after china. India is also the second biggest 

consumer of cement in Asian region. Concrete is a composite material which consists 

essentially of cement, aggregates, water and admixtures in certain proportion. It is an 

important and widely used construction material. The carbon foot print of concrete 

has a major concern in 21st century. Concrete is the most used construction material 

on Earth, with almost 10,000 million tons per year [1]. One ton cement production 

produces approximately one ton of carbon dioxide. [2] Partial replacement of Portland 

cement by Supplementary Cementious Materials and replacement of 

construction/industrial waste could play a key role in the eco-efficient construction 

[3]. The incorporation of slags leads to the lowering of alkalinity and thereby PH 

value decreases to values lower than 13 in the carbonated zone [4]. However, these 

studies are most focused on the concrete made with slags , neglecting the positive 

effects of low-volume slags  on carbonation resistance of concrete. The slags react 

with calcium hydroxide, producing hydration products that strongly decrease concrete 

porosity [5]. It has been well known ground granulated blast-furnace slag (GGBS) can 

increase the abilities to prevent water penetration, chloride penetration and it can 

improve the durability of concrete structures [6]. Silica fume usually has three forms, 

slurry, undensified and densified.. It is well known that silica fume (SF) improves the 

bond between the paste and aggregate [7-8]. Therefore it has been used as a 

replacement material in the production of high performance concrete. Bhanja and 

Sengupta [9] carried out an extensive experimental study and they have reported that 

the compressive as well as the tensile strengths increases with silica fume 

incorporation. 

The Durability is a major concern for concrete structures exposed to aggressive 

environments. Carbonation is one of the major factors to cause structure deterioration. 

Carbonation is a major cause of concrete structures deterioration. Concrete 

carbonation is a process by which atmospheric carbon dioxide reacts with the cement 

hydration products to form calcium carbonate. The importance of this phenomenon is 

related to the fact that it reduces the alkalinity of the concrete. The negative effects of 

concrete carbonation can be prevented by designing a very high-quality concrete 

mixture or by its very good compaction during concreting. Self-compacting concrete 

is a fluid mixture suitable for placing in structures with congested reinforcement 

without vibration. Self-compacting concrete development must ensure a good balance 

between deformability and stability [10]. One of the disadvantages of SCC is its cost, 

associated with the use of chemical admixtures and use of high volumes of portland 

cement. One alternative to reduce the cost of SCC is the use of mineral additives such 

as limestone powder, natural pozzolans, fly ash and slag[11]. Factors affecting 

diffusion rate include the type and amount of cement, porosity of the material, time of 

curing, type and quantity of pozzolanic additions. Moreover, several mechanical 

properties of concrete such as compressive strength, surface hardness, and resistance 

to aggressive agents may change due to carbonation. The traditional way of 

determining the depth of carbonation is to spray a phenolphthalein indicator onto the 

surface of a freshly split concrete sample. The solution is a colorless base indicator, 
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which turns purple when the pH is higher than 13. Never the less, phenolphthalein 

gives a good approximation of corrosion begin [12]. In the present study, concrete 

cube specimens are exposed to carbon dioxide in the carbonation chamber at different 

ages. The effect on compressive strength of concrete, CO2 concentration, curing 

periods, and duration of carbonation of concrete have been studied and reported. 

 

 
2. RESEARCH OBJECTIVES 
The aim of the present experimental study was to investigate the effect of  

Carbonation on the combined use of commercially available  GGBS and silica fume 

on long term mechanical properties and durability of self compacting  concretes 

(SCC). For this purpose, replacement of Portland cement at various percentage levels 

was examined under laboratory conditions on hardened concrete specimens. In total, 

seven different mixtures of SCC were studied. 

 

 
3. MATERIALS AND METHODS 
3.1. Constituent materials and mixtures 
The coarse aggregate used is crushed stone with nominal maximum size of 12 mm 

down. Locally available river sand confirming to the grading zone II was employed 

and chemical admixture is Master glenium SKY B833. Their properties and chemical 

compositions are shown in Table.1 and Table 2 respectively. 

 
Table.1 : Materials used. 

 

 Type Characteristics 

Cement Ordinary Portland 

Cement 53 Grade 

Specific gravity = 3.1, 

Fineness= 4.5% 

Normal consistency=33% 

GGBS Mineral additives Bulk density=1250 kg/m3 

Specific surface area=4189 cm2/g 

Silica fume Mineral additives Bulk density=1250 kg/m3 

Specific surface area= >16000m2/kg 

Fine aggregate River sand Specific gravity = 2.4 to 2.6, 

Fineness modulus=2.8 

Course aggregate Crushed stone  Specific gravity = 2.6 

12mm down with 0.56% water 

absorption  

Chemical admixture Super plasticizer Master Glenium sky B833 
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Table 2. Chemical composition of mineral Admixure 

 

 CaO  (% ) SiO2 (% ) Al2O3 (% ) Fe2O3 (% 

) 

MgO  (% 

)  

GGBS 33.0  34.0  14.0  4.0  7.0  

Silica fume 0.2 93.2  0.4 0.3   --- 

 
3.2 Mix design  
Table.3 presents the results of workability tests, conducted to achieve self-compacting 

concrete. The trials were started at 52 percent volume of total concrete as content of 

coarse aggregates and 48 percent by volume of mortar in concrete as contents of fine 

aggregates and variation in w/p ratio and super plasticizer was carried out to achieve 

SCC mixes. In case of further trials, the coarse aggregate content and fine aggregate 

content were varied and water/powder ratio was maintained at constant  level. 

Similarly, different trials were carried out until mix characterizing all the properties of 

SCC was obtained. 

 
Table.3  Mix design of concrete 

 

Constituent Cement Fine 

aggregate 

Coarse 

aggregate 

Water Super 

plasticizer 

SCC 495kg/m3 879.72kg/m3 800.28 kg/m3 198kg/m3 4.45kg/m3 

 
3. 3  Experimental work 
Self Compacting concrete is characterized by filling ability, passing ability and 

resistance to segregation. Each mix has been tested by more than one test method for 

the different workability parameters and the prescribed tests are slump flow test, V-

Funnel test and L-Box test. The interpretations of results are given in table 4. 

Developed SCC mix passed all key requirements by satisfying all recommended 

values mentioned in EFNARC guidelines. 

 
Table 4. Result of fresh concrete 

 

Mix Name Proportion Slump 

Flow 

(mm) 

V-

Funnel 

Test 

(sec) 

L-box 

 (H2/H1) 

U-Box 

Test 

(mm) 

SCC Normal SCC 690 10 0.94 26 

10G 10% GGBS + SCC 697 9 0.88 23 

15G 15% GGBS + SCC 710 9 0.88 23 

20G 20% GGBS + SCC 736 8 0.84 20 
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25G 25% GGBS + SCC 754 8 0.82 19 

30G 30% GGBS + SCC 740 8 0.82 25 

20G+3S 

20% GGBS + 3% 

SF +SCC 
760 8 

0.90 
27 

25G+3S 

25% GGBS + 3% 

SF +SCC 
770 8 

0.93 
28 

 

 
4. RESULT AND DISCUSSION  
Figure 1 shows the compressive strength of concrete at 7 and 28 days. The strengths 

of SCC mix at 7 days is observed to be less than that of 28 days cured self compacting 

concrete. The strengths of 10G, 15G, 20G  and 25G are at 7 days and 28 days are 

more than  that of SCC. While the strength of mix 30G is less than that of 25G, Also, 

the strength of Series 25G+3S 7days and 28 days is larger than that of normal SCC. 

 

  
Fig.1 Variation in Compressive Strength Fig. 2 Variation in Split Tensile Strength 

 

The Split tensile strength of concrete increases with compressive strength, with the 

tensile strength being typically only about 10% of the compressive strength. 

Hooton[13] reports that the splitting-tensile strengths as a percentage of compressive 

strength of 10% silica fume concrete (w/c = 0.35) ranged from 9.4% to 10.7%.at ages 

of 28 to 182 days, whereas similar concrete without silica fume ranged from 8.5% to 

8.9%. Similar trends are observed in the present investigation. The fig 2 shows the 

split tensile strength of the different  mix proportion  of the cylinders. 

Silica fume can produce very large reductions in water permeability of up to one order 

magnitude or more, depending on the mix design and dosage of silica fume. The 

reduction in the size of capillary pores increases the probability of transforming 

continuous pores into discontinuous ones [14]. Because capillary porosity is related to 
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permeability [15] the permeability to liquids and vapours is thus reduced by silica 

fume addition. Silica fume can produce very large reductions in water permeability. 

 
4.1  Carbonation  
Carbonation is a chemical process where atmospheric CO2 reacts with CaO in the 

concrete to form calcium carbonate (CaCO3). This is the reverse reaction of the 

calcination process of cement making. Carbonation is a process occurring from the 

surface of a concrete structure and inwards, and depends strongly on the diffusion rate 

of CO2 into the concrete. The rate of carbonation is governed by the size and 

geometry of the porous structure, the degree of water saturation in the pore system, 

the type of cement/binder, the chemistry of the pore solution, the temperature, and the 

concentration of CO2 in the atmosphere. 

 
Table 5.  Average porosity of SCC Mix in percentage. 

 

Sl.No Mix 

Cubes  Cylinders 
7 days 
cured 

28 days 
cured 

7 days 
cured 

28 days 
cured 

1 SCC 1.71 1.22 1.71 1.22 

2 10G 0.68 0.59 0.68 0.59 

3 15G 0.45 0.41 0.45 0.41 

4 20G 0.40 0.39 0.40 0.39 

5 25G 0.38 0.35 0.38 0.35 

6 30G 0.35        0.32 0.35        0.32 

7 20G+3S 0.32 0.30 0.32 0.30 

8 25G+3S 0.25 0.23 0.25 0.23 

 
 
4.2  Depth of carbonation 
The existing method for the measurement of the depth of carbonation of concrete 

depends on colorless phenolphthalein indicator, which is sprayed onto concrete 

surface showing a change in color depending on the pH factor. The measurement was 

carried out immediately after the broken surface was exposed and after applying 

phenolphthalein indicator, which lose their colour, are to be judged as carbonated. 

Hand microscope is used to measure the depth of carbonation on each specimen. It is 

necessary to record the average depth and maximum depth of penetration. The depth 

of carbonation is measured from the surface of the sample is presented in Table 6 and 

Table 7.   

 
4.3 Factors effecting the Carbonation  
4.3.1 Effect of curing Period on carbonation of concrete 
As the hydration reaction takes place in concrete, and it is an exothermic reaction, 

energy is evolved in the form of heat, due to this cracking occurs which makes pores 
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in concrete there by decreasing the strength of the concrete to counter act this process 

curing of concrete is required. Concrete specimens are pond cured for 7 and 28 days. 

It is observed that the strength of concrete increases with the curing periods. The 

permeability of the concrete reduces as the curing increase. Table 7 shows the 

variation of carbonation with curing period SCC, 10G,15G,20G,25G, 20G+3SF and 

25G+3SF.As the curing period increases the depth of carbonation decreases. The 

same trends are observed in the entire sample but as the GGBS content increases the 

depth of carbonation decreases because addition of GGBS and silica fume reduces the 

permeability.  

 
4.3.2 Effect of compressive strength of concrete on carbonation  
Durability factors mainly depends on the strength of the concrete and the strength of 

the concrete depends on the mix proportion, water cement ratio, cement content and 

degree of compaction and curing period and curing type. The porosity of the SCC gets 

reduced with increases in compressive strength of concrete and depth of carbonation 

decreases as the strength of the concrete increases. Depth of carbonation is reduced 

from 1.8 mm to 1.23 mm for SSC and 25G and it further reduces to 1.03 mm for 

addition of 3% silica fume on 25% GGBS filled  specimen. The reduction in depth of 

carbonation was observed with increase in compressive strength for 7days and 28 

days cured samples. 

 
4.3.3  Effect of porosity of concrete on carbonation  
The porosity of the self compacting concrete increases the ingress of aggressive gases 

and solution in to the concrete. It is the turtocity of concrete, which depends on the 

porosity of the concrete. It is observed that the average porosity of the concrete in the 

present study varied from 0.23to 1.71 percent based on the water absorption test. 

Total porosity of concrete is the sum of weight gained in absorption test and moisture 

in capillary pores. Table 5 represents the porosity of SCC and GGBS and silica fume 

filled SCC with different curing period and it is observed that porosity reduces the 

curing period increases. For all the mix proportion the porosity is more for 7 days 

curing period compared to 28 days curing period. It is because of presence of more 

pores and interlinking of pores in the SCC. 
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Table 6. Depth of Carbonation for 7 days Cured Samples 

 

 Cube Mix 
  

Depth of Carbonation 
in mm 

  
 Cylinder Mix 

  

Depth of Carbonation 
in mm 

 3  

days  7 days 14days 3 days 7 days 14days 

        

 

        

SCC 2.6 2.8 3.1 

 

SCC 3.5 4.4 4.8 

10 G 2.52 2.6 2.8 

 

10 G 3 3.7 3.9 

15 G 2.49 2.52 3.1 

 

15 G 2.67 3 3.4 

20 G 2.34 2.43 2.87 

 

20 G 2.98 3 3.4 

25 G 2.21 2.32 2.99 

 

25 G 2.67 3 3.1 

30 G 2.4 2.38 2.5 

 

30 G 2.13 2.2 2.8 

20G+3S 2.3 2.2 278 

 

20G+3S 1.8 2 2.7 

25G+3S 2.3 2 2.66 

 

25G+3S 1.6 2 2.3 

 

 
4.3.4   Effect of duration of Carbonation  
The concrete specimens are carbonated in the carbonation chamber and duration of 

carbonation 3 days, 7 days and 14 days are adopted in the present investigation. The 

depth of carbonation increases asymptotically as the duration of carbonation 

increases. It is observed that depth of carbonation increases from 2.6 mm to 3.1 mm 

for 7days cured SCC sample, as the duration of the carbonation increases from 3days, 

7 days and 14 days. Table 6 shows the variation of carbonation for SCC, GGBS, silica 

fume filled SCC with different duration of carbonation period. The depth of 

carbonation increases with increases in duration of carbonation. 

 
Table.7   Depth of Carbonation for 28 days Cured Samples 

 

 Cube Mix 
  

Depth of Carbonation 
in mm 

  Cylinder Mix 
  

Depth of Carbonation 
in mm 

 3  

days  7 days 14days   3 days 7 days 14days 

SCC 1.8 1.9 2.68 

 

SCC 0.9 1.8 1.9 

10 G 1.6 1.78 2.52 

 

10 G 1.2 1.9 2 

15 G 1.52 1.6 2.22 

 

15 G 1.5 1.9 2.14 

20 G 1.34 1.44 2.45 

 

20 G 1.46 1.56 2.16 

25 G 1.23 1.37 2.01 

 

25 G 1.78 1.83 2.17 

30 G 1.83 1.99 2.13 

 

30 G 1.33 1.47 2.19 

20G+3S 1 1.34 2.16 

 

20G+3S 1.45 1.58 2.24 

25G+3S 1.01 2 2.14 

 

25G+3S 1.44 1.69 2.28 
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Fig. 3 Variation of Compressive Strength 

for 7Days Cured Samples 

Fig. 4 Variation of Compressive Strength 

for 28Days Cured Samples 

 
 

Fig. 5 Variation of Split Tensile Strength 

for Carbonated Samples 7 days cured 
Fig. 6 Variation of Split Tensile 

Strength for Carbonated Samples 28 

days cured 
 
 
4.3.5  Effect of Mineral admixture on carbonation  
The concrete strength and porosity depends mainly on water cement ratio, 

cementitious materials etc. when the fine ground granular blast furnace slag and silica 

fume are used as substitute materials to cement.  The GGBS and silica fume creates 

less pores in samples and give good binding strength, hence the compressive strength 

increases up to 25% of GGBS addition. As mentioned earlier the carbonation depth 
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depends on porosity and compressive strength, this may be due to lesser formation of 

pores and capillary in the SCC, as the mineral admixture will fill the pores to certain 

extends. 

It is evident from the above comparison that ground granulated blast-furnace slag 

(GGBS) can increase the abilities to prevent water penetration and Carbon 

penetration, and it can improve the durability of concrete structures. The Carbon 

intrusion in 7 days cured specimens was more as compared to 28 days cured 

specimens. 28 Days cured samples have gained strength and probability of failure is 

lesser when compared to 7 days cured specimens. Depth of Carbonation varies from 

1mm to 4mm for cured samples. 

 
 
5. CONCLUSION  
The following conclusions are deduced from the experimental results obtained: 

 Self Compacting Concrete (SCC) technology can save time, cost, enhance 

quality, durability and moreover it is a green concept. 

 Since the SCC concrete is capable of self-consolidating and reaching the 

difficult areas in moulds, manual variables in terms of placing and compacting 

concrete is nil. This factor ultimately yields defect less, better-quality concrete 

structures. 

 Since SCC uses supplementary cementing materials in place of part of cement, 

the ill effects of excessive cement in the concrete — like thermal effects, 

bleaching of calcium hydroxide and resulting porosity is reduced thereby 

increasing the durability of the structure. 

 About 25% of cement content can be replaced by supplementary cementing 

material like GGBS  and the cost of the concrete is greatly reduced. The 

number of skilled supervisors, engineers, vibrator operators can drastically be 

reduced.  

 The strength of concrete deceases with increases of carbonation period.  

 The compressive strength and splitting tensile strength of carbonated concrete 

at the age of  7 and 28 days are slightly lower than those of concrete without 

carbonation  

 The carbonation depth increases with an increase in exposure time and higher 

CO2 concentration results in higher carbonation depth for all mixtures.  
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