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Abstract— The objective of this limited study is to provide an 

overview of the effects of temperature, carbonation and 

sulphate attack on high strength concrete. Reinforcement 

corrosion is major cause of the deterioration of concrete 

structure. In the carbonation atmospheric carbon dioxide 

reacts with hydrated cement and destroys its alkalinity. This 

affected on concrete durability. Sulphate in atmosphere, soil, 

ground water may cause damage to concrete in structure. 

Concrete can be affected by a chemical reaction involving 

sulphate that when present in contaminated hardcore along 

with a source of moisture, reacts with cement present in the 

concrete causing it to expand and crack. High temperature 

effects the compressive strength of concrete.  Above 2120F 

the cement paste begins to dehydrate (loses chemically 

combined water of hydration), which gradually weakens the 

paste and paste aggregate bond. 
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I. INTRODUCTION 

Durability is a major concern for concrete structures exposed 

to aggressive environments. Many environmental phenomena 

are known to significantly influence the durability of 

reinforced concrete structures. In our project we are going to 

study factors which are the cause for deterioration of structure 

viz. Carbonation, Sulphate attack and Temperature. 

Carbonation occurs in concrete because the calcium 

bearing phases present are attacked by carbon dioxide of the 

air and converted to calcium carbonate. Carbonation is 

reaction of hydration of products dissolved in the pore water 

with the carbon di-oxide in the air which reduce the pH of 

concrete pore solution. Due to this steel passive oxide film 

may be destroyed and which results in accelerating the 

corrosion. Carbonation induced corrosion can increase cracks 

development and decrease concrete durability, but it seems to 

densify concrete surface and reduce chloride ion permeability 

and surface porosity in concrete. Therefore carbonation could 

have both positive and negative effects on durability.                               

Concrete attacked by sulphates has a characteristic 

whitish appearance, damage usually starting at the edges and 

corners and followed by cracking and spelling of the 

concrete. The reason for this appearance is that the essence of 

sulphate attack is the formation of calcium sulphate (gypsum) 

and calcium sulphoaluminate (ettrindite), both products 

occupying a greater volume then the compounds which they 

replace so that expansion and disruption of hardened concrete 

take place. 

Surface texture of the concrete samples exposed to 

elevated temperature. Elevated temperatures bring in some 

chemical and micro-structural changes such as migration of 

water, increase in dehydration and thermal incompatibility of 

the interface between cement paste and aggregates. All of 

these changes will have a bearing on the decrease of the 

strength and stiffness of concrete. 

II. OBJECTIVE 

1) To find the compressive strength of M50 concrete 

exposed to high temperature, carbonation attack and 

sulphate attack. 

2) To compare compressive strengths of M50 concrete 

before and after exposing to high temperature, 

carbonation attack and sulphate attack. 

3) To compare flexural strengths of M50 concrete before 

and after exposing to high temperature, carbonation 

attack and sulphate attack. 

4) To find weight loss of M50 concrete due to high 

temperature, carbonation attack and sulphate attack. 

III. METHODOLOGY 

Experimental methodology is adopted for dissertation work. 

The details of experimental work are as follows,   

A. Casting of Specimens  

Casting of cube specimens of size (150 mm x 150 mm ) and 

beam specimens of size ( 500 mm x 100 mm x 100 mm) M50 

grade high strength plain concrete. 

B. Experimental Procedure 

1) Specimens are exposed to high temperatures 2000C, 

4000C, 6000C. To find temperature effects on them. 

2) Specimens are exposed to carbonation and sulphate 

attack. The chamber will be constructed for this purpose. 

3) Specimens are tested for their compressive strength & 

flexural strength without exposing to high temperature 

but subjected to carbonation attack, in compression 

testing machine & universal testing machine 

respectively. 

4) Specimens are tested for their compressive strength & 

flexural strength exposing to high temperature and 

carbonation attack, in compression testing machine & 

universal testing machine respectively. 

5) Specimens are tested for their compressive strength & 

flexural strength without exposing to high temperature 

but subjected to sulphate attack, in compression testing 

machine & universal testing machine respectively. 

6) Specimens are tested for their compressive strength & 

flexural strength exposing to high temperature and 

sulphate attack, in compression testing machine & 

universal testing machine respectively. 

7) Comparison of results before and after exposure of 

specimens to high temperature, carbonation and sulphate 

attacks. 
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IV. MIX PROPORTION 

Mix proportion for M50 grade concrete 

Cement Water Sand 
Coarse 

Aggregate 
SP 

510 

kg/m3 

148 

kg/m3 

700 

kg/m3 
1130 kg/m3 

7.65 

kg/m3 

A. Part A- Carbonation     

1) ChemicalProcess                                                                       

Ca(OH)2 + CO2 → CaCO3 + H2O 

The process of forming a carbonate is sometimes referred to 

as "carbonation", although this term usually refers to the 

process of dissolving carbon dioxide in water.    

2) Carbonation & Durability of Concrete 

Corrosion is an electrochemical process involving the flow of 

charges (electrons and ions). At active sites on the bar, called 

anodes, iron atoms lose electrons and move into the 

surrounding concrete as ferrous ions. This process is called a 

half-cell oxidation reaction, or the anodic reaction.   

1) This initial precipitated hydroxide tends to react further 

with oxygen to form higher oxides. The increases in 

volume as the reaction products react further with 

dissolved oxygen leads to internal stress within the 

concrete that may be sufficient to cause cracking and 

swelling of the concrete cover.  

2) Carbonation depth amount to only a few millimetres and 

cannot extend as far as the reinforcement. 

3) Carbonation protection CO2 – is not necessary. Where 

concrete qaulity is good and it is protected from the cause 

of concrete decay, carbonation is slight and eventually 

comes to a stop, with the depth reached being known as 

the maximum carbonation depth. 

4) Carbonation has nearly reached the reinforcement layer. 

Carbonation protection is necessary in order to stop 

further progress. If carbonation penetrates deeper and 

reaches the reinforcment, the protection of the 

passivation layer around the rebar will be eliminated. If 

carbonation is stopped, the protection of the passivation 

layer will be reatained and further decay of the concrete 

stopped.  

5) The majority of the reinforcement is located in the 

already carbonated zone of the concrete. In this case, 

carbonation protection would be too late. The primary 

goal of surface protection is to protect the reinforcement 

from corrosion. If the concrete has already undergone 

carbonation, corrosion can only be prevented by 

waterproofing. 

3) Carbonation Rate           

After the preparation of the specimens 150 x 150 x150 cm 

prismatic beam were placed in a chamber with constant 

parameters – temperature 28oC relative humidity 70 %, CO2 

concentration 6% and pressure 14 psi. Periodically during six 

months, the carbonation rate was measured in agreement with 

phenolphthalein method on slides of 50 mm thickness. 

B. Part B - Temperature Effect 

1. Concrete specimens subjected to room temperature:- 

The concrete of each mix type are tested for their compressive 

strength & Flexural strength at room temperature.  

2. Concrete specimens subjected to elevated temperature:-  

Step.1.Heating:- 

The concrete are kept in furnace at required temperature 

2000C, 400oC, and 600oC for 4 hours at constant temperature. 

After heating, the concrete are taken out and cooled in dry 

condition. 

Step.2.Testing:-Then concrete of each mix type are tested for 

their compressive strength at room temperature.  

To find out weight loss of concrete after heat treatment, 

concrete are weighted before heating and after heating.  

C. PART C- Sulphate Attack 

1) Chemical process 

The sulphate ion + hydrated calcium aluminate and/or the 

calcium hydroxide components of hardened cement paste + 

water = ettringite (calcium sulphoaluminate hydrate) 

C3A.Cs.H18 + 2CH +2s+12H = C3A.3Cs.H32 

C3A.CH.H18 + 2CH +3s + 11H = C3A.3Cs.H32 

The sulphate ion + hydrated calcium aluminate 

and/or the calcium hydroxide components of hardened 

cement paste + water = gypsum (calcium sulphate hydrate) 

Na2SO4+Ca(OH)2 +2H2O = CaSO4.2H2O +2NaOH 

MgSO4 + Ca(OH)2 + 2H2O = CaSO4.2H2O + Mg(OH)2 

2) Procedure 

1) The test specimens of 15X15X15 cm cubes were 

immersed in 5 % of Sodium sulphate solution over a 

period of time.  

2) The effect of sulphate attack on performance and 

properties of concrete are identified. In order to speed up 

the test, specimens are subjected to alternate cycles of 

immersion and drying. 

3) The resistance of concrete to the sulphate attack has been 

estimated by considering changes in their dynamic 

modules of elasticity.  

4) Even from the visual observation also the intensity of 

sulphate attack on cracking and the impact of 

disintegration is noticed. 

 
Fig. Spalling due to sulphate attack 

V. RESULTS AND DISCUSSION  

Curing Condition Normal 
Sulphate 

Attack 
Carbonation 

Compressive 

Strength(MPa) 
59.21 53.61 55.43 

Table 1: Compressive Strength Results at Room Temperature 

Curing Condition Normal 
Sulphate 

Attack 
Carbonation 

Flexural 

Strength(MPa) 
24.93 22.43 23.16 

Table 2: Flexural Strength Results at Room Temperature 
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Table 3.  Compressive Strength for Concrete Cube Specimen 

Results  

Temp. 

(oC) 

Weight before placing 

electric furnace Wi (kg) 

 

Weight after removing from 

electric furnace Ws (kg) 

 

% of weight 

loss W 

 

Flexural 

Strength (MPa) 

Average Flexural   

strength (MPa) 

 

Room 

Temp 

13.65 13.78 

0.12 

24.18 

24.93 13.22 13.35 25.52 

13.26 13.38 25.09 

200 

13.14 12.89 

2.84 

20.93 

23.34 13.09 12.575 23.83 

13.2 12.845 25.28 

400 

13.08 12.54 

4.05 

20.42 

21.46 13.09 12.575 21.62 

12.95 12.42 22.34 

600 

13.015 12.305 

5.33 

15.86 

19.89 12.89 12.255 19.16 

13.005 12.275 24.66 

Table 4. Flexural Strength for Concrete Beam Specimen Results 

VI. CONCLUSION 

1) There is very little variation in weight loss with M50 

grade concrete (HSC) subjected to elevated temperature 

from 200°C to 600°C. 

a) Weight loss is in between 0% to 7.714% for M50 grade 

concrete (HSC) at 600°C. 

b) Maximum weight loss is 7.714% for normal cooling 

condition for M50 grade concrete (HSC) at 600°C. 

2) The compressive strength is decreased as the test 

temperature is increased.  

a) M50 grade concrete (HSC) with exhibited decrease in 

compressive strength with increase in temperature.  

b) The maximum percentage decrement in compressive 

strength of concrete is 58.14%, 56.95%, 48.17% with 

reference specimen i.e. concrete at room temperature. 

3) The compressive strength of concrete is decreased as 

elevated temperature increased. 

a) The compressive strength of concrete subjected to 

elevated temperature at 200oC is 58.14%. 

b) The compressive strength of concrete subjected to 

elevated temperature at 400oC is 56.95%. 

c) The compressive strength of concrete subjected to 

elevated temperature at 600oC is 48.17%. 

Temp. 

(oC) 

Weight 

before placing electric 

furnace Wi (kg) 

Weight 

after removing from 

electric furnace Ws (kg) 

% of 

weight loss 

W 

Compressive 

strength 

(MPa) 

Average 

compressive strength 

(MPa) 

Room 

Temp 

8.800 8.800 

0 

65.44 

59.21 9.050 9.050 66.77 

8.940 8.940 45.44 

200 

8.960 8.710 

4.125 

60.47 

58.14 9.115 8.600 55.14 

9.050 8.695 58.81 

400 

8.950 8.410 

5.882 

56.80 

56.95 9.005 8.490 59.76 

8.975 8.445 54.29 

600 

9.015 8.305 

7.714 

47.17 

48.17 8.890 8.255 50.17 

9.005 8.275 47.17 

4) The flexural strength is decreased as the test temperature 

is increased.  

a) M50 grade concrete (HSC) with exhibited decrease in 

flexural strength with increase in temperature.  

b) The maximum percentage decrement in flexural strength 

of concrete is 24.93%, 22.43%, 23.16% with reference 

specimen i.e. concrete at room temperature. 

5) The flexural strength of concrete is decreased as elevated 

temperature increased. 

a) The flexural strength of concrete subjected to elevated 

temperature at 200oC is 23.34%. 

b) The flexural strength of concrete subjected to elevated 

temperature at 400oC is 21.46%. 

c) The flexural strength of concrete subjected to elevated 

temperature at 600oC is 19.89%. 

6) As curing condition changes compressive strength 

decreases and shows maximum 59.21MPa for Normal 

Water curing, 53.61 MPa for Sulphate attack & 55.43 

MPa for Carbonation 

7) As curing condition changes flexural strength decreases 

and shows maximum 24.85MPa for Normal Water 

curing, 23.11 MPa for Sulphate attack & 22.65 MPa for 

Carbonation. 
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