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1.Introduction 

Carbonation-induced corrosion has started to attract attention in the 21st century due to the increase in global 

temperatures and CO2 concentration in the atmosphere [1] and it has become one of the critical problems 

that affect the durability of RC structures [2] most especially in areas away from the coast. With the increase 

in the number/age of RC structures and unsustainable maintenance practices, a huge maintenance need is 

expected globally. In this study, carbonation rates were compared between Zambia and Japan. 

 

2.Methodology and Analysis 

To estimate carbonation rates, ordinary Portland cement type CEM 1 42.5R conforming to EN 197 standard, 

an initial curing period of 7 days [3][4] and a maximum nominal aggregate size of 20mm [4] from a literature 

survey on carbonation studies in reinforced concrete were used. The other values obtained from the literature 

survey on environmental conditions, quality of execution and concrete mix design are shown in Tables 1 

and 2. Based on a new meta-model[5], Eqs. (1), (2) and (3) were used to estimate the carbonation coefficient. 

 

A=√
2𝐷𝑐𝑜2.[𝑐𝑜2.]𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙 

𝑎
        (1) 

 Where: A is carbonation coefficient (m/s1/2), 𝐷𝑐𝑜2.is CO2 diffusion coefficient (m2/s), [𝑐𝑜2.]𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙 is CO2 

concentration in the air (kg/m3) and  𝑎 is amount of CO2 required for complete carbonation (kg/m3). 

 

The amount of CO2 absorbed was obtained using equation 2, below, 

 

𝑎 = 0.75 𝑥 𝐶 𝑥 𝐶𝑎𝑜 𝑥 𝜑 𝑐𝑙𝑖𝑛𝑘𝑒𝑟       (2) 

       

where:𝜑 𝑐𝑙𝑖𝑛𝑘𝑒𝑟 is cement clinker content (for this study 97.5%), 𝐶 is cement content (kg/m3), 𝐶𝑎𝑜 is amount 

of calcium oxide per weight of cement (for this study 64.4%)   

 

In obtaining the diffusion coefficient, equation 3 below, which considers some other function influencing 

the carbonation process was used, 

 

𝐷𝑐𝑜2. = 𝐷𝑐𝑜2.

28  𝑥 𝑓1(𝑇)𝑥 𝑓2(𝐻𝑅)𝑥 𝑓3 (
𝑆+𝐺

𝐶
) 𝑥 𝑓4 (𝛷,

𝑊

𝐶
) 𝑥 𝑓5(𝑡𝑐)    (3) 

 

where: 𝐷𝑐𝑜2.

28   is diffusion coefficient (m2/s) in fresh concrete dependent on 28-day compressive strength, 

𝑓1(𝑇) is temperature function for ambient and inside concrete , 𝑓2(𝐻𝑅) is a function for different values of 

relative humidity ,𝑓3 (
𝑆+𝐺

𝐶
) is a function for the varying aggregate-cement ration, 𝑓4 (𝛷,

𝑊

𝐶
) is a function of 

porosity of carbonated concrete and water-cement ratio (W/C), 𝑓5(𝑡𝑐) is a function for the effect of initial 

curing on carbonation in concrete.  

 
 Table 1 Concrete mix design and quality of execution values 

W/C 
𝐶 

(kg/m3) 

𝑎  
(kg/m3) 

𝐷𝑐𝑜2.

28  

(m2/s) 

𝛷 

(%) 

𝑆 

(kg/m3) 

𝐺 

(kg/m3) 𝑓3 (
𝑆 + 𝐺

𝐶
) 𝑓4 (𝛷,

𝑊

𝐶
) 𝑓5(𝑡𝑐) 

0.45 [6] 411 151.90 5.77x10-9 12.27 735 1248 1.17 11.98 13.74 

0.50 [6] 370 136.75 8.21x10-9 12.32 742 1207 1.18 11.59 15.60 

0.55 [6] 336 124.18 1.10x10-8 12.33 746 1072 1.18 9.39 16.71 

0.60 [4] 300 110.88 1.41x10-8 11.88 845 1120 1.21 8.74 17.44 

 

Table 2 Environmental conditions values 

Ref. Country - City [𝑐𝑜2.]𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙 (kg/m3) 𝑓1(𝑇) 𝑓2(𝐻𝑅) 

[7] Japan - Tokyo 6.82x10-4 0.75 0.03 

Zambia - Lusaka 6.69x10-4 1.63 0.04 
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3.Results  

The results show that generally, the carbonation coefficient is directly proportional to the increase in water-

cement ratio and that in Zambia it is almost twice that in Japan as shown in Fig.1. This was expected due to 

higher temperature and lower relative humidity in Zambia. It therefore entails that, when a 5cm cover depth 

of the same concrete mix design is subjected to these two environments, corrosion initiation of steel bars would 

be more than 3 times earlier in Zambia compared to Japan as shown in Fig.2. 

 
Fig.1 Carbonation coefficient variation 

Fig.2 Variation of carbonation depth with time  

 

References 

[1] T. U. Mohammed, M. N. Islam, A. Hasnat, and J. M. Khatib, ‘Carbonation Coefficient of Concrete in 

Dhaka City’, Proceedings of the third int’l conference on sustainable construction materials and 

technologies, Accessed: Dec. 08, 2022. [Online]. Available: http://www.claisse.info/Proceedings.htm 

[2] Y. Zhou et al., ‘Carbonation-Induced and Chloride-Induced Corrosion in Reinforced Concrete Structures’, 

2014, doi: 10.1061/(ASCE)MT.1943-5533.0001209. 

[3] N. I. Fattuhi, ‘Carbonation of concrete as affected by mix constituents and initial water curing period’, 

Materials and Structures, vol. 19, no. 2, pp. 131–136, Mar. 1986,  

[4] Y. H. Loo, M. S. Chin, C. T. Tam, and K. C. G. Ong, ‘A carbonation prediction model for accelerated 

carbonation testing of concrete’, Magazine of Concrete Research, vol. 46, no. 168, pp. 191–200, 1994,  

[5] V. L. Ta, S. Bonnet, T. Senga Kiesse, and A. Ventura, ‘A new meta-model to calculate carbonation front 

depth within concrete structures’, Constr Build Mater, vol. 129, pp. 172–181, Dec. 2016, 

[6] I. S. Yoon, O. Çopuroǧlu, and K. B. Park, ‘Effect of global climatic change on carbonation progress of 

concrete’, Atmos Environ, vol. 41, no. 34, pp. 7274–7285, Nov. 2007 

[7] ‘Global warming by continents. https://www.worlddata.info/global-warming.php (accessed Dec. 08, 

2022). 

  

0.00E+00

3.00E-07

6.00E-07

9.00E-07

1.20E-06

1.50E-06

0.45 0.50 0.55 0.60C
ar

b
o

n
at

io
n

 c
o

ef
fi

ci
en

t(
m

/y
r1

/2
)

Water-Cement Ratio

Japan Zambia

0

1

2

3

4

5

6

0 30 60 90 120 150 180 210 240

C
ar

b
o

n
at

io
n
 d

ep
th

(c
m

)

Time(year)

Japan (W/C=0.50) Zambia (W/C=0.50)

Japan (W/C=0.60) Zambia (W/C=0.60)

VI-10 Chubu branch, Japan Society of Civil Engineers 2023 Annua...

- VI-10 -


