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ABSTRACT 
The objective of this research is to experimentally evaluate how certain characteristics of the concretes 

under study influence the carbonation phenomenon. To do this, concretes are prepared with three w/c 

ratios, two types of cement, and with the incorporation of a water-repellent additive, then exposed to 

air-drying and wetting for a period of 6 years. From the results obtained, the correspondence of the 

advance of the carbonate front with the tensile strength was observed, as well as its dependence on the 

design characteristics and the particularities of the exposure condition. 

Keywords: reinforced concrete; carbonation; corrosion; durability. 

_______________________________________________________________ 
1 CeReDeTeC (Centro Regional de Desarrollos Tecnológicos para la Construcción, Sismología y la Ingeniería Sísmica), 

Facultad Regional Mendoza, Universidad Tecnológica Nacional, Mendoza Argentina. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Contribution of each author 

En este trabajo, todos los autores contribuyeron proporcionalmente con todas las actividades. Las actividades mencionadas incluyen: 

idea original, antecedentes, ejecución de ensayos, relevamiento de datos, discusión de resultados y redacción del trabajo. 

 

Creative Commons License 

Copyright 2025 by the authors. This work is an Open-Access article published under the terms and conditions of an International 

Creative Commons Attribution 4.0 International License (CC BY 4.0). 

 

Discussions and subsequent corrections to the publication 

Any dispute, including the replies of the authors, will be published in the third issue of 2025 provided that the information is received 

before the closing of the second issue of 2025. 

Cite as: Guzmán, A., Acosta, S., Dagne, C. (2025), "Evaluation of the carbonated front in concrete 

samples subjected to non-regular wetting-air drying cycles.", Revista ALCONPAT, 15 (1), pp. 35 

– 49, DOI: https://doi.org/10.21041/ra.v15i1.732 

https://doi.org/10.21041/ra.v15i1.732
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.es
https://orcid.org/0000-0002-0667-8440
https://orcid.org/0009-0000-9441-5159
https://orcid.org/0009-0004-8776-136X
https://doi.org/10.21041/ra.v15i1.732


 

                                                                              Revista ALCONPAT, 15 (1), 2025: 35 – 49 

                 Evaluation of the carbonated front in concrete samples subjected to non-regular wetting-air drying cycles.  
Guzmán, A., Acosta, S., Dagne, C. 

36 

Evaluación del frente carbonatado en muestras de hormigón sujetas a ciclos 

no regulares de humedecimiento-secado al aire. 
 

RESUMEN 
El objetivo de la presente investigación es evaluar experimentalmente cómo influyen ciertas 

características que presentan los hormigones de estudio en el fenómeno de carbonatación. Para 

ello se elaboran hormigones con tres relaciones a/c, dos tipos de cemento, y con la incorporación 

de un aditivo hidrófugo, expuestos luego al humedecimiento-secado al aire durante un periodo de 

6 años. De los resultados obtenidos se observó la correspondencia del avance del frente 

carbonatado con la resistencia a tracción, así como su dependencia con las características de diseño 

y con las particularidades de la condición de exposición. 

Palabras clave: hormigón armado; carbonatación; corrosión; durabilidad. 
 

Avaliação da frente carbonatada em amostras de concreto submetidas a ciclos 

não regulares de umidificação-secagem do ar. 

 
RESUMO 

O objetivo desta pesquisa é avaliar experimentalmente como determinadas características dos 

concretos em estudo influenciam o fenômeno da carbonatação. Para isso, o concreto é elaborado 

com três relações a/c, dois tipos de cimento e com incorporação de aditivo hidrorrepelente, sendo 

posteriormente exposto à umidificação-secagem do ar por um período de 6 anos. A partir dos 

resultados obtidos, observou-se a correspondência do avanço da frente carbonática com a 

resistência à tração, bem como sua dependência das características de projeto e das 

particularidades da condição de exposição. 

Palavras-chave: concreto reforçado; carbonatação; corrosão; durabilidade. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Legal Information 
Revista ALCONPAT is a quarterly publication by the Asociación Latinoamericana de Control de Calidad, Patología y 

Recuperación de la Construcción, Internacional, A.C., Km. 6 antigua carretera a Progreso, Mérida, Yucatán, 97310, 

Tel.5219997385893, alconpat.int@gmail.com, Website: www.alconpat.org  

Reservation of rights for exclusive use No.04-2013-011717330300-203, and ISSN 2007-6835, both granted by the Instituto 

Nacional de Derecho de Autor. Responsible editor: Pedro Castro Borges, Ph.D. Responsible for the last update of this issue, 

ALCONPAT Informatics Unit, Elizabeth Sabido Maldonado. 

The views of the authors do not necessarily reflect the position of the editor. 

The total or partial reproduction of the contents and images of the publication is carried out in accordance with the COPE code and 

the CC BY 4.0 license of the Revista ALCONPAT. 

mailto:alconpat.int@gmail.com
http://www.alconpat.org/


 

       Revista ALCONPAT, 15 (1), 2025: 35 – 49 

 

Evaluation of the carbonated front in concrete samples subjected to non-regular wetting-air drying cycles.      

                                                                                                                     Guzmán, A., Acosta, S., Dagne, C. 
37 

1. INTRODUCTION 
 

The degradation of reinforced concrete structures associated with reinforcement corrosion 

mechanisms is very significant. This results in high costs for the repair of the affected structures.  

Studies carried out in the region, for example in Argentina (Di Maio et al., 2009) and Brazil (Dal 

Molin, 1988), have established a high incidence of structural degradation associated with corrosion 

over other deterioration mechanisms. But by nature, concrete has a high pH, which allows under 

this condition to passivate the embedded reinforcements, thus protecting them from the 

development of corrosive processes. The advance of the carbonation front (due to CO2 penetration) 

results in the loss of alkalinity in the concrete, thus producing the depassivation of the 

reinforcements and allowing the possible development of corrosion in the steel, which leads to 

concrete degradation. This situation is due to the fact that when a steel bar corrodes, the resulting 

volume is approximately six times that of the iron it replaces when the bar is not corroded 

(Marcotte, 2001). This causes high tensile stresses to occur at the reinforcement/concrete interface, 

which leads, among other things, to cracking and loss of the concrete cover. Figure 1 shows the 

products resulting from the corrosion of iron. 

 

 
Figure 1. Products resulting from the corrosion of iron (Marcotte, 2001). 

 

This is why the concrete covering the reinforcement plays a fundamental role, being of vital 

importance in mitigating the phenomenon of corrosion. This offers the embedded bars double 

protection. On the one hand, it is a physical barrier separating them from the environment. On the 

other hand, the liquid enclosed in the concrete pore solution has a high alkalinity (pH ~ 12 to 13), 

being an electrolyte capable of forming a protective oxide layer around the rebars. This passivating 

layer, which is compact and invisible, adheres strongly to the rebars (Irassar, 2001), preventing the 

contact of the rebars with moisture and oxygen. But when the natural alkalinity of the concrete is 

compromised due to the phenomenon of carbonation, the rebars are homogeneously depassivated 

over their entire surface, giving rise to generalized corrosion. However, the advance of the 

carbonate front is sensitive to the microclimate to which the structure is exposed. Castro et al. 

(2000) evaluated the carbonation of concrete in the Gulf of Mexico, pointing out the importance of 

considering the different marine microenvironments that can be constituted, for example, as a 

consequence of the distance from the coast. The latter affects the progression of carbonation, and 
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consequently, it is not logical to establish general recommendations based on the exposure of 

specimens in a single microenvironment. 

In this sense, the moisture content of the concrete conditions the speed at which CO2 penetrates. In 

this regard, Houst and Wittmann (2002) in their research were able to establish that the depth of 

the carbonation front was greater when the mortar surfaces exposed to the exterior were protected 

from rain, favoring the diffusion of CO2. Similar results were obtained by Priano and Señas (2013) 

when they evaluated the carbonation of concrete structures located in urban and rural environments. 

They were able to establish that the deterioration of a reinforced concrete element depends on the 

microclimate of exposure, since this can vary for different zones of the same element, and thus, on 

the available humidity. On the other hand, another conditioning factor for the advance of the 

carbonation phenomenon is due to the design characteristics of the elements. A higher w/c ratio 

contributes to a greater depth of the carbonation front (Rao and Meena, 2017), while the use of 

cements with mineral additions can decrease the resistance to carbonation (Leemann et al., 2015).     

The present research deals with the qualitative evaluation of the carbonation phenomenon from 

measurements obtained in concrete specimens, and at the same time, its correspondence with the 

surface appearance of an embedded steel bar at the time of molding each one of them. The objective 

is to evaluate the effect on the advance of the carbonate front of: i) the quality of the concrete, 

inferred from the evaluation of the diametral compressive strength, assuming the relationship of 

the latter with the compressive strength; ii) the type of cement used; iii) the incorporation of a 

water-repellent additive; and iv) the particular condition of environmental exposure to which the 

samples were subjected during an uninterrupted period of 6 years.  This exposure condition 

corresponded to non-regular wetting-air-drying cycles. The time of exposure to each particular 

condition was not a variable considered in the study. It should be noted that approximately every 

two months the water level in the containers where the samples were housed was renewed.    

It should be clarified that the present development is the continuity of previously conducted 

research (Guzmán et al., 2018; Guzmán et al., 2019; Guzmán, 2023), in which the electrical 

resistivity of the concrete and the corrosion potential developed were evaluated in these cases. 

 

2. CARBONATION OF CONCRETE 
 

As mentioned above, the liquid enclosed in the pore solution of the concrete coating and given its 

high alkalinity, allows the preservation of a protective oxide layer around the rebars, known as 

passive film. In the presence of moisture and oxygen, this passive film prevents the dissolution of 

the iron, thus making corrosion of the rebars impossible. However, this protection can disappear 

when the passive film is destroyed as a result of the loss of alkalinity (pH < 9) of the coating 

concrete (Behnood et al., 2016). The phenomenon of carbonation of the concrete is one of the 

causes of such depassivation. 

Carbonation occurs when carbon dioxide from the air (CO2) enters the concrete through its pores. 

It reacts with the hydroxides in the interstitial liquid phase and with the hydrated compounds in the 

cement. Thus, calcium hydroxide (Ca(OH)2), sodium hydroxide (Na(OH)) and potassium 

hydroxide (K(OH)) in the pore solution carbonate. These reactions can be simplified from the 

following equations (Broomfield, 2023): 

 

CO2 (gas) + H2O (water) → H2CO3 (carbonic acid)     (1) 

 

 

H2CO3 + Ca(OH)2 (pore solution) → CaCO3 (carbonate) + 2H2O   (2) 
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Thus, the acidification of the concrete pore solution (Pu et al., 2012) caused by carbonation breaks 

down the passive layer of the steel reinforcement and corrosion of the reinforcement is initiated.  

It should be noted that unlike most other acids, carbonic acid does not attack the cement paste, but 

simply neutralizes the alkalis present in the pore solution, forming mainly calcium carbonate which 

coats the pores. 

Once carbonation has started, a front (dc) begins to develop, which advances towards the interior 

of the concrete. The mechanism of transport or movement of carbonation within the concrete is 

explained by diffusion theory, and is described by Fick's first law, according to the following 

equation (Broomfield, 2023): 

 

 dc = kc t1/2           (3) 

 

The advance of the front (dc) depends on the square root of the time (t) to which the concrete is 

exposed, the carbonation rate (kc) which depends on the effective diffusivity of CO2 through the 

concrete, and the concentration of this gas in the exposure environment. This advance is simple to 

detect and measure using phenolphthalein solution dissolved in ethyl alcohol as pH indicator (UNE 

112-011, 2011). Phenolphthalein turns red-purple for pH values > 9.5 (non-carbonated concrete) 

and becomes colorless for pH values < 8 (carbonated concrete). For intermediate values, it turns 

pale pink. 

 

3. EXPERIMENTAL METHODOLOGY 
 

The qualitative evaluation of the carbonate front was carried out on a group of 12 samples. Each 

sample consisted of three specimens, which were kept for approximately six years in a particular 

environmental exposure condition. This condition involved subjecting the specimens to alternating 

cycles of submergence, partial submergence, and air-drying (Figure 2). The time of each exposure 

cycle was not established as a study variable and therefore not controlled, but it was the same for 

each sample. It should be noted that the water level in the containers containing the samples was 

renewed approximately every two months.  

Specimens of 100 mm diameter by 200 mm height were used (IRAM 1534, 2004). The materials 

reported in the preparation of the samples were pozzolanic Portland cement (CPP-40) and fillerized 

Portland cement (CPF-40), both complying with the respective standard (IRAM 50000, 2000); 

rolled natural aggregates of maximum size 19 mm; and inorganic waterproofing additive identified 

in its technical sheet as a water-repellent additive, incorporated to the fresh mix in a dose 

corresponding to 10% of the mixing water. This additive presents a suspension of colloidal silicates 

in a viscous liquid aqueous emulsion, pale yellow in color, which is distributed within the 

cementitious matrix, blocking its capillaries and thus obtaining the waterproofing effect. On the 

other hand, these silicates react with the portlandite released by the cement, forming insoluble 

compounds that also block pores and capillaries. 
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Figure 2. Exposure condition of the specimens to be evaluated. 

 

As for the bar embedded in the upper face of the specimens (Figure 3), it corresponded to an 8 mm 

diameter rod, steel ADN 420 (IRAM/IAS U 500-528, 2022), and with a depth embedded in the 

concrete of approximately 100 mm. 

 

 
 

Figure 3. Bar embedded in the upper face of the specimens. 

 

Table 1 shows the references and materials used in each of the samples evaluated. 
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Table 1. Designation of study samples. Proportion of materials in parts. 

Desig. w/c 
Type of 

cement 

Tipe of 

additive 

Cement  

[kg/m3] 

Water 

[lts/m3] 

Sand  

[kg/m3] 

Gravel 

[kg/m3] 

Additive 

[lts/m3] 

P-05 0.5 
 

CPP-40 

(P) 

Pozzolanic 

 

- 

362 181 725 1086 - 

P-06 0.6 349 209 698 1047 - 

P-07 0.7 337 236 675 1012 - 

P-05-H 0.5 water-

repellent 

(H) 

362 163 725 1086 18.1 

P-06-H 0.6 349 189 698 1047 20.9 

P-07-H 0.7 337 213 675 1012 23.6 

F-05 0.5 
 

CPF-40 

 (F) 

Fillerized 

 

- 

362 181 725 1086 - 

F-06 0.6 349 209 698 1047 - 

F-07 0.7 337 236 675 1012 - 

F-05-H 0.5 water-

repellent 

(H) 

362 163 725 1086 18.1 

F-06-H 0.6 349 189 698 1047 20.9 

F-07-H 0.7 337 213 675 1012 23.6 

 

4. EXPERIMENTAL RESULTS 

 
For the evaluation of the carbonate front, the specimens were previously subjected to the diametral 

compression tensile test (IRAM 1658, 1995) (Figure 4). This made it possible to obtain two halves, 

and thus, two internal surfaces for evaluation. Although the specimens had an embedded bar, the 

breaking strain was inferred from this test. 

 

   
Figure 4. Left) Diametral compression tensile test. Right) Halves obtained from the test. 

 

A phenolphthalein solution was applied on each internal surface obtained, thus allowing to evaluate 

the progress of the carbonation front. Figure 5 shows the internal surfaces of one of the samples 

before and after the carbonation test. 
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Figure 5. Left) Internal surfaces before the test.  Right) After the test. 

 

As expected, part of the reinforcement embedded in the specimen was depassivated due to the 

advance of the carbonation front. In addition, the exposure conditions to which the specimens were 

exposed over 6 years led to the initiation and subsequent propagation of the corrosive process in 

the depassivated section of the bar. Figure 6 shows one of the cases evaluated, where the 

penetration reached by the carbonated front is observed, and with it, the clear delimitation between 

the corroded and non-corroded bar section. 

 

 
Figure 6. Advance of the carbonation front. Passivated and depassivated bar section. 

 

The exposure conditions to which the specimens were subjected over time caused different zones 

of the specimens to be under different microenvironments. While the lower face was submerged 

most of the time, the upper face was exposed to the open air most of the time. Therefore, the lower 

face was the one that presented longer cycles of saturated pores, unlike what happened with the 

upper face. These particular conditions, it is understood, caused the advance of the carbonate front 

on the lower face to develop at a slower rate. This was due to the greater difficulty of CO2 

dissolution in the saturated pore solution in this zone of the specimens. On the contrary, this 

penetration rate was higher on the upper face because this zone presented the longest cycles in dry 

Depassivated 

section 

Passivated 

section 

Carbonated 

concrete 

Non-carbonated 

concrete 
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or partially saturated pore conditions. Figure 7 shows the differences observed in the advance of 

the carbonation front between the lower and upper faces, for the specimens made with pozzolanic 

cement (P) and with fillerized cement (F), and without water-repellent additive. 

 

    
Figure 7. Advance of the carbonate front. Left) Samples “P-0x”. Right) Samples “F-0x”. 

 

Table 2 shows the results corresponding to the diametral compressive tensile stress (ft), indicating 

the values determined for each of the three specimens that are part of each study sample. The 

average result obtained for each specimen, as well as the standard deviation Sn and the coefficient 

of variation C.V. are also shown. 

 

Table 2. Tensile stress rupture. 

Designation 
ft1 

[MPa] 

ft2 

[MPa] 

ft3 

[MPa] 

ft average 

[MPa] 

Sn 

[MPa] 

C.V. 
[%] 

P-05 2.76 2.95 2.87 2.86 0.08 2.7 

P-06 2.65 2.59 2.76 2.67 0.07 2.6 

P-07 2.61 2.68 2.72 2.67 0.05 1.7 

P-05-H 3.81 3.51 3.67 3.66 0.12 3.3 

P-06-H 2.59 2.42 2.51 2.51 0.07 2.8 

P-07-H 1.77 1.96 1.90 1.88 0.08 4.2 

F-05 3.42 3.57 3.32 3.44 0.10 3.0 

F-06 2.76 2.66 2.97 2.80 0.13 4.6 

F-07 2.62 2.53 2.56 2.57 0.04 1.5 

F-05-H 3.33 3.41 3.59 3.44 0.11 3.2 

F-06-H 2.47 2.41 2.29 2.39 0.07 3.1 

F-07-H 2.27 2.28 2.33 2.29 0.03 1.1 

 

Tables 3 and 4, with the same statistical analysis as Table 2, show the results obtained for the depth 

of advance of the carbonate front (dc), both for the lower face of the specimens and for their upper 

face.  

Finally, Table 5 shows the determination of the carbonation velocity (kc) obtained from equation 

(1), taking into account the results of the front advance indicated in Tables 3 and 4, and the exposure 

time (t) of 6 years to which the samples were subjected from their preparation until the time of the 

measurements carried out. 

 

Upper face 
Upper face 

Lower face Lower face 
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Table 3. Carbonated front on the lower face for an exposure time of 6 years. 

Designation 

Carbonated front on the lower face 
Sn 

[MPa] 

C.V. 
[%] 

dc1 

[mm] 

dc2 

[mm] 

dc3 

[mm] 

dc average 

[mm] 

P-05 9.7 8.1 9.3 9.0 0.7 7.5 

P-06 9.5 11.8 9.0 10.1 1.2 12.1 

P-07 11.6 11.6 9.7 11.0 0.9 8.2 

P-05-H 10.4 11.6 11.2 11.1 0.5 4.5 

P-06-H 12.0 14.5 12.5 13.0 1.1 8.3 

P-07-H 16.8 13.3 14.5 14.9 1.5 9.8 

F-05 7.2 6.0 8.4 7.2 1.0 13.6 

F-06 8.2 11.0 8.0 9.1 1.4 15.1 

F-07 8.7 10.1 8.5 9.1 0.7 7.8 

F-05-H 8.9 6.5 6.3 7.2 1.2 16.3 

F-06-H 8.0 9.5 9.7 9.1 0.8 8.4 

F-07-H 10.7 9.9 9.6 10.1 0.5 4.6 

 

Table 4. Carbonated front on the upper face for an exposure time of 6 years. 

Designation 

Carbonated front on the upper face 
Sn 

[MPa] 

C.V. 
[%] 

dc1 

[mm] 

dc2 

[mm] 

dc3 

[mm] 

dc average 

[mm] 

P-05 13.3 12.1 13.2 12.9 0.5 4.2 

P-06 13.8 14.3 11.3 13.1 1.3 10.0 

P-07 19.5 17.3 17.2 18.0 1.1 5.9 

P-05-H 15.7 18.8 15.9 16.8 1.4 8.4 

P-06-H 15.0 17.8 15.1 16.0 1.3 8.1 

P-07-H 26.3 24.2 24.2 24,9 1.0 4.0 

F-05 10.4 10.2 12.8 11.1 1.2 10.6 

F-06 11.9 13.4 10.6 12.0 1.1 9.6 

F-07 12.1 14.9 14.7 13.9 1.3 9.2 

F-05-H 12.2 11.1 10.1 11.1 0.9 7.7 

F-06-H 10.6 11.5 11.3 11.1 0.4 3.5 

F-07-H 14.8 14.6 12.7 14.0 1.0 6.7 
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Table 5. Average carbonation rate for an exposure time of 6 years.  

Designation 
kc average [mm/año0.5] 

Lower face Upper face 

P-05 3.7 5.3 

P-06 4.1 5.3 

P-07 4.5 7.3 

P-05-H 4.5 6.9 

P-06-H 5.3 6.5 

P-07-H 6.1 10.2 

F-05 2.9 4.5 

F-06 3.7 4.9 

F-07 3.7 5.7 

F-05-H 2.9 4.5 

F-06-H 3.7 4.5 

F-07-H 4.1 6.1 

 

Figure 8 shows, for each of the study samples, the evolution of the carbonate front advance as a 

function of the tensile strength (ft). It is observed that the higher the strength values obtained in the 

tests, the lower the advance of the carbonate front (dc). 

 

 
Figure 8. Tensile rupture stress vs. carbonate front advancement on lower face. 

 

For similar levels of tensile breaking strain, the carbonate front breakthrough was higher in those 

samples made with pozzolanic cement. This could be due to the lower alkaline reserve available 

due to the consumption of portlandite resulting from the pozzolanic reaction (de Medeiros et al., 

2017). Regarding the effect of the hydrophobic additive, the incorporation of the additive resulted 

in a slight increase of the carbonate front. In this case, it could correspond to the fact that such 

additives are hydrophobic materials based on salts of fatty acids, calcium, ammonium, etc., which 

react with portlandite (Ramachandran, 1996), again decreasing the alkaline reserve. 
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5. APPLICATION OF CIRSOC 201 TO THE CASE STUDIES 
 

Based on the above, the example of a reinforced concrete element that is part of a foundation 

structure, with environmental exposure class A2 corresponding to carbonation corrosion (CIRSOC 

201, 2005), is considered as an example. This element has rebars with a diameter of less than 16 

mm and is in vertical contact with the ground. In this case, the minimum concrete cover required 

would be 30 mm. From the carbonation velocities kc determined in Table 5, the times that should 

elapse from the commissioning of the concrete until the carbonation reaches the location of the 

rebars could be obtained. On the other hand, Table 6 presents the values of these times inferred 

through the predictive model (equation 1) applied to the study specimens. 

The time elapsed from the commissioning of the concrete until the carbonate front reaches the 

location of the reinforcement is known as the initiation period. From this time onwards, the period 

defined as propagation begins, a period in which the corrosion of the reinforcement develops 

(Tuutti, 1982). On the other hand, the service life of a structure is defined as a point in time at 

which it is no longer able to meet essential requirements such as safety, functionality and aesthetic 

appearance. This service life is constituted by the initiation time period and part or all of the 

propagation time period. 

In this sense, the CIRSOC 201 Regulation (CIRSOC 201, 2005) establishes a service life of 50 

years. Therefore, from the results shown in Table 6 and with respect to the lower face of the 

specimens, it is observed that only two samples, P-06-H and P-07-H, had t-times well below the 

specified service life. Meanwhile, for the upper face, except for samples F-05, F-05-H and F-06-

H, the rest again presented a t-time significantly below the predicted useful life. 
 

Table 6. Time t in years for the start of eventual corrosion propagation. 

Designation 
Time t for dc = 30 mm 

Lower face Upper face 

P-05 67 32 

P-06 54 32 

P-07 45 17 

P-05-H 45 19 

P-06-H 32 21 

P-07-H 24 9 

F-05 110 45 

F-06 67 38 

F-07 67 28 

F-05-H 110 45 

F-06-H 67 45 

F-07-H 54 24 

 

Assuming then a service condition for the concretes evaluated under the wetting-drying exposure 

environment and with overlay requirements of 30 mm.  In this case, it would result in general and 

without differentiating the behavior between faces, that the samples with w/c ratios not greater than 

0.5 and with fillerized cement, the service life would be in the order of what is established by the 

regulation. While differentiating the behavior between faces, for the particular condition of a face 

mostly saturated over time, w/c ratios not higher than 0.6 could comply with the service life, except 

for the case P-06-H. 

Finally, the above mentioned in this qualitative study shows the difference in behavior observed 

for the carbonate front, depending, among other possible causes, on the condition of exposure over 
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time to which the faces of the samples were particularly subjected, even though in general it was a 

wetting-drying condition.  

If these results are validated in future research, this could lead to a recommendation for the 

regulations currently in force in Argentina. Therefore, whenever it is foreseen that the concrete in 

service will be under the saturated condition, or under the outdoor exposure condition, a 

differentiation in the definition of the environmental exposure classes could be considered. This 

particular situation has also been defined by other authors as microenvironments. Currently, these 

environmental conditions, saturation-free air, are represented in the regulations (CIRSOC 201, 

2005) in a general way, under the same exposure class.   

 

6. CONCLUSIONS 
 

From the study carried out and the qualitative interpretation of the trends observed in the results, 

the following conclusions obtained for the study samples are presented: 

• The higher the diametral compressive tensile strength of the concrete, the lower the advance of 

the carbonate front turned out to be. This behavior is in total agreement with the w/c ratio. 

• For similar strength levels, the advancement of the front was greater in samples made with 

pozzolanic cement with respect to samples made with fillerized cement. 

• The incorporation of the water-repellent additive resulted in an increase in the carbonate front 

advance. 

• During the 6 years of exposure of the samples, the advance was deeper in the faces mostly exposed 

to the open air than in the faces mostly saturated. 
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