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Abstract — In the present investigation the effect of the urban
environment of the city of Xalapa, Ver., México in the depth
carbonation in Sustainable Concrete made with Agro-Industrial
and Industrial Waste Materials like Sugar Cane Bagasse Ash
(SCBA) and Silica Fume (SF), was evaluated. The Sustainable
Concretes and the Conventional Concrete (Concrete of
reference) were designed for a relation water/cement= 0.65
according to the indicated for the ACI 211.1. The Conventional
Concrete was elaborated with 100% of Portland cement, and the
Sustainable Concretes with partial substitution of Portland
cement for the waste of SCBA and SF in percentages of 10, 20,
30, 40, and 50%. The results through the application of
phenolphthalein, indicate that the Carbonation depth is
proportional to the increase of the substitution of Portland
Cement for agro-industrial and industrial waste. The
sustainable concrete with 50% of substitution of SCBA-SF
presents the worst performance, with a carbonation depth of
1.48 cm, which represents an increment of more of 350% than
the conventional concrete at being exposed for one year to the
present environment of study.

Keywords — Agroindustrial-Industrial Waste, Carbonation
Depth, Sustainable Concretes, Urban Environment.

I. INTRODUCTION

Hydraulic concrete is the most used material of
construction at the global level, due to its big physics-
mechanic benefits and the durability intrinsic to the same
nature of its components, which allows the constructions of
majority of the constructions of the civil infrastructure
necessary for the development of our society [1]-[4]. The
durability of the concrete, according to the ACI, is the
capacity for resisting the action of weathering, chemistry
attack, abrasion or every other process or condition of service
of the structures.

Traditionally it was associated the durability to the
resistance characteristics of concrete and particularly to its
compression-resistance, but the practice experience and the
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advance of the investigation in this area have demonstrated
that it is only one of the involving aspects, but not the only
one and neither enough for obtaining a durable concrete.

The problem of durability is eminently complex, as far as
every situation of exposition and condition of service
deserves a particular specification for the materials and
design of the mixture and for the additives, the technique of
production, and the constructive process.

Carbonation is a natural phenomenon that occurs every day
in thousands of concrete structures for over the world. A well-
understanding process that has been perfectly investigated
and documented. For concrete that does not contain
reinforced steel, carbonation is, generally, a process with
fewer consequences.

Nevertheless, in reinforced concrete, this chemistry
process is apparently innocuous, which advances slowly and
progressively from the surface exposed of the concrete, to
inside the womb, and when arriving to the deepness of the
reinforced steel, begins the corrosion of the same one.

It has that many works of investigation that have
demonstrated that the principal aggressive agents responsible
of the corrosion of steel are the chlorides presented on the
marine environments principally [5]-[14], such as the
sulphates that are found like salts in the environment for the
regular in the subsoil [15]-[26]. In addition to this, the
corrosion of reinforced steel is the principal pathological
cause of the big damages into the infrastructure elaborated
based on reinforced concrete [27]-[29], with premature costs
of reassurances for millions of dollars [30]-[34].

Even though Carbonation is a less important cause for
corrosion, in comparison with the originated by the chlorides
and sulphates, its study is also important due to the damages
that provokes to the structure, economic cost and even human
loss. The corrosion due Carbonation generally presents
principally in urban environments, with huge concentrations
of COz such as the presence of humidity of over the 70%

Despite the fact that many researches have been made
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about the topic of corrosion, in relation with conventional
concretes with different types of reinforced steel and in recent
years of sustainable concretes exposed to aggressive
environments with diverse variables [35]-[41]. It does not
exist information about the prediction of premature
Carbonation in sustainable concretes elaborated at based of
Sugar Cane Bagasse Ash and Silica Fume as substitution of
Portland cement at being exposed to the environment of the
city Xalapa, Ver. Owing to the mentioned before, in this
present research it was evaluated the resistance to the
carbonation of sustainable concretes, with the purpose of
being able to take decisions that allow treating or, in some
cases, prevent damages for corrosion due to the carbonation.
As well as motivating the use of sustainable concretes that
carry out with the requirements of mechanic resistance and
durability, thing that would have a positive impact in the
industry of construction and into the environment that had
incorporated pozzolanic waste on partial substitutions of
Portland cement, due that the fabrication of this is responsible
for the 6-8% of the total emissions of CO> of the world [42]-
[46].

II. MATERIALS AND METHODS

A. Materials

1) Dosage and proportioning of conventional concrete and
sustainable concretes

As indicated before, it were elaborated mixtures of
conventional concrete and sustainable concretes, designed for
a relation w/c= 0.65, based on the method ACI 211.1. [47],
this method is based into the physical properties of the stone
aggregates, the essays for determining the mentioned
properties were realized according to the normative ASTM
[48]-[51], Table I shows the obtained results of the physic
characterization of the aggregates that were used in the
present investigation:

TABLE I: PHYSICAL CHARACTERISTICS OF THE AGGREGATES

Physical properties of materials Coarse Fine
Aggregate Aggregate
Specific Mass, gr/cm?® 2.60 2.20
Bulk Volumetric Mass, Kg /m* 1442 -
Absorption (%) 1.70 1.80
Module of Fineness - 2.94
Maximum Size Nominal Z8 -

The provision of each material used in the mixtures of CC
and SC, for the required quality, can be observed in Table II,
the dosage was for one cubic meter of concrete. The CC with
100% of CP and the SC with 10, 20, 30, 40 and 50% of
combination of SCBA and SF.

TABLE II: DOSAGE OF MIXTURES OF CONVENTIONAL CONCRETE AND
SUSTAINABLE CONCRETE KG FOR 1 M?
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B. Method
1) Quality control test of concrete mixture

The ASTM and ONNCCE standards were used to carry out
the control tests of fresh and hardened concrete [52]-[55], the

results obtained are within the specifications for conventional
concrete, see Table I11.

TABLE III: PROPERTIES OF CONVENTIONAL CONCRETE AND SUSTAINABLE
CONCRETE (FRESH AND HARDENED STATE)

TEST CC SC10 SC20 SC30  SC40 SCs0
Slump, cm 8 7 6.5 4.5 3 2
Temperature,’C 25 24.5 24.0 23.5 23.0 23.0
Density, kg/m? 2254 2268 2273 2289 2227 2149

F'c, Kg/cm? 337 313 346 358 335 205

Materials CC  SCI0  SC20 SC30  SC40  SC50
Water 20500 205.00 20500 20500 205.00 205.00
Cement 31500 2835 25200 220.50 189.00 157.50
SCBA 000 1575 3150 4725 6300 7875
SF 000 1575 3150 4725  63.00 7875
Fine 746 746 746 746 746 746
Aggregate
Coarse 881 881 881 881 881 881
Aggregate

2) Characteristics of test specimens

In order to make the essay for determining the carbonation
depth of the conventional and sustainable concretes,
cylindrical specimens of 15 ¢cm in diameter and 30 cm in
height were elaborated, see Fig. 1.
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Fig. 1. The specimens’ dimensions in cm.

Every specimen of study was placed on the flat-roof of the
Laboratory of Materials in the installations of the Faculty of
Civil Engineering, located in the City of Xalapa, Ver;
Mexico, see Fig. 2.
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—

Fig. 2. Location of the specimens on the flat-roof of the
Laboratory of Materials.

3) Nomenclature of the study specimens

For the evaluation of carbonation depth, the used
nomenclature was the one that is indicated in the next

Table IV.

TABLE IV: NOMENCLATURE CARBONATION TEST

DOL: http://dx.doi.org/10.24018/ejeng.2023.8.3.3042

SPECIMENS
CC-F CC-p
SC10-F SC10-P
SC20-F SC20-P
SC30-F SC30-P
SC40-F SC40-P
SC50-F SC50-P
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* CC = Conventional Concrete,

* SC = Sustainable Concrete,

* 10, 20, 30, 40 y 50 = Percentage of substitution of

Portland Cement for combinations of SCBA and SF.
Cuts in the Frontal and Posterior part of each one of the

specimens of study were made, taking into account that the
front part was on direction to the preferential wind, which is
similar to the indicated in the literature [56]-[58]. In order to
apply the phenolphthalein and determining the carbonation
depth, the frontal and posterior part were determined as:

» F=For the Frontal part of the specimen,

* P=For the Posterior part of the specimen.

4) Experimental arrangement for carbonation test

For determining the carbonation depth of the specimens
CC and SC, cuts were made on the frontal and posterior parts
for every specimen, see Fig. 3.

Fig. 3. Cuts on the frontal and posterlor pan of the specimens.

The application of the phenolphthalein was realized with
spray, in order to measure with a vernier-caliper the distance
from the border of the cylinder to the surface that presented
the violet color; this color indicates that the ph of the concrete
is alkaline o higher than 12. The above was realized in four
lectures in order to determine the average of the deepness
presented in each cut, this process was repeated for each one
of the specimens of study, see Fig. 4.

(a) (b)
Fig. 4. Application of phenolphthalein to determine the carbonation depth:
a) On the surface of the specimen; b) In the cut piece made to the specimen.

III. RESULTS AND DISCUSSION

A. Carbonation Depth in the Frontal Part

In Fig. 5 are present the results of the Carbonation depth in
each one of the specimens of Conventional Concrete (CC)
and Sustainable Concretes (SC) according to the percentage
of substitution of Portland Cement for the combination of
Sugar Cane Bagasse Ash (SCBA) Agro-Industrial waste and
the Silica Fume (SF) industrial waste; the percentages of
substitution, like it has been mentioned in previous

DOL: http://dx.doi.org/10.24018/ejeng.2023.8.3.3042
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paragraphs, were of the 0,10,20,30,40 and 50%, identifying
the specimens as CC, SC10-F, SC20-F, SC30-F, SC40-F y
SC50-F.

The analysed results were obtained after have exposed the
specimens of study during a year to the environment of the
city Xalapa, Ver. México and correspond to the carbonation
depth in the front part of the specimen in relation to the
preferential winds.

1.6

14

1.2

0.6
0.4
- 8 ]
(o]

SC10-F  SC20-F SC30-F SC40-F SC50-F

cm
o
[e]

(]

Fig. 5. Carbonatlon depth for the front part of the conventional and
sustainable concretes.

Of Fig. 5, it has that the specimen of CC presented the
lowest carbonation deepness, which was 0.30 cm. It is
observed that the specimen SC10-F had an increase of 0.13
cm in its deepness with regard to the CC, with a carbonation
depth of 0.43 cm, the above makes contrast with the
carbonation depth that presented the specimen SC20-F which
was of 0.39 cm, which corresponds to an increase of 0.09 cm
in comparison with the specimen CC, with a higher resistance
than the specimen SC10-F.

According to the specimen SC30-F and SC40-F, these
presented a meaningful increase in the carbonation depth of
more of the 100% with regard to the CC and of more of the
70% in relation with the specimens CS10-F and CS20-F,
reaching a deepness of 0.71 cm and 0.70 cm, respectively.
Finally, the specimen that presented the worst behaviour or
resistance to the carbonation after a year of exposition to the
environment of the city of Xalapa, Ver; Mexico, was the
CS50-F, presenting a carbonation deepness of 1.60 cm, four

times bigger than the presented in the specimen elaborated
with CC.

B. Carbonation Depth on the Posterior Part

In Fig. 6 can be appreciated the results of the carbonation
deepness presented in the posterior part of each one of the
specimens of this study, conventional concrete and
sustainable concretes with the different percentages of
substitution of combinations of SCBA and SF for Portland
cement.

The specimen CC presents a carbonation depth of 0.35 cm,
with an increase of 0.05 cm with regard to its frontal part. For
the case of the specimen SC10-P, it has that its deepness
presents a huge increase, reaching a value of 0.66 cm, almost
two times the obtained value in the CC, with an increase of
0.31 cm.
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Fig. 6. Carbonatlon depth of the posterior part of conventional and
sustainable concretes.
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With respect to the specimen SC20-P, this reported a
carbonation depth of 0.49 cm, being lower than the observed
in the specimen SC10-P. On the other hand, it has that the
specimen SC30-P has a lower resistance to the carbonation
than the specimens with a 10 and 20%of substitution of
SCBA and SF, with a carbonation deepness, after have been
exposed to the environment of Xalapa City for a year, of
0.98 cm.

The specimen SC40-P presented a deepness of 0.81 cm;
additionally, it has that the worst performance against the
carbonation due to the environment of Xalapa city was
presented for the specimen SC50-P with a deepness of 1.37
cm after one year of exposition.

IV. CONCLUSIONS

The Conventional Concrete made with 100% Portland
Cement presented in the front and posterior section the lowest
carbonation deepness and as a result it presented an average,
between the two sections, of 0.33 cm of carbonation depth.

The sustainable concretes with 10 and 20% of SCBA and
SF, presented an average on its carbonation depth of 0.55 and
0.44 cm, respectively. Which represents an increment of the
67 and 33% in relation to the conventional concrete.

At incrementing the substitution in 30 and 40% of Portland
Cement for the agro-industrial and industrial waste (SCBA
and SF), the sustainable concretes SC30 and SC40 presented
a carbonation depth of 0.85 cm and 0.76 cm, respectively.
These values represented an increment of more of the 160%
with respect to the conventional concrete.

The sustainable concrete with 50% of substitution of
SCBA-SF presents the worst performance, reporting a
carbonation depth of 1.48 cm in average of the two sections,
frontal and posterior, which represents an increment of more
of the 350% than the conventional concrete.

It has that in the sustainable concretes based on agro-
industrial and industrial waste (SCBA and SF) which had
been exposed to the environment of the City of Xalapa, Ver;
Mexico for a year, the resistance to the carbonation decreased
in accordance to the percentage of substitution of the Portland
cement presented in the mentioned concretes.

Consequently, it is recommended the use of the sustainable
concretes based on SCBA and SF as substitutes of the
Portland Cement, between a 10 and 20%.

For the use of the sustainable concretes with substitutions
of 30, 40 and 50% it is recommended to apply a coating or

DOL: http://dx.doi.org/10.24018/ejeng.2023.8.3.3042
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protection on them, in order to increase its resistance to the
attacks of CO: and reaching its useful life of design.
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