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Abstract In order to implement the low carbon cement (LC3) as part of the Cuban
regulations, a study of durability in concretes manufactured with this cement was
developed, in different conditions of aggressiveness according to the performance
parameters established in the NC 120: 2014 “Hydraulic Hydraulic-Specifications”,
the taking of witnesses of the H1, H2, and H4 concretes elaborated in 2016 was
carried out. Carbonation depth tests, air permeability, chloride ion migration, were
carried out. electrical resistivity, effective to determine the changes experienced by
the series 1.5 years versus the series 6 months and the concretes made with cement
under carbon LC3 compared to those made with Ordinary Portland Cement (CPO).
Subsequent to the analysis of the results, it can be verified that the concretes made
with LC3 showed to be in a range of 11–16 times superior in their behavior to the
electrical resistivity that those made with Portland cement and 15–22 times more
resistant to the chloride ion penetration that those made with CPO, also show a more
favorable performance with the passage of time.

Keywords Durability · Concrete · Low carbon cement (LC3) · Cuban norm ·
Exhibition sites

1 Introduction

Concrete is man most used material after water. However, it did not prove to last as
much as expected due to durability problems [1]. Most concrete is durable, but some
aggressive conditions pose problems, particularly with corrosion of reinforcing steel
due to chloride and carbonation leading to steel corrosion [2]. Recent studies have
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Table 1 Properties of the cements used in this protocol

Cement % >90 µm Strength 2 d Mpa Strength 7 d Mpa Strength 28 d MPa

LC3-50 2:1 94.5 17.50 31.00 48.12

P35 18.20 40.00 58.90

proven that concrete under aggressive conditions, such as marine environments, can
have problems with chloride and carbonation.

For the implementation of a novel cement a standard for cement is required but
in order to be able to use the cement, a durability standard should prove that con-
crete made with this cement stands aggressiveness conditions considered for the
country/region [3, 4].

In the present investigation, a durability study is carried out in concrete made
with a new kind of low carbon cement made with a ternary combination of Port-
land cement, calcined clay and limestone (known as LC3). Concrete blocks made
with LC3 and Portland cement (as a reference) have been produced and laid at dif-
ferent exposure sites with different conditions of aggressiveness according to the
performance parameters established in the NC 120: 2014 “Hydraulic Hydraulic-
Specifications” [5]; and their durability has been assessed at different ages (6 and 18
months).

The testing protocol to be followed included: air permeability tests, electrical
resistivity, resistance to chloride ion penetration by ASTM 1202, carbonation and
water absorption.

2 Materials and Experimental Protocol

Concretes subject of study were produced with a ternary blend calcined clay-
limestone-Portland cement, name LC3. A reference series was made with Cuban
PC P35. Table 1 presents the properties of both cements.

Cylindrical specimens with size 35× 50 cmwere made with these cements. They
were placed at different locations resembling the exposure conditions demanded by
the Cuban standard NC 120:2014. Every 6 months cores were taken for studies at
CIDEM, with the experimental protocol described in this paper. Concrete mix design
were made considering prescriptive parameters of the Cuban standard. Results are
presented at Table 2. Table 3 presents compressive strength results.



Studies Carried Out on Concretes Produced with LC3 … 341

Ta
bl
e
2

M
ix

de
si
gn

us
ed

fo
r
PC

an
d
L
C
3
co
nc
re
te
(M

ed
in
a
Sa
nc
he
z,
E
rn
es
to
)

M
ix

E
xp
os
ur
e
cl
as
s

N
C
12
0:
20
14

St
re
ng
th

(M
pa
)

W
/C

C
em

(k
g)

SP
(k
g)

PC
SP

(k
g)

L
C
3

Sa
nd

(k
g)

M
id
dl
e
(k
g)

C
oa
rs
e
(k
g)

W
at
er

(k
g)

H
1

V
er
y
hi
gh

35
.0

0.
40

43
0

3.
87

8.
6

63
4

35
2

77
5

17
2

H
2

H
ig
h

30
.0

0.
45

40
5

3.
65

8.
1

65
1

36
2

79
6

18
2

H
4

L
ow

20
.0

0.
55

34
5

3.
1

6.
90

69
0

38
4

84
4

19
0



342 E. V. Alemán et al.

Ta
bl
e
3

C
om

pr
es
si
ve

st
re
ng

th
in

co
nc
re
te
m
ad
e
w
ith

L
C
3
an
d
PC

Se
ri
es

C
em

en
t(
kg
)

SP
(%

)
A
/C

Sl
um

p
(c
m
)

C
om

pr
es
si
ve

st
re
ng
th

(M
Pa
)

P3
5/
L
C
3

3
d

L
C
3

3
d

P3
5

7
d

L
C
3

7
d

P3
5

28
d

L
C
3

28
d

P3
5

H
-3
5

43
0

0.
65

0.
4

20
14
.0
0

23
.3
3

20
.6
0

30
.0
0

36
.3
4

34
.0
0

H
-3
0

40
5

0.
65

0.
45

20
10
.3
3

17
.3
3

16
.3
0

23
.0
0

27
.0
0

28
.0
0

H
-2
5

37
0

0.
65

0.
5

20
7.
66

14
.3
3

15
.0
0

18
.6
0

22
.3
3

23
.0
0

H
-2
0

34
0

0.
65

0.
55

20
7

12
.0
0

12
.0
0

14
.7
0

18
.5
7

19
.6
6



Studies Carried Out on Concretes Produced with LC3 … 343

2.1 Exposure Sites

Punta Matamoros (Cayo Santa María)

This site is located at the central region of Cuba, on the northern coast of Villa Clara
[6]. It has two concrete platforms each of approximately 40 m2 for exposition. This
is the most aggressive environment in Cuba (Fig. 1).

Sede Universitaria (Cayo Santa María)

This site is situated at some facilities of the university in the area. It has a 20 m2

platform and is situated at approximately 1500m from the sea side. This is considered
high aggressiveness (Fig. 2).

Faculty of Constructions (UCLV)

It is located at CIDEM’s facilities at the university, at more than 20 km from the
seashore. This área is considered low aggressiveness. (Series H4) (Fig. 3).

Fig. 1 Exposure site Punta
Matamoros, Cayo Santa
María

Fig. 2 Exposure site Sede
Universitaria Cayo Santa
María



344 E. V. Alemán et al.

Fig. 3 Exposure site Faculty
of Constructions

2.2 Testing Protocols

• Measurement of surface resistivity of fully saturated concrete cores. A four-point
probe was used—Wenner probe—four equally spaced electrodes are placed on the
concrete surface. An AC current is injected through the outer two electrodes, and
the voltage drop is measured between the two inner electrodes [7].

• Measurement of air permeability of concrete cores using the Torrent method: it
measures the coefficient of air-permeability kT with the PermeaTORR instrument
[8]. The coefficient of air-permeability kT (10–16 m2) is calculated as function of
the increase in pressure recorded in the measuring chamber.

• Carbonation depth, measured by spraying the exposed surfaced with phenolph-
thalein. Cores of the elements were taken. The cores were split in two parts so
have the carbonated part exposed [6, 9].

• Rapid Chloride permeability test (RCPT) according to the procedure described at
ASTM 1202, which determines the total charge passing [10].

3 Discussion of Results

3.1 Air Permeability Tests

In Fig. 4 it can be seen that the specimens of the series 1.5 years show better behavior
than those of the series 6 months, unlike the concretes of the series H2 CP and H1
LC3 the latter with irrelevant differences.

The above comparisons allowus to determine that after its exposure to themedium,
the passage of time has a positive influence on the permeability of the concrete when
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Fig. 4 Comparison of air permeability results (series 1.5 years and series 6 months)
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Fig. 5 Comparison of resistivity results (series 1.5 years and 6 months)

the hydration reactions are completed, since the best results were obtained with the
series 1.5 years, on the other hand, the concretes made with LC3 showed to have
better permeability behavior than those made with Portland cement.

3.2 Resistivity Tests

Figure 5 shows, concretes with LC3 increase their electrical resistivity considerably
over time. In the case of concretesmadewithCPO, no noticeable increase in electrical
resistivity is observed.

The above comparisons allow to affirm that the passage of time has a positive
influence on the electrical resistivity of the concretes made with LC3, however, in
thosemanufacturedwithCPO this property does not showvariationswith the passage
of time (series 6 months to series 1.5 years), in addition, the concretes made with
LC3 showed to be in a range of 11–16 times better in terms of their behavior to
resistivity than those made with Portland cement.
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Fig. 7 Comparison of carbonation depth results (series 1.5 and series 6 months)

3.3 Chloride Ion Penetration Resistance Tests According
to ASTM 1202

Figure 6 shows that the 1.5-year series decreases the chloride ion permeability of
concretes made with LC3 compared to the 6-month series. In concretes made with
Portland cement, only improvements of 310 °C in the chloride ion permeability for
the H4 samples are observed.

With the passage of time, the chloride ion permeability of the concretes that used
LC3 for its elaboration decreases since the series 1.5 years presents the lowest values
for the evaluation of this parameter. The concretes produced with LC3 are more
resistant to chloride ion penetration than those made with CPO in a range of 15–22
times.

3.4 Analysis of Carbonation Results

Figure 7 reveals that in the series 1.5 years there is a greater depth of carbonation
than in the series 6 months, both for specimens made with LC3 cement and those
made with Portland cement, this is justified by the longer time of exposure to the
medium.

It is appreciated that LC3 specimens have a greater depth of carbonation than those
of CPO, according to previous research, it is because the carbonation in concretes
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produced with LC3 advances quickly in the first months and then stabilizes until
presenting a practically constant over time, while in concretes made with CPO the
advance of carbonation starts at 0 and increases in a measured way throughout the
life of the concrete.

4 Conclusions

• Concrete made with LC3 can be used in any of the aggressiveness conditions
prescribed in the Cuban standard NC 120:2014, since all results are favorable.

• Concrete made with LC3 show a better performance in terms of chloride ingress
and permeability, but they have a slight increase in carbonation rate.

• At late ages, LC3 concrete continues to improve its properties.
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