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The service life of real construction elements is usually long, so the study of the behavior of cement-based
materials with new pozzolanic additions in the very long term, after several hardening years, could be inter-
esting. Here, the influence of using waste brick powder as 10% and 20% clinker substitution in microstructure
and several durability-related parameters of mortars after 1500 hardening days (approximately 4 years) has been
studied. According to the results obtained, the incorporation of brick powder overall improved the performance
of mortars after 4 years, compared to reference mortars without addition, especially regarding the pore structure

1. Introduction

To lessen the greenhouse gases emissions of the most pollutant sec-
tors is today an important topic of study [1-4]. In this line, the industry
of cement production has developed strategies for contributing to reach
the present worldwide aims regarding the global warming reduction.
One of the most popular strategies is to look for more sustainable
cement-based materials, such as substituting partially or totally clinker
by additions [5-7]. On one hand, it is interesting to highlight the clas-
sical additions, such as silica fume, ground granulated blast-furnace slag
and fly ash [8-12], whose use has been become widespread in the last
decades. On the other hand, the research of alternatives to the above-
mentioned classical additions is now an important topic of research.
These alternatives could be particularly useful for substituting fly ash,
whose production will be considerably reduced in the near future,
caused by the next closing or transformation of the coal-fired power
stations, also regarding the current worldwide sustainable development
goals. Several examples of these new additions are brick powder [13],
rice hush ash [14], red mud [15], among others.

In relation to the use in cement-based materials of brick powder,
coming from demolition residues and faulty bricks turned down from
ceramic industry, several works [13,16-18] has studied its effects in the
short term. In addition, it has been reported [13,16,19-22] the pozzo-
lanic activity of brick powder, due to the transformation of crystalline
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structures of clay silicates in amorphous compounds produced by the
exposure to high temperature during the bricks production [23]. In this
regard, the work of Navratilova et al. [13] particularly assessed the
pozzolanic activity of brick powder with different methods, such as
differential thermal analyses, determining the pozzolanic activity index
with the modified Chapelle test and calculating another pozzolanic ac-
tivity index from compressive strength, obtaining similar results with all
of them, which revealed the pozzolanic character of brick powder.
Additionally, Pereira-de-Oliveira et al. [16] evaluated the pozzolanic
activity by a strength activity index for mortars with red-clay ceramic
waste, also obtaining similar results.

On the other hand, several researches [17,24-26] showed that a
maximum 20% substitution of clinker by brick powder could be
adequate, without producing noticeable harmful effects in the properties
of mortars and concretes, particularly in their mechanical performance.
The possible filler effect of brick powder has also been reported [18] as a
factor which could produce beneficial effects in cement-based materials
with this addition. Furthermore, regarding the optimum particle size of
this brick powder [27] for being used as clinker replacement, it has been
determined that sizes lower than 0.06 mm would be recommended [28].

As has been previously explained, it is interesting to underline that
most of existing research has studied the influence of brick powder at
relatively short hardening ages [13,16-18]. However, the required
service life of real construction elements, which belong to buildings,
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structures and other engineering works, is usually long [29]. Then, for
evaluating if the new additions, such as brick powder, are adequate for
being used in these real construction elements, it would be necessary to
characterize their behaviour in the very long term, after hardening pe-
riods of several years. In addition, this could be especially relevant for
pozzolanic materials.

Therefore, the main aim of this work is to analyze the influence of the
use of brick powder as supplementary cementitious material, in the pore
structure and several durability-related parameters of mortars after
approximately 4 hardening years (1500 days). Mortars made with or-
dinary Portland cement without addition have been taken as reference.
The studied percentages of clinker substitution by brick powder were
10% and 20%. The microstructure of the mortars was assessed with the
non-destructive impedance spectroscopy technique and mercury intru-
sion porosimetry. In order to evaluate the development of the pozzolanic
activity of the brick powder at the end of the 4 years time period studied,
differential thermal analysis was performed, as well as X-ray diffraction
and X-ray fluorescence. The durability-related parameters analyzed
were the water absorption after immersion and the steady-state diffu-
sion coefficient obtained from saturated sample’s resistivity. Lastly, the
possible development of shrinkage or expansion in the mortars was
checked at the end of the studied time period.

2. Experimental setup
2.1. Materials and sample preparation

The brick powder (BP) studied in this work came from industrial
brick residuals from demolition debris. In this work, the waste brick
powder was sifted and only particles under 75 um were taken for being
used as addition. The chemical composition of the brick powder deter-
mined by X-ray fluorescence (XRF) is shown in Table 1. Its Blaine surface
area [30] was 6485 m?/kg. The inorganic crystalline phases present in
the brick powder were silica, illite and hematite [31]. The particle size
distribution of this addition, obtained using a high resolution laser
particle size analyzer model Saturn DigiSizer 5200 manufactured by
Micromeritics (Norcross, Georgia, USA), is depicted in Fig. 1.

Three types of mortars were prepared, combining waste brick pow-
der and an ordinary Portland cement CEM I 42.5 R [32]. First of all,
reference mortars with only cement CEM I 42.5 R and without brick
powder were made, being designed as REF in the figures of the results
section. In addition to this, mortars with two different contents of brick
powder in the binder were also prepared. Those mortars included 10%
and 20% in weight as a replacement of the ordinary Portland cement.
They were named BP10 and BP20, respectively. The water to cement
ratio was 0.5 and the aggregate to cement ratio was 3:1 for all the
studied mortars. The aggregates consisted of fine quartz sand which
accomplished the prescriptions of standard UNE-EN 196-1 [33] and it
was provided by the company Normensand [34-36].

Two types of specimens were prepared. Firstly, cylinders with 10 cm
diameter and 15 cm height were made. Moreover, prisms with sizes 25
mm x 25 mm x 285 mm were prepared too. Before de-moulding, all the
abovementioned specimens were kept in a chamber at 20 °C and 95%

Table 1
Chemical composition of waste brick powder deter-
mined by XRF.
Composition Brick powder
Al;03 39.05%
Fe,03 12.73%
CaO 0.63%
SiO, 41.47%
CuO 0.70%
TiO, 1.03%
K;0 2.81%
SOz 1.59%
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Fig. 1. Particle size distribution of waste brick powder obtained with a laser
particle size analyzer.

relative humidity (RH) during the first 24 h from setting. Once finished
that time period and de-moulded, cylinders were cut for obtaining disks
with 1 cm height. Lastly, all the specimens were kept under a standard
optimum laboratory condition (20 °C and 100% RH) up to approxi-
mately 4 years hardening (1500 days), when the different tests were
performed.

2.2. Mercury intrusion porosimetry

The mercury intrusion porosimetry technique has been used for
characterizing the microstructure of the mortars [37,38]. The poros-
imeter used was a Poremaster-60 GT model manufactured by Quan-
tachrome Instruments (Boynton Beach, Florida, USA). The samples were
oven-dried at 50 °C for 48 h prior to the test. The results analyzed in this
work were total porosity, pore size distribution and percentage of Hg
retained at the end of the experiment. In relation to the study of the Hg
retained inside the solid specimen once finished the mercury intrusion
porosimetry test, several authors have reported that this parameter is
helpful to provide information on the pore tortuosity and connectivity of
the porous network [39,40], and particularly this Hg volume entrapped
is closely correlated to large pores connected through small mouth [41].
Finally, two measurements were performed on each binder at the age
studied.

2.3. Impedance spectroscopy

The impedance spectroscopy technique also allows obtaining infor-
mation about the pore structure of cementitious materials [42-44].
Here, this technique was performed using an impedance analyzer Agi-
lent 4294A model (Agilent Technologies, Kobe, Japan), which permits
capacitance measurements ranged between 10"YF and 0.1F, being
10~ 15F its maximum resolution. The electrodes used were circular ante
their diameter was 8 cm. They were made with a flexible graphite sheet
attached to a disk of copper, which had the abovementioned diameter.
The frequency range was from 100 Hz to 100 MHz.

Contacting and non-contacting measurement methods were used
[42], fitting the experimental data to the equivalent circuits proposed by
Cabeza et al. [42]. Their components are several resistances and ca-
pacitances. In those circuits, the resistance R; is particularly related to
the percolating pores in the sample [42]. Then, it could be expected
higher values of this parameter when the volume of percolating porosity
of the specimens decreases, due to development of hydration and
pozzolanic reactions, because the products of these reactions would
progressively close the pore paths which cross the sample. The resis-
tance Ry gives data about the pores in general [42] and several works
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[45,46] have pointed out that greater values of this parameter are
related to the higher presence of finer pores in the material.

On the other hand, the capacitance C; provides information
regarding the solid fraction of the specimens [42], so it is expected that
this parameter increases as solid formation is produced due to the
development of hydration and pozzolanic reactions [47]. The capaci-
tance Cy is associated with the surface of the pores in contact with the
electrolyte that fills the pore network of the material [43]. This
parameter is related to the formation of CSH gel layers, which occupy
the pores [43] and it has been shown to be very sensitive to the varia-
tions of the amount of water in the pores [47,48]. The solid phases
produced during the hydration and pozzolanic reactions are deposited
on the pore surface and they increase the specific surface of the pores,
because these products form rough structures [47], rising the values of
capacitance Co.

In this research, only the values of the parameters Rg, C; and Cy
obtained with the non-contacting method were analyzed in relation to
the pore structure characterization, due to their greater accuracy. The
resistance R;, which can be only obtained using the contacting method,
was only used for calculating the steady-state chloride diffusion coeffi-
cient in water saturated specimens, as will be explained in subsection
2.6. Eight different disks of 1 cm height were tested with this technique
for each mortar type.

2.4. Differential thermal analysis

The differential thermal analyses were performed using a simulta-
neous TG-DTA model TGA/SDTA851e/SF/1100 from Mettler Toledo,
which allows working from room temperature to 1100 °C. The heating
ramp selected was 20 °C/min up to 1000 °C in N3 atmosphere. The curve
weight derivate versus temperature was determined for each mortar
type.

2.5. X-ray diffraction (XRD) and X-ray fluorescence (XRF)

X-ray diffractions were performed using a Bruker D8 Advance
difractometer (Bruker Espanola S.A., Madrid, Spain). The spectrum was
registered with stepping intervals from 4° to 60° at 0.05° in the ©- ©
mode (X-ray tube power: 40 kV and 40 mA). X-ray spectra were obtained
for each mortar type after 1500 hardening days. In addition, at the
abovementioned age, the chemical composition of the mortars was
determined with X-ray fluorescence, using an X-ray sequential spec-
trometer model Philips Magix Pro PW2400.

2.6. Steady-state diffusion coefficient

The steady-state chloride diffusion coefficient has been calculated
from the electrical resistivity of the saturated samples. The resistivity
was obtained from the resistance R; of impedance spectroscopy tech-
nique, determined in water saturated samples. As has been explained in
section 2.3, the impedance resistance R; is directly related to the
percolating pores of the specimens [42], being then equivalent to their
electrical resistance [49]. For each mortar type, six different disks of 1
cm height were tested. Lastly, the steady-state diffusion coefficient was
determined with the next equation [50]:

2 x 10710

Dy = —— (€]
P

in which: Dy is the chloride steady-state diffusion coefficient through the
sample (m2/s) and p is the electrical resistivity of the specimen (Q-m).

2.7. Water absorption

The absorption after immersion was determined according to the
procedure described in the ASTM Standard C642-06 [51]. Six pieces
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taken from slices of 1 cm thickness were tested for each kind of mortar
studied.

2.8. Expansion/shrinkage

For evaluating the possible effects of waste brick powder addition
regarding the expansion or shrinkage in the mortars, their length change
was determined after 1500 hardening days. For each binder, six prisms
with dimensions 25 mm x 25 mm x 285 mm were tested. The length
change in percentage respect to initial length was obtained from the
measurements made using a length comparator [52].

3. Results
3.1. Mercury intrusion porosimetry

The results of total porosity obtained for REF, BP10 and BP20 series
at 1500 hardening days can be observed in Fig. 2. It has been noted
scarce differences between the types of mortar studied. Despite that, this
parameter was slight higher for BP20 series and scarce smaller for BP10
ones, in comparison with reference mortars without addition.

The pore size distributions of the analyzed mortars are depicted in
Fig. 3. As can be observed, specimens with brick powder showed higher
percentages of pores with lower diameters, especially for those in the
range < 10 nm, compared to reference series. In addition, the proportion
of those finer pores increased as higher was the content of brick powder
in the material. Then, the incorporation of brick powder in the binder
entailed a noticeable microstructure refinement of the mortars after
approximately 4 hardening years.

The percentages of mercury retained at the end porosimetry test are
represented in Fig. 4. Mortars with brick powder showed higher values
of this parameter in comparison with REF ones.

3.2. Impedance spectroscopy

The impedance capacitance C; results are depicted in Fig. 5. This
parameter was relatively similar for the analyzed mortars series,
although samples with brick powder showed slight higher capacitance
C; than reference ones at the studied age.

The results of impedance capacitance C, are shown in Fig. 6. Mortars
with brick powder presented noticeable greater values of this capaci-
tance, compared to those without addition. Furthermore, this parameter
was higher for BP20 samples than for BP10 ones.

Regarding the resistance Ry, the results noted for this parameter are
represented in Fig. 7. The resistance Ry was significantly higher for
samples with brick powder, in comparison with REF series. In addition,
this parameter increased as the percentage of brick powder in the binder
rose, showing BP20 mortars the highest Ry values.

201
I 1500 days
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o
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2 5
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REF BP10 BP20

Fig. 2. Results of total porosity noted for the studied mortars. Error bars in this
figure and in the following represents the standard deviation.
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Fig. 3. Pore size distributions obtained for the analyzed mortar series.
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Fig. 4. Results of percentage of mercury retained at the end of porosimetry

noted for REF, BP10 and BP20 series.
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Fig. 5. Capacitance C; results for the studied series.
3.3. Differential thermal analysis (DTA)
The derivate of weight versus temperature curves obtained for the
REF, BP10 and BP20 at 1500 hardening ages are shown in Fig. 8. As can

be observed, the portlandite peak area of this curve was lower as rose the
proportion of brick powder in the binder.

3.4. X-ray diffraction (XRD) and X-ray fluorescence (XRF) analyses

The X-ray spectra obtained for REF, BP10 and BP20 mortars are
represented in Fig. 9a—c, respectively. As can be observed, a reduction of
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Fig. 6. Results of capacitance C, obtained for the types of mortars studied.
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Fig. 7. Resistance R results noted for REF, BP10 and BP20 mortars.
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Fig. 8. Derivate of weight versus temperature curve obtained for the studied
mortars at 1500 hardening days.

the peak intensities of portlandite was produced as increase the content
of brick powder in the binder, in agreement with DTA data. The XRF
results for the studied mortars are shown in Table 2. The main compo-
nents of the mortars were CaO, SiO, and Al,O3. The addition of brick
powder produced an increase of percentage of Al,O3 and SiOs in the
mortars, whereas it reduced the percentage of CaO.
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Fig. 9. (a) XRD spectrum for REF mortars; (b) XRD spectrum for BP10 mortars; (c) XRD spectrum for BP20 mortars. The meaning of the letters in the figure is the

following: P Portlandite, C Calcite, E Ettringite, G Gypsum, Q Quartz.

Table 2
X-ray fluorescence results for REF, BP10 and BP20 mortars after 1500 hardening
days.

Composition REF (%) BP10 (%) BP20 (%)
NayO 0.25 0.25 0.3
MgO 1.36 1.38 1.35
Al,O3 4.66 6.73 8.75
SiO, 17.07 20.07 22.31
P05 0.18 0.19 0.17
SO3 3.94 3.07 3.51
K0 0.91 1.33 1.96
CaO 68.28 62.66 56.61
TiO, 0.39 0.53 0.64
Fey03 2.63 3.39 3.90
Other elements <0.33 <0.4 <0.5

3.5. Steady-state chloride diffusion coefficient

The results of steady-state chloride diffusion coefficient obtained
from sample’s resistivity at 1500 hardening days are represented in
Fig. 10. The lowest values of this coefficient were noted for BP20 mor-
tars, followed by BP10 ones. On the other hand, the highest diffusion
coefficient was observed for reference specimens without addition of
brick powder.

3.6. Water absorption

The results of percentage of water absorption after immersion [51]
are depicted in Fig. 11. At 1500 hardening days, this parameter was
relatively similar for the different binders studied. Specimens with brick
powder showed slightly higher percentage of water absorption after
immersion compared to reference ones, despite that in any case the
differences between the series studied were not noticeable.
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Fig. 10. Results of steady-state chloride diffusion coefficient obtained from
sample’s resistivity noted for the analyzed mortars series.

154
I 1500 days

10 1
SI I I
0- T T

REF

BP10 BP20

Absorption after immersion, %

Fig. 11. Results of absorption after immersion [39] noted for the stud-
ied mortars.

3.7. Expansion/shrinkage

The percentage of length change respect to the initial length obtained
for REF, BP10 and BP20 series at 1500 hardening days is depicted in
Fig. 12. All the series developed expansion along the period of time
studied. Reference mortars showed higher expansion, whereas it was
lower as increased the percentage of brick powder in the binder.
4. Discussion

4.1. Microstructure characterization

Regarding the results obtained using mercury intrusion porosimetry,

0.15+
I 1500 days
X 0.10-
c
(o]
)
c
[0}
< 0.05-
i
0.00 , : -

REF BP10 BP20

Fig. 12. Percentage of length change (expansion) obtained for the analyzed
series after 1500 hardening days.
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the total porosity was relatively similar at 1500 hardening days for all
the analyzed mortar series (see Fig. 2). This result would indicate that in
general the solid fraction and the global volume of pores was similar in
the mortars, with independence of the binder. In view of that, the
addition of waste brick powder up to 20% of the binder would not
produce harmful effects in the very long term regarding the porosity of
the mortars, in comparison with samples without this addition. How-
ever, the pore size distributions noted after 1500 hardening days showed
that the incorporation of waste brick powder would produce a higher
microstructure refinement, highlighting the greater proportion of pores
with diameters in the range < 10 nm in BP10 and BP20 mortars in
comparison with REF ones (see Fig. 3). The percentage of Hg retained at
the end porosimetry test (see Fig. 4) was higher for mortars with waste
brick powder. As has been previously explained, this parameter provides
qualitatively information related to the pores tortuosity [40,41].
Therefore, the results of Hg retained would indicate a greater pore
network tortuosity for samples with waste brick powder at the studied
age, also suggesting a higher pore refinement produced by this addition.

The impedance spectroscopy results presented similarities with those
observed using mercury intrusion porosimetry, already discussed.
Firstly, the impedance capacitance C; provides information about the
global solid fraction in the sample [42], independently of its pore size
distribution. This capacitance was slightly higher for BP mortars,
although the differences between the different binders studied were
small (see Fig. 5). This would indicate that there were scarce differences
in the global solid fraction of the analyzed mortars at the end of studied
hardening time period. The capacitance C; results would be in keeping
with total porosity ones, which also suggest low differences in overall
pores volume, independently of the incorporation of brick powder. The
small influence in the global porosity produced by the addition of brick
powder, while a pore network refinement was produced, have been also
observed for other additions, for example fly ash [53].

The impedance capacitance Cy is related to the internal surface of the
pores in contact with the electrolyte that fills the pore structure of the
material [43]. The increase of this surface could be caused by the for-
mation of new solid phases, as products of the hydration and pozzolanic
reactions. These solids would form new rough structures on the already
existing pore walls, producing a progressive refinement of the micro-
structure and increasing in this way the capacitance Cy [47]. This
parameter was greater for mortars with waste brick powder after 1500
hardening days, in comparison with mortars without this addition.
Furthermore, the capacitance C, increased as higher was the content of
brick powder in the sample (see Fig. 6). In view of these results, the
internal surface of the pores would be higher for samples with brick
powder compared to reference ones. This would indicate that the
incorporation of waste brick powder would produce a higher pore
refinement in the mortars in the very long term, being in agreement with
the results of pore size distributions and percentage of Hg retained,
obtained with mercury intrusion porosimetry.

On the other hand, the impedance resistance R, provides data related
to the pore network of the material [43]. In general, greater resistances
Rz would reveal a higher presence of finer pores. In this work, higher
values of this parameter were noted for brick powder mortars compared
to reference specimens (see Fig. 7). Moreover, the resistance Ry rose as
increased the content of this addition in the sample. These would agree
with the results noted for capacitance Cy, pore size distributions and Hg
retained, suggesting the refinement of the microstructure produced in
the very long term by this supplementary cementitious material.

The finer microstructure of brick powder mortars after 1500 hard-
ening days revealed by the characterization performed by mercury
intrusion porosimetry and impedance spectroscopy could be mainly due
to the pozzolanic activity of this addition [13,16]. New solids would be
formed as products of pozzolanic reactions of brick powder, reducing
the pore sizes and closing the microstructure. The results of the differ-
ential thermal analyses would also confirm this pozzolanic activity of
the waste brick powder in the very long term, as suggested the lower
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areas of portlandite peak in the curves derivate of weight versus tem-
perature for brick powder series, compared to reference ones (see
Fig. 8). Furthermore, the lower intensities of portlandite peaks for
binders with brick powder obtained with XRD, would also reveal this
pozzolanic activity in the very long term (see Fig. 9). This would be also
in line with the reduction of the content of CaO in the mortars produced
by the addition of brick powder, as well as with the higher presence of
Al;03 and SiO» in these mortars (see Table 2). These results would agree
with other works [13,16,21] in which it has been assessed the possible
pozzolanic activity of brick residues in the short term, using different
parameters, such as pozzolanic activity index [13] and strength activity
index [13,16]. Finally, in addition to the benefits of the pozzolanic re-
actions of brick powder in the microstructure development of the mor-
tars, the filler effect of this addition could also contribute to the pore
refinement observed after 1500 hardening days, as has been suggested
by other authors [18].

4.2. Durability-related parameters

With regard to the studied durability-related parameters of the
mortars, it is relevant to obtain information about the diffusion of
chlorides in the very long term, because this aggressive ion is one of most
damaging agents related to the corrosion of reinforcement elements
embedded in cementititious materials. The mortars with waste brick
powder showed lower steady-state chloride diffusion coefficients
compared to reference ones (see Fig. 10). This result could be a conse-
quence of the more refined microstructure of the specimens with waste
brick powder, in comparison with those without this addition, produced
by the pozzolanic reactions of brick powder [13] and its filler effect
[18], as has been previously explained. The displacement of chlorides in
the pore network of the material would be more complicated as the
proportion of pores with smaller sizes is higher, giving as a result smaller
diffusion coefficients, as been observed for brick powder mortars.

Slight differences have been noted regarding the percentage of ab-
sorption after immersion at 1500 hardening days between the different
mortars studied (see Fig. 11). This result would agree with those ob-
tained for total porosity and impedance spectroscopy capacitance Cj,
which revealed a similar volume of pores and total solid fraction in the
analyzed mortar series. In view of the results of length change per-
centage respect to initial length, it has been observed an expansion for
all the analyzed mortars (see Fig. 12). This could be due to the storage of
the specimens in an optimum laboratory condition along the time period
studied, which facilitates the hydration of the materials. Despite that,
the addition of waste brick powder produced lower expansion than that
observed for specimens without this addition, being this result in
keeping with those obtained by other authors [54].

Finally, in view of the abovementioned results, the replacement up to
20% of clinker by waste brick powder would improve the performance
of the mortars after 1500 hardening days regarding the pore structure
and the diffusion of chlorides. In addition to this, the incorporation of
brick powder would not produce harmful effects regarding other pa-
rameters of the mortars, like the percentage of absorption by immersion
and the overall porosity. These results at several hardening years of the
material could be useful in order to get information about the possible
application of waste brick powder in real construction elements, espe-
cially due to the long service life required to these elements [29].

5. Conclusions

The main conclusions that can be drawn from the results previously
discussed can be summarized as follows:

e The mortars with brick powder showed a higher pore refinement at
1500 days compared to those without this addition, in view of the
results of several parameters obtained with impedance spectroscopy
(capacitance C; and resistance Ry) and mercury intrusion
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porosimetry (pore size distributions and percentage of Hg retained at
the end of the test).
The proportion of finer pores was greater as higher was the content of
brick powder in the mortars. This refinement of the pore network due
to the incorporation of brick powder could be mainly produced by its
pozzolanic activity, as would confirm the XRD, XRF and differential
thermal analyses performed at 1500 hardening days. Furthermore,
the filler effect of the brick powder could also contribute to this pore
refinement.

After approximately 4 years, the results of total porosity and

impedance capacitance C; revealed that the overall solid fraction

and volume of pores in the mortars was very similar, independently
of the content of brick powder.

e The incorporation of waste brick powder improved the steady-state
chloride diffusion coefficient of the mortars at 1500 days. This bet-
ter behaviour would be due to the higher pore refinement produced
by the pozzolanic activity of this addition, in combination with its
filler effect.

e The water absorption after immersion in the very long term was

similar for all the mortars studied, which would suggest that their

volume of pores would be also similar, being in keeping with total
porosity and capacitance C; results.

According to the results noted in this work, the addition of 10% and

20% of brick powder as clinker replacement, would overall improve

the behaviour of mortars at approximately 4 hardening years,

compared to those made with only ordinary Portland cement in the
binder, especially regarding the pore structure and chloride
diffusion.
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