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The water treatment sludge (WTS) is a residue composed of organic and inorganic matter in a 
solid, liquid, and gaseous state that has a variable composition concerning its physical, chemical, 
and biological characteristics. The irregular disposal of WTS can promote harmful changes to 
the environment, such as reduction of dissolved oxygen and increase in the concentration of 
aluminum and other metals in the receiving watercourses. To propose a suitable purpose for 
this residue, this work evaluated the physical and mechanical properties of the concrete and 
corrosion resistance of the reinforcement in a cementitious composite using WTS in replacement 
to the natural sand. A conventional concrete and a conventional mortar were used as a reference 
and a 3% WTS-content concrete, and a 3% WTS-content mortar were prepared to evaluate 
the WTS influence in mechanical properties and corrosion resistance. By electrochemical 
measurements, it was observed that the resistance of the cementitious matrix was not altered 
by WTS addition. Regarding steel resistance, the WTS may promote a higher susceptibility 
to frame corrosion, which can be correlated to the lower pH than reference medium (REF). 
The concrete reinforcement characterization indicates that concretes with WTS can be used as 
reinforced concrete structure in urban areas.

Keywords: reinforcement corrosion, water treatment sludge, sustainable aggregate, modified 
cementitious matrix

Introduction

The irregular disposal of water treatment sludge (WTS) 
can promote harmful changes to the environment. Brazil 
has around 7,500 water treatment plants (WTP) and all 
treatment plants produce wastes in the process of purifying 
water for human consumption.1 In developing countries, 
water treatment wastes are generally disposed of in the 
same rivers and streams that supply water for the treatment 
because there is no suitable technology to designate this 
waste.2 The majority of WTP waste is a sludge retained in 
decanters and a strategy to correctly dispose of this sludge 
is a challenge for WTP managers.3 

WTS is a residue composed of organic and inorganic 
matter in a solid, liquid, and gaseous state that has a 
variable composition concerning its physical, chemical, and 
biological characteristics. Among the harmful changes to 
the environment caused by the irregular disposal of WTS 
are the reduction of dissolved oxygen and the increase in the 
concentration of aluminum and other metals in the receiving 
watercourses creating a major impact on the environment.4

Among the possible recycling alternatives currently 
existing for WTS are the recovery of aluminum present in 
the sludge and its use in the treatment of domestic effluents,5 
the spreading of sludge in the soil for agricultural purposes 
and the recovery of degraded areas,6 and the application of 
sludge as a supplementary cementitious material.7,8

The application of WTS in civil construction can be 
beneficial for another reason: to reduce the extraction of 
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raw materials, such as sand and gravel.9-11 Figure 1 presents 
the numbers of sand and gravel extraction, according to the 
United States Geological Survey. An increase since 2008 
has been observed, reaching approximately 330 million 
tons in the years 2018 and 2019. This number has not 
been maintained in 2020 due to the decrease in industrial 
production arising from the Covid-19 pandemic.12,13 
Although Figure 1 illustrates the total extraction of sand, 
which serves several industrial processes, the area of 
civil construction also has a large share of contribution. 
According to the United States Geological Survey, the 
total sand and gravels used only for construction was 265 
million metric tons in 2020.12

The extraction process cause decrease in the availability 
of these materials on the market and an increase in their 
price, for example, in the United States of America (USA), 
the price of sand and gravel increased about 30% from 
2010 to 2020.12 Besides, natural sand sometimes has to 
be transported from the extraction region to the region 
of use which means that its price can be even higher, the 
further from the extraction it is taken. Recycled sands, 
on the other hand, can be used conveniently in the origin 
region of the waste. Therefore, attempts to replace natural 
aggregates with recyclable ones are necessary. Brazil, like 
most countries where there is water treatment, has WTP in 
all its political regions, therefore, WTS is a waste present 
throughout the Brazilian territory, unlike natural sand. 

Kaish et al.14 investigate the properties of concrete 
after the alum sludge incorporation as partial replacement 
of fine aggregate. The authors showed that the optimum 
replacement must not exceed 10% of sludge, to ensure the 
strength and concrete durability proprieties. Ching et al.15 
studied the effect of mix proportions of alum sludge in 
concrete and evaluated different mechanical and physical 
properties, such as slump behavior, compressive and flexural 
strength, water absorption and chloride penetration. They 
concluded that 4% of addition is the higher concentration 
to applied in the concrete. 

Despite some studies trying to add recyclable materials 
to the concrete, there was no replacement of sand, only 
is applied to mortar modifier. Considering the need to 
properly dispose the WTS and the need to apply recycled 
sands in civil construction, in this research, the physical 
and mechanical properties of the concrete, as well as the 
corrosion resistance of the reinforcement in a cementitious 
composite using WTS in replacement to the natural sand 
were studied, aiming to evaluate the effect of adding this 
material in concrete.

Experimental

Materials

The materials used in this study were: (i) Portland 
cement with a high early strength sold by Holcim do Brasil 
in São Carlos, Brazil (chemical composition of (wt.%) 
64.0% CaO, 19.2% SiO2, 5.0% Al2O3, 3.2% Fe2O3, 2.8% 
SO3, 2.4% CO2, 0.6% MgO, 0.6% K2O, and 0.1% Na2O); 
(ii) quartz sand and basalt stone obtained from the São 
Carlos city area (Brazil); (iii) water treatment sludge (WTS) 
and (iv) commercial carbon steel for civil construction 
used in Brazil (named CA-60) sold by Gerdau Brasil in 
São Carlos, Brazil.

The commercial carbon steel used is a corrugated 
steel rebar (AISI 1005, 5 mm-diameter). The chemical 
composition of the AISI 1005 was determined by atomic 
absorption spectroscopy (Inductar CS cube analyser’) 
as follows (wt.%): 99.098% Fe, 0.054% C, 0.384% Mn, 
0.027% P, 0.036% S, 0.081% Si, 0.077% Cr, 0.059% Ni, 
0.014% Mo and 0.170% Cu. 

The sludge used in this research was collected from the 
São Carlos Water Treatment Plant in the state of São Paulo, 
Brazil. This WTP treats 500 L s-1 of water in a traditional 
system that has the following steps: coagulation (using 
Al2(SO4)3 as a coagulant), flocculation, sedimentation, and 
filtration. It is in the decanter that the sludge is deposited 
in the tank bottom by gravity. In a year, the São Carlos 
WTP produces 1500 m³ of sludge, which is removed 
every three months. A schematic of the São Carlos water 
treatment plant, with more details of the water station is 
available in Figure S1 in the Supplementary Information 
(SI) section.

In the laboratory, the sludge collected at WTP was 
placed on metal trays for 48 h for water evaporation at room 
temperature. After that, WTS was completely oven-dried 
at 110 ºC for 24 h in the oven with air circulation and air 
renewal Marconi MA 035 (Piracicaba, Brazil). The WTS 
was standardized by sieving (with a 4.8 mm mesh) and 
grinding in an aggregate crusher Marconi MA-590/SE 

Figure 1. Industrial sand and gravel production worldwide, according to 
the United States Geological Survey (adapted from reference 12).
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(Piracicaba, Brazil). Figure S2 (SI section) shows WTS 
ready to use and quartz sand for visual comparison.

According to Cordeiro,16 São Carlos WTP performs 
a three-months washing of the decanters in a traditional 
way (in large intervals of time), causing an accumulation 
of sludge at the bottom of the tank that occupies a 
considerable volume, therefore leading to an increase in 
the concentration of solids. Besides, the concentrations 
of metals are higher in systems like these, therefore the 
irregular disposal causes a greater environmental impact. 
Table 1 presents the physicochemical characteristics of a 
sample from the WTS collected in São Carlos WTP.16

Concrete mixtures

WTS was used as fine aggregate in partial substitution 
to natural sand (levels of 3% by weight). This content was 
chosen from the results achieved by previous studies in our 
group considering maximum reuse of sludge.2

Four groups of cementitious composites were prepared. 
A conventional concrete (REF-c) and a conventional mortar 
(REF-m) were used as a reference and a 3% WTS-content 
concrete (WTS-c) and a 3% WTS-content mortar (WTS-m) 
were prepared to evaluate the WTS influence on mechanical 
properties and corrosion resistance. Table 2 shows the 

proportion of materials used in each group of cementitious 
composites, the consistency of the concretes, recommended 
by NBR NM 67.17 

Methods

Concrete and mortar mixtures were made using a 
mechanical mixer Lider (São Paulo, Brazil) to obtain a 
homogeneous mass. For physical and mechanical properties 
tests, cylindrical specimens of concrete measuring 
100  mm  (diameter) × 200 mm (height) were molded 
(Figure  S3, SI section). Samples were kept in the wet 
chamber until the time of testing to cure according to the 
Brazilian standard NBR 9479.18 Concrete samples were 
submitted to the following tests: water absorption, voids, 
and specific gravity according to NBR 5739;19 compressive 
strength, modulus of elasticity, and tensile strength 
according to NBR 8522,20 NBR 722221 and NBR 9778,22 
respectively.

For electrochemical analysis, specimens of prismatic 
mortars measuring 100 mm (height) × 70 mm (width) × 
50 mm (depth) were molded with two rebars inside. 
After mortar demolding, copper cables were connected 
to the sample reinforcements to ensure electrical contact 
(Figure S3). The corrugated steel was cut into 10 cm bars, 
as the working electrode (WE), and the sample was cleaned 
following ASTM G1-0323 and an area of 6.28 cm2 was 
exposed insulating the rest of the bars with epoxy resin. 

The electrochemical characterizations were performed 
in a conventional three-electrode glass cell, at 23 ºC, using 
an Autolab-PGSTAT20 potentiostat/galvanostat equipped 
with a FRA32 module. A titanium cylinder was used as the 
auxiliary electrode (AE). Hg/HgO|KOH (1 mol L-1) was 
employed as the reference electrode (RE) for passivation 
analysis and a saturated calomel electrode (SCE) was 
employed as the RE for the corrosion analysis.

Electrochemical impedance spectroscopy (EIS) was 
performed on mortar steels at the open-circuit potential 
(OCP) in the 100 kHz to 10 mHz frequency range, applying 
a 10 mV of AC modulation. Frequency sampling was 

Table 1. Physicochemical characteristics of water treatment sludge from 
São Carlos (SP, Brazil) made available by Cordeiro16

Sample characterizationa Value

pH 7.20

Chemical oxygen demand / (mg L-1) 4800

Total solids / (mg L-1) 58.630

Suspended solids / (mg L-1) 26.520

Dissolved solids / (mg L-1) 32.110

Aluminum / (mg L-1) 2.16

Zinc / (mg L-1) 4.25

Lead / (mg L-1) 1.60

Cadmium / (mg L-1) 0.02
aTurbidity and color are not determined on concentrated sludge. 

Table 2. Mix proportion of materials to produce the cementitious composites

Group WTS content / %
Mix proportion (by mass)

Consistency / mm
Cement WTS Sand Basalt w/c

REF-c - 1.00 0.00 2.00 3.00 0.53 50

REF-m - 1.00 0.00 2.00 - 0.53 279

WTS-c 3 1.00 0.06 1.94 3.00 0.54 50

WTS-m 3 1.00 0.06 1.94 - 0.54 290

WTS: water treatment sludge; REF-c: conventional concrete; REF-m: conventional mortar; WTS-c: 3% WTS-content concrete; WTS-m: 3% WTS-content 
mortar; w/c: water to cement ratio.
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6 points per decade. All the EIS spectra were curve-fitted 
using Nova 2.1.4 software. The OCP of the rebar was 
monitored for 24 consecutive days while the mortar samples 
were completely submerged in Ca(OH)2 saturated solution. 
For corrosion potential measurement the ASTM C876-15 
was followed.24

The ex-situ characteristics of the WE surface in the 
different mortar samples were conducted at different periods 
of immersion in Ca(OH)2 saturated solution (commercial 
purity, Synth, Diadema, Brazil). For that, morphology 
and elemental composition of the passive films formed 
were investigated using scanning electron microscopy 
(SEM) with high-resolution field emission using and FEG-
SEM ZEISS SUPRA 35, coupled to energy dispersive 
spectrometry. The morphology of the WE in mortar samples 
immersed in a 3.5% NaCl solution (commercial purity, 
Synth, Diadema, Brazil) were investigated using SEM at 
the end of the corrosion potential experiment.

Results and Discussion

Physical and mechanical properties 

The results for the physical properties of concrete 
samples are shown in Table 3. The average value of three 
samples for water absorption for water treatment sludge 
concrete (WTS-c) is 1.2% lower than the average value 
of three samples for reference concrete (REF-c), showing 
that the pore volume of these concretes is similar. Ching et 
al.15 observed the same behavior, replacing Portland cement 
by 2-8% of WTS, and the higher the WTS content, the 
lower the water absorption and the porosity. Analogously, 
the ratio of permeable pore volume and total volume of 
the concrete sample (voids) for the WTS-c is 2.6% lower 

than for the REF-c and the specific gravity is 1.3% lower 
for WTS-c than for REF-c, possibly because WTS acted 
as a filler. Therefore, WTS-c group did not present a 
significant difference in physical property results compared 
to the reference concrete and the value obtained was the 
expected for the water to cement ratio (w/c)  according to 
the literature.14,15,25-27 

Table 4 shows the mechanical properties of the 
concrete samples after 28 curing days in the moist room. 
Compressive strength of WTS-c corresponds to almost 
88% of the compressive strength of REF-c, which may be 
related to the increase in w/c ratio in WTS-c samples in 
the mixtures to reach the same consistency as the REF-c 
samples. Kaish et al.14 observed that by incorporating 5 
and 10% of WTS in replacement of fine aggregate, the 
compressive strength of the concrete in 28 days was similar 
to the control sample. However, the w/c was the same. 
Modulus of elasticity showed a decrease from REF-c to 
WTS-c of around 5% and tensile strength of around 14%, 
both believed to be caused by the higher w/c either. These 
average values of mechanical properties in WTS-c show 
that possibly this concrete with 3% of sludge cannot be used 
in the marine environment according to Brazilian standard 
NBR 6118,28 which explains that if the concrete will be in 
a marine environment, it must have a compressive strength 
of at least 30 MPa, only reached by the REF-c.

Although no research was found replacing WTS by 
aggregates or incorporating it in concrete as aggregate, 
some research used WTS in bricks, clay, and paving 
blocks29-32 and demonstrated that the increase of WTS 
content decreased the strength and increased water 
absorption in elements. Some research was made using 
WTS fired up to 850 °C as supplementary cementitious 
material33,34 and concluded that the use of 5 and 10% by 

Table 3. Physical properties average value of concrete samples

Group

Water absorption Voids Specific gravity

Average 
value / %

SD / % CV / %
Average 
value / %

SD / % CV / %
Average 
value / %

SD / % CV / %

REF-c 5.15 0.40 7.76 12.31 0.90 7.29 2.39 0.01 0.51

WTS-c 5.09 0.16 3.05 11.99 0.34 2.81 2.36 0.01 0.25

SD: standard deviation; CV: coefficient of variation; REF-c: conventional concrete; WTS-c: 3% WTS-content concrete.

Table 4. Mechanical properties of the concrete samples after 28 curing days

Group

Compressive strength Modulus of elasticity Tensile strength

Average 
value / MPa

SD / % CV / %
Average 

value / MPa
SD / % CV / %

Average 
value / MPa

SD / % CV / %

REF-c 30.2 1.1 4 30.2 1.1 4 30.2 1.1 4

WTS-c 26.5 0.7 3 26.5 0.7 3 26.5 0.7 3

SD: standard deviation; CV: coefficient of variation; REF-c: conventional concrete; WTS-c: 3% WTS-content concrete.
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cement weight of WTS increased the compressive strength. 
In this work, the strength decreased with the incorporation 
of WTS, but water absorption did not. 

Mortar monitoring in alkaline medium

EIS measurements are useful to obtain information on 
electrochemical systems, such as the presence of surface 
passivation films, interfacial corrosion, and mass transfer 
phenomena. In this way, this technique was used to follow 
the curing process, i.e., in the first 24 days after the mortar 
casting. All EIS measures were performed in Ca(OH)2 
saturated solution. The Nyquist diagrams for REF-m and 
WTS-m are presented in Figure 2. Both mortars showed 
the same behavior: a semicircle, indicating the occurrence 
of resistive and capacitive effects. At high frequencies 
(ca. 400 Hz) it is possible to observe the formation of a 
small semi-circle, in both mortar systems (see Figure S5, 

in SI section). Over time, it is possible to observe that the 
radius of the semi-circle increases, indicating the formation 
of the passive film on the steel. The equivalent circuit model, 
used to fit the EIS spectra, is shown in Figure 2c. Some 
works in the literature explain the all-electrical phenomena 
involved,35-38 but in this study, we will focus on R2 and R3, 
which in practical terms can be related to the cement matrix 
resistance and steel corrosion resistance, respectively. 
As seen in Figure 3, the addition of WTS does not alter 
the resistance of the cementitious matrix, indicating that 
the microstructure compaction is similar for both REF 
and WTS. Regarding steel resistance, the difference of 
corrosion resistance indicates that the WTS may promote 
a higher susceptibility to frame corrosion. It is interesting 
to notice that R3 increases faster in REF-m compared to 
WTS-m, and at 7 days of immersion in Ca(OH)2 saturated 
solution, the steel in WTS-m reached a plateau of the 
passivation film growth. Therefore, suggesting that WTS-m 

Figure 2. Nyquist diagrams for (a) REF-m and (b) WTS-m, all in Ca(OH)2 solution. (c) Representation of the equivalent circuit used to fit the EIS data 
of rebars.

Figure 3. Cement matrix resistance (R2) and steel corrosion resistance (R3) values obtained fitting the equivalent circuit (Figure 2c) as a function of the 
immersion time in Ca(OH)2 solution.
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provides an environment that makes the steel less capable 
to passivate.

Figure 4 shows the average of three open-circuit 
potential measured values for REF and WTS-m samples 
using Hg/HgO as reference electrode. OCP started in -42 
and -66 mV for REF-m and WTS-m, respectively. Then, 
the two mortars showed shift to more negative OCP values. 
OCP of REF-m stabilized at approximately -130 mV 
between the 8th and 18th day and increased to stabilize on the 
20th day with OCP at approximately -120 mV until the end 
of the experiment (24th day). OCP of WTS-m stabilized at 
around -225 mV from day 1 to 6 and increased to -150 mV 
on the 21st day. WTS-m’s potential stabilized in -175 mV 
on 21st day until the end of the experiment. So, both 
samples presented their OCP stabilized, suggesting that the 
passivation film was formed, but REF-m samples stabilized 
before than WTS-m. Furthermore, WTS-m stabilized in 
a more negative potential than REF-m, suggesting that 
WTS-m is more susceptible to corrosion than REF-m. The 
decrease in the OCP at the beginning of the experiment 
done in this work in an alkaline solution was observed 
by some researchers39-42 and may be associated with the 
oxygen depletion at the steel-mortar interface because of 
the difficulty in mass transportation.

After opening the mortars to remove the steel bars from 
the samples scanning electron microscopy (SEM) images 
were taken on an as-received steel sample (blank sample), 
on steels from REF-m samples (REF) at 7 and 21 days of 
immersion in Ca(OH)2 saturated solution and on steel from 
WTS-m sample (WTS) at 7 and 21 days of immersion in 
Ca(OH)2 saturated solution, as can be seen in Figure 5. 
Figure 5a shows the blank sample, as can be seen only 
steel scratches from the cleaning process. After 7 days of 
immersion in alkaline solution, the steel surface in Figure 5b 
shows that the REF sample presents a coating structure 

formed clearly. A similar structure was observed in the REF 
sample after 21 days of immersion in Ca(OH)2 saturated 
solution. These structures are probably the passivating 
film given that EIS and OCP measurements indicated a 
passivation process at this age. For the WTS sample on the 
7th day, it is possible to see that a structure is forming, but it 
still does not cover the sample well, as happened for REF, 
at this age. On the 21st-day WTS sample presented a well-
developed coating that better covers the surface than before. 
Nevertheless, this coating does not cover all the steel surface 
and evidencing what was observed in the monitoring of the 
OCP (Figure 3) that the passivating film was not well-formed 
after 21 days of immersion in the alkaline solution.

Energy dispersive X-ray (EDX) measurements also were 
performed and are presented in Figure S6 (in SI section). 
The presence of calcium, carbon, oxygen and iron indicates 
that most of the formed precipitate is calcium carbonate and 
iron oxy-hydroxide. This is in agreement with the work 

Figure 4. Average of three open-circuit potentials measure values as a 
function of immersion time of REF and WTS-m samples in Ca(OH)2 
saturated solution.

Figure 5. SEM images of (a) blank sample, (b) REF 7th day, (c) REF 21st day, (d) WTS 7th day and (e) 21st day.
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of Gromboni et al.,43 who observed that most of the films 
obtained under similar study conditions are amorphous 
or nanocrystalline. Figure S6 also indicates that with an 
increase in mortar curing, there is a change in the protective 
film, decreasing the proportion of CaCO3, and increasing the 
contribution of iron oxides and oxy-hydroxide.

Mortar monitoring in chloride medium (corrosion initiation)

To evaluate the corrosion potential of reinforcing 
steel in WTS and WTS-free mortars, the specimens were 
immersed at half height in 3.5% NaCl solution for two 
days and oven-dried at 50 ºC for five days every week for 
39 weeks. As the mortars were being immersed in NaCl 
solution, NaCl salts were crystallizing in mortar pores, 
increasing compactness in all specimens. Figure 6 shows 
that as the cycles go by, the masses of samples increased. 
This effect was caused by the accumulation of NaCl into 
the mortar microstructure and consequently the water 
retention. After around 32 cycles the mass variation started 
to stabilize suggesting that the pores were clogged with 
salt and the penetration of more NaCl solution became 
difficult. 

Corrosion potentials of reinforcing steel in WTS and 
WTS-free mortars were measured and compared to the 
empirical limits established by ASTM C876-1524 as shown 
in Figure 7. However, it is used as an eye guide because 
its applicability to alternative cementitious composites 
such as WTS-m is not defined. If the OCP > -104 mV vs. 
Ag/AgCl|KCl sat., there is 90% probability of having no 
corrosion activity on the WE and if OCP < -254 mV vs.  
Ag/AgCl|KCl sat. there is 90% probability of having 
corrosion activity on the WE. Between these limits, there is 
uncertain corrosion activity.

From Figure 7, one can see that the initial values for 
REF-m and WTS-m are similar and increased 100 mV 
from the first day to the sixth cycle together, suggesting 
the formation of a passivating layer, reducing corrosion 
risk. While WTS-m potential values increase a little more 
from the seventh to the ninth cycle, REF-m potential 
values started to stay constant, close to the threshold value 
for corrosion to become uncertain according to ASTM 
C876-1524 from seventh to 17th cycle. This means that the 
passivation film on REF-m started to become unstable. 
WTS-m potential values decreased remarkably after the 
seventh cycle, indicating a corrosion activity after the 10th 
cycle. REF-m presented a similar decreasing behavior 
after the 18th cycle thought and presented 90% probability 
of corrosion after the 20th cycle. Therefore, indicating 
that REF-m maintains the passivating film for a longer 
time on the steel, protecting it from corrosion for eight 
more weeks in the case of this test. The test was carried 
out for more 19 weeks after the samples presented 90% 
probability of corrosion and after 27 cycles, both REF-m 
and WTS-m corrosion potential values became similar, 
around -525 mV. This behavior was mentioned by other 
researchers.25,35,37,44 WTS-m showed to be more susceptible 
to corrosion activity, probably caused by the lower pH 
(Table 1) that WTS presents against the high alkalinity 
of the cement (approximately 12.5). Therefore, in this 
proportion of material to make WTS samples, it is not 
indicated to use this concrete in the marine environment. 
However, it is important to mention that is indicated to be 
used as reinforced concrete structure in urban areas by 
Brazilian standard NBR 6118.28

After 39 weeks (cycles) of corrosion potential tests, 
mortars were opened to remove the steel bars to perform 
SEM analysis. Images were taken on steels from REF-m 
samples (REF) and steel from WTS-m (Figure 8). After 

Figure 7. Evolution of the open circuit potential of working electrodes 
in REF and WTS-m versus Ag/AgCl|KClsat.

Figure 6. Variation in the mass of REF-m and WTS-m specimens during 
aging cycles. Higher (lower) values refer to saturated (dried) conditions.
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this time of immersion in chloride solution, the REF 
sample presents a structure formed on the surface clearly 
(Figure  8a), probably the oxides formed by corrosion, 
according to OCP measurements for this age. For the WTS 
sample (Figure 8b), the steel surface presented cracks 
beside the oxides. WTS-m samples started to corrode at 
least 5 weeks earlier than REF-m samples. 

Furthermore, knowing that the passivation film in 
WTS-m steel did not stabilize according to OCP monitoring 
in alkaline media, it is acceptable to conclude that this film 
broke easily, and the corrosion process occurred more 
quickly and intensely than in the REF sample.

Conclusions

In this paper, WTS was studied as a partial substitute of 
natural sand (3%), aiming the application of this waste at the 
civil construction. The compressive strength, modulus of 
elasticity and tensile strength showed a decrease of values 
when compared to the reference sample (REF). By EIS, 
the resistance of the cementitious matrix was not altered by 
WTS addition. Regarding steel resistance, the WTS may 
promote a higher susceptibility to frame corrosion, which 
can be correlated to the lower pH than REF medium. Due 
to these changes, WTS addition is not indicated for marine 
environment.

Although there is this limitation in the use of concrete 
with 3% WTS in place of sand, it can be used in urban 
areas. It is emphasized the fact that most cities in Brazil 
and in the world are not coastal, so there is a great potential 
for the application of this composite in civil construction. 
Especially, it should be noted that WTS is a waste that 
requires little processing before being used, therefore, it 
is cheaper than natural sand. In addition, it is possible to 
find WTS in all regions of Brazil, facilitating access and 
transport. For all the reasons mentioned, concrete with 
WTS incorporation is environmentally friendly and can 
be applied in civil construction.

Supplementary Information

Supplementary information, about São Carlos water 
treatment station (SAAE) plant, Mortar sample WTS 
and EIS measurements, is available free of charge at  
https://jbcs.sbq.org.br as PDF file.
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