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Abstract

In the coronavirus pandemic (COVID-19), it is important to articulate a safeguard against urban
contamination originating from hospitals, mainly the tires of vehicles that travel in the hospital parking-
lots and contaminating the various parts of the city through traffic on urban roads. With the purpose of
disinfecting the pavement of hospital parking-lots to prevent diseases, this research proposes the use of
a new pavement composed of pervious concrete with calcium hydroxide (Ca(OH)2) additive, i.e., lime
powder. The well-known powder lime becomes a disinfectant with a microbicidal effect which
increases the pH of the pavement, being a low cost and an abundant material. Studies have shown that
this additive affects the mechanical strength of pervious concrete when added to its mixture.
Accordingly, the objective of the study is to find a balance between mechanical strength and the ideal
proportion of lime powder additive in the pervious concrete mixture through finite element prototypes
subjected to vertical loads of 10,000 N with variation in the modulus of elasticity. The results of the
structural simulations indicate the prototype with the best performance ratio is 1:0.8:4
(cement:Ca(OH)2:limestone), compressive strain of 15.70 kg/cm?, density of 1,971.42 kg/m?® and
modulus of elasticity of 1,480.22 MPa, with demonstrates a satisfactory mechanical performance for
the use of this new pavement in hospital parking-lots.

Keywords: calcium hydroxide, elasticity, lime powder, microbicidal pavement, pervious concrete

1. Introduction

The Coronavirus Pandemic (COVID-19) forced the entire planet to revise hygiene
and cleaning habits, through the guidelines and protocols of the World Health Organization
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(WHO, 2020) and the concern with disinfecting places became a priority for people and
governments around the world, particularly in hospitals, which have high safety protocols for
microbicidal and bactericidal disinfection involving products that can affect human skin,
according to (Syed et al., 2020). This study aims to contribute to the preparation of health
safety protocols in external areas of hospitals, comprising the parking of ambulances and
private cars, through the possibility of using pervious concrete modified with calcium
hydroxide (Ca(OH)2), also called lime powder, additive as a disinfectant pavement to be use
used in these car parks.

Pervious concrete is a porous pavement with environmental and sustainable property, as
it allows the recycling of its components. The pervious concrete is formed by the mixture of
aggregates of limestone or pebbles, cement and water, according to (Elizondo-Martinez et al.,
2020). Studies carried out with comparative porous pavements have recommended for
communities the use of pervious concrete for use in the parking-lot pavement, for
decontamination of the soil with pollutants originating from nitrogen, often drained by
rainwater precipitations (Razzaghmanesh and Borst, 2019). The modified pervious concrete is a
new material made by adding Ca(OH)- to its mixture, an additive that favors carbonation in its
internal structure (Aggelakopoulou et al., 2019), and contributes to the sequestration of carbon
dioxide (CO3) in the atmosphere, as report by (Gao et al., 2020) and (de Oliveira et al., 2019).

This environmental benefit is in line with the recommendations and reports of the
International Panel Climate Change (IPCC, 2020). In addition to these environmental benefits,
the pervious concrete modified has in its porous structure Ca(OH),, which is a chemical
element with disinfectant properties that help to prevent diseases, because when it is spread in
external areas with access to domestic animals, it acts in the prevention of diseases such as
avian influenza, salmonella and others originated by contaminated animals that pass through
this area (Mori et al., 2019). Ca(OH), and Calcium Oxide (CaO) are inorganic compounds
originated from limestone, used as adsorbents and alkalinizing agents for toxic waste produced
by polluting factories (Takayama et al., 2020).

The disinfection properties of CaO and/or Ca(OH), are due to the alkaline effect this
hydroxide, since a pH > 11.5 is a strong microbicide that reduces the cultures of
microorganisms during the water purification processes (Grabow et al., 1978). Studies have
shown that bioshell calcium oxide (BiSCaO) has a practical application for disinfectant
microbicide, favored by the effect of increasing the alkalinity of the environment from CaO
(Sato et al., 2019a, 2019b). Research (Takayama et al., 2020) has proven the effectiveness of
BiSCaO as a bactericide in the treatment against the bacterium Pseudomonas aeruginosa. The
microbicidal and bactericidal properties of Ca(OH), make it possible to use it as a medicine to
fight infections by bacteria such as Enterococcus faecalis (Sapra et al., 2017). Ca(OH); has
practical application in the fight against diseases transmitted by insects such as Aedes aegypti
and Culex quinquefasciatus, as it also has larvicidal properties in contact with water,
eliminating the breeding focus of these causing insect endemic diseases such as Dengue and
Malaria (Estrada-Aguilar et al., 2012).

All these microbicidal, bactericidal and larvicidal properties provide an effect of
practical use for modified pervious concrete as a disinfectant pavement. However, and
according to the studies (Esfandiari and Loghmani, 2019), lime powder is added to the pervious
concrete mixture it also reduces its ability to resist compression, a phenomenon also proven in
conventional concrete with an average reduction of 20% in its mechanical resistance. This
phenomenon occurs because the lime powder affects the binding properties of the cement,
reducing its mechanical and structural stability. In this way, the more disinfectant the modified
pervious concrete, by increasing a higher percentage of Ca(OH), additive in its mixture, the
lower its structural resistance and stability. Thus, this article proposes to discover the optimal
proportion of additive to obtain an effective disinfectant pavement with adequate mechanical
resistance in hospital parking-lots.
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2. Material and methods

The ANSYS 2019 R1 software was used to develop simulations in 30 pervious
concrete prototypes modified with Ca(OH). additive. Each digital prototype has the
dimensions of 1 m wide, 1 m long and 0.40 m thick. The load used in the simulations was
10,000 N with dynamic variation applied in the center of the prototype, in the vertical
direction. The simulations were divided into 2 groups, a G1 group with 15 prototypes that
had a progressive increase in the Ca(OH); additive, from 0.1 until 1.5%, in the proportion of
pervious concrete modified mixture, and another G2 group with 15 prototypes that had
progressive increase of cement, from 0.1 until 1.5%, in the proportion of pervious concrete
modified mixture. Table 1 indicates the materials and constant and variable proportions used
in the 30 prototypes and in the two G1 and G2 groups to perform the deformation
calculations using the finite element method.

Table 1. Characteristics of the virtual prototypes of the G1 and G2 groups of modified pervious

concrete
Groups Prototype Materials Proportion! Type Additive Proportion?
number Materials
Cement 1.0 112

Gl 15 Aggregate 4.0 Limestone® Ca(OH)2 0.1to
1.5%

water/cement 0.3 Distilled

Additive 0.8 Ca(OH)2
G2 15 Aggregate 4.0 Limestone® Cement 0.1to
15%

water/cement 0.3 Distilled

1 Proportion in relation to cement mass. 2ASTM C150. 3Granite stone 4.8 to 9.5 mm

Fig. 1 demonstrates photo of the compression and density measurement methodology.

Fig. 1. Compression and density tests: left — rupture of cylindrical specimens; right — weighing of
cylindrical specimen submerged in water

Following the indications in Table 1, 30 specimens were prepared, 15 specimens for
each G1 and G2 group, to carry out Density Test ASTM C127, and Compressive Strength
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Test ASTM C39. The methodology used to calculate Young's modulus or Elasticity modulus

used Equation (1):

Ec=0.043-w's- [f,

Where:

E. - Young’s modulus or Elasticity (MPa);
o - density of water (kg/m®);

f. - compressive strength (kg/cm?).

(1)

After obtaining the data from the different Young’s modulus of groups G1 and G2,
calculated by Equation (1), the data was entered in the ANSYS 2019 R1 software to
calculate the deformations by the finite element method. The Poisson coefficient was defined

as 0.22, following recommendation and methodology by (Goed, 2009).

3. Results and discussion

The prototypes were made and submitted to the generation of the finite element
mesh to perform the deformation calculations, as shown in Fig. 2.
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Fig. 2. Elaboration of virtual prototypes for application of 10,000 N dynamic constant load: left — basic
prototype; right — prototype after the finite element mesh generation in structure

The results of the density and compression strength and Young's modulus tests for G1

and G2 groups are shown in Tables 2 and 3, respectively.

Table 2. Properties of compressive strength (28 days). Density, Young's modulus and deformation of

specimens for G1 group

Gl Compressive strength Density, Young'smodulus Deformation
Specimens (kg/cm?) (kg/md) (MPa) x 10*(mm)
1 14.80 2,115.25 1,609.32 1.86
2 12.70 2,196.70 1,577.70 1.90
3 19.40 1,891.62 1,558.18 1.98
4 17.80 1,938.36 1,548.21 2.02
5 15.30 1,988.30 1,491.21 2.08
6 19.90 1,818.62 1,487.68 2.10
7 12.70 2,088.42 1,462.50 2.15
8 12.70 2,081.63 1,455.38 2.21
9 15.80 1,913.23 1,430.37 2.26
10 15.50 1,853.93 1,351.37 2.35
11 18.30 1,735.38 1,329.80 2.40
12 15.30 1,797.67 1,281.98 247
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13 15.00 1,806.44 1,278.64 2.50
14 11.70 1,911.25 1,228.96 2.53
15 12.90 1,843.77 1,222.71 3.06

Table 3. Properties of compressive strength (28 days). Density, Young's modulus and Deformation of
specimens for G2 group

G2 Compressive Strength Density Young's modulus Deformation
Specimens (kg/cm?) (kg/m®) (MPa) %10 (mm)
1 15.30 1,797.67 1,281.98 2.61
2 18.30 1,735.38 1,329.80 2.58
3 15.50 1,853.93 1,351.37 251
4 15.80 1,913.23 1,430.37 2.47
5 12.70 2,081.63 1,455.38 2.35
6 12.70 2,088.42 1,462.50 2.28
7 19.90 1,818.62 1,487.68 2.20
8 15.30 1,988.30 1,491.21 2.20
9 17.80 1,938.36 1,548.21 2.08
10 19.40 1,891.62 1,558.18 2.05
11 12.70 2,196.70 1,577.70 1.98
12 14.80 2,115.25 1,609.32 1.80
13 14.30 2,166.43 1,639.65 1.72
14 13.20 2,270.06 1,689.70 1.65
15 14.80 2,227.54 1,739.15 1.51

Fig. 3 shows the deformations of samples Gland G2 groups.

Deformation of Material subjected to Constant Load
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Fig. 3. Deformation of the material with changes in the additive (G1 group) and changes in cement (G2
group)

Fig. 4 shows the deformation of prototype 11 (G1) of pervious concrete modified
after loading the dynamic constant force 10,000 N.

In G1 group, as the additive (Ca(OH);) is added to the pervious concrete mixture,
there is an increase in the Young’s modulus and a gradual increase in deformation, because
the additive impairs the binding property cement, which causes a progressive disruption of
the material, until it becomes unstable. In the group G2 the opposite effect occurs because as
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the cement is added, the material becomes more stable, with a gradual reduction of the
elasticity module and a gradual reduction of the deformation, because the cement strengthens
the bond between the aggregates, producing a more resistant material.

B: Static Structural
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Type: Total Deformation
Unit: mim
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Fig. 4. Deformation of the modified pervious concrete material with loading applied in the center of the
prototype

According to (Yu et al., 2019) the pore size of the modified pervious concrete makes
the material dependent on cement for binding aggregate particles. For this reason, the
interference of the additive when mixing with the cement generates strong destabilization in
the internal structure of the modified pervious concrete. The addition of additive interferes
with the adhesion of the cement that acts as a binder between the aggregates preventing the
cement from acting integrally in the connection between the particles. Porosity is a property
that defines pervious concrete itself (Zhang et al., 2019), however the Ca(OH). additive fills
the voids, the additive impairing this important property, which even affects the possibility of
recycling the material (Aliabdo et al., 2018).

For this reason, despite the important advantages of the Ca(OH), additive as a
larvicide and microbicidal bactericide, which makes it an efficient disinfectant material, it
cannot be added in significant percentage in the mixture of the modified pervious concrete,
because it may cause complete destabilization of the internal structure material, rendering it
useless for structural use, such as pavement for parking vehicles. The solution to the problem
is the use of additives within an equilibrium range that encompasses the balance of the
properties of G1 and G2 groups, an equilibrium between the Ca(OH), additive and the
cement used in the mixture of modified pervious concrete. The balance range is the meeting
point of two curves with opposite trends.

The G1 curve is ascending, because the more additive is added to the modified
pervious concrete mixture, the greater the deformations of the material, tending to a weak
and unstable material, the G2 curve is descending, because the more cement is added to the
modified pervious concrete mixture, the less the deformation of the material, tending to a
resistant material, but with a high financial cost due to the gradual increase in cement.

The meeting point of these two curves, ascending G1 and descending G2, represents
the balance range, an optimum point that corresponds to the prototypes with characteristics
of compressive strength and percentage of additive coinciding in the two curves, with
structural and economic stability properties for the use of modified pervious concrete as a
disinfectant pavement in a hospital parking-lot. The balance range contained in the
intersection of the curves of the G1 and G2 groups, is shown in Fig. 5, as a solution to the
problem of stability of the proposed disinfectant pavement of modified pervious concrete.
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Fig. 5 shows the equilibrium range of the modified pervious concrete mixture at the
intersection of the ascending curve of the G1 group and the descending curve of the G2
group, considering the deformation in relation to the results found by the finite element
method in G1 and G2 groups. The equilibrium range encompasses the properties of the
virtual pervious concrete prototype specimens in the range of specimens from 7 to 9, with
proportions of 0.7 to 0.9% of Ca(OH), additive in the G1 curve and 0.7 to 0.9% cement in
the G2 curve. The equilibrium range comprises the values of the compressive strength,
density and Young’s modulus properties, expressed in Table 4.

Balance range between groups G1 and G2

4.00
g 3.50 Balance range
= 300 ‘
S 250
-] e
= 2.00 \
o
£ 150
5 1.00
A 050
0.00

01 02 03 04 05 06 07 08 09 1 11 12 13 14 15

— (0] —G2

Percentage (%) of additive in G1 and cement in G2

Fig. 5. Balance range between G1 and G2 groups, defined through the intersection point between the
deformations of the material in both groups

Table 4. Properties of compressive strength, density, Young's modulus of specimens from balance

range
Groups Compressive Strength Density Young's modulus
(kg/cm?) (kg/m®) (MPa)
12.70 2,088.42 1,462.50
G1 12.70 2,081.63 1,455.38
15.80 1,913.23 1,430.37
19.90 1,818.62 1,487.68
G2 15.30 1,988.30 1,491.21
17.80 1,938.36 1,548.21

The average values included in Table 4 were calculated. They reflect the following
ratios 1:0.8:4 (cement:Ca(OH),:limestone), compressive strain of 15.70 kg/cm?, density of
1,971.42 kg/m® and Young's modulus of 1,480.22 MPa, with cement and additive
proportions of 0.8%, for obtaining a new modified pervious concrete with disinfectant
properties and compatible strength to support vehicle loads up to 10,000 N in hospital
parking-lots.

4, Conclusions

The structural simulations in the prototypes of concrete with Ca(OH). additive, with
finite element modeling, showed results that enabled the drawing of two curves, a curve with
a downward trend (G2), relative to the compressive strength in relation to the addition of
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Ca(OH); in the pervious concrete mixture, and another curve with an increasing trend (G1),
relative to the compressive strength in relation to the addition of cement in the mixture of
pervious concrete with Ca(OH), additive in its mixture. The meeting point between these
two curves, one increasing and one decreasing, is the result of the optimization of the best
proportion of the microbicidal porous pavement, with a ratio of 1:0.8:4
(cement:Ca(OH)2:limestone), compressive strain of 15.70 kg/cm?, density of 1,971.42 kg/m?®
and Young's modulus of 1,480.22 MPa, allowing to obtain a material that can be used as a
parking floor in hospitals with a balance between the properties of compressive strength and
the properties of disinfectant microbicidal pavement. This material can be used in hospital to
avoid contamination of vehicle tires and the involuntary transport of pathogenic elements
from hospitals to other locations in the city.

Future research should consider tests with specimens of modified pervious concrete
installed on the hospital parking pavement to validate the theoretical data obtained during
simulations of structural deformation by finite elements, and to further confirm the
disinfection properties of the Ca(OH)- in the mixture of the porous pavement.
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