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Abstract. Self-consolidating concrete is a concrete technology that seeks to
simultaneously achieve fluidity, passing ability and segregatioits manufac-

ture there is the possibility of using alternative materials, such asgyoeram-

ic, predominantly in construction and demolition waste. Therefbig,study
aims to analyze the feasibility of this concrete regarding its propertitgin
fresh and hardened state when there is replacement of fine sand by ¢geund
ramic aggregate. For this, the flowing tests, flow time, visual stalilitgx, J

ring, L box, V funnel and the molding of specimens in thiéferént composi-
tions were carried out, one being the reference compositiontharmather two

with replacements of 25% and 50 the natural fine sand by the ceramic
waste sand. The mixes in which the replacements were carried out presented
good fluidity, without of segregation, however, the passing alolitthe mix

with 50% of replacement did not fit within the recommended range.

Keywords: Workability; D-flow; Superplasticizer; Segregation.

1 Introduction

Reinforced concrete is the most used structural construction technique in theitworld,
arose from the need to incorporate the high durability and compressivgtistogn
concrete with the tefle strength of steel, being able to assume desired shapes easily
and quickly [1]. Generally, the concrete used is the conventional, it has @y
sistency, characteristic compressive strength around 30 MPa and is used in inost civ
industrial and precast factories [2]. However, the Conventional Con@&gdoes

not fit into projects with specific characteristics, such as the style of constructions
adopted in Japan, where due to intense earthquakes, the structures have a difigh rate
steel and shapesmpex, which makes it impossible to properly consolidate. There-
fore, Hajime Okamura developed in 1983, at the University of Tokyo, the Self-
consolidating Concrete (SCC) [3].

Users may only view, print, copy, download and text- and data-mine the content, for the purposes of academic research. The
content may not be (re-)published verbatim in whole or in part or used for commercial purposes. Users must ensure that the
author’s moral rights as well as any third parties’ rights to the content or parts of the content are not compromised.

This is an Author Accepted Manuscript version of the following chapter: Stéphanie Rocha, Joice Soares, Thawanne Costa,
Lino Maia. Self-Consolidating Concrete Produced With Fine CDW. In: Ashish, D.K., de Brito, J. (eds) Environmental
Restoration, F-EIR 2021, Lecture Notes in Civil Engineering (ISSN 2366-2557), vol 232, pp. 63—74. Springer, Cham,
Switzerland, published online on March 4™ of 2022, reproduced with permission of Springer Nature Switzerland AG. The
final authenticated version is available online at: http://dx.doi.org/10.1007/978-3-030-96202-9 5



2 ECR21, 040, v6 (final): ’Self-Consolidating Concrete Produced With Fine CDW’

SCC is a concrete technology that seeks to simultaneously achieve fluiditpgpassi
ability and strength to segregation. Thus, it is able to cohesively occumnipiy
spaces within the form, without obstruction or segregation, when in contacit or
with obstacles, only through gravity, without external interference [4].

Regardless of the types of concrete, the biggest challenge currently fabed is
need to prepare concrete that in the course of obtaining it generates the least possible
impact [2]. As population development and urbanization led to an increase amadlem
for goods andsevices, which consequently led to more consumption and waste.
Thus, this is the sector that most generates environmental degradation, as it has a vast
generation of waste and poor final disposal, as Construction and Demolition Waste
(CDW) are often discarded in irregular areas and dumps [5].

Solid civil construction waste, recycling areas with guidelines for design, imple-
mentation and operation is cited in Brazilian regulations [6]. It was based on Resolu-
tion 307 of the National Environmental Council (8@ A), on July 5, 2002, which
aimed to create a plan for an efficient management of this type of waste, promoting an
adequate destination. The incorrect management of these wastes negatively interferes
in environment, because it causes siltation of watatiels, in addition to visually
polluting cities and affecting the health of the population, since their disposa-on
cant land allows for the release of other types of waste, which contributes to the ap-
pearance of vectors responsible for the transmission of diseas€bdd}se of waste
resulting from civil construction is identified as the best alternative to reduce these
impacts caused by the constant consumption of raw materials and the large @blum
CDW [8].

In order to minimize the volume of wasiaedandfills or inappropriate places, stud-
ies were carried out, where is possible using of CDW's as aggregate for the manufac
ture of CC [9]. However, when it comes to the SCC, there are few studies on this
replacement. It is possibility of using alternative materials in the produdtiBCG.
Pozzolanic materials such as fly ash, rice husk ash, silica fume, metakaolin and blast
furnace slag; and non-pozzolanic ones, for example, ground ceramic, limé&keon
and fine sand, those being used in the replacement of the binder anih ttheséne
aggregate [4].

A non-pozzolanic material found predominantly in CDW's aggregates are ceram-
ics, as the largest portion of waste generally comes from the masonry [10jdibss
carried out in a landfill in Itatib&P, ceramic waste represents 63% of total CDW
[112].

Studies carried out over time, to characterize the use of fine aggregate from CDW
show a reduction in workability, due to greater water absorption, and @adedn
strength when applied to concrete.wer, it is observed that even with these par-
ticularities, if the problem is well dealt with, concrete with fine recycled aggregates
(FRA) can be used with high performance. The academic and scientific comiunity
conservative regarding the application of this material, such as the Brazilian dfandar
for example, which only allows the use of FRA for non-structural purpdsestegu-
lations of countries such as Portugal, United Kingdom, Spain, Germany, China and
Hong Kong, for example, are even stricter, as they do not allow the repldoaimen
natural aggregate by FRA in concrete [12].
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As previously mentioned in Refs. [9], [11], the positive impact thatube of
CDWs has on the environment is indisputable. However, in addition to affecting
workability due to water absorption by FRA, other factors can be discussed: the pres-
ence of new transition zones (ITZs) interferes with the mechanical properties and
transport of new concrete [13]; the chemical attack caused by sulfates and shloride
influence the dwahlity of concrete [14]; the variability of the aggregates, in a way
that interferes with the physical and chemical properties and their quality control [15],
which leads to many analyzes of concrete with agreggate CDW manufactuihed in
laboratory, howeer, with little practical application.

The application of different CDW materials to improve eco propedfeéSCC has
being studied especially in the last decade. Amongynudhers materials, research
was carried out with ceramic wast], perlite [L7], marble waste, fly ashna micro
silica [18], glass powder [19], tire rubbe2(. Therefore, to propose an alternative for
recycling ceramic CDW, due to the high percentage of this material thatesaggh
during building demolitions, this study promsthe feasibility of partially replacing
fine sand by crushed ceramic aggregate from CDW in SCC, evaluating iest@ep
in the fresh and hardened state.

2 Materials and methods

Three SCC compositions aimed for 30 MPa were performed. A reference eamixtur
(T1), a composition with 25% replacement of fine aggregate by ceramic aggregat
CDW (T2) and the latter with 50% replacement (T&)cording to NBR15116[21],
recycled aggregates from civil construction waste can only be used for pavimg o
concrete witlbut structural function (up to 15 MPa). Table 1 reports the aggregates

properties.
Table 1. Aggregate characteristics.
Material Specific gravity Powder materials FM® MCD®
(kg/dm?) (%) (mm)
Fine sand 260 1.60 207 1.2
CcDw 217 2820 254 1.2
Stone dust 2.66 194 434 4.8
Gravel 0 2.69 5.20 262 9.5
Gravel 1 - - 0.66 19.0

@ Fineness module. ®@Maximum characteristic dimension.

As expected, analyzing Table 1, one observed that ceramic CDW sand has specif
gravity smaller than fine natural sand. Moreover, ceramic CDW has a fiilgéreess
modulus than fine natural sand.

The reference mix (T1) had 346.07 kd/of the Brazilim Cement CPV ecarding
NBR 16697 P2, 673.33 kg/m of natural fine sand, 286.67 kgirof stone dust,
666.67 kg/m of Gravel 0, 166.67 kg/fnof Gravel 1, 185 liters of water and 3.13
liters of Additive MC-PowerFlow 1180. The natural fine sand in the mixes T2and T
was reduced for 504.80 and 336.40 kg/mespectively. Additionally, the Ceramic
CDW sand was of 140.40 kgfnand 280.80 kg/fhin the mixes T2 and T3, respec-
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tively. It was defined that the concretes should obtain slump of 3 cm through the
slump test, beforéhe addition of the superplasticizer additive, as it needs a minimum
of humidity to disperse, so it was necessary to increase the w/c of the T3 amg-T

es. According to 3], the particle size of waste influences the w/c factor, as the
amount of water ggied increases with addition of fines. This was effectively ob-
served in T2 and T3, since the ceramic CDW has a higher fineness mitdulube
sand, thus, it increased the water needed for mixes until reaching mirslamp of
3cm.

It was noted that thie was a reduction in the w/c when there was also a reduction
in the replacement of fine sand by waste aggre@ale The increase in water in mix-
es was also due to that ceramic is a porous material, which allows for greater water
absorption.

Even after T, T2 and T3 mixes reached the 3cm slump, it was necessary to add
more additive, since the addition of initially intended 0.98%, as recommetided
mixes did not show a minimum spread of 550mm [4]. Thugaspng and flow time
tests were repeated at eadididon of additive until they reached the minimum
spreading. It can be seen from Table 4 that the greater the replacenpentigmoof
fine sand by ceramic CDW, the greater the w/c, to reach minimum abatement; and
higher additive consumption to achieve minimum spread. After the additiaasit
observed whether the mixes visually presented a fluidity characteristic of SCC, and
subsequently, the mixes were submitted to tests in a fresh state to vecifjatheter-
istics. The final corrections of the mix compositions are shown in Pable

Table 2. Consumption of materials.

Mi Consumption
X Ce- Fine Ceramic Stone | Gravel | Gravel Water | Additive MC-
ment sand CDwW dust 0 1 L) Power Flow
CPV (kg/m3) (kg/m3) (kg/m3) | (kg/m3) | (kg/m3) 1180 (L)
(kg/m?)

T1 | 34607 | 673.33 0 28667 | 66667 | 16667 185 342

T2 | 34607 [ 50480 14040 28667 | 66667 | 16667 206 3.74

T3 | 34607 [ 33640 28080 28667 | 66667 | 16667 248 444

2.1 Fresh State Tests

In the scattering test, the fluidity of SCC was determined by measuring twenperp
dicular meauements, of the diameter of circle formed by concrete, which was previ-
ously inside the Abrams cone (Fig. 1

Fig. 1. (a) Abrams cone filled; (b) Scattering measurements.
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Concomiartly, the flow time was determined, as the result of this comes from the
definition of the time it takes the SCC to reach the 500 mm mark, carried tioe on
base plate. For the IEV, the photographs obtained during the test were comipiared
Fig. 2.

Vista superior Vista superior Vista superior Vista superior

a) IEV O b) IEV 1 c) IEV 2 o) IEV 3

Fig. 2. Visual Stability Index Classes (IEV) according to NBR 158734].

The J ring test was determined using the method proposed in NBR 1483B-80

the Abrams cone and the &giwere positioned, both in the center of the base plate
and the first of SCC; after removing the cone, the perpendicular diametbes @f-

cle formed by the concrete were measured (Fig. 3).

The L box test follows the method proposed in NBR 15823-4 [D&refore, the
vertical compartment was filled by SCC and later the gate present at the end of this
compartment was opened and allowed the passage of concrete, through stéel bars,
the horizontal compartment. Alte end of the flow, depth of SCC was measured at
the end of the horizontal chamber next to the vertical chamber and at the opposite end
of the horizontal compartment of the box (Fig. 4).

Fig. 4. (a) Filling the vertical chamber; (b) Opening the gate.
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In order to assess the quality of the SCC regardingdtesity, the funnel V test was
performed according to NBR 158%327]. This property, according to NBR 15823-1
[29], is related to the consistency of the mixture, which influences the concrete's
strength to flow. In that test, the funnel was filled witimarete and after its stabiliza-

tion, the gate located at the bottom of the funnel was opened, allowing the pafssage
the concrete (Fig. 5). The time elapsed between the beginning and the enfloof the

of all corcrete through the funnel determines the viscosity of the SCC.

Fig. 5. (a) Filling the funnel; (b) Opening the gate.

2.2 Hardened state test
At the end of the fresh tests, the molding process of the specimentarted ® cary
out the compressive strength test, as proposed in NBR 5739 [29]. Thanesto
analyze how the replacement of natural sand by CDW will change the mechanical
strength of concrete. Twelve specimens were produced from each compdésition.
specimas were tested at the age of 3 days, four at the age of 7 days and four at the
age of 28 days.

The mold used was 100 mm in diameter and 200 mm in height and thmepec
did not undergo densification. After 24 hours these were demolded andttatten
immersion tank and remained in the curing process, completely submerged, until
testing.

3 Results and discussion

3.1 Tests in the fresh state

Results from the D-flow test, flow time, visual stability index and funnel \&hosvn

in Table 3. None showed bleeding or segregation. However, resuitstifre flow
time and the V-funnel indicate lower viscosity for the mixes with ceramic CDW sand.
This was probably due to the extra water and additive added to the mix conmpositio

Table 3. Scatter test results, flow time, visual stability index and funnel V.

Mix Scattering Flow time (s) | Visual Stability | Funnel V (s) J Ring L Box
(mm) Index (mm)

T1 590.00 1.47 IEV 0 8.72 44.25 2.87

T2 602.50 1.23 IEV 0 4.68 49.25 1.08

T3 566.00 131 IEV 0 4.80 96.00 0.37
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The difficulty of mix with ceramic CDW in flowing is due to the waste aggregate
used, which presents finer particles than sand, thus reducing the numb@tsoand
making it more cohesivd=ig. 6 was used to classify the concrete in terms of visual
stability index, as this demonstrates the appearance of the traces at the end of th
flowing and flow time tests.

e

Fig. 6. (a) Mix T1; (b) Mix T2; (c) Mix T3.

In Fig. 6 none of the mixes showed bleeding or segregation, even with theséntrea

the w/c and of additive. The concretes presented a surface mortar halo in the center;
however, this comes from a thin layer obdgrcontained in the walls of Abrams cone,
below this the concrete presented uniformly. Regarding to the passing abilitg fbr th
ring and L boxit is observed in Table that T1 and T2 were the only ones to obtain
passing ability, determined by J ring, since these were less than 50 mreforégit

fits in class PJ 2, this presents ability pass through in reinforcement spativegn

80 mm to 100 mm; and by L box, since both had a ratio greaterotan thus, it
integrates the PL 2 class, that is the ability to pass between reinforcements with spac-
ings from 60 mm to 80 mm, as the box used had three steel bars.

By adding the ceramic waste, they reduced their passing ability, which placed T2
close to the establisHenaximum limit, and the higher concentration of CDW in T3
made it unfeasible, as it made the mixture extremely cohesive, what made it impossi-
ble to go through the armors. Fig. 7 shows the characteristics e raithe and of
the J ring. All mixtures did not show segregation at the end of the J ringntdist-
ing the T3 mix, which, despite not having the ability to flow through the bas]|
remained cohesive.

Fig. 7. (a) Mix T1; (b) Mix T2; (c) Mix T3.
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The results found diverge from the work carried ouSbyasi, Oztiirk and Emiroglu

[16], who replace cement with ceramic waste in proportions of 5%, 10%, 15% and
20% (by mass), and found improvements in flow abilitg &iscosity of SCC. It is
noteworthy that the residues used were similar in both works, howexereplaced

fine aggregate and the other replaced the cementitious binder.

3.1 Hardened state test

The data obtained in compressive strength test of mixes analysisoane in Fig. 8.
Although the increase in the w/c and the proportion of ceramic waste, thettstrahg
three days did not show a significant difference. When comparingvii@re there

was the highest percentage replacenent of recycled material, with the reference
mix, the variation between resistances was less than 0.3 MPa. This is even smaller
when comparing the two mixes in which there was replacing, even if the cimange
CDW between these mixes is 50%.

40
aT1 =#T2 =713 317
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B 25
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& 20
g \
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|
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Fig. 8. Compressive strength.

At seven days, the reference mix had a greater strength gain comparesketthtto
had been replaced, but this was still moderate, with a variation of approximately 2
MPa when compared to T3. Thecfahat the strengths in the early ages have re-
mained close can be explained by the presence of fine materials in the mixtures,
which increase the strengths in the early ages [4]. At 28 days, thgttrgmesented
were still close, but T2 and T3 had thsirergths lower than the reference. It is no-
ticed that T1 and T2 surpassed the strength proposed, however, T8 dédeh this,
however, its value was approximated. It is observed that the mixes didaildte
their position in the graph, at all ag@nalyzed they maintained their strength so that
T1 was higher, followed by T2 and, finally, by T3.

When comparing with the research carried outShiasi, Oztiirk and Emiroglu
[1€], the results are similar: both showed a slight decrease in compressigthstr
however, little significant in relation to the estimated characteristic strength.
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4 Conclusions

This study presented results of the partial replacement of fine sand by céaxic
sand, regarding the properties in the fresh and hardened state oABIgh the
present work lacks scientific rigor because water was added to the concreteicompos
tions, from this exploratory work, the following remarks can tzavd:

- Mixes presented the similar classifications in regarding to fresh stage, siitte it d
notimpair the passing ability, and improved its characteristics in terms oitylaidd
segregation resistance. In the hardened state, the mix wBépéiof the natural sand
was replaced by ceramic waste sand showed differencpacethto the reference
mix, even with the increase in the w/c.

- The mix wherein 50% of the natural sand was regulday ceramic waste sand
would be impratical even if it had strength close to the reference mix andetorike
with 25% replacement, as it presented high cohesion due to thergwopof waste
material used in it, and the greater this, the greater the difficulty presented loythe c
crete in passing through obstacles, that is, he has no passing ability, vanassen-
tial feature of SCC.

- The content of fines interferes with fresh and hardened properties. Tiee tiig
proportion of fine sand replacement by ground ceramic CDW, the hagiasion
resistance to segregation, lessgitmity of exudation and less compressive strength.

- Mixes with substitutions highe¢han 50% are unfeasible, as the concrete becomes
an extremely cohesive mixture, with reduce fluidity and passing ability. Ootliee
hand, mixtures with substitutionrgportions below 25% look viable, as they have the
fresh characteristics necessary for a SCC and maintain acceptable strength when
compared to the reference mix. However, the economic factor of theseusions
was not analyzed, which would be a suggestor future work.
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