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Estrutura da apresentacao

v" Residuos da construcéo e demolicdo — enquadramento
v Estudos de aplicacdo de RCD em betdes - IST

v Estudos de aplicacdo de RCD em argamassas de revestimento de
paredes — LNEC/IST

v Captura forcada e acelerada de CO, através de RCD para incorporar em
argamassas e betdes (Projeto c5Lab)

« Contexto

* Objetivos

 Equipa

* Residuos recolhidos e caracterizacao

* Resultados preliminares
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Enquadramento

> Os residuos da construgdo e demoligdo, usualmente B8

#% designados por RCD, s#o todos os residuos originados nas [

ou saa

SN

Estima-se que um terco do total de residuos da EU'

corresponde a este tlpo de re3|duos
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Enquadramento

Nos residuos de construcédo e demolicdo pode-se incluir:

Bet&o

Argamassas (diferentes tipos)
Ceramicos (vermelhos ou brancos)
Ladrilhos

Madeira

Pedra

Material betuminoso

& Este tipo de residuos, maioritariamente originarios das acées ;,

de desconstruc;ao sao caracterlzado por serem heterogen eos

. Su nable
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RCD em betoes
Estudo IST
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RCD em betoes estruturais
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Betoes com agregados reciclados de RCD

Substituicao dos agregados naturais por
agregados reciclados provenientes de RCD

28-day compressive strength in cylinders
(MPa)

0 10 20 30 40 50 60 70 80 90 100
RA incorporation ratio (%)

Aggregates' replacement ratio (%)

v Até 25% de substituicdo os decréscimos de
—+— Coarse RA Valnor resisténcia sdo no maximo de 13%.

Coarse RA Vimajas

Fine RA Vimajas

Coarse RA Ambilei

Fine RA Ambilei

Coarse RA Europontal ‘/

A substituicdo dos grossos é mais favoravel do
Fine RA Europontal . -~ .
Coarse RA Retria que a substituicdo dos finos.

v" Na substituicdo a 100% dos agregados naturais
grossos por finos os decréscimos de resisténcia
variaram entre 17,1% e 31,6%.

0 10 25 50 100

Compressive strength Compressive strength A (%) Compressive strength A (%) Compressive strength A (%) Compressive strength A (%)

in cylinders (MPa) in cylinders (MPa) in cylinders (MPa) in cylinders (MPa) in cylinders (MPa)
CRA Valnor 37.5+13 -59 324+12 -136 335+19 —-10.8 25.6 + 0.6 -31.6
CRA Vimajas 89 335+18 -106 308 +23 -178 305+1.7 -18.6
CRA Ambilei 374 + 31 -02 360=+16 —41 336+1.0 -105 31.1+1.7 -17.1
CRA Europontal —-47 346 +32 -7.8 331+21 -116 257 +038 -314
CRA Retria 81 342:34 89 323+17 ~13.8 294+25 _215
FRA Vimajas G L9 -35 I -49 302+13 —-195 218+138 —42.0
FRA Ambilei 42 3.8 352404 6.1 30.8+09 ~17.8
FRA Europontal 338 +3.5 -99 338+125 -98 339+31 -97 233+01 —38.0

M. Bravo, J. de Brito, J. Pontes, and L. Evangelista, “Mechanical performance of concrete made with aggregates from
construction and demolition waste recycling plants,” J. Clean. Prod., vol. 99, no. 2015, pp. 59-74, 2015
doi: 10.1016/j.jclepro.2015.03.012.
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Betoes com agregados reciclados de betao

Substituicdo dos agregados naturais por agregados
reciclados provenientes de residuos de betdo

10% v' A substituicdo dos grossos em 25% e 50%
70 u Average A CoV (REF-25 e REF-50) ndo apresentou
< 8% decréscimos significativos de resisténcia a
% % compressao dos betoes.
:%0 A 6% §
o S v" Neste estudo avaliou-se também as mdltiplas
g 4% LEJ reciclagens de betdo. Ou seja a incorporacéao
2 HLL:;‘ de agregados de um betdo formulado com
E 2% § agregados ja estes reciclados (REF-RAC).
o]
- 0% . :
2K39reelesaoyy v NoNbetao com agregadqs provenlen,tes c~Ie
Z e z o g noc 5000 LZ) S betdo com agregados r_emclados tamb_em nao
WEERsseIIIgag se verificou decréscimos de resisténcia
CRCIREVE-RVR® significativos.
Pl TR T

J. Pacheco, J. de Brito, C. Chastre, and L. Evangelista, “Experimental
investigation on the variability of the main mechanical properties of
concrete produced with coarse recycled concrete aggregates,” Constr.
Build. Mater., vol. 201, pp. 110-120, 2019
doi: 10.1016/j.conbuildmat.2018.12.200.
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RCD em argamassas de revestimento de paredes
Estudo LNEC/IST
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Referéncias

Using Fine Reeyeled Concrete Aggregate for Mortar Production

Cataring Neno', Jorge de Brite*, Rosiria Veiga'

“DECHvil-IST. Tex
"Depasiment of Buildi

N
A o s, 101, £700-066, Lisom, Por

o Pisis, 1049-001, Lishon, Pors
of Civil Es INEC,

Recerved: Febnary 11,2013 Revised: September 4, 2013

This nesearch assessed the performance of morars in which recycled concrete ag

s (RCA)

was 1 companent |t replaced matsral sand bt kepe the same particle size distribution. Three mortars

were produc

with replacement ratios of 30, S0% and 100% as wellas a reference m
0 recycled aggregate. The compressive and flexural strengih, water absorption by

ar contaiming
pallarity. drying

apariy 7
the most satistacto

neplacement ratin was chiosen and th

were analyned first. Then, bused o these reults,
following properties were analyzed: water

retemtivity. shrinka

dhesive strength,
surpuisingly the best results in the i

¢ stage occurred far 2 and 100

,,,..,.;iau,.‘, ermesthility. Somew bzt
¢ replacement ration, leading

o cautious choice of the 20% ratio for the second stage. Generally the mortar with 20% repilacement

Fatio perfirmed hener than the reference martar, excep for adhesive streagth and dimensis

Keywords:

et waste, mEye

1. Introduction

Work population expansion has led o an eponential
increzse: in th and

al stablity.

d aggregates, coating mortars, performace

these characteristis and by comparison with a reference

despite years of expe

industry has seemed quite bl

managing the waste produced
Construction is mot oaly one of preakes! generatoes uf

waste: it 40

resources!_ 1 s this essential ws inlervene 10 encourage mo

sustnable comstruction practices

of amy compusites conta

Our study focused an i
fime recycl
e composites made of
eventually admixtures and additioes. particularly for use &
wall coatings andl mixed on site for immediate applicaticn.

This research intenids i contribete o (e munsgement
amd reuse of constnuction and deme
order 10 reduce their impact. and simukaneousty redoci
the extraction of sand from river beds. an activity with 2
great potential for degradhing the environment.

The most important characteristics of hardened
mortar for wall covering are: mechanical strength,
modulus of elasticity, water permeability. dhesiv
streagth and resistance w weathering, and those of fresh
mortar are workahility, and water retentivity’. Several
mnartars wilh recycled aggregates re msessed hased on

ion waste {COW) in

il

I mortar, in order w0 verify their performance

1 renderings.

2. Literature Review

Various studies on the use of recycled aggregale in
concrete have heen performed in the last few 1 for
mortar such research is only just starting. Some
conchusions have nevertheless been reched.
1t was generally found that

aggnegaies need more mixing water (0 reach e same level
af workahility as comventional mortars hecaisse of the grester
parcsity af the recycled agpregaes. It is well estal
that ates with greater porasity and surface
olume unil ahsoch more water and
the resulting mortar more
that mortars made with recycled aggregal
75 more water than that made with sand. Miranda® and
Silvaet al * itained similar results. i more miving water
cecled for modliec! mortans in ander 10 obtain a satisfactory
warkshility. However, becase the mghummuwhlm(n
these parous aggregates the effective contest in the cemen
pste can he substantially lower than the ot el il
2 distinction s 4o be drrwn between tocl and effective wic

ing recycled aggregate’
t s also affected. Accond
Titerature thens is 3 downward trend s recyched aggreg
an incorparated into the mix hecause: their particle density
is lower than that of conventional aggregates. In the
Hanit cf al’ study the dry bulk density of the hardened
mortars contaizing secycled aggregate was 5% lower than
that of martar made with natural sand anly, and o similar

m materials

Article
Concrete-Based and Mixed Waste Aggregates in
Rendering Mortars

Samuel Roque ", Cinthia Maia Pederneiras "%, Catarina Brazio Farinha
and Rosirio Veiga

. Jorge de Brito *

Tocwil d Innowvation for S ility (CERIS) perior Técnicn,
iversity of Lisban, Av. Rovisco Pais, 11049-001 Lishan, | sarmuelroque aafigmail com (S R);
cinthiamaiattecnico ulisboa pt (CM.P); catarina brszan farinha@ist utl pt (C.8.F)

National Laberatory for Civil Engineering, Av. do Brasil 101, 1700-066 Lisbom, Portugal, rveigadinec. pt
Correspendence: fb@tecrico.ulisbos pt

chec for
Received: 31 March 2020; Accepted: 21 April 2020; Published: 23 April 20 updates

Abstract: This paper presents a study of incorporation of two types of construction and demolition
waste (COW) in rendering mortars, as aggregates at (%, 20%, 50% and 100% (by volume). Recycled
concrete aggregate (RCA) and mixed recycled aggregate (MRA) were used. The former is mainly
composed of cementitious waste and the latter consists of a mixture of non-segregated wasles.

The performance of the cement mortars with recycled aggeegates was evaluated through an extensive
‘The analysis comprised ¢, mechanical strength, water absarption,
shrinkage, open porosity and the evaluation of durability ity to water under pr
anartiicial accelerated agelng est. The results are considered posiive, although as the Incorporation
of recycled aggregates (both MRA and RCA) increased the mechanical strength, the modulus of
elasticity and bulk density decreased, which leads to the production of lighter mortars that are less
susceptible 1o cracking. The modified mortar with 20% of MRA presented the best performance,
in terms of mechanical behaviour.

Keywards: eco-mortars; rendering mortars; CDW; recycle; reuse; CO; reduction

1. Introduction

The canstru been in the European Union [1].
As a result, the Waste Framerwork Direetive 200/95/EC of the European Parliament established that
at least 70% of construction and demalition waste (CDW) should be recycled by 2020, in all the FU
countries. This regulation proposes appropriate processes to collect, transport, store, treal and dispase
of the waste.

Three types of recycled aggregate can be produced in recycling plants. There are: recycled concrete
aggregates (RCA), mainly composed of concrete and martar waste; recycled masonry aggregales
(RMA), mainly from recycled ceramic bricks; and mixed recycled aggregates (MRA), based on a
miscellany of rubble [2]

The incorporation of recycled aggregates in cementitious materials is a possible solution for

the disposal of these wastes, replacing the initial constituents and, simultancously, avoiding landfill
depsition of these raw materials. The scientific community has already started researching these
and their i in mortars ving [2-12].

Accarding to the European Standards EN 995-1 [13] and EN 998-2 [14], there are bwo main
categories to classify non-structural morlars: masonry and rendering/plastering morlars. The former is
used to lay and bind ceramic bricks or concrete blocks. The latter consists of coating mortars, which are
used to cover extemal and internal walls and ceilings. The characteristics of the mortars depend on their

Materiels 2020, 13, 1976; doi:10- 3990 ma l 3081976 v mdpicomfoarnalmaterials

C. Neno, J. de Brito, and R. Veiga, “Using fine
recycled concrete aggregate for mortar production,”
Mater. Res., vol. 17, no. 1, pp. 168-177, 2014
http://dx.doi.org/10.1590/S1516-
14392013005000164

S. Roque, C. M. Pederneiras, C. Brazéo Farinha, J. de
Brito, and R. Veiga, “Concrete-based and mixes waste
aggregates in rendering mortars,” Materials (Basel).,
vol. 13, no. 8, 2020
https://doi.org/10.3390/mal3081976
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Estado fresco

1,6

1,4

212
@

2 1
3

208
NS

Q06
3

T 0,4

0,2

0

0 20 50 100
Percentagem de incorporacgéo (%) Ensaio de consisténcia
B RCD betdo ®RCD (maioritariamente betdo) ®RCD por espalhamento

v' Os RCD, em geral, incrementam a razdo agua/ligante das argamassas. Isto deve-se

essencialmente a maior porosidade destes agregados por comparacao com os agregados
naturais.

v' A maior dosagem de agua é responsavel por incrementar a porosidade das argamassas.
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Resisténcias mecanicas

2,50 8,00
/cs\ 6-6
& 500 é 7,00
2 S 6,00
3 P
é 1,50 g 5,00
= S
,g g 4,00
‘S 1,00 o 3700
: o
D = 2,00
'g 0,50 (%
4 % 1,00

0,00 3 0,00

0% 20% 50% 100% & 0% 20% 50% 100%
Percentagem de incorporacao Percentagem de incorporacéo
BRCD betdo ®RCD (maioritariamente betdo) =RCD BRCD betdo ®RCD (maioritariamente betdo) ®RCD

(\

As argamassas com RCD betao apresentam maiores resisténcias mecanicas.

AN

As argamassas com RCD betdo com uma percentagem de incorporacdo de 100%
teve um incremento de resisténcia a flexdo de 60% e a compressdo de 88% em
relacdo a argamassa com areia natural.

v' A argamassa com residuo RCD teve um decréscimo de resisténcia a compressao de
apenas 10%.

v" Dos resultados obtidos apenas a argamassa com residuo RCD apresentou um valor
de resisténcia a flexdo baixo e que podera ter influéncia na capacidade resistente
destes materiais.
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Deformabilidade

12,0

B e e T T

10,0

8,0
6,
4,
2,
0,0

0% 20% 50% 100%
Percentagem de incorporacéo

o o

Médulo de elasticidade (GPa)
(@]

Ensaio de mdodulo de elasticidade
dindmico
B RCD betdo ®RCD (maioritariamente bet&o) RCD I .

v A deformabilidade das argamassas € uma caracteristica extremamente relevante nas
argamassas de revestimento. Esta permite que as argamassas Sejam capazes de
acomodar as tensdes a que sao sujeitas.

v' A deformabilidade pode ser avaliada através do modulo de elasticidade. Como se observa
pelo grafico as argamassas com residuos provenientes de RCD apresentam menores
modulos de elasticidade, o que significa que sdo argamassas mais deformaveis.
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chLab visa contribuir para uma sociedade neutra em carbono,

desenvolvendo solucoes para a captura e utilizacao de CO,,
producao de combustiveis sintéticos, eficiéncia energética,
producao de clinker com baixo teor de carbono e cimentos eco-
eficientes, bem como novas solucoes sustentaveis para a

construcao de betao.

” :_{& ‘_‘-#: "-u"_ _‘-_ e

Entidades envolvidas:

TECNICO
LISBOA

ATIE  s=CIiL

AT
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WP10C: Uso de agregados reciclados em betoes e outros
materiais de construcao (Industrializacao)
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Use of recycled aggregates in concrete and other building materials

v" Industrializacdo da incorporacdo de RCD em betdes estruturais
v' Adaptacdo de uma central de betdo pronto nas cimenteiras Portuguesas

v’ Substituicdo (em véarios teores) de brita 1 e brita 2 por RCD

E-mail de contacto:
jpacheco@c5lab.pt
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Projeto do c5Lab

e

Captura forcada e acelerada de CO, através de RCD &
para incorporar em argamassas e betoes

Forced and accelerated sequestration of CO, by C&DW to
incorporate as aggregates in mortars and concretes
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Objetivos do projeto

v’ Captar CO, através de residuos da construcdo e demolicdo. Esta
captacao é conseguida pela carbonatacao de agregados com potencial de

carbonatacao em fabricas de cimento.

CaO + H,0 — Ca(OH), (Hidroxido de calcio)
Ca(OH), + CO, —» €CaC0O3 + H,0 (Carbontato de calcio)

v Avaliar a capacidade de fixacdo do CO, através de uma fixacdo fisica,

nomeadamente através de materiais porosos.

v Introducédo destes agregados em argamassas e betdes (estruturais e néo-

estruturais).
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Equipa do projeto

Coordenadora: Doutora Roséario Veiga (LNEC)

LNEC: Doutor Antonio Santos Silva, Doutora Rita Santos

IST: Professor Jorge de Brito, Professor José Bogas, Professor José Silvestre
Universidade de Aveiro: Professora Ana Velosa

FCT: Professora Paulina Faria

Secil: Engenheiro Vitor Vermelhudo

Cimpor: Engenheira Catarina Coelho

cSLab: Doutora Catarina Brazdo Farinha, Engenheiro Ricardo Gomes e

Engenheiro David Bastos
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llustracao do material recolhido
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Caracterizacao dos residuos - Analise granulométrica

100 T =TT

Material passado (%)
a1
o

20 B
10
0 o=
0,0 1,0 10,0 100,0
Aberura dos peneiros (mm)
_ Normalizagcao — EN 1015-1
Estudo: Ricardo Infante Gomes (c5Lab/LNEC)
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Caracterizacao dos residuos - Analise granulométrica

100 P
90
80
£ 70
o
® 60
2]
S 50
<
15 40
= 30
20 >
oo
0 .‘-
0,0 0,1 1,0 10,0 100,0
Aberura dos peneiros (mm)
—@— Curva granulométrica obtida —@— Curva granulométrica declarada
Normalizacao — EN 1015-1
Estudo: Ricardo Infante Gomes (c5Lab/LNEC)
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Caracterizacao dos residuos - Analise granulométrica
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Estudo: Ricardo Infante Gomes (c5Lab/LNEC)
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Caracterizacao dos residuos — Massa volumica

1200
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Estudo: Ricardo Infante Gomes (c5Lab/LNEC) Normalizacdo — Cahier 2669-4
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Fichas técnicas de produto/declaracao de desempenho
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Caracterizacao dos residuos - composicao

Classificacao dos constituintes - NP EN 933-11
e NP EN 13242

Constituent Description

Concrete, concrete products, mortar

Concrete masonry units

Ru Unbound aggregate, natural stone
Hydraulically bound aggregate

Rb Clay masonry units (i.e. bricks and tiles)
Calcium silicate masonry units
Aerated non-floating concrete

Ra Bituminous materials

Rg Glass

X Other: Cohesive (i.e. clay and soil)
Miscellaneous: metals (ferrous and non-
ferrous),

non-floating wood, plastic and rubber
Gypsum plaster

Estudo: Ricardo Infante Gomes (c5Lab/LNEC)
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Caracterizacao dos residuos - ATG

-1k —5-7,15 mm
—4-5mm
—3,15-4 mm
—2-3,15 mm
—1-2mm
—0,5-1 mm
—0,25-0,5 mm

2 ' —0,125-0,25 mm
—0,063-0,125 mm
—<0,063

_2’5 1 1 1 1 1
25 125 225 325 425 525 625 725 825 925

DTG (%/min)

Temperatura (°C)
Estudo: David Bastos (c5Lab/LNEC)

LABORATORIO NACIONAL
DE ENGENHARIA CIVIL a

Suslqincb!e
;:ri:l:lon LNEC | 32
Association




Caracterizacao dos residuos - ATG
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Estudo: David Bastos (c5Lab/LNEC)
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Resultados preliminares

v' Residuos da construcdo e demolicdo tém potencial de carbonatacdo, um
valor na ordem de 6%.

v' Este potencial de 6% de carbonatacdo corresponde a uma captacao de
CO, elevada uma vez que a racio cimento: agregados é baixo, o que
significa que ha um maior volume de agregados do que de cimento nos
materiais cimenticios
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Resultados preliminares

BETAO ESTRUTURAL

v' A percentagem de agregados € superior a
de cimento.

v' Se 0s agregados forem capazes de captar
6% de CO,, cada tipo de agregado reduz o
efeito do CO, produzido numa tonelada de
cimento em:

v' Areia fina: 4%

v' Areia grossa: 8%
v' Bago de arroz: 4%
v' Brita 1: 6%
N N v' Brita 2: 11%
Propor¢cdo em massa de um betao estrutural
Estudo: Professor Alexandre Bogas (IST)
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Resultados preliminares

ARGAMASSAS DE v" Nas argamassas de revestimento a proporcao
REVESTIMENTO cimento: agregados € entre 1.3 e 1:6.

v Para cada tonelada de cimento produzida
emite-se cerca de 738 kg de CO,. Se os RCD
forem capazes de captar 6% de CO, e se todo
0 agregado natural fosse substituido por RCD
estes eram capazes de reduzir estas emissoes

Agregad para 402 kg de CO,, o que corresponde a uma
5% reducéo de 46% de emissdes de CO.,.
Referéncia:

Environmental Product Declaration CEM 1l (2015) |

' EMBUREAU

The European Cement Association
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Conclusoes

v' Existem volumes elevados de residuos da construcdo e demolicdo. No
entanto as solucdes de reutilizacao ou reciclagem nao estdo a ser postas
em pratica e o volume produzido de residuos tratados nao consegue ser
escoado.

v' A industria cimenteira através do c5Lab esta a desenvolver solucdes para
utilizar estes residuos, minimizando simultaneamente as emissodes de CO,
(http: c5lab.pt).

v' Ap6s a carbonatacédo, estes residuos serao incorporados em argamassas e
betbes. Dando-lhes um novo uso.
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