Inovacao Tecnologica na
Construcao Civil
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Drivers das Inovacoes na Construcao Civil:

* Aumento de Produtividade
 Melhora de desempenho/durabilidade
* |ncorporacao de outras funcoes

* Seguranca

* Reducao de impactos e aumento da sustentabilidade



Drivers das Inovacoes na Construcao Civil:

 Qual é o problema existe?
* (Quais as possibilidades?
* Quem é o cliente?

* O que évalor para o cliente?



Inovacoes na Construcao Civil:

 Melhoria de processos ja existentes
 Desenvolvimento de novas funcoes

e Mudanca de processos



FONTE: (CAMPANTE, 2001; CHAVES, 2009)



COMO E FEITO HOJE?

* INSPEGOES EM FACHADAS ENCONTRAM OBSTACULOS:

« PROCESSO DE INSPECAO GERA TRANSTORNO AOS
CONDOMINOS;

 DETALHES ARQUITETONICOS PODEM DIFICULTAR A ANALISE.

- TECNICAS NAO DESTRUTIVAS APRESENTAM VANTAGENS:
* RAPIDEZ NAS INSPECOES PRELIMINARES;
 POSSIBILIDADE DE DETECGCAO DE DESTACAMENTOS;
* SEM CUSTOS INICIAIS;

* MITIGAGAO DE RISCOS DE ACIDENTES EM TRABALHOS COM
ALTURA.
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BASES CIENTIFICAS

* TERMOGRAFIA INFRAVERMELHA:

* VISUALIZACAO DO FENOMENOS TERMICO;

* SEM CONTATO;

« ANALISE INSTANTANEA, PRAYICA E ECONOMICA;
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TERMOGRAFIA NA DETECCAO DE
ANOMALIAS EM SISTEMAS ADERIDOS

* Processo de conducao térmica, afetado pela

presenca de falhas, inclusdes, umidade, etc;

* Objetos em equilibrio térmico ou higroscopico

nao possibilita a analise por termografia;

* Aintensidade e sentido do fluxo de calor que

atravessa o elemento vai
determinar o momento

em gue a anomalia é visivel.

FONTE: (BARREIRA; DE FREITAS, 2007; HIASA; BIRGUL;
CATBAS, 2017)
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TERMOGRAFIA NA DETECCAO DE

ANOMALIAS EM SISTEMAS ADERIDOS
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Deteccao de destacamento

em ensaio laboratorial com

termografia passiva.
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TERMOGRAFIA NA DETECCAO DE
ANOMALIAS EM SISTEMAS ADERIDOS

FATORES QUE INFLUENCIAM A ANALISE:

Qualidade de imagem (distancia x camera)

Condigoes locais (sobras)

Condigcoes atmosféricas (temperature e incidéncia)

Proprieddes dos materiais

FONTE: (BAUER, PAVON; 2015)
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TERMOGRAFIA EMBARCADA EM DRONE

?

H
i
’
.

-
’
A

“
A
L4
rmw i
i

N7
utt
4t

S TS 4  FERRAMENTA DE OTIMIZACAO DA APLICACAO DA TECNICA :

* ACESSIBILIDADE;

* ELIMINA AINFLU . GRANDE PARTE DOS ESTUDOS ACADEMICOS SAO

REALIZADOS COM A APLICACAO DA TECNICA SAO
e ELIMINA A INFLL ¢
o1 139 oC ! : ALOCADA NO CHAOQ;

Sp2 18,2
* ACELERA O PRO ~ . .
* A APLICACAO DA TECNICA E MAIS EXPLORADA NO

CAMPO DA AGRICULTURA, INFRAESTRUTURA E
ENERGIA.

- NECESSIDADE DE EXPLORACAO DA TECNICA NA
CONSTRUCAO CIVIL.

N40°27'33,34"
W3°41'31,56"



TERMOGRAFIA EMBARCADA EM DRONE
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Estudos sobre o tema na USP

* 3 ETAPAS:

* Laboratorial: Ensaios e desenvolvimento das
diretrizes para analise;

* Estudo de Campo: Aplicacao dos
conhecimentos adquiridos em campo;

» Estudos de caso: Aplicacao da experiéncia em
Casos reais.

CONSTRUINOVA
Fj MESTRADO PROFISSIONAL

Escola Politécnica da USP
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CONFIABILIDADE - TERMOGRAFIA INFRAVERMELHA
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" CONFIABILIDADE — SUPERIOR A CONVENCIONAL

Termografia

CONFIABILIDADE
SUPERIOR AO
SISTEMA
TRADICIONAL
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Metodologia passiva
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Estudos de casos
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OUTRAS APLICACOES

ESTADOS UNIDOS:

* Estudaram destacamento em tabuleiros de pontos;

FONTE: (ELLENBERG et al., 2016)



Sobre a inovacao :

 Qual é o problema existe? Avaliacdo de areas pouco acessiveis

* (Quais as possibilidades? Facilitar o acesso

e Quem é o cliente? Construtoras / sindicos / administradoras de
condominio

* O que évalor para o cliente? Preco

* Qual o desafio? confiabilidade



Drivers das Inovacoes na Construcao Civil:

* Seguranca
e Aumento de Produtividade
 Melhora de desempenho/durabilidade

* |Incorporacao de outras funcoes



Residuos da Cidade de Sao Paulo

Image Landsat
Image © 2015 DigitalGlobe

Googleearth

Guia de turismo Data das'imagens: 6/12/2015 23°39'59.13"S 46°36'34.24"0 elev 774 m altitude do ponto de visao 44.05 km




Residuos da Cidade de Sao Paulo — Aterros Licenciados

) Image'Landsat
e 4 Image © 2015 DigitalGlobe

Google earth
C

mage @.2015 CNES / Astnium
Guia de turismo : Data das imagens: 6/12/2015 3°37'47.19"S  46°35'40.10"0 elev 755 m altitude do ponto de visdo 44.05 km




Geracao de Residuos em Sao Paulo

Pais | Ke/habfanolFonte |

TOLSTOY, BORKLUND & CARLSON (1998);
136 — 680
EU (1999)

LAURITZEN (1998); BROSSINK; BROUWERS

Fonte: ABRELPE

RSU x RCD

RSU (milhGes ton/ano) WA¥: 78,6 79,9 Holanda 820 - 1300
& VAN; KESSEL (1996); EU (1999)

RCD (milhSes ton/ano) LR 44,6 45,2 EPA (1998); PENG, GROSSKOPF, KIBERT
463 — 584
% 56,1% 56,8% 56,5% (1994)
_ 880—1120 DETR (1998); LAURITZEN (1998)
7353359
440 - 2010
m LAURITZEN (1998), EU (1999)
Mais da metade de todos os residuos _ St ot
dispostos em aterros s3o classificados Alemanha [EECREeElEL
como RCD 785 KASA (1998)
EU (1999); RUIVO E VEGA (apud
Portugal 325
MARQUES NETO, 2009)
MR 25 Abrelpe 2015)



RCD per capita x densidade populacional
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Mueller (2009) adaptado.

Notas de aula. Bauhaus Uni Weimar. Densidade populacional (hab/km2)
Fonte: Angulo (2010)



Evolucao dos Custos do transporte e Destinacao de residuos Classe A na cidade de Sao

Paulo
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* 0 custo da disposicao de residuo na cidade de sao paulo ja €, em média, 20% do cimento

* Uma importante parcela dos residuos destinados corretamente para as construtoras nao

chegam a o destino preestabelecido



Aterros Comerciais - Grajau

Grajau em 2009 com cava
de 30m de profundidade

Grajau em 2005 como
exploracao de areia



Aterros Comerciais - Grajau

Aterro Grajau em 2011
com 02 curvas de nivel

Aterro Grajau em 2019
Com uma cava



Aterros Comerciais - Grajau

Aterro Grajau em 2014
com 05 curvas de nivel

Aterro Grajau em 2014
com 03 curvas de nivel



Aterros Comerciais

Aterro Grajau em 2015 com
07 curvas de nivel e cota
superior a 40m no ponto mais
alto.

Ja foram aterrados mais de
7milhdes de toneladas de
residuos de construcao

Usina de reciclagem




Residuos da Cidade de Sao Paulo

Portuaria 1 (RJ) 51,7Kg/pessoa/dia
refinaria 29,7Kg/pessoa/dia
metro 23,1Kg/pessoa/dia
edificio 57,2Kg/pessoa/dia
estadio 8,4Kg/pessoa/dia
Portuaria 2 (SP) 21,0Kg/pessoa/dia

hidrelétrica 23,7Kg/pessoa/dia



Residuos em Obras de Infraestrutura - Portuaria

, - Residuo Papel / Papeldo
Residuo Solido comerecial 0%

Contaminado 1%

Obra Portuaria 2% Plastico
2%

Foto:Claudio Tomas Carvalho (lbracon)



Residuos em Obras de Infraestrutura

Média Acumulada 2013 (%)

Hidreletrica/ Brasil

® Madeira Triturada

= Metal

= Serragem

= Residuo Organico

= Oleo Lwart *

m Plastico

= Pneu
Papel/Papelédo

Borracha

Refinaria / Brasil

Os indicadores existentes até o momento
nao dao o suporte para previsao em
novos obras. Faz-se necessario o
levantamento de mais dados

Obra A

demais
4%

organico
8%

aleao
Lubrificante
3%



Barreiras ao Uso:

« Heterogeneidade

- Contaminacao

* Presenca de finos

- Absorcao de agua
 Influéncia na Resisténcia

« Aplicacoes de pouca responsabilidade




Grande Variabilidade das propriedades do
material reciclado - tradicional

e Separagao por cor

 Contaminag¢ao com madeira

e Variagao na absorcao d’agua, forma e teor
de pulverulentos




Grande Variabilidade das propriedades do material
reciclado - tradicional

For the last two decades, much research has been performed to develop techniques to
clean the waste. Magnetic and eddy current separation show good performance for
removing ferrous and non-ferrous metals (Xing; Hendrix, 2006). Angulo et al. (2013)
show that optic separation is efficient to differentiate between red ceramic and gray
phases (cement, mortar, concrete and natural aggregate). Schnellert and Muller (2013)
used wet jigging and found good results when sorting bricks, asphalts, concrete and
gypsum particles, and Cazacliu et al. (2014) noted that air jigging also has the potential
to separate construction waste with a similar envelope density as brick (2.26 kg/m?),
concrete (2.39 kg/m?3), and gypsum (1.86 kg/m?).

Unfortunately, most of those experiments were conducted in the laboratory. When
conducted at real scales, most of the density-based techniques do not show good
performance; meanwhile, the particles” water absorption influences their density and
color, make the separation process more difficult and in some cases, impossible.



Grande Variabilidade das propriedades do material
reciclado - tradicional

Moreover, most of the techniques used are based on mineral processing
knowledge, where the mineral concentration is necessary for industrial
activities and each step is directed to reflect the added value with price
increases of more than 100 times (iron chain and aluminum prices increase
approximately 300 and 150 times, respectively, from the mineral oxides to
processed alloys). Despite this, recycled aggregate has a considerably lower
added value along the production chain, and an increase of no more than 5
times has been identified in Brazil when comparing “clean” and “dirty”
recycled aggregate. When comparing aggregate to concrete, the added
value is higher but is still no more than a 10-fold increase.



Planta de Reciclagem em Sao Paulo

Figura 2: The plant used as case of study
Fonte: Maranhao et. Al. (2016)



Residuos da Cidade de Sao Paulo 20mm — 40mm (retido 9,5mm)
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Figura 2: The plant used as case of study
Fonte: Maranhao et. Al. (2016)



Residuos da Cidade de Sao Paulo 20mm — 40mm (retido 9,5mm)

Figura 1: [jystrasian. of the 0esxsling, alans used,as case gf study.

Fonte: Maranhao et. Al. (2016)



Residuos da Cidade de Sao Paulo 20mm — 40mm (retido 9,5mm)

ceramica

Asfalto

Fonte: Maranhao et. Al. (2016)



Residuos da Cidade de Sao Paulo — 20mm — 40mm (retido 31,5mm)

ceramica

Asfalto

—e

hao et. Al. (2016)



Residuos da Cidade de
Sao Paulo — 20mm -
40mm (retido 31,5mm)

Fonte: Maranhao et. Al. (2019)
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Residuos da Cidade de Sao Paulo — 20mm — 40mm (retido 31,5mm)

Water Absorption (g/g)

12,0%

10,0%

8,0%

6,0%

4,0%

2,0%

0,0%
2,00 2,10

2,20 2,30
Density (g/dm3)

= #0-10
* #10-20
#20-40

2,40 2,50

Fonte: Maranhao et. Al. (2016)



Residuos da Cidade de Sao Paulo

Resisténcia a Compressao

T 20
2 15
10
5
0 . . . .
0 20 50 100

Teor de Substituicdo de Agregado Graudo (%)

A obtencao de concretos com
resisténcia acima dos 30MPa nao
se configurou um problema
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Compressive strength (MPa)

Residuos da Cidade de Sao Paulo
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Residuos da Cidade de Sao Paulo

A composicao de residuos com alta
porosidade (ceramica), hidrofébico
(asfalto), boa qualidade (concreto) e
uma retirada dos finos tem reduzido a
variabilidade dos produtos finais




Residuos da Cidade de Sao Paulo

R.C x Teor de Impurezas

14%

12%
y =-0,0031x + 0,1422

10%
R?=0,1885

8%
O
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4% : R .

Teor de Impurezas (%)

2% | e

0%
20,00 25,00 30,00 35,00 40,00 45,00
Resist. a Compressao (MPa)

N3o se encontrou uma correlacao clara entre o teor de impurezas e a resisténcia a compressao



Residuos da Cidade de Sao Paulo
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normalizing the concrete compressive strength by each wi/c ratio used in the experiment, ..., it is observed that aggregates

with water absorption lower than 5% do not cause reduction in concrete compressive strength higher than 20%. A clear
explanation needs more investigation. However, results suggest that water absorption in the range from 0.3-5.0%, only a
part of the water absorbed during the pre-saturation effectively modifies the wi/c ratio of concrete design.



Possiveis Aplicacoes — limitacoes normativas

NORMA
BRASILEIRA

ABNT NBR
15116

Primeira edi¢cao
31.08.2004

Valida a partir de
30.09.2004

Agregados reciclados de residuos sélidos da
construcao civil — Utilizagao em
pavimentacao e preparo de concreto sem
funcao estrutural — Requisitos

Tabela 2 — Requisitos especificos para agregado reciclado destinado a pavimentagao

o ISC (CBR) Expansibilidade Energia de
Aplicacio o o, compactagio
ga:ﬁzn;itii para execugao de reforgo de 512 <10 MNarmal
i s s o
Eﬂ;:i?-::l.: E:'qlga execugio de base de > 60 <05 Intfnrg:ﬁ:.i:éar';aa ou

"' Permitido 0 uso como material de base somente para vias de trafego com N < 10° repeticies do eixo padrio de
8,2 tf (80 kN) no periodo de projeto.

Tabela 3 — Requisitos para agregado reciclado destinado ao preparo de concreto

sem func¢do estrutural

Agregado reciclado classe A

Normas de ensaios
Propriedades ARC ARM
Gratdo | Middo |Graddo | Middo | Agregado graido | Agregado mitdo
Teor de fragmentos a base de cimento e
rochas (%) 290 - <90 - Anexo A -
Absorgdo de agua (%) =7 < 12 <12 <17 |ABNT NBR NM 53/ABNT NBR NM 30
Cloretos 1 ABNT NBR 9917
Contaminantes - Sulfatos 1 ABNT NBR 9917
teores maximos em | Materiais nao 2 Anexo A Anexo B
relagao a massa do minerais
agregado reciclado ;
(%) Torrdes de argila 2 ABNT NBR 7218
Teor total maximo 3
de contaminantes
;g‘:m‘:f/o)ma‘e"a' sl I ‘ <15% | <10% |<20% ABNT NBR NM 46

1) para os efeltos desta Norma, sdo exemplos de materiais nao minerais: madeira, plastico, betume, malteriais carbonizados, vidros e

vidrados cerdmicos.




Possiveis Aplicacoes — limitacoes normativas

NORMA
BRASILEIRA

ABNT NBR
15116

Primeira edicao
31.08.2004

Valida a partir de
30.09.2004

Tabela 4 — Determinacao do tipo e freqiiéncia de execucédo de ensaios

Freqléncia de ensaios

Agregados reciclados de residuos soélidos da

construcao civil — Utilizagao em
pavimentacao e preparo de concreto sem
funcao estrutural — Requisitos

Propriedades Método de ensaio | concreto sem funcéo Camada de
estrutural pavimento
: - ABNT NBR 7181 Nao se aplica A cada lote
Composigao granulomeétrica
ABNT NBR NM 248 A cada lote Nao se aplica
Teor de material passante na | AgNT NBR NM 46 A cada lote Nao se aplica
peneira 75 pm
3 Agregado graiudo | ABNT NBR NM 53
:bsé"’?” i st : A cada lote Nzo se aplica
e agua Agregado miudo | ABNT NBR NM 30
Tombes de argia e matenals ABNT NBR 7218 A cada lote Nao se aplica
friaveis
lndipe de forma (agregado ABNT NBR 7809 Nao se aplica A cada lote
gratdo)
indice de suporte Califérnia e .
expansibilidade ABNT NBR 9895 N&o se aplica A cada lote
Composicao do agregado Anexo A A cada lote
graudo
Percentual de materiais nao Ariead.B A vida ote
minerais no agregado mitdo
Teor de cloretos ABNT NBR 9917 Uma g%zogon;més e Nao se aplica
Teor de sulfatos ABNT NBR 9917 Uma vez por més ou 6 000 m* "

"o que primeiro ocorrer.




Residuos da Cidade de Sao Paulo

ccounton

~ Y e o
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Os agregados reciclados ja estao sendo
regularmente utilizados para a
fabricacao de pecas




Residuos da Cidade de Sao Paulo

Produto produzido com agregados reciclado
produzidos na unidade de processamento mostrada



Residuos da Cidade de Sao Paulo

Produto produzido com agregados reciclado
produzidos na unidade de processamento
mostrada



Drivers das Inovacoes na Construcao Civil:

 Qual é o problema existe? Disposicdo de residuos

* (Quais as possibilidades? Separacdo na origem

* Quem é o cliente? Construtoras / lojas de materiais de
construgdo

* O que é valor para o cliente? Preco /sustentabilidade

* Qual o desafio? Variabilidade e preconceito



Drivers das Inovacoes na Construcao Civil:

 Aumento de Produtividade
 Melhora de desempenho/durabilidade
* |ncorporacao de outras funcoes

 Reducao de impactos e aumento da sustentabilidade



How Complete is
your Street?

*Energy Efficiency
-Waste Management
Air Quality

-Site Selection

*Beauty and Community
-Urban Heat Island

-Stormwater Management

-Water Efficiency

*Alternative Transportation

Education

RUAS DO FUTURO

Cool and Sustainable Pavements
U.S. EPA Heat Island Reduction Program

Richard M. Daley, Mayor
City of Chicago

Janet L. Attarian, AIA, LEED AP, Project Director

Streetscape and Sustainable Design Program



Iniciativas Globais

Chicago’s Sustainable Streets Pilot Project

Cool and Sustainable Pavements
U.S. EPA Heat Island Reduction Program

Richard M. Daley, Mayor
City of Chicago

Janet L. Attarian, AIA, LEED AP, Project Director
Streetscape and Sustainable Design Program

Integradas
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(Eb b National Complete Streets Coalition

GET INVOLVED
FUNDAMENTALS
CHANGING POLICY

TATION

RAL POLICY

FEDE

NEWSLETTER

Welcome to the National Complete Streets Coalition
WHO WE ARE

o The streets of our cities and towns are an important part of the livability of our
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Nanoparticula

Origem: Wikipedia, a enciclopédia livre.

Nanoparticulas sdo particulas cujo tamanho situa-se entre 1 e 100 nandmetros (nm). Em nanotecneologia, uma particula € definida
Como um pequeno objeto que se comporta como uma unidade inteira em termos de seu transporte e propriedades. As particulas séo
classificadas de acordo com o didmetro.[" Particulas ultrafinas sdo o mesmo que nanoparticulas e medem entre 1 e 100 nm;
particulas finas medem de 100 a 2500 nm; ja as particulas grossas medem de 2.500 a 10.000 nm.

Este artigo é parte de uma série sobre
Nanomateriais

Nanoparticulas podem ou néo exibir propriedades relacionadas com o tamanho, as quais diferem significativamente daguelas
observados em particulas finas ou materiais volumesos.[2I3] Embera o tamanho da maioria das moléculas se encaixe no esquema
acima, as moléculas individuais ndo sdo geralmente referidos como nanoparticulas.
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Ingredients of a number of building materials, including their particle size and specific surface area, based on
a graph by Prof. Dr. Dr. H. Péllmann, Martin-Luther-University of Halle-Wittenberg, Germany.
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Uso de nanoparticulas

journal homepage: www.elsevier.com/locate/cattod _—

Photocatalytic hydrophobic concrete coatings to combat air pollution
M. Faraldos®* R. Kropp?, M.A. Anderson®°®, K. Sobolev*

3 Water Science and Engineering Laboratory, University of Wisconsin-Madison, USA
P Instituto de Catdlisis y Petroleoguimica, CSIC, Spain

< IMDEA Energia, Madrid, Spain

4 University of Wisconsin-Milwaukee, USA

ARTICLE INFO ABSTRACT

Article history: Several low cost, user-friendly photocatalytic surface coatings were applied to cementitious surfaces and
Received 24 March 2015 tested as a remediation technique for transportation NO, emissions and organic pollutants. All of the
Received in revised form 27 May 2015 sols (aqueous suspensions of nanoparticles) coatings showed very high nitrogen oxide (NO) conversion

Accepted 15 July 2015

Available onfine xxx (~90%) and Methylene Blue dye bleaching when applied to concrete surfaces, even when the coatings

were extremely thinor diluted, independently on the deposition method (spraying or dip coating). A novel
hydrophobic coating based on photocatalyst nanoparticles suspended in a siloxane sealant showed simi-

gzmz’f; lar conversion at low NO concentrations but required a greater loading of TiO;. At high NO concentrations
Hydrophobic Fhe hydmphopnr coating was less effecyive_ even at greater TiO; loadings, suggesting that the gqsorption
Photocatalysis is the rate limiting step in this conversion process. A threshold of 1% TiO; loading in hydrophilic coating
Self-cleaning and 5% in the case of hydrophobic was needed to obtain a quantitative NO, conversion. A home-made
Air pollution Ti0; sol showed lower NO, photodegradation but a more homogeneous and bonded layer.

NOx © 2015 Elsevier B.V. All rights reserved.
Siloxane

De todas as nanoparticulas
possiveis de serem utilizadas nos
concretos o TiO2 é o que tem
ganhado mais atencdo por parte
do meio técnico e cientifico

Hindzwl Publishing Corporation
Internationsl fournal of Photoenergy
Wolume 2013, Artiche 10 TI2603, 9 pages
hitp-jide dolorg 10,1155/ 2003/ 712603

Research Article

Release of Volatile Compounds from Polymeric Microcapsules
Mediated by Photocatalytic Nanoparticles

]. Marques," L. F. Oliveira,' R. T. Pinto," P. J. G. Coutinho,' P. Parpot,® J. R. Gois,?
1. E. 1. Coelho,? F. D. Magalhies,* and C. J. Tavares'

suimardes, Portugal
pa. Porfugal

! Centre of Physics, University of Minho, 4800-058

'j(.'cmrco, hemisiry, University of Minho, 4710- 6.
* Chemical Engineering Department, Polo II, University of Coimbra, 3030-790 Coimbra, Portugal

4 LEPAE, Chemical Engineering Depariment, Faculty of Engineering. University of Porio, Rua Dr. Roberfo Frias 5/,
4200-465 Porto, Portugal

Correspondence should be addressed to C._ J. Tavares; ctavares@fisica uminho.pt
Received 14 January 2003; Accepted 24 January 2013

Academic Editor: Jiaguo Yo

Copyright © 2013 ]. Margues et al. This is an open access article distributed under the Creative Commeons Atiribution License,

which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is propery cited.

Advanced Materials Research Vol 318 (2013) pp 05-103
@ {2013} Trans Tech Publications, Switzerland
doi: 10 4028w scientific net/ AMR 31508

Service Life of Cementitious Photocatalytic Paints Newly Formulated

D. Enea'®, G. Alaimo™®, L. Bottalico®®, T. De Marco™®
‘University of Palermo — Departiment of Architecture, Viale delle Scienze, 90128, Palermo, Italy
CT.G.SpA. - falcementi Group, Bergamo, Italy
Agiuseppe.alaimo@unipa.it, "daniele enea@unipa.it, 9 bottalico@itcgr net, % demarco@itcgr.net

Keywords: Durability, Photocatalitye paint, Color, NOx

Abstract.The use of photocatalytic products for surface coating of buildings contnbutes to the
sustainability of building interventions, due to the reduction of some atmospheric pollutants and
self-cleaning attitude. The world market produces a wide range of coatings, applied in limited
thickness, transparent and opaque, high initial performance, although data on their durability are
still missing. The knowledge of the performance over time of such innovative products is necessary
according to the new EU Regulation No. 305/2011, which introduced for construction works, the
seventh requirement on their sustainability and particularly their durability. The study concerns the
evaluation of the durability of white photocatalytic paint, TX Active® cement-based. The
methodology is based on ISO 15686 and consists in monitoring the most significant selected
parameters, during laboratory accelerated aging tests and natural environment exposure. Measured
performance were the morphological appearance of the surface, the photocatalytic activity and the
color. The results obtained demonstrate the efficiency in time and the maintenance of performance
of the photocatalytic paint, above limits defined by standards and conservation of color.
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How Photocatalytic Materials Work

NOX in ambient air.

2. Nox is oxidised by hydroxyl radicals to — Q =
NO3 on the surface of paving; this degrades ﬁ; v Q UV light

3. Nitrates are
washed off the

surface during rainfall @
1. Using energy from sunlight
TiO5 generates highly oxidising
hydroxyl radicals (OH).
M "\ / / Layer of

g &

Titanium
4. Some NO3 Dioxide
chemically
neutralised in

coated material

g; Camden



AGLOMERADOS DE TIO2

Figure 8: Agglomeration of TiO; particles on the composite surface. (a) Magnification

of 20.000X and (b) magnification of 100.000x.
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FOTOCATALISE COM TIO2

¢ demeestere et. al.

100% =
i - (2008)
3 . 1 Husken et. al. (2009)
@
Q ]
s i Beldens (2007
£ 75% - ®
o X O . .
+ Strini e Bossi (2007)
g m
T ¢ - * melo (2011)
O ®
S 50% - . -
©
8 m
S
2
£ 25% - * o
[}
2 ¢
E
o
2
0% | | | | | | | | |
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Relative humidity (%)



FOTOCATALISE COM TIO2
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FOTOCATALISE COM TIO2

Photocataytic performance (%)

100%

75%

50%

25%

0%

y =-0,0085x +1,0373 ¢
R?=0,65
10 20 30 40 50 60

TiO2 particle dimension (nm)

70



FOTOCATALISE COM TIO2
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FOTOCATALISE COM TIO2
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Autolimpante:

i. Produtos que desempenham mais de uma funcao

(a) Before year 2007 (b) Year 2007 (¢) Year 2014 (d) Year 2015

e Alexandria Engineering Journal
‘_'._'.?"-'._‘f i Awailable online 21 February 2017
£y open access
In Press, Corrected Proof (3
Criginal Article

Sustainable self-cleaning treatments for architectural facades in

developing countries
Ashraf Mansour Habib Mansour ® % &, Salam K. A-Dawery b 2 &
E Show more

https:/idoi.orgM0.1016/.ae).2017.01.042
Open Access funded by Faculty of Engineening, Alexandria University

Lnder a Creative Commons license
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25 ciclos

100 ciclos

Figura 9: Tlustracdo da variacdo de intensidade da mancha ao longo dos ciclos de envelhecimento artificial
| acelerado em placas novas de corpos de tratados com hidrofuzante e TiO,.
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Integrated Infrastructure Design Example:
Blue Island Cross-section

m O——— FilenNeighbancod

comm ity icertiar

.Chicago’s Sustainable Streets Pilot Project

Cool and Sustainable Pavements
U.S. EPA Heat Island Reduction Program

Richard M. Daley, Mayor
City of Chicago

Janet L. Attarian, AIA, LEED AP, Project Director
Streetscape and Sustainable Design Program



Objetivos das inovagdes na industria das construcao:

EVALUATION OF TITANIUM DIOXIDE
AS A PHOTOCATALYST FOR
REMOVING AIR POLLUTANTS

i. Produtos que desempenham mais de uma funcao

ii. Reducdo de impactos

= White light lamp, full cut off fixture Prepared For:
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Cenario — Poluentes Importantes

» Ozone (0,) \
- precursoress: NOX, VOCs, etc.

» Dioxido de Nitrogénio (NO,) Poluentes de interesse

» Dioxido de Enxofre (SO,) /

» Material particulado(PM) — PM, .
- precurdores: SO,, NO,, NH;, VOCs, etc.
» monoxido de Carbono(CO)
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Cenario — Origem dos Poluentes
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Cenario — Poluentes Importantes

Impacto dos Particulados: PM10 IN BEIJING 2008 s’

BRying 2002

104 ug/m3

191 ug/m?3 278 ug/m3
5 August A

7 August 10 August

http://news.bbc.co.uk/2/hi/in_pictures/7506925.stm
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Study of NOx-Reducing Coatings by
London Borough of Camden

IASPC Conference: Tuesday 22nd June 2010
School of Oriental and African Studies, London.

Gloria Esposito
London Borough of Camden

Dr Benjamin Barratt
Environmental Research Group, King's College London
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Advanced Solar Photocatalytic Asphalt for Removal of
Vehicular NOy

Wenguang Fan *, Ka Yan Chan *, Chengxu Zhang *, and Michael K. H. Leung **

“dbility Reel) Research Centre, School of Energy and Environment, City University of Hong, Hong Kong, PR China

Abstract

Conventional use of solar energy is to convert it into a useful form, e.g. heat or electricity. Alternatively, solar radiation can be
used to activate photocatalyst for direct functional photocatalytic applications. In the present research, solar photocatalytic asphal
was developed for removal of vehicular nitrogen oxides (NO,) to mitigate the roadside air pollution problem. Visible-light activated
photocatalytic asphalt was fabricated by embedding carbon-modified titanium dioxide (C-Ti():) onto asphalt surface under proper
heat treatment. Material characterizations were conducted to study the surface and light absorption properties. Chamber tests of
MOy removal were conducted under the conditions that simulated the ambient environment under solar irradiation. The
experimental results show that MOy removal by C-TiOx photocatalytic asphalt is viable, and is better than the more commonly used
P25, The parametric analysis also reveals that the material fabrication process can be optimized for making photocatalytic asphalt
that is highly effective, durable and cost-effective. This study demonstrates suceessful use of solar radiation via photocatalysis for
functional application that can solve environmental problem.

© 20017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the scientific committee of the World Engineers Summit — Applied Energy Symposium &
Forum: Low Carbon Cities & Urban Energy Joint Conference,

Keywords:- Solar Photocatalysis; Carbon Modified Ti0): Nanomaterial; Road Constrection; Air Pollutant; Surface Modification
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Photocatalytic de-pollution in the Leopold Il tunnel in Brussels:
NO, abatement results
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9. Conclusions and perspectives

The European Life+ funded project PhotoPAQ was aimed at demonstrating the possible
usefulness of photocatalytic surface coatings for air purification purposes in an urban
environment. During the period June 2011-January 2013, three field campaigns were
organized in the Leopold Il tunnel in Brussels, in which photocatalytic cementitious coating
materials were applied on the side walls and ceiling of tunnel test sections of 70 m and
160 m length using artificial UV lighting systems in two of the campaigns. The photocatalytic
air remediation of NOy inside the tunnel section was assessed using averaged campaign
data of the NOC O3 ratio from two measurement sites, up- and downwind of the test
section. In addition, three different approaches were used to quantify the photocatalytic
remediation, i.e. before/after application, upwind/downwind of the test section and with UV
lamps on/off.

In contrast to first estimations based on laboratory data and the only available photocatalytic
tunnel study to date, the results indicate no significant reduction of NO, in the tunnel test
section. As an upper limit a photocatalytic , reduction of =2% was observed for the 160 m

g ection taking into account the experimen riainties.



What if a cement
could fight smog, soil
and odours?

Discover the range of i.active photocatalytic cements based on
the TX Active photocatalytic technology patented by Italcementi.

+80% -30m -50%2>

Deciduous trees* Petrol-fuelled vehicles Pollution

Coating a surface area Coating a surface area Coating 15% of the surface
of 1,000 m? with of 1,000 m? with TX Active-based  area of a large city with

TX Active-based products products equals to eliminating TX Active-based products
equals to planting 80 the pollution caused by ensures a 50% reduction
deciduous trees 30 petrol-fuelled vehides of air pollution

* With an active leaf wes of 160 o sach.
Evtimated velum baied on the UFORE Model (Urban Forest Effect) by DU Nowak - USDA (United Statn Departmant of Agriculture) Forest Sarvice (USAL

i.active is the new performance family of products based on the TX Active photocatalytic technology
and featunng depolluting, self-cleaning, bactenostatic and cdour-eliminating properties.

[T >Depolluting >Self-cleaning >Bacteriostatic >Odour-eliminating

KATUS

The i.active range of Itakcementi products inchades the following photocatalytic cements:

i.active ULTRA - high strength Portland cement, and Lactive TECNO - imestone Portiand cement. )
i.active cements are suitable for the formulation of dry ready-mixed products, mortars K -7,
and concretes, for structural and non-structural applications, cast-in-place or prefabricated

elements. They endow built structures with the ability to punfy the air, maintain their aesthetic WIS

Fighting smog

~

Lactive ively fight pollution. Through the
combined action of light and the TX Active photocatalytic
technology, i.active d the polk

produced by daily activities (factories, traffic, domestic
heating) resulting in better air quality. Building with i.active
cements helps significantly to improve quality of fife in
urban areas, and is particularly useful in tunnels and similar
structures that are difficult to ventilate.

Fighting soil

Surfaces made of i.active cements are brighter, cleaner,

and have a lasting aesthetic quality. Recent tests performed
at the University of Ghent (Belgium) demonstrated that
phaotocatalytic surfaces built using products based on i.active
cements are able to decompose the microorganisms that
corrode the surfaces, inhibit the build-up and proliferation
of algae, and prevent the consequent surface deterioration.

Fighting bacteria

Lat y tests d d according to standard UNI
11021:2002 have certified that the growth of microorganisms
(Aspergillus Niger Penicllum sp., Paecilomyces fulvum)

is inhibited on products based on i.active cement.

i.active help to maintain healthier, better sterilized
environment, ideal for hospital settings.

Fighting bad odours

Products based on Lactive cements foster the decomposition
of inorganic compounds (NOx) and volatile organic
compounds (VOCs), including aromatic hydrocarbons.

For example, they can reduce tobacco and solvent smells,
cooking odours and odours due to the presence of other
hydrocarbons in the air. Moreaver, their positive effect on
bioeffluents (chemicals emitted by the human body) makes
i.active cements espedially suitable for gyms and sports
centres. The final effect is an improvement in perceived

air quality, particularly notable in confined spaces.

.

CTIVE

What is TX Active? W\
C—T

TX Active is the photocatalytic technology for cementitious
materials patented by ftalcementi. Mortars, paints, plasters
and floors made with TX Active-based products are able to
significantly reduce crganic and inorganic poliuting agents
in urban air while preserving the aesthetic quality of
buildings. With its depoliuting, bacteriostatic and cdour-
eliminating properties, it is a quality seal for photoactive

cementitious products developed to improve life in our cities.

How does it work?

Phaotocatalysis & a natural process in which a substance -

called photocatalyst - uses natural or artificial light

1o activate a strong oxidizing process that results in the
£ ion of organik and inorganic sub into

harmless compounds. Thus, TX Active acts as an accelerator
of oxidizing processes that already exists in nature;

it pr faster d . of polk and pr
their build-up on surfaces.
ek W,
@) @)
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00
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The i.active family includes only a few of the many
products created by Ital i Group's inued
c i to developing ir i lutions for
architecture and the construction industry. For further




Drivers das Inovacoes na Construcao Civil:

 Qual é o problema existe? Manutencdo
frequente/envelhecimento

* Quais as possibilidades? Hidrofugante, hidrofilico

* Quem é o cliente? Ndo tdo claro

* O que évalor para o cliente? desempenho

* Qual o desdafio? Validagdo / convencimento



How Complete is
your Street?

-Fneray Efficiency
-\Waste Management
Air Quality

-Site Selection

*Beauty and Community

«Stormwater anagement

-Water Efficiency

*Alternative Transportation

Education

RUAS DO FUTURO

.2 Chicago’s Sustainable Streets Pilot Project

Cool and Sustainable Pavements
U.S. EPA Heat Island Reduction Program

Richard M. Daley, Mayor
City of Chicago

Janet L. Attarian, AIA, LEED AP, Project Director

Streetscape and Sustainable Design Program



Sustainable Street

. »Chicago’s Sustainable Streets Pilot Project

White light lamp, full cut off fixtere .
407 mare energy efficient ;

Cool and Sustainable Pavements
U.S. EPA Heat Island Reduction Program

Richard M. Daley, Mayor
City of Chicago

Janet L. Attarian, AIA, LEED AP, Project Director

Streetscape and Sustainable Design Program

£
O ———— Pilsen Neighborhood

community identifier
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Y

e Bk rack

New bike lane adjacent to

parking lane




Ruas do Futuro - Integrando solucodes!

= [ S R
dET
2 TG r @
— — | = N
- D e -0 |
- = |
" =4 S b 4
M
3
g !
&

Pensando as rua para as pessoas!




Cenario —ilhas de calor

vunerabilidade das

MEGACIDADES

brasileiras 4s mudancas climaticas

Sao Paulo | Rio deJaneiro

Tendéncias climaticas de longo
prazo detectadas na Regido Metropolitana
de Sio Paulo (RMSP)

Vdrios estudos jd tém d do um nai idade e na frequé

ia de dias com chuva intensa no sudeste da América do
Sul, desde o centro da Argentina até o Centro-Oeste e Sudeste do Brasil. Tendéncias positivas no nimero de dias com chuva
intensa e muito intensa, concentrada em curto periodo de tempo e na quantidade de eventos chuvosos que podem gerar enchentes
e deslizamentos de terra em dreas de encosta, tém sido detectadas desde a década de 1990 (XAVIER et al 1994, CARVALHO et al
2002, MARENGO et al 2009¢, HAYLOCK et al 2006, ALEXANDER et al 2007).

Xavier et al (1994) analisaram a variabilidade da chuva na RMSP de 1933-1986, apresentando de fato um aumento na intensidade
da chuva em fevereiro e maio. Estudos recentes de Haylock et al. (2006), Dufek e Ambrizzi (2007) e Marengo et al (2009 a, b, c)
identificaram tendéncias para condicdes mais imidas no sudeste do Brasil sob a forma de um aumento na intensidade e frequéncia
de dias com chuva intensa durante os ultimos 50 anos, que se estende a toda a regido Sudeste e Sul do Brasil.

Existéncias de ilhas de calor nas zonas
mais adensadas das cidades

http://megacidades.ccst.inpe.br/sao_paulo/VR
MSP/capitulo4.php
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Fonte: Atlas Ambiental de Sao Paulo - (Prefeitura de Sao Paulo 2002),
observagdes feitas no dia 03/set./1999, as 09:57.



v’ Pavimentos refletivos para diminuir ilhas de calor

Pavimento refletivos:
- Micro overley com concreto
- Pavimento Intertravado




Cenario —ilhas de calor
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Figure 3.6: Urban heat Island profile
{Source: Urban Heat Islands http://estd.|bl.gov/Heatisland/)

Tipo de pavimento m SRI- envelhecido

Asfalto 0.05-0.10 0.10-0.15
Concreto simples 0.35-0.40 0.20-0.30
Concreto branco 0.70-0.80 0.46-0.60

Tinta acrilica branca 0.80-0.85 0.60-0.75
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Sustainable Cities and Society

journal homeapage: www.elsevier.com/locata/scs

Cool roofs and cool pavements application in Acharnes, Greece m

t Chack ket
Dionysia — Denia Kolokotsa™*, Gerassimos Giannariakis”, Kostas Gobakis™, Giannis Giannarakis',
Afroditi Synnefa", Mat Santamouris”
® Energy Management in the Built Enviroement Lobhorotory, Techmical University of Crete Kounoupidiane, GR 73100 Chania, Greece
® Section of Emvironmental Physics and Meteorology Group Building Envirommental Studies Physics Department University of Athens, Athens Greece
€ Faculty of the Built Environment, University of NEW south Wales, Sydney, Australia
ARTICLE INFO ABSTRACT
Keywords: The continuously increasing urhan temperature results to the well-known urban heat island phenomenon. Coal
Coal moafs roofs and ool pavements are very promising mitigation techniques as they can be easily applied to new and
Coal [Nt existing buildings as well as urban spaces. In the present paper, the application of cool materials in the urban
Energy efhiciency region of Achames municipality in Greece is described. Cool roofs in the form of ceiling tiles are installed on the

et il cxmialtert rooftop of the municipality building while cool paving stones are used to replace conventional pavements. A

series of monitoring activities are performed for the building and the urban region. Measurements of the outdoor
meteorological conditions, the indoor thermal comfort of the case study building, the surface temperature of the
roofs and pavements as well as thermal imaging are exploited for the analysis of the cool roofs and coal pa-
vements' performance. Thermal models using El‘IEI:']!:_'.- F']u5 and Enw-met are developed for the analysis of the cool
roofs and cool pavements respectively. The overall siudv =h polication of eool roofs resulis w 17

reduction in the annual cooling demand for the case siudy building while the surface temperature of the urban

pavemenis s reduced by alr ....l:ul 10 k-




Energy and Buildings 55 (2012) 2-6

Contents lists available at SciVersa SciancaDirect

Energy and Buildings

| SEVIER journal hemepage: www.alsavier.com/locate/enbuild

Jlobal cooling updates: Reflective roofs and pavements

ashem Akbari*, H. Damon Matthews

waf [shand Group, Concordie University, Montreal, Canada

ETICLE INMFO ABSTRACT

ywords: With increasing the solar reflectance of urban surfaces, the outflow of short-wave solar radiation
at island increases, less solar heat energy 15 absorbed leading to lower surface temperatures and reduced out-
ﬂgigmntg flow of thermal radiation into the atmosphere. This process of “negative radiative forcing™ effectively

obal cooling counters global warming. Cool roofs also reduce cooling-energy use in air conditioned buildings and
gy savings increase comfort in unconditioned buildings; and cool roofs and cool pavements mitigate summer urban
Heies heat islands, improving outdoor air quality and comfort. Installing cool roofs and cool pavements in
cities worldwide is a compelling win-win-win activity that can be undertaken immediately, outside of
international negotiations to cap C0, emissions. We review the status of cool roof and cool pavements
technologies, policies, and programs in the U5, Europe, and Asia. We propose an international campaign
to use solar reflective materials when roofs and pavements are built or resurfaced in temperate and

tropical regions.
Crown Copyright © 2012 Published by Elsevier B.V. All rights reserved.




v' Pavimentos permedveis em calcadas, areas de estacionamento e de trafego leve




v Pavimentos permeaveis em calcadas, areas de estacionamento e de trafego leve

e — SIS

Produto com maior potencial para
dar certo

http://www.ecounion.com.br/?page _id=16162



Drivers das Inovacoes na Construcao Civil:

 Aumento de Produtividade
* Melhora de desempenho/durabilidade
* |ncorporacao de outras funcoes

 Reducao de impactos e aumento da sustentabilidade



Execucao de
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Fibras de aco para concretos
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99% 1,4,

Tensile stress

strain (£) s crack cpening (COD )
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Fig. 1. Schematic representation of the tensile behaviour of UHPFRC exhibiting strain
hardening in tension.



Fibras de aco para concretos

Cement and Concrete Composites B0 (2017) 342 -355

ELSEVIER

Cement and Concrete Composites

journal homepage: www.elsevier.com/locate/cemconcom p

Contents lists available at ScienceDirect

Magnetic orientation of steel fibres in self-compacting concrete
beams: Effect on failure behaviour

@ CrossMark

M. J.H. wWijffels, RJ.M. Wolfs, AS.]. Suiker’, T.AM. Salet

Eindhoven Uiniversity of Technology, Deparmment of the Built Emdronment, PO, Bax 513, NL-5600 ME, Eindhoven, The MNetherlands

ARTICLE INFO

ABSTRACT

Article history:

Received 10 June 2016
Received in revised form

3 April 2017

Accepted 90 April 2017
Awvailable online 13 April 2017

Keywords:

Fibre orentation

Steel fibre reinforced concrete
Fitre bridging

Energy absorpton capacity
Electromagnetic ool

3D printing of concrete

The magnetic orientation of steel fibres in transparent silicone oil and in fresh, sell-ompacting concrete
{SCC) beams is stud ied experimentally. The effect of the generated fibee locations and orientations on the
failure response of the SCC beams is determined by means of three-point bend tests. A relatively small
coil was designed for the magnetic orientation of single and multiple fibres in the transparent silicone oil.
The time required for orienting asingle fibre was measured for a range of magnetic fluxes, which showed
to strongly decrease with increasing magnetic field strength. The presence of gravel on the fbre
orentation behaviour was considered in order to mimic the influence by a concrete aggregate, ind lcat ng
that the gravel does not prevent rotations and chain formations of fibres. Alarger coil was developed for
the magnetic ofientation of fibres in freshly casted SCC beams The energy absorption capadty of SCC
beams subjeded to three-point bending scales approximately proportionally with the number of “well-
oriented fibres” bridging the catastrophic failure crack, which emphasizes the importance of adequately
orenting steel fibres with the magnetic orentation techniqoe

@ 2017 Elsevier Ltd. All rights reserved.

Cement and Concrete Research 97 (2017 ) 28-40

journal homepage: www.elsevier.com/locate/cemconres

Contents lists available at ScienceDirect T Coment w
Concrete

Research

Cement and Concrete Research

Influence of fibre orientation on the tensile behaviour of ultra-high
performance fibre reinforced cementitious composites

@ CrossMark

Amin Abrishambaf, Mario Pimentel *, Sandra Nunes

CONSTRUCT-LABEST, Faculty of Engineering (FEUP), Unfwersity of Porto, Porfugal

ARTICLE INFO

ABSTRACT

Article history:

Received 4 January 2017

Received in revised form 21 March 2017
Accepted 23 March 2017

Available online 1 April 2017

Kewwords:

Ultra high performance fibre ranforced oe-
mentious composites (UHPFRC)

Fibre orientation

Tensile behaviour

Hardening

Uniaxial tendle test

The main objective of this study is to quantify the effect of fibre orientation on the tensile behaviour of Ultra-High
Performance Fibre-Reinforced Cementitious Composites (UHPFRC), A strategy to align the steel fibres within the
matrix hased on the activation of an external magnetic field while casting is adopted to achieve a wide range of
fibre onentation profiles. The uniaxial tensile test is used for determining the tensile stress-elongation curves of
22 specimens and the quantitative evaluation of the fibre density and orientation characteristics is performed
resorting to an image analysis technique. Based on the obtained results it was possible to validate an analytical
formulation for determining the tensile strength of UHPFRC and to quantify the involved parameters. It is also
shiown that length of the hardening branch of the tensile stress-elongation curve is also very well correlated
with the same parameters used in the determination of the tensile strength.

i@ 2017 Elsevier L. All rights reserved.



Fibras de aco para concretos
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Fibras de aco para concretos

MJH Wijflels et al / Cement and Concrete Compasites 80 (2017 342355 345
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\...' __I_‘___‘__'; ' Vf Magnetic strength | B| [Tesla]

Fig.1. Field lines (curved black lines) and strength (color) of the magnetic flux density B generated by acoil with alength of 129 mm and aninner diameterof 110 mm, as con
with an axisymmetric FEMM model. The symmetrical cross-section of the coil is indicated by the two identical squares ( thick black lines), with the square in between ( dashed
lines) denoting an area of 90x 70 mm? in which the strength of B is approximately homogeneous. ( For interpretation of the references to colour in this figure legend, the re
referred to the web version of this article.)
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Fonte: A. M.J.H. Wijffels et al. / Cement and Concrete Composites 80 (2017) 342e355



Fibras de aco para concretos
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Figura 3.5: Fibras (a) desalinhadas e (b) alinhadas devido ao campo magnético.



Fibras de aco para concretos

Fonte: A. M.J.H. Wijffels et al. / Cement and Concrete Composites 80 (2017) 342e355



Fibras de aco para concretos
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Figura 4.5: Desempenho amostras de pasta para a relacio de substituicdo de fibras de 1.5% e

relagiio w/c = 0,35,
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Figura 4.8: Moédulo de elasticidade dindmico longitudinal.
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Fibras de aco para
concretos
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Figura 4.14: Valores meédios da tenacidade em funcio do volume de fibras para os casos

alinhado e ndo alinhados.

Figura 4.20: Tomografias de um corpo de prova do composito com 5% de fibras.
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Novas Necessidades do Concreto Ly
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Novas Necessidades do Concreto

 Reduc¢do da Pegada de cimento sem perda de desempenho

558 BL Darmine eral /Cement & Concrete Composites 32 (2000) 555-562
d 30 b 30
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Fig. 2. Binder intensity (bi.;) versus 28 day compressive strength for: (a) Brazilian data; (b} international data. The lines represent concretes with the same amount of total
hinder. Few data points are not shown becavse bi is above 25 kgim® MPa

Utilizacao de um indicador de eficiéncia para a producao de concretos



Empacotamento de particulas - Modelo de Alfred
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OBS: Estudos apontam que, pela comparacao entre densidades obtidas
experimentalmente, a eficiéncia de empacotamento resultantes das
diversas distribuicdes de maxima densidade estudadas € expressa em:

ALFRED>ANDREASEN>FURNAS



Alterar o Cimento

Figura 2 — Representacio do grio de cimento seccionado (BISHOP et al., 2003).



Objetivos das inovagdes na industria das construcao:

i. Produtos que desempenham mais de uma funcao

ii. Reducdo de impactos

<

s C / \ L E R/ \.. Green Cement for a Blue Planet

Contact
News & Events

Careers

Tradicional:
carbon footprint per tonne of 0.4
tonnes.

NOVACEM

Novacem's cement, which has a patent
pending on it, uses magnesium silicates
which emit no CO2 when heated. Its
production process also runs at much
lower temperatures - around 650C. This
leads to total CO2 emissions of up to 0.5
tonnes of CO2 per tonne of cement
produced. But the Novacem cement
formula absorb far more CO2 as it hardens

- about 1.1 tonnes. So the overall
carbon footprint is negative - ie
the cement removes 0.6 tonnes
of CO2 per tonne used.



Alteracdao na Hidratacao
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Figura 3 — (2) Desenvolvimento da microestrutura do cimento Portland, adaptado por SCRIVENER (BISHOP et al.,
2003). (b) Representacdo da curva da taxa de liberagio de calor do cimento Portland, dividida em 5 etapas (adaptado
de ZAMPIERI, 1989)

Patologia em concretos Eng. Flavio Maranhao
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Reducado da Pegada de cimento sem perda de desempenho
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Chemical and enzymatic | -
oxidation using molecular .
oxygen as a means to
valorize technical lignins
for material applications

Anna Kalliola

Esses aditivos inovadores ja tem
comprovado desempenho igual ao
superior aos disponiveis no mercado com
menor incorporacao de ar e sensibilidade
as variabilidade de producao
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FASE 2 - RESULTADOS

Reducdo de dgua (g/g)

Reducdo de agua (g/g)
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Esse tipo de aditivo consegue reduzir cerca de 10%
da quantidade de agua. Tem melhor desempenho
para baixas A/C e 250 para altas A/C.

O aditivo NOVO apresentou um desempenho igual
ou superior aos demais avaliados

Seu comportamento foi satisfatorio tanto para
baixas A/C quanto para altas A/C
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Todos os aditivos avaliados apresentaram o
comportamento semelhante, sendo que apresenta os
menores impactos nos retardos

A lignina modificada e o FP250 foram os que parece
ser o que exerce menor influéncia na hidratacao do

cimento
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REsisténcia (MPa)
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FASE 2 - RESULTADQOS

01 dia - A/C=0,45 » Todos os aditivos apresentaram perda de resisténcia

20,0 no primeiro dia (15MPa de referéncia)
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ii B NORLIG semelhante
' NOVO
5,0
00 * Os aditivos 250 e NOVO mostraram-se mais estaveis
0,5 0,8 1,0

Concentracgdo de ditivos (g/g)
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Monitoramento do concreto




Uniao com outras areas de conhecimento

 Eletrbnica
e Computacao

. Elétrica

|

MAIN SKILL - VISTUALIDADE

 Engenheiro civil

* Arquiteto

\4

MAIN SKILL - REALIDADE
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Table 2
Apphcatons of smariphone bassd systems exploting the embedd ad cameTa.

Warking prindple Targ=t{s) Ramge of detection Ref
calanmestric pH test stmips =14 |36 ]
calan mestric 25 <hnpd rnocywi i D cone=ntrakion 15 =110nk |37]
calarimetric alcohal conoentration in saliva il = 0% L]
calorimestnic pH. protein and ghum=e in urine 5 =9 0= 100mgidL, 0 = 300 mgidl [39]
calanimestnic hlood hematocnt levd 10-G51 [41]
calarimestric streptomydn conaentration in food 50 = 267 nMd [42]
calarimestric HEA, catalame enzymee and carhohydrae = 1mg/ml, 0= 1 mgiml, 0 = 130 g gfml [43]
calarimestric doud ooverage 4 =985 |48
calanmestric surfaoe comosion of iran MJA | 50|
irrad iance mesas unement LA solar irmadiance 0 = 10 mifm? |G|
irrasd iamioe mesas umeTet WA aerasal aptic] depth 0.0 = 020 [61]
irrasd iamioe mesas umeTet LWE salar irradianos 1 - 9mwim* |63
irrad amice e ure e atmesphernic total anone o lumn 260 = 30 DU [65]
T iam o mmeeas unemment: 20 valkcamic emissian 0=35kgk e
fluor =o=no= ochrataxin A mnoentration in besr 2= 2 gl |44
fluor =o=no= degradation lewel of alive ail MJA [45]
fluor e oeno discrimination of di ferenit edible oils H[A |46
fluor so=no= bisphenol A anmoeniration in water 4.4 = 200 28 [47]
electrochemilumin sscance 2+ dibutylaminaojsthanol and L-proline 0= Smb, 0 = 10 mbd [52]
hie scattering Eerhevichia coli in water 10 = 10 CPUfmL |53]
Mis scattering hactenial concentration in meat 10 = 107 (PUfmL [54]
speectna pho tomestric pH far river quality water 6=3 L=l
spescina pho tomestric HSA. protem and try psin emzymes cone=ntratian 0 = 030 mgfmil., 0 = L300 mgfml | ]
spescino pho tomestric aptic] spactmum (mlor dyes and mil k samples) MA 73]
speciropho tomestric Fe™ in medicine and Na* in saline salutions 2493 - AT mg/l, OT8 - 207 mgfl [74]
specina pho tomestric ponanes immunogkohulin mncentration 4.25nM = 34 pM |76 ]
Compuiter vision bactenal colomy munier 0 = 96 {FU el
ComputeT visian hacterial colomy @unier MJA | &l |
ComputeT visian hacterial colomy @unier 0 = 250:0FU [81]
ComputeT visian hacterial colomy @unier MJA |82
Compuiter vision bactenal colomy munier 0 = SH0CFY [&3]
ComputeT visian surweillance of frnt flies MJA |84
ComputeT visian fond remgnitian oal MJA |85
ComputeT visian fond remgniton ad mutritional value MJA |86 ]
CunmpbET Wisian heart rabe mems urement H[A |87
mabile micoscopy =1l imaging (brghtheld and fluarescent ) MJA |88 ]
muahile mimascopy image analysis of green dgas i freshwater MJA |84




Table 4
Apphications of smariphone hamed systems sxplarting the embedded acoelerometer, gyrosmpe. magnetometer and GFE

Application type Detechion rade Ref_

Uniao com Seraarts)

GRS aawd dynamics momhoring HiA [103]

GRS aawd dynamics momhoring HiA |10

GRS icycle tracking MIA [105]

GRS driving spesd maonitaring HiA | 106 ]

acrebero mester ctivi by e il an &Ry [107]

4 aco=beromester adhivity remgnition Fi [108]
outras areas de == e e i
acrElern meter, gy noscope activity mem gmitan i [110]

acrl=romester, gy noscope, magnetomster, hnear aoosleromester ottty mea g an HIA [111]

acrlernmeter, gy noscope, mioophone activity mem gmiton 86% [112]

acrelero mester &l detection 97 [114]

acrelero mester &l detection 9841 [115]

: accEleromester &1l detection HIA& [116]
conhecimento =5 £ e et s 1)
acrelero mester Sy MHC EveTis mon ftaring MIA [114]

aceEkero mester, magnsiomesier, G5 SEIIMGC Svenls Mmaonitarng MIA [119]

anElernmester stmuctural heglih o nitari ng MIA [120]

arElernmester stmuctural healih monitoni ng MIA [121]

arElernmester, Ty nosCope vibration and cahle fonce tests MIA [122]

acEleromster driver behawvior and road conditons MIA [123]

arElernmester, Ty nosCope driver behawvior momioring S [124]

anEleTnmester, gy noscope, MagNetomshe driver behawvior momioring Shi [125]

anEleTnmester, gy noscope, MagNetomshe driver behawvior momioring 9% [126]

acElernmester, gy noscope, GPS, camera driver behavior momioring =M% [127]

acrElero mester, magnsinmeier, G5 road onditions mo nitaning ek [128]

arElernmester, Ty nosCope moad onditons mo nitonng = [124]

arElernmester, gy noscope, GFS moad onditons mo nitan ng S [130]
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°  Parametros de qualidade: DEFINICOES

International Roughness Index — IRl é o somatdrio por quildometro das irregularidades do
pavimento em relacdo a um plano de referéncia (m/km) e medido entre pontos

IRl =0.784

Classificacao IRI

2,4a4,8 bom

/7,22 10 ruim




METODO MAIS USUAL DE MEDICAO DO IRI

MERLIN — Machine for Evaluation Roughness using Low-cost INstrumentation)

Além disso, o método exige cerca de 2h para cada ciclo completo de ensaio (total de 200 leituras).
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1 METODO MAIS USUAL

* Tipico resultado do MERLIN ------ |RI=0,593 + 0,0471*D
20
IRl = 0,593 + 0.0471 D
¢}
RUIM
BOM
0 100 200 300
D (mm)

FONTE: CUNDILL, M.A. (sd.)
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N

Figura 6 — Desenho esquematico do perfilémetro CHLOE (HAAS et al., 1994)

Longitudinal section

Accelerometers - f ;
z “ \
' i

/ Laser siipport beam Q —

L Unevenness road pavement |

Cross section Laser units

Unevenness road pavement

OUTRAS POSSIBILIDADES MAIS MODERNAS

—~ T Computador .
I:l Velocidade/Deslocamento

Referéncia
Inercial

Acelerometro

Altura em relagio a referéncia
(laser, infravermelho ou ultrassom)

Figura 10 - Esquema do funcionamento de um perfilémetro inercial (Adaptada de SAYERS e
KARAMIHAS. 1998)

g &

8

:

5 W
i e

g e

:

Figure 3. Dipstick 2000.

Figure 4. Dipstick Operation.



: ALTERNATIVAS MODERNAS: ANALISE DE VIBRACOES AO TRAFEGAR

A MOBILE PROFILOMETER FOR ROAD SURFACE MONITORING - ifecture 9 (2
BY USE OF ACCELEROMETERS oSS otons )
K. TOMIYAMA & A. KAWAMURA
Kitami Institute of Technology, Japan Roadroid: Continuous Road Condition Monitoring with
tomivaka@mail.kitami-it.ac.jp, kawamuak@mail kitami-it.ac.jp
S. NAKAJIMA Smart Phones
WAcom Hokkaido Co., Ltd, Japan
shigenori nakajima@notes.isuzu.co.jp Lars Forsloft and Hans Jones™?
T' lSHIDA 1. Roadroid AB, Ljusdal 82733, Sweden
Hokkaido Regional Development Bureau, Japan,
ishida-t22ae@hkd.mlit.go.jp

M. JOMOTO Abstract: Road condition is an important variable to measure in order to decrease road and vehicle operating/maintenance costs, but

Taisei Rotec Corporation, Japan also to increase ride comfort and traffic safety. By using the built-in vibration sensor in smart phones, it is possible to collect road
masakazu iomoio@iaisei rotec.co. | b roughness data which can be an indicator of mad.tnndmnn up o a level ol“(‘lalss 2 or 3 in a simple and cost efficient way. Since data
collection therefore is possible to be done more frequently, one can better monitor roughness changes over time. The continuous data

2. Department of Computer Engineering, Dalarna University, Borlinge 78450, Sweden

collection can also give early warnings of changes and damage, enable new ways to work in the operational road maintenance
management, and can serve as a guide for more accurate surveys for strategic asset management and pavement planning. Collected
measurement data are wirelessly transferred by the operator when needed via a web service to an internet mapping server with spatial
Measurement of Pavement Roughness USing Android-Based filtering functions. The measured data can be aggregated in preferred sections, as well as exported to other GIS (geographical
Smarlphone App| ication information systems) or road management systems. Our conclusion is that measuring roads with smart phones can provide an efficient,
scalable, and cost-effective way for road organizations to deliver road condition data.

Shahidul Islam William Buttlar (i), Roberto Aldunate William Vawril

Kev words: Road condition, asset management, mobility, smart phone, intelligent transportation systems.

nitps:/idoi.org/10.3141/2457-04

References Cited by PDF

Abstract

Pavement roughness is an expression of the irregularities in a pavement surface that adversely affect the ride
quality of a vehicle. Roughness alzo affects vehicle delay costs, fuel consumption, tires, and maintenance
costs. Roughness is predominantly characterized by the international roughness index (IRI), which is often H LA t H m t d m d d I
measurad with inertial profilers. Inertial profilers are equipped with sensitive accelerometers, a height- a I n I C I a Iva S e 0 OS O u n O p a ra e s e nvo Ve r
measuring laser, and a distance-measuring instrument for measuring vehicle vertical acceleration data and the

pavement profile. Modern smartphones are equipped with several sensors including a three-axis S OI u gﬁes q u e m a is Si m p I es’ p ra,t i Ca S e e CO n 6 m ica s

accelerometer, which was used in this project to collect vehicle acceleration data with an Android-based
application. In the study, acceleration data were double integrated numerically to obtain a pavement profile, I H ~ d I H d d f' H I d

which was input into the software program ProVAL. The pavement roughness was then calculated. For the pa ra ava I a ga 0 a q u a I a e s u pe r I C I a OS
initial validation, pavement profile and acceleration data were collected with both an inertial profiler and the .
newly developed smartphone application from three test sites. The initial validation results suggest that the p aVl m e ntos
newly developed smartphone application can measure IRl with good correspondence to the inertial profiler and
with good repeatability between measurement replications. However, calibration is needed for rougher
pavement secfions becausze the current analysis techniques do not directly account for acceleration damping
resulting from vehicle suspension systems. With improvements in analysis that consider the vehicle
suspension effects and additional validation, the approach could be used to reduce the cost of acquiring
pavement roughness data for agencies and to reduce user costs for the traveling public by providing more
robust feedback about route choice and its effect on estimated vehicle maintenance cost and fuel efficiency.




AVALIACAO

alta

Precisao

1 2 3 4
/Classe 1
1 ( Baliza / AIW.) do |
Merlin L Projeto |
Classe 2
2 Perfilometros
a laser
—
Classe 3
3 RTRRMS
(Sistemas de Perfilometros
responsivos)
“Classe4
4 Inspegao
Visual -~
— baixa
baixa Conveniéncia alta

Proposta de novo método

* Barato

* Pratico

* Rapido

* Confiavel

e Escalavel
 Moderno e tecnologico

Fonte: https://vtechworks.lib.vt.edu/bitstream/handle/10919/50450/SURF2012_ 0035 120912.pdf;sequence=1
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> SISTEMA DE AQUISICAO DE DADOS

» Desenvolvimento de um aplicativo (playstore)
* Arquitetura de um banco de dados (tecnologia BIGDATA) robusto e na nuvem
(upload de milhdes de dados diariamente) (tecnologia DATA ANALYTICS)

Sistema de Gestao de Pavimentos

OPGAO DEFINITIVA: DITE
DISPOSITIVO ABAIXO DA FUNDACML%MW e o coae ¢

TECNOLOGICO DA ENGENHARIA SAO PAULO P Google Flay Pesquisar Q|

~ ”
SUSPENSAO DO VEICULO
Categorias v Pessoal Mais pesquisados Langamentos
Dispositivo Defeito Meus apps
sensor de / Gormphas

vibragoes ) mm— ¢ Geovista
z =z . 5 . e . . ’ Jogos GeoVista Educagdo KAk Kk k22
! Familia L]

Escolha dos editores

5

Conta

il Ay Rllias il ok ‘_l:
LG il L “WM‘“' Formas de pagamento
|

! Minhas assinaturas
Resgatar

B \ Comprar vale-presente
Time.
Minha lista de desejos

€3 Bluetooth

Elastic Tire
A)

Minha atividade Play

Datae Hora LONG Latitude Longitude Vibragdo

1538774733139 46,64014667  46,64014667  -23,57876167 6.129

1538774733243 46,64014667  46,64013792 2357877208 6,052 . Guia para pais
1530774733353 46,64014667  46,64012917[ 2357878251 6,091 Rugos|dade
1538774733456 46,64014667  46,64012042 2357879292 6,933 B
1538774733554 46,64011167  46,64011167  -23,57880333 7,202 Média
1538774733663 46,64011167  46,64010796  -23,57880741 6,167

1538774733773 46,64011167  46,64010426  -23,57881148 7.01

1538774733875 46,64011167  46,64010056  -23,57881556 7,623

1538774733984 46,64011167  46,64009685  -23,57881963 7,623

1538774734095  46,64011167  46,64009315  -23,5788237 8,542

1538774734206 46,64011167  46,64008944  -23,57882778 7,776

1538774734315 46,64011167  46,64008574  -23,57883185 7.738

1538774734426 46,64011167  46,64008204  -23,57883593 8,312

1538774734533 46,64007833  46,64007833 -23,57884 8,619
1538774734634  46,64007833  46,64007574  -23,57884278 8,121



> DESENVOLVIMENTO DE HARDWARE E INSTALACAO NA FROTA

UBER, TAXI, 99....
Instalados antes da suspensao

Desenvolvimento de
um dispositivo
dedicado e instalacao
em uma frota de
carros




SISTEMA DE AQUISICAO DE DADOS

e Aquisicao de 10 pontos a cada segundo (10Hz)
* Captura dos dados internos (conforto dos passageiros)
» Captura dos dados externos (exclusivo da rugosidade do pavimento)

B E C u] E F G H | J K L It o =1 T u W W kS hE AF AG
1 /10 Eventa  Ewentolr Arg DataTime DataStar HourStar GPSLong GPSLat GPSAlk  Yel Boelx  Acel) Boeld Fréquen: MumeraZ MumeraZ ErmaGPS AcelRar AcelRes: Exernald Exerndld Exernalf ExginalG Exernals ExernalGyrazcope:
570 | IE+0S 0 0 1220973 ###d4# Z2E+07 15h22m2  -d6,713333  -23.6304865 T0z 336 0073 -1§92 98557 10 12 23 3 33227 0038 -2.287 i -0,026 00765
571 E+05 0 0 1220973 ###d4# Z2E+07 15h22m2  -d6,713333  -23.6304865 T0z 386 01437 -1EFT 99352 10 12 23 3 33227 0038 -2249 -0,055 0726
57z | E+OS 0 0 1220973 ###d4# Z2E+07 15h22m2  -d6,713333  -23.6304865 T0z 336 064 1857 96367 10 12 23 3 33227 0038 -2.057 0.0672 00062
573 | IE+0S 0 0 1220973 ###d4# Z2E+07 15h22m2  -d6,713333  -23.6304865 T0z 386 01018 -1.F37 35414 10 12 23 3 33227 0038 -1.024 -0,293 -0.84
574 | E+0S 0 0 1220973 ###d4# Z2E+07 15h22m2  -d6,713333  -23.6304865 T0z 386 00766 -1fd4d 33301 10 12 23 3 33227 00358 0,043 -0153  -0.182
575 | IE+0S 0 0 1220973 ###d4# Z2E+07 15h22m2  -d6,713333  -23.6304865 T0z 386 01772 -1BES  9.7456 10 12 23 3 33227 00358 -0.842 0,143 0,155
576 | IE+0S 0 0 1220973 ###d4# Z2E+07 15h22m2  -d6,713333  -23.6304865 T0z 336 -0.075 -0.045 10.1M 10 12 23 3 33227 0038 -3.24z2 -0,133  -0.386
577 | E+0S 0 0 1220973 ###d4# Z2E+07 15h22m2  -d6,713333  -23.6304865 T0z 336 -0123 -0fS1 99322 10 12 23 3 33227 0038 -3.043 00571 08725
573 | IE+0S 0 01220373 #esRd | 2E407 10hZ22mia o 585 Wa0ed o -23.6304568 T0z 336 01137 -1.p33 99527 10 12 23 3 33,227 0038 -3.787 -0,021 0.25
E?EII E+05 0 0 1220373 ##d 2E+07 15h22m2] -46.7132633 =-23.6303594 683 4057 -001 -0, ??l ELEIEME.I 10 12 23 10 33227 0035 -2.5354 00508 02724
5a0 | IE+0S 0 0 1220973 #4444 ZE+07 15h22m2: -46, 7132633 5-23.6303534 683 4057 01573 -0564 10,244 10 12 23 10 33,227 0038 -1.335 0.0466 00746
5&1 E+05 0 01220373 ##d ZE+07 15h22mEe -46, 7132633 7-23.6303534 653 4057 -0123 -0f02 10,051 10 12 23 10 33227 0035 10514 #EE 0,0529
5gz | IE+OS 0 0 1220973 #4444 PE+07 1Sh22mey -46, 7132633 =-23 6303334 653 4057 -0.043 -0855 10226 10 12 23 10 33227 0035 11356 0.3343 02444
533 | IE+0S 0 0 1220373 ##sss ZE+07 15haZmz] -46,7132633 236303594 683 4057 02723 -0f45 23573 10 12 23 10 33227 0038 -1.392 00573 01443
534 | E+0S 0 0 1220973 ##E ZE+07 1Bh22maEe -46 7132633 5-23.630359d 683 4057 00634 -0f75 10,233 10 12 23 10 33227 0035 -2.067 0.0404  -0,032
535 | IE+0S 0 0 1220975 ####s# ZE+07 1ShZZmza -46, 7132633 n-23.6303534 653 4057 -0.045 -1026 10,43 10 12 23 10 33227 0035 -1.955 -0,005 0,133
536 | IE+0S 0 0 1220973 ###d ZE+07 15h22m25 -46,7132633 =-23.6303534 653 4057 -0.194 1973 10331 10 12 23 10 33227 0035 -57101 01001 03253
537 | IE+OS 0 0 1220973 #4444 ZE+07 15h22m2: -46, 7132633 5-23.6303534 683 4057 00353 -0034 393877 10 12 23 10 33,227 0038 -3.914 -014d  -0222
5a8 | E+03 0 0 1220373 ###es#  2E+07 15h22mZ 46, 713119 a-25.6004093 = BE6 4334 0101 -3 92183 10 1 23 3 33227 0038 -2459 0334 00224
533 | E+0S 0 0 1220973 ###d ZE+07 15h22m2  -d6, 713175 5-23.6303033 . BBE  43.34 00473 -08458 39386 10 11 23 3 33227 00358 -5.024 03644 0,331
5a0 | IE+0S 0 01220373 ##wsd ZE+07 10hZemz  -d6, 713175 7-236303033 « 666 4334 0142 044 38474 10 11 23 3 33227 0038 -1.285 -0,05z 01461
541 E+05 0 0 1220973 ###d ZE+07 15h22m2  -d6, 713175 =-23.6303033 J 666 4334 0,032 6 87229 10 11 23 3 33227 0038 -0122 -0,053  -0.052
592 | E+0S 0 0 1220973 ###4 2E+07 1Bh2Zm2  -46,713175 2-23.6303033 = BEE 4334 07245 0§13 37323 10 11 23 3 33,227 00338 1691 0.2264 -0,053
593 | IE+0S 0 01220373 ##d ZE+07 15k22mE  -dB, 713175 7-23.6303033 = 666 4334 00156 -0824 10054 10 11 23 3 33227 0038 -2.366 0151 01343
594 | E+0S 0 0 1220973 ###d## 2E+07 1Sh22m2  -d4B6.713175 :—23,5303053 = BBG 4334 -0.097 -0f46 98462 10 11 23 3 33,227 0033 -0156 -0,04 00541
595 | IE+0S 0 01220373 ##d ZE+07 15k22mE  -dB, 713175 »-23.6303033 7 666 4334 -031 -0864 3306 10 11 23 3 33227 0038 -1 -0,005 00106
596 | IE+OS 0 0 1220973 ####E ZE+07 1BR22mE  -d6, 713175 5-23.6303033 " GEE 4334 01125 -0842 10281 10 11 23 3 33227 0038 -2737 04373 04073
597 | IE+OS 0 0 1220373 ##des ZE+0T7 1Sh22me  -46,7130315 eGS0 s 46 4525 -0178  -0f16  3.5133 10 10 23 3 33227 0038 -3457 0005z 0154
593 | IE+0S 0 01220973 ###d4# 2E+07 15h22m2  -46,7130315  -23,6302313 Bd46 4525 0322 -0089 JCCdl 10 10 23 3 33,227 0038 -3.33 -0,087  -0.03
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RESULTADO - EXEMPLO

* Grande guantidade de pontos avaliados — 7500pontos em pouco mais de 14minutos
* Todos GEOreferenciados e com precisao de 1m (05 casas decimais)

8000

Aceleracdio no eixo Z{m/s2)

Contagem de pontos

15h21m01s389 15h35m43s999



° VALIDACAO TECNICA

Escolher trajetdrias de referéncia para que houvesse uma calibracao dos resultados
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°  VALIDACAO TECNICA

* Escolher trajetérias de referéncia para que houvesse uma calibracao dos resultados

R i

1 5,7 Regular
2 10,5 Péssimo
3 14,7 Péssimo
4 13,3 Péssimo
N 5 10,9 Péssimo
~};f§"l_MO3 - Fim ™
TN S 6 8,1 Ruim
o ‘?A 7 4,8 Regular
Y P s B 8 3,9 Bom
G T
WOB= Inicio-=MOJRE Fim g™ 9 1,8 Regular
gy S
10 6,2 Regular
: 11 6,7 Regular
SOV Y 11,4 Péssimo

lat -23.5517135I0n% -46.726301° elev  0'm

13 10,5 Péssimo



VALIDACAO TECNICA

Escolher trajetdrias de referéncia para que houvesse uma calibracao dos resultados

10

1 Linhas

2 IRl

3 BMSI0-EAS

d BMS EAZ lwel

5 MediaEAZ

& Mediana EAZ

T Mediz 10-EAZ

8 Mediana 10-EAZ

3 MediaEAZVe

0 Mediana EAZNe

11 [RMS EAZ el -1

12 [Medis EAZNVeI-1

13 [Mediana EAZNWelT-1
4 Mediavel
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> VALIDACAO TECNICA

* Escolher trajetdrias de referéncia para que houvesse uma calibracao dos resultados

RMS = RAIZ( SOMAQUAD( MEDIA(ExernalAcelZ) - ExernalAcelZ ) / CONT.NUM( N:N )
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: VALIDACAO TECNICA

* Escolher trajetérias de referéncia para que houvesse uma calibracao dos resultados
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7 RESULTADOS

* Alta repetibilidade para um mesmo trajeto
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Figura: detalhe de 4 voltas coincidentes dentro da USP -SP em Jan/19
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> RESULTADOS

* Criar um sistema robusto que permita a adequada localizacao dos defeitos e irregularidades
* Escolher trajetdrias de referéncia para que houvesse uma calibracao dos resultados

Avaliagdo da Amplitude (Z,-Z, ,) normalizagao 1SO 2631:1 de 1997

Nivel de conforto humano Acelerag¢do média (RMS) — m/s?

Muito confortavel <0,315

<0,3 Pouco desconfortavel 0,315-0,63
Pouco descontortavel 03-06 Medianamente desconfortavel 0,50-1,00
_ 1,0-1,5 Muito desconfortavel 1,25-2,50

Extremamente desconfortavel >1,5 Extremamente desconfortavel >2,0

Nivel de qualidade | Aceleragdo média (RMS) — m/s?
Irregularidade do pavimento




°  RESULTADOS

~1500KM/DIA
Eliminacdo de baixas velocidades (v>10km/h)
Acréscimo didrio superior a 1.500.000 de linhas (BIG DATA & Analytics)

Ja foram transitadas em torno de 60% das ruas do municipio

Municipio de Sao Paulo
60000

50000
40000

30000

Km avaliados

20000

10000

0 20 40 60 80 100 120 140 160 180 200
Dias



t RESULTADOS

* Mapas ilustrativos da evolucao
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> RESULTADOS

* Mapas ilustrativos da evolucao
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°  RESULTADOS

* Mapas ilustrativos da evolucao 4

Julho/2019
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RESULTADOS

Acompanhamento das vias que sofreram grande intervengdes
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*Divisao em segmentos de rua de no maximo 100
metros

Transformar Pontos em trechos
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°  Transformar Pontos em trechos
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CROWDOSOURING

Crowdsensing Framework for
Monitoring Bridge Vibrations
Using Moving Smartphones

This paper discusses new services that can be delivered to urban environments
through big data generated by the public’s smartphones, enhancing the relationship
between a city and its infrastructure.

By THomas J. MATARazzZO ", PaoLO SaNTI, SHAMIM N. PAKzaD, KRISTOPHER CARTER,
CarLo RaTTi, Basak Moaveni, CHrIs OscooD, aND NIGEL Jacos

- -

4 (1) Acceleration Data ™

Aacalkamtion ig)

significant indicators of the first three modal frequencies
of the bridge. This result confirmed that bridge modal fre-
quencies can be detected from this class of mobile smart-
phone data. In particular, when aggregated, the smartphone
results improved in precision and, in one case, rivaled those
of the reference sensor. The outcome is an opportunity for
local governments to collaborate with entities having com-
plementing strengths, to encourage mass collection of data
containing bridge vibrations, which can contribute to more
effective management and informed decision making. Over
a longer period of time, continued programs can keep these
urban assets in circulation throughout their design lives,
reduce their maintenance costs, and potentially increase
their service by extending their lifespans. |
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CROWDOSOURING

Figura 15 - Sistema sem fio e sem idade de programagio, com inteli ("Plug
and Paly”).

(5102} Enmne epdos

Fonte: Bittencourt (2013, p. 13)

Flgura 21 - Prototipo 10edIzado para 3 realzagdo do Monioramenio remoto.
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fritzing
Fonte: Propfia autona (2019)
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TRENS: SERVICE CONDICIONS

Vehicle System Dynamics gI\THg
g verenskap ¢
International Journal of Vehicle Mechanics and Mobility p‘émmﬂ
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ISSN: 0042-3114 (Print) 1744-5159 (Online) Journal homepage: https://www.tandfonline.com/loi/nvsd20

Railway Applications of Condition
Monitoring

A comparative study on fault detection methods

of rail vehicle suspension systems based on

acceleration measurements

Xiukun Wei , Limin Jia & Hai Liu

Sensors 2015, 15, 20115-20139; doi: 10.3390/s1 50820115 OPEN ACCESS Image source: © Claude Truong-Ngoc / Wikimedia Commons
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Review

Review of Trackside Monitoring Solutions: From Strain Gages

o Optical Fibre Sensors Ha iniciativas em todos o mundo para desenvolver
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TRENS: SERVICE CONDICIONS

Table 1. Performances of typical transducers for railway monitoring. = C :J\:l\
Corrugation Irregularity “
Contributing Parameters Requirements/Limitations 4 . - - -
" ’ |
Strain gage Wheel/rail force Accurate positioning (neutral axis)
Vehicle position Sensitive to electromagnetic interferences

Difficulty of gluing and/or soldering
TN DN DN NN NN NN DS D D e G il (e e el ook N ol OIS nem L

Acceleration s’

o
I Accelerometers Track deflection Absolute motion I ?
I Vehicle position Sensitive to external excitation =
Specific signal processing I
L-ﬁ;_u--ﬂaﬁf-'n—---‘):ﬂe-'c---—-‘
Vehicle position Sensitive to external excitation

Limited frequency range

LVDT Track deformation Specific mounting
Limited frequency range
MDD Foundation deflections Specific installation
Tsunashima et. al . Condition Monitoring of Railway Track
Using In-Service Vehicle
Measuring

scceleration signal
at an axle-box

Locranaie
* T - Laft mud 5oz
[ Acceleration - - acdeecn
signal . Y e . ~ R . , . . .
ve + B2, s A instalacdo de acelerbmetros e giroscépios nas rodas interligados
S S TN 51 SO e e vatam com sistemas de georreferenciamento mostram-se promissores na
rack verixal Jeve IS . — . . - . Rk
identificagao de anomalias pontuais

Fig. 1. Inertial track measurement at vertical level
and application diagram
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ARVORES -

Inclinbmetro

Tomoégrafo de impedancia

VEEEEEERERL

Penetrometro ,
Sensores de movimento




ARVORES -

Temperatura
Umidade
Impedancia
Vibragao com o vento
Inclinagao

Eastern Hemlock
Tsuga canadensis

[FOTNE

FUNDAGAQ PARA O DESENVOLVIMENTO
TECNOLOGICO DA ENGENHARIA

GeoVista
Analise de Dados
Geracao de Alertas
(mudanca de padrdes em termos de
movimentacao, inclinacao e propriedades
internas )




Ei Share W Tweet Q Favorite A Report Problem

Japanese Pagoda Tree ®

Styphnolobium japonicum

NYC Street

‘ Species Map and Details ‘ " :
DD '
- & ID Number: 3751573 re e a
- & Trunk Diameter: 16 inches s ) ’
[ Closest Address
o > 299 ADELPHI STREET, BROOKLYN, NY d -
-i 11205

nyc.gov/parks/treemap

Tree Care Activity

Date Activity
10/31/2016  You Watered

e - NYC Parks




New York City Street Tree Map
Explore and Care For NYC’s Urban Forest

NYC Parks

Species Map and Details

ID Number: 2113813

Trunk Diameter: 21 inches

Suggest an Edit

Closest Address

B84 JANE STREET, NEW YORK, NY 10014

& CycloMedia

Tree Care Activity
Date Activity
08/30/2018 A member of Trees New York Watered

Get tips on tree care activities in the Learn section.

Benefits are calculated using formulas from the U.S. Forest Service.
Learn more about the benefits of trees to NYC

Stormwater intercepted each year
Value: $29.27

Energy conserved each year
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Exercicio:

ldentifique o cliente e o driver de inovacao do artigo lido e
apresentado




