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WELCOME TO

CONCRETETHINKER .com

SUSTAINABLE DEVELOPMENT WITH CONCRETE

Welcome to the Concrete Thinker web site, a resource to help design Concrete Thinki Newsletter
professionals make sustainable design a reality through the durability,

versatility and energy performance of concrete. E-mailed 6 times a year, o
Concrete Thinking contains a |,
Through application overviews, case studies and other resources and wide assortment of informationje &
tools learn how forward-thinking architects rely on concrete to create about cement-based .
healthy and vibrant places to work, live and play for years to come. applications for sustainable

development, including featured projects,
green building news, technical resources,

This site was developed by the Portland Cement Association to demonstrate o
upcoming events, and more.

how concrete can be used to achieve sustainable solutions.

View current issue.

Explore the site. Get inspired. Share your ideas. Be a2 Concrete Thinker. View back issues.

\ LEED (Leadership in Energy and Environmental Design) Green Sign-up for future issues and occasional
8\ Building Rating System® is a registered trademark of the relevant news and information:

USGBC. Opportunities to achieve credits in LEED with concrete . ‘ ]
are highlighted throughout this web site. To go directly to an Email:
overview of LEED-NC 3.0 and concrete, see the "Sustainability Solutions"
page on LEED.

SIGN UP
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Energy > An Overview of Modeling Energy Print eMail
Performance in Concrete Buildings
This section presents summary results of energy performance modeling conducted on

prototypical residential and commercial buildings, comparing a range of wall types in @ uppll(unons
six cities, representing five climate zones. Links to summaries of results are at the Whole Building Design

bottom of the page.
@ solutions

Energy Performance
LEED

Overview

Field tests and analytical studies demonstrate that for most climates, buildings
constructed with concrete use less energy for heating and cooling compared to
buildings constructed with lighter weight materials.

Thermal Mass

The inherent energy efficiency of concrete construction derives from concrete’s
thermal mass properties. Concrete acts like a heat "sponge,” which absorbs heat
energy and thus moderates indoor temperatures and peak heating and cooling loads.

As a result, the peak heating and cooling demand and annual energy performance of
high mass buildings are often reduced. In addition, the HVAC system capacity of an
efficient, high mass building may be less than a lighter building of the same size.

While building mass reduces energy consumption in nearly all North American climate
zones, it is most effective in areas and during seasons that see large daily temperature
swings.

Energy Modeling

Energy modeling, or energy simulation, is a method for predicting the energy
consumption of a building. The analysis considers the building’s numerous thermal
characteristics including the materials of the walls and rest of the building envelope,
the size and orientation of the building, how the building is occupied and operated, and
the local climate.
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Concrete Industry Sustainability Web Links

www.ConcreteThinker.com by Portiand Cement Association

www.greenconcrete.info by National Ready Mixed Concrete Association

www.green.concrete.org by American Concrete Institute

www.greenrooftops.org by National Ready Mixed Concrete Association

www.perviouspavement.org by National Ready Mixed Concrete Association
www.cement.org/SMreport09 (Annual Manufacturing Report) by Portland
Cement Association

www.tilt-up.org/sustainability by Tikt-Up Concrete Association
www.concretecentre.com by The Concrete Centre

www.think-harder.org "Think Harder. Concrete’ by Portiand Cement
Association

Concrete
Joint Sustainability About News & Events Contact
Initiative

What is a Sustainable Material? Get the Toolkit How to Specify Cond
The Sustainable Value of Concrete Find a Certified Concrete Piant
Examples & Data

Choosing Concrete

Choosing Concrete

How can concrete help you achieve sustainable development objectives?
We have tools here to assist.

Get the Toolkit

Share the information and ideas here with others through a presentation or info sheet on
select topics.

Specify Concrete on a Project

We have a collection of specification guidelines for greening the specs for standard
concrete applications as well as ones for newer applications like pervious paving.




ACI / ISO / ASHRAE.USGBC.IES /

ACI Committee 130. Sustainability of Concrete
130-A: Materials

130-B: Production, Transportation, Construction
130-C: Structures in Service

130-D: Rating Systems / Sustainability Tools

130-E: Design / Specifications / Codes / Regulationd
130-F: Social Issues;

130-G: Education / Certification

U.S. Green Concrete Council. Sustainable Concrete Guide.
Strategies ans Examples. Applications

ISO TC 59/SC 17. Sustainability in Building and Civil Engineering
Works

ISO 21929-2: Sustainability Indicators (energy, materials,
water and land)

ISO TC 207. Environmental Management

EN 15804:2012 - Core rules for the product category

EN 15643-1:2012 - General framework

EN 15643-2:2011 - Environmental framework

EN 15978:2011 - Building Level Calculation Methods

EN 15941:2010 - Methodology for selection and use of
generic data

EN 15942:2011 - Communication formats: business to
business




ACI / ISO / ASHRAE.USGBC.IES /

Concrete Sustainability. Forum I, 2009; Forum II, 2010; Forum
111, 2011, Forum 1V, 2012 y Forum V 2012.
“reducir volumen and reducir CO,”
“concreto es un material regional y como tal deve ser tratado”
ISO TC 71/SC 8. Environmental Management for Concrete and
Concrete Structures

IS0 13315-1: General Principles

IS0 13315-2: System Boundary and Inventory Data

IS0 13315-3: Constituents and Concrete Production

IS0 13315-4: Environmental Design of Concrete Structures

IS0 13315-5: Execution of Concrete Structures

IS0 13315-6: Use of Concrete Structures

IS0 13315-7: End of Life including Recycling

IS0 13315-8: Labels and Declaration

Novedades desde “ACI Concrete Sustainability

Forum V”. Toronto, Canada, Octubre 2012.

1. ACI 318 recien esta introduciendo criterios de disefio para
sustentabilidad. = Considera  primordial:  seguridad;
serviceabilidad and durabilidad antes de sustentabilidad;

2. Perfecionamiento de los metodos de dosificar con misturas
bien compactas a partir de distribuciones granulométricas;

3. Uso de aridos reciclados, aditivos redutores de agua y
adiciones de silica y metacaulin;

4. Introducion del cemento com 15% caliza molida ASTM C
595y CSA A3000;
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Novedades desde “ACI Concrete Sustainability

Forum V”. Toronto, Canada, Octubre 2012.

. Reativar los conceptos holisticos de sustentabilidad que

incluyen ambiente (CO2, materias primas y energia),
crescimento economico y economia; y aspectos sociais
(salud, conforto, circulacion);

. Proyectar y construir estructuras de alto desempeno;

. Proyectar y construir infra-estructura robusta y resiliente.

11

En Estados Unidos también:

American High-Performance Buildings Coalition
AHPBC

Unién de 27 associaciones
Apoyar el desarrollo de edificios sustentables y normas

NRMCA

The National Ready Mixed Concrete Asociation

v' Empeza programa LCA (Life Cycle Assesment)
completo y abrangente

v' Introduce las mezclas de concreto con EPD
(Environmental Product Declaration).

v’ Desea incrementar ventas y mejorar image del sector

12




Redefining High-Performance Concrete
Structures
Leo Panian; Phillip Williams; Mike Donovan
Concrete International nov. 2012 p. 23-30

1. Traer aridos hasta de 800km de distancia es interesting
2. 70% de escoria ou de cinza volante clase F

3. Cimentacion: 55MPa a 91dias Contenido: 119 kg/m3

4. Columnas 55MPa, a 91 dias Contenido: 133 kg/m3

5. Losas pretensadas 31MPa a 3dias e 41MPa a 56 dias.
Contenido = 208kg/m3

13
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Nuevas Siglas

LCA - Life Cycle Assesment

LCI - Life Cycle Inventory Analysis

RSL - Reference Service Life

EPD - Environmental Product Declaration

PCR - Product Category Rules

LCIA - Life Cycle Impact Assesment

ESL - Estimated Service Life

EPDB - Energy Performance of Buildings Directive

14




Nuevas Siglas

v' Hace 40anos ...

CRyCP

15

La Construccion Sustentable

Tripé de la Sustentabilidad

@
Medio-
Ambiente w

16




Que es LEED?

(Leadership in Energy and Environmental Design)
Certificacdo para edificios sustentaveis criada e concedida
pela ONG norte-americana U.S. Green Building Council
(USGBC), no Brasil essa certificacao é feita pelo Green
Building Council Brasil.

17

LEED

O objetivo do sistema é reduzir a pegada de carbono do “ambiente
construido” e criar um sistema competitivo para a eficiéncia de edificios,
recompensando a pratica de melhor design, constru¢ao e manutencio e
criando um mercado de produtos mais sustentaveis para o setor construtivo.

A 1ltima versdo do LEED também inclui Créditos Regionais que permite a
tropicalizacdo, ou a adequacao do sistema, para qualquer lugar ou clima do
mundo.

E por ser um sistema de certificagdo documentado online isto também
permite o crescimento e a adogao internacional do LEED, criando um padrao
mundial de fato para construcées sustentéveis.

Aplica-se a obras novas de edificacoes comerciais ou habitacionais, obras
industriais, edificios escolares, edificios existentes, focando projeto e
construcao, projeto de interiores, operacio e manutencao (uso).

Para mais informacées sobre o LEED no Brasil consultar o GBC Brasil.

18




LEED
Leadership in Energy and Environmental Design

(Lideranga em Energia e Projeto Ambiental)

E um sistema de pontuaciio desenvolvido pelo USGBC (Estados Unidos Green
Building Council dos EUA) para medir o desempenho ambiental de design,
construcdo e manutencao de edificios.

O sistema é usado para comparar o desempenho ambiental entre um edificio e
outro pela soma de créditos de 1-110.

Os quatro niveis de certificagio e pontuacio sio:

Certified - 40-49 créditos
Silver - 50-59 créditos
Gold - 60-79 créditos

Platinum - 80-110 créditos

19
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APPLICATIONS RESOUR

Benefits > LEED
Green Building Rating System

What is LEED?
Leadership in Energy d Environmental Design (LEED) is a rating ¢
Building Council (USGBC) to evaluate the env

a building and encourage market transformation towards sustainable ign. The

ystem devised by the

United States Green

mental performance of

ystem is
credit-based, allowing projects to earn points for environmentally friendly actions taken

during construction and use of a building. LEED was launched an effort to develop a
consensus-based, market-driven rating system to accelerate the development and
implementation of green building practices.” The program is not rigidly structured; not every

project must meet identical requirements to qualify
These LEED products are currently available

» LEED - v3.0 for New Construction and Major Renovations
» LEED - for Homes
» LEED - for Core and Shell

= LEED - for Existing Buildings: Operations and Maintanan
= LEED - for Commercial Interiors

« LEED 5 )

= LEED -

= LEED -

« LEED - )

n process is available from

USGBC at http://www.usgbc.org/. The program outlines the requi ents,
tec es, and strategi for meeting each credit. Credits ar oker n into individual

po 40 points for certification in LEED-NC

and platinum levels are also available

ver, gold,

20
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‘NEW 2009
LEED-BD&C v3*

LEED-N

Prerequisites Prerequisites Credits
1 1 26
- ¢ 10
ergy & 7 3 35
Materials 2 13 2 14
3 15 3 15
- 5 = 6
= a

NEW 2009

Category LEED-ID&C v3
Credits Prerequisites Credits
Sustainable Sites - 7 - 21
er Efficiency 2 1 11
rgy & Atmosphere 3 2 3 37
[ Is & Resources 1 1 14
Indoor Environmental Quality 2 17 2 17
Inno in Design - 5 - 6
Regional Priority - - - a
Total Points ] 57 Z 100 + 10
PREVIOUS NEW 2009
LEED-EBOM v.2.0 LEED-O&M v3
Prerequisites Credits Prerequisites Cregits
- - 2s
1 o - 12
3 3 s 3s
2 4 2 1
3 15
- s
a
° = 7 100 + 10
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Como el Concreto puede Contribuir?

LEED Credit Contribution Potential

May contribute to earning LEED credits in the category:
Credit 1.1 = Innovation and Design, desde que cemento <
0,6*C

Credit 4.1 > Recycled Content, 10% (um ponto)

Credit 4.2 > Recycled Content, 20% (dois pontos)

Credit 5.1 e 5.2 > Materials and Resources category, if
materials used in the mixture are extracted or produced within
500 miles of the project site (um ponto para 10% e dois pontos
para 20%)

22
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Concretos de Alto Desempeno: Un futuro
Sustentable

Alguns Empreendimentos com certificacao LEED no
Brasil:

f.x de projeto: 50MPA
Utilizacdo de Protensdo para

reducdo de dimensdes da
estrutura.

N
X
N
N
~
§_7

Rochavera Corporate Towers
Sao Paulo/SP
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Concretos de Alto Desempeno: Un futuro
Sustentable

Alguns Empreendimentos com certificacao LEED no
Brasil:

f.x de projeto: 50MPA
’ Utilizacdo de Protensdo para

reducdo de dimensbes da
estrutura.

Ventura Corporate Towers
Rio de Janeiro/RJ

24
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Concretos de Alto Desempeno: Un futuro
Sustentable

Alguns Empreendimentos com certificacao LEED no
Brasil:

f.x de projeto: 50MPA

Eldorado Business Tower
= Sdo Paulo/SP
PLATINUM

25

Concretos de Alto Desempeno: Un futuro
Sustentable

Alguns Empreendimentos com certificacao LEED no
Brasil:

Razones del Platinum:

Uso racional del agua
Desarrollo de la tierra
Eficiencia energética

Aire acondicionado
Frenado de elevadores

v
v
v
v Cuidado ambiental residuos
v
v
v' Materiales sostenibles

g8

13



Concretos de Alto Desempeno: Un futuro
Sustentable

Porque eses Programas controlan
mucho el edificio en USO y no
dan mucha importancia a los
Materiales y Estructura ?

27

Edificacion - Emisiones de GWP

Considerando una vida util de 50 afios para
una habitacién de classe médiana 2>
Vision holistica: operacién y uso

@ Construcao
oUso

28

14



Como caminar em
direccion ala
SUSTENTABILIDAD
en las estructuras de

concreto?

29

Alternativas

1. atuar sobre los materiales

2. empregar agregados reciclados

3. empregar concreto auto-compactable
4. empregar concreto de elevada vida til

5. empregar concreto de alta resisténcia

30
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1. Atuando sobre os materiais constitutivos:
* cimento
» agregado miado
 agregado graado
« agua,
 aditivos;
« armadura / aco;

 forma

31

A INICIATIVA DE SUSTENTABILIDADE DO CIMENTO
(WBCSD - CSI)

4¢
{ @ W World Business Council for Sustainable Development
Q’ &

\J Cement Sustainability Initiative

= 1999

10 grupos internacionais

m No México: CEMEX

No Brasil: Votorantim

32
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A INICIATIVA DE SUSTENTABILIDADE DO CIMENTO
(WBCSD — CSI)

“ World Business Council for Sustainable Development
=7/ Cement Sustainability Initiative

m 24 grupos ao redor do mundo inteiro sao membros do CSI
m No México:

(?GCC 'b TREGE Heemex

y P

olcim
33
A INICIATIVA DE SUSTENTABILIDADE DO CIMENTO
(WBCSD - CSI)

“ World Business Council for Sustainable Development

=7/ Cement Sustainability Initiative
m No Brasil:

\4
CAMARGO *
Votorantim v@ s S'!Z’%’“!-EIN T‘é‘é
Cimentos
O InterCement £-AFARGE E Holcim

34
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COMO MITIGAR las EMISIONES DE CO,?

bg
1)\."0 World Business Council for Sustainable Development

=7/ Cement Sustainability Initiative

m Eficiéncia Energética
m Combustiveis alternativos
m AdicOes ao cimento

m Captura e armazenamento de carbono

35

COMBUSTIBLES ALTERNATIVOS

4-¢
f .'V‘ World Business Council for Sustainable Development
v

J Cement Sustainability Initiative

Segundo o0 WBCSD — CSI, no estudo “Getting the
Numbers Right” (GNR):

“Brazil is the leader in the use of biomass as
substitute fuel, with 12% of total thermal energy
generated. Adding 9% fossil waste, Brazil also
replaces more than one fifth of fossil fuels with

alternative fuels”.

36
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Concretos de Alto Desempeno: Un futuro
Sustentable

2. Empleando concretos con
agregados reciclados a partir de
residuos generados por
construciones nuevas o

demoliciones

37

Agregados reciclados

m Reciclados de base
cimenticia (concreto e
argamassas)

™ = Reciclados de base
ceramicas (pisos,
alvenarias)

m Substituicao de 20% a
50% do agregado mitdo
e graido sem prejuizo da
resisténcia e da
durabilidade

38
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Concretos de Alto Desempeno: Un futuro
Sustentable

3. Empleando concreto auto-

compactable de elevado desempeno

SCC

39

20



estudio
comparativo

41

concreto
auto-compactable

concreto
vibrado

42
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10 X produtividad

CC: moldagem e acabamento: 4,4min + 3,3min
n’ de operarios empregado: 5 (cinco)
cacamba (2), vibracao (1) e acabamento (2)

0,870 hombrens-hora / m3 de concreto

CAA: moldagem e acabamento: 1,2min
n’ de operarios empregado: trés (3)
cacamba (1) e acabamento (2)

0,081 h.h/ m3 de concreto

43

44
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SCC

1. reduz ruido - saude
2. reduz tempo > produtividade
3. aumenta uniformidade
4. reduz energia elétrica - nao usa vibrador
5. reduz desgaste de formas

6. aumenta vida util

45

Concretos de Alto Desempenio: Un futuro
Sustentable

4. Empleando concreto de

elevada vida util

46
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Carbonataciéon

€ =2,0cm

f.=15 MPa > t=8 anos
f.=50 MPa-> t=240 ainos

f.=25 MPa > t=38 aios

47

Centro
Empresarial
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Sustainable
Development

“Increasing service life of concrete structures we can
preserve the natural resources.

If we develop the design and construction ability we
can get concrete structures with 500 years service life.
Doing this we can multiply by ten our productivity
which means preserve the 90% of them”

Kumar Mehta
Reducing the Environmental Impact of Concrete
Concrete International. ACI, v.23, n. 10, Oct. 2001. p.61-66

50
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Concretos de Alto Desempeno: Un futuro
Sustentable

5. Empleando concreto
de alta resisténcia HSC

51

Concretos de Alto Desempenio: Un futuro
Sustentable

»CO,?
"Energia?
"Recursos naturais?

=Vida Util?

52
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Concretos de Alto Desempeno: Un futuro
Sustentable

Columna para 500t

fei. = 20MPa

Jek

50 MPa

53

Considerando una columna central tipico de un

edificio de 20 pisos secciéon quadrada, 3m de altura,

armadura principal

Fuerza normal caracteristica = 500 tf
taxa de refuerzo (%) .z
Jek (MPa) > total do pilar seccion (cm) adotado (cm)
20 0.4 > 49kg 71.8 x 71.8 72X 72
50 0.4 > 24kg 46.9x 46.9 50X 50
20 4.0 > 255kg 51.2 X 51.2 52X 52
50 4.0 > 151kg 39.5X39.5 40 X 40
54
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Concretos de Alto Desempeno: Un futuro
Sustentable

S = 20MPa

Cemento = 280 kg/m3
Arena = 845 kg/m3
Grava = 1036 kg/m3

Agua = 210 kg/m3

55

Concretos de Alto Desempenio: Un futuro
Sustentable

‘f;k = 5OMPa

Cemento = 420 kg/m3
Arena = 801 kg/m3
Grava = 1010 kg/m3

Agua = 160 kg/m3

56
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Emisiones gasosas e energia

consumida
NOx CO. GWP Energia consumida

Material

(kg/t) (kg/v) kg/v) (kWh/t)

Clinquer Portland 1447
(=CPD) 1,85 855 (880) 998
ferro gusa (minério) 1588 3006 5.060
CA 50 & CA 60 4,43

(sucata) 380 719 20.000

*Global warming potential (GWP) is a measure of how much a given mass of greenhouse gas is
estimated to contribute to global warming. It is a relative scale which compares the gas in question to
that of the same mass of carbon dioxide.

57

20MPa

Concreto estrutural f,

Para 1m3 GWP GWP Energia
araim ke/t kg/m3 kWh/m3
Cimento CP I 280kg 1447 405 280
Areia 845kg 0 1
Pedra 1036kg o) 12
Agua 210kg 0 0
32kg 23 640
Aco 1
¢ 315kg 79 226 6300
Formas 12 m2/m3
6 reutilizacoes 0,0280 m? o) (o) 43
chapa de1,4cm
28
TOTAL 4 933
631 6636

58
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Concreto estrutural f,

50MPa

Para 1m3 GWP GWP Energia
aratm kg/t kg/m3 KWh/m3
Cimento CP I 420kg 1447 607 419
Areia 8o1kg o) 3
Pedra 1010kg 0 12
Agua 160kg 0 0
32kg 23 640
Aco 1
¢ 315kg 79 226 6300
Formas 12 m2/m3
6 reutilizacoes 0,0280 m2 o) (o) 43
chapa de1,4cm
630 111
TOTAL 3 /
833 6777
59
1 m3 de Concreto
estrutural
. . fox GWP Energia
Material Tipo
MPa kg/ms3 kWh/m3
concreto armado CPI 20 428 / 631 933 / 6636
concreto armado CP III 20 140 / 344 777 | 6437
concreto armado CP1I 50 630 / 833 1117 / 6777
concreto armado CPIII 50 199 / 402 820 / 6480
0,4% & 4% de
taxa de armadura
60
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1 m3 de concreto estrutural
com 70% escoria

4,0%

g

I
38

g

GWP (kg/m?) CO,
[N}
S

3

S

61

1 m3 de concreto estrutural

62

31



1 m3 de concreto estrutural

250
)
E 200
—_ 150
&
ED 100
< 50
B
0
20 50
resisténcia do concreto MPa
63
Columna com 3m
0,4% refuerzo, 500tf
fex secao energia GWP
Material
MPa cm kwh kg
concreto armado 20 72X72 1208 218
concreto armado 50 50X50 615 149
64
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Columna com 3m
4% armadura, 500tf

fex Secao energia GWP
Material
MPa cm kwWh kg
concreto armado 20 52x52 5221 279
concreto armado 50 40X40 3110 193

65
Columna com 3m de altura, secao
quadrada, 500tf
300
g
= 200
E
on
=3
™
Z 100
&)
0
66
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Columna com 3m de altura, secao
quadrada, 500tf

4,0%

3110

50

Columna com 3m de altura, secao
quadrada, 500tf

5 ° .
._E: 300 E 0,4% 4,0%
- 3
200 %
< - 8 77

20 50 20 50




Concretos de Alto Desempeno: Un futuro
Sustentable

Investigacion:

Cual es el Concreto Estructural mas
Sustentable?

fc = 25MPa (250kgf/cm?)
fc = 30MPa (300kgf/cm?)
fc = 35MPa (350 kgf/cm?)

69

El futuro apunta al LCA, LCIA and LCI
ANALISIS DEL CICLO DE VIDA
de la “cuna a la tumba”

Indicadores de evaluacion del impacto
Potencial de calentamiento global, en kg de CO,, ¢q,
Potencial de agotamiento de ozono estratosférico: en kg de CFC11q
Potencial de acidificacion, en kg de SO,, ¢q
Potencial de eutrofizacién, en kg de PO,3 ¢q
Potencial de agotamiento de recursos abioticos, en kg de Sbeq
Potencial de formacion de ozono fotoquimico, en kg de etano

Indicadores de inventario de ciclo de vida
Consumo de energia primaria no renovable, en MJ,
Consumo de energia primaria renovable, en MJ,
Utilizacién de combustibles secundarios no renovables, en MJ,
Utilizacion de combustibles secundarios renovables, en MJ,
Consumo de agua dulce, en m3,
Produccion de residuos (peligrosos, no peligrosos y radioactivos), en kg
Material de salida para (reutilizacion, reciclaje, valorizacion energética), en kg

70




Investigacion: edificio en concreto reforzado

» Planta baja;
= 8 pisos tipo;
= cobertura, escaleras y reservatorio superior

analise comparativa:
» 25 MPa,
» 30 MPa, mantidas las mismas dimensioneso de las piezas
estruturales de 25MPa.
» 35MPa, con reduccién de las dimensiones de las piezas

Area estructural obtida foi de 2.078 m?2.

+

Portanto carga caracteristica de 0.55 tf/ m? (carga permanente
carga acidental).

71

Investigacion: edificio en concreto reforzado

25 MPa:
Cemento: 310 kg
Arena: 870 kg = 0,53 m3 arena / m3 concreto
Grava: 930 kg = 0,52 m3 grava / m3 concreto
Agua: 180 kg (o litros)

30 MPa:
Cemento: 340 kg
Arena: 770 kg = 0,47 m3 arena / m3 concreto
Grava: 970 kg = 0,54 m3 grava / m3 concreto
Agua: 180 kg (o litros)

35 MPa:
Cemento: 370 kg
Arena: 744 kg = 0,45 m3 arena / m3 concreto
Grava: 960 kg = 0,53 m3 grava / m3 concreto
Agua: 180 kg (o litros)
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Investigacidn: edificio en concreto reforzado
Cantidad de materiales
Para 25MPa :
concreto encofrado acero
471 md 4596 m2 41619 kg
0,23 m¥m? 2,20 m?/m? 20,0 kg/m?
88,0 kg/m3
Para 30MPa:
concreto encofrado acero
471 m3 4596 m? 40130 kg
0,23 m¥m? 2,20 m?/m? 19,3 kg/m?
85,1 kg/m3
Para 35MPa :
concreto encofrado acero
401 m3 4464 m? 39596 kg
0,19 m3/m? 2,10 m?/m? 19,1 kg/m?
98,7 kg/m3
73

LCA (Life Cycle Assessment)

analisados

Descarte/Demoli

ao

Reabilitagao

/.\_\

Uso/Manutenc¢a
o

Esta avaliacao deve estar de acordo com a PCR especifica do produto, que
ira indicar os requisitos minimos e o estagios da vida til a serem

Extragio(insumos)

Ciclo de
Vida

(esquema
geral)
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Investigacion: edificio en concreto reforzado

Matérias primas e energia ——>

1) Extracéo e producio
do cimento

Extracdo, beneficiamento,

v

armagenazem e transporte
da areia e da brita. —
Utilizagdo de agua e

2) Mistura e transporte
dos materiais

energia.

v

3) Producio de aco

.| 4) Estrutura de concreto

armado do edificio

v

Matérias primas, agua e
energia

5) Uso

Emissoes

v

Formas de madeira, 4gua
e energia

6) Demolicao

Fluxograma del Produto - ... dela cuna a la tumba...

Emissoes

Emissoes

Perdas na execucdo (aco ¢
formas) e emissdes

Reabsorgdo de gas
carbonico

Residuos
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construction ”’

products association

ISO 14025:2006

Principles and procedures

a guide to understanding
the embodied impacts
of construction products

r

Environmental labels and declarations -- Type III environmental declarations --

p .

RESEARCH REPORT R11-01, Methods, Impacts, and Opportunities in the Concrete Building
Life Cycle, Department of Civil and Environmental Engineering,Concrete Sustainable Hub,
Massachusetts Institute of Technology, august, 2011.

ILCD handbook - International reference Life Cycle Data System; General guide for Life
Cycle Assessment - Detailed guidance, Publications Office of the European Union, 2012, 394 p.
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Investigacion: edificio en concreto reforzado

... de la cuna a la tumba...
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Consumo de recursos energéticos Consumo de recursos materiais

6,00E+03 3,50E+05
5006403 3,006:05
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4,00E+03
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o
E 3,006403 E;
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1,00E+03 5,00E+04
0,00E+00 0,00E+00
25 MPa 30 MPa 35 MPa 25 MPa 30 MPa 35 MPa
Residuos

2,50€-01
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1,50E-01
2

1,00E-01

5,00€-02

0,00E400
25 MPa 30 MPa 35MPa
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Investigacion: edificio en concreto reforzado

Este es una investigacion del Ing. Ricardo Bento y es parte de su
tesis de Dotorado que todavia estad en curso (andamiento /
progreso)

“Apesar de no estar totalmente concluida ya es posible afirmar que hubo una
ventaja clara en substituir concretos de 20MPa por concretos de 35MPa en un
edificio de clase mediana baja con apenas 8 pisos.”

“Los estudios en progreso van analisar otras situaciones, casas y edificios
altos (>25 pisos) para comprobar que se puede generalizar estas conclusiones
parciales pero muy promisoras y a favor del desarrollo de los hormigones de
altas prestaciones (alto desempeiio)”
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Esas herramientas ambientales claramente
establecidas na série ISO14025 permitem la
creacion de una declaracion tipo II1, o sea permiten
una clasificacion objetiva de produtos y servicios
para construcao civil

De ese modo crease una transparéncia de los
produtos quanto a sus impactos ambientales.

81

La revolucion que esta en curso a partir de
eses conceptos torna posible la utilizaciéon
de una metodologia padronizada de coleta
de datos, avaliacion de impactos
ambientales, aceso a la informacion
homogeneizada, y a la revision permanente
del desempeio ambiental de produtos y
servicios

T==EPD"

THE GREEN YARDSTICK
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B Edificio e-Tower SP
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® heliponto
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® 2 restaurantes

concreto colorido
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Proyecto estrutural (e-Tower)

440

Lfck - 80 MPaJ

Carga nos pilares

1.500ta 2.000t

Lfck = 40 MPaJ

I‘ 90 I 410

100

Medidas em cm

85

86

43



44



Economia de Recursos

Naturales
Original:
fex = 40MPa
seccion transversal 2 9gocm x 100cm
0,90m?
HPC / HSC:
.fck = 8oMPa
seccion transversal 2 60ocm x 70cm
0,42m?*

89

Sustentabilidad

» 70% menos arena

Econémico /

» 70% menos grava

» 53% menos concreto

Ambiental
Sustentabilidade

> 53% menos agua

> 20% menos cemento

Social

> 31% menos area de molde

90
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Sustentabilidade

> 25% mas de reaproveitamento del
£ molde

> 43% menos acero

Ambiental

> 16 coches a mas
3 > 3x vida atil mas grande

> 100% desforma mais rapida
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Puntos Importantes

Concepto de rendimiento:
Considerando apenas el contenido de cemento:

Concreto 120MPa > 4,0kg/MPa
- 1,2kg clinquer / MPa

Concreto de 4goMPa - 6,7 kg/MPa
- 2,1kg clinquer / MPa

Concreto de 20MPa - 11,5 kg/MPa
- 3,5kg clinquer / MPa
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Como ser mas
Sustentables?

reduzir emision de gases estufa
reduzir energia consumida

reduzir consumo de recursos naturales no renovables

. usar racionalmente el concreto (hacer mas con menos)

Cambiar el “modo de viver de algunos”

93

Concreto Sustentable es:
- mas resistente
- mas durable
- mas humano (< ruido y < esfuerzo fisico)
- consumir menos recursos materiales no
renovables
-> consumir menos agua
—> consumir menos energia

- produzir menos residuos y basura
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Beleza
Seguranca
Durabilidade

0 Concreto tem respeito pelo
Meio Ambiente por sua capacidade de:

m Ser recicldvel
m Incomporar os rejeitos industriais
w Confinar materiais perigosos
O Fixar gas carbonico CO,
0 Concreto é o material estrutural mais
adequado para uma construgdo sustentdvel.

©.
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Ambiental
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