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Concrete
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Concrete

e The man-made material that is second only to the
water utilized worldwide, and the most consumed
construction material

 On average accounting for more than 74% of the
total material weight of a building in Hong Kong

e Creating beneficial Impaets on the sustainable
development and the built-eavironment

Deep Bay in winter, January 2006




Concrete and the environment

e Constituent materials are readily available.

e Choices of concrete.constituent materials and
proportions are entirely in the hands of engineers.

 The inherent alkalinity provides natural protection
to the reinforcement of concrete structures.

* In normal to moderately aggressive environment,
the concrete gives a tretible-free service life.




Sustainable development

“Development that meets the needs of the present
without compromising the ability of future
generations to meet their own needs.”

— World Commission on Environment
and Development




Sustainability credentials of
concrete

“Concrete is one of the more sustainable building
materials when both-the energy consumed during
Its manufacture and its inherent properties in use

are taken into account. The cement and concrete
sector is making a concerted, coordinated effort

to continually reduce its impact on the
environment.”

— The Concrete Industry Sustainable
Construction Forum, UK




Approaches to sustainable
concrete

 Reducing environmental footprint (embodied
energy) of concrete and its products

 Reducing carbon dioxide emission for
construction with concrete

e Improving sustainable characteristics of new
concrete structures




Issues to address

 Reduce embodied energy

* Reduce CO, emission

 Reduce water use

e Increase the use of reeycled material
 Reduce materials to-landfill

 Reduce use of non-recycled material




Progress: construction industry

“Hong Kong has a relatively advanced green
building agenda.

Drivers of green building in Hong Kong include
government departments...such as the ASD,
EMSD and HKHA...Their work has been reinforced
by private sector property developers such as
Swire Properties...non-profit organisations such
as the PGBC and the HK-BEAM...

There are over 130 green-building projects.in
Hong Kong. ™~

— Australian Trade Commission, 2008




Progress: concrete industry

. Reducing water use

. Increasing the use of recycled material

. Reducing materials to landfill

. Adoption of industrial cementitious byproducts

. Design for structural performance,
constructability and-durabilty as a whole




Methods for Concrete
Sustainability
Analysis




Sustainability assessment method

e Life cycle assessment (LCA)

— the process of evaluating the effects that a
product has on the environment over the entire
period of its life cycle |

— LCA/LCC for HK Commercial Buildings [(2005)

 Environmental analysis
— Initial costs
— maintenance costs
— service life
— environmental impact

Hong Kong — Shenzhen Western Corridor and Shekougduly 2006




ISO Standard 14040 LCA steps

Life Cycle Assessment Framework

Goal and scope
definition
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Interpretation
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Direct applications:

-Product development
and improvement

.Strategic planning
-Public policy making
-Marketing

.Other

- Life Cycle Assessmepit Australi__ah'D'at;é Inventory Project
Summary RepO(t,.-The gUnr of I\l_ei}v Sotith’ Wales, April 1999




Concrete sustainability analysis

Things to consider ...
— function unit
— life time
— waste

— maintenance

— further processing eg€rgy 4




Purpose of concrete sustainability
analysis

* Process improvement and benchmarking

e Green procurement

* Design and product development




Tools for concrete sustainability
analysis

Function unit

Life-365 Service Life lite tims
Predication Model|™ |

Waste
Environmental analysis Maintenance
Further
progessing
efigrgy




Environmental analysis

e« Consumption of embodied energy (carbon)

e Pollution analysis

— water

— soll

— air




Embodied energy (carbon)

* The embodied energy (carbon) of concrete is taken
as the total primary energy consumed (carbon
released) over its life cycle.

e At least it includes extraction, manufacturing and
transportation.

 Boundary conditions: design anpgFproduction




Boundary conditions for concrete
environmental analysis

Design
Cradle-to-Gate % Production |

Delivery

Cradle-to-Site Placing
Curing”

Cradle-to-Grave Maintéehance

Demofition




Inventory of carbon & energy (ICE)

Material Embodied Energy Embodied Carbon

(MJ/kg) (kgCO.,/kQ)
Cement 4.60 0.83

PFA / Silica fume* 0.10 0.01

Aggregates 0.10 0.005
Water 0.20 0
Naphthalene 16.26 0.51
admixture*

Polycarbonate 11.47 #2006
admixture* '

Steel bar 36.40 2.68
" MDerived by the author

- Source: Inventory oiCarbon & I_-:n’ergy ¢/CE), Uni. of Bath, 2008




Concrete properties related to
further processing energy

“Concrete is one of the more sustainable building
materials when both the energy consumed during

Its manufacture and its inherent properties|in use
are taken into account.”

— Workability

— Strength development

— Durability




Importance of mix design

MYTH BUSTER_- True or False?
A tonne of concrete produces atonne of carbon
dioxide.

FALSE!
The embodied carbon dioxide (ECO,) of atonne o

concrete varies with mix design and is,if’the range of:
75-176 kgCO.,/tonfE 4

- The Concrete Industry Sustainablé Cénstruction Forum, UK
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Optimal packingfxdfasign of
Grade 100 MPa HPC

Concrete grade 100/20D

Pozzolana 10% SF &
25%0 PFA

w/cm ratio 0.26

Cementitious (kg/m3)

Aggregates (kg/m3) 5831640

Water (kg/m?3) 150

Admixtures (L/m3) g —&— Overall size distribution
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Particle size (um)

Optimized combined particle distribution,

Distributionpylodulus = 0.22
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Results of using Life 365 Service
Life Predication Model™

Surface Concentration Monthly Temperatures
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Note: The exposure condition and service life under investigation are different from One
Island East project.



Comparison of service life in
marine exposure condition

100/20D HPC




Comparison of life-cycle costs
(120 years)

Component Costs
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Detalls of life-cycle costs per
meter height of column (120 years)

Life-Cyele Costs, by Alternative Constant Costs
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Comparison of embodied energy

Material Embodied Energy Embodied Carbon

(MJ/tonne) (kgCO,/tonne)
45/20D PFA concrete 812 129

100/20D high- 891 142
performance concrete

Steel bar 36,400 2,680

In equivalent function unit*
45/20D PFA concrete 81,212,992 51,008

100/20D high- 67,003,200 45,120
performance concrete

* Excluding reinforcement steel




Benefits to reduce further
processing energy

Properties 100/20D HPC Performance

Slump flow (mm) > 650
Workability retention (hours) >4

Segregation resistance Satisfactory

Early strength (MPa) > 18
(at 18 hours)

28 days grade strength (MPa) > 100
Modulus of elasticity (GPa) > 40
3 days tensile splitting str. (MPa) >4.0
Shrinkage (10) <250
Chloride penetration (coulombs) <200
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Creep and Shrinkage
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Setting Time

Setting Time

o Experimental Data

Penetration Resistance,

d

0
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Elapsed Time, t (min)

on Construction Limited. All Rights Reserve

©2009 Gamm

Final setting time: 12 hours

No bleeding



Comparison of workability

45/20D normal 100/20D high-
PFA concrete performance concrete




Self-compacting after pumping

45/20D normal PFA 100/20D high-
concrete performance concrete
(Ground level) (180m above ground)




Temperature rise

Concrete Temperature Monitoring
Channed Temperaiures
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Temperature control in mass
concrete construction

-

100/20D high-performance 80/20D high-strength
concrete column concrete column
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Grade 49

Grade 100

* Shorter construction-period

«Earlier & higher rental
income -



100MPa HPC in Buildings (2006)
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Very Eajly &

Strength Concrete

Route 8\yam| Uan T if an®West Tsing Vi Viaduct, January 2006
; T o . 1."\.! I e ¢ s J ; )




treng

erved

©2009 Gammon Construction Limited. All Rights Res




Concluding
Remarks
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Conclusions

 The concrete has great potential to improve its
sustainability credentials in terms of service life,
embodied energy and carbon dioxide emission.

—

Ii_...--"’

. __

e For sustainable development the concrete
structural performance, constructability and
durability should be designed as a whole.

| T
‘ {

Bridge deck of Hong Kong — Shenzhen Western Corridor, July 2006
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A vision for sustainable

construction with concrete

“The vision of the North American concrete industry
IS to transform the built environment by improving
the way concrete is designed, specified, produced,
transported, instalted, maintained, and recycled to
ensure an optimumeﬁalance between
environmental, social, and economic conditions for
the industry and thejworld.” h

| 1|1

— The' Strateglc Development Council o
- American Concrete Institute, 14 Nov. 2008"'-
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Thank You

Concrete delivery for marine bored pile construction at Hong Kong — Shenzhen Western Corridor project, 2004
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