ISO/TC71 Workshop in Moscow
2018/5/28

Essence of Sustainability in Concrete
& Construction industries and the
Latest Trend in Standards and Codes

Koji Sakai
Representative, Japan Sustainability Institute
Honorary Prof. of UBC
Guest Prof. of South East University
Emeritus Prof. of Kagawa University



Definition of “Sustainability” in ISO Guide 82
(2014)

“State of the global system, including environmental, social and
economic aspects, in which the needs of the present are met without
compromising the ability of future generations to meet their own
needs*.”

*Our common future, UN Brundtland Report, 1987
“Sustainability is the goal of sustainable development.”

But, can you realize its meaning in our industry?



Definition of fib Model Code 2010

“Ability of a structure or structural element to contribute positively to
the fulfilment of the present needs of humankind with respect to nature,
society, economy and well-being , without compromising the ability of
future generations to meet their needs in a similar manner.”

Better, but still vague!

Let’s clarify the essence of sustainability in our industry!



Sustainability Issues Related to Concrete
and Construction Industry

B Climate change and natural resources consumption as environmental
aspects

B Cost and investment as economic aspects
B Disasters due to earthquakes, hurricanes, etc. as social aspects



Climate Change



National Oceanic and Atmospheric Administration
Climate Report 2017

B Greenhouse gases were the highest on record (402.9ppm).

B Global surface temperature was the highest on record (0.45-0.56°C
above the 1981-2010 average).

B Average sea surface temperature was the highest on record (0.36-
0.41°C higher than the 1981-2010 average).

B Global sea level was the highest on record (82mm higher that in 1993).

B Arctic sea ice coverage was at or near record low (the smallest in the
37-year satellite data record).



IPCC Data on Global Mean Sea Level Change
(deviation from the 1980-1999 mean)
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Annual Temperature

Mean Temperature Percentiles

January—December 2017
Ranking Period: 1895-2017

National Centers for
Environmental
Information

Record Much Below Near Above Much Record
Coldest Below Average Average Average Above Warmest
Average Average



Salmon Crisis due to High Temperature

In Okhotsk Sea
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Juvenile salmons are being stocked

into rivers for the growth in the
there due to high sea temperature.

northern sea, but they can not go



$306 Billion Losses in 2017 (U.S.)

U.S. 2017 Billion-Dollar Weather and Climate Disasters

Minnesota Hail Storm and
— Upper Midwest Severe Weather

North Dakota, South
Dakota, and
Montana Drought
Spring—Fall 2017
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This mao denotes the aporoximate location for each of the 16 billion-dollar weather and climate disasters that impacted the United States durina 2017.
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CO, Emissions from Concrete &
Construction Industry



IEA Global Energy & CO, Status Report 2017
(March 2018)

Total CO,: 32.5
Global energy-related CO, emissions, 2000-2017 billion tons
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CO, Emissions in Concrete & Construction
Industries (estimation)

B Concrete-related industries
Cement (Clinker): 3 billion tons
Steel: 2 billion tons
15.4% of 32.5 billion tons, CO, emitted from fossil fuel in
2017
B Concrete & construction including execution and transport
7.04 billion tons
22% of 32.5 billion tons
B Operation
20% ?
Total CO, emissions from construction-related industry:
“22% + Operation”



Natural Resources Consumption
in Concrete & Construction Industries



Use of Natural Resources in
Construction Industry (estimation)

B Steel ( 0.75 billion tons assumed, half of total production)
- ironstone: 1.2 billion tons
- coal: 0.19 billion tons
- limestone: 0.19 billion tons

B Cement (clinker of 2.9 billon tons assumed)
- limestone):3 billion tons
- coal: 0.32 billion tons

B Aggregate (concrete of 25 billion tons assumed)
- 18 billion tons

B Water (W/C=0.5 assumed) 1.8 billion tons

B Total resources consumption:

24.9 billion tons+a (execution5 billion ton?): 30 billion tons



Usage of Main Natural Resources

H Oil

4.2 billion tons (2013)
B Coal

3.9 billion tons (2013)
B Wood

https://www.shinrinringyou.com/forest_world/seisan.php)
3.5 billion m3
B Concrete-related NR

More than 30 billion tons

B Water Note: This fact shows that
concrete is the most used

4,000 billion tons? substance after water.



Investors’ New Trend



) Climate Policy
& Programs

Search

NYC's Climate Leadership

"Burning fossil fuels is the single largest contributor to human-caused climate change.
Those most responsible for the damage done to our planet have denied and buried this fact
despite knowing it for decades. After a decades-long pattern of deception and denial by
fossil fuel companies, New York City is holding them to account. By seeking damages for
the investments necessary to protect New Yorkers from the impacts of climate change, and
divesting our pension funds from fossil fuel reserves, we are taking the largest action by
any city to confront the growing climate crisis and adding to NYC's continued leadership on
sustainability and resiliency.” -Daniel A. Zarrilli, Senior Director, Climate Policy and
Programs



Change of Business Concept

B Financial Stability Board recommended the disclosure
about the effect of climate change on the business
balance and assets of firms for investors’ needs.

B A climate change expert was appointed as an officer of
Exxon Mobil.

B Norwegian pension fund withdraws their investment
from the firms which are dependent on coal

B French Insurance companies withdraw their investment
from coal industry and do not sell their insurance to
coal and oil sand companies.

B Government Pension Investment Fund in Japan signed
the UN Principles for Responsible Investment (ESG).



Disaster due to Earthquakes



Earthquake Disaster for Recent Two Decades in Japan
(Hanshin-Awaji, East Japan, Kumamoto)

2016



East Japan Great Earthquake (EJGE) in 2011

M Triple disasters
(1) Earthquake (M9.0)
(2) Tsunami

(3) Radioactive pollution due to
the hydrogen explosion of Fukushima nuclear
power plant




What Happened in EJGE?

B Social aspect
" Loss of many lives (approximately 20,000)
*Collapse of social system

B Economic aspect
*Collapse of economic activities
* Expenditure for recovery

B Environmental aspect
*Change of natural environment
*Generation of rubble
*Consumption of resources for recovery
*Radioactive contamination



Lessons from Japan Disaster

B Without robust infrastructures and
houses/buildings, human society has no
chance of sustainability.

B This is the essence of sustainability in
regional society.

B To construct and maintain robust infrastructures and
houses/buildings in regional society, sustainability of
construction industry is important.

B This is the essence of sustainability in construction industry.




What do we have to consider for
sustainability
as concrete & construction industries?



Example of Three Aspects in Sustainability of
a Concrete Structure

B Social aspect
Safety redundancy
B Economic aspect
Cost
B Environmental aspect
co,



RC Beam
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Reinforced concrete beam

Fc =30N/mm?
fs=345N/mm?

W/C=0.48

Price of RMC=13,300Yen/m?3
Price of steel=65Yen/kg

Constituents

CO; (kg-COzlt)

Ordinary Portland cement 766.6

Portlir(;(rjnt;l::'g;gza;)e slag 458.7
Coarse aggregate 2.9
Fine aggregate 3.7
Chemical admixture 123

Electric furnace steel 767.4
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Sustainability Evaluation

I=10m I=15m
Vi Safety Redundancy —vyi Safety redundancy
=1.0 1.5 =1.0
—_ | 7
=1.1 =1.1
—_ o
=1.2 =1.2
—_ | .
=13 =1.3
Cost CO, Cost CO,

Increase of Safety Red.: » ® Cost increase: 3.0%~28.2%
10%~50% ® CO, increase: 2.0%~19.8%



New Design System

M Social, economic and environmental aspects should be appropriately
considered.

“Sustainability evaluation”
B Performance-based design system should be incorporated.
“Sustainability design”



Framework of Sustainability Design

Start of project

v

Collection of basic information:

+Social aspects (Safety, serviceability, etc.)
*Economic aspects (Cost, etc.)
*Environmental aspects (natural resources, energy, COZ,etc.)

Verification:
Vi S¢ < Ry

Change of yi

Yes

Change of
conditions

—®| Setting of safety/serviceability PR & Vi
Yes v

Yes

Change of
PR

v

Setting of economic
& environmental PR

v

Selection of
necessary matters

v

Calculation of force/deflection etc.

Verification o
S&DP

Calculation of EcP

Verification
of EP

Calculation of EnP [«

No Change of
PR

Yi 5d < 5a
y; : Sustainability
factor

Change of Yi

Yes

Yes

Change of
onditions

No

Abbreviation

PR: Performance requirement

» End S&DP: Safety and deflection
performance
v EcP: Economic performance
Report EnP: Environmental performance
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Part 1:
Part 2:
Part 3:

Part 4:
Part 5:

Part 6:
Part 7:

Part 8:

System Infrastructures to Support
Sustainability Design (I1SO 13315)

General principles

System boundary and inventory data
Production of constituents and concrete) (Under
development)

Environmental design of concrete structures
Execution of concrete structures (Under
development)

Use of concrete structures (CD Stage)

End of life phase including recycling of concrete
structures

Label and declaration (FDIS Stage)



fib Model Code



fib Model Code 2010

fib Model Code
for Concrete Structures
2010

Koji Sakai

Technical Paper -

[0 10, 02 saco, 30 500012

Sustainability in fib Model Code 2010

and its future perspective
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1 Introdection

The Earth is sbout 4.6 billion years old, and it is thought
that the origins of life emerged several hundred million
years later, the develcpment of which is veiled in

Howewer, there is no doubt that the global envirnmment
has chanped aver billias of years, while life has evohed in
order to adapt to such a changing emvironment, resalting
in the dewm of humanity. It is believed that, ultimately, the
encestors of modern humans evolved as Hlomo sapéens in
Africa (200 000 1o 150 000 years apn) and spread through-
out the world, whil e changing their halogical traits in
sccordance with their final enviromment. There are alsoa
numbes of questions regarding this process. Homans are
szid to have begun to engage in herding and farming a
mere 10000 years agp, fallowing a pericd of kunting and
gathering. Although it is cenzin that the expansion of
herding and farming contributed to a drastic incres: in
the global popalaticn, it remained 2t less than ane billion
uril the beginming of the Industrial Revolation in the mid.
15th century. Howewer, the world's population incresssd
dramatically thereafier, reportediy exceeding seven billion

Corropentiag auther mbsimy kepw sac iz
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im 2002, In order for such a large nomber of people to
build & prosperous society besed an sdvanced science and
techralogy witkin the Earth's limited ervircoment, enor-
migus resources and energy are necessary. The global pop-
wlation figare is expected o increase furher to mine Bk
lion i the Folure; this is the sioation we are now in.

In 1857 the United Nations defined ‘sustainable de-
velopment’ as fallows [1]:

“Susiminahle development i development that meets
the needs of the presentwithout compromising the abiity
of future generations to meet their own needs.”

In brief, they defined it as development that satisfies
both present and futare generations. However, we recog:
rize how challenging such sustairable develcpment is as 2
goal when we carsider that the majority of dwellers oo
this planet are people of developing nations who desire
the same afluence as those of developed nations whose
living standands are very high today, and that the popula
ton will incresse in the futare by teo billion. It is vital
thatwe clearly recognize this fact

The foundation for econcmic development Beswith
ot doubd in the development of infrastrocture which al-
lows economic activities. Human sodoeconomic sctivities
basically produce a great mmber of objects that kave to
ke supplied to wherever they are needed. Eren in this
computerized era, it i not passible io send objects by elec.
tronic means. Electronic products themselwes are pro-
duced in plants, which have been built with the help of re-
soarces and energy, and trarsported using infrsruche.
Products will continee to be manufactared as bong 2
there i & demand for them. This is the basis of sconamic
activity. Besides, & most products become obsolete in ne
with technological advancement, old ones are discarded
and new ones produced using new resources and energy.
Although the recycling of used chiecs is now practised
based on the recognition of the importance of the need to
recycle resources, there are many hurdles concerning its
resfization because the input energy is directly reflected in
the recycling cost. Mevertheless, unless we endesvour to
overcome such difficultiss through technological advance-
ment, Eiere can be no susaineble development. In arder
bo mingmize the use of additional rescurces, it is vital to
e those we have agyin and agin.

Mearwhile, lage amowmnis of resources and enemy
are needed for the construction of buildings and infra
structures {hereinafter milectively referred to 2= “infra-
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Basic Principles in MC2010

B Performance-based designh and assessment
B Performance requirements

- Serviceability

- Structural safety

- Service life

- Reliability

- Sustainability
M Life cycle management

35



Model Code 2020

B The framework of MC2020 will be based on
sustainability framework.

B Only SDS will make the application of MC to existing
structures possible.

36



Structure of fib Model Code 2020 Based on

ISO 13315 Series (by Sakai)

Comprehensive Environmental Design (Part 4)

Partial Phase

Basic design (Dimensions’
determination)

Execution (Part 5)
Use (Part 6)

Demolition/reuse (Part 7)

Life Cycle Range

(a) (b) (c)
® ® ®

(d)
®

System boundary and

inventory data (Part 2)

Environmental label and
declaration (Part 8)




ACI Building Code



ACI Building Code Requirements for
Structural Concrete (318-14)

B Chapter 4 Structural System Requirements
4.6 Strength/4.7 Serviceability/4.8 Durability
4.9 Sustainability
4.9.1 The licensed design professional shall be permitted
to specify in the construction documents
sustainability requirements in addition to strength
serviceability, and durability requirements of this code
4.9.2 The strength, serviceability, and durability
requirements of this code shall take precedence over
sustainability considerations. (???)



ISO TC71



ISO/TC71/SC4’s Action

B ISO/TC71/SC4, chaired by Prof. Wight, formed an ad-hoc committee in
the Sapporo meeting to discuss the modification of ISO 19338
(Performance and assessment requirements for design standards on
structural concrete).

B The issue is how to incorporate “sustainability” into ISO 19338.



What Should We Recognize for Our Future?

B Recognize the advancement of design methods:
-Allowable stress design
-Limit state design
-Performance-based design
-Sustainability design

B Recognize the basic structure of sustainability
design:

-Social, economic and environmental aspects are
reasonably included.
-"Safety” is a social aspect.



What Should We Do towards
Sustainability Approach?

B Recognize that the circumstances surrounding our industry have
completely changed.

B Break away from conventional old engineering towards a new
direction.

B Quantify all sustainability aspects in your works.

B Realize that sustainability evaluation indicates the essence of your
problems in a structural design.

B Realize that sustainability evaluation causes innovations in your
technology development.



Concluding Remarks

B Our environments have drastically changed, socially,
economically and environmentally, for a decade.

B Concrete & construction industries have a great
responsibility for the sustainability of our society
and the Earth.

B Concrete & Construction industries have to promote
the transformation of values through the
development of new systems based on
sustainability thoughts.



“Sustainability is a Magic to Simply Deal with a
Material and Structure!”
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