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Abstract. New situation in natural and socio-economic environment requires new tech-
nical solutions for construction of new and reconstruction and modernization of existing
structures. Structures and all built environment should be better prepared for new condi-
tions — they should be sustainable and resilient. Concrete gradually becomes building
material with high potential for new technical solutions resulting in needed environmen-
tal impact reduction and consequent social and economic improvement. The paper pre-
sents potential contribution of concrete and concrete structures to solution of Sustainabil-
ity Development Goals specified in UN 2030 Agenda for Sustainable Development and
brings basic principles of implementation of sustainability approach into fib Model Code
2020.
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1. Background and context

Conditions for life on the Earth are changing. Biodiversity including human life is affected by climate
changes, decrease of quality of environment and depletion of natural resources. Changes of these con-
ditions is innate and everlasting process. Although Earth goes through natural regular cycles of warm-
ing and cooling, human activities evidently accelerated these climate changes. Global climate changes
are now happening faster than anticipated. The impacts of climate changes include warming tempera-
tures, changes in precipitation, rising sea levels and increases in the frequency or intensity of some ex-
treme weather events (Hajek 2016a). Floods, tropical storms, hurricanes, tornados, wildfires, heat and
cold waves, longer periods of drought etc. are more and more frequent and with higher intensity.
These impacts threaten human health by affecting the quality of food, water, air, and the entire quality
of environment in which we live. The frequency of climate-related natural disaster is now nearly five
times higher as it was in the 1970s (WMO 2015) — see Figure 1.

As a consequence, socio-economic problems graduated in recent years, including human migration.
These aspects are in mutual interaction. Depletion of natural sources influences climate and causes
economic and social stresses. Quality of the environment directly influences biodiversity, social life
of humans and existence of animals on the Earth.
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The natural and socio-economic effects and changes are different (in qualities and quantities) in
different regions. It is thus essential to consider regional specifics.

New situation in natural and socio-economic environment requires new technical concepts and so-
lutions for construction of new and reconstruction and modernization of existing structures — build-
ings and infrastructure, like roads, bridges, dams etc. Structures and all built environment should be
better prepared for new conditions — they should be sustainable and resilient. Advanced codes for
structural design based on a holistic approach and considering a wide range of sustainability issues are
thus essential, and urgently needed.
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Figure 1. Increasing number of disasters by hazard type since 1970 (based on WMO data)
2. Sustainability perspective

Sustainability represents in general savings of biodiversity including survival of humans on the Earth.
In International Standard ISO 15392 (ISO 2008) are presented general principles of sustainability re-
lated to buildings and other construction works. There are three primary aspects (pillars) of sustaina-
bility: social, environmental and economic. These pillars are formed by groups of aspects with associ-
ated performance levels and goals:

e Social aspects: social performance — social responsibility
e Environmental aspects: environmental performance — environmental impact
e Economic aspects: economic performance — economic efficiency

The performance level of structures could be optimized and assessed by wide range of criteria (de-
scribed by indicators and benchmarks) in the framework of these three pillars of sustainability. Figure
2 presents the framework of sustainability perspective covering three pillars of sustainability. Basic
criteria of structural performance — safety, serviceability, durability — are social aspects, they are part
of social responsibility. Environmental impact could/should be assessed using LCA standard method-
ology. Economic efficiency could/should be assessed using LCC standard methodology. Resilience is
going across all three pillars of sustainability.
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SUSTAINABILITY PERSPECTIVE
Social aspects Environmental Economic
Safety aspects aspects
Serviceability CO; emissions Construction cost
Durability SO, emissions Energy Operation cost
Maintainability use Maintenace cost
Functionality Water use Demolition cost
Aesthetics Waste generation | | ...
Resilience
LCSP LCA LCC
Life Cycle Social Life Cycle Life Cycle Cost
Performance Assessment

Figure 2. Framework of Sustainability perspective and assessment

It is essential to consider changes and development of performance within the entire life of a struc-
ture. Life Cycle approach is thus important part of any criteria assessment. This could be performed
using standard assessment methods:

e Social criteria: LCSP — Life Cycle Social Performance — standard technical requirements and
assessment (e.g. safety, serviceability, durability, ... etc.). These requirements and methodologies
for their assurance are specified in wide range of technical standards.

e Environmental criteria: LCA — Life Cycle Assessment — defined in standards ISO, CEN, ACI ...
(e.g. ISO 14040 and associated standards).

e Economic criteria: LCC — Life Cycle Cost — standard LCC procedure defined in standards ISO,
CEN, ACI, ... (e.g. ISO 15686-5 and associated standards).

3. Role of concrete and concrete structures
3.1 Environmental impact of concrete and concrete structures

During the last century, concrete evolved into the most important building material in the world. At
present concrete is the second most used material on the planet, after water. Annual production of
concrete in the industrialized world amounts to 1.5-3.0 tonnes per capita (fib 2013). World cement
production increased 12-fold in the second half of the last century (Hajek et al. 2011). Nevertheless,
compared with other building materials, the specific magnitude of harmful impact embodied in a con-
crete unit is relatively small, see Figure 3.
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Figure 3. Environmental impacts of basic building materials based of generic data (data source:
GEMIS 2010)

However, due to the high production of cement and concrete structures (the cement industry now
accounts for approximately 8% of global man-made CO- emissions), the final negative cradle-to-gate
global warming potential of all concrete structures is high (fib 2004). Due to recent development of
concrete technology, concrete gradually becomes building material with high potential for new tech-
nical solutions, resulting in needed environmental impact reduction and consequent social and eco-
nomic improvement.

With respect to specifics of concrete presented as a strong and durable material it is possible to de-
sign and construct robust structures with high level of resilience when faced to the exceptional natural
or man-made disasters. High structural safety and reliability, and higher fire resistance of concrete
(compared to other materials) results in a better resistance to extreme conditions during natural disas-
ters (floods, storms, winds, hurricanes, tornados, fires, earthquakes, etc.) and terrorist attacks.

To gain from these advantages of concrete, it requires a better knowledge about technological pro-
cesses and their impacts from wide variety of sustainability aspects within entire life cycle — from ac-
quisition of materials, through production of concrete and concrete components, construction, use, up
to demolition of concrete structure and recycling.

3.2 Advantages of concrete structures

Concrete is from many aspects structural material convenient for design of sustainable and resilient
buildings and other engineering structures. Concrete structures are, in comparison to other materials,
usually robust and strong to resist to exceptional loads during storms, hurricanes, tornados, floods,
earthquakes and man-made explosions. Concrete is incombustible material with high fire resistance.
High thermal mass of concrete could help to keep internal environment during heat and cold waves
and can save energy needed for cooling of buildings. Concrete floors or walls can also significantly
contribute to acoustic solutions in buildings.
Principal advantages of concrete structures from sustainability and resiliency viewpoints could be
summarized into following points (Hajek 2016b):
e structural safety, including high resistance to exceptional effects like natural disasters (floods,
storms, winds, hurricanes, tornados, fires, earthquakes, etc.) or man-made effects;
thermal mass - concrete can contribute to energy savings associated with cooling and heating;
acoustic properties — due to high specific weight of concrete, air-born sound protection of con-
crete floors or walls is good;
e high fire resistance — important especially for division of building into different fire compart-
ments;
long term durability enabling longer service life of buildings;
flexibility — concrete technology enables high level of design flexibility;
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¢ maintainability reducing operational cost and increasing overall building quality;
e use of recycled materials substituting natural materials in concrete mix.

These advantages could be significant in designing new constructions as well as in renovation of
existing concrete structures. With respect to specifics of concrete presented as a strong and durable
material it is possible to design and construct on this material bases robust structures with high level
of resilience when faced to the exceptional natural or man-made disasters.

4. Contribution of concrete to sustainable Development Goals

United Nations (UN) summit Rio+20 held in 2012 in Brazil initiated a process of defining of a unified
set of sustainable development goals. In October 2015 UN adopted Resolution 70/1: Transforming
our world: the 2030 Agenda for Sustainable Development (UN 2015). This Agenda is a plan of action
for people, planet and prosperity and should stimulate action up to 2030 in areas of critical importance
for humanity and the planet. The principal goal is to end poverty, protect the planet and ensure pros-
perity for all.

There are specified 17 Sustainable Development Goals (SDGs) with 169 associated targets which
are integrated and indivisible and balance three dimensions of sustainable development: economic,
social and environmental. These new goals and targets came into effect on 1 January 2016 and guide
the actions up to 2030. It is expected, that all stakeholders, all of us, will work to implement the SDGs
Agenda within own countries and at the regional and global levels, taking into account national spe-
cifics and priorities.

One of the priority is sustainable urban development as a crucial aspect influencing the quality of
life of people. Construction industry as a main stakeholder responsible for the use of material and en-
ergy resources has a key role in the implementation of SDG actions in the process of design, devel-
opment and operation of buildings, roads, bridges and other infrastructure creating urban built envi-
ronment. Concrete and concrete structures play in this process significant role.

In the following subchapters of this paper there are presented selected targets, where concrete in-
dustry and concrete structures can contribute to solution of SDG goals. Nevertheless, this selection is
not enclosed and can serve as an inspiration and motivation for other stakeholders involved in con-
crete industry and in development of built environment. For further rethinking you can use whole
SDG system presented at UN web pages (www.un.org).

4.1 Contribution of concrete industry to SDG 1: End poverty in all its forms everywhere

One of the target of SDG 1 is to build the resilience of the poor and those in vulnerable situations and
reduce their exposure and vulnerability to climate-related extreme events and other economic, social
and environmental shocks and disasters.
In case of extreme events and disasters concrete structures provide:
o high level of resistance;
e high level of resilience;
e concrete structures can serve as shelters for people in case of extreme events.

4.2 Contribution of concrete industry to SDG 3: Ensure healthy lives and promote well-being for all
at all ages

Concrete structures can contribute to following targets of SDG 3: (a) substantially reduce the number
of deaths and illnesses from hazardous chemicals and air, water and soil pollution and contamination
and (b) halve the number of global deaths and injuries from road traffic accidents by following as-
pects:

standard concrete is non-toxic, there are not used any hazardous chemicals;

concrete can positively contribute to acoustic quality in buildings;

high performance quality of buildings and infrastructure can improve people‘s health and

wellbeing.
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4.3 Contribution of concrete industry to SDG 7: Ensure access to affordable, reliable, sustainable
and modern energy for all

One of the principal target of SDG 7 is to double the global rate of improvement in energy efficiency
by 2030. Concrete structures can contribute to this target by:

e optimization of concrete mix, shape optimization and effective structural and technological
concepts of concrete structure; this can result in a reduction of embodied energy in the con-
crete structure;

e concrete structures in buildings can due to high thermal mass reduce heating/cooling energy
demands — especially reduce cooling energy demand in hot areas.

4.4 Contribution of concrete industry to SDG 8: Promote sustained, inclusive and sustainable
economic growth, full and productive employment and decent work for all

Important target of SDG 8 is to improve progressively, through 2030, global resource efficiency in
consumption and production.
e Recent development of concrete and new types of silicate composites including use of recy-
cled components represents a great potential for resource efficiency in consumption and pro-
duction.

4.5 Contribution of concrete industry to SDG 9: Build resilient infrastructure, promote sustainable
industrialization and foster innovation

Concrete industry can contribute to several SDG 9 targets: (a) develop quality, reliable, sustainable
and resilient infrastructure, to support economic development and human well-being, (b) promote in-
clusive and sustainable industrialization, significantly raise industry’s share of employment and gross
domestic product, (c) upgrade infrastructure and retrofit industries to make them sustainable, with in-
creased resource-use efficiency and greater adoption of clean and environmentally sound technologies
and industrial processes and (d) enhance scientific research, upgrade the technological capabilities of
industrial sector, encouraging innovation and substantially increasing number of research and devel-
opment workers.

Contribution to solution of these targets by concrete industry is essential and could be supported by

o the use of concrete structures for development of high quality, reliable, resource efficient and
resilient built environment — housings and infrastructure;

e development and adoption of clean and environmentally sound technologies and industrial
processes in production of concrete, concrete elements and structures and operation of con-
crete structures;

e continuing scientific research of concrete structures and associated technologies for design,
construction and operation;

e support of dissemination of advanced technologies, research and innovation into developing
countries.

4.6 Contribution of concrete industry to SDG 11: Make cities inclusive, safe, resilient and
sustainable

SDG 11 covers, besides others, following targets (a) to ensure access to adequate, safe and affordable
housing and basic services for all, (b) to provide access to safe, affordable, accessible and sustainable
transport systems for all, improving road safety, (c) to enhance inclusive and sustainable urbanization
and capacity for participatory, integrated and sustainable human settlement planning.
e Concrete structures play/and will play in the development of sustainable and resilient cities
and their infrastructure crucial role.
e Concrete structures provide high level of safety, reliability and resilience of buildings and in-
frastructure in cities.
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4.7 Contribution of concrete industry to SDG 12: Ensure sustainable consumption and production
patterns

SDG 12 is focused to implementation of the 10-Year Framework of Programmes on Sustainable Con-
sumption and Production Patterns. Targets relevant to concrete industry are (a) to achieve by 2030 the
sustainable management and efficient use of natural resources, (b) substantially reduce waste genera-
tion through prevention, reduction, recycling and reuse and (c) encourage companies to adopt sustain-
able practices and to integrate sustainability information into their reporting cycle. This could be
achieved through:
e optimization of concrete mix, resulting in a more efficient use of natural resources;
e increasing use of different kinds of recycled materials incl. recycled concrete aggregate in a
concrete mix — and thus saving natural resources and reducing negative environmental impact
(reduction of GHG emissions etc.).

4.8 Contribution of concrete industry to SDG 13: Take urgent action to combat climate change and
its impacts

Main goal of SDG 12 is to support actions to reduce impacts of climate change by strengthening of
resilience and adaptive capacity to climate-related hazards and natural disasters.
e Concrete structures have in case of climate-related hazards and natural disasters high level of
resilience and adaptive capacity.

4.9 Contribution of concrete industry to SDG 17: Revitalize the global partnership for sustainable
development

Targets of the last SDG 17 are focused to different actions in five areas: Finance, Technology, Capac-
ity-building, Trade and Systemic issues. The leading principle is to promote the development, trans-
fer, dissemination and diffusion of environmentally sound technologies to developing countries.

Implementation of advanced concrete technologies with reduced environmental impacts and in-
creased performance quality could significantly contribute to solution of global problems. This re-
quires international cooperation, access to science, technology and innovation, dissemination of
knowledge, support in education and cooperation in science.

It is evident from the above overview that optimized concrete structures using new types of con-
crete in advanced technologies can significantly contribute to fulfilment of some specific targets of
Sustainable Development Goals, and especially can contribute to reduction of global environmental
impacts and can support increase of sustainability and resilience of built environment and entire so-
ciety. The role of concrete industry in the process of sustainable development is thus essential.

5. Implementation of sustainability approach into Model code

5.1 General — fib attitude and process

The need for consideration of sustainability in the design and assessment of concrete structures has
been already specified in previous fib Model Code 2010 (fib 2012). This was initiated by fib SAGS
Sustainability initiative and fib Commission 3 both chaired by Koji Sakai.

Preparation of the new fib Model Code 2020 (MC2020) started in 2016 From the very beginning
sustainability was considered as one of the leading principles. Convener of Task Group 10.1 “Model
Code 2020 Stuart Matthews expressed in Editorial for journal Structural Concrete (Matthews 2017)
following:

e MC2020 will take sustainability as a fundamental requirement, based upon a holistic treat-
ment of societal needs and impacts, life-cycle cost and environmental impacts.

e MC2020 provides an important opportunity to further advance our approach to the sustainable
design, construction and through-life care of concrete structures.
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This clearly shows fib attitude to implementation of sustainability approach into design, construc-
tion and operation of any concrete structure.

fib Commission 7 Sustainability is responsible for taking care about specific chapters implementing
sustainability approach into Model Code 2020. The goal of fib is to publish new Model Code
MC2020 in the year 2020.

5.2 Concept of sustainability approach in MC2020

Sustainability should become a basic concept of any design, construction process, operation,
maintenance and repair of concrete structure. Sustainability should be presented in MC2020 as a con-
ceptual approach — as an “umbrella” for efficient/high quality design and operation of concrete struc-
tures through entire life cycle — considering all three pillars — social, environmental and economic.

Sustainability approach should be implemented into MC2020 in accordance with international
standardization — ISO 15392 General principles. Environmental assessment should be solved using
existing standard methodologies of LCA and economic pillar using standard methodologies of LCC
(see Chapter 2). There are already standardized methodologies in ISO, CEN or other standard sys-
tems. The MC2020 should to specify the need for these assessments (LCA, LCC) and provide refer-
ences to existing standards.
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Figure 4. General Framework of sustainable design and assessment of concrete structures
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Basic framework of sustainable design and assessment of concrete structures is shown in Figure 4.
Based on global goals (given in SDGs) and regional specifics and goals are specified requirements
and corresponding criteria associated with three sets of sustainability aspects. Optimization process is
cyclic iterative prosecco starting with conceptual design, searching optimal solution based on assess-
ment and resulting with detailed design and final design.

Safety, serviceability and durability of concrete structure is a part of social pillar of sustainability
(see Figure 2). Specific needs for increase of reliability in specific regional conditions (climatic, geo-
morphological etc.) should be respected and solved within the framework of reliability concept of de-
sign of concrete structures. In this sense reliability concept should be extended also for the environ-
mental consequences and needs for resilience.

Mixing of three pillars of sustainability into “simple” decision: what is the “most sustainable” solu-
tion could result in wrong decision and could be misused by different parties in order to support some
preferred solution. E.g. increase of structural reliability could be in general in contradiction with op-
timum solution in environmental and economic pillar of sustainability. Mathematically expressed: so-
lution of sustainable optimal result is typical multicriterial problem and could be searched in the form
of Pareto optimum set of solutions — however, this is not practical and manageable for design code to
be used by professional engineers. The code should be independent and should leave decision about
weights between economy, environment and social pillars to decision makers or politics.

5.3 Regional specifics

There is a different ability of various societal and environmental systems in individual regions to mit-
igate or adapt to specific changes, including the extent of global change effects and potential natural
or man-made disasters.

Considering resiliency, especially of buildings, the climate conditions and potential impacts and
loses are essential for the design of sustainable structures/buildings. In different regions there are dif-
ferent major risks of natural disasters.

In general, the process of design and construction of structures varies in different countries and re-
gions. They are more or less determined by regional specifics due to different material basis, energy
mix, different climate conditions, different technology (based on the local labor cost, tradition in or-
ganization of work and different climate conditions) and differences in cultural traditions. Regional
specifics should be considered when collecting the embodied environmental data of different materi-
als. The type of material sources, mining technologies, transport means, transport distance and tech-
nology of production have a significant influence on the final unit embodied values.

As noted in chapter 3.2, concrete is from many aspects convenient structural material from view-
points of sustainability and resiliency. The basic components of concrete are available in the most re-
gions of the world. However, the level of technology and quality of construction is based on long-term
tradition in construction and on economy aspects in the specific region. The implementation of stand-
ards for design and construction of concrete structures is especially in developing countries essential.
Only thus could be ensured high performance quality and long-term functionality of concrete struc-
tures — from the perspective of sustainability and resiliency of buildings and other infrastructure in the
built environment.

6. Conclusion

Sustainability should become a basic concept - an “umbrella” for efficient/high quality design and op-
eration of concrete structures through entire life cycle — considering all three pillars — social, envi-
ronmental and economic. Environmental assessment should be solved using existing standard meth-
odologies of LCA and economic pillar using standard methodologies of LCC. There are already
standardized methodologies in ISO, CEN or other standard systems. The goal of fib is to publish new
Model Code MC2020 in the year 2020.
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