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Abstract

The European Construction Industry (ECI) is facing the challenge of increased consumption of energy,
resources, environmental threats and climate changes which are dictating the necessity of using
technology that can help in rationalizing consumption of resources. Additionally, environmental
protection became a top priority for ensuring sustainable development, maintaining very high
international environmental standards, and revitalizing important role of ECI in the world economy. To
evaluate the impact of construction objects on the environment, it is hecessary to consider all phases of
construction, including the use of natural raw materials needed for the manufacturing of construction
materials, construction, the exploitation of objects and eventually demolition and recycling. The
construction is considered as an activity that consumes the greatest amount of natural resources, such
as water, wood and a variety of raw materials for the production of construction materials. The
construction industry is one of the biggest air pollutants and causes high energy consumption in all
phases of construction. With recycling and reuse of construction material need for natural resources can
be significantly reduced. Applying multi-criteria decision-making methods enable us to objectively
evaluate impact of the construction object on the environment as well as his ability to meet assigned
criteria. The article is devoted to analyzing five most commonly built sports halls made with different
materials and systems of construction in order to determine which one is meeting environmental criteria
to the fullest extent.

Keywords: Ecological criteria, sustainable development, different materials, construction methods,
environmental protection.
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1 INTRODUCTION

According to the Statistical Office of the Republic
of Serbia, on the territory of Serbia there are 1533
primary schools, of which 50% have no sport halls
for physical education and 25% have inadequate
(Republicki Zavod za Statistiku, 2013). The
challenge that government at all levels are facing
is not only the construction of sports facilities, but
also integration into European environmental
standards that are recommending reduced
consumption of resources and energy in all
phases of construction, reduced emissions of
COg, durability and so on.

In this article we analyze the indoor sports
facilities. In most cases sports halls are public
facilities owned by the local governments. They
are built to be used by citizens throughout the
Republic. It is therefore essential that persons
who are in a position to make decisions on behalf
of the wider population make decisions as a result
of elaborate analysis and use of multi criteria
decision making methods in order to choose the
sport facility that will meet European
environmental standards to the fullest extent and
preserve ecological balance. Thus, the vision of
sustainable development has to be followed. It
implies meeting the needs of present generations
without compromising the ability of future
generations to meet their own needs. Sustainable
development makes compromise between
current and long-term objectives, local and global
action on environmental issues as inseparable
components of human progress.

1.1 Methodology

Use of relevant literature, factual information and
application of "Promethee" multi-criteria decision
making method. Paper presents an objective
selection of different materials and construction
systems in the practical example of choosing best
among several commonly built sports halls in
terms of environmental criteria, with respect to
environmental standards, and sustainable
development.

2 RESULTS OF THE RESEARCHE
AND DISCUSION

In order to select sport facility that best meets the
environmental criteria, analysis was conducted
on the five most commonly built sports hall made
with  different materials and systems of
construction: “balloon hall” with wooden structure,
steel hall made with “sandwich panels”, hall made
of clay blocks with steel roof, prefabricated hall
made from reinforced concrete “sandwich”
elements (AB hall) and prefabricated hall made
from ferrocement “sandwich” elements (FC hall).
As the most important criteria from the ecological
and environmental perspective following have
been taken in to the account: the degree of
environmental degradation during exploitation of
raw material from the nature, the extent of
environmental pollution during the production and
processing of construction materials, harmful
substances and radiation from the material, the
durability of construction materials and possibility
of recycling, energy needed for production of
building material and energy consumption during
exploitation of facility.

hall” with

2.1 “Ballon wooden

structure

The supporting structure is arched and large in
span usually made from laminated wood because
it's impossible to find natural timber of such
dimensions and shape. Laminated wood is easily
produced in static modal size, and dimensions.
PVC materials (polyvinyl chloride) are the
cheapest and most commonly used materials for
covering the balloon hall.

Fig. 1 Ballon hall with wooden structure

Properties that make this fabric attractive for use
in construction are their low mass and
transparency. The downside of these types of
sport facilities is that they react quickly to the
temperature changes in the external environment
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which significantly affects end user comfort and
more power is needed for their cooling or heating.
They also have very short lifespan.

2.2 Steel hall made with “sandwich”
panels

Each steel hall consists of primary and secondary
structures. The primary structure consists of the
supporting frame and the stabilizing elements
which have a role to ensure the stability of
buildings and to transmit the load to the reinforced
concrete foundation. The secondary structure
consists of roof and facade substructure. The
steel structure is filled with water proofed steel
panels which consists of two shallow profiled
galvanized (275g/m?) and painted steel sheets
(0.5 — 0.7mm thick) with broad, non-flammable
insulating core of laminated mineral wool
(50 — 240mm thick, specific gravity of 120kg/ms3).
All three layers are connected in a compact
sandwich element that provides the necessary
capacity, tightness and compactness. The core
made from non-combustible laminated wool

provides thermal and acoustic insulation and high
fire resistance of the sandwich elements (Trimo,
2010).

Fig. 2 Steel hall made with “sandwich” panels

2.3 Hall made of clay blocks with
steel roof

This type of hall is built using system of strip
foundation and load-bearing walls made of clay
blocs with steel roof. Clay blocks are standard
type of clay blocks with horizontal and vertical
holes that allow the safe and economical
production of the supporting and separating walls.
They represent environmentally friendly product
with high durability and quality. The walls made of
hollow clay blocks provide good vapor
permeability, sound and thermal insulation. Clay
block can be insulated with polystyrene or mineral
wool. For the purposes of this study we will

presume that the clay blocks are insulated with 10
cm thick mineral wool.

Fig.3 Hall made of clay blocks with steel roof

2.4 Prefabricated hall made from
reinforced concrete “sandwich”
elements (AB hall)

Halls built from reinforced concrete prefabricated
sandwich elements consist of two concrete layers
which are mutually separated by a layer of
insulation. These elements can be used as
bearing walls, beams or internal walls .Interest for
these types of sandwich panels is on the rise for
the past two years because they represent cost-
effective, attractive and energy-efficient walls that
can be used for the halls as well as for the
residential buildings (Keenehan, Concannon, &
Hajializadeh, 2012). Energy efficiency of these
elements depends on the connectors used to
connect elements as well as the insulation.
Although there are several kinds and types of
insulation on the market, concrete sandwich
panels use hard insulation because their
properties are the most compatible with concrete
in terms of moisture absorption, stability, size and
flexibility (Seeber, 1997).

Fig. 4 Prefabricated hall made from reinforced
concrete “sandwich” elements

2.5 Prefabricated hall
ferrocement
elements (FC hall)

Ferrocement is a type of fine-grained thin-
reinforced concrete reinforced with wire lath and
single layer of wire mesh. There are five methods
used to produce ferrocement structures from

made from
“sandwich”
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which the simplest and most efficient in practice
has proved to be “MC” building system that will be
described in more detail below.

Halls built using “MC” system of construction are
prefabricated. It consist of ferrocement,
prefabricated, thermo insulated, “sandwich " type
elements. These elements have a thickness of 19
cm in cross-section. The base is made of
ferrocement while the thermal insulation layer is
made from simprolit (Styrofoam balls dipped in
cement milk). Thermo insulated layer is 15 cm
thick and also serves as a protection against fire.

Elements made in such a way are transported to
the construction site, assembled over auxiliary
steel structures and directly connected with
polygonal reinforced concrete arch which is
formed on the spot. Halls constructed in such a
way are completely resistant to fire, earthquakes,
and all the storms, including hurricanes (MC
system, 2014).

Fig.5 Prefabricated hall made from ferrocement
sandwich elements

3 CRITERIA USED FOR ANALYZING
CONSTRUCTION MATERIALS
FROM ENVIRONMENTAL
PERSPECTIVE

Criteria used to analyze sport hall from
environmental perspective are :

— The degree of environmental degradation in
the process of extracting raw materials from
the nature.

— The degree of environmental pollution during
production and processing of construction
materials.

— Harmful
materials.

— Durabilty and possibility of
construction materials.

— Energy needed for production of construction
materials.

substances and radiation from

recycling

— Energy needed for exploitation of sport
facilities.

3.1 The degree of environmental
degradatio in the process of
extracting raw materials from the
nature

Pedosphere is the outer layer of the earth which

consists of the land. Land is a source of energy,
minerals, place where food is produced and
where most of the living organisms including
human beings are living. The amount of land
available to man is limited and represents a non-
renewable resource. Growth of population leads
to deforestation, reduction of land covered with
plants and increase of land used for construction
of roads buildings and other infrastructural
objects. All of it inevitably leads to chemical and
physical pollution of pedosphere which as a
consequence has pollution of underground
waters, rivers, lakes, plants air pollution and
climate changes. Constant pollution of air, land
and underground waters has a long lasting impact
on the environment endangering human health
and disturbing ecological balance (Poljoprivredni
institut Republike Srpske, 2009).

3.2 The degree of environmental
pollution during production and
processing of  construction

materials.
During the production and processing of
construction materials, the environment is

polluted in different ways and one of the most
alarming is through the emission of greenhouse
gases especially carbon dioxide (CO2). According
to Loncaric B. (2012) polluted air is one that has
received the gas, steam, smoke, dust and other
materials from a variety of sources in amounts
which may harm the health of people,
environment and material assets. Clean air is
composed of: nitrogen (N2) 78.09%, oxygen (O2)
20.94%, carbon dioxide (CO2) 0.03%, and the
remaining 0.94% consists of other dry inert gases
such as helium, argon, krypton, xenon, and so on.
The biggest air polluter is industry among them
construction industry, metal and non metal and
chemical industry take significantly high place.
Consequences of air pollution are: acidic rain and
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degradation of land, “greenhouse gasses” effect
and variety of health problems in humans.

3.3 Harmful substances and
radiation from materials

Harmful substances and radiation from the
material during the production, exploitation and
destruction of construction products adversely
affect the health of people and the entire planet.
State agencies continue to study many chemical
additives used to build and improve the
performance of construction materials. Many are
rated as extremely toxic, even carcinogenic. In
Serbia, the prohibition or restriction the use of
certain building materials and chemicals is done
according to the rules of Serbian Chemical
Agency. Among three most dangerous chemicals
used in Serbia are: radon, polyvinyl chloride and
formaldehyde.

PVC stands for polyvinyl chloride or thermoplastic
polymer. Over 50% of this material is used in the
construction industry as a hard plastic to make
window profiles or plates and as a soft plastics
roof and wall insulation materials and so on. PVC
increasingly  replaces traditional  building
materials mainly due to much lower prices. PVC
material is a very harmful to people's health
because of the high proportion of chlorine which
is used for its production. During production, use
and disposal of material highly toxic and
carcinogenic gas dioxin is released. Exposure to
vapors of dioxin causes serious health
consequences (National Library of Medicine,
2013).

Formaldehyde is a colorless strong smelling
chemical used in the construction industry in
some insulation materials and construction
adhesives. All  materials that contain
formaldehyde are releasing gas or emitting toxic
fumes that causes serious respiratory problems
and on the long run causes cancer. All laminated
wood are containing formaldehyde (American
Cancer Society, 2103).

Radon is an inert radioactive gas, which can be
found on the surface of the entire planet Earth,
comes from the decaying of radium, and it's also
generated by uranium contained in the earth's
crust. Radon can be segregated from deeper
layers of soil and underground water but it can

also be extracted from building materials that
contains slag ash or red brick (United States
Environmental Protection Agency, 2014).

3.4 Durability and possibility of
recycling construction materials

Each material has its own life expectancy, or the
period during which it will keep its properties in
the same or approximate form observing from the
time it’s started being used. After the loss of their
properties as some materials can be used in its
primary purpose some can be recycled and
reused or used as raw material in further
processing and some has to be disposed on the
landfill. The durability of the material largely
defines the lifetime of the facility and affects the
energy balance of the building for a specific
reference period.

3.5 Energy needed for production of
construction materials

Construction materials are generally produced by
processing natural raw materials. In order to
produce a certain construction material, it is
necessary to spend a certain amount of energy to
be able to transform the natural raw material in to
usable building materials. Except for emission of
harmful gasses production process often requires
a great amount of energy spent. With recycling,
and getting materials from recyclables the
amount of energy used can be reduced. In the
further chapters the amount of energy needed for
most commonly used building materials will be
calculated.

3.6 Energy needed for exploitation of
sport facilities

Most of the energy needs for heating of object due
to the large surfaces and ranges that are
preventing implementation of adequate insulation
are by far exceeding all others. Energy
consumption has a large impact on the ecology,
because of the emission of harmful substances
needed for the production of energy itself. This
criterion should be given considerable attention
since its cumulative effect over the years has a
significant impact on the balance.
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4 MULTIPLE CRITERIA DECISION
MAKING METHOD -
“PROMETHEE”

The problem of selecting the best among several
types of the sports hall according to the
environmental criteria falls into bad structured
problems. The problem will be analyzed using the
"Visual Promethee" method. Characteristics of
the "Promethee" methods are:

— In the first step of problem solving, criteria that
are characterizing the problem, and are
relevant to decision maker, should be well-
defined.

— Alternative solutions to problem should be
developed. They represent alternative versions
of characteristics of buildings that need to be
compared and ranked. To each criteria weight
ratio is added that reflects his importance from
the perspective of decision-maker (Nikolic &
Borovic, 2009).

— According to the criteria defined for each action
appropriate values in absolute terms are
entered. They can also be in unparalleled units.

— Elaborating the results for multi criteria analysis
with verbal and graphic interpretation of the
obtained ranges using “Gaia” method.

When evaluating investment projects criteria for
evaluation are usually classified into four groups:
economic, technical and technological, socio-
political and environmental criteria. In this
analysis, the focus is on the environmental
criteria. For numeric processing of the problem
using "Promethee" and "Gaia" methods multi
criteria decision making, software "Decision Lab
2000" has been used. This is a commercial name
for a software product distributed by "Visual
Decision" from Canada (Promethee Gaia-net,
2014).

4.1 Analyzing the problem of
selecting best among several
types of sports hall using
“Promethee” method from
environmental perspective

In solving the problem of selecting the best type
of sports halls according to the environmental
perspective: the degree of environmental
degradation in the process of extracting raw

materials from the nature should be as small as
possible, emission of harmful substances and
radiation from the material as small as possible,
durability of building materials and the possibility
of recycling as high as possible, energy used for
production of building materials as small as
possible, energy consumption needed for the
exploitation of the object as small as possible.

For the reasons of the different distances of pillars
for different objects (4 — 8m), all analyzes have
been based on the halls that are 48m long. This
way, we will again compare objects of the same
size and volume. All analyzes are comparable
and there is no reference value.

4.2 Values used to used to analyze
the degree of environmental
degradation in the process of
extracting raw materials from the
nature

Exploitation of raw materials from the nature
results in long turn impact on the environment.
This criterion refers to the creation of quarries,
degradation of agricultural land, excavation sites
and deforestation. The criterion is impossible to
describe numerically therefore narrative criteria
will be used.

421 “Balloon” hall with wooden structure;

Basic raw materials which are taken from nature
are natural salt, oil and wood. Exploitation of
natural salt has no lasting harmful effects on the
nature while exploitation of oil leads to the
formation of greenhouse gases over the crude oil
which is extracted from the soil. These gases are
then dissipated into the air and they are
increasing the level of carbon dioxide which has
a lasting impact on the environment (Grec &
Maior, 2008). PVC materials which are used to
cover balloon hall are obtained from the oil just
like synthetic polymers. The composition of wood
adhesives is slightly varying from one brand to
another but they are all based on PVA (polyvinyl
aldehyde) and they contain synthetic polymers
which are enhancing their ability of bonding.
Timber is obtained by deforestation and over the
years leads to erosion and climate change.
Taking into account the above factors to this
criterion, we assign descriptive value "bad".
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4.2.2 Steel hall with “sandwich panels;

The basic material for insulation of the sandwich
panels is mineral wool. Mineral wool is produced
from the mineral such as diabase, basal,
dolomite, and others. These minerals are
available in strip mine. Steel sheets are made
from iron which previously has been cleaned from
impurities such as sulfur, phosphorus, and silicon.
Excavation of minerals and iron from the earth's
crust influence the environment before during and
after excavation. Consequences vary (depending
on the type of ore and the extent of excavation)
from erosion sedimentation, pollution of the
nature around the excavation site etc. Also it is
important to note that the panels are coated with
PVC protective layer that is derived from oil which
has already been discussed in the previous
paragraph. Taking into account the above factors
to this criterion, we assign descriptive value
"medium".

4.2.3 Hall made of clay blocks with steel

roof;

The basic material from production of this type of
hall is clay. Clay is the type of soil which in nature
appears as a consequence of rocks
decomposition and its extraction. Depending on
the volume of excavation can cause erosion,
damage to the natural habitat of animals,
degradation of rivers, etc. It should be noted that
the excavation and extraction of clay releases the
radioactive gas radon, which is very harmful to
human health .Insulation of these halls is made
from mineral wool or polystyrene. Raw materials
for mineral wool have already been described.
Polystyrene is product of oil. Taking into the
account above factors, to this criterion, we assign
descriptive value "bad".

4.2.4 Prefabricated AB hall;

The base material is cement which is obtained by
grinding a material called clinker. Clinker is
produced by extraction and processing limestone,
clay, bauxite, quartz sand etc.. In the production
of this type of hall next to the cement, materials
such as steel and polystyrene have been used.
Polystyrene is made from synthetic polymers -
styrene, which is a by-product of oil. Polystyrene
can be easily recycled with minimum energy
consumption, as opposed to the mineral wool.

Taking into account the above factors to this
criterion, we assign descriptive value "medium".

4.25 Prefabricated FC hall;

Materials used for the production of this hall are:

steel, cement and polystyrene. About the origin of
these materials and their impact on the
environment it has been discussed in the
previous paragraphs. Taking into account the
above factors to this criterion, we assign
descriptive value "medium".

4.3 Values used to analyze degree of
environmental pollution during
production and processing of
construction materials

This criterion will be calculated based on the
values given in table 2.

Table 1. Production of carbon dioxide for
standard and alternative construction materials

Published: January 2016

Type of material CO. g(rg/i;sion
Limestone 12
Portland Cement 850
Unreinforced concrete MB15-20 170
Reinforced concrete MB 30 370
Soft wood processed 132
Glue _ laminated  wood(PVA 570
adhesive 120 kg/m?)
Portland cement (64-73% slag) 279
Clay 850
Tile 430
Steel bars and plates 1,720
Polypropylene injection 3,900
Mineral wool 500
Polystyrene 2,700
PVC 2,410
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Table 2. Total emission of CO, needed for
production of sport halls

Total emission of
CO2(t) needed for
Type of sport hall sreilE i o
materials
Balloon” hall with 3493
wooden structure
?teel . r,]all with 88.45
sandwich” panels
Hall made of clay
blocks with steel roof 95.47
Prefabricated AB hall 116.88
Prefabricated FC hall 87.28

4.4 Values used to analyze harmful
substances and radiation from
materials

- Balloon” hall with wooden structure;

Cooling, heating and deterioration of PVC
materials used to cover balloon hall leads to the
release of toxic gas - dioxin which cause cancer
and respiratory problems. Laminated wood used
in balloon halls and cover in industrial adhesive
contains formaldehyde which evaporates and
causes the cancer and respiratory problems.
According to the criterion harmful substances and
radiation from the material, this hall is rated as
"poor".

— Steel hall with “sandwich” panels;

In addition to steel, which is not harmful to human
health, this type of hall consists of sandwich
panels insulated with mineral wool which doesn’t
come in contact with the end user therefore in this
case it be considered safe for human health.
Sandwich panels are coated with PVC film to
ensure water resistance. PVC in lesser extent
emits toxic fumes discussed in the previous
paragraph. According to the criterion of harmful
substances and radiation from material, this hall
is rated as "medium".

— Hall made of clay blocks with steel roof;

Hall is made from materials that are not
hazardous to human health but red clay can
release toxic gas radon which causes various
respiratory problems. According to the criterion of
harmful substances and radiation from material,
this hall is rated as "medium".

— Prefabricated AB hall;

Next to the cement and mineral wool insulation
that doesn’t come in contact with the end user all
the other materials in this type of hall are not
harmful to human health. According to the
criterion of harmful substances and radiation from
material, this hall is rated as "good".

—  Prefabricated FC hall;

Next to the cement and polystyrene that doesn’t
come in contact with end user all the other
materials are not hazardous to human health.
According to the criterion of harmful substances
and radiation from material, this hall was
assessed as "good".

4.5 Values used to analyze durability
and possibility of recycling

This criterion will also be described according to
durability and possibilities of recycling the
materials (re-use in the same or other processes).

— “Balloon” hall with wooden structure;

PVC textile foils are mainly used until the end of
their life cycle, which amounts to 20 years;
therefore in their original form they cannot be re-
used. In Serbia center for recycling PVC materials
doesn’t exist, instead they are disposed to landfill.
Life cycle of laminated wood is 30 -50 years if
maintained properly, therefore the life cycle of
entire hall is measured by it. Laminated wood can
be recycled and used for the production of
medium density fiberboards (MDF). According to
the durability and possibility of recycling “balloon”
hall is ranked "bad".

— Steel hall with “sandwich” panels;

When it's not in direct contact with aggressive
atmospheric conditions, and when it’s located in
closed space with adequate protection against
corrosion steel has a long lifespan, sometimes for
more than 100 years. Steel is easily recycled and
when it’s recycled saves up to 70% compared to
the production of primary raw materials.
Sandwich panels are not suitable for recycling
mostly because they are made of thin metal
sheets reinforced with thick layer of mineral wool.
Thin metal sheets are recyclable but it's very
difficult to separate them from mineral wool
insulation layer or anticorrosion coating. Mineral
wool is not recyclable. The lifespan of sandwich
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panels is according to the manufacturer's
declaration. If manufacturer is high quality life
spam is usually about 30 years. The lifespan of
mineral wool is according to the manufacturer's
declaration usually around 20 — 40 years. Due to
the large percentage of steel in the total weight of
object rating of durability and recycling possibility
is "medium".

— Hall made of clay blocks with steel roof;

It also contains a high percentage of steel in the
roof structure as well as in the reinforcement of
concrete. Reinforced concrete which has been
protected from the penetration of sulfates and
therefore internal corrosion has a very long
lifespan. Facade and mineral wool cannot be
recycled. Durability of plastered facgade,
depending on the quality can be to 50 years.
Reinforced concrete and hollow clay blocks can
be used after a simple process of grinding
(milling) as a basis for local roads or foundations
to other construction objects. Durability and
recycling possibility is rated "good".

— Prefabricated AB hall;

As the name says, the basic material used is
reinforced concrete. Durability of these
construction halls is very large, more than 100
years. All the reinforcement is possible to recycle
as well as concrete. An insulating layer which is
made from polystyrene cannot be used in their
original form, but it is also entirely recycled and
used as a raw material in the production of
polypropylene and polystyrene containers.
Almost all materials that are incorporated into AB
prefabricated hall are recyclable. Therefore the
hall is rated “very good” according to the criterion
of durability and possibility of recycling.

— Prefabricated FC hall;

The entire hall is based on reinforced concrete
and insulation made from polystyrene. Plastered
facade does not exist so the durability of the
object is as long as durability of reinforced
concrete which is more that 100 years. All the
materials used in this hall are recyclable, but due
to the unique method of concrete reinforcement
process of recycling has to be done in several
phases. Due to the more complicated process of
recycling this hall is rated as “good”.

4.6 Values used to analyze energy
needed for production of
construction materials

This criterion will be calculated based on values
given in table 3.

Table 3. Energy needed for production of
construction materials

Energy
Type of material gfggjgti]:)or: kWh/m3
kWh/t
Limestone 1,200 1,600
Cement 1,400 1,900
Aluminum 15,300 40,650
Wood 190 100
adhesive 120 | 2300 | 1560
Steel 2,200 | 35,500
Steel profiles 4,100 82,000
Copper 8,000 | 71,000
Sand 9 15
Glass 5,700 1,500
Clay blocks 832 574
Ceramics 6,200 14,900
Adobe 1,200 2,200
Mineral wool 6,000 720
Polystyrene 24,600 490
Plastic 11,000 11,000
PVC material 21,440 6,400

4.7 Values used to analyze energy
needed for exploitation of sports
halls

Since we assume that the analyzed objects will
be heated with the same or similar power source
that has the same degree of efficiency, the CO:2
emissions ratio for the energy used for heating, is
the same as the ratio of heat loss which are
creating that need.

4.8 Numerical interpretation of the
problem ranking of the action

Analyzing the problem of selecting the best
among several types of the sports hall from the
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environmental perspective, for three criteria
numerical values have been defined with
appropriate physical unit. As CO2 emitted during
the production of material from which sport hall
have been made has an immediate effect on the
environment this criterion will be allocated weight
ratio 2. Emission of CO2 has twice bigger impact
on the environment then other criteria; therefore
all the other criteria will be allocated weight ratio
1. Criteria which cannot be measured with
numerical values were measured on the
descriptive scale from 1 to 5.

Table 4. Total energy needed for production of
sport halls

Type of sport hall Total energy needed
for  production of
materials

“Balloon” hall with 215.13
wooden structure

Steel hall with 286.85
“sandwich” panels

Hall made of clay 371.85
blocks with steel roof

Prefabricated AB hall 360.30
Prefabricated FC hall 277.63

4.9 Analysis of obtained results

For each criterion desirable value has been
defined, or in other words if  decision-maker
prefers higher or lower value for the analyzed
criterion. All criteria which appear has direct
environmental impacts, were analyzed linearly.

. [ Enwir al | Extractingra..] [£02 emissia...| Harmful subs..] Durability an..) Energy need..)| Exploitation ...|
Uit impact 3 S-paint S-point b kwwh
ClusterjGraup < & L < & L
Preferences
MinfMax max nir ma max nir mirn
Weight 1,00 2,00 1,00 1,00 1,00 1,00
Preference Fn, Linear Usual V-shape Usual Linear Usual
Thresholds absolute absolute absolute absolute absolute absolute
- i Indifference 1 nfa nfa nja 1,0 nfa
- P: Preference 2 nla z nja 2,0 nja
- 5i Gaussian nfa nfa nfa nfa nfa nfa
Statistics
Minimum H 34,9 z H 215,1 6,02
Maxirum 3 116,9 4 5 371,9 33,24
Average 3 84,6 3 4 302,4 13,11
Standard Dev. 0 27,0 1 1 57,7 10,13
Evaluations

V] = [ 34,9 bad bad 215,1 33,24
il = moderate 88,5 average average 786,9 9,45
V| = [ 95,5 average good 371,9 8,86
V] [l moderate 116,9 good very good 360,3 7,97
V] [l moderate 87,3 good good 277,6 6,02

Fig.6 “Promethee” software basic window

PROMETHEE Rankings 31X
1.0 0.0

FC prefabrica

Fabricated hall Balloon hall

AB prefabrica
Steel hall

Phi+ Hall made of ¢
Balloon hall

Fabricated hall
Steel hall

of clay blocks

1 ] ||
&

0.0
PROMETHEE I Partial Ranking APROMETHEE II Complete Ranking

Fig. 7 “Promethee’software rankings

PROMETHEE Rankings
+1.0

0,4643 FC prefabricated hall
0,0357 . 5B Balloon hall

-0,0714 i ABE prefabricated hall
-0,1607 . Steel hall

-0,2679 Hall rmade of clay blocks

-1.0
PROMETHEE I Partial Ranking APROMETHEE II Compleke Ranking

Fig. 8 “Promethee” software rankings

PROMETHEE Diamond

FC prefabricated hall

S oo Balloan hall
= - AE prefabricared hal
= i steel hall /
\ = ‘ Hall mad/enf Clay blocks
< .
<.
e /
/
//

Fig 9. “Promethee” software —Diamond
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covers the surface of all the others. We can see
that the solutions are comparable and the

o - . _
Balloar hall = 0,0357 0,4286 naszs  subsidiary. Based on the given criteria best
AE prefabricated hall |:| -0,0714 00,3571 00,4256 . H H
ot o — 1007 o moms o4qa Tanked is FC halls while the second ranked is
Hall made of clay blocks [ -0,2673 0,2321 ssomo balloon hall. Best ranked solution is stable and
linear in the requested domain.
Fig. 10 “Promethee” software - Table 5 CONCLUSIONS

[ —— Using the “Visual Promethee” method following

+1

r+8alloon hall sport halls have been analyzed : “balloon” hall
with wooden frame, steel hall with sandwich
cessamicaes | PANEIS, hall made of clay blocks with steel roof,
prefabricated hall of reinforced concrete elements
and prefabricated hall of ferrocement sandwich
elements. The analysis is carried out according to
the environmental criteria. Data used in the
ramadseiesy  gnalysis are realistic and calculated on the
materials used in real life. According to the
| semrrssiearss | €NVIrONmMental perspective the best sport hall to

b R R PP P i05teel hall

Ene Tasiohe = To0%% build is prefabricated hall made of ferrocement
V) Stailty level: S|E] wsn:r2a,53 , 34,430 ] sandwich elements. Applying the multi- criteria
decision making model made it possible to

Fig.11. “Promethee” software — Stability evaluate different materials, systems of

constructions on the practical example of
_ o choosing best among several commonly built
From the graphic 7 to 11 descriptions and  gports halls from the environmental perspective

analysis of the problem we can see that all the  fg|lowing vision of sustainable development and
solutions are comparable and the subsidiary. environmental protection.

Area occupied by the highest-ranked sport hall
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