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SUMMARY

Bringing a building into existence that has never been made and used
before is a kind of invention which is made by an architect.

Being an architect necessitates the ability to synthesize separated things
besides talent. The architect should relate different things such as people’s
needs and activities, natural features of earth, manufactured products, etc to
each other in a systematic way that he or she can produce solutions for

design problems and select the most suitable solution to meet people’s
needs. Thus a building can be imagined as if it physically exists, and as if it
IS occupied by users.

Although, indoor air quality (IAQ) has been discussed for aimost thirty
years, it is a new subject for architects from the architectural design point of
view. Most of the time, the subject is defined as an engineering problem.
However anything related to the building should be recognised by
architects, as well, so that they can try to find alternative solutions.

Examining the Architectural Design Process and |AQ together in the whole
Building System enables the architect to think about IAQ systematically, and
to search design solutions to prevent or reduce possibie indoor air pollution
before it occurs.

This thesis shows a way of considering I1AQ and the building together
during the architectural design stage. In this consideration, the building is
modelled as a system, the Architectural Design Process is based on The
RIBA Plan of Work, 1AQ is adapted as a process, the Architectural Design
Process and IAQP are examined together, and the Architectural Design
Process is evaluated in terms of |AQ.
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Part One : INTRODUCTION

1.1. FACTORS which AFFECT INDOOR AIR QUALITY

Air is a major vital factor to keep human beings alive. The quality of air has
a very important role in this. Human metabolism and respiratory needs

have been subjected to many researches for a long time. In most of those
studies, the relation between air quality and several serious, even fatal,

respiratory illnesses has been documented (1-5),

In the past, most studies about air quality were on outdoor air pollution with
the exception of workplaces and mines (1.268). However, several studies
have been done to document the percentage of activities which take place
indoors, and the percentage of time that people spend indoors (2.3.6-8),
These studies show that the greater percentage of activities take place
indoors, and most people spend the greater percentage of their time
indoors and, so, breathe mostly indoor air. Thus, indoor air quality
becomes an important issue for people’s health.

For almost thirty years, serious health incidents have been recognised
indoors, from complaints about irritation of the eye and respiratory system,
headache, dizziness, etc.; to deaths because of a bacterium called B.
Legionella, lung cancer caused by a natural radioactive gas called radon
and a kind of fibre called asbestos, etc. This has led to researches to be

done, standards and legislation to be established (2.3.4.9-13),

Many factors causing indoor air poliution have been Identified in these
indoor air quality related researches (1-3.10-17), These factors are called
sources of indoor air pollutants and, generally, can be classified into two
main groups: outdoor sources and indoor sources.

"
Outdoor air, soil, water, motor vehicle exhaust, industrial activities are some
outdoor poliutant sources. Indoor levels of outdoor pollutanté are affected

1



by outdoor leveis of those poliutants. However, some of these pollutants
may be released from an indoor source. For example, the concentration of
carbon monoxide, sulphur dioxide and nitrogen dioxide depends on
emissions from unvented combustion appliances as well as on emission

from outdoor sources (1-3,10-17)

Indoor sources can be grouped under two main headings. These are
people themselves as one source of the indoor air pollution, and the
building itself as the other.

People generate many of the indoor air pollutants by their biological and
physical activities, such as breathing, coughing, sneezing, sweating, etc.;
by their household and hobby activities, such as cooking, cleaning,
painting, smoking, having pets and plants, etc.; by their office and work

activities, such as using photocopying machines, wet processing machines,
ete. (1-3,10-17)

The building itself is an important indoor source of indoor air poliutants.
Most of the indoor air pollutants are released from building materials,

services, furnishings and fittings, office machines and supplies (1-3,10-17),
Besides, construction details and plan of the buildings help indoor air
pollution to enter, settle and flow from one space to another space within
the buildings.

1.1.1. Building as an Effective Factor to Indoor Air Quality

Building materials give rise to different pollutants in indoor air. Most
building materials and the pollutants released from them have been

identified in many studies (1-3,10-18), Concrete, brick, stone and gypsum
board contain radon such that its level changes according to the properties
of the materials. Panelling, plywood, particle board, ceiling tile, cavity wall
Insulation materials contain formaldehyde. Asbestos was widely used in
thermal and acoustic insulation, decoration, fireproofing, vinyl floor, and
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cement products. Paints, varnishes, solvents release several kind of
volatile organics.

Service systems in buildings can cause poliution. Well water includes
radon naturally. Its radon levels vary between low and high level, and
radon comes out when the water boils. Therefore, a high radon

concentration can result from a well water system (19), Also, ventilating,
waste water, and air conditioning systems can produce pollutants such as
bacteria, viruses, microorganisms, and can help them to multiply (1), The
concentration of some gases can increase because of heating systems
such as kerosene and gas space heaters, gas and wood stoves, and open
fireplaces. The gases, which are combustion products such as carbon
monoxide, nitrogen oxides and sulphur dioxide, enter the indoor air when

the heating system is not well designed and maintained (11).

Furnishing materials of the building are another indoor pollutant source.
The concentration of some of volatile organics, particulate or gaseous can
be due to carpeting type, decoration, fixed and semi-fixed contents of the
building. Also, some office machinery such as photocopying machines,

and supplies such as adhesives and paper produce certain poliutants such
as ozone, ammonia and dust.

Building construction and planning affect indoor air quality by outdoor air
infiltration, indoor air exfiltration, volume and location of the space (1-5,14,15),

Outdoor air enters the building by air infiltration through the exterior of the
building and by ventilation through openings of the building. Cracks and
leaky joints on the exterior walls, around doors, windows and chimneys, are
the most common ways for outdoor air infiltration. Also, cracks and leaky
joints on the basement walls and foundation, loose-fitting pipes are suitable
ways for gas infiltration from the soil. Open windows and doors provide
natural ventilation. The influences of outdoor gas infiltration and ventilation
on indoor air pollutant concentration have been documented in many

studies (20-22),  Thus, the poorly designed, constructed or maintained
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building construction can become a big helper for outdoor air pollutants to
enter the building, if the outdoor pollution concentration is high.

The volume of the space effects the level of the indoor pollutant
concentration. The concentration of an amount of poliutant released from a
source in a smaller space is approximately twice as high as the
concentration of same amount of pollutant released from same source in a
twice larger space. Therefore, the volume of air contained in the indoor
space has been taken into account when the equation is established to
describe the relationship between effective factors and the indoor air

poliutant concentration (2).

Location of the space is important for some kinds of pollutant concentration.
For example, basements and lower floors of the building have a higher

radon concentration than the upper floors (19.23.24),

Air movements within the building help the polluted indoor air to flow from
one space to another space. Although, sometimes these movements
reduce the pollution concentration in a highly polluted space, they affect the
Indoor air quality in other spaces within the building.

1.1.2. The Building as an Effective Factor to People’s Heaith

In the late 1960's and the early 1970's, energy-efficiency improvements
became one of the main design and use objectives within the buildings.
The “Energy Crisis", resulted from the oil embargo in 1973 and
encouraged, even sometimes forced, people to design, build and use air
tight buildings to reduce the energy cost of heating and cooling their
buildings (5:14.25),

Stopping draughts by sealing buildings with new insulation materials, using
mechanical devices for forced ventilation instead of natural ventilation
through windows, reducing ventilation rate in office buildings, bringing
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recirculated air instead of fresh air were some of the preventive actions of
energy conservation (25-27),

However, within a few years serious health complaints from occupants of
these new buildings were recognised. The complaints, which are
headaches, lethargy, nausea, dizziness, irritation of the eyes and
respiratory system, dry throat, dry skin and loss of concentration, have been
addressed as building sickness or sick building syndrome (28-30), Although,
sick building syndrome was first recognised in some of air tight,
mechanically ventilated and air conditioned buildings, researches show

that sick building syndrome can, also, occur in naturally ventilated buildings
(31-32)

Therefore, a number of factors which cause sick building syndrome have
been identified. These factors can be grouped under three main headings
which are poor environmental design, poor hardware and poor
organisation. Poor lighting, noise, fluctuations of air temperature, poor air
quality and inadequate space planning are some examples of poor
environmental design. Low standards in construction and services,
Inappropriate material selection, poor detailing are some results of poor
hardware design. Lack of privacy, lack of control over environment,
repetitive work, poor maintenance and cleaning are some examples for

poor organisation (28-30),

Indoor air quality, as mentioned above, is one of the factors which
contributes to sick building syndrome. Also, indoor air quality may have

other severe health effects such as long term suffering from lung cancer
and death.

It is clearly seen that the building is one of the major factors which affects
indoor air quality and contributes to serious health problems.



1.1.3. The Problem from an Architectural Design Point of View

Existence of the building starts with the people’s requirements and comes
out of the architectural design. During the architectural design, all building
related subjects should be considered to achieve better or best solution. |f
any one of those of subjects is missed, in future the building will have a
problem which is related to that point.

Since indoor air quality appeared as a serious problem, scientists,
engineers and other professions have been dealing with the subject. Most
of the time, avoiding use of certain hazardous materials in the building,
iIncreasing ventilation rate were considered the contributions of architects to
Indoor air quality improvement. In fact, these solutions take place in further
stages of the building. Materials selection is done during the specification
stage of the architectural design. However, layout, hardware and technical
systems of the building are decided before the material specification.
Increasing ventilation rate takes place during the use stage of the building.
This stage starts when the building construction is completed.

Iif avoiding the use of certain hazardous materials and increasing ventilation
rate are thought to be only contributions of architects, this means indoor air
quality is the missing subject in architectural design. Therefore, the
architectural design of the building and its designers who are architects
have a more active role in indoor air quality than is thought.

Architects’ responsibility for indoor air quality is to determine the triangular
relationship between indoor air quality, the building itself and its users, and
1o produce alternative design solutions in terms of indoor air quality.

Some steps should be taken to understand and solve the indoor air quality
problem. These steps are:

" identification of indoor air pollutants and their effects on people’s
health, and the features of the building as sources of pollutants,

" consideration of those indoor air poliutants, their health effects and
their building related sources,



" developing remedial design actions to improve indoor air quality,
and

* applying those developed design remedies to the building design
during the architectural design stage.

These briefed action steps should be followed by architects themselves, as
major designers of the building. However, dealing with the subject is not
easy for the architects because of these foliowing issues:

* absence of indoor air quality from the existing building system
models,

* absence of a systematical thinking of architectural design and
indoor air quality together '

* absence of a consideration model of architectural design process
and indoor air quality, and

* absence of an evaluation model of architectural design process in
terms of indoor air quality.

Approaching indoor air quality problems from the architectural design point
of view necessitates these following researches to be done:

* indoor air quality should be placed in the whole building system
model as one of the major architectural design objectives,

* architectural design and indoor air quality should be thought
together in a systematical way,

¥ a consideration model of architectural design process and indoor
air quality should be developed, and

* an evaluation model of architectural design process in terms of
indoor air quality should be developed.

1.2. THE AIMS of THE RESEARCH

First of all, this research is based on three assumptions which lead the
research objectives. These assumptions are:

(1) Architectural design decisions of the building affect indoor air
quality.



(2) It is possible to develop a systematic model in which architectural
design of the building and indoor air quality can be considered.

(3) It is possible to predict the risk of indoor air pollution caused by a
building during the architectural design stage by developing an evaluation
model of the architectural design process in terms of indoor air quality.

The aims of this research are:

(a) To develop a building system model, and to place architectural
design and indoor air quality within the model.

(b) To determine the relationships between architectural design of
the building and indoor air quality by considering them together in a
systematic model. '

(c) To develop an evaluation model of the architectural design
process of the building in terms of indoor air quality.

(d) To enable the proposed evaluation model to be applicable to
existing buildings. '

A case study will be done to show the applicability of the proposed model to
existing buildings. The aim of the case study is to apply the consideration
model related to indoor air quality and Building System Model to a selected
existing building. Although the existing building will be examined in terms
of IAQ, it is essential to indicate that the main aim is not to evaluate the
existing building. The case study will show the application way of the
proposed model and also be a kind of feedback which shows the response
of the architect of the selected existing building to the model.

1.3. THE IMPORTANCE of THE RESEARCH

Because, most of the studies about indoor air quality have been done either
In science or in engineering, results are, most of the time, either in the form
of mathematical models or in the form of technical devices. Sometimes,
interpretation of these results into architectural drawing form is difficult.
Therefore, they are required to be in a form that architects can apply in their
design. The most accepted way is systematic thinking.
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Building design has already been introduced as a process (34-36) in the form
of systematic thinking. This systematic approach identifies each step that
should be taken during design activity. Thus, architects can achieve their
design target by following these steps. Also, this systematic approach
provides the level and the limit of the relationships between architect and
other people such as client, users, contractors, manufacturers, and
legislétors who are involved in building design.

The first achievement of this research is to introduce indoor air quality as a
process within the whole building system and as one of the leading design
objectives. In this process, each event stage will be identified. In addition,
as two processes, architectural building design and indoor air quality will
be considered with a systematic approach. Introducing indoor air quality as
a process and considering it with architectural building design will bring
systematic thinking on the subject for architects. Therefore, architects will
be enabled to interpret their own design solutions into their architectural
design to improve indoor air quality. At the same time, they will be enabled
to control their design in terms of indoor air quality by using the proposed
evaluation model. Also, the applicability of the model on existing buildings
will bring more feedback to architects from real cases.

Second achievement of this research is to use the possibility of the whole
building system model as a fundamental course setting gquide for
architectural and building science educators. The educators can place
indoor air quality in their teaching area. Thus, architectural students as
architects of the future will be aware of the importance of providing a

healthy indoor environment for the users during the completion of their
architectural education.

The final achievement of this research is to use the possibility of the whole
building system model as a policy setting guide for organisational
management.  Organisational management can evaluate their
requirements for their building in terms of indoor air quality. Therefore, they
can lead their architects to design healthy buildings. Thereafter, they can
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apply their building use policy in terms of indoor air quality.

Besides the achievements of the research, examining an existing building
In terms of indoor air quality is an important study because it shows how to
use the theoretical Indoor Air Quality Process and The Architectural Design
Process Model in a practical case. Also, it shows that results of the case
study can be used by architects as information resource for a new design.

1.4. THE LIMITATION of THE RESEARCH

As a research subject, indoor air quality covers a wide area. Previously,
effective factors to indoor air quality are briefly mentioned as outdoor air,
occupants, and the building itself. Also, each factor is the combination of
several subfactors which have relationships and dependencies. Each of
these factors and subfactors is related to different professional areas, e.g.
medicine, chemistry, architecture, engineering, management, etc..

To research each individual factor and its effects and to compile all factors,
their effects and relationships, in an indoor air quality study requires a very
long research time, and a big research team. Therefore, dividing the
subject into determined research areas is convenient for individual
researchers in different professions.

The author of this study is an architect. Therefore, the first decision is to
choose the building itself as the research area within the whole indoor air
quality subject.

The building, as a study area, covers many subjects, e.g. design,
construction, use, social and legal aspects. To compile those aspects in the
existence and the study of the building requires different groups of people
from different professions. Besides, the building as an effective indoor air
quality factor affects indoor air quality from different directions because of its
combined structure. Also, to identify all effects of the whole building on the

Indoor air quality requires long study time and team work too.
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Second decision which is also related to the researcher’s profession is to
select architectural design of the building as the effective indoor air quality
factor. Although, the other effective indoor air quality factors related to the
building are covered in the research, these factors, their effects and
relationships are only briefly explained. Mainly, this research is based on
the relationship of architectural design of the building to indoor air quality.

Because the building and indoor air quality cover quiet a lot different
aspects, as a case study examining an existing building in terms of indoor
air quality requires a lot of work to be done too. However, the case study is
limited by the structure of the thesis due to the researcher's study area.

1.5. THE STRUCTURE of THE THESIS

In the first part of this thesis, the relationship between indoor air quality and
the building is briefly discussed to identify the indoor air quality problem
from an architectural point of view. The assumptions on which this research
IS based, the aims of the research, the importance of the research which

identifies achievement of the research and the limitation of the research
are, also, identified in this part.

The main structure of the research is firstly to take the subject in whole, and
then to proceed to the detailed parts. Thus, the whole building system is
modelled in the second part of the thesis. In this model, the architectural
design of the building and indoor air quality are placed as two processes of

the whole system, and their importance within the whole building system is
indicated.

In the third part of the thesis, the architectural design of the building is
examined in detail as one of the main activity processes of the whole
building system. Indoor air quality is placed as one of the people
requirements related to the quality of physical environment within the
architectural design process. The examination of the architectural design
process is based on The RIBA Plan of Work.

11



The fourth part of the thesis covers indoor air quality which is detailed as
one of the environmental processes of the whole system. The definition of
indoor air quality as a process is achieved by a systematic approach.

The architectural design and indoor air quality processes of the building are
considered in the fifth part of the thesis. This consideration is based on
risk assessment.

The evaluation method for the architectural design process of the building
in terms of indoor air quality is developed in the sixth part of the research.

Grade systems for hardware and for building environment are established.

In the seventh part of the research, the proposed consideration and
evaluation model of the architectural design process and indoor air quality
is applied on an existing building. The structure of the case study is based
on these two parts:

* the theoretical model which is adopted from the thesis and

* the practical work which includes researcher’'s observation within
the selected existing building and questionnaire which is completed by the
user and the architect of the building.

The first step of the application is to examine the existing building in terms
of indoor air quality according to the proposed The Building System Model.
Objectives, resources, activities, hardware and environment of the existing
building are considered with The Building System Model and indoor air
quality during this examination. Due to the aim of this case study, the
existing building is not considered in detail. There is enough information

related to the existing building and indoor air quality to show the connection

between The Building System Model, the existing building and indoor air
quality.

The second step is to relate the life stages of the existing building with The
Architectural Design Process and indoor air quality. Also, The Architectural
Design Process and Indoor Air Quality Process Model, feedback chain and
risk assessment / risk management model are examined.
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The third step of the case study is to examine the evaluation model of The
Architectural Design Process and Indoor Air Quality Process.

In last part of the thesis, the research and resuits of the case study are
concluded, and necessary works for further researches are recommended.
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Part Two : THE BUILDING SYSTEM

2.1. INTRODUCTION

As an unceasing rule of human existence, people have needs in every
situation and stage of their life. They have natural metabolic needs such as
breathing, eating, sleeping, etc.; social needs such as communicating,
working, entertaining, etc.; health and security needs such as being
physically and psychologically healthy, being protected from the effects of
natural environment, wild life, other people, etc. Also, people act in their life
to meet their needs. They breathe, eat, sleep, etc.; communicate, work,
entertain, etc. The things that meet people’s needs are either those that
naturally exist on the earth (eg air, water, flora and fauna, etc.) or those that

are produced by people themselves.

One of the main products is building. People design, pay and use
buildings for almost their all needs. Buildings meet either directly or
indirectly people’'s needs. A building itself does not have an edible
characteristic, so it does not meet directly people’s eating need. But it
provides a space for people to have their meal in a good, pleasant
condition. Again, the building itself does not do the work of people, but
people do their work in spaces within the building.

On the other hand, the building meets directly some of the people’'s needs
with its environmental characteristics. As an artificial environment, a
building has internal physical features such as indoor air, temperature,
lighting, etc. These environmental features directly meet some needs, such
as breathing, visual requirements, heating and cooling. The building,

therefore, should have those properties which allow people to perform their
activities in the building

As a produced object, a building cannot exist without being designed and
constructed. Some people design the building for others. It is defined that
the person who designs buildings is called an architect; and the art and
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science of designing buildings is called architecture (37). Further, design
should meet people’s requirements to be considered as an architectural
work. If it does not meet the requirements, it has been considered as a

sculpture (38),

Also, meeting the requirements is not proof of good architecture. A talented
architect is an important factor of good architecture. Besides, other factors
such as engineering, site condition, climate, ecology, regulations, finance,
outdoor environment, social circumstances, etc. are involved in design of a

building (34, 39,40),

It is clear to see that all factors, some of them mentioned above, have close
relationships and depend on each other. Also, their individual existence is
not enough to achieve the required result. They need to be combined with
a systematic approach. Thus, they become interrelated parts of a whole.
The whole is the ‘Building System'.

2.2. THE SYSTEM
2.2.1. Concept of The System

Different but related definitions of a system have been given in many
studies. According to those of general definitions, a system is:
“(.) a set of objects together with refationships between the objects and between their
attributes " (41:42),

“(.) a set of interdependent processes " (43),
“(.) ‘an accomplishment’ of a phenomenon which is necessary to meet needs

efficiently " (44),
“(.) an assemblage of components formed to serve specific functions or to meet specific
objectives and subject to constraint or restriction " 45),

These definitions emphasize the structure of the system. The structure of
the system is mainly based on;
" elements of the system,
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* individual action of each element,
* relationships (effectiveness, dependency, etc.) of elements,
* results of these actions and relationships of elements.

Also, the structure of the system is bounded by some main tasks (46,47)
which are;

* goals,

* identification and determination of main elements,

* properties of the main elements of the system.

2.2.2. Systems Approach

Systems Approach is the essential part of systems thinking. It can be
generally explained as the way of applying the concept of system to solve a
problem or to meet people’s needs in a responsive environment (38.48), The
main achievements of Systems Approach have been explained in many

studies (3945-48), Under the guidance of these studies, four main
achievement of Systems Approach can be set. These are;

* thought improving,

* problem solving,

* policy setting,

* decision making.

Also, the main characteristics of a system have been determined in studies

(44.45,50,54) with the help of Systems Approach. These main system
characteristics basically indicate that,

* a system can be designed and developed,

* the elements of the system can be also systems,

* when two or more systems form a new system, those two systems
become subsystems of the new system,

* the system is open to optimization,

* only one general system exists,

* time is an important factor at which the system differs from previous
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occurrences, therefore, the general system research is never completed
(50)_

2.2.3. System Modelling

The ;epresentation of a system is generally called a ‘model’ (43), This
representation has qualitative and quantitative characteristics, and
determines the elements of the system, and shows the conditions and

interrelationships of those elements within the system (46.51),

A System Model can be designed in iconic, analogic, or analytic forms

(45,52,33), An iconic model is the representative version of a real article. This
representation is usually done with the change of scale (miniaturized or
enlarged), but sometimes in the real scale. Analogic model is the way of
explaining something by using or making a comparison between two things
which are expected to produce representative behaviour. Analytic model is
the way of using mathematical or logical reasoning about a subject or a
problem.

Besides, these three main forms of System Models, another category which
is called ‘Conceptual Model' is added to the representation of the System

Models 33). Conceptual Models are in the form of pictorial or symbolic
presentation.

Here, a conceptual model will be taken as a basis on which to build a
system model and to apply this model to The Building System. The reason
for this choice is that the conceptual model enables the designer to

translate the knowledge from an illustrated Building System Model to
llustration of a design.

System concepts (elements, their relationships, results) need to be
Interpreted - into a form which is applicable to the illustration of the
Conceptual Model of the System. [n the most basic conceptual model, this
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interpretation has been done as inputs - processes - outputs of a system

(40.43.46), The basic illustrative presentation of this model is shown below in
Figure 1.

L

Figure 1. Basic Conceptual Model of A System

The structure and the main tasks of the system enable the system designer
to identify inputs, processes, and outputs of the system.

Goals of the system are one of the important tasks of the system. The goals
either naturally occur in the creation of the universe, or people's
requirements and purposes determine them in the beginning of any activity.
These requirements, purposes, and goals are accepted as ‘objectives’ of

the system (44.4547)  Objectives of the system are the first structural
elements of the system, and one of the inputs of the system model.

The realisation of those objectives requires existence of many things, eg.
materials, tools, knowledge, skill, etc. These things are called ‘resources’
(>4), Resources are the second structural elements of the system, and the
other inputs of the system model.

Besides, the realisation of the objectives requires some activities to be
done. These activities give new form to the resources, and take place

during the processes stage of the system (44.54), Therefore, ‘activities’
become the third structural elements of the system.

The results of activities, which are targeted to achieve objectives by using
resources, are products. These products are called ‘objects’ of the system,
and present two outputs within the system model. One of those outputs is
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the solid and the formed part which can be called ‘hardware’ of the object.
The other output is ‘environment' of the object. The environment of the

object covers those parts that identify dimensional, physical, chemical, etc.
characteristics of the object. |

The existence of the system model is based on those elements, which are
objectives. resources, activities, hardware, and environment of the object.
AlsO, the quality and the quantity of each element within the system are
dependent on each other. In the absence of any of these elements, the
system will probably not work. Even, if it works, the requested result will not
be achieved. Therefore, the dependency of each element on the other
elements plays an important role within the system model.

Besides, the control of each element and situation within the system is
necessary for the achievements of the system. This control can be done
with the consideration of each element and the information which is
obtained from other elements. Thus, feedback exists within the system, and
becomes an important part of the system model.

The translation of these system elements with dependency and feedback
features of the system into The Elemental System Model gives that
illustrative presentation which is shown in Figure 2.

Each of the system elements, which are objectives, resources, activities,
hardware, and environment, also, consists of one or more factors. For
example, objectives can be established by either those individuals or those
groups of people whose aims are different. But all those different objectives
can be targeted at the same time in the same system. Similarly, different
resources and many activities can take place within the system. Hardware
and environment of the objects can have different, but related features.
This combined structure can make each system element occur in

Independent but related individual systems. Thus, elements of the system
can be systems.

In this case, those independent but related elements become subsystems
19



of a main system. Thus, those two levels can be identified as system level

and subsystems level of the system model. Also, if several main systems
form another system, they become subsystems of the new system, too.

S 'Y S T E M

INPUTS

_.......’.
~ dependency

PROCESSES

hardware environment

OBJECTS / OUTPUTS

Figure 2. The Elemental Model of The System

The third level of the system model is the processes level. A process is a
series of actions which logically occur at different stages of the system

(37,54), Two or more processes can act together and complete another
process. In this case, those processes which act together become

subprocesses of the completed process. All processes within each
subsystem are described in that processes level and related subprocesses
level which is the fourth level of the system model.

The last level of the system model is the programmes and procedures level.

All flow charts within the processes and subprocesses are described in this
level.

These five main levels give the hierarchical characteristic of the system
model, and are illustrated in Figure 3.
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Figure 3. The Hierarchy of The System Model

The hierarchy of the system model can be applied to the elemental system
model. This application describes ‘the main conceptual system model’
which is illustrated in Figure 4.

_--h“_-_-_—_-—ﬂ_-_-—__-—_'——-_-———--—'__—___-

—---—-—-——“-————-—-—_—,-ﬂ_—rﬂ-“-—---__————-ﬁ“--

Figure 4. The Main Conceptual System Model
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2.3. THE BUILDING SYSTEM
2.3.1. The Building

As a term ‘building’ has been used to refer two things which are a kind of
action and a result of that action. The building which refers to the action
has been defined as the art and the practice of putting things together to

form and produce a structure (37.55), In this definition, the main matter is the
process of production.

In architecture, that formed and produced structure which is the result of that
action has also been called as ‘building’ (37.56), As a structure, a building
can be a dwelling house, a theatre, a school, a hospital, and so on. In this
case, the main matter is the result which has been referred as a product
rather than process °7). Here, as a term, the building will be used mostly to
refer to those formed and produced structures, if any additional explanation
IS not given.

2.3.2. The Life of The Building

The existence of a building starts with the people’s requirements. People
need different types of buildings to perform their activities within. Therefore,
they intend to produce them. The existence of the building in a person’s
mind is the conceptual beginning of that building.

After identifying their requirements and making their decisions, people act
to realise the building. This realisation occurs with design and the
construction. Shape and character are given to the building during the

design period. In the completion of the design, the building theoretically
exists.

But, the real physical existence of the building starts of the beginning of
construction period and is completed at the end of this period.
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When the building is physically ready to be used, people's occupancy starts
within the building. People use the building until end of its life. This is the
retirement of the building.

Thus, the building has five main existence stages, and three main existence
periods during its whole life. These are:

First stage . conceptual occurrence of the building; origin for
the existence of the building,

First period . design period of the building,

Second stage . theoretically existing; designed building,

Second period . construction period of the building,

Third stage . physically existing; constructed building,

Fourth stage . people’s occupation of the building; occupied
building,

Third period . use period of the building in which people’s
occupation continuous,

Fifth stage . retirement of the building; unoccupied or

demolished building.

These stages and periods determine the life of the building and are
iHustrated as the life cycle of the building in Figure 5.

The term ‘the life cycle of the building’ has been used mostly in cost

analysis of the building (58-60), In this thesis, the life cycle of the building is
time based. The life time of the building has been accepted from the
beginning of design to the end of occupancy of the building. Therefore, it
covers the design period, the construction period, the use period, and the
retirement of the building. It is generally indicated that giving certain time-
lengths to those periods in the life of the building is difficult (58-€0), However,

in one of the studies (60) the time-length of each period has been
suggested. According to this suggestion the design period is sometime
between 6 months and 10 years; the construction period is sometime
between 6 months and 5 years; the use period is sometime between 6
months and 100 or more years; and the retirement of the building, if it is
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demolished, is 1 month. Although, these time-lengths are given to periods
in the building life, it is indicated that the life of the building is dependent on
physical, economic, functional, technological, social, and legal factors

y

%//
<

RETIREMENT

Retired
Building

Figure 5. The Life Cycle Of The Building

Although, it is an important factor for building cost analysis, here, time is not
mentioned in the illustration of the life cycle of the building, because of the

research area of this study.
2.3.2.1. The Existence Stages and Periods of The Building
2.3.2.1.A. The Conceptual Existence Origin of The Building

The existence origin of the building is people's requirements. People
require buildings because of their needs.

People need many and different things to maintain their survival and their
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living standards. Those things are, generally, called human needs in

human sciences (61-63), and are related to, both, individual metabolic and
social life of people.

The classification of people's needs has been done according to
importance and priority of those needs in people’s life. The most general
classification of people’s needs is to divide those needs into two groups
which are basic needs and social needs (62). Breathing; eating, drinking;
sleeping, waking; excreting; physically and mentally acting are some of
those basic needs. Communication, friendship, belongingness, human
rights, employment are some of those social needs.

In another classification, people's needs have been grouped under three
main categories which are primary, secondary and tertiary levels of needs

(63). Physiological needs such as homeostasis, food consumption and
sexual behaviour have been accepted as primary needs. Safety needs
such as security, stability, dependency, protection, need for law, order;
belongingness and love needs such as relationship with other people,
belonging to a place; and esteem needs such as achievement adequacy,
competence, confidence, independence, reputation, prestige, dominance,
attention have been accepted as secondary needs. Finally, self-
actualisation which is individual differences; cognitive capacities which are
desires to know and to understand; and aesthetic needs which are needs

tor order, symmetry, closure, system and structure have been grouped in a
third level of needs.

Similarly, in another study (61), people's needs have been categorised as
deficiency needs, sufficiency needs, and growth needs. The deficiency
needs such as breathing, eating, drinking, sleeping, waking, excreting,
physically acting are necessary to maintain people's physical survival, and
have, also, been accepted as primary needs. Those needs, which are
necessary to keep living standards at some level which is beyond the basic

survival of people, have been indicated in the sufficiency needs category.
The growth needs are those which go beyond sufficient standards and
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covers people's aspirations for their individual development and
enjoyment. Welfare, equity, achievement, participation, appreciation,
dignity, etc., have been grouped under these last two categories. The
sufficiency and growth needs have, also, been accepted as secondary level
of needs.

It is possible to meet other similar classifications of people’s needs in other
studies. In common, all these studies show that people’s life is dependent
on the existence of many things. Some of them are vital for people's
survival, some of them are necessary for providing some standards in

people’s life, and some of them are individual's aspirations.

Theretore, people require different things to meet their needs. Things which
meet people’'s needs exist in the earth either naturally or as the results of
people’s activities.

The planets in space, the earth itself, air, water, flora and fauna, materials,
even human beings were created, and naturally exist in the universe.
Although, the creation of the whole universe is beyond them, people are
aware of the dependency of their existence on these natural things. Those
natural things can directly meet people's needs in their original form such
as air, water, etc.

However, the existence of these natural things is not enough for people's
living standard. People require and produce many other things to meet
their needs in the life. For example, eating is vital physical need of people,
therefore people require food, and produce it by land cultivation, livestock
production, hunting and fishing, etc. Besides, they require supporting
products to make their food production easier, and qualitative. Thus,

people’s needs and requirements become the origins for the existence of
many products. |

Similarly, the existence of the building starts with the people's needs and
requirements. The building as a product meets many different needs of
people. For example, people require houses to meet their shelter, security,
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comfort, socialisation and self-expression and aesthetics needs (64). Also,
other types of buildings such as hospitals, schools, recreation buildings,
etc., are required to meet people's health, educational, socio-cultural, etc.,

needs. As a required product, this is ‘the conceptual existence of the
building’. .

In Figures 6 Conceptual and Physical Existence Chain of a Product, and in

Figure 7 Conceptual and Physical Existence Chain of The Building are
illustrated.

People's need Production @

CONCEPTUAL EXISTENCE ’ \

S

PHYSICAL EXISTENCE

Figure 6. Conceptual and Physical Existence Chain of a Product
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Figure 7. Conceptual and Physical Existence Chain of The Building
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2.3.2.1.B. The Design Stage of The Building

As summarised above, people require things to meet their needs.
However, requiring those things is not enough for their existence. They
need to be produced. Therefore, another link, which is production, is added
to the existence chain of those things which are products.

Production which is the act of bringing the products into existence as a
result of any process or activity, has two stages which are design and
construction of those products (Figure 6).

As one of the major products, the building has both those of stages (Figure
7). In the design stage, physical appearance and other characteristics such
as interior environmental features, aesthetic appearance of the building are

decided and theoretically given to the building. The qualitative
characteristic of the building is mostly dependent on design stage
decisions.

From the simple one to the sophisticated one, several definitions of the

design have been given in many studies (37.40.43,57.66-68),  All these
definitions mainly indicate three distinctive ideas about the design.
According to the first idea, the design is the creative organisation of
information, and the way of assembling that information into a form to solve
the problems. In this definition, design has been described as a process
(37.66), The second idea indicates that the design is, also, the product of
this process (40), Finally, the design has been defined as the control of the
environment (43.67),

In this research, the design will be used to describe the creative process
which refers to the building design, and the result of this process will be
described with the name of the product which is the building itself.

The building design process is the combination of a series of actions.
Those actions take place in the design process in an order. The
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arrangements of those actions have been given in many studies
(35,36,40,43,57,69,70), A general presentation of different views about the
design process is shown in Table 1.

Most of those studies show the general procedure of the events and the
stages of the design process. Also, the whole process covers the
conceptual existence, theoretical existence which is design, construction,

and use stages of the building.

This general procedure is helpful to set a general working plan for the
design and construction team, and the organisation as user of the building.
But, this working plan will be abstract, if clear definitions of all actions and
stages within the whole process are not done. Therefore, it will be difficult
to forecast the problems and to make a division of labour within each stage
of the whole existence process of the building.

The RIBA Plan of Work (69) goes further into this general procedure. The
purpose of work and decisions, tasks, and participants who are directly
involved have been defined for each stages within the whole process.

In this research, design, construction, and use of the building will be based
on The RIBA Plan of Work, because it enables the researchers and
designers to extend their points to the whole existence process of the
building.
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Table 1. General Presentation of Design Process
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2.3.2.1.B1. Consideration of The RIBA Plan of Work and
The Existence Stages and Periods of The Building

The first action within the briefing stage of the RIBA Plan of Work is
Inception. In this stage,clients should state their needs and requirements.
As a leader of the design team, the architect should examine all this
information, and should prepare first a general brief, which includes the
statement of requirements, time, and cost factors. This general brief will be
developed in further stages. So, this stagé is the first conceptual existence
stage of the building.

The second step of the briefing stage is feasibility actions in which the
development of organisational statements between the architect and the
client continues. Besides, the architectural design, which gives the
character and the actual appearance to the building, starts in this stage.
Also, engineers such as civil engineers, mechanical and electrical
engineers are involved in the design of the building. Therefore, the
theoretical existence of the building starts with the feasibility actions.

The sketch plans stage and working drawing stage are the actual
architectural, and engineering design stages of the building. The sketch
plans stage covers outline proposals and scheme design. The working
drawing stage includes detail design, production intormation, bills of
quantities and tender actions. Also, selection of building materials and
contents, such as fittings and furniture, makes the manufacturing design to
be involved in the design of the building during these stages. In the last
step, (tender actions) of the working drawings stage, the designed building
as a product of the whole design activities is obtained. The theoretical
existence of the building is finished with the completion of these stages.

The fourth stage in the RIBA Plan of Work is site operation in which the
actual physical existence of the building starts with the beginning of this
stage. This stage is, here, called the construction stage, and is briefly
defined in the following section which is C. Construction Stage of the
Building.
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During the design of the building, four main activities take place within the
design process. These are:

(a) architectural design activities,

(b) engineering design activities,

(c) manufacturing design activities, and

(d) organisational activities.

In this research the architectural design of the building will be examined in
terms of indoor air quality.

In Table 2 the conceptual and theoretical existence periods and stages of
the building, and the RIBA Plan of Work are considered.

Table 2 Consideration of The RIBA Plan of Work and
The Conceptual and Theoretical Existence Stages of The Building

THE RIBA PLAN of WORK THE LIFE STAGES
of THE BUILDING
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2.3.2.1.C. The Construction Stage of The Building

When the design of the building is completed, the construction actions start
and bring about the building physical existence. These actions take place
In the site area, and are referred under the ‘site operation' stage of the
building in the RIBA Plan of Work. This stage is, here, called as
construction stage of the building.

The first step of the construction stage of the building is the project planning
in which organisational arrangements between client, designer, and
contractor continue. Besides, three main arrangements take place in the

site area before the construction of the building starts (68.71.72), These are:
(a) preparation of site teams, job programming; (b) establishing the site
area; (c) supplying the building materials and components, and the
machinery and tools.

The second step in the construction stage is operations on site area. In this
stage the substructure, superstructure, completion elements, finishes,

services, installations, fixtures, and loose equipment of the building (71.74)
are built according to the design of the building, and the work programme of
the site operations.

The construction stage of the building finishes with the completion of the
site works which includes inspecting the building and site area, completing
outstanding works, clearing the site area, arranging the final meetings and
handing over the constructed building to the client.

During the construction stage, which is the physical existence period of the
building, three main activities take place. These are:

(a) organisational activities,

(b) site preparation activities, and

(C) building construction activities.

The Table 3 shows the consideration of the construction stage of the
building and the RIBA Plan of Work.
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Table 3. Consideration of The RIBA Plan of Work and
The Physical Existence Stage of The Building.

| THE RIBA PLAN of WORK THE LIFE STAGES

¢

Theoretical Existence
of The Building

o
=
s
= |
«(y=== DESIGNED BUILDING ==eews=wus
J. PROJECT PLANNING Physical Existence of The
- Building ( Construction)
& | K. OPERATIONS on SITE (a) Organisational activities
.'E (b) Site preparation activities
E Qe L. COMPLETION (c) Building construction
O activities
HR=
M. FEED - BACK
={)=4 CONSTRUCTED BUILDING |*=""
+ USE STAGE of THE BUILDING * People's Occupation of
The Building
OCCUPIED BUILDING

2.3.2.1.D. The Use Stage of The Buiiding

Once the occupants of the building move in, the use stage of the building

actively starts. The occupation and the use of the building continue during
the whole use period of the building.
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The nature of the building occupants can be people, animal, plant, artifact

or machine (73), However, among all these occupants, only the people are
the decision makers and the organisers. Therefore, in this research, the
terms occupants or users of the building will refer directly to the people,
unless there is additional explanation about other occupancy within the
building.

The occupant or occupants of the building can be either an individual or a

group or an organisation (76), The group and the organisation will, also,
have individuals in their structure. This classification gives the magnitude
of the occupants within the building.

People act within the building. These activities can be classified according
to their needs, or according to the magnitude of the occupancy. If the
classification is based on people’s needs, the people’'s activities can be
combined into four groups which are physical activities, psychological
activities, social activities, and productive activities. If the classification is
done according to the magnitude of the occupants, the activities can be

grouped as individual’'s activities, group activities, and organisational
activities which also cover group and individuals activities.

The organisational activities have been identified in many studies (43,77-80),
Here three of those identifications of the organisational activities are

summarised. In the first classification (43.77), organisational activities have
been grouped as (a) workflow, (b) control, (c) communication, (d)
identification, and (e) informal activity.

In the second classification (78), two main activity groups have been
identified. These are: (a) planning activities which include forecasting or
predicting, planning, and organising or preparing activities; and (b)
executive activities which include motivating or commanding, controlling,
coordinating activities.

The third classification (79) divides the activities into five main groups which
are (a) initiation, (b) organisation or planning, (¢) people and facility
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readiness, (d) start-up, (e) operation.

Although, in the first classification (43), the design of the building has been
referred under control activities, here design activities will be separated
from the control activities. Because, the control activities are, here,
accepted as the part of the use activities which are identified before
production of the building but happen after the physical existence and the
occupation of the building.

While people are doing their activities within the building, they compare the
efficiency of the building with their requirements, expectations and findings.
Thus, the use stage becomes the most evaluated and criticised stage of the
building. The evaluation and criticism of the building include the design
and the construction of the building as well as the management of the
building. Besides, they provide useful information for the improvement of
the conditions within the building and the other buildings which will be new-
designed and constructed. This is, generally, called feed-back which has

been referred to as the last step in the RIBA Plan of Work (69),

Due to those classifications which are briefed above, three major
statements can be given about the activities and their effective areas within
the building. These are :

(a) activities which are related to the profession of the organisation,

(b) activities which are related to the individual user of the building,
and

(c) activities which are related to the physical existence of the
building.

As results of the evaluation and criticism of the building, the activities which
are directly related to the physical existence of the building, and take place
during the use period of the building can be united in three major groups

(71), These are : (a) cleaning, (b) maintenance, and (¢) refurbishment /
modernisation / alterations.

These activities which are cleaning, maintenance, and refurbishment /
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modernisation / alterations can happen several time during the use stage of
the building. If there is any refurbishment, modernisation or alteration within
the building, in this case the design and the construction activities partly
take place during the use period of the building.

The consideration of the use stage of the building and The RIBA Plan of
Work is shown in Table 4.

2.3.2.1.E. The Retirement of the Building

The retirement of the building is the last stage in the life cycle of the
building. The building retires for many reasons. For example:

* The amenities and the facilities within the building become
inefficient to meet with the users' requirements,

* The running cost of the building becomes high and unacceptable to
keep the building in good condition,

* The failure of the building due to the natural disasters such as
flood, and earthquake, etc.; or because of vandalism such as people attack,
sabotage, etc.,

“ Although the building can be efficient, people can still empty the
building because of their changeable attitudes.

The retirement of the building can happen in two conditions. Firstly, if the
building is emptied for any reason, and if it is decided to leave the building
as unoccupied for limited or unlimited time, this building can be accepted
as a retired building . In this case, the retirement period of the building will

continue until the decision is changed and the new occupants move in.
During this period, alterations, or modernisation, or refurbishment can be

done within the building. Therefore, design and construction activities can,
also, take place in retirement period of the building.

The second condition in the retirement stage of the building is the
demolition of the building. Once, the building is demolished, this means the
building has completed it's life, and does not exist any more.
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The consideration of the retirement stage of the building in The RIBA Plan
of Work is, also, shown in Table 4.

Table 4. Consideration of The RIBA Plan of Work and
The Use Stage and The Retirement of The Building
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2.3.2.2. Effective Features for The Existence of The Building

During the life cycle of the building so many things are involved and
gathered to bring the building into existence and to use the building to meet
requirements. For example the goals and the acts of bringing the building
into physical existence; the physical structure and the environment of the
building as the result of those goals and acts; and the supportive features
such as knowledge, skill of designing the building, technology and material
to design and built the building, rules and standards to control the suitability
of the building, etc. These are important and effective features for the
existence of the building, and take place in every stage of the building.

These effective features can be grouped in five categories which are (A)
objectives, (B) activities, (C) hardware of the building, (D) environment of
the building, and (E) resources.

2.3.2.2.A. Objectives for The Existence of The Building

Objectives are the goals of the people who are involved in the existence of
the building. Those people have been identified as participants of the

design, construction, and use processes of the building (36.39,82,83),

Those people who are involved with the existence of the building can be
divided into five main groups. These are:

(a) First group of the participants: These are the people who need
the building and finance the whole building project. Clients, users, and
developers are in this group of the participants that can be an organisation
or an individual.

(b) Second group of the participants: These are the people who
design the building and lead the whole building project. Architects,
engineers, quantity surveyors are in this group of the participants. This
group of the participants is called the design team.

(c) Third group of the participants: These are the people who build
the building in the site area. Contractors and subcontractors are in this
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group of the participants that is called the construction team.

(d) Fourth group of the participants: These are the people who
supply the building materials and components; fittings and furnitures, tools
and machineries; services such as gas, electricity, water, and telephone.
Manufacturers, traders, and public services boards are in this group of the
participants.

(e) Fifth group of the participants: These are the people who govern
the building design and construction, and set the rules, standards and
regulations. Local authorities, town and county planning departments;
building control departments, institutes, and establishments; public health
and safety departments; etc. are in this group of the participants.

These five groups of people take active and effective role in every life stage
and period of the building. However, dominance of their role is changed
according to the life stages and periods of the building. For example,
decisions of the first group of participants, who are clients, and users, etc.,
are effective during the identification of the users’ requirements and the
idealistic existence of the building. But in the design period of the building,
effective decisions and activities, which bring the building into theoretical
existence, come from the design team. Although, the design team'’s
decisions are effected by clients requirements, the designers bring their
own ideas to the design of the building. During the construction period of
the building, the contractors’ activities are effective, although they act
according to the designer's decisions. In the use period of the building,
users of the building take their active place. The technical suppliers such
as manufacturers, traders, and public service suppliers, and the approving
authorities such as local authorities, town planning, and heaith and safety
departments, etc. affect the decisions of clients and users, designers and
contractors in all life stages and periods of the building.

Therefore, the objectives of those five groups of participants are matched in
the existence of the building (Table 5).

The organisation as the group of users, clients, and developers has some
targets to achieve within the building. These targets, which are investment,
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production, profit, stability, prestige, user well-being, security, morale,
durability, flexibility, etc., have been identified as the organisational

objectives (36,43,62,77.84)  The most referred categorisation of the
organisational objectives has been indicated as production, adaptability,
morale, and stability (43.77.84),

Table 5. Correlation of The Objectives and
The Life Periods of The Building

OBJECTIVES

LIFE PERIODS
of the

BUILDING

seren 010101018 @ i

(institutes, rulers, etc.
(Manufacturers, etec.)

(Construction team)
SUPPLIERS

(Client, users, etc.)
DESIGNERS
AUTHORITIES

ORGANISATION
(Desian team)

The building designers aim to meet the requirements of the organisation,
the construction team, and the authorities. Besides, they aim to
demonstrate their creativity, and to continue establishing their reputation in

architecture (3685), The goals of the designers are functional suitability and
utility of the building, flexibility in the design for possible changes within the
building, structural and environmental performance of the whole building.
These goals meet with the organisational requirements. Buildability of the
building design, repetitive work, availability of the selected building
materials are the second group of designers' goals which meet the
construction teams’ requirements. Meeting the legislation, rules, standards,
and achieving the quality in the design of the building are the authority
requirements related goals of the building designers.
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Quality, continuity and repeat of work, improving site management and
organisation of work are some of the construction team'’s objectives (36),

2.3.2.2.B. Activities During The existence of The Building

During the life periods of the building, which are design, construction, and
use, those groups of participants act towards realising their objectives. As
briefed in section 2.3.2.1. Existence Stages of The Building, the activities
which are taken within the building can be grouped in three main
categories. These are: |

(a) design activities which include organisational activities,
architectural design activities, engineering design activities and
manufacturing design activities,

(b) construction activities which include organisational activities, site
preparation activities and building construction activities, and

() use activities which are mainly organisational activities and
iInclude profession related activities, individual related activities and
building related activities.

Table 6 shows the correlation of the activities within the building and the life
periods of the building.
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Table 6 Correlation of The Activities within The Building and
The Life Period of The Building
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2.3.2.2.C. Hardware of The Building

Hardware of the building is the shaped, sized and fabricated physical
appearance of the building which exists as the resuilt of the building design
and construction activities. Hardware of the building can be accepted as
the body of the building which covers all its physical parts. Those physical
parts of the building have been classified in many studies which are related
to the building construction, classifications, standards, rules, etc. The
Cl/SfB Specifications of the building and the building product are the most

internationally accepted classifications (73.86-88),

In The Cl/SfB Specification Table 1, those physical parts of the building
have been classified in eight main groups (73.86-88), These are:
(1-) Substructure; ground, floor beds, foundation and retaining walls, etc.,
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(2-) Superstructure; external and internal walls, floors and galleries, stairs and
ladders, roofs, building frames, chimneys, etc.,

(3-) Completion of structure; windows, doors, suspended ceilings, roof
lights, and balustrades and barriers, etc.,

(4-) Finishes to structure; wall finishes, floor finishes, ceiling finishes, roof

finishes, etc.,
(5-) Services; refuse disposal, drainage, water, gas, refrigeration, heating,
ventilation, etc.,

(6-) Installations; power, lighting, communication, transport, security, fire and
lightning protection, etc.,

(7-) Fixtures; circulation fixtures, general room fixtures, culinary fixtures,
sanitary fixtures, cleaning fixtures, storage fixtures, etc.,

(8-) Loose equipment; circulation loose equipment, general room loose

equipment, culinary loose equipment, sanitary loose
equipment, cleaning loose equipment, storage loose

equipment, etc.

Besides, in the same specification table, these eight groups of building
elements have been briefly summarised as substructure, fabric of the
building which covers superstructure, completion and finishes; services and

installation; and fittings which covers fixtures and loose equipment (€6),

Another summary of building elements has been given as constructional
elements which covers substructure, superstructure and completion;
services which covers all services and installations; and contents which

covers finishes, fixtures, and equipments (43),
In this research, The CI/SfB Specification is accepted as the basic detailed

building elements classification, and all these building elements are
summarised as in Table 7.
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Table 7. Consideration of Building Hardware Elements and
The CI/SfB Building Elements Specification

Building Hardware

STRUCTURAL

Cl/SfB

Specification ELEMENTS SERVICES

-
(a) Environmental

(a)

(1-)Substructure | gyubstructure Services
*heating,
(b) *ventilation,
(2-)Superstructure superstructure | *lighting, etc.

(c)

completion

(b) Supply Services
*gas,

*hot & cold water,
*electricity, etc.

(3-)Completion

@)

finishes

(4-)Finishes

(a)
Fittings

(c) Disposal Services
*waste removal,
*drainage, etc.

(5-)Services

*all fixture

elements

(6-)Installations (d) Central Plant

(b)

Furniture

(7-)Fixtures

*all loose
equipment

(8-)Loose Equipment

2.3.2.2.D. Environment of The Building

Environment is the particular surroundings in which people and other
creatures such as animals and plants live. Also environment is the

particular conditions and events which affect the life of people and other

creatures 37), These surroundings, conditions and events exist either
naturally or artificially.

The earth jtself is the main natural surrounding; outdoor climate,
temperature, daylight, darkness, outdoor air, etc. are the natural conditions;
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and movements on the earth, wind, rain, snow, etc. are the natural events.
Thus the natural environment covers all these aspects even the people and
other creatures themselves. |

The built surroundings such as cities, urban areas, location,
neighbourhood, building, etc. are the artificial surroundings, the built
conditions such as indoor climate, temperature, indoor air, lighting, etc. are
the artificial conditions. As the main events, people’s activities take place
within the built surroundings and are affected by the artificial conditions.
The built environment covers all man-made surroundings, Indoor
conditions, and people’s activities.

One of the main components of the built environment is the building itself.
The environmental characteristics of the building have been described in

many studies (43.77.89-93)  According to the research area, these studies
cover some particular environmental characteristics of the building.

The studies in applied science and technical research area (43.77,83-93)
mostly show two main environmental features of the building. These are
the spatial features which are the shape, size, orientation, location, etc. of
the building; and the physical features of the building which are indoor
temperature, humidity, light, sound, indoor air, etc.

The studies in design and social science (40.93-95) indicate the social
characteristics of the internal environment which are related to the people’s
behaviour, attitude, culture, etc.

Those of spatial, physical, and social characteristics are related to the
internal environment of the building.

However, the building, itself, is surrounded by natural and other built
surroundings and conditions. Existing buildings around the building,
neighbourhood, city, district, flora and fauna, etc. are the outer surroundings
of the buildihg. Outdoor climate, public services such as transport, water,
electricity, gas, etc. are the outer conditions of the building.
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Thus, the environmental characteristic of the building can be classified into
two main groups which are indoor environment and outdoor environment of
the building.

a.Indoor Environment of The Building

It can be, generally, said that as a built environment the building has three
main internal environmental characteristics. These are:

(a;) The building as a spatial environment,

(a,) The building as a physical environment,

(a;) The building as a social environment,

(a4) The Building as a Spatial Environment

People’s needs and requirements which are related to the existence of the
building lead the people to produce the building. This is the conceptual
existence of the building (Part 2.3.2.1. The Existence Stages and Periods of
The Building, Figure 7. The Conceptual Physical Existence Chain of The
Building). In this broad flow chart the sequence of actions in the building
production are shown in following order:

people’s needs =¥ requirements =¥ building.

From this general concept, the sequence of the actions can be detailed to
establish the specific areas within the building. In this case, people’s
requirements lead the people's purposes to be established, and these
purposes lead the function of the building to be set. People’s requirements,
also, set the people's activities within the building, and people’s purposes
and the function of the building meet those of the activities within the
building. This order brings the need of the space(s) within the building, eg
space for cooking, space for sleeping, space for working, etc. These
spaces form the units within the building, eg kitchen, bedroom, office, etc.

The arrangement of these units forms the building, eg house, office
building, school, etc.
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This detailed sequence of the actions in the conceptual existence of the
building is shown in Figure 8.

PEOPLE'S
REQUIREMENT
e e

PURPQOSES D
FUNCTION of
THE BUILDING

Figure 8. The Sequence of The Actions In
The Conceptual Existence of The Building

¢
Ll
=
=
jo
X
X

SPACE 1 UNlT 'I
’ SPACE 2 UNIT 2 THE BUILDING
SPACE n UNIT n

The space is people’s first surrounding within the building, and the unit is
the second surrounding. Finally, the building itself is the main surrounding
which is formed by units and spaces. These three levels of the
surroundings exist by giving dimensions, which are length, width, and
height, to the space, unit and the building. Also, arranging their location
and deciding their form are important features in their existence.

The spatial existence of the space, unit, and building makes the whole
surrounding, which is the building itself, a spatial environment. The

building as a spatial environment has some characteristics (35.40,43), These
characteristics have been grouped under four headings which are

geometry, form, location, and adaptability of the space 0,

The spatial characteristics of the space, unit and building:
(a4 4) Dimensional characteristics
. length,
. width,
. height,
. Size
. volume
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(a4 ») Formal characteristics
. shape
. layout
. proportion
. orientation

(a4 3) Locational characteristics

' . functional connections

. physical similarities and/or differences
. dimensional similarities and/or differences
. formal similarities and/or differences
. utilisation
. Zones

(a4 4) Flexibility
. functional changes
. adaptability to new utilisation
. expansion
. mobility

(a3) The Building as a Physical Environment

The space(s) and unit(s) within the building, and the building itself have
physical conditions such as temperature, humidity, lighting, noise, etc.
These conditions differ according to the function and the utilisation of the
space, unit and the building.

People respond to the of physical conditions within the space, unit and
building. This response occurs with people's sensory systems. People
perceive the light, colour, spatial environment, etc. with their eyes, and
perceive the sound and noise with their ears. They breath the air, and
respond to the odour with their nasal system. They feel the characteristics
of the surfaces by touching, and absorb the heat through their skin

sensation. Therefore, people’'s sensory systems are important to classify
the physical conditions within the space, unit and building.
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In studies which are concerned with the environmental design aspects the
classification of these physical environmental conditions has, generally,

been done according to people’'s sensations (43.40.89-93,96)  Aiso, the
familiarity of the physical conditions to each other is another important
factor for their categorisation. For example, although feeling the
temperature is related to the skin sensation, and feeling the air quality is
related to the nasal system both of them have been classified in the same

group because they are both features of the atmospheric condition within
the environment.

The physical features which are related to the environmental conditions of
the building can be classified in four main groups. These are:
(a5 1) Atmospheric features of the physical internal environment
Thermal Features
. temperature,
. humidity,
. air movement,
Indoor Air Quality
. indoor air pollution
. ventilation
Electromagnetic Radiation
(a5 5) Visual features of the physical environment
Lighting
Reflection, brightness, glare
Colour
(a5 3) Auditory Features
Acoustic
Sound
Noise
(a5 4) Features related to the Sense of Touch
Texture of the surfaces
Softness and/or hardness of the surfaces
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(a3) The Building as a Social Environment

People as users act within the building. The nature of people's actions are
more than automatic movements which are done in sequence. Although
there are general instructions which show how to do different kinds of jobs,
and general acceptances that show how to maintain relationships with
other people, etc., people's actions show different characteristics due to
people’s behaviour.

The instructive classification of people's activities is done in Part 2.3.2.2.B
Activities During The Existence of The Building as design activities,
construction activities, and use activities.

People interact with their surroundings and the conditions as well as they
react to them. This communicative situation appears in people’s behaviour.
The factors which have influence on people’'s behaviour have been
indicated in the studies which are concerned with the people and their

environment (91,83-85,87,98,100), These factors can be defined as personal
identification, social characteristics, socio-cultural characteristics, and
physical and psychological interaction.

The building should be able to provide the factors to maintain people's
relationships between people and their surroundings including other
people and things. Therefore the building as a built environment has
social characteristics.

The social characteristics of the building:
(a3 4) User identification

Classification: human based users=people: occupants,
non-occupants; non human based users:
animals, plants, machinery and equipment.

Categories: individual; group.

ldentity: age; sex; health condition / disability.

Occupation: job description; job level; time of
occurrence; duration.
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(a3 ) Social characteristics
Privacy
Personal space
Territorial behaviour
Crowding
community
(a3 3) Socio-cultural characteristics
Customs
Lifestyle
Traditions
(a4 4) Physical and psychological interact
Health
Safety
Comfort
Security
Functional appropriateness
Adaptation
Aesthetic / delight

b.Outdoor Environment of The Building

Outdoor factors which limit and control the relationship between the
building and the external environment can be classified in four main group

(3540), These are; outdoor spatial features / site; topographic features;
outdoor physical features; outdoor services for the building.

(b4) Outdoor spatial features
size of site
usable area
location
access
neighbourhood / existing buildings
(b,) Topographic features
| geograpny
seismic area
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ground water
soil characteristics / load-bearing
(bg) Outdoor physical features
(b, 1) atmospheric features
. temperature
. humidity
. wind
. rain / snow
. Sun
. outdoor air quality
. radiation; electromagnetic and radioactive
(bs ,) flora and fauna / ecological features
. trees, bushes
. wild life / animals
. environmental pollution; soil, water, air poliution
. Noise
(bg) Outdoor services for the building

water

electricity

gas

telephone

sewer

transport; public and private transport, parking etc.

2.3.2.2.E. Resources for The Existence of The Building

Resources are important features of the building. The realisation of the
building is dependent on the existence of the resources. Land, materials,

tools and machinery, money, time, energy, people themselves, rules and
regulations, publications, etc. have been indicated and grouped as the

resources of the building and/or design in related studies (36.:38.40,101,102),

The resources of the building are, here, classified into four main. groups.
These are.

SK



(a) People
(a1) Client, user, developer
(a2) Design team; architects, engineers, surveyors, etc.
(a3) Construction team; contractors, workers, etc.
(a4) Suppliers; manufacturers, traders, services boards, etc.
(a5) Control authorities; government, local authorities,
institutes, etc.
(b) Integrative resources
(b1) Finance
(b2) Time
(b3) Enerqgy
(b4) Work place
(bS) Management
(c) Information resources
(c1) Rules and regulations
(c2) Science
(c3) Publications
(c4) Experience
(c5) Case studies
(c6) Evaluation / Feedback
(d) Technology
(d1) Materials
(d2) Building components
(d3) Tools and machinery

2.3.2.3. Evaluation of The Building

During the whole life of the building, people evaluate the building from

different points, These evaluations are necessary to make judgments on
whether the building meets people's requirements or there is a failure of its
quality.

The studies about building evaluation (43.57.59.71,75,76,80,84,86,103-108) |ndicate
the evaluation areas within the building. Technical performance, fitness for
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purpose, user satisfaction, well-being, costs, and uncertain situations are
the areas in which the building is evaluated. These evaluation areas can
be classified into three main groups. These are; (a) performance
evaluation of the building, (b) cost evaluation of the building, and (c) risk
evaluation of the building. The classification of the building evaluation
areas Is shown below, Figure 9.

BUILDING EVALUATION

PERFORMANCE EVALUATION ECONOMIC EVALUATION

RISK EVALUATION

(a) Technical Performance | |(a) Space Conservation . (@ Risk
* Hardware of the building e Identification
structural elements £ )
services : : £ 1i(b Risk
contents (b) Material Conservation ﬁ Estimation
adl
L
(b) Functional Performance : & |l (c) Risk
ion
* Hardware of the building ¢) Time Conservat Evaluation

* Spatial environment

(d) Energy Conservation (d) Risk

Acceptability

c) Behavioural Performance
* Spatial environment

* Social environment (e) Finance
* Cost of building design

* Cost of building
construction

(e) Risk

(d) Well-being Control

et
=
QL
=
a)
Ch
x
=
o0
i
=4
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Physical environment * Cost in use

* Spatial environment
* Social environment

Figure 9. Elements of The Building Evaluation

People's requirements and activities are the main criteria for the building
evaluation. Therefore, identification and classification of requirements and
activiies are important to make a healthy judgement about the building.
Also, this identification addresses the features of the building that should be
evaluated according to those of classified requirements.
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People's requirements related to the technical, functional, behavioural and
well-being aspects are the criteria to evaluate the performance of the
building (45.76.80),

The technical requirements such as durability, stability, rigidity,
maintainability, loads, etc. are the criteria for the evaluation of the technicai
performance of the building. Technical aspects address the hardware

features of the building which are structural elements, services and
contents.

The functional performance of the building is measured according to the
functional requirements such as fitness for purpose, adequacy, utility, etc.

Functional requirements address the hardware and spatial features of the
building.

Behavioural expectations such as privacy, community, communication, etc.
lead to the evaluation of the social characteristics of the building.

User's well-being, health and safety, psychological comfort and satisfaction
are the criteria for the evaluation of mainly physical features of the building.

Besides they are used to evaluate spatial and social characteristics of the
building.

People evaluate the building according to their economical expectations.
These are space conservation, material conservation, time conservation,
energy conservation, and finance which covers the design, construction
and running costs of the building (57.59.71,75,80),

People’s requirements are determined criteria for the performance and
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