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A METHOD FOR SELECTING BUILDING PRODUCTS TO PERFORM
THE SAME FUNCTIONS REQUIRED BY USER

Dr. ERTAN OZKAN

SUMMARY

As a result of industrialisation, the number of building  products
which perform the same functions is rapidly increasing. Due to this
fact the selection of the most suitable building products becomes an
important problem for user.

The paper deals with development of a method for the selection of
the most suitable building products to perform the same  functions
required by the user. The method basically has four phases as
follows :

. Setting up the objectives, constraints, criteria and the alterna-~
tives ; then establishing the relationships among them by pairs
and as a whole, to form a base for evaluation.

. Evaluation is achieved by measuring the performance properties
of alternatives by using a specific scale and by defining
them by single unit which is user's ' benefit "', Regardless
of the system used in measuring the properties performed by
alternatives, their values must be converted to ' benefit ',

. The comparison of the sums of the " benefits ' obtained by al-
ternatives meeting the same functional requirement is neverthe
less insufficient for comparing them, This is due to the fact
that the degree of " importance ' changes according to the rela
tionships among objectives, criteria and alternatives in connec
tion with the user requirements.

Therefore the real '"benefit value' which gives the overall=worth
of a building product can only be obtained by multiplying  the
"benefit " values of it with the corresponding degrees ~of
" importance ', As a result, the highest "benefit value" which
is yielded by an alternative is the best or the most suitable
alternative to meet the user requirements.

INTRODUCTION

The potential of industrialisation in building rapidly increases the
number of feasible building products.which perform the same func -
tions. Similarly, as the uger activities and the quantity of equipment
utilized in them increase, requirements become  correspondinly
more and more complex,
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The selection of the most suitable product from among the numer-
ous alternatives produced to meet certain requirements becomes a
critical problem in the design process. Because of the increase in

the number of user requirements and the product alternatives, it
is almost impossible to make a proper intutive decision,

SELECTION OF BUILDING PRODUCTS

'The ultimate goal is to develop a method for identifying and evaluat-
ing products which perform the same functions in the built-environ -
ment, then selecting from product alternatives the most suitable
once for the user requirements.

A system for selecting building products can be achieved by modify
ing the phases of decision making - problem solving methods with-
out changing their structure, (1), (2}, (3) . This can be done by:

. Defining and formulating the problem - defining the ultimate
goal and identifying the elements involved in the selection,

. Setting up objectives and constraints
. Setting up alternatives
« Setting up criteria.

. Constructing the conceptual model - establishing relationships
among the elements,

. Deriving the solution through evaluation, comparison and the
final selection of the most suitable alternative from among the
building product alternatives,

. Testing the model and the preferred alternative.

Relationships among the above phases with the elements in each phase

are  conceptually established through an ' output model ' developed
by the ' systems approach '. Fig. L.

SETTING UP THE ELEMENTS FOR SELECTION

For setting up the elements which will take part in the selection pro
cess, it is found that classifying and coding the objectives, con-
diraints, alternatives and criferia appear necessary, but they are.
inadequate. The reasons for this are the following :
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» The external and internal environmental factors and the user
requirements, which bring forth the elements for selection have
to be defined systematically for the setting up of objectives and
constraints or criteria,

. Owing to the fact the building product alternatives are so numer-
ous, it appears impossible to classify them. For this reasona
method must be developed to classify the ! building system vari-
ables ' in facets. To set up the product alternatives, the facets
are then integrated.

As a result, to set up the elements properly, it must be considered
firstly external factors and user requirements. Then objectives ,
constraints, ' building system variables " and the properties which
might be used as criteria are classified and coded, The ' faceted
classification " theory is taken as a base for this purpose.

Setting up Objectives and Constraints

Objectives are the purposes for which the selection among the alter-
natives are made. Thus they become selfimposed guidelines that
bound the selection.The alternative which will be selected can onlybe
the most suitable building product where it is used, if the objectives
and constraints bring correct restriction in selection process. For

this reason objectives have to be defined and set up systematically,
in accordance with the user ‘s physiology, psychologic and sociologic

characteristics, the user activities, external factors and the relation
between the selected alternative and the other building products which
are used together with it, (4 ). The classifying and coding of objec

tives can be done as the following :

Da General
b Objectives related to user

¢ Useability, serviceability - related dimension. area, space
Social and ethical convenience ~ privacy etc.

Comfort

Health - protection

Safety -~ protection

Aesthetic appreciation, satisfaction

Objectives, related to building products

 Feasibility, ease of building
Useability ) related to the products

Flexibility, 1nterchangeab1hty ) used together with the
Suitability ) alternative.

1 by
ooy =0 o Q.
Oﬁgr—W!



p  Ease of maintenance

r Durability

u  Resource allocation suitability
v  Economy

All set up objectives neither have the same value nor take part in
every product selection. To express the fact that the level of impor

tance has to be established among the objectives for each selection,
(5).

The constraints give dimensions to limit the objectives and describe
how they are to be attained. For this reason, the constraints di

rectly depend on the objectives and are set up in accordance with
them,

The combination of objectives and constraints constitute restriction

which take part in rules, specifications and standards in accordance
with their degree of importance and generality.

Setting up Alternatives

Building product alternatives which meet all or some of the require-
ments expected from the built-environment in physical and/or func-
tionaldimensions have to be known in detail. On account of the impos.
gibility of classifying all the product alternatives the building systems
are classified.

In the last two decades, many building classification systems have
been developed for various reasons, such as SfB, CBC, BSABCIASP
BIC systems etc., However, it is found that their related tables have
been not set apart according to the stage of completion of the pro-
ducts that they also do not give the possibility of expressing all the
building product alternatives in detail.

To solve the problem, each variable of the building system is classi-
fied and coded in a separate ! facet ' and spread over a wide area in
the firststep, (6 ). Thus, a flexibility is provided in formulating
the building product alternatives by supplementing different ' facets’
with each other without using certain coding nests. For this purpose
a  building system's variables classification system is structured
as the following :



. Physical Level Ka-Kz Materials - Basic constituent pro-
duct as undefined mass
Ma-Mz Parts~ defined mass which is inde
pendent from specific function
Na-Nz Components
0Oa-0z Elements

Pa-Pz Units
. Physical - Sa-8z  Structural sub- systems
Functional Level Ta-Tz Basic functional elements sub- sys~
tem

Ua-Uz Services sub- system
. Functional Level Va-Vz Building spaces und sub~- spaces
Ya-Yz Building.

Setting up Criteria

Criteria are the means by which alternatives are measured, and,
consequently, they define how the obiectives are to be judged. Thus
criteria illustrate the relative conformance or degree of accomplish-
ment of each alternative, in terms of the objectives.

In the selection the performance requirements which are to be met
by the properties of the building products take part as criteria. How
ever every property which is shown by the products may not be used
as criterion, because the importance any criterion is dependent on
the requirements ant the related factors.

Nevertheless in consequence of the impossibility of setting up  the
criteria beforehand for each case of oroduct selection, the desired
properties of building products as periormance requirements  are
classified in accordance with the stage of completion of the products,
so that ones are used as criteria in each case. To meet the needs,
varions lists.and classification facets have been set up in relationto
the properties of building products, as a list of performance require
ments and the internal structure of products, (7 ), CI/SfB Systems~

Table 4, Sweet 's Guide Lines (8), etc.
However in most cases, either only the properties of 'metarials

have been considered or the reasons for setting up those lists  and
facets have been different. On the other hand, it is emphasized
that the user requirements and the related factors are taken as the
base for setting up the expected properties of building products as
performance requirements. (4).



s a result, in setting up the expected properties for each stage of
ompletion of building products in accordance with the user require~
rents and external factors, the following structure can be used:

Za General
b Descriptive properties - dimension, weight, color etc.
¢ Properties related directly to the user activies,
7Zf Heat, properties related to,
g Water, water vapour and other liquids,
h Sound,
i Air, other gases and smell,
j Light and radiation,
k Electricity,
1 Solids
Zn Products and equipment
o Strength and stability,
p Fire,
r Biological agents,
s Production, assembly and building,
t Operation and maintenance,
v Resource allocation,
y Economy.

CONSTRUCTION OF THE RELATIONSHIPS MODEL

In order to use the objectives and criteria correctly when evaluat-
ing the product alternatives in selection process, the appropriate
relationships have to be established among them, Fig. (1).

First of all the relationships among the objectives, alternatives and
criteria are established by pairs as the following :

Relationships Beiween Objectives and Criteria

The objectives and criteria have mutual relationships basically,
because the criteria define how the objectives are to be measured
or judged. In addition they have both been set up according to the
user.requirements and the environmental factors to take part in
the selection process. These relations are guidelines in the eval-

uetion process to calculate the right !'total value ' of the pro-
ducts.



©w

‘Relationships Between Objectives and Alternatives

'Buﬂding products are designed and produced to meet certain rve-
quirements and factors which have been set up as objectives at
the highest level, However, these relations are only set up through
the properties of products, which are the criteria.

Relationships Between Criteria and Alternatives

The building products have many properties, but some of them
become important when they take part in buili-environment.These
properties are used as criteria which in addition have degrees of
importance among themselves.

. Relationships -Among the Products

The relations are to be arranged in a hierarchy which depends on
the stage of completion of building products. They are set up in
three ways, as physical, physical- functional and only functional,
Fig. (2 ). These relationships among the building products are
used as guidelines for the evaluation of product alternatives,

These relationships among the objectives, alternatives and the cri-
teria are integrated on three dimensional matrices to establish a

base for the evaluation process, Fig. (3 ).

DERIVING A SOLUTION

For deriving a solution, product alternatives are evaluated and com—
pared. Then the alternative, which is the most suitable for used in
the built~ environment, is finally selected from among the products
which perform the same functions,

The Evaluation of Product Alternatives

Products are designed or produced to meet certain objectives.Tus,
the overall worth of a product is found by the addition of the values
which are obtained by measuring the performance of the product in
achieving the objectives in accordance with each criterion,

Products can easily be evaluted according to each property, by us-
ing the connected performance testing method and expressing the
results with its own scale and the unit., Also it can be easily decided
which one is the most suitable alternative among the product alterna—
tives, if only one property is taken into account as a criterion, (9),
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A single measure of the overall worth of a product is needed in order
to compare it with the other product alternatives. On the other hand
the evaluation of the overall worth of a product is a multidimensional
problem which seems difficult to solve for the following reasons:

. Most of the properties of the products are measured with diffe-
rent scales and units

. Mostly, the unit value of a scale which is used to measure a
performance of the product does not have the same value at all in-
tervals in the scale in accordance with the user requirements

. The objectives and also criteria do not have the same degree of
importance with respect to each other, in accordance with the
user requirements.

As a result, in order to make the right selection of the most suita-
blealternative from among the product alternatives which performthe
same function, an approach is proposed for evaluation of the overall
worth of each product alternatives.

The first pnase of the evaluation process is to measure all perform-
ance+ properties of building products by using a single scale and
describing by a single unit. By taking ' benefit ' as the unit, and the

* interval scale ' as the scale, with the assumption that the most
beneficial alternative among the product alternatives is the most suit-
able one for the user requirements. & is actually possible to estab
lish an analytic correlation between the values of - performance
property and levels of benefit which is a measure of user gain ac-
cording to the corresponding objectives, (10), (1l).

Thus, regardless of the system or scale used in measuring the per-
forniance properties of the products they have to be converted to

' benefit | This conversion is obtained by measuring the ' benefit
value : W ' provided to the user and corresponds to the  required
values of the performance properties of the Products under defined
environmental factors. The ! performance property- benefit ' corre-
lation can thus be established as a curve, Fig. (4). This will be
done by field studies : surveys, interviews, observation etc., and la-
boratory research. When the figure is examined, two general re
sults are noticed about the ' performance property-benefit ' corre ~
lation ¢

. The value of a performance property which is uptoa certain
degree :
' Fo " does not yield any ' benefit '. This value will be equal to
the relative zero for the ' benefit '.
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, The value of a performanée property which is more than the lim~

it value :
'"Fxm ' does not raise the ! benefit value : W', This value is ex
pressed by ' 2. 0 ' relative value and which can be named as

' maximum benefit value ',

Thus, it becomes possible to obtain the user's ' benefit ', yielded
by a product alternative performing in a certain ' built-environment’,
by making use of the correlation between the values of performance
property and the !benefit ',

External and internal environmental factors change according to the
basic function of the built- environment, time, place etc. The ek
fects of these changes on the built-environment will influence the
performance property-benefit correlations which are prepared one
by one as separate curves depending on the value intervals of envi-
ronmental factors, Fig, (5 ).

DEGREE OF IMPORTANCE OF OBJECTIVES, ALTERNATIVES
AND CRITERIA

Knowing only the ' benefits ' yielded by the product alternatives
meeting the same function in the built-environment is nevertheless
insufficient for comparing the alternatives. This is due to the fact
that degree of level of importance changes among objectives  with
respect to each other in connection with the user requirements, and
also similar relationships are among criteria and-sub-alterng-
tives that constitute the alternative. This can be explained the fol-
lowing :

o The degree of importance of the objectives differ with recpect
to each other in meeting certain user requirements under cer—
tain environmental factors. For this reason, degrees of impor-

tance of objectives have to take part in the evaluation process
to reflect the degrees ot importance of user requirements for
the overall worth of the product alternatives.

o Degrees of importance of sub-alternatives which. constitute an
alternative depend on the relationships between objectives and
alternatives, because each sub-alternative has a different ef
fect in meeting an objective.

. In the evaluation of the worth of an alternative in relation to an
objective, not every property of building products is  always
fakenasacriterion. Also the degrees of importance of all  cri
teria differ with respect to each other,
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In line with these opinions, it is necessary to determine the degrees
of importance among the objectives and also sub-alternatives and
criteria in order to evaluate the overall worth of the product alterna-
tives for the selection of the most beneficial alternatives. Degrees of
importance of objectives and also others are expressed by their rela~
tive importance with respect to each other. For example, the degree

of importance of an objective is accepted as q=1. 00 and the oth-
ers are found by pair comparison with it, When the overall worth
of each product alternative in the ' benefit scale ' -between 0.0 and
2, 0~ is calculated by multiplying the degrees of importance and the
benefit values of the sums of the degrees of importance : ¢ have to
be equal to one as the following :

d=gq+q=+g+ ... +t9 = [00
-1 2 3 n

CALCULATING THE OVERALL WORTH OF PRODUCT ALTERNA-
TIVES AS 'BENEFIT'

By using measurement techniques, it thus becomes possible to e -
uate - the overall worth of building products from physical, physical-
functional and functional points of view and to compare them in or
der to select the most beneficial ones for the user.

The following is an example of the calculation of the overall worth
of a building product :

Od External wall element,

Ndl Structural component

Nd2 External surface component
Nd3 Internal surface component
Nd4 Window component

External wall element will be evaluated by addition of the calculation
of the overall worth of each component as a sub-product.

Calculations at the Level of Component

For the evaluation the ' benefit values ' of the components and the
degrees of importance of criteria and the components have to be de-
termined firstly as the following :
From the ' performance property - benefit ' correlationgraphs
the ! benefit values: W ' of each component are found in ac-
cordance with each criterion and the corresponding objectives.
For example :
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Ndl - Structural component

Objectives ! Benefit values " according to criteria

De : Usability! W , W, W eos 3 W

7b  Ze zd’ 7y
De : Comfort W, W, W o, ce. s W
Zb Ze Zd Zy

Dy : Economy| W , W , W , ..., W
7bh = Zc 74 Zy

The number of the ' benefit values 'is as great as the multipli-
cation of the number of objectives and the performance proper
ties of the component, But this number becomes so small inre
ality, because neither all objectives take part in every selec
tion nor all performance preperties are used as criterion.This
process has to be done for the other components.,
The degrees of importance of criteria according to the corre-
sponding objectives are expressed és’.fcllowiqg :

According to one objective :

According to all objectives .

A
S -s
C a1
. 17 7 Dw )
o b

M<1

o

,

The degrees of importance of components are also expressed
as following
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According to one objective:

. 4
Z; Z INdz,7x T
P e & =

According to all objectives :

v

v 4
> S > quz Zx,Dw
b z=1 2T

W= C X=

Evaluation at the Level of Element

The first phase of the evaluation is the multiplication of the benefit
values of components by the degrees of importance of criteria and
components to find the worth of components in accordance with each

objective. The calculation of the worth of each component is done as
the following :

WNdZ’DW—XZ ‘Azx © gy - quz,Zx

At the second phase, the worth of all components are added to find
the worth of the element in accordance with the same objectives as
the following :

4
Wod, 00 = 2 Vnag,py = 02

z =1

The worth of element in accordance with the all objectives is expres
sed:



v 4
WOd,Dw::Z ZZl Maz,py = O P2

The last phase of the evaluation is the multiplication of each worth of
element by the degrees of importance of the objectives !:0 find the o~
verall worth of the element which can be calculated as the following:

. The degrees of importance of objectives :

t - _
¥oa x}_,___ ¥odw - dpy = O —P =

Comparison and Selection

A selection is done by comparing the overall worth of the altey-;'na -
tives which are thought to perform the san%e functions in th'e bu'ﬂt -en
vironment. In the selection the highest 'W" - overall worth'as ' ben-
efit * which is yielded by the alternative is the best or the most ben -
eficial alternative to meet the user requirements,

CONCLUSION

By knowing the benefit values -of building product alternatives in ac-
cordance with the criteria and the corresponding objectives and the
degrees of importance of objectives, sub-alternatives and criteria R

it becomes possible to calculate the overall worth of the other alter
natives,

The method which is basically the classificiation and coding of ele-
ments of the selection system and the evaluation of building  pro-

ducts, provides the first impetus for further studies as the fol~
lowing :
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To enable the producers to prepare information about their pro-
ducts and to evaluate them in accordance with the user requir-

ements.

To arrange the performance property-benefit correlation graphs,
to  obtair the benefit values of products in accordance with

each criterion.

To determine standard performance testing methods to enable
the benefit values of products to be found through the same
processes in every laboratory.

To feed computer with information data related to the objec-
tives,constraints, alternatives and the criteria, sothat the
computer can be used to evaluate, compare and make the fi-
nal selection.
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Selecting building products
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Selecting buildiné products
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THE EFFECT OF HUES OF WALLS ON THE PERCEIVED MAGNTI -
TUDE OF SPACE IN A ROOM UNDER TWO DIFFERENT LIGHT
SOURCES HAVING DIFFERENT SPECTRAL ENERGY DISTRIBUTI-
ON ’

Dr. ERDAL AKSUGUR

(1) Introduction

Studies of space perception from the sensory point of view are of
long standing. Very few studies, however, have been concerned with
the experimental investigation of space perception from an architec-
tural point of view. There are some unsolved problems between man’
and the visual properties of physical environment ' which affect per-
ceived magnitude of a single space. " Color is one of the most im-
portant properties of the physical environment which still has many
unknown effects on the visual perception of space.

The present study was concerned with the effect of the hues of
walls on the perceived magnitude of space in relation to the spectral
qualities of different light sources. This study consisted of  three
parts,

In the first part, the visual properties of the physical environmert
which affect the " perceived magnitude of space " is examined in the
three different perception modalities. They are : light perception ,
form perception and color perception. The examined visual properti-
es are determined as follows, referring to the previous studies :

=-Tuminance of wall surfaces~- Sky luminance seen from the
window~--Average illuminance level in interior-~homogeneity of the
illuminance level in interior--Dimensions of the room~~Proportions
of the room--Shapes of the walls--Texture characteristics of the wal
surfaces~-Size, shape and position of the window-~Size of the equ-
ipment and furniture~-Furniture density--Spectral characteristics of
the light sources-~Color characteristics of the wall surfaces-~ Co-
lor characteristics of the furniture. ‘



23

The second part of this study dealt with two color properties of
the physical environment. These were color characteristics of the
wall surfaces and spectral characteristics of the light sources. Pre
vious experimental approaches on these color properties were exa-
mined, These examinations showed that previous studies considered
the surface color and the spectral characteristics of the light sour
ces separately, and they neglected color distortions due to several
unexpected factors, color shifts due to multiple interreflections ina
room, ‘

Starting from these examinations, in the third part, a new expe-
rimental method was suggested. For this method the main aims were
determined as follows :

. To study the effect of hues of walls on the " perceived magni-
tude of space in a room "under two different light sources
having different spectral energy distribution.

. To study the relations between wall color preferences of the
subjects and their subjective evaluations on the ' perceived
magnitude of space " in a room.

. To determine whether architectural education gives some pre-
conceptions of the evaluation of space under the color and
light variables,

For obtaining satisfactory results applicable to the real life at

the end of this study, the following decisions were made :

. To consider surface color and light source variables toget~
her.

. To use scale models for controlling all the variables affec~-
ting perceived magnitude of space.

. To choose the independent variables between the most common
colors of interior walls and between most common interior
iight sources.

(2) Method
(2.1} The Surface Color Variables.

At the first step, the ' User's Color Preferences Graphic
for the Interior Walls of the Building ' was prepared, obtaining data
from the indexes of paint sales of the last three years in  Turkey.
The Munsell Book of Color was used to describe colors, Four colors,
were chosen from this graph (see Figure | ) . Munsell Values of
these four chosen colors were equal; Munsell Chromas of them we-
re also made equal. So only " Hue ' differences were taken as one of
the independent variables., Their Munsell notations were: 10 B 9 /2,
2.5G 9/2, 7.5 Y 9/2and 5 R 9/2( see Figure 2 ) . In addition, to
obtain a standard condition ' Neutral Grey " ( Munsell Value 9 )was
used on the wall surfaces. On the floor Neutral Grey ( Munsell Valie
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7, reflectivity 0,40 ) was used. Only for a pilot study to obtainthe
differences of the color shifts on the walls due to multiple interref+
lections, floor colors were made the same color as the walls,

(2.2) The Light Source Variables,

In this study one of the main aims was to choose the light so-
urce variables between the most common light sources.As a result
of investigations, it was seen that between fluorescent light sources
'"20 W Daylight Fluorescent Tube, ' and between tungsten filament
light sources " 60 W Tungsten Filament Lamp " were most common
in Turkey. Their qualifications were as follows (see Figures 3 and 4)-

» Daylight FluorescentoTubes ; 20 w, 1150 Im, correlated co-
lor temperature 6500 K, chromaticity coordinates on the CIE
Chromaticity Diagram ; x=.306, y=.324,

» Tungsten Filament Lamp; 60 W, 630 Im, color temperature
2790" K, chromaticity coordinates on the CIE Chromaticity
Diagram; x — .456, y—.4l2,

(2.3 ) Apparatus.

In architectural psychology, previous studies which were di-
rectly or indirectly related to the ' perceived magnitude of space "
stated that scale models were satisfactory means to study the visual
aspects of spaces. They mentioned that the scales of models didn 't
affect the magnitude estimation of the perceived space and models
were satisfactory means to study artificial lighting,

These previous studies gave the idea of using scale models as
stimulus., Two fifth-scale models of a room were constructed to
eliminate " memory factor ' on the magnitude estimation. The di-
mensions of these model room were : 60 cm wide, 80 cm deep and
60 cm high They were formed with their one short back wall, two
long side walls and the floor (see Figures 5 and 6 ) , Over the cei-
ling opening of each model room, a matte white reflector which con-
tains light sources was placed as a lighting system. One of the short
walls served as an observation opening. In the middle of the back
wall, the door of the room was drawn with its contourline., At fifth-
scale, the dimensions of this door were 18 cm wide and 42 ecm high,
During the observations, subjects focused their views at the middle
of the this door-contour to get the same angle of view for the twomo
del rooms. At the same time this door-contour gave an important
perceptual cue to the subjects to imagine these empty boxes as mo-

del rooms, )
The walls were changeable hardboard plates. The inner sur

faces of these plates were colored with chosen mat paints.



(2.,4) Lighting System.

In order to obtain the same luminance patterns on the diffe-
rent wall surfaces having the same Munsell Value and reflectivity, it
was sufficient to get a uniform illuminance distribution on these sur-
faces. For this purpose it was decided to illuminate the two model
rooms from their ceiling openings. Three ' daylight fluorescent tu-
bes " (20 W, 1150 Im ) and six " tungsten filament lamps " ( 60 W,
630 Im ) were placed inside of a matte white reflector designed for
each model room, These lighting systems were suspended the cei-
ling of the experiment room, over the ceiling opening of each model,
with pulleys. These could be moved vertically up and down to  con-
trol the illuminance inside of the model rooms, Illuminance measur-
ements were made using ' Gossen Panlux " luxmeter, which had
nearly the same spectral sensitivity as the human eye, While the il-
luminance was taken as 2000 Ix at the middle of the floor surface,the
other measurements were 1680 Ix at the near corner of the floor,
1740 Ix at the opposite corner of the floor, 1900-2050 Ix at the midde
of the side walls and 2070 Ix at the upper part of the walls,

(2,5 ) Experiment room.,

The two model rooms were placed in a dark room having a
width of 2,40 m and a length of 3.20 m, side by side, so that their
horizontal axis converged and met at a distance of I, 80 m, From this
point, at the same horizontal plane with the ceilings of model roars,
subjects observed these two model rooms in order to compare them.
Between the two model rooms and on the same vertical plane with
the ' open short walls, ' black curtains were hung to eliminate unde-
sirable visual cues and reflections, This curtain hat two 60 cm x 60
cm openings at the same places with the open short walls of the mo-
del rooms (see Figure 6) .

Except for the two chosen independent variables, all visual
properties which affect perceived magnitude of space in a room were
controlled by eliminating or equilizing them.

(2.6 ) Subjects.

Between 44 volunteers, 42 subjects ( 2l male and 21 female )
having normal color vision were selected using ' Ishihara Test of
Color Blindness. " Two volunteers were dichromat ; they had "Deu -
teranopia " { red~-green color blindness ). The subjects were taken
in two groups. Twenty-three subjects were architects and students
of architecture ( median age, 21.8 ), nineteen subjects were civil
engineers, psychologists, secretaries and employees ( median age,
24,6 ) , We called this second group '"non-architects,
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(2,7 ) Procedure.
The work was executed in three phases.

(2.7.1) Phase l, I the first phase, color shifts on the wall surfa-
ces of model rooms due to multiple interreflections under ' Tungs ~
ten Filament " and ' Daylight Fluorescent ' light sources were de-
termined using " memory method for color matching, "  Munsell
Book of Color, Neighboring Hues Edition, Matte Finish Collection
was used for color samples.

Six observers were selected from forty-two subjects. The
Munsell Book of Color and the method for color matching were exp -
lained to these observers. In the experiment room, The Munsell
Book of Color was placed under the light beam coming from the
northeast sky through the opening (25 cm x 25 cm ) in the  black-
painted window of the experiment room. The angles between inci=-
dent light and surface of the color samples, and between observers'
viewing direction and surface of the color samples were 45 ., The
distance between observers ' eyes and color samples was taken 25-
30 cm.

The middle part of one side-wall of one model room was ob-
served for evaluating surface color shifts. Each observer enteredthe
experiment room with the author, and for five minutes looked  at
wall surface and color samples, then. decided which color samp-~
le had the same appearance with the apparent color of wall surface.
The Munsell Notation of this color sample was taken. Each observer
fulfilled this process for four " color variables " under the two
" light source variables " with neutral grey and colored floors. On
the colored floor conditions, the floor was in the same value, hue
and chroma with the walls,

At the end of these processes, color shifts on the wall surfa-
ces of model rooms due to multiple interreffections under 'tungsten
filament " and " daylight fluorescent ' light sources were determi-
ned. These color shifts were listed with their chromaticity coordi -
nates onthe CIE Chromaticity Diagram (see Table | ) and were
shown on the Munsell Hue and Chroma circle for Munsell Value 9
(see Figures Tand 8) .

(2.7.2) Phase 2. In this phase all the possible combination pairs

between ''hue ' and ' light source " variables were taken in six
groups to compare by the method of paired comparison. These com-
binations were listed below with the following abbreviations : GR,

Grey; R, Red; Y, Yellow; G, Green; B, Blue; t, under tungsten
filament lamps ; f, under daylight fluorescent tubes.
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Group 1. Both of the model rooms had " grey walls " and illu-
minated with different light sources.

Model Room I Model Room II
GR Gr
t f

Group 2, Both of the model rooms were illuminated with *
tungsten filament lamps, " one of the model rooms had v
grey walls " and the other one, " colored walls ¥

Model Room I Model Room II

Gr R

t t

GR Y

ot £

GR e

t t

GR B

£ t

Group 3. Both of the mode! rooms were illuminated with "
daylight fluorescent tubes, ' one of the model rooms had "
grey walls " and the other one, " colored walls, "

Model Room I Model Room 11
GR R
f f
GR Y
f f
GER G
f £
GR B
f f

Group 4. The walls were the same color in both of the model
rooms and one of the model rooms was illuminated with

"tungsten filament lamps, "the other ' daylight fluorescent
tubes, "
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Model Room I Model Room II
R R
t f
Y Y
t f
G G
t f
B B
t f

Group 5, Both of the model rooms were under ' tungsten fila-
ment lamps, ' but the colors of the walls were different.

Model Room I Model Room II
R B
t t
R G
t t
R Y
t t
Y B
t t
Y G
t t
G B
t t

Group 6. Both of the model rooms were under " daylight flu-
orescent tubes, ' but the colors of the walls were different.

Mode!l Room I Model Room II
R B
£ f
R
f Grf
Rf Yf
Yf Bf
Y
f Gf

®)
i
e
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During the tests, in order to obtain ' rightleft balance, ' the
color and light source variables were inter changed from one model
room to another, and for getting random order for the paired compa~
risons, each subject participated in each paired comparison in a dif-
ferent order.

(2.8 ) Tests.

Each subject entered the experiment room while the author
was present, sat down in the adjustable seat, placed his eyes on the
observation point, which was represented by the knot of a cord han~
ging from the ceiling of the experiment room, and heard some intro-
ductory instructions concerning the test procedures. The sxperiment
room was completely dark except inside of the two model rooms,

. After two or three minutes ' observation, the subject
was asked if there was any difference between ' perceived magnitu -
des of spaces "' on the two model rooms.

. If the subject did not perceive any difference, or percei-
ved equal " the magnitudes of spaces, ' the author wrote " O ' on
the ' difference evaluation list and the subject left the  experiment
room, to be followed by ancther subject.

. If the subject perceived any difference, he was asked to
estimate the percentage of difference, considering perceived spatial
magnitude of small apparent model room as ' one hundred. " This
numerical magnitude difference estimation was written in the column
under big apparent model room on the difference evaluation list. The
subject left the experiment room, to be followed by another subject.

Each subject evaluated each combination pair indicated above
and these evaluations were listed for each group of paired compari -
sons (see Table 2) .

(2.7.3) Phase 3. At the third phase, four sheets (6 cm x 6 cm )
colored in the chosen color variables were shown to each subject in -
dividually on a matte black background. The subject rank ordered
these four colors under " Natural Daylight ' according to their pre-
ferences for the walls of a living room.

3} BResults
3.1) First Group Analysis,

The evaluations of the 42 subject for each paired comparison
were treated byx2 ( chi-square ) Significance Test according to
their frequencies. If the distribution of frequencies was significant
(p=0,05), the mean of the difference percentages was accepted
as ' Difference between Perceived Magnitudes of Spaces " under
this spemflc condition. If the distribution of frenquencies was not
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significant (p>>0.05) the " Difference between Perceived Magnitu-
de of Spaces " was accepted " 0 ' ( zero ). These findings were
shown with graphs ( see Figures 9, 10, 1l and 12).

The first group-of results can be summarized as follows ¢

Between the two model rooms having the same color on
the walls, the perceived magnitude of space on the mo-
del room illuminated by the ' daylight fluorescent " tu-
bes was greater than the one illuminated by the " tungs-
ten filament " lamps (see Figure 10) .

. Comparing the two model rooms.illuminated by the sa-
me light sources, the model room having blue walls ga-
ve the greatest ' space perception. " Green, yellow
and red followed, respectively. Only under " tungsten
filament " lamps did the subject not perceive any di-
fference between the two model rooms having green
and yellow walls ( see Figure 11) .

The perceived magnitudes of spaces depended on " Apparent
Hues " of walls, which are results of the color shifts under the two
type light sources.

All the numerical differences obtained from each paired com-
parison were calculated according to the other paired comparisons
considerivng perceived spatial magnitude of " grey-walled " model
room under " tungsten filament ' light source, one hundred units.
These numerical values pointed into a unique graph ( see Figure 13)

On this graph at the horizontal axis, Munsell Hues were poin-
ted at each " 5 Munsell Hue Steps " and Apparent Hues of Walls (re-
sultant color shifts ) were placed. At the vertical axis " Perceived
Magnitudes of Spaces ' for each '" Apparent Hue of Walls " were
shown. For these points the regression line was determined by the
following equation: y=0,6054+89,7157. The correlation coeffici -
ent (r=0.932) was very high.

This linear relationship was acceptable, but only between cer-
tain hues. It was seen that there was a deficiency at the BP, P and
RP region. At the same time, it was necessary to obtain a non-li-
near relationship (a regression curve ) because the real places of
the Munsell Hues were on a circle and after a 2 1t period, the regres-
sion curve had to pass from the same Y value. The Y values of the
red under daylight fluorescent tubes (10 RP ) were replaced after
2 tperiod. Then different equations were tested and the following
equation gave the most satisfactory regression curve :

-.23
= 103+ 8 gin —— 2
Y= 1 gin 50
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The correlation coefficient was less than some others {r=
0.918 ), but this regression curve passed periodically from the ne-
cessary points ( see Figure 4},

According to this curve, between 10 R and 5 YR, the " percei-
ved magnitude of space " had a minimum value. & increased passing
through YR, Y, GY, G, BG and reaches a maximum between 2.5 B
and 10 B. decreases towards PB, P, RP to reach a minimum bet~
ween lo R and 5 YR.

The three dimensional demonstration of this regression cur-
ve was shown on the Munsell Hue Circle. This figure is the sum-
mary of the first group results ( see Figure 15).

(3.2} Second Group Analysis,

In the second group analysis, the relationships between
subjects ' color preferences and estimations for the perceived magni
tudes of spaces were taken, The preferences, frequencies and
preferencies x frequencies are shown in the following table.

Preferences Trequencies Preferences x Frequencies

R Y G B R Y G B

I, Perf, 4 5 13 20 4 5 £3 20
2. Perf, 6 10 13 13 12 20 26 26
3. Perf, 8 17 16 7 24 51 30 21
4. Perf, 24 10 & 2 96 40 24 8

42 42 42 42 138 116 93 75

Rank of
Preference 4 3 2 {

2
This frequency distribution was treated by X { chi-square}

significance test for each color. Results were as follows :

. For blue (p=<C 0.001), vellow (p << 0.02 ) and red(p<<
0.001), the frequency distributions were significant.
For green (p>0.30) the frequency distributions were
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insignificant, but this color had to take place between first

and third choices.

After these analyses, the evaluations of the subjects who pre-
ferred blue, green as first and yellow, red as fourth were  taken.
The frequency distributions were treated by X (chi-square ) sig-
nificance test for each color and each light source variable. The
results were, briefly, as follows:

. The subjects who preferred blue as first choice estima-
ted the perceived magnitude of space on the blue-walled
room bigger than the other roboms.

. The subjects who preferred red as the fourth choice
estimated the perceived magnitude of space on the red-
walled room smaller than the other rooms.

The subjects who preferred green as the first choice
estimated the perceived magnitude of space on the
green-walled room bigger than the red, yellow and blue-
walled rooms under daylight fluorescent light sources,
“and bigger than red-walled room under tungsten fi-
lament lamps. There was no significance when green
room was compared with blue and yellow rooms under
tungsten filament lamps. )

. The subjects who preferred yellow as the fourth choice
estimated the perceived magnitude of space on the
yellow~walled room smaller than blue and green- wal -
led rooms, but there was no significance (p >0. 10 )
under each light source variable and smaller than the
red-walled room under daylight fluorescent light sour-
ces, but significance was doubtful (p =0.10). They es-
timated the yellow~-walled room bigger than the red-wal-

i led room under tungsten filament lamps (p<C0.02).
The last two results showed that when hue effect was  domi~
nant due to light sources, there was no significance between color
preference and estimation the perceived magnitude of space.

( 3.3) Third Group Results.

The Difference Evaluation Lists obtained from the tests
were separated for the two groups of subjects to determine whether
architectural education gives some preconceptions of the evaluation
of space under the color and light source variables. The data tre-
ated by Fisher's "'t '"test for the differences in means of estimati-
ons between two groups of subjects (architects and non-architects )

; It was found that differences on the perceived magnitude es-
timations of space between architects and non-architects were not
-significant. -
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FIGURE Z.HUE VARIABLES ON THE WALL SURFACES
(The colors are given with theirs Munsell Notations
and coordinates on CIE Chromaticity Diagram)

B: Blue G: Green Y: Yellow
10 B 9/2 2.5 6 9/2 7.5%Y 9/2
x = 0.29% 0.306 z = 0.336

=
y = 0.306 v =

0.340

y = 0.352

R: Red
5 R 9/2

x = 0.324
y = 0.318
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FIGURE 4 .

36

CHROMATICITY POINTS OF THE TWO LIGHT SOURCES
ON THE CIE CHROMATICITY DIAGRAM

f:Daylight FLUORESCENT Tube
t:TUNGSTEN Filament Lamp
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FIGURE s

EXPERIMENT ROOM,
PERSPECTIVE
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Table 1* Color Shifts of the Wall Surfaces of Model Rooms
due t Multiple Interreflections under Tungsten Filament
and Daylight Fluorescent Light Sources(Coordinates on the
CIE Chromaticity Diagram)

Under Resultant Color Shifts
Natural ™ 7hder Tungs.Fil.S. Under Dayl.Flu.S.
Daylight
Floor Floor Floor Floor
N.Grey Colored N.Grey | Colored
RED R, RY R; R's
5 R 9/2 10 R 9/4 WORS8/4 || 10rRP 9/1| 7.5 RP 9/2
®x = .324 x = .360 x = ,363 x = .316 x =8 319
y = .318 y = 336 y = .337 y = .316 y = (%16
YELLOW Yy Yy Ye Y
7.5 Y 9/2 5%Y 9/5 5 Y 9/6 2.5 GY 9721 2.5 GY 9/4
x = .336 x = .374 x = 387 x = .334 x = .350
L .352‘ y =% y =% —_y__—:wﬁy-:%
GREEN Gy G'y Gy G's
2.5 G 9/2 2.5 GY 9/4 2.5 GY 9/6 7.5G 9/2 | 10 G 9/2
% = ,306 x =.,350 x = .368 x 5 .299 ze 296
y = .340 y =.386 v = .420 y=.332 | ye .330
BLUE B, B', Bs B's
10 B 9/2 10 G 9/1 7.5 G 9/2 5B 9/4 5B 8/S5
x = .294 x = .302 x = .299 x = ,266 x 2 .25
vy = 306 y = ,324 y & .332 y € .299 vy ¥ .29




g@danos Jubil ,juswetys )
uslsbuny, ISpuUn SIOTOD USSOOUD INOg: Tg’ o’ Fxc Yty
s90anos 3ybTT ,3IusdssronTl
ubt1hep, IODPUN SI0T0D Usscoyo Inog:dgiIgF eIy
3ubtTdep UT SIOTOD ussOOUD INOJg: g ixiy

(L "n TTosuni’Aexb Texjnsu:IooTI)sSAdMNOS LHOIT INIADSINONTA
LHDITAVA ANV LNAIWYTIIL NILSONAL dIANN SNOIIDETAHINELNT
JIJILIOW OL d8Nd SHOVANNS TIVM JHL NO SLAIHS ¥0OTI0D L F¥NHIa

LY

SNTeA TI9sunpy




40

(STTeMm 8yl YiIm JOJOD swWes d8Y3}3eiIo0[3)SIDUNOS LHOIT INIDSIHONT
IHOITAYA ANV INIWVIII NILSONNL YIANN SNOILOITIIUYIINI
TIdILTIAN O INd SIOYIYNS TIVM JHI NO SLJAIHS ¥OTOD

AOL

&
«

RUWOIYDH

6 onfep [1esunpy

d
/ 840l
S
o

7 EMADId



41

Table 2 .DIFFERENCE EVALUATION LIST FOR THE FOURTH GROUP PAIRED COMPARISONS

The walls are at the same color in both of the model rooms,and one of the model rooms

is under "tungsten filament lamps",the other one under "daylight fluorescent tubes”

RED

ﬂ YELLOW GREEN RBLUE
Walls Walls Walls Walls
SUBJECTS und. und. und. und. und. und . und. und.
T, D.F. |l T.E. D.F. T.F. D.F. T.F. D.F.
lamp tube lamp tube lamp tube lamp tube
BIG, EQU. BIG. BIG. EQU. BIG. BIG. EQU.BIG. BIG. EQU. BIG.
== —
1 5 5 5
2 5 2 2
3 1 1 1
4 5 5 5
5 5 2 5
6 3 4 4
7 5 5 5
8 £ 5 5
9 2 1 2
10 5 2 ' 3
11 g8 5 10
12 5 0 5
13 0 2 0
14 1 3 2
15 5 5} 5
16 4 2 0
17 O 0 2
18 3 2 5
19 9 1 3
20 5 2 >
21 2 2 5
22 0 L °
23 2 2 4
24 5 1 1
25 2 1 L
26 5 4 2
ok 5 2 6 i 3
o8 2 5 5 5
29 6 3 3 2
30 1 2 2 3
31 0 2 > 0
32 3 4 3 5
33 P 1 0 0
34 2 0 0 1
35 0 1 0 5
37 2 0 2 i 2
38 1 1 1 1
39 3 2 2 5
40 0 3 0 5
41 3 5 5 i 4
42 5 5 10 5
| mm———e————— e
Sum. 25 101 21 84 19 115 39 103
Freg. D 8 3 28 9 4 29 7 7 28 9 6 27
Mean 3.1 3.6 2.3 2.9 2.7 4.1 4.3 3.8
o] 1.64 1.83 1.11 1.67 1.86 2.21 3:53 2:37
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FIGURE 9, DIFFERENCES BETVEEN "PERCEIVED MAGNITUDE OF SPACES"
walls RED walls YELLOW
difference difference
% PLoom % PL0.001
103.6 — cr”//”’,,lo
w0Was —
" " o///////o
| | | |
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tungsten daylight tungsten daylight
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- difference difference
% | P<0001 % P <0.001
104.9 — 1038 —
100 — 100. —
| L 1 l
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tungsten daylight tungsten daylight
fil.lamps flu.tubes fil.lamps flu.tubes
FIGURE i0 . DIFFERENCES BETWEEN PERCEIVED MAG NITUDES OF SPACES
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. neutral grey (Munsell V.7)



43

differerice difference
2 %
P<0.001 P>0.20
166.8 —~
189. — 8.~ Eam—]
i § ' o i
walls: red yellow walls: vellow green
divference difference
N ‘
P<0.001 *| p<omt
106.8
1088
100. 100, —
i ! i i
wallss: red green walls: yellow blue
difference difference
%
s | P<002 5l p<oo
103.8— cr/’///////la
180, — 8. —
1 [ ' i I
walls: red blue waliss green  blue

FIGURE 11 DIFFERENCES BETWEEN "PERCEIVED MAGNITUDES OF SPACES™

light sources:TUNGSTEN filament lamps
for two medel rooms
floor :neutral grey{Munsell V.7)
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103.6 — /
100. — 100, — k
i |
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|
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"PERCEIVED MAGNITUDE OF SPACES"
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for two model rooms
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A METHOD TO SOLVE NOISE CONTROL AND SPEECH PRIVACY
PROBLEMS, FOR USE IN ARCHITECTURAL °PROCEDURE

Dr. NURTEN AKSUGUR

As a result of high population density and close living conditions,
speech privacy has become a problem of modern times. In this
study the problem is investigated for ' open-window " condition. A
graphical method which has been developed is proposed for use in
design procedures. The study consists of four parts.

PART 1

In the first part speech privacy is defined and architectural conditi -
ons under which the problem would arise is discussed.

The problem is analysed from the view points of those aspects rela -
ted to the source, the medium and the receiver.

These related aspects are:
Source : Speech voice, its spectrum and level

Medium : Background noise, source room absorbtion, receiver
room absorbtion, transmission loss of a common parti-
tion, excess attenuation of sound level during its passa-
ge through the window

Receiver : Hearing limits of human ear, speech inteligibility.

A survey of the of the literature and the works of other investigators
which follows led to the discovery of that previous studies consider

the problems of speech privacy and the radiation of sound at  open
window condition separately but not together. As a result it is conc -
luded that :

Sound radiation at open window condition and its implication
on the problem of speech privacy should be investiga -
ted as a whole. When this is done, a method which can
provide some assistance to architects in desing procedures
can be developed.
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«  Such a method would require experimental investigation of
‘the directivity pattern for sound coming out of an open Winddw,
(1. e. variation at the level of sound with the direction of
radiation }.

- Such a method would also require a similar investigation for
sound coming in from an open window.

PART 2

This part deals with experimental investigation of the directivity
patterns of sounds coming in and out of an open. window. It is

supposed that the level of sound coming out an open window wouldbe
affected by

. The window ratio ( width /height }
. The frenquency of the sound
. The direction of radiation of the sound.

A group of tests is made with these considerations. FiG: 1 The
results are plotted to form the directivity pattern. It is found that
the directivity pattern agrees with the cos™ 6 law only for window
ratios of 1/1 and 1/2 . However deviations occur for other
window ratios such as 1/4 and4/1. A similar experimental
investigation is carried out for sound coming in from an open window.
FiG : 2 Here it is supposed that the sound level would be affected by

The window ratio
. The frequency of the sound

. The relative positions of the source and receiver rooms.
The results of these second series of tests are processed with the
aid of a computer and expressed in the form of a graph.

PART 3

In this part the method developed for use in architectural design
procedures is explained. Using this method, an architect can creatd
an environment suitable for speech privacy by choosing the right
window proportion, relative position of and the distances between
the windows. The method consists of four steps :
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n step one, the level of the incident sound of the source determined
from the graphs provided. In these graphs the level of speech voice
is plotted against the speech voice frequency. These graphs are
called " the speech voice spectrum '". These graphs are plotted for
the three states of human voice :

1) Loud voice
23} Raised voice

3) Normal voice

The architects have to choose the graph which reflects the conditions
in the source room best.

In the second step the level of the incident sound at the receiver room
is determined. Changes in the level of sound due to its passage
through the open windows and the common wall are taken into
consideration. The total variation in the level of the incident sound
reaching the receiver room through open windows (T A Lp)

is calculated as :

Z ALpE A LSA; 4 ALl + ADLlsay + &AlSay + LD +

+ LG+ .él.LSA2

where :
A LSA ¢ Variation due to source room absorbtion
oLl " " 1 window distance
PaN LSal : v 1" gource room window area
oy LSa2 : " 1" 1 peceiver room window area
Fan " " 1 gource room window directivity
LG " "1 peceiver room entrance
ALSA, G " " 1 peceiver room absorbtion.

These amounts of variation are found from the graphs provided.

The total variations in the level of the incident sound reaching the
receiver room through the common: partition (= ALy) is
calculated as:
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- SB )
ZALB = ALSA+ O L + ALTL

1 54,

where
.f':;LSAl : Variation due to source room absorbtion

SB """ the joint effect of receiver room
PAN AR .
SA, absorbtion and the common wall

&Lpp ¢ Transmission loss of common partition,

For each case (Open window and common wall) calculated variations
in the level are added to the speech voice spectrum. In this way two
modified spectrums are formed.

In step three logarithmic sums of these two spectrums are taken to
find the total level of speech voice reaching the receiver room. The
level of the background noise is substracted from this and the amount
left is called " Speech level contribute to intelligibility ',

In step four the intelligibility of this sound in checked. For this
purpose the graph found in step three is compared with the graph
showing the variation of the degree of intelligibility of human voice
with its frequency.

PART 4
In this last part experimental and theoretical investigations covered
in this work are listed. The possible future applications and research

possibilities are discussed.

A summary of proposed graphical method is given in the flow
diagram. FiG: 3
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A METHOD TO DETERMINE SPATIAL
REQUIREMENTS WITH SPECIAL EMPHASIS
ON USER COMFORT

Dr. ZAFER ERTURK

i is suggested that the rapid development of research on the
interaction of people and buildings leads to the need for careful
consideration of the place of new methods and techniques.

The aim of this thesis is to develop a method to determine spatial
requirements users.

The common problem emerging in studies concerned with the
investigation of relationship between man and his environment is the
concentration of the studies on the domination of man to his environment.
In other words, only man 's influence on his environment is taken

into consideration as the subject of these. And this facilitates the
procedure. However, for a sound understanding of relationship, the
realty of reciprocal interaction between man and his environment

must be accepted and to apply this realty in the practical field,
principles of systems approach must be tested on problems which are.
dealt with, within the interaction of man and his environment.

Man and his environment constitute a man-environment system due
to the organic link between them. This organic link is the result of
the reciprocal interaction.

In this research, environment is considered in artificial indoor
environment scale and, spatial requirements from the point of view
of comfort are investigated.

The objectives of this work can be summarized as :
Determination of spatial requirements from the point of view
of comfort. ‘
Investigation of changes in requirements over-time.

The work is constituted of an introductory part and six main parts.

In the introduction, interactions between man and his environment,
concept of user requirenments, objectives of the work are discussed
in length.

In the first part, motivation of the methods, which will be suggested
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later, are discussed and, explanations on Systems Approach, Model
Concept are given according to the essence of the subject and,
motivations for adapting the systems approach for man-environment
problems are defined.

The designer user relationship which changed as a result of the
Industrial Revolution and population growth, is pointed out as the
motivation for new techniques.

System approaches can be divided into three categories as:
. Structural approach
. Cybernetic approach
. Dialectic approach

Determining the requirements emerges as a structural system
approach, while investigation the changes in requirements over time
emerges as cybernetic or dialectic approach.

In the second part, models of probable relationships between man
and artificial indoor environment are investigated. Models of probable
relationships between user 's comfort and individual physical
characteristics of artificial indoor environment are discussed.
Although these models describe a mechanical relationship, they may
still enable the determination of requirenments, if the users groups
are defined in adequate scale.

In the third part, model and field studies on spatial requirements,
which were carried out previously, are evaluated from the point of
view of distinction of the variables and variables which constitute
user 's comfort from the spatial angle and which are related to man
and to artificial indoor environment are listed.

The variables which have been in toaccountin the developed model
listed as below:

Shape of the space
. Dimentions of the space
. Total area of space
. Total activity area of space
. Total equipment area of space
. TFunctional area of space
. Number of user of the space
. Psyhological area coefficient
. Density of activity of space
. Density of the number of users interactions of space
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Also within the spatial characteristics, such models as in second
part, that is, models of relationship between other physical
characteristics of space and sense of comfort, are looked for.

A method for determining spatial requirements of users is developed
through models of relationship between spatial characteristics of
space and sense of comfort of the users. And this method is described,
discussed step by step.

In the fourth part, the way of determining changes is spatial requirements
is defined through changes over-time in interaction models.

In the fifth part, the methods suggested theoretically in the third and
fourth parts are applied according to the data collected through field
studies on housing in Borough of Akcaabat in The Eastern Black Sea:
Region. ‘ ‘

Theoretically, variables in space magnitude seem to be valid for all
kinds of space units. Rut in such units, as a classroom, a hospital
room, an hotel room, alongside with the defined variables, there will
be variables related to order of activity, administration, maintenance
and education system.

These variables are not included in the developed model and therefore
applications in dwellings will give sounder results. And, in dwellings,
only living rooms are selected as the: area of application, for,there
is more opportunity of gaining access into these particular spaces,
during field studies.

In the last part, the result of this theoretical study and the application
are discussed, suggestions for future studies are put forward.

It is endeavoured to define the contributions of such techniques in both
theory and application and to evaluate these from the point of view of
changing problems of the design.

THE SUGGESTED METHOD :

We can summarize the method for developing indexes to be used in
practice as follows :

- Defining each user groups by determining in detail the user
specifications.

- Selecting a sampling group for each of the user groups anél the
characteristics of the space where this sampling group lies.,

That is, determining :
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. Dimensions of space (a, b, h)
. Dimensions of the equipment used in the space
The functional area in the space

- Determining, on a comfort value table, the responses of the-
considered sampling groups of their specified spaces.

- Determining, within two dimensional systems, the relationships
between related dimesional variables of space and comfort, through
regression analysis.

~ Specifying activities in the space which design is being considered.

~ Determining equipment to be used for the activities to be performed.

- Calculation of total areas of activity and equipment.
- Determining the functional area, through relationship models and

by making use of relationship between total activity area and func-
tional area, and controlling the results through relationship between
total equipment area and functional area.

- Determining the total area through relationship models and by
making use of relationship between functional area and total area,
and controlling the results through relationship between total area
and number of user relations.

THE SUGGESTED METHOD FOR DETERMINING THE
DIFFERENTIATION SHOWN WITHIN TIME DIMENSION
BY SPATIAL REQUIREMENTS: ‘

The changes in relationship models were studied in determining the
differentiation shown within time dimension by spatial requirements.

Two ways are suggested here:

- Studying the selected sampling group at given time intervals and
determining the eventual changes in the relationship models during
these intervals. : :

- Determining the effect of time on relationship models by studying
two sample groups which show differentiation from the time
dimension angle,

The second way was tried in this work for the first one caused loss

of time in research. :

- The changes in requirements within time can be distinguished by
starting from differences between relationship models obtained
from the two sampling groups and by following the above listed

steps.

RESULTS AND PROPOSALS FOR FURTHER
RESEARCH
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Suggestions produced at the and of this work are grouped under
headings :

L. Suggestions related to Architectural Education with spacial
emphasis on Design Education

2. Fields of research undealt with related to the problem considered
in this work.

The scarcity of experimental work in such scale in our Country
causes a continous production of equipments which do not comply with
our standards. Bearing in mind the geographical conditions of our
Country, extending field studies by setting-up mobile laboratories
and establishing, in the meantime, closer relationship with users
can be considered.
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A METHOD FOR DETERMINING THE AREA OF INFLUENCES OF
CITiES IN THE TRABZON SUB-REGION OF EASTERN BLACK SEA:
FREQUANTATION APPOACH.

Dr. SINASI AYDEMIR

I.I

The aim of this study is to develop a method to delimit the area of
influences of cities in the Trabzon Sub-Region of Eastern Black Sea
in Turkey and to search for possibilities of redefining the exsisting
boundaries of this region.

The region has been mainly a geographical concept, concerned

mostly with physical space. While geography is concerned with par-
tition and limitation of the space, it can also be defined as 'an area

within which the combination of environmental and demegraphic fac-
tors have created a homogenity of social structure.

Regions can be defined in terms of their areal associations such as
uniform regions, or in terms of the functions performed in them In
this sense, a region is an area where people are bound together by
mutual dependencies arising from common interests.

Geographical definitions of regions are more static, but definitions

in terms of human activities such as flows of goods, information, etc.,
are more realistic and flexible and this give an opportunity for'
development. For this reason, we tried to redefine the region using
human interaction or frequency of visits made different purposes,
That delimits an accessible, reasonably large area termed as region

“Then functional areas or regions are defined.

When one speaks of human interaction and density of frequency of
vigits among settlementd, one also speaks of order among them such

as rank-size or rank in terms of centrality in a given region. This

sort of thinking brings in the problems of demarcation of boundaries
among settlements or regions which may differ from legally defined,

‘boundaries. Functional classification of settlements and the hierarchy
in the region that have been investigated in this study show the runctional
classification and specialization in the region in providing central
functions. This gives a clear picture of the region under investiga-
tion

The methods of determining the regions differ with the aim and and
there are various techniques to deal with this problem. What is -
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intended here is to develop an interaction oriented frequentation mod-
el to show how people have acces to urban services with least, efford
in a behavioural sense, -

In this study an attempt was made to determine the area of influences
of cities in the Trabzon Sub-Region. Ofcourse, there are many
aspects of this study which have to be dealt with in sequence. Other
aspects related related to this study, such as population growth and
accessibility, are studied.

The concept of region and regionalism and the techniques for defini-
tion of regional boundaries critized in terms of their applicability
and the data used. As a definition technique for regions, area of
influences and the recent studies related to this are carefully

reviewed. Theorethical and empirical studies are compared. such as
classical central place studies and urban rank-size. gravity type models
and catchment areas of centres. As an empirical study, functional
classification of urban centres are briefly reviewed with qualiative

and methods to show the urban hierarchy,

1.2

Studies in Turkey on regionalism and definition of regions are
discussed in the light of general conclusions which were drawn from
earlier studies. The need for a clear identification of functional for
{nodal) regions is expressed.

2,1

The Trabzon Sub-Region is studied in terms of urban and rural
development since 1940, The region is one of the developing parts
of the country, and the differences among urban areas are greater
than rural areas, such as high density on the coastal part of the
region and rapid population increase in urban areas against
continious decline in r('\ggal popuiation. While the number of urban
centres is increasing ' ~’, the number and the size of the rural centres
are decreasing. Distribution of urban population by urban size is as

follows : .
7 of tot.urban pop.  urban pop.size

7.5 less than 5000

26,3 5001-10000

28.1 10001-25000 <)
38.1 25001-over

%, The number of urban centers increased from 24 to 41 between
1940~1960

xx., Three major urban centers are: Trabzon: 97000, Giresun :
38000, Rize: 36000 pop.,
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By 1985,47% of the region 's population will live in urban centres as
estimated by the state agencies.

2.2
There are over 2000 villages (rural centres) in the region and the

distribution of total rural population by rural centre size is given in
the following table

% of tot. rural pop. rural centre pop. size
20, 20 less than 500
36,70 501-1000
20,89 1001-1500
22,22 1501-over

Increase in the number and the population size have doubled in the
last group in the last ten years (see graph:l, maps:l, 2)

Graph : 1
The Trabzon Sub-Region (TBAB), The Samsun Sub-Region and
National Population Growth :

Index: 1960=100

180
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170
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120

110

100+ et
1960 1965 1870 1975

oo urban population ~ULKE: NATIONAL
------ rural population TBAB: TRABZON
esesesossos total population SUB-REGION
SMAB:SAMSUN
SUB-REGION
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Physical distribution of urban and rural centres also varies from the
coastal part of the region to inland, 25 urban centres out of 4l are on
the coast line. The average distance among urban centres on the
coast is 14, %km,

2,3

Accessibility in the region has also been studied by producing a dig-
tance matrix among 4l urban centres. Then this matrix is converted
into another matrix by weighting with road surface qualities and the
speed made on them. By doing this a uniform distance matrix is
produced. With this new matrix regional accessibility schemes are
produced (see schemes: 1, 2). As a result of the accessibility analysis,
it was not found a high correlation between urban size and accessibilty
but there is a high correlation between the physical location of the
urban centres and accessibility.

3.1

The centrality analysis has been done to show the urban hierarchy in
terms of urban services and central functions in this developing
region. To be able to show the regional urban hierarchy, a region-
wide survey was carried out with the help of = officials such as gover-
nors, mayors, education authorities, school headmasters, a group
of students. During the survey two different types of data were collect-
ed related to urban central functions such as number of shops, educa-
tion facilities, health services, administrative institutions, finance
and insurance services, etc. The second type of data was related to
the volume of interactions among all types of settlements-urban and
rural - to provide those services mentioned above. People were ask-
ed where and how often they visit different level of centres to provide
their needs.

The centrality analysis was done by using Davies ' centrality formula
(x}). Location coefficients of central functions and centrality indices
were produced for each urban function and urban centres (X%).

(x}) Davies ' centrality index is: C=t/TxI00, see
Carter, H. The study of Urban Geography. Arnold, 1972, London.

(xx}) Centrality analysis done for only urban centres.
3.2

As a result of the centality analysis five groups of central places
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were identified.The hierarchy among urban centres is as follows:

5. group centres: Trabzon

4, group centres: Rize, Giresun, Artvin

3. group centres : Vakflkebir,‘gayeli, Bulancak

2. group centres : Bayburt, Gorele, Kelkit, Tire-
bolu, Akcaabat, Pazar, Arhavi,
Tonya, Glimiishane, Sirmene, Es-
piye.

l. group centres: Remaining 16 urban centres.

Grouping of urban centres by centrality was based on in-group and
between group differences (see map: 3 table: 1) From this grouping
the following correlations are found by regression analysis ¢

Urban centre size /no. of functional units. r=0. 936
/ no. of central functions. r=0, 842
/ centrality . 120,967

Centrality / no. of functional units. ra0. 957

Table : . Urban Hierarchy by centrality indices.

C=t/Tx100
Trabzon 2013 Arhavi 140  Yusufeli 62
Rize 642 Tonya 130 Kesap A 61
Giresun 545 Glimiishane 123  Siran ' 60
Artvin 479 Stirmene 123  Dereli 54
Vakfikebir 278 Espiye 115 ikizdere 51
Cayeli 259 of 114 Caykara 51
~ Bulancak 221 Sebinkarahisar 97  Savsat 49
Bayburt 167 Findikli 95  Magka 48
Gorele 164 Arakli 90 Arsin 42
Kelkit 160 Kalkandere 79  Torul 39
Tirebolu 151 Borgka 75  Ardanug 39
Akcaabat 147 Alucra 73  Yomra 22
Pazar 146 Eynesil 67 Camlihemsin 20

Hopa 142 Ardesen 67
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Regional topography limits accessibility, For this reason acces sibility

does not play much role in the regional central place structure, ex-
cept places like Trabzon, Rize, Giresun'*/,

4,1

The area of influences are explained and a frequentation model is
established. By using frequency of visits data which was obtained
by questionnaires from over 2000 villages-rural centres-and 41 ur-
ban centres. Households were asked where and how often they visit
those centres mentioned above to provide for their needs. Distribution
of frequency of visits is analysed in the light of the following
assumptions (see figure: 1)

Tigure : 1 A hypothetichal
region Band interaction between centres A, B,C,D,K

1. If there is one-way interaction from C to A, A has an influence
on C,
2, If there is mutual interaction between A and C,
showe the influencial centre and its force.
3. f ; f C is under the influence of A in some degree
c, a,c
or vice versa.

4, If fC = fa . C and A have equal influence (equal force).

f -f
a,c C,a

Centre A may be in interaction with more than one centre like B, C,
D, K. In this case total visits made to each centre (frequency of
visits ) can be found by the following equation :

FA: total frequency of visits made to A

P& total frequency of visits made from A

centre and centrality is: r 0,369
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The centres in region B can be put in a hierarchy according
their field forces, and the area of influences can be presented
vectors connecting each centre (see figures: 2, 3).

Tigure : 2, Area of influences presented by vectors

Figure : 3. Area of influences presented by vectors.

to

by
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4,2

An origin~destination matrix based on the above assumptions is pro-
duced for computation of frequency of visits among centres. Each
centres is identified by its census of population code number. This
computation was done for all central functions to show functional

specialization among them (see tables : 2,3).

Table : 2 Origin -destination matrix

Central Origins of - Destinations of Frequency
Functions Visits Visits of Visits &)
f 0801, 0, 001 08 15
1 0801, 0L, 001 0805 18

0801, 01, 001 61 10

0801, 01, 001 0804, 0, 002 25

2o 00 @8 0 e e 2006 @ LY

It is possible to see from this matrix that a centre may be in
interaction with several centres mutually or in one way. In this case
total number of visits made from a centre is the total of visits made
to those centres. The status of the centres « depends on the difference
of the frequency of visits made mutually. Ofcourse this definition is
dpplicable only on provincial level. What happens if cross-boundary
interactions exist ?. Here, for practical reasons, the computation
procedure is somewhat different. The crossboundary interactions
among centres in different provinces were calculated on the following
two bases: )

l. Interactions between centres in a province boundary are
calculated in the matrix form as above, then presented on
1 :100000 scale maps.

2. All cross-boundary interactions among the other centres are
calculated additively either on the provincial centres, then
directed to the final destination at the same level of provincial
or sub-provincial centres, then presented on | : 500000 scale
maps (see figure: 4).

4,3

The distribution of frequency of visits were examined . seperately
for each type of shopping and other services. The field force indices
were produced to show the functional classification of urban centres.
The hierarchy among the urban centres in terms of functional special-
ization were showed, then the catchment areas (range of goods and
services ) were found for major centres by regression analysis.
Finally, additive field force indices were produced to show overall

(x): Visite made in the last two years.
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The centres in region & can be put in a hierarchy according
their field forces, and the area of influences can be presented
vectors connecting each centre (see figures: 2,3).

Figure : 2, Area of influences presented by vectors

Figure : 3. Area of influences presented by vectors.

B )
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4,2

An origin-destination matrix based on the above assumptions is pro-
duced for computation of frequency of visits among centres.  Each
centres is identified by its census of population code number. This
computation was done for all central functions to show functional

specialization among them (see tables : 2, 3).

Table : 2 Origin -destination matrix

Central Origins of - Destinations of Frequency
Functions Visits Visits of Visits
f 0801, 0,001 08 15
H 0801, 01, 001 0805 18

0801, 01, 001 6l 10

0801, 01, 001 0804, 0, 002 25

® 5090086 e s 0000 L)

It is possible to see from this matrix that a centre may be in
interaction with several centres mutually or in one way. In this case
total number of visits made from a centre is the total of visits made
to those centres. The status of the centres « depends on the difference
of the frequency of visits made mutually. Ofcourse this definition is
dpplicable only on provincial level. What happens if cross-boundary
interactions exist ?. Here, for practical reasons, the computation
procedure is somewhat different. The crossboundary interactions
among centres in different provinces were calculated on the following
two bases:

1. Interactions between centres in a province boundary are
calculated in the matrix form as above, then presented on
1 : 100000 scale maps.

2. All cross-boundary interactions among the other centres are
calculated additively either on the provincial centres, then
directed to the final destination at the same level of provincial
or sub-provincial centres, then presented on | : 500000 scale
maps (see figure: 4).

4,3

The distribution of frequency of visits were examined . seperately
for each type of shopping and other services. The field force indices
were produced to show the functional classification of urban centres.
The hierarchy among the urban centres in terms of functional special-
ization were showed, then the catchment areas (range of goods and
services ) were found for major centres by regression analysis.
Finally, additive field force indices were produced to show overall

(x): Visite made in the last two years.
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functional specialization and the area of influences for all type of
goods and services (see tables : 3,4,5, maps : 4, 5).

Figure : 4 Calculation of cross-boundary interactions.

Origin of Destination of Total visits
visits vigits (frequency of visits)
Rural Centres Previncial Centre

o | f ® @

1 3
n_k -3 08 .
L]
Interaction from rural Interaction from
centres to province or province fo province
sub-provinve

Table : 3. Area of influences in distance.
( Range of goods )

Centres Regression equation r km,
Trabzon Y= 2999.93 - 13.46 X =~ 0.614 216
Rize Y = 2532,14 - 14,55 X -~ 0.448 175
Gliighane ¥ = 5779.36 - 49.77 X -~ 0.623 116
Giresun ¥ = 3698.70 - 38,55 X ~ 0,514 96
Artvin Y = 2131.23 - 26,98 X - 0.865 78
Bayburt ¥ = 12575.55-136.59 X - 0.874 g1
Kelkit Y = 3024.38- 23,22 X - 0.613 89
Pazar ¥ = 1390.79- 17.07 X -~ 0.305 80
Savsat ¥ = 3858.49~ 57.15X =~ 0.864 66
Siran ¥ = 4B54.65- 73.65 X -~ 0.719 65
Of Y=  4199.47- 47.72 X - 0.517 52
$ebinkarahisar ¥ = 11385,42-275.57 X - 0.999 41
Vakfikebix ¥ = 9239,58-233.53 X -~ 0.703 40
Gérele ¥ = 6097.83~193,26 X - 0.558 41
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as Rize and Giresun.
. The regional functional specialization among the centres is seén

in the provision of goods, building materials, personal services

and health services.
. There are about 42 rural service centres, some of which act
at the same level with some of the 2nd. and Ist.group centres

in the regional urban hierarchy.

Finally, it is possible to put threshold limits for urban functions
and services which are necessary for planning purposes. The
functional specialization among the urban centres should accelerate
as a regional policy. The Trabzon Sub-Region can be divided in two
sub-regions, and the regional boundaries can be re~drawn as seen

map 6.

This is a summary of :

Dogu Karadeniz Bolgesi Trabzon Alt Bolgesi (TBAR)
Kentsel Etke Alanlarinin Saptanmasi Igin Bir  Yon-
tem: Etkilesim Esasi. iTtl. Mimarlik Fakiiltesi, Karade-
niz Matbaacilik ve Gazetecilik A.S., Trabzon, 1978,
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A PROPOSAL METHOD FOR OBJECTIVE MEASUREMENT OF
BUILDING FACADES

IN ENVIRONMENT OR THEIR TWO DIMENSIONAL MODELS-
drawings-~

IN ARCHITECTURAL DESIGN FROM THE AESTHETIC VIEW,

Dr. KUTSAL OZTURK

This thesis presents a method for objective measurement of building
facades or their two dimensional models-drawings in architectural
design from the Aesthetic view.

In chapter 1, the problem is introduced and the aim of study is
defined. Some visuel examples are given in the history of Architec~
ture related with the study.

In chapter 2, the existing methods for subjective and objective
measurement of facades, are discussed and given some examples.

The Semantic Differential (SD) of Osgood et al. has proven to be a
reliable, valid and practical instrument the subjective measurement
and also Semantic Rating Scale (SRS) of Sanoff et al. But the subjec-
tive impressions of people have to be related to ""objective ' proper-
ties of the facades in order to accound for the subjective differences.

For objective measurement of facades three methods have been pro-
posed so far in the literature. Firstly ratings and estimates of the
frequencies of occurence of certain features (e. g. number of storeys,
of flats, of balconies, of windows, of window forms, of roof surfaces,
estimated age of the building etc. ) (1973), cf. Wright (1973) and
Krampen (1974, 1978). Secondly, the Type-Token-Ratio (TTR) was
introduced by Krampen in Architecture (1974), The TTR originally
used in linguistics to estimate the "flexibility ' of speech production
by dividing the number of types of words used (e. g. noun, verb,ad
jective, etc. ) by the number of tokens, i. e. by the frequencies of
occurence of these word types within a given sample of speech (cf.
Osgood, 1958) This procedure has been shown to apply easily also
to facades, by dividing the number of different types of facades parts
(e. g. different types of windows. of balconies, of doors, etc.) by
the number of realizations in these type classes in a given sample

of facades. This is a simple example for showing the measurement
of TTR:
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Facade :

i wall

1 door

.‘ . ;. 3 windows

Type (T) Token (T) Ratio (R)
window : 1 ............ 3 e 1/3 0 0.33
wall O | W 1/ : 1.00
door A, L 1/1 : 1.00

TTR 1 2.33

i'ne third method information measurement can be applied in two
ways. Either an inventory of all fagade parts in a sample is taken
as the repertory and the information measure is calculated on  the
basis relative frequencies ( - probability occurence ) of the facade
parts, or the surface of a facade is subdivided in to grid units which
are labelled according to their content (e. g. roof surface, wall sur-
face, window surface, etc. ) These measurement based on the
Information Theory. According to the Theory, The probability that
any one group of signs will register on the mind of a beholder at any
given level relates to the frequency with which the sign is repeted.

Thus the content of a scene is represented mathematically as

follows., .
i=n

I= % N1 lOgZ“ l/P(i)

Ti=l



where :

84

I Total information content in bits
n Total number of different types of element
i any integer from lton

P(i)

The probability of an element type (i) being noticed

Ni total number of elements of type (i).

The procedure is first to list all the different elements the architec-

tural scene contains and to record after each the number of

times

this element recurs. Adding together of all results gives the number

of bits the building rates.

It is possible to use some tables about (log n) and (n logo n)
) 2

for

the calculation, but in this thesis the computer programme which is

chown below, was used.

INPUT X
7 = A% (LGT(X/A)) / LGT(2)
PRINT A,X,Z

Ney Ty A
GO TG Y
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These are the examples :

FACADE : |
ull

elements of the facade total numbers
Window e 4
dOOr L e 1
wWall 6
0T 1
4 : different elements . total :12 .
12: total

I =4.Tog(i2/4) + T.log(12/1) « 6.710g(12/6) + 1.70g{12/1)

oo
]

#.70g 3 + log 12 + 6:70g 2 + Tog 12

The surface of a fagade is subdivided in to grid units which are

labelled according to their content.

X X X X X X
roof : (?)
door : (%) 2 o ) > 0 /
air : (x)
window : (+) 2 T VR / 1/
wall : (/) ‘
green : (=) = | o= / %
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To open up the problems and the advantages -of the informational
approach to measurement in this field we may return to theories of
formal aesthetic and in particular to the theory advanced by G. D.
Birkhoff, ‘

Depends onBirhoff : ' The typical aesthetic experience may be regar-~
ded as compounded of three successive phases :

L. a preliminary effort of attention, which is necassery for the
act of perception, and which increases in proportion to what
we shall call the complexity (C) of the object,

2. the feeling of value or aesthetic measure (M) Which rewards
this efford, and finally,

3. " a realization that object is characterized by a certain harmony,
symmetry, or order (O), more or less concealed, which
seems necessary to the aesthetic effect.

This analysis of the aesthetic experience suggests that the aesthetic
arise primarily because of an unusual degree of harmonious
interrelation within the object.

More definitely, if we regard M, O and C as measurable variables,
we are led to write :

M=0/C
and thus to embody in a basic formula the conjecture that the
aesthetic measure is determined by the density of order relations in

the aesthetic object. "

In chapter 3, the proposal method is explained. The method has
three steps :

I : Abstraction

II  : Determining, relationship between forms of facade to  each
other and whole of facade, and relation with environment as
gilluette.

1 : Digitizing and calculation.

Two dimensional model of facade -e. g. drawing- is  syntacticly
abstracted. Determining visual forces of structural skeleton  of
abstracted model of facade for micro -aestetics of fagcade and
silluette for macro~- aesthetic of facade. And then values of micro
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, 6
and macro aesthetics of fagade is calculated with DAC (table of
evaluation) aided. There are 3 experimental studies related with the
steps of method. {(appendix I, the experiment |, 2, 3) The proposal
method can be formulated like this : '

(ZBe/Zn )+ S
C _ ]
2

@

X

Ce Numerical aesthetic merit of facade

2 Sigma

B Numerical aesthetic merit of forms ofvisual forces of structural
skeleton of abstracted model of facade

n Number of forms
S Numerical aesthetic merit of silluette

In Chapter 4, some examples demostrating the application of the
proposed method. And also measurements of the proposed method
are compared with other subjective and objective measurements which
are applicated on the same examples.

The results can be summarized as follows :

There is a high significant correlation between the measurements of
the proposal method and the subjective measurement, which gives
too high correlation coefficient.

(r=0.96, 0,893, 0,01)

There is a correlation between measurements of the method and
(TTR) measurements

(r=0,84, 0,74, 0,05)

There is also a correlation between the measurements of the method
and (I) information measurement..

(r=0,76, 0,714, 0.05)

In these study, The data is treated by "X (chi-square) ' significance
test for each paired comparison.

And Spearman 's rank-order correlation is used.

All the 'experiments 'and their results are in apendix I,

'Set Theory 'and ' Information Theory 'are summerized in  other
appendixes.
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Two dimensionel models

of facade
photograph
slide
drawing

e ADA

[T Eyd

abstraction

I: Syntactic abstaction

I1: Set theory aided
abstraction

I1I: Simplification

Ny WYY\

e

Structural skeleton of
abstracted model of facade
(for micro-aesthetics)

Silluette
{for macro-aesthetics)

e
.

Digitizing
(DAC-table of evaluation-
aided)

Ce

:( TB, /I n ) + S

. Be = 20.89 n=11
1 ns= 11

s
+[— () = 1.98

C, = (1.89 +1.98)/2 = 1.935
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TABLE OF EVALUATION ,
DEGERLENDIRME ARACI CIZELGESI

GEOMETRICAL G.D.Birkhoffsi + 1 New Aesthetid
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THE SOCIAL SCIENCES IN ARCHITECTURAL EDUCATION:

A PROPOSED APPROACH

Dr. SENGUL OYMEN GUR

When the future role of the architect requires a social knowledge
and sensitivity, it becomes important to incorporate social
scientific knowledge into architectural education.

Although the idea of rationalizing the design process had in its core
the desire for basing design on its social and economic context ,
social scientific knowledge is still misinterpreted and underestimated
in architectural education today. Social sciences do not merely
provide facts to be fed into the design process, nor do they only
provide methods by which architecture can be analyzed. They actually
consist in an important body of knowledge which can aid designersto
reject, alter or accept a plan, a project or a strategy.

For a healthy collaboration between social scientists and
architects, the social sciences have to be transmitted to architectural
students as a unified body of knowledge, as a going concern inea
disciplined mode of argument in the field of architecture. This will
clarify the way social scientists conceive of problems, tackle them
and select appropriate methods and techniques for research. An
integrated theory of architecture is also necessary for this
collaboration. An integrated theory (a theory which accounts for
both the internal and the external - i. e. task- environment of
architecture ) can be achieved only through appropriate premises and
principles of logic, critical methodology and proper logistic
explanations which derive from valid answers to questions like 'what,
for whom, where, when and why'.

Architecture can neither be conceived nor taught separately from
the social system out of which it evolves. Architectural philosophies
adopted by the schools of architecture, however, disregard logistic
inquiries and merely focus on the personal scale of architecture
(internal environment ).

Schools, in general, are meant to socialize the philosophy of the
existing systems everywhere, therefore even the professional schools
such as the schools of architecture avoid questioning the system 's
value. They prefer to focus on the guestion of 'how ' rather  than

' what, for whom and why '.
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Professional education is a complex process which must be
viewed as an intersection of social demands and professional methods
and skills, Thus the primary task of any architectural school is to
accept, develop and transmit a generative adaptable, reality-based ,
practice-oriented philosophy of the. profession; to organize curricula
and the research areas in the light of this understanding; and to
assist in the inclusion of this task-environment oriented philosophy
into the intellectual units of education, first of all.

One basic strategy to counteract the unintegrated and reduced
philosophies of architecture, biased design principles, abstract
methodologies, idle creativity etc. in architectural design educations
is to establish a basic, comprehensive theory course, upon which
possible curricular innovations and research areas could be
coherently planned.

A basic theory course is that which transmits an integrated theory of
architecture by duly emphasizing the man-society-architecture
relationship: as well as those of design elements, properties and
criteria with regards the user. :

It should consist of three levels: a ) the universal-phenomenal, b)
the local-concrete, and c) on specific cases.

The goal of the first level is to transmit a conceptual model of
architecture as the intersection of living, non-living systems, social
systems, individual systems, and other man-~made systems such
as arts, technology, planning,law and history, etc. The second level -
should aim at transmitting the local parameters of the task environment
in which the prospective architect is most likely to perform . The
last level should take a critical approach to architectural design
process and methodologies ; and specifically should aim at bringing

to the fore the ethical issues involved in programming ( in terms of
methods, strategy, need-meaning-value dialectics of the user ) Thus
theory course should render an efficient framework for logistical
analyses prior to design work-shops where the design phase of the
overall making process in architecture can be emphasized. '

Although the knowledge of the type of commissions architects get
today indicate that the architect is very often held respongible  of
the life of total communities, application proves that architect-society
dichotomy is as strong as it was a century ago : the architect is
divorced from his public; society is alienated from the architect ;
professional prestige is lost ; and many architectural problems of
social origin continue.

This situation requires that the architect should be educated in
fully conceiving and >participating in the solution of those socio-
architectural problems that demand action. Social knowledge and
sensitivity ' should be acquired first. Only then can action follow,

Despite the fact that today 's architect is expected to appreciate
the socio~econo-political implications of architectural decisions, as
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well as the environmental, technological, cultural and psychological
ones, the vital interconnection between architecture and society ;
between social scientists and architects is underestimated in  the
curriculum at most architectural schools today.

In order to fill this important gap in the curriculum this study
analyzes society-architecture interactions through two major concept
couples such as society-social change and architecture -society
exchange ; produces the principles of incorporating social sciences
into architectural education; and proposes a core theory course in
the architectural curriculum comprehending the aforementioned
concepts for the purpose of aiding the young architect in grasping
intellectually the two interacting phenomena, the two interacting
disciplines and the two interacting tasks.

The architest's failure to react to problems such as excessiveuse
of metarial resources in society (land, building technology and
materials, funds) ; unrestricted land Speculation,z unquestioned
environmental protection regulations, S arbitrary design canons in
architecture, urban design and planning,” and dysfunctional architecture5
which results in psychological strain, etc. has led some to doubt

I
R. Starr, Housing and the Money Market, Rasic Books Press,
New York, 1975,

J. Jacobs, The Economy of Cities. Random House Publishers,
New York, 1969.

B. Brolin, The Failure of Modern Architecture, Van Nostrand
Reinhold Publishing Co., New York, 1976.

M. Pawley, Architecture versus Housing. Praeger Publishers,
New York-Washington, 1971,

2

M. MacEwen, Grisis in Architecture. RIRA Publications Litd.,
London, 19,

3

M. E. Brooks, Housing. Eouity and Environmental Protection;
The Needless Conflict. AIP Publications, Washington, 1976.

A. Fein, Trederick Law Olmsted and the American Environmental
_Tradition, Braziller, Planning and Cities Series, 1972.

R. Burchell and D. Listokin, The Environmental Impact Handbook,
Transaction Books, 1975,

Creating the Human Environment, AIA Report, by G. McCue,
W, Ewald, Jr. and Midwest Research Institute, University of
Illinois Press, Urbana-Chicago~London, 1971.

4

G. Broadbent, Design: in Architecture, John Wiley and Sone ,
London-New York -Sydney-Toronto, 1973.
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whether there should be any planning or design school, (1)

Rejecting any form of planning and design stems from socio-political
nihilism or cultural nihilism. Socio-political nihilists are those who
are either radicals of conservation or radicals of change. The former
support the present order and, therefore, they attempt to obstruct
any plan which seeks to introduce new social responsibilities. The
latter, on the other hand, prefer toleration of the existing chaotic
order, convinced that it will eventually destroy itself. Therefore,the
two extremes agree on the futility of planning and design ~~and, hence,
on the futility of schools of design.

Cultural nihilists are those who argue the immunity of cultural
values versus compulsory planning values ; and prefer to let things
evolve in time, for insincere reasons very often. Thereby they also
allude to the futility of schools of design.

Nevertheless, since the schools are powerful socializing institutions
of society, and are responsible for fostering planning and design
principles which are said to be unjust, discriminatory and irresponsible,
then a strong reverse attitude towards planning and design can only

be professed and spread by socializing institutions as strong as schools,
Schools are indispensable for counter-social-izing tasks, Thus

they should remain to carry out the goal of fostering social thought
and innovations in planning and design.

It is the tasks of architectural educstors :

l. to understand and accept the validity of interconnections
between society and architecture, between social scientists
and architects :

2. to re~organize the curriculum upon this understanding of

C. Alexander, "A City is not a Tree ", Architectural Forum.
April (pt. 1) and May (pt. 2), 1965,
5

M. Mead, World Enough : Rethinking the Future.Little Brown and
Co., New York, 1976,
( footnote 5 cont 'd )

J. Jacobs, The Life and Death of Great American Cities,Random |
House Publishers, New York, 1959, alludes to psychological strain
without fully defining it.

6

M. H, Turan, Environmental Stress: An Ecologieal' Approach
with Special Reference to Housing, Ph. D. dissertation, Columbia
University, 1974, attemps to define " strain ",

{ ,

T. Maldonado, Design Nature and Revalution, transl. by
M. Domandi, Harper and Row Publishers, New York, 1967, pp.8-il.
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architecture, and to establish proper courses relative to
the definition of the subject~-matter;

3. to employ a school policy to interact with life environment
for the purpose of retaining student-society of, thus,
altogether undertaking a socio-physical responsibility to
the immediate environment.,

The ‘links between the social and the physical environment are
understood by educators to some extent. Even some non-professionals
are cognizant of the same inftricate relationship between building and
structure of social system. But, a society orientation in architectural
education has only been stated in the form of global goals-and in goals
alone. For example, the outcome of a widely distributed questionnaire
lists the following goals :

" a) A student (or graduate ) should be able to work
effectively within the real world constraints of present
day practice ...

b) A student (or graduate ) should be able to comprehend
the continuing changes in the social, economic, scientific
and technological setting of our society. He should be
able to constantly renew and adapt his abilities in
response to these changes...

¢} A student (or graduate ) should be able to formulate a
concept of better environment beyond present day
constraints to give direction to his adaptability... 1

These goal statements indicate recognition of the concerns signified
above, But as far as the studies of architectural curricula are
concerned, some do not go beyond statistical research,? some are
procedura13 (answering the question of how rather than why and
what ) and many of them are piecemeal.4

I
R. L. Geddes and Bernard P. Spring, A Study of Education for
Environmental Design ; AIA Sponsored Report, Princeton University
Press, Princeton, New Jersevy, 1967,
2
i. e. S. Y, Hassid, Architectural Education in the U.S.A. :Our
Changing Environment. Ph. D. dissertation, Berkeley, California,

1967,
3
i. e. Geddes, Loc. cit.
4
Hasgid, Loc. cit. outline of articles on architectural education.
5
C. Norberg-Schulz, Intentions in Architecture. The MIT Press,

Cambridge, Mass., 1965,
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The above goals of education and with them the allured role of
the architect  in society require that he should be introduced
to the social sciences in such a way that he can collaborate effectively
with social scientists, especially at a senior stage in his career
when he has a greater measure of design initiative, when collaboration
among professionals becomes more imperative, and when he is likely
to have a better opportunity of influencing that collaboration.

But the few curricular amendments, such as courses on
sociology, economy and psychology etc. are taught in splendid
isolation 5 at most architectural schools today with the few exceptions
where an attempt is made to unite psychological themes and
architectural themes under proper titles ; and to tie the theoretical
fundamentals: to design practices. However, the second attitude is-
neither dominant nor sufficient and the entire effort needs
reworking,

Prevalent applications of an isolated nature evelve from faulty
approaches of architects and architect-philosophers to the social
sciences. Concern with social sciences in the sphere of architecture,
actually, emerged by and through architect researchers who
attempted to improve the design approach in an effort to counteract
the Bauhaus emphasis on creativity and self expression.

Their goal was to base design on its social, economic and
psychological context. They developed methods to analyze design
problems and to synthesize solutions in order to avoid an
irrational variety of solutions and risk in design.

Many abstract models of design process and a couple of models
of the design phase have accumulated since the inception of
the rationalizing ideaZ; all have their pros and cons. However, as
educational innovation they did not prove successful for various
reasons @

l. Instead of being built into studio efforts, they were added to
the architectural curriculum as a further responsibility, at
most schools.

2, Or as in the case of same schools when methods were applied
in the studios, they even became ends in themselves rather
than means. Emphasis laid on the testing of various methods
and techniques led to the study of the ' means 'as problems

1
D. P. Crant, Systematic Methods in Environmental Design : An
Introductory Bibliography. Council of Planning Librarians, Exchange
Bibliography No. 302, August, 1972,
2
Emerging Methods in Environmental Design and Planning.G.T.
Moore, ed,, The MIT Press, Cambridge, Mass., 1970,
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rather than the original architectural problems themselves.

3. Also, the automation techniques employed by the architectural
methodologists and the studio participants led to over abstraction
of the community and to pragmatic architectural decisions.
People became numbers. 2

In other words, architect-educators of rationalist persuasion
looked to the social sciences for their potential contribution, in one
of two ways : One way has been to regard the social sciences as
merely providing simple facts which can be fed into the design process.
Here social seience is regarded as a tool of design. The other way
has been to regard the social sciences as the paradigm of architecture ;
that architecture could be a science with firm roots in psychology ;
that the methods and tecniques of social sciences could be easily
applied to architecture to provide statistich. Both the empricists and
positivists are wrong. Facts of the empricists are not universal
truths first of all., Secondly, methods of the positivits are to be used
better by a professional social scientisi than by an architect, Thirdly,
both the empricists and to positivists overlook the intuitive

element in design.3
Whereas it is much important for the young architect to learn how

the social scientist thinks about a new problem, what governs his
decisions about how to tackle it, and two exactly his findings get
incorporated into policy decisions about a plan or building rather

than social scientist 's detailed methods of inquiry.4
" The educational objective therefore must be to put the young
architect in a position intellectually - and if possible in
practice, to graps the principles of a relevant social science
sufficiently well to make collaboration. possible and effective, "

1

N. Negroponte, The Architecture Machine. The MIT Press,

Cambridge, Mass., 1970,
2 , ,

Statements on methodologies are to be expanded in Chapter Ilof

this study and statements on the application of them are to be expanded

in Chapter IIL of this study.

3
M. Broady, Social Theory in Architectural Design, ARENA,
January, 1966, pp. 149-154 points to the misconceptions
4
M. Broady, ' Sociology in the Education of Architects ',
Architectural Quarteriy, April 1969, pp, 49-52,

5
Tbid., p. 49.
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Thus a social science course in architectural education should be
established in an effort to familiarize the young architect with  the
interactions between social systems and architecture {as one of
subsystem of social system), in other words, with the exchange
processes. The relationary domain between the two professions
should thus be crystallized; the total social-physical tasks of future
architects should be clarified ; hence a set of socio~architectural
questions should be identified prior to design,

Today other than the formal and deseriptive history courses, the
procedural methods and methodology courses, the element arv
sociology and economy courses, there is no one course in architectura!
curriculum which comes close to meeting the aforementioned
objectives, and yields a comprehensive basic knowledge conducive fo
social consciousness and sensitivity.

It is time now to support the procedural and deseriptive theories
of architecture by an explanatory course which carries out various
goals of architectural education at the same time.

Besides, a central course as proposed here is coherent with the views o

those researchers who seek in the psychology of learning an objective
basis of contradictory approaches to architectural education : the
concensus among these researchers is that the elementarist

( structuralist ) approach, which prefers to teach the elements  of
design with emphasis on the links between the elements and the whole,
plus a conceptual model of the whole is a ! better ' approach o
education than the case-study approach, the one which }Wef e fo
teach various concepts and elements of design as they relate to the
specific case problem studied in the studio.

The view is based on experiments which confirm that concepts
learned as free moving elements combined with previonsi iv learnad
concepts to form new and unexpected combinations not experisnced
before. The deduction is that through such learni ngf the knowledg:
recipient, can be better prepared for potential innov aizi@nsf

Therefore to put it briefly again, this study attempts to poin!
what properties are ignored in conceiving and teaching archite
thus far; how they are ignored; why they are ignored.

Thus, it formulates the institutional tasks of the sche
architecture and proposes an educational \\t
inclusion of lohg-neglected properties of are

-

I
H.H. Williamson, " Pgychological Basis of At’ehiﬁeeﬁma?
Education ", Progressive Architecture, March 1969, op. 72-84,
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In the first chapter, this study demonstrates architecture-"task-
environment " interconnections and the nature of decisions which
concern architecture. It identifies sociological questions an architect
should learn to ask-and, if possible answer ; and defines the
architect 's task with respect to society through a conceptual model
of architecture. |

Tn the second chapter the study tests the validity and sufficiency
of the existing theories of architecture in terms of logic, methods
and logistics with the conceptual model developed in the first chapter,
for the purpose of demonstrating the insufficiency of architecture 's
long-standing philosophical concerns from Vitruvius onwards.

The third chapter examines the underlying reasons as to why
internal environmental theories of architecture pervade schools of
architecture.lt points tothe system-determining and socializing aspects of
the schools of architecture as one example of social institutions.This
chapter then proposes that, for the purpose of realization of publicly
determined goals of education, the system~-determining and
socializing powers of the educational institution be used for counter-
socialization; that is, for leading both students and practicing
architects to a progressive conception of architecture. To do this,
the study proposes a core course in the curriculum, based on the
notions of social change and architecture-society exchange ; and
produces principles of a society-oriented school policy.
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PROBLEMS OF WIND DRIVEN RAIN AND A METHOD TO PREDICT
ITS INTENSITY ON BUILDINGS

Dr, MESUT CZDENi7

Problems associated with the penetration of rain water has been in-
creased in Turkey and throughout the world, with the introduction of
new building techniques and materials into the building industry.

The aim of this study is to analyze and solve the problems associated
with  wind driven rain penetration.

In the first chapter, building defects were classified and discussed
according to the origin of and to the results of failures. Building de-
fects associated with driving rain has been shown to constitute a
high percentage among other types. “The reasons for this can be
summarized as :

« Importation of building forms and systems without making the ne-
cessary adjustments to the local climate.

« Cracks on the building shell that occur due to the faulty design.

. Inadequate specification of design.

- Designing without considering the quality of available workman-
ship.

. Inadequate research on rain penetration.

. Inadequate testing methods for rain penetration.

. Uncertainty. of the climatic stresses on components that has to
be weathertight,

. Early weathering of the joint sealing materials.

- The tendency for building with less materials which is possible
by the introduction of new building materials and systems., How-
ever, the performance of these materials and systems under
climatic stresses are not known, and the principles to  achieve
weathertightness with them are not established yet,

It was concluded that to solve the problem, architects or designers
shotld be provided with information on physical phenomena related
with rain penetration. Thus; all the physical phenomena, involved
in the motion of the rain water in the atmosphere and on the building
'shell, were reviewed in chapters 2 and 3.

The promlems of wind driven rain penetration appear very frequent-
ly in the exterior joints., The solution of this compiex problem is

‘pas
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possible if the design of weathertight joints is not thought separately
from the entire building design. So, the principles of weathertight-
ness employed in traditional and present day buildings were studied
to see if these principles can be applied with the new building tech-
nigues and materials, It was shown in chapter 4 that many of these
principles can be applied and be effective in reducing the risk of
rain penetration.’

The design 'of exterior joints is a tecnical problem of building design
and the systematic ways of joint design should be adopted. Architects
cannot solve the problem of joint design like an industrial designer
does. Recause he has to make buildings with longer service life,
with less materials and be economical. In chapter 5, the flow
diagram of the weathertight joint design based on the performance

approach and the general design process were given. (FIG. I)

PIGURE I Flow diagram for the joint design.
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For this purpose, the architects should be provided with informa-
tion on the effectiveness of the weather protective features on building
exterior shell, under various driving rain stresses. In chapter 6,
available test results on this subject were discussed. It was concluded
that these tests should be renewed for a set of stresses by the correct
simulation of driving rain.

The second information needed for the design of weathertight joints
is the prediction of driving rain stress on building, When this is
provided; the joints will be designed for the correct exposure, de-
signed joints will be tested under the correct stresses, acceptable
joint testing methods will be developed, and the ready made compo-
nents like windows whose performance are known will be  selected
more economically.

In chapter 7, the existing methods employed for this purpose were

discussed. Of these methods ; '

-~ The direct measurements of wind driven vain on buildings are
costly. They give information only for the type of building  on
which the measurements are made., (1)

» British Driving Rain Ihdexes are of approximate basis. They do
not give information on the instantenous rates of driving rain.
They can be used to indicate the most exposed direction at a
place like Britain in which wet winds could come from any direc-
tion. However, in a continental climate all the winds do not bring
rain, (2)

. U, 8. 8. R, Tiblis Zone Research and Design Institute Method
uses the below equation, as in the British Driving Rain Index Met-
hod, to compute the driving rain infensity for each storm. (3}

“diisg “
3 Vi
Where S... is the driving rain intensity on a vertical surface,

diis . .. :
S ¥ is the horizontal rain intensity (as measured by

meteorological offices
is the wind velocity ,

o &

is the terminal velocity of the mean gize raindroms
for the given homzonta‘{ rain intensity,

This equation is written on the assumption that raindrops move in
the horizontal direction at a speed equal to the speed of the wind
and in the vertical direction at their terminal velocity. This equatim
is correct above the gradient height, In the boundary layer, however,
wind velocity decreases with the decreasing height., A mean gize

raindrop cannot adjust its horizontal velocity component to the  de-~
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creasing wind velocity. It cannot also adjust its velocity to the sudden
changes in wind velocity. Thus, the horizontal component of  the
raindrop velocity is faster than the mean wind velocity.

It is the progress of the method to use the reoccurance period of
the driving rain computed. However, the use of the method is possible
by obtaining special data from the meteorological stations.

. Two similar methods were proposed in 1974 Rotterdam CIB/ RI-
LEM symposium on ' Moisture in buildings " by Sandberg and
Rodgers et al. Both methods use the forces that act on the rain-
drops to compute the driving rain on the center line of a high, long
building facade at a flat land, The use of these methods are not
practical. They necessitate quantitative information on airflow
around the buildings which is difficult to obtain, and they give dri-
ving rain intensity for the less exposed position of the building.
Furthermore, these methods can be used only for the buildings on
a flat land. (4,5)

It was concluded that a new method is necessary with the following

provisions :

. It should give more precise results than the existing methods,

. It should be possible to be used in every kind of topography,

. I should be practical,

. It should use data published normally by meteorological offices,
It should give information not only for vertical surfaces but also
for inclined surfaces,

. It should consider the meteorological data with their reoccurance
period,

. It should take into consideration ground roughness, building
height, wind velocity, rain intensity, temperature etc.

This is only possible by taking into account ail the forces that acton
raindrops and then by solving the equations of raindrop motion. This
approach was also adopted by SANBERG (1974) and RODGERS et

l. (1974)., However they used two dimensional equations to com=
pute the driving rain impact on the center line of a building facade
standing on a relatively flat land.

In chapter 8, three dimensional equations with the improved assum~
ptions were given to compute driving rain impact on any parf of a
building standing on any kind of land.

The total force acting on a raindrop can ba written as;
S F=ma
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Where, 2 F is the total force
m is the mass of the raindrop
a is the acceleration of the raindrop.

FIGURE 2, Positive directions
along the %, ¥, z axes of the
Cartesian coordinate system, P

|
i
|+ X\
7

The components of the total force acting on the raindrop along the
%, ¥, z axes of the Cartesian coordinate system (FIG2. ) can
be written as ;

FX =ma = - Fi)x
F o=ma = .F
y y Dy
F, = = - -
z =Ma, = FDz Fw

Where aX » & 4 a arethe components of acceleration along

the %, vy, z axes
Fpgs FDy’ Fpy, are the components of the drag force along

X, ¥, Z axes

FW is the weight of the raindrop.

The drag force P acting on a raindrop can be written as ;

Fom-tad o (v-u)v-ulc
D d "h
8
Where dd ig the diameter of the raindrop
Ph is the density of the air

v is the velocity of the raindrop
u is the velocity of the wind
C  is the coefficient of drag.

The weight of the raindrop can be written as ;

F == 1 ° g
\% °d
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Where g is the acceleration due to gravity
d is the density of the drop.

If these last two equations are substituted, acceleration of the rain-
drop along the x,y,z axes can be written as;

0.75 o CX (v =u,) {vx—u

4 - - X X x|
=
dg eg
0.75 C. (v -u v -u
R °n &y () Iy
Y
dg °g
0.75 o, C, (v,=u,) [v,~u,] oh
a = - - g (1-—)
z d, o °d
d "d
In these equations acceleration is a function of the wind velocity

which changes with height and around the building. So the equtions
can be solved by numerical integration., After a short time increment
(dt), the new velocities and the new positions of the raindrops
along the x,y,z axes are given by the following equations ;

0.75 o C, (v -u,) v -u_|
— h “x ‘'x "X XX
Vy =+ p dt + v 4
d "d
0.75 C -u V. -U
. on Oy (o) vl o
Y yi
g Pq
r 0.75 5, C (vo-u)  |vo-u ] _
v, = hz 'z 20 'z z } gt + v,
| o 1
d “d
o C, (v-u ) |v -u]
- - é_ ho7x " x X X X! (dt)2 'V dt + X,
44 Pg
5 pp G (vymu) v -u 5
Y = - : y J Y Y o(dt)¢ + v . dt 4V,
8 P i
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7 - 1 7 P (VZ—UZ) gvz'uzg } 2
5 - g (dt)"™ + Vo dt*zi
d Pd A
Where Vs ‘Vyi, V4 are the initial velocities of the raindrop
along the %, v, 7 axes
Kl s "i: s Zi are the initial positions of the raindrop

along the %, v,z axes,
The coefficient of drag used in the above equations depends on  the
size and shape of the raindrop, and on the velocity of the raindrop
relative to the air. 5o, thers is 2 relation between the coefficient of
drag and the Reynolds number. The Reynolds number is the ratic of
the inertial forces to the viscosity and given by the equation

d, . o

d h Iv - ul
Re — ,
© Th

where Oh is the viscosity of the air.

It is not possible to fit the relation between the Heynolds number
and the coefficient of drag into a single equation within the limits
of reasonable error. Instead, the Reynolds numbers scale  were
divided into smaller ranges and for each range different empri -
cal equations were proposed. They were based on data provided by
GUNN and KINZER (6) By this procedure the average error in-
volved in the calculation of drag coefficient is less than 1 %.
(TABLE 1)

The predominant raindrop size was defined by BEST as the raindrp
size which constitutes the highest percentage of water in one cubie
meter of air, Its relation with the rain intensity is given by the fol
lowing equation ;

0,232
d = 0,001 8
Where de i the predominant drop size, m.,
] iz th V_At'aih intensity on a horizontal surface,
mm/m h.

The amount of water present in the air for any horizontal rain in-
tensity can also be calculated by the use of the equation proposed
by BEST . (7 0,846

Sy= 67 8

where S  is the amount of water per unit volume of zir, mm™~/m
M
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Variation of wind speed with height depends on the surface qualities
of the ground and formulated by DAVENPORT as; (8)

(uH/uG)z(H/HG}S

where Uy is the wind velocity H meters above the
/ ground, m/s
u
G is the gradient wind velocity, m/s
H is the gradient height, m
G
s is the power law exponent which depends on

the roughness of the ground. ( TABLE 2. )

Quantitative information on wind velocity variation around the buil-
dings are limited to a few building types. It is necessary to obtain
this data by wind tunnel studies.

By taking a predominant size raindrop at grandient height and tra-
cing its motion till it hits the building, it is possible to find the velo-
city and the angle with which it will hit the building. Then, multipli-
. cation of the velocity component of the raindrop perpendicular to
the surface, by the amount of rain water present in the air will give
the driving rain intensity on the surface. The flowchart to compute
the raindrop impact velocity and the angle was given in FIGURE 3.

The use of this method is still very complex and far from the level
of architectural use. It was thought that there would be some corre-
lation between the free driving rain computed by raindrop tracing
method and the hardest driving rain impact on buildings which is ob-
served at the top corners of the buildings. By the term " free dri~
ving rain " it was meant driving rain in the absence of buildings. So,
only the x,z axes were used. The experiments designed for this pur-
pose were evaluated together with the measurements of other re~
search workers. Findings indicate a high correlation between  the
measured and computed driving rain.

A number of graphs, based on data obtained by this simplified method,
were produced to save the architects from using a computer. The
computer program in Fortran IV to compute the raindrop impact velo
city was also given for those interested with more accurate results.
(FIGURE 4)



[o7

TABLE 1: Emprical Relations Between Re and C,

RE RANGE " EQUATION FOR THIS RANGE
0 <R < 1.0 C=24 /R,
1.0 <R, < 2.4 c=2, b .6
Re T+ Re e B
2.4 <R, < 100 c=2, 8 , 0.2
e 1+ Re
100 <R < 80 c=2y 5 . 0.2
R 1+/ R
e e
800 <R < 1400 c=244_5 4 0.3
R T+ R
e e
1400 < R, < 1800 c-2,_ 8% | o35
R 1+v R
e e
1800 < R, < 2100 =2, & . g.40
R 1+
e e
2100 < R, < 2700 ¢, 5 | ous
| R 1+/E
e e
2700 < R, < 3000 c-%,_ 5 _, o.50
Re T4y Re
3000 <R, < 3200 c-&4 5 ., 0.55
& R 1+/ R
e e
3200 < R < 3500 c-2%, % , 0.0
R /R
e e
3500 < R, < 3600 c_2,_ 5 ., 0.5
: Re T+ ¥ Re
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FIGURE 3: Flow chart to compute the raindrop impact velocity and

the angle.
( START )
] J
INPUT DATA

CALCULATE d, FOR
THE GIVEN RAIN IN-
TENSITY.

TAKE A POINT AT
GRADIENT HEIGHT

CALCULATE WIND
VELOCITY AT THAT
HEIGT.

CALCULATE VELOCITY &
POSITION OF THE DROP
AFTER A TIME INCREMENT

YES e *
o HASIT REACHED THE GROUND? /

il
NO
YES —5 /B
———==—__HAS IT PASSED BY THE BUILDING ?
S IT PASSED BY THE BUILDING
NO

T YV —r S
—=—"_HAS IT REACHED THE BUILDING ? ___— :
;, PHE BUTLDING.

YES

PRINT THE INITIAL FINAL)
| VELOCITIES and POSITION]|

NO

~—WERE ALL THE GIVEN POINTS TRACED ?
\\

YES
STOP
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TABLE 2 : Power law exponents (s ) for the ground roughness eca-
tagories and the gradient heights ( HG 1.

Terrain : 8 | HG { meter )
Flat open country ' 0,16 274

Rough lwood‘ied country, city suburbs 0,28 396

Heavily built up urban centers, hilly | 0,40 427

areas,

The correct graph will be found by selecting the nearest higher
values which are given at the right top corner of each graph, The
heavy curve on the graph gives the trajectory of the predominant size
raindrops, The dotted curve gives the horizontal velocity component
of the raindrops. The vertical component which is the terminal velo-
city was also given on the right upper side of each graph., For the
vertical surfaces; the cosine of the angle between the trajectory
and the surface normal should be multiplied by the resultant velo
city of the raindrops to obtain velocity componont normal to the
surface.  Multiplication of this value with the amount of rain
water in a unit volume of air will give the driving rain intensity on
the surface. These values are the maximum driving rain intensities
that will hit the building when the wind direction is perpendicular to
the building element, ¥ it is needed to find driving rain intensities
when the wind is not perpendicu lar, these values should be mu ltiplied

by the cosine of the angle between the surface normal and wind
direction.

This method can be used to find a design value " for driving rain

if the horizontal rain intensity and the wind velocity values are se
lected by taking into consideration the recccurance period. An example
to the application of the method is given in the appendix,
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FIGURE 4 : Program in FORTRAN IV to calculate the horizontal
component of raindrop velocity.

{0 K=1

c0g9L) 100 READCS, 109 WG DS TV»GC»Dw,DA»VApTI»HpXI
{000 3) 10 FORMAT(F4o15FBe5s2F5.2,F6els" e 35 FER e22FlialsF5:1:F3.01
(0004) K=el )

(0n3%5) HRITE(6,56) DS TVsGC

(G006 56 FORMAT(3ID16.10)

Qo973 Y=W3

(nnnag) H=lG

(O0na) A=¥%1

(oL Jeat

(untll) 5 nn 290 KJ=1l.20

(H912) R=VS*UA*A@)(V WI/VA

{0013) IF(RLE o2 GOTO11

(00146) IF (R. Lf.10u.) G0OT0LD

(0015) IF(R.LE.800.) 50TQ 13

(no17) IFLRLE.1400, 3070 14
(00193 IFTIRLEL1803, Y015

€0n21) (LR LE 2200, HRRSERS

GLEED] IF( 210 2700, TO1Y

(0N2s) IFCR L 500, 18

(an27) TR, LY o 3200, 1319

0029 TR 23500 20

S REED ] 5079 HM‘»’!

€003 %) an 2= ?,.*VA (Y= #) 7EN5xD S« DW)
€Nn9n35) I

IGLESD 1 PO

(4037)

N33 1z

[GUERS

(2060) 173

{2061

€0062) 16

(076 3) ~

L0064 ) 15

(nn65)y

(D0466)

{GOL7)

(004633

{00690

Ca057)

{00313

(052

(05 3)

[GEICE R ] . -

00550 L1+50DT(FY) &0
{056 T Ve )R ANRS (Y =W )& DA JUDSET W)
(0nsS7) 'Z*TI+(J TiyeX
(3058)

{NN5973

(09670) r#50 ;

(N5 1) Y Ga7T074n0

662 IMMalJer Ga®N) 6073222
£nN63)

(n65) 301 ).,‘q.j,‘,,»-‘

(A7) 0154, 9,020,05,719,9-,018.9)
(N59)

{2070)

0 1)

{ 23

{ D]

NN GO D

SPECIAL NOTATION USED IN THE PROGRAM

K A parameter to record the results in every twenty compulation
WG Gradient wind velocity

DS Predominant drop size

TV Terminal velocity of the raindrop

GC Exponent for the ground rougness

D Density of the raindrop

DA Density of air
yA Viscoslty of air

71 A short time increment

H Gradient height

x1 Initial position of the raindrop along the x axis
v Horizontal velocity component of the raindrop

W Wind velocity

X Position of the raindrop along the x axis

YA Position of the raindrop along the 2z axis
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NOTATION

o G B (0 o

=
o

~

i 1 on
TSP BT

: driving rain intensity on vertical surface

. wind velocity at gradient height, H

+ acceleration of the raindrop
¢ coefficient of drag

: diameter

: a short time increment

: forces acting on the raindrop
: drag force on the raindrop

. weight of the raindrop

: acceleration due to gravity

: height above the ground
: gradient height

mass of the raindrop

Reynolds number

: amount of rain water in a cubic meter of air

: power law exponent which depends on the roughness

of the ground texture

¢+ horizontal rain intensity (as measured by the meteoro-

logical stations )

@

: wind velocity

G

: wind velocity at height H

: velocity of the raindrop
¢+ terminal velocity of the raindrop

: position of the raindrop along the x,y,z axes of  the

Cartesian coordinate system

. density

: viscosity

: of the raindrop

: predominant

: of the air

+ initial

: along the x direction

: along the y direction

: along the z direction
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APPENDIX

An Example: On a relatively flat part of Ankara, it was planned to
construct a group of housing of three storeys height
{10 meters) by the use of preformed wall components,
What should be the design value of driving rain i
tensity in the design of the exterior wall joints ?

SELECT

Averaging time for rain and wind : I hour

Reoccurance time for the exireme rain intensity

and the wind velocity values : 10 year

READ FROM THE METEROLOGICAL DATA

Horizonta! rain intensity : 30 mm/m h

Wind velocity at 10 m high : 14,4 m/e

(which are likely to be exceeded once in 10 years,)

READ FROM THE TABLES IN THE THESIS { or calculate 3
Power law exponent for the ground roughness : 0,16
Predominant drop size for the given rain intensity : 0.0022 m,

Amount of rain water in a cubic meter of air : 190,47 mm
Wind velocity at grandient height : 24,45 m/s

SELECT THE GRAPH

N B 3. i
doidwl i3 omls o L o
1 3 i 2 4 N
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RN SRS sl 74 . It LT SR
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1 ] i
? y .
B R R R ! : :
O iRl 460 BCS 1 BCO oo X {m) .
T b ot L
0 0 20 30 4G v s

READ FROM THE GRAPH

Horizontal velocity component of the raindrops
at the building height : 21,5 m/s

o & e





