THE ESTABLISHMENT OF AN
ENVIRONMENTAL SCIENCE LABORATORY

IN NIGERIA

Ahnadu Bello University

Case Study

A report presented to the
Bartlett School of Architecture,
Uni versity Col | ege London,
London University as part
submssion of an MSc. in Architecture

(Environmental Design & Engi neering)

by
A ajide Sol anke

Sept enber 1979



1.

2.

3.

4,

S,

6.

B.

CONTENTS
Acknowl edgements
Abbreviations
Introduction
Historical Background
Justifications
Location

Requirements and Equipment Layout
4,1, Artificial Sky

4,2, Heliodon and Artificial Sun
4,3, UWind Tunnel

4,4, Dther Equipment

4,5, S5pace

4,6, Staff

Expansion - Growth and Changes
5.1« Research

5.2, Teaching

5,3, Equipment

Services

6.1, Etlectrical Services

6.2, Lighting

6.3, Acoustics

6.4, Air-Conditioning and Ventilation

Cost Analysis

7.1« Building Costs

7.2. Equipment Costs

7.3. Staff Costs

7.4, Architects' Productivity

Conclusion

Bibliography

12

19
20
24
24
26
29
32

33
36
36
38

39
39
45
62
73

77
78
a2
84
a4

85

87



ACKNOWLEDGEMENTS

1 would like to thank Mr, £, Rowlands for his invaluable
guidance in the production of this report,

Thanks to Professor E,A, Adeyemi, Mr, J, Longmore and
Mrs, Lucas (NUC Information Secretary London) for the relevant
material made available to me during the data collection period,

Finally, I must thank 'Inter-University Council for Higher
Education Dverseas' (I1UC London) who provided the financial support

to sllow me to undertake the M,S5c, course offered by London University,



ABBREVIATIONS
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INTRODUCTION

This report is concerned with the need to set up environmental
science laboratories in Nigeria, The establishment of these laboratories
is hoped to be a new approach to architectural education and the basis
for research work into local environmental conditions, Justifications for
the establishment of such lsboratories and factors that normally influence
their planning decisions are discussed as general principles,

In later parts of the report, specific problems pertaining to the
environmental science laboratory of Ahmadu Belle University (ABU) are
solved, Perhaps it is pertinent to mention that the ABU laboratory building
is under construction, Hence the knouwledge gained through the use of g
similar laboratory in Bartlett School of Architecture London was employed
to solve the specific problems mentioned above, This approach is a
demonstration of what Environmental Science Laboratory’s set out to achieve.

The final part of this report deals, in detail, with the cost

analysis, The attempt here is purely exploratory as economic principles

and methods abound faor this purpose,



%o HISTORICAL _BACKGROUND

If & laboratory can be defined as a place - both building and
equipment - used for scientific experiments, then some early orgenised
workshops found eround the Mediterranean Sea - A,D, 300 - can only be
described as semi-lasboratories, In fact laboratories were not formelly
set up until the publication of Andreas Libavius' project - Alchymia -
in the 17th Century, and eventual developments include the early record
of laboratory planning in Europe, The tide immediately moved to the
Universities and institutions of higher learning, Consequently, in 1682,
the earliest lsboratory was set up at the University of Altdorf in
Germany (fig, 1). In 1799, the British Royal Institution was founded
end this marked a mile-stone in laboratory design, The desire to carry
out research end to have demonstrative teaching, led to the revolution
of laboratory establishtment, snd a variety of them were set up, But
environmental science laboratories were to wait until after the Second
World War,

In Nigeria, the first formal establishment of a laboratory was
at the beginning of this century, located at Yaba College of Technology
in Lagos, The establishment of laboratories was stepped up as the Nigerian
College of Arts, Science and Technology was established at Ibadan in
1952, But an Environmental Science laboratory is still to be built after
thirty years of existence of Nigeria's first Department of Architecture.

First among Nigerian Schools of Architecture to perceive the
need for a new approach to the training of Nigerain architects is the
School af Environmental Studies at the University of Lagos. This school
set the ball rolling by creating a two-tier degree; the first being B,Sc,
environmental Science and the second B.Arch, But it would not be an

pversimplification to say that although Legos University is moving in
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the right direction, it has not the facilities for the teaching of
environmental science and these facilities will not be available until

a new building for the School has been constructed, With the arrival of a
new Head of Department of Architecture in 1974 at Ahmadu Bello University
attitudes to the teaching of environmental science changed, ABU became

the second school to perceive the importance of this subject, Hence there
is a firm commitment to the training of staff in the field of environmental
science and sbove all to the establishment of an environmental science

laboratory.

2, NEED AND JUSTIFICATION

Over much of the world surface, the natural environment does not
provide, except for a very short period, satisfactory conditions for human
comfort, For comfort and efficiency, the human body requires to be maintained
within a limited range of environmental conditions, The apparent human
environmental requirements are for light, air and warmth, In addition,
sound must be considered since it is indispensable fraoam most activities,

But the control of these environmental elements will be difficult if their
physical properties, nature and behaviour are unknown,

Professional approaches to the control of envirommental conditions
in the developing countries vary with the type and complexity of the building
under design, Lighting is not often approached in a comprehensive way, The
quantity of light is treated as important while the guaslity aspect is not
often mentioned. The lighting engineer in Nigeria is generally the
electrical engineer. He bases his design purely on artificial lighting
considerations and it is only the quantity of light for tasks and ﬁsual
performance that concerns him, Daylight is often taken for granted and

consequently the electrical engineer applies the lumen method of desiagn



all the time, His design is never threatened by any performance test
because of the constant guarantee of high levels of natural light and
because human adaptation to varying levels of lighting illumination
intensities, particularly to low intensity lighting when there is
'power cut' at night, It is often discovered that some architects consider
the problem of building services as the exclusive job of services
consultants and that architects are only to co-ordinate and to make sure
that the project is well finished, But it is equally desirable that on
minor works, an architect should be able to cope with surveys, estimates
structural calculations, services and settlement of accounts,

The rate at which industries are established in Nigeria is high
and the attendant consumption of electrical energy is having its effects
on the supply of energy for the lighting of buildings, There is, therefore,
need to harness all sources of energy - natural and artificial - and make
a rational use of them, And the agents of development must be trained to
appreciate the need to conserve energy,

There has been a steep rise in the economic growth of Nigeria due
to crude oil production and stable government after the civil war, This
growth manifests itself in 211 branches of the national economy but the
construction industry appears to carry the lion's share, Conseqguently, more
architects, builders, planners and surveyors with a wealth of experience
are in demand, The rate of development and local man-power to cope cannot
be divorced from one another., Hence the training methods of the local man-
power has to be revolutionized and kept in pace with the development,

It is now conventional that an architect should be able to design
appropriate partitions that will reduce background noise levels to a desirable
point where speech communication, sleep etcetera are possible, His lighting

design should be able to stand the test of performance in quantitative and



qualitetive terms, Above all, thermal comfort, which is another yard-stick
for measuring the success of a building, .should receive adequate consideration,
It is necessary to know that unguided penetration of solar redistion into
an interior can mar a well-designed building, He = the architect -~ should
know when it is desirable to apply simple sun-shading devices and when air-
conditioning must be decided upon, Well, it is rarely possible within the
constraints of practical design and finance to achieve the ideel solutions
to all envirommental problems, Some solutions, indeed, may be mutually
opposed; improvement of one resulting inevitably in the deterioration of
the other, In spite of dilemmas, a designer must be able to advocate and
take part in obtaining optimum overall solutions,

It is pertinent to examine what the postition of the laboratory
for the envirommental science course will be, There are many ways in which
this laboratory can be employed to strengthen the bagkground of the national
man-power and standard establishment, But in the case of ABU, it will be
expected to play three major roles :

a) 1t will be used ta augment lectures in the form of demonstrative
teaching to confirm certain theorsetical principles and assumptions,

b) students, probably in groups, will be expected to physically test
the performance of buildings, in model form using their designs which
are based on theoretical principles and assumptions, This will normally
follow the demonstrative teaching,

c) A designer needs design parameters and stendards. Internatiaonal
standards cannot be employed de-facto without the national reference
leviels, Hence the laboratory will be the national environmental
standard establishment nucleus that looks into local conditions.

The Department of Architecture at ABU Zaria Nigeria has a well

developed curriculum for the teaching of building services, 1t is referred
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to as 'Environmentsl Control Systems' in the prospectus of the Faculty of
Environmental Design, Lack of qualified staff and facilities meke the
teaching of the subject difficult, And since it is appreciated that the
knowledge of this subject is essential in the training of architects, the
Department of Architecture has to depend on other academic Oepartments, But
it is slways difficult to obtain exactly what is desirable under this type
of arrangement,

Most of the teaching of environmental science is done by referring
to foreign publications and researches carried out beyond the boundaries
of Nigeria., Consequently, Nigerian students of Architecture digest all they
can read in books of environmental science which sometimes may be obsolete
and sometimes can contain contradictory facts about the national environment,
And when the facts are correct, they are in generalised form, whereas micro-
climatic conditions may either contradict or reduce the validity of such
facts (fig, 2). The mood now is a justified desire for demonstrative
teaching, Theories sbout environmental factors can, therefaore, be confirmed
by simple demaonstrations on relevant equipment.

There have been investigations into nearly all environmental factors
and advanced technology has been introduced to control hostile environmental
elements such as sound, heat, light, wind and rain, The harmattan wind
known as the North-East trade wind, blows strongly across the morthern part
of Nigeria, This wind always carries along sand and dust, In fact, there
have been cases when strong winds blew off roofs and the dust deposit is
a social menace, There is need to look into a1l aspects of wind and in
particular the guality of air we breathe, The quantity and quality of light
we receive from the sun should receive no less attention, As a comfortable
interior environment hinges primarily on the proper control of the uiaual,

thermal and aural environmental stimuli, it is important to understand
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the three types of atimuli and the technique used to control them.in interiors.
Since many of the solutions to individual environmental problems conflict

in performance with each other and since different environments demand
different standards, research into all these environmental elements in

order to esteblish standards should be a continuous process, Developed
countries have various standards astablishment organs, United Kingdom basic
standards are those possessed or laid down by national laboratories or
institutes such as NPL, BS1, BRE, etcetera, In other parts of the world,
standards establishment is the responsibility of AFND, ASTM, DIN, CSA, 1SI,

— =\
CAA, ISG': etcetera, It is therefore desirable for Nigeris to have some

quality laboratories in some institutions where establishment of enviromnmental ]

standards will be one of the objectives of setting up such laboratories,

. LOCATION

1t is rational to view the location of enviromnmental science
laboratories from many standpoints which hinge basicelly on national
objectives, Hence laboratories of this nature should not necessarily be
limited to one site and criteria must be set up to determine the best national
locations suitable for the establishment of these laboratories, With
reference to Table 1*; four Universities at Zaria, 1fe, Lagos and Nsuka
possess the criteria for the establishment of environmental science laboratories,
The fifth Institution at Jos should also set up a similar laboratory to
complement the efforts of Ahmadu Belleo University in the field of environmental
services, Lagos University has the advantage of well established school of
environmental studies, the only one in the country that awerds the degree
'Bachelor aof Environmental Science'- B,Sc.

The location of the five laboratories are as shown in figure 3, and
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among them is Ahmadu Bello Unfversity which {s the proposed site for the

first environmental science laboratory in the country,
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1 | Ahmadu Bello University = Zaria
2 | Bayero University < Kano
3 | University of Benin
4 | University of Calabar
5 | University of Ibadan
6 | University of 1fe
7 | University of Ilorin
8 | University of Jos
9 | University of Lagos
10 | University of Maiduguri
11] University of Nigeria - Nsuka
12 | University of Port-Harcourt
13| University of Sokoto

Table 1, Universities and Criteria

The planning of a university campus has direct influence on the
location of any laboratory which is always a part of a Department, There
are two planning forms in which Universities are found today all over the
world

a) Some universities developed with the towns in which they are situated
and hence the Departments of such universities are scattered all pver
the town - a conseguence of expansion,

b) The other form is that the Universities are built as models of master—
plans with all the departments on a single site,

In the first case, it is difficult to talk of proper location of
any laboratory, They too develop with their mother-Department, But the

location of a laboratory becomes less cumbersome if all the academic
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Departmente are built on a single site,

Well, ABU is built on a single site and with appropriate planning
the Blpartnint of Architecture is surrounded by the Departments of Building,
Civil Engineering and Fine Arts, Hence the function of the proposed laboratory
et ABU will be supplemented by some facilities in the surrounding laboratories,
fig . 4,

In considering the functional analysis of 211 the activities in a
Department of Architecture, the place of a laboratory must be properly
marked out, Among such activities are those carried out in lecture-theatres,
drawing, modelling and photographic studios, staff and administrative offices,
For demonstrative teaching, the laboratory must be well-linked with the
studios, lecture~theatres and offices of the technician in charge, fig, 5,

The choice between single-storey and multi-storey building is not
difficult to make, Functional and site factors are the main criteria that
always influence decisions, On functional grounds, single-storey buildings
have the merit of lending themselves to easy alteration and extension,

Weight and handling equipment can tilt decisions towards single-storey
building,.0On the other hand land availability can make functional considerations
a secondary factor, 1f the site is compact, the laboratory building will

have to go up. In environmental laboratories, the weight cannot significantly
influence decisions because most of the equipment is light. But other reasons
such as expansion may dictate that it should be single-storey or on the
ground.floor of a multi-storey building, Another approach is for the laboratory
to occupy the basement of a building, But this is a rather special approach,

In ABU case studies, this decision has been properly taken when
the departmental building was at the design stage, It is on the ground floor

of a three~storey building with adequate space for expansion, fig. 6.
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a, REQUI REMENTS AND EQUIPMENT LAYDUT

The Department of Architecture has its requirements in terms of
students entry quelifications as well as what the admitted students should
learn, The courses are based on the admitted students' background which is
reflected in the guotation below from the Ahmadu Bello University 1978/79
Calander g

'Candidates will be required to have passed in 5 subjects at G.C.E,
with at least 2 subjects at Advanced Level, There is preference
for candidates who pass Science subjects (i.e, Mathmematics and
Physics etc,) at Advance Level',

But the establishment of a laboratory will necessitate reappraisal
of the relevant section of the dapartmantsi curriculum, All subjects on
environmental science are grouped together under a single title - Environmental
Control System, Curriculum reappraisal will have to take into consideration
discontinuity and repetitions apparent in the teaching of the subjects,

All the basic principles should be introduced to the students at the
beginning gof the architectural studies. The course should then advance in
complexity as the students progress in years, This approach will equip
the students with decision taking parameters right from the early years of
studies, Any reappraisal should be carried out locally although it should
necessarily include the following subjects to qualify for the term
'Integrated Approach’ :

a) Climatology

b) Building Science

c) Water Supply and Sanitation

d) flectrical Installations

e) Natural and Artificial Lighting

f) Acoustics
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g) Ventilation and Air-conditioning
h) Practice and Standards
" Now, the gquantity and variety of equipment in any laboratory depends.

upon the nature of its usage and the function for which it is to be built,
Obviously the research laboratory calls for a greater degree of equipment
than an instructional or control unit. Whichever is the type of laboratory
one has in mind, availability of funds is one of the major factors that can
influence decisions on equipment reguirements, Therefore these requirements
must be tailored to suit the available funds, This is the case in the ABU
case study which had initially seventeen items on the plan but when global
inflation overtook the project, the equipment requirements had to be cut
down to what the available money could buy, It is the initial equipment that

is guoted in this exercise,

ARTIFICIAL SKY: This is built to simulate the luminance pattern which has

a close approximation to a standard C,I.E, overcast sky, and this is
employed for daylight studies, The artificial sky is a madel of space

with the ceiling of the model as the sky and its floor as the ground,
Building models, in appropriate scale, must therefore be made and placed
on the floor of the 'sky' for the necessary studies, There are two basic
types of Artificial Sky: the hemispherical and rectangular types, fin.7.
The hemispherical one has the advantage of cleose visual resemblance to the
real sky, This makes it a useful tool for teaching and demonstrative
purpases, Its shortcomings make it less appropriate for research purposes
than the rectangular type. There are two fundamental faults with the
hemispherical type of Artificial Sky. The size of the dome determines the
scale of the model to be used for studies, And since this hemisphere cannot
be too large, the scale of the model is bound to be small and visual

observation of the environment-building relationshio will be difficult,



Ditfuser
Lamps
" low level Light sources at high level ,
:m.:.m reflective behind diffusing inner dome
L - , :
r—+——0 Yerntlilotor

___Outer Aluminium

Service Lodder— Dome

—= Lamp Sub-frame

. Translucent
Plastic Dome

The transilluminated hemispherical artificial sky at the Cambridge
School of Architecture. ,

- Artificial
Sun

.............. . ——ff - = === Control Panel

The artificial sky at the Academy of Building and Architecture in
Moscow is 9 metres in diamcter and incorporates an artificial sun.

21



FIG. Fe

Light sources above diffusing ceiling,
walls lined wath mirrors

Rectangular (mirror-type) artificial sky

e = "} Tubes Cahinet
v 4 ' -
= B e ‘ } Arbificial Sky

Mirror Uhamber

= - s :} Ballast & Jimming
Units

MDBI‘E Al"h['lt.ln.l S"-S

22



23

The other shortcoming is the position of the horizon, When the luminous
surface of the artificial sky extends below the window-head of the model
room, light will reach the ceiling of the room from the sky, This does not
happen in nature and consequently, accuracy will suffer, And when the harizon
is at the window-head of the model room, part of the sky will be obstructed
and another form of error is introduced, The rectangular sky has all lamps
above a diffusing ceiling and three walls are lined with mirrors, This
creates an advantage over the hemispherical one: an apparent horizon is
developed at infinity and hence it is more precise., The rectangular sky is
of two types:

a) The fixed artificial sky and

b) The mobile type of sky,
The choice between these two types depends mainly on availability of funds
and space, When the fixed artificisl sky is chasen, its position in the
laboratory layout must be selected at the early d;sign stage, Hence the
details of its structure, services, etcetera, will be easy to work out.
The mobile artificial sky is a 'package unit' which can be moved and placed
in a space deemed fit for it., It has less problems to confront the designer,
This type is the ABU choice.

The mobile artificial sky is approximately 1.,7m square by 2 metres
tall, It comes complete with a model trolley, The two lower compartments
contain the eighteen special ballast units and the Thyristor dimming unit,
On top of one is the master switch and potentiometer for controlling the
level of light pf the eighteen fluprescent reflector tubes housed in the
top unit, These tubes are so arranged that the luminance pattern gives a
close approximation to a standard C.1.E, overcats sky., Two fans are
incorporated in the lamp box, An opal diffuser is mounted below the tubes.

The central section has mirrors on three sides and five removeable reflective
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psnels on the front which gives an infinite horizon inside the sky.
Connections to the lamps are by multi-way cables, plugs and sockets so
that the various sections may be easily dismantled to enable the sky to

be moved from one laboratory to another through a normal daorway,

4 ,2, HELIODON AND ARTIFICIAL SUN 3 Both heliodon and artificial sun belong to

Te3s

a group of equipment known as the sclarscope, A solarscope is built to
simulate the sun-building realtionship and to facilitate shading studies
on models, Such studies include :
a) Shadow casting either of buildings on one another or of interior
shadowing,
b) Sunlight as an interior illuminant; it may be either direct sunlight
or reflected from exterior and interior surfaces,
c) Subjective effects of the play of sunlight in relation to interior
light and colour,

A Heliodon is a simple piece of equipment and this is illustrated
in fig, B8, The lamp represents the sun, and the mid-day attitude at various
months of the year is set by the vertical scale on which the lamp can slide,
A model of a building is placed on a turntable which can be rotated round
a vertical and horizontal axis, By rotating about the vertical azis, the
the building can be sited with respect to its sited direction on the ground,
The horizontal axis allows the building to be turned with respect to the
time of day, These three adjustments make it passible to study either the
shadows or sunlight penetration through the day and the year., The artificial
sun is more delicate that the heliodon and it requires more space for its

installation and operation, Its accuracy is an edvantage over the heliodon,

WIND TUNNEL : Satisfactory and complete theory about air-flow patterns is

not available, The only way this can be obtained is through predictions

based on empirical rules derived from measurements in actual buildings or
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in Wind Tunnel studies, These rules can only be employed as guiding principles
but if a disigner is faced with critical situations, models must be built
and tested on a wind simulator, There ere two types of wind simulators that
are employed for the study of wind-building relationships 3

a) Open-jet simulator

b) Wind tunnel,
Open jet simulator built at the University of Liverpool is in use with the
London Architectural Association School, The other type - wind tunnel - was
developed by the Building Research Station (BRS) and it is more accurate
than the other type of wind simulator, fig, 9,

Fof qualitative studies, a smoke generator is used and the smoke
is photographed to give & convincing picture of flow patterns, position
of laminar flow and turbulences. With experience, it is possible to estimate
velocity ratios from smoke traces with some accuracy, On the other hand,
if the air velocity analysis is to be guantitative, air pressure measurements
must be taken with instruments at predetermined grid points.
The wind tunnel has three sections which are:

a) the fan box

b) the model room

c) the air inlet tube,
The fan box and the air inlet tube are on either side of the model room.
When the fan is switched on, it draws in wind through the ' jar opening' flow
control tube across the model room, The lower sides aof these three sections
are joined together and form a horizontal surfacej thus simulating the
surface of the earth in the model room, The model to be tested is placed on
the horizontal surface in the model room and a study of wind behaviour around

a building can begin by setting the fan into mation,

4,4, OTHER EQUIPMENT ¢ ThHe remaining fixed equipment in ABU laboratory consists
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of lighting demonstrations and they include . €olour rendering appareatus
and a light control unit, The portsble equipment required for the proposed
laboratory is 3

a) Daylight photometer

b) Architectural i{lluminance meter

c) Hagner luminence meter

d) Illuminance meter

e) Daylight factor meter

f) Sound level meter

g) Tape recorder

h) Whirling hygrometer

i) Air-velocity meter

j) Smoke generator

k) Velocity measuring equipment,

4,5, SPACE : The space required to accomodate the above enumerated equipment can
also be divided into two, While spaces are needed for fixed equipment, the
porteble items will be kept in the storage areas such as benches and cupboards,
Tha!fixsd spaces are therefore determined by 2

a) The size of the equipment

b) Required operational space

c¢) Dbservation space for students and

d) expansion predictions.
As for the portable equipment, the bench size is not only dictated by the
size of the equipment but slso by the amount of work students and researchers
are expected to carry out on them, Future acquisition of additional portable
equipment must not be neglected or forgotten in the provision of space
because they are obtained and brought in without any attention to space,

Consequently the designed size of the laboratory benches must be larger than
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the present need, Apart frum the factors mentioned above, circulation is
another main consideration in a teaching laboratory., The movement of large
numbers of students demands easy ingress, egress and flow, The circulation
space is complicated by the fact that students need specific space when
observing demonstrative experiments,

A research conducted applying a 'multiple regression method' and
'‘standard significance tests' led to the conclusion that there is a correlation
between subjective judgments and free floor area per person, A modification
of the results so obtained will lend a solution to the problem of floor
area for students observing demonstrative experiments, With reference to
fige 10 and if it is assumed that ten students' space need is equal to a
scientist's need, the floor area needed for 80 students is equal te 29.76m2.
This condition is not obtainable at ABU laboratory, Another avenue must be
explored. for & solution, .1t might asppear simple to split up large classes
of students into small groups which do their practical work in relays and
so to economise laboratory space., This, in fact, is what is done in the
United States of America, A class of, say, 250 students is split up into
ten groups of 25 and so the laboratory does not need to hold 250 : a
capacity of 25 is enough and the 'Plant Utilisation Efficiency' in percentage
is high,

In ABU, some factors will influence the way space is used and
among such factors are

a) effective teaching
b) limited space
c) laboratory environments
d) safety risks,
Considering these factors, it can be observed that an average student

population of 80 cannot be admitted into the laboratory at once, fig,
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This is why the students will have to be divided into groups and be
allowed into the laboratory in turns, This exercise cannot be discussed

here because other factors will creep in at the moment of implementation,

4,6, STAFF 3 Staff requirements depend on the way the laboratory is to be
established, And the type of staff - lecturers, technicians, etcetera, -
depends largley on whether lighting, air-conditioning or acoustic units
are established first, An expert will be required for each of the three
units, In exceptional cases and when the funds are availsble, all necessary
units of the laboratory may be established at the same time, Hence the
appointment of experts should be considered at the planning stage and the
training of the local environmental scientists should simultaneously be
considered, Technician offices must be very near the laboratory while those
of the lecturers may or may not be as close to the laboratory as that of
the technician,

In ABU's case study, the staff requirements are based on the

following ¢

a) number of students

b) size of the laboratory

c) lighting unit being established,
And the staff of the laboratory were limited to four:

7 Lecturer

1 Technician

? Technical essistants,
There are no statistics to support the staff needed for the laboratory but
the 1list piven above is rational enough to run the laboratory efficiently,
What is implied here is that a statistically-backed analysis may produce a

different list,



LAYOUT

In principle, the laboratory should be treated as a special factory
with less rigid 1ines of productiorf where equipments function and relationshin
are scrutinized so that a rational layout can be achieved, Apart form the
equipment, it is obvious that the layout of benches can radically affect
plan forms and even the dimensions of the laboratory room,

Fig. 11 shows the arrangement of the eguipment of the ABU laboratory,
The ingress and egress into the laboratory is through a single door, The
other door will always remain closed, open only for emergency purposes,
This will facilitate the proper usage of all the space around the artificial
sun, This equipment is more delicate than the heliodon and the Artificial
Sky and therefore should be kept away from the entrance which is in frequent
use, The heliodon is placed nearest the ingress because it is the least
delicate and it is likely to be used more freguently than any other equipment,

On the other side of the corridor is & space assigned to the Wind
Tunnel, The positioning of this eguipment depends on the direction fraom which
the wind will be drawn into the tunnel, But dust-laden North~East Trade Wind,
blowing across the Sahara over Nigeria, will increase the Wind Tunnel dust
and dirt menace, 1t is therefore lopical not to orientate the opening of
the Tunnel to North-East Trade Winds - fig., 12. In addition to good orientation
of the Wind Tunnel, the North East Trade Wind should be blocked and diverted
from the position of the Wind Tunnel, These precautions will reduce the dust
deposits in this equipment and efficiency as well as the well-being of the

research fellow or the Wind Tunnel operator will be enhanced,

5. EXPANSION
Growth and changes are natural parts of life and in laboratory
design they are important factors that must never be overlooked, Laboratory

trends of expansion varies from one establishment to the other, Anyway, when
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form and character of basic structures are to be considered, there are two
ways in which expansion may be epproached, These approaches are determined
according . to a limited range of criteria, such as the overall area, range
of ceiling height, and floor area as well as the proportion of total ares
likely to need natural illumination. Predictions based on these criteria

can be in favour of complete repetition of the laboratory building, fig, 13,
or of a less wholesome additive structure, But building parameters are means
of effecting laboratory expansion whereas the basic cause are increased
activities resulting from teaching, research or both,

5.1, RESEARCH: The scientist in search of the ultimate laws of nature always
applies experiments as instruments of empirism, He soon discovers that one
natural law often leads to another, Thus a developing experiment is
characterised not only by change but also by growth : growth in the quantity
and complexity of the apparatus in use, and growth by the accumulation of
the apparatus stending by, This is why it can happen that a research laboratory
sometimes resembles a junk shop and why after a time all available free space
is used to a point where efficiency starts te suffer,

5,2, TEACHING ¢+ In higher eductation, changes in science teaching appear to be
less volatile than changes in scientific research, But when changes occur
in teaching, they can be just as far reaching in their effect on the way in
which the laboratory building is used, And immediate causes of such expansion
are as follow:

a) growth in the number of students
b) changes in curricula
c) developments in teaching methods,
Furthermore, remote causes can also influence the demand for more space but

such causes are always within the cantrol of the institution,
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5,3, EQUIPMENT : Equipment life expectation does affect the expansion of the
laboretory, The life expectation of some large equipment may not normally
exceed 15 to 25 years and after that time it will sterilise space if not
dismantled and removed or reassembled in s different form, The obvious
solution is to look round for more room.

It is, of course, necessary to be sure that valuable laboratory
space and storage is being fully and properly used.to justify an extension
of the laboratory, When eventually the decision is in favour of expansion,
a rational approach must be adopted towards its implementation, However,
it is encouraging to observe that scientists commissioning new laboratories
today recognise the drawbacks of tailoring the building too closely to one
set of conditions only, They now appreciate these conditions are bound to
change and that flexibility must be included in the brief, Consequently,
the designer is free to adopt the principles of flexibility and thus employ
the following in his design concept 3

a) Moveable and non-load bearing partitions

b) Modular or reqular bay principle of laboratory layout

c) Laboratory furniture design on a unit principle - benches, shelves etc,
d) Adaptable service extensions - outlets ete,

But the best approach is not to leave the problem of expansion
until it presents itself; rather it should be predicted and its direction
controlled right from the initial design stage. There are many ways in which
the expansion of a laboratory caen be predicted and controlled, The chosen
path ‘will depend largely on the type of laboratory being designed, In the
case of environmental science laboratores where there are three units -
lighting, acoustics and air-conditioning - planning for expansion can take
two forms @

a) Amixture of equipment without emphasis on any of the three units and
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expansion will be dictated by needs,
b) A mixture of equipment with emphasis on a unit - e,g, lighting - as
the first stage of laboratory establishment; other units coming as .
subsequent stages of expansion, as in fig, 14,
The second form is the one adopted for ABU, On the ABU plen it can
be observed that only three of the five bays are utilised leaving the
remaining two bays for minor expansion purposes, And the free space in the
'blind box' is particularly meant for lighting unit expansion. Major expansion
which will normally be any of the other units - acoustics and air-conditioning
- ana may demand more accommodation is to be effected as the repetition of
tha-b;ya and in the direction of Kashim Ibrahim Library, The last stage
of expansion will be in the direction of the Fine Arts Department, terminating
at the Building Science labocratory of the Department of Building, ABU,
fig. 15.
Decisions as ta the Staff requirements, number of floors, type
of equipment and building parameters which may be the consequence of
expansion should be left until the situation confronts the ABU authority
because other factors may creep in and any analysis carried out now will
have to be reviewed., This recommendation may seem a negative one, But this
is the best option in view of the fact that the building of this laboratory

has been designed and has been constructed before this exercise,

6. SERVICES
6.1. ELECTRICAL ¢ In modern laboratories, a wide variety of services is required
to be available. at laboratory benches, fume-hoods or walls, The required
services depend on the type of laboratory and physics laboratories, under
. which environmental science laboratories are classified, may have to be
supplied with gas, water, steam, aig electricity, etcetera or any combination

of these, The distribution of services is an important aspect of laboratory
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planning, An improper distribution of services can mar a good laboratory
design, Hence planning of services layout is necessary to maximise efficiency,
flexibility and adaptability, Foresight should always be exercised during

the design period, Distribution lines are separated into two categories:

the main supply and the sub-mains, When the mains ere vertical, the submains
are horizontal and vice versa, fig. 16, The horizontal services are usually
run above the false ceilings of corridors, basements, below the raised floors
and along the laboratory walls, fig.17., Electrical power supplies are the

main requirement of any environmental science laboratory and in ABU laboratory,
electrical power will be required for lighting, portable and fixed equipment
as well as for plug-in devices, For the use of portable equipment, flexibility

of power facilities and convenient locations of power outlets are of primary

importance., The main supply (AC) will be from NEPA high tension main, the
voltage of which will be reduced by the transformer provided by the same
authority, The switch~board is oenerally installed in the premises of the
customers buying the power from the electricity authority, But the main
problems- with the NEPA power supply are the fluctuation of current and
constant power cuts, These problems may reduce the life-expectation of the
equipment by 70 to 90 percent, 1t is therefore necessary to recommend the
provision of the following items with other equipment for the ABU laboratory:
a) Current stabilizers
b) A power generator with automatic on and off switch,
Now, power outlets must be clearly identified in accordance with the current
to which they are connected and they may hale to be vapour-proof, explosion-
proaf and dust-proof depending on the laboratory requirements, And since
the electrical requirements of laboratories increase continually, there
should be facilities for additional connections,

The power outlets for ABU Artificial Sky and the Wind Tunnel should



FIG. 16

“
VERTICAL
SUB-MAINS
Ny
RN
BN

LOW LEVEL MAIN

Vertical sub-mains fed from a main at low level
‘using one vertical riser for each cell.

. HORIZQNTAL
SUB-MAINS

VERTICAL
MAIN

=

FLOW AND CIRCULATING MAIN

Horizontal sub-mains at cach floor level fed
from one vertical main,

it

VERTICAL
SUB-MAINS

o

~

N

=

[ [ [/

e

LOW LEVEL MAIN

Vertical sub-mains fed from a main at low level
using one vertical riser for each pair of cells, one on
either side of the corridor.

HORIZONTAL
&——SUB-MAINS

VERTICAL
MAIN —2

= ‘__V[l‘IJCAL
MAIN

FLOW AND CIRCULATING MAIN

Perimeter sub-mains at bench level fed from
two vertical mains.



=T

. lalmﬂw) services detail (overhead). (By of
‘the archi Grassold-Joh and Associates, and the
gwpi'ml. G nmcﬁo&ldtuntr, Inc., New York, )

..*-\§n\- ANk

‘-

?a ) h‘r’r“""’_w LM
nrv'..lutwm“— g -;z

e [ ‘,«"" -
S ‘Nr/ '

?
-~ i
r— i "\h’ “_

| Distribution of .wrmcn (basement) ; Nestlés research laboratory,
Vevey, Switzeriand.

Distribution of sercices, showing access to pipes and conduit;
Sylvania-Thorn  television laboratories, Enfield,  Middlesex. (By
courlesy of the Editor, Architects’ Journal, and the ‘architect: G. A.

Jellicoe.)

44

FIG. 17



45

be installed with non-at;ndard outlet fittings to ensure that no apparatus

is inadvertently connected to the supply of the wrong frequency, Perhaps

it i{s pertinent to mention that the Artificial Sky requires e single phase

30 ampere outlet while the outlet of the Wind Tunnel should have 3~phase

30 ampere, Some two more non-standard putlets may be provided in enticipation
of expansion, All other outlets may be of ordinary single phase supply at
domestic voltege, These normal outlets will serve all the portasble

equipment as well as the Artificial Sun and Heliodon which has a lamp wattage
of 250,

6.2, LIGHTING : Adequate guantities and correct guality of lighting are very
important in any interior environment, And as with the majority of services
in the laboratory, the particular lighting requirements of each laboratory
must be studied, In general, if design success is to be achieved, the
lighting system in ABU must fulfil the following objectives:

a) Sufficient quantityof light on any task

b) Good quality of light with regards to brightness grading or brightness

contrast in different parts of the laboratory.

c) Quality lighting with respect to the absence of glare, flickers etc,

d) Optimum general lighting to expell corners of gloom,
Daylight, artificial light or a combination of the two may be employed to
achieve these ends, The lighting of the ABU laboratory is considered section
by section because it consists of two parts.

The Windouwless Area — The lighting of this room has to be designed

with artificial light in mind., The whole lighting system must take the
following factors into consideration :
i) Calculation for the guantity of light necessary for task lighting
ii) Quality lighting in terms of brightness grading and avoidance of

discomfort glare,
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1i4) Supply of ertificial light simulating the supply of daylight,
The first fector is taken care of by the lamps which are the integral
parts of each of the three pieces of equipment - Heliodon, Artificial Sun
and Sky, It is the leat factor that dictates the choice of the light source,
In Nigeria, the psychological reaction towards interior lighting is more
positive for the white fluorescent lamps than for the filament lamps, The
reason is not far-fetched; the fluorescent lamps do not possess the strang
characteristics of sun emission of light which is inherent in the filament
lamps, This characteristic of fluorescent lamps offers a desired break in
the monotonous supply of sunlight, In view of the above reasons and of the
fact that comprehensive information is needed for design purposes, the -
luminaire chosen is a coffer-light cell, manufactured by Thorn Lighting
Limited, with PPC twin batten fittings. The following data are taken from
the manufacturers catalogue 2

a) Max, spacing/Height ratio = 1.63

b) DLOR = 53%, ULOR = %, Total = 53%

¢) Luminous Area = 0,96 m2

d) Wattage 2 x 65

e) B,Z, Clessification

3
f) Light Source: i) Thorn Fluorescent Tube = Plus White
ii) Length = 1500 mm
iii) wettage = 65U
iv) LDL = 4500 lumen
v) Colour rendering quality - good
vi) Colour appearance = medium
Room Data :
a) Ceiling height = 3n

b) Mounting height = 2,15m



c) Dimensions = 48 x 3,66 x 3.00:2

18 x 3.66.2 = 65.88l2

d) Area to be 1it

e) Standard Service Illuminance = 750 lux (fig, 18a)

f) Reflectances : Ceiling - 70%
Walls = 50%
Floor = 20%

The Standard Service Illuminance is obtained from fig,18 which is taken
from the 1ES code,
Lighting Quantity and Lamps:

Again form the Lamp manufacturers information -

U.F. = 50%
leo - gm
.. Installed Flux = 750 x 18 x 3,66
0.9 x 0,52
= 49410
D.468

= 105577 lumens
Required number

of tubes = 105577 tubes
4500

= 23 46 tubes
£ 24 tubes,

This gives 12 luminaires - fig. 18b,

Lighting Quality and Glare :

The glare index is examined in the direction of view indicated on fig., 19.
Light mounting height above 1,2m eye level = 1,8m (H)

), Dimension X = 3,66 = 2.03H
Y = 18,0 = 10,0H

Interpolating these values in Table 1a of Appendix 4, 'Interior Lighting
Design' by the Electricity Council, initial glare index is GI where

GI = 13,92
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Corrections 3

Height (1,8m) = 0,6
Luminous erea (9600 mzj - =9,5
Downward flux (2385/m) - 42,2

Flux fratcion ratio (0.0) = +4,6

Sum

- —006-9.5 + 2.2 L 4.6
- -303

.+ Final Glare Index = 13,92 - 3,3

= 10,6

Since 10,6 & 19,0, there is no threat of discomfort glare,

Lamps

Arrangement

The lamps are arranged in two series, A & B, and they will be

operated by separate switches, A & B, The decision to select any of these

series of lamps will depend on the type of equipment being used and both

may be switched on if none of the eguipment is being operated or if there
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should be a discussion period before a demonstrative experiment, The lighting

system is designed in this way to satisfy the condition of selected lighting

for task purposes on the equipment 3

a)

b)

The Artificial Sun and Heliodon will need enough quantity of lighting

whenever they are being set up, But when the stage of model observation

is reached, only the light from any of the equipment is required on
the model. At this stage, too strong secondary lighting will affect
the ability of the equipment primary lighting.to cast strong shadows
of the model being observed, Hence the secandary light should either
be reduced or switched off,

On the other hand, the Artificial Sky possesses the quantity of light
needed for its operation, But since the one chosen for ABU is the
mobile type, the photometer readings will be undertaken outside the
luminous ceiling of the Artificial S5ky. Hence light will be needed te

carry out this task and therefore the secondary light cannot be



52

completely switched off but reduced by applying sultch A or B,

Ares Wth Windows ¢ This area is expected to be daylit by reflected sunlight
only, because Zarie is in the tropics and beceuse the first phase of the
faculty building is parallel to the window of this room, This faculty
building is high enough to provide the needed reflected sunlight to the
exclusion of direct sunlight,

Now a series of nomograms have been developed by Mr C, Plant,
J. Longmore and R. Hopkinson in 'A Study of Interior Illumination Due To
Skylight Under Tropical Conditions', published in the Netherlands in 1967,
In order to build these nomograms many factors were taken into consideration:
factors such as interior illumination, internal surface area, window area
and interior reflectances, These nomograms are employed here to design the
daylighting for the Wind Tunnel section of the laboratory,

b= Window Area
A Total Internal Area

166 % 3 ¥ 5
3 x 56,98 + 2 x 18 x 5,49

28
338,58

0.08
R = ZAiRi
£Ai

5.49 x 18(0,2+3,7) + 3 x 0,5
46,98 x 3 +

n

x 28,98 + 18(1,4x0,5+1,6x0,15)
10,98 x 18

136,728
338,58

® 0,40

The values of W = 0,08 and R = 0,40 are plotted on the three nomograms in

fig. 20 and the results obtained are tabulated in Table 2,

Distance from Illumination
Window in 'm! E in lux
1 122 m 721 Table 2
2 4,42 312
3 8,23 124
A B
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The figurea in Column A of Table 2 is plotted against thoss in Column B

to obtain fig, 21, And thus we can observe the daylight diatribution in the
Wind Tunnel room, The level of illumination at the back af the room under
consideretion is 235 lux which i= less than the 750 lux recommended for
laboretory lighting, Therefore, the light in this room needs to be *topped
up', .

The artificial lightiné calculation for the Wind Tunnel room 1is
carried out with the ssme data employed for the calculation of the blind
box lighting, The only change in the data is the differsnce in the floor
area yhich in this case is 5,49 x 1B.mDm% Since most of the axperiheﬁfs
with the Wind Tunnel will be carried out during the day, the lesvel of
supplemantary lighting when there is daylight and generel lighting level

at night will be (750 - 235) lux, Therefore,

Installed flux = (750 — 235) x 18 x 5,49 1lumen
o - 0.9 x 0.52 ..

= 515 x 18 x 5,49 lumen
0,458

= 108744,23 lumen . |

Required number of tubes

= 10B744,23  tubes =
4500 e

= 24.17 ‘tubes o -i
= 74 +tubes

This gives 12 luminaires - fiq,22, ' _ - E

The luminsires are arranged as shown if fig, 22, The method of operation
of fhese luminairas will be the application of a *day-night! change-=over
switeh, Luminaires in row A will be operated by the day swlitch and all
luminaires - A, 8, & C ~ will be operated by the night switch,

Checking : There is need to check or examine the rationzale behind tne
recommendation and conclusion made above., This exercise is particularly

necassary to make sure that the above lighting design lies within the range
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of stendards,
1) Spacing / Height ratic ¢ 1.63m (Manufacturer)

Mounting Haeight » 2,15m (sbove work plans)

Spacing A = 0,915m
Spacing B = 2,16m
Ratioc A - 0,915
2,15
= 0,43 £ 1,63
Ratio B = 2,16
2.15

= 1,0 £ 1,63
Since the spacing/hsight ratios in both cases are less than the stipulated
1.63 meters, the arrangement of the luminaires can be described as good,
11) Area Source
| The effectiveness of the supplementery artificial lighting is checked
at points X, Y, and 2, fig.22, teking into consideration only the -
luminaires in row *A' and applying E method. With this method, the

L
amount of artificial light that falls on each point is calculated:

Ex = 0,07 (at 4,56m from the window) o
L P
Ex = 0,07 x 2 x 4500 S

| 0.96
= 'D.07 x 9375
= (56,0 lux,

Point Y
Ey = 0.046 {(at 3.0Bm from window)
L ) _ S
Ey = 0.,046. x 2 x 4500 '

0.96
= 0,046 x 9375
= 431,0 lux,

Point 2

Ez = 0,D0149 (at 1,58m from window)
L .
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LUMINAMRE ARRANGEMENT

FIG. 22



Ez = 0,0149 x

= (,0149 x
= 140,0 lux

The quantity of artificial light at points X, Y, and Z are plotted against

2 x 4500
0,96

9375

60

distance in fig, 23, Consequently Table 3 was built from the values obtained

from the mentioned figure, Now the diagrams of figures 21 and 23 are drawn

together to form figu

re 24,

Tha illumination level of artificial lighting appears to be higher

than that necessary for supplementation when the two lamps of luminaires

in row 'A' are switched on, In fact the lighting level at the back of the

room is higher than that of the points near the window, This result will

reduce the role of daylight in interior lighting of this room to a secondary

one, This situation is not acceptable in lighting design practice., Hence

the 'Day/Night' switch must be wired to switch on a row of lamps in the

mentioned luminaires and not the two lamps as earlier recommended, Again,

when only one lamp in each luminaire of two lamps is switched on, the

supplementary lighting level drops by half and the total lighting level

fails to hit the target of 750 lux except near the window, At night when

'night switch' is operated, the lighting level is uniform and equal to 515

lux, This is good enough for general lighting, But if tasks are to be

performed at night, lighting calculations must be repeated to obtain 750

lux instead of 515 lux. Anyway, this design is good as supplementary

artificial lighting,

Distance

from window.

11lumination E (1lux)

1m

m e N
3 3 3 3

50
260
450
600
610

Table 3
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6.3,ACOUSTICS ¢ The whole of ABU environment is quiet, The only source of noise
is the electricity generator which is about 500 meters away, Apart from
distance there are many buildings between the generator and the Department,
and hence there are no negative acoustic effects on the site of the
laboratory. But there is a car servicing depot close to the laboratory and
it is asbout 10 meters away on the side of the windowless wall, This may
occasionally have undesirable effects of thes accuracy of the equipment and
on the communication between the lecturer and the students during demonstrative
experiments, There are two probable acoustical problems which are:
i) Vibration form the noise generating depot
ii) Background noise levels and Sound Reduction Index of the relevant
external walls,
i) The frequency of vibration is unknown and since the noise source is a
car servicing depot, the probable noise generator is the air-compressor,
The compressor fan vibration freguency is likely to be between 5 and 50Hz,
The energy of such vibration is not large enough to vibrate.the earth
surface area that has a width of 10 metres. The ground is assumed to have
the ability of absorbing completely the vibration energy. Apart from the
mentioned assumption, the equipment in the laboratory are ndt very sensitive
to low frequencies of the compressor, In the case where this vibration
is large enough to threaten task accuracy, the labaratory building may
be isolated by applying resilent at a distance of 1,5 metres away from
the laboratory walls and to a depth of about 50 centimetres when the
depth of the labaratory foundations are not qreater than 50 cm, This
situation is a very extreme case and ABU laboratory does not demand this,
ii) Speech intelligibility is very essential in this laboratory and the only
threat to communication is likely to come from the sound of the cars being

tested, The frequency range within which this sound can interfere with’
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speech is 100Hz to 3150Hz, Therefore the investigation of this sound will
be limited to this range 100 - 3150Hz, If speech communicetion is to ba

echieved in this leboratory, the noise problem must be spproached via .

investigation of

s) External noise levals ' B 3

b) Internal permissible background npise levsl

c} Noise control

External Noise Levels : The car depot is treated as a point nolse source

at 10 metres asway Prom the external wall pf the labeoratory, A similar npoise

is measursd with a sound level meter and then recorded, fig, 25a, The

recording was done after the sound level meter had been calibrated, The same
recording was later fed into the frequency analyser which gave the rasults

in figure 25b, Since this is not the actual sound, a lot of corrections

must be carried out on the results of the analysis, Such ceorrections will

be for temperature, humidity, distance, room absorption and sxternal wall

area, Temperature and humidity data are not aveilable and thersfore correctiaons
cannot be made for them,

Now measurements were made at the kerb of the busy Euston Road,
London..All the measuréd noises were analysed and 3 graph analyses af the
selected noiges arae given in fig, 26a, Graph B in the same figure is chasen
for the purpose of this exercise because it intrudes more into the subjective
range of 100 - 3150Hz, Now fig, 26b gives the sound pressure level at 500Hz

as 96dB. At 10 metres away it will have sound pouwer level of Ux where

96 = 10 log1u lux _ y
W . |
o] _ .
9.6 = 10910 y§12 ‘ ;
10 :

1076 wx
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Microphone (1o convert
sound energy into
electrical energy)

{to show sound
levels in
decibels)

Typical hand-held sound-level meter

FIG. 295a



65 I
¢ e | T | =, .
Fl G 25 Potentiometer Range: ________dB Rectifier________ Lower Lim. Freq.: _______ Hz Wr. Speed: mm/sec.
. 50~25—yTx ) ¥ ¥ L S | | LI | -
: I

s R BN SSNS S e C— - B
© - - = = ' it === |
Rec. No.:_ [ | . [ — 1
0_0

3—-r—-r§

EI— s e

1 " 4 s ; = = =
"Fld.“?._ =l 1S R S (SR i i +1— B .

L. 1

Lol i _1.L ...L_Q_ L

| W .
o

o —— == =" EESSSIENE

YO W Hz 50 100 200 500 1000 2000 5000 10000 7000
~ Zero Level: ‘b—_t)cis _ (16127211

e - I f 1
F, G- 25 Potentiometer Range:_~ " dB Reclifier:”_~ = *~Lower Lim. Freq: _~-"> Hz Wr. Speed: *°J_mm/sec. |

5"F' | e g o ¥ ) L ) ~ -
= - i i - et =
B d8d — et T S S S S : +———++HH—F+F
F - N G D ! 1 3 . 1 -
- - o T S S TE— e I !
40-2

[
1

11

I

|

|

|

|

1

|
i
-

|

1
i1l

BN E

e S T = _Dﬂ_il _: _—j : ~-1 = ~ =t - -+ e =
S e, AR . i -  —— L — B =S| i = - e
s e o e 1.0

20-10 — -

]
|
L

1
Il
]
J’Ij' [ |
1l
illl |

({1

1ii
1]

:

L]

|

B |

|

|

! !
By b
711

t
IR KR
T

|
I
I
[ |

— | 4] H—T-*. —v—ﬁ__—il#-‘

| | | l:i'l
L
|
[
I
111
L]
11
1
I:Ir

500 1000 2000 5000 10000 pore
QP 1124 Multiply Frequency Scale by Zero Level: (16122113




bb

-

' _Hz Wr. Speed:

Lower Lim. Freq.

dB Rectifier:

otentiomeler Range:

-t “
| 11117
i %g T
n‘._“lﬂ - MIL..... 11 .._.__u
_ _ % ___ _
“ L
u 1 il
1
| T
a 1 NN A_
J_. _ L1 |
BEEE CTHEAT
| IT1F
B L
_ | |m|~n _”_
_ __":r _—
T T 1
_ : || __‘__‘n_______i__.___f__ i
! LTI |
; T
| oA SRR F._
SR R
ANAE I NN RRRNN RARNAE
, I AR ARRRANRARE RRARARE
HiTHRinnn
. LI
i I
_ UL
. L
! T
{

A BT T
A B C Ln

v

1000 2000 5000 10000

500
Zero Level:

200

100

Hz
luhtiply Frequency Scale by

(1612/2112)

- ——— .

. ——————— . e e



Sound pressure [evel 48

FIG.

500 1000
Frequency Hz

26 a

657



Sound pressure level 4B

f o' U ‘ .
. _
9 - / . . \'. P - . -
, L N\ ,
. N N SR
.® ) "n
80 Lol Sed 5 et
._1. i' \.\
- ; : B
i
7 0/ H 28 M N(.‘
| z ' ]
i SN i S
- = ﬂ--q.----——- 'y —
fo . s

63 425 250 400 1000 2000
Frequoancy Hz

—' Nowse . s measured ok Source

) “Nowsa altanugtgd by 140m. distancs

4000

8000

68




ux = 1072*4

At 10 metres msway st HDDHz

Tog= Uk
10 2??x102

10-2.&
2% x 10
2%

Sound pressure level et 10 metres at 500Hz

SPL = 10 log v x 1074
10 10— T
2 10”12

= 10 log,lU 1 X 107'5

2

oA

R - 58,00d8
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Similarly the values of 5PL for other freguencies sere obtaired and tasbulated

as follows in Table 4,

Frequency in Sound Pressure
Hz Level in dB

1 63 60 ..

2 125 54 o
3 250 52

4 500 68

5 1600 62

3] 2000 55

? 4000 52

8 B0OO 39

Table 4

Background Noise

SPL

Backgrgund Noise Levels : The recommended background naoise level in the

laberatory which in this case is treated as & classroom ig NC 35, The sound

.pressure levels for NC 35 at different frequencies are shown in Tabls 5,
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frequency in Sound Pressure
Hz Level in dB

1 63 60

2 125 52

3 250 45 Table 5

4 500 40

s | 1000 36 L
6 2000 34

7 4000 33

8 8000 32

I1f the sound pressure levels in the same frequencies in the two tables
above are compared, it will be observed that the sound pressure levels from
the background noise are higher than the standard required by NC 35, The
interpretation of this is that the noise from the car depot is capable of
interfering with speech and in fact it can totally mask it.

Sound Control : The knowledge of the noise characteristics just putside the

external wall and the level of the internally permissible noise makes the
solution of the local noise problem simple, The Sound Reduction Index of

the external wall necessary to filter the noise from the car depot can be
calculated if the difference of the sound pressure levels on either side of
the wall is known at 500Hz., This frequency is chosen because empirical results
have shown that the Sound Reduction Index (SR1) at 500Hz is invariably

similar to the average of SRI over the frequency range of 100 to 3510Hz,

The SRI at S500Hz is applicable in ABU's case because speech intelligibility
spans nver the frequency range of 300 to 3000Hz, Now Table 6 gives the sound
pressure level difference between the background noise and NC 35 at S00Hz

as 28d8, The external wall must therefore be designed to reduce the background

noise level by 28d8B,
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Frequency {Hz) 63 125 | 250 SO0 |[1000 {2kHz | 4000 | 800D

External Sound Press, 41 54 52 68 62 55 52 39

Leval (SPL, }

NC 35 (SPLz) 60 52 45 40 k13 34 a3 32

SPL1 - SPL2 -19 2 7 28 26 21 19 ?
Table 6

Now SF'L2 = SPL1 - SRI + 10 log 5 - 10 leg A

where SRI= Sound Reductlan ladex (500Hz) .. - .7 . . = -4
S = External Uall Area - 18 x 3 = Sdm’ . . .
A = Interpal absorption in the laboratory
= Plastar absorption + Abserption of 25 studesnts

= 261,72 x 0,07 + 25 % 1,0

= 43.3m2
SPL,‘-SPLZ- 28 d8 (at 500Hz)
SRIEGU = 28 + log 54 -~ 10 log 43,3

= 28 + 17,32 -~ 16,36

= 278,96

¥ 29d8
CHECKING 3 The material used for the ABY 1abnfa£ory ;ails is breeze concrete
knoun locally as ‘Ycement block'. IL is actually a hollow block with an air-
“éep of 7 and 15 cm for block width of 15 and 22.5cm respectively, Figure 27
shows thet '100mm breeze concrete plastered on both sides' has a Sound
©  Reduction Index of 45dB- SRI . Now SRI = 45 d8 > SRI_, = 29 dB, This
maans that the wall is good enough to reduce the noise from the car depaot
to an acceptsble level, There is, of course, an assumption that the cement
blocks used for the ABU laboratory walls are physically confirmed to have
the same SRI as the breeze concrete in the figure above., |

The mass of the concrete bolck is used here to control fhe noise

and therefore the contrel is in ths mass region where for every doubling of
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weight there is a Sound Reduction Index improvement of 5d8, If this
principle is epplied to the SRI of the concrete block, its performance can

be observed in other frequencies, as in Teble 7,

1 L L
Frequency (Hz) 63 125 | 250 | soo 1kHz 2 4 BkHz
Concrete block
5 40 5 6 65
SRI  (dB) 30 3 4 50 | S5 0

Table 7 = Cancrete block SRI
A comparison of concrete block SRI and the required insulation gives Table 8,
This shows that the concrete block wall is capable of reducing noise beyond

satisfactory levels in all frequencies,

Frequencies (Hz) | 63 125 250 | so00 1000 |2kHz |4kHz | BkHz
Concrete block
40 45 55 6 65
SRI  (dB) 30 35 50 0
SPL1 - SPL2 (aB) | =19 2 7 28 26 21 19 7
Table B

64« VENTILATION AND AIR-CONDITIONING : The approach here to thermal comfort is

similar to that adopted for lighting design where the laboratory space is
dealt with under two sub-headings : the windowless area and the section with
windows,

Windowless Area: It is difficult to have this area well ventilated by natural

means, It is still more difficult to obtain here satisfactory comfortable
thermal conditions for the occupants, The blind box must therefore be air-
conditioned, The decision to air-condition this space can be justified if
the following facts are considered.:
a) The need to dissipate heat generated by the equipment = all of them
generate heat,

b) The need to filter dust and dirt that are present in the North-fast
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Trade Wind - the harmat@an.
c) And above all, the roam mﬁét be adequately ventilated for comfort

end efficient performance of tasks, .
This room can-ba air~conditioned in twor weys, The first method may
be by spplying the conventional asir-conditioning system while the second
is by the use of 'packaged air-conditioners', Now the conventional eir-
conditioning Q;;;;; otheruise known as cantral air-conditioning system will
nead the purchase end installation of the refrigeration plant, ducts, diffusers,
the grills and cooling tower, It can be concluded, without carrying out the
cost snalysis of this.égatém, that a laboratory of the size proposed fer
ABU cennot justify an investment on the cantral eir-conditioning system,
It may be arqued that the expansiaon of the laboratory may dictate this system
and therefore it is better done now than later, Well, the rooms of the
lsboretory will be cccupied at different times and consequently the maximum
loed on this air~conditioning system will be too small to justify an
investment on a central air-conditicning systam; B | ‘ |
The alterpative is to patronize the package air-conditioning

manufacturer, The term 'package air-conditioning' is apt to mean many things
to different people. To some it suggests only small raom units, to others
it may mean anything up to a large, pre-engineered chilled water plant, In
this case it is the small room unit that is being considered, This ajir-
conditioning unit is a system or arrangement of equipment used te achieve
and maintein desired conditions of temperature, ralative humidity and
cleanliness of air in a given space, And its control is right on the unit
which operates independently. There are many types of 'package eir-conditioners!
But the one that suits ABU conditions is the unit that combines air handling
components and the refrigerstion squipment in a single cabinet as in fig.28.

Among the alr handling components is the air-filter which is usually made
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Conditioned Evaporator Haater (optional)

!

Cut away view of window or wall mounting room unit. Prestalr Ltd.

[]

SIS
; 1 Heater

[

Cond 1y

}————Conditioned air fan
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Condenser fan

Console unit mounted through-the-wall,
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from common material such as glass or synthetic fibres., In cases when
filtration demands more attention, a speciasl filter is often added, These
special filters may include s

a) Automatic roll filters to reduce filter maintenance,

b) Charcoal activated filter to remove odours end gases,

c) Electrical filters to remove smoke, pollen or other very fine dust,
1t is the electrostatic filter that is appropriate for the ABU laboratory
because the common filter normally supplied with the package unit will be
inadequate in coping with the dust from the Narth-East Trade Wind,

Area With Windows : This space cannot be air-conditiened because of the very

large volume of air needed in the Wind Tunnel, It would have been possible

to air—condition the space if the central air-conditioning system was to

have been employed, The rate of air supply by the system could have been
designed to equal air rate of flow in the Wind Tunnel, But it has been
explained above that it is economically not viable to invest money in the
central system, The other option open to any designer is the use of the -
package unit, Again, the basic problem is the rate of air flow and supply
from the Wind Tunnel and air-conditioning system respectively. Here the rate
of air supply is constant and will be less than the rate of air flow in the
Wind Tunnel and consequently points of negative wind pressure will be created
within this space, In turns, leakages will be created by force through the
building fabric for inflow of air from outside to occupy the negative pressure
points, With this phenomenon, the design of any air-conditioning system for
this space will be a total failure, Finally, the method of ventilation of
this space will have to be by natural means, where windows are large and
window panes are of glass louvres, In fact this is the existing situation

at ABU laboratory, If this situation is adopted and the laboratory is

naturally ventilated, a dilemma is unlikely to be faced in the space under
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consideration, Filtration of the air will be difficult becasusa the space

is not air-conditioned end the large amount of air to be drawn into the

wWind Tunnel will infest the equipment with cumbersome dust, This dust can
make breathing difficult, visusl activities can bs mede impossible, and
sbove all, tha emoke path in the model room cen be interferred with, Yet

a rational decisipn needs to be taken over the ventilatieon of this space, A
tecislon besed on economic end tachnical resasons is that natural means

must be employed to ventilate the Wind Tunnel room, But the dust problem
must be soclved and the only way of dealing with it is te occasionally collect
the dust deposits in.the room with a vatuum cleanér. The collection of dust
may be carried out just before any experiment with the wind Tunnel commences.
Therefors it should be noted that & vacuum cleaner is indispensable with

the Wind Tunnel and it must be purchased,

7. COST _ANALYSIS

The examination of the viability of this Eﬁajéct in terms of
government expenditure and eventual local man-power productivity is the
purpose of this cost analysis, Many methods can be applied in this exercise
end each economic method will lead to a rational conclusion, But it is more
rational to understand that once a2 leboratory has been established, the
. resgurces used have been irrevocably commited. Past design analysis and
decisions are of no relevance to the future except when employed as horses
qf.pxperianca. Future action, therefore, can only be based on making the
‘best USé of what is availsble at present. Decisions depend on future costs
and benefits, on comparisons between immediate and future costs and the
values these will create, At any rate, it should be mentioned that this
epproach ié only for exploratory purposes,

The two groups of costs that are inwplved in this compsarisaon afe

the University (government) total investment and the graduate total: output
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during the period of productivity terminating at the end of his life
expectation, The University includes building costs, equipment costs and
staff costs, These costs must now be analysed,

7.1, Building Costss The costs of a laboratory building do not cease with the
costs of construction but continue throughout the l1ife of the building in
the form of maintenance and other running costs, the costs of adaptation
to meet changing requirements and costs of inconveniences imposed by the
building on the activities carried on within it, In the application of a
'comparative technique' effective cost is an annual one, Thus usually the
annual equivalent of the initial cost of the building is of more importance
than the initial cost itself, The annual cost depends on the rate of interest
and the economic life of the building as well as on the cost of development,
Now as life which can be taken for the building increases, the annual
equivalent cost falls, The rate of fall declines as the life further increases
until a point is reached where annual equivalent cost becomes relatively
stable, This theory can be confirmed if Table 9, copied from 'Building

Design Evaluation' by P,A, Stone is studied,

Life in Years Rate of Interest
3% 5% 7% 10%
10 11.7 13,0 14,2 16,3
15 8.4 9.6 11,0 13.2
20 6.7 8.0 | 9.4 [11.7 Teble B
30 5.1 6.5 8.1 10,6 Annual Equivalent of
40 4,3 5.8 7.5 10,2 "
- - - . A f
50 3.9 s.5 | 7.2 |10.1 £1/- of Initial Cost
60 3,6 5.3 Ta 10,0
70 34 5.2 Tal 10,0
100 3a2 5.0 7.0 10,0
R. 1. in pence

with a rate of interest of 3 percent, relative stability is reached with

a 1life of about 70 years; the corresponding period is about 50 years uwhen
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cA(1+18) =R = 1~ 1
«s N n 1 +1

A =1 1 (3)
[. 11—;1“ ] srasesane
1

Now Annual Equivalent Cost (AEC) for 'n' years is 1/nn (see Building
Design evalustion by P,A, Stone pages 185 - 197)

AEC = 1/‘?‘ ssvsasncas (4)

Building AEC ¢ The initial building cost in 1976 in Kaduna State is 15,00

or £12.52 per cubic foot i.e.

c12.52/ft3 = £10,764 x 12.52/'u.3

= §134,77 per cubic metre

ABU 1ab space = 3 x 18,3 x 9,1 rn3 = 499,59

Building cost = £134,77 x 499,59
= £67326,83

The annual equivalent cost of ABU laboratory building can be calculated since
the following data are now available :

a) Building life expectancy - 50 years

b) Interest rate - 7%

c) Initial building cost - £67326,83
Substituting for these values in eguation (4)

Building AEC = 7
100 x £67326,83

1+ 7 }Sé]

100
= 0.07246 x £67326,83
-~  £4878,49

1 -

Running Costs (Building)

These costs are estimated as annual equivalent costs with conventional

methods, And

Maintenance = £340,00
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Electricity = §£360,00
Lempe replacement » £285,00
£985,00
Total annual equivalent cost for bullding is AEC1 which is
Building AEC w £4B78,49
Running cost = £ 985,00

aEC, = £5863.80 seveneesene (I)

7.2, Equipment AEC: The life expectation of any equipment is b?twaan 1S and
20 years. After this period, the equipment is expected te ﬁa replaced or
another type of eguipment set up in its place, Now the life expectation of
the sguipment in the ABU laboratory is taken as 20 years which is half of
the period required to calculate the ennual equivslent cost. In order to
smploy 40 ypars of 1ife expectation end 10% interest for the calculation
of AEC, it 1s assumed that all the eguipment is replasced after 20 years
and that no expansion takes place between this period,

Theinitial costs of the sguipment are as follows : {Costs are in pounds)

Artificial Sky

. B AT . LT : £ 4950,00
Artificial Sun S I 4950, 00
Heliadan . f _< ; ;:_; § :t'fn’f:l:{r.:.. i:_“ 180,00
wind Tunnel T 60s0,00
Stabiliser (Power) T o . 2200,00
Daylight photometer S : 300,00
Architectural Illuminance Metsr _. _ '_ 500,00
Hegner Luminance Meter | | ) 1000, 00
INluminance Meter ' . 130,00
Daylight Factor Metar o ' : 150,00
Sound level Meter, Calibrator and Recorder 100G,00
whirling Hygqrometer 500,00
Smoke generator and Air Velocity meter _ _ 495,00
Velacity Measurement Equipment _ 770,00
Demonstration Equipment {Colour) ' _ 1210,00
Model room {Art, light study) ' 1100, 00

£25685,00




Since the life expectation is teken to be 40 years - 2 x 20 real life
expectation ~ the initial cost of equipment is doubled and the cost is now

= [2 x 256B5,00
= £51370,00

Rir-Conditioner = The cperative life of 8 package air-conditioner is five
years which is 1/8 of 40 years, So the unit will be replaced B times before
the laboratory life expectation expires, 1f two units are installed in the .
laboratory and each unit costs £500,00, then the total initial investment

can be assumed to be LBD0D0,.D0D for 16 units,

Now Total eguipment cost = §£51370,00
Contingency sum = - 5000,00
Consultancy (UCL) charges = 4000,00
Installation cost = 2000,00
Air-conditioning cost = 8000,00

£ 70370,00

Again, the annual equivalent cost is calculated with the following

data:
Equipment initial cost = £70370,00
Interest rate = 10%
Equipment 1ife expectation = 40 years

MREC = 10
100 x £70370,00

1= 1
[ e
= 0,10226 x £70370,00
= £7196,00

The total annual equivalent cost is the sum of the following :

Equipment AEC = £7196,00
Maintenance cost = 800,00
Electricity = 320.00

Lamps replacement = 200,00

£8516,00 .eassese £11)
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7.3, Investment On Staff - The staff maintenance cost include the following :

a) Salary per annum
b) fringe benefits per annum .
c) Training estimate per annum

The total maintenance cost is estimated thus g

1 Lecturer in charge = §B8898,.4

1 Technician = §£6319,2

2 Assistant Technicians = _£3949,5
. £19167,10

1.‘. 21915?.10 par annum = ﬁEC -.-....-ll(III)
The total of all annual equivalent costs is J\ECT

(1) D Building seeeses £5863,49
(11) Equipment ,eceeee £8516,04
(III) Staff seseevase [19167!10

£33546,63

The annual equivalent cost to be invested by the University is ﬁECT where
REC, = £33546,63 4.eseess (IV)

The Federal Government of Nigeria expend #4500 or £3554,55 on every student

annually, Therefore on 60 graduate architects, the Government will invest

G.I - u‘hBrE

G.I.t = £60 x 3554,55
= £213273,00

AECT = 33546,63 x 100% of G.I.
213273,00

= 15,73% of G.I1.

7.4,Architects Productivity

Life expectation s..... 30 years
S8lATY sessecessasssase W 6000 initial/ per annum

Number of graduates ,,. 60
Annual productivity is treated as the repayment of annual equivalent cost,

If annual basic salary is the value attached to the architects annual
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productivity then the prgductiuity of all graduate architects per annum is

= {60 x 6000 x 0,7825

= £281700,00
But investment on laboratory is 15,73% of the total government investment,
If it is essumed that productivity is proportional to investment, then a
proportion of productivity is equal to a proportion of investment, Hence
only 15,73% of productivity will be compared with AEC.

& 15,73% of £281700,00

= f44311,.41
Comparison 2

£44311,641 > L33546,63
Since output is greater than input and since it can be said that the
government annual profit is £44311,41 - £33546,63 = £10764,78, the
project is viable,
Errors :
There are many sources of error in this analysis. All except two of the
sources of error have negligible effects on the final result, Rate of global
inflation is a factor which is deliberately ignored. And the productivity
of the architect should have been computed with the application of arithmetical
progression summation formula, In the final comparison, the two will cancel

out and the error introduced in this analysis is minimal,

8. CONCLUSTON

One of the criteria by which a project cen be judged is whether
it is implemented; the one thrown onteo the shelf is nothing but analysis of
the then existing factors which will need review to apply to the present or
the future. The implementation of any project depends largely on the
availability of funds and the viability of such projects. But a developing

technology must play down the viability aspect of any analysis if dangerous



constraints are not to be imposed on the development of a developing nation,

The comfort and efficiency of man are what really matter and that is what

technology sets out to achieve, ?
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