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ABSTRACT

Solar Radiation incidant on a building causes great disconfort
especially here in the tropic, due to the transmssion of the solar
energy in formof heat through the external walls and openings by the
process of conducti on.

As a result of the Above, Architects enployed neans of
controlling this problem through the use of active elenents of
design, e.g use of Air conditioners to control neat gain by cooling
the interior, the use of artificial Ilighting when a deep pl anni ng
concept is adopted etc,

However, the aimof this dissertation is to explore and evol ve
nmeans of controlling this and other forns of energy e.g Wnd, Sound,
etc which affect building "Architecturally”. By using and enpl oyi ng
passive elenments, i.e choice of plan shapes, fornms, type of
materials, choice of finishing construction techniques, use of
bui I ding components, orientation of the building to the sun and to
the wnd, percentage openings (Fenestrations), |andscaping, and
choi ce of a suitable sun shadi ng devices that will serve the purpose

on Shadiag as well as to enhance the elevations..
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CHAPTER ONE

"ARCHITECTURE IS A COMPLEX UNDERTAKING
INVOLVING TECHNICAL, SOCIAL AND UTILITARIAN
AND CULTURAL PROBLEMS, IN SHORT, IT IS THE
SYSTEMATIC ARRANGEMENT OF KNOWLEDGE, IT
INVOLVES THE MAKING OF BEAUTIFUL FORMS,
ORDERING SPACE IN A COHERENT MANNER, USE
OF MATERIALS IN A FUNCTIONAL AND KNOWLEDGE-
ABLE WAY AND PROVIDING COMFORT AND CONVE-
NIENCE FOR ITS CLIENTS AND THEIR ACTIVITIES"

C. McDONALD



Chapter One

1.0 ’ INTRODUCTION

Since independence, the Federal Government has been
shouldering responsibility of establishing Universities as well
as funding them, with few enceptions where State Governments
established their own States University, some of which the
Federal Government took over as a result of the State inablility

to fund them adequetly,

The Federal Government thus acquired more Universities
than it can adequately cater for financially, hence the govern-
ment call for direct and full participation of the private sector
in the development of high quality Higher Education in the

country.

As a result of the above call, and in line with the
provisions of the Decree No. 9 of January 1993 and taking
into consideration the National University Commission (NUC)
angd Federal Government of Nigeria (FGN) Guide lines, some
public spirited and concerned Nigerians are proposing a
first privately owned, run, and maintained conventional
university to be known as Heritage University, Kaduna.

The university is to be located in Kaduna, Kaduna State.

The university is at the planning stage, now its
successful growth, will no doubt depends on the efficiency

of its administrative system. - This efficiency can only be



achieved within a svitably organised environmental setting
thus it has become nccessary to have a Senate Building

for the Administrative staff.

The Senate Building is to be the seat of the
Administrative unit of the University and the Governing
Council, it is also seen as a common property for the
academic components of the University, with each unit or
department looking up to it for the solution of one problem

or another.

1.1 RESEARCH AREA:- ACHIEVING PASSIVE CONTROL

OF ENERGY THROUGH ARCHITECTURAL DESIGN

When the technology of using energy in buildings
was discovered, Architects and Designers developed the
ability to house people and activities in a different way,
to that before the energy was available; in that, problems
of heat loss, solar heat gain, lighting, cooling, vertilation
ete were overcome through the use of mechanical, electrical,

and other forms of energy by

In Nigeria, However, it is becoming increasingly
difficult to maintain and man the major source of our

electricity power i.e the Kainji Installation, due to that



there has always been epileptic supply of this energy,
hence reliance of electric energy for comfort of office

users is no longer realistic

The solar radiation, which causes great discomfort
in a building envolope, the menance of wind energy, on
our buildings especiglly the roof, coupled with a lot of
other problems on the use of the energy both within and
building fabric has actually called for a review of these

designs,

In this regard, energy conscious design have
become imperative to the Architects for prospective clients,
this research aims therefore at proposing a an energy
conscious design of the Senate Building, which will not
rely on active elements for comfort both withing and

without the structure,

1.2 MOTIVATION

Architects are increasingly employing the concept
of deep planning in their designs i.e design that work
or rely wholly on the use of active elements e.g Artifi-
cial lighting, Air conditioning, and a lot of others, this
concept is alien to Nigeria, hence it causes serious hard-

ship to the occupants, which sometimes lead to either



vacating of the building when in use e.g Kashim Ibrahim
Library (KIL), Ahmadu Bello University (ABU), Zarla,
where there is no light or even a complete abandonment

of the building,

These hardships are generally in the form of
finance, especially now that there is astronomical increase
in power bill, not many people can afford to buy the
mechanical gadgets to keep them cool, or warm, in addition

to what one pays as rent,

Also, our limited technology to man these energy
sources and distribution has also contributed to the
motivation of this research. Nigeria is not technologically

advanced as to be able to employ other sources of energy.

In essence, the above factors gave rise to the choice
of this research topic, with a view to reviewing these
designs to achieve comfort as much as possible naturally,

through Architectural design,

1.3 AIMS AND OBJECTIVES

The primery aim of this project is to evolve &

design that will provide the desired comfortability within



the building envelope, using, i.e through natural means.

The Senate Building of this University has been
chosen for this purpose because of its position as enume-
rated earlicr. In addition to the highlighted points,

Senate is also meant to:

i. To provide for office accommwdation for the

Adminisirative staff- of the University.

ii. This office will be a monumental complex beffi-
ting the University, since it is expecied to
extend the image and the position of the

University to the larger community.

iii. To enhance mutal interaction and unity among

the workers.

iv. To provide other accommodation to meet present

and future needs of the University.

v. To suggest ways of improving the efficiency
of these energy supply system within the buil~-

ding envelop.

The main objective hence is to provide an



efficient and standard Administrative building that will

facilitate the speedy growth of the University.
1,4 SCOPE/DESIGN TASK

As stated earlier, the Senate Building proposal is
to accommodate the administrative core of the University

this include:

i. The Presidents’ Office (referred to as Vice -

Chancellor in Public University).

. The Registrars' Office which includes registry

for general administration of the University.

iii, Senate Chamber, where meetings of the

University's Senate will be taking place.

iv, The Finance Officers' office (Bursar), and the
general finance offices for the day-te-day .

account of the University.

1.5 RESEARCH METHODOLOGY

Most of the text books consulted provided general
information about energy, but Journals on building tech-

nology are more specific about energy in building, hence



materials used were mainly through library research and

field work, these are as follows:

i. Text books
Ii. Journals, and Seminar papers

iii. Encyclopedia of Energy
iv. Case studies of existing scnate building

V. Personal observations/discussions with

Authorities of the University.

The library research includes as explained, where
through books, literature review, Architectural Journals,
papers etc while personal observation include a critical
appraisal of senete building of some Nigerian Universities.
This is with the aim of understanding the design concept
and approach in regard to energy consideration by the

Architects,

Analysis of environmental climatic data's was carried
out to abreast the author with the prevailing Micro and
Macro level of the site, this will go a long way to shaping

the form, and concept of the design.



Questionnaire was not used because it is not required
in this context since the design proposal is on the pipeline

hence there is no need to sample copinions.

1.6 RESEARCH CONSTRAINT

Problem was encountered in securing a foreing case
study of design on senate building, Howcver, the three
case studies obtained in Nigeria were enough for the thesis
design criticism and appraisal considering their design

concepts and energy considerations.



CHAPTER TWO

"ARCHITECTS NEED TO DEVELOP IN A SIMILAR
MANNER. A MANIPULATIVE ABILITY OF THE
CONCEPTS OF ENERGY (CONTROL) IN ORDER THAT
THEY INCLUDE THE CONCEPTS IN THE BASIC EQUA-
TION OF THE DESIGN, RATHER THAN REGARD THEM
AS A SUBJECT WHICH CAN BE APPLIED TO THE

END PROCESS OF A DESIGN,

C. McDONALD
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Chapter Two

2.0 REVIEW OF RELEVANT LITERATURE

The demand for a University education in Nigeria
started long before Independence. In the 1930s,
from the African intellectuals and forefront nationalists.,
The colonialist would not budge until 1934 when they
establish the first Institution of Higher Learning in

the country, i.e the Yaba College of Technology.

This college either deliberately or otherwise
failed to serve the purpose of which it was established
hence the yearnings for a full fledge University continued,

increasing daily from different quarters.

The above demand was resposbile for the setting
up of o panel called elliot Commission to study the
possibility of setting up a University by the celonijal
masters., However, the commission was to report

back to the colonialist their findings

The commission presented a repoer in favour
of establishing a University, hence the colonialisti,
upgraded the Yaba College of Technology to, a
University college Ibadan, The University was later
to become fully autonomous as a. result of its initial

relationship with University of London,

13



The establishment of this University iriggered
another series of 'calls, for creation of more Universities
immediately after Independence (1962), but this time
it was from the Nigerian people to there political
leaders, They were calling for a balanced distribution
of University in the country so that no part of the
country is left behind in terms of educational develop-
ment, A permanent commission was then created
called National Universitics Commission to coordinate,
and ensure a balanced developments and growth of

the University education in Nigeria.

The c¢ivil war of Nigeria between 1367 and 1970,
lead to the creation of more states in the coutnry,
as it was meant to, the states so created helped to
develop the areas very rapidly, but this development
was realised can only be possible if the people of the
area are educated, this realisation tend to or demands
of more Institutions of higher learning so as to help
train indegenes of the area. This saw the establish-
ment of University of Benin in 1870, Bayero University,
Kang, University of Calabar, University Iloring, Unimaid,

Unijos, and Usman Danfodio University, Sokoto (1974)

The above Universities came much later after

the establishment of the first Generation of Nigerian

14



Universities, which are University of Nigeria Nsukka
(1960), University of Lagos (1962), Ahmadu Bello
University, Zaria (1962) and the University of Ife

in 1962

The oil boom of the 1970s, and the need for
s5killed and professional manpower lead the Federal
government's decision to create seven more Universities
of Technology, and spread them evenly in the country,
these Universities include:-  Federal Universities
of Technology; Bauchi, Makurdi and Owerri (1980)

Yola, and Akure (1981), Abeokuta and Minna (1983),

State governments with a very large number of
students, and who can afford to established their
own States Universities, with the sole aim of catering
for their own candidates. These states include:-
River State University of Technology, Imo State Uni-
versity, Bendel Ondo, Opgun, Lagos, and Cross River

States Universities,

A military training institution was converted to
a full fledge degree awarding University, in the late
1980s. This is solely responsible for the training
of junior officers, that graduate with a rank of a
degree equivalent i.e the second leiutenant (2nd Lt),
the University is located in Kaduna and is called the

15



Nigerian Defence Academy {(NDA).

2.1 UNIVERSITY EDUCATION . AND ITS ECONOMIC
RELEVANCE TO NIGERIA'S DEVELOPMENT.

University education in any economy cospecially
a déveloping economy like Nigeria has positive economic
relevance especially in the development of Human and
Natural resources, and even boost national income
which is normally represented by the Gross Domestic

Product (GDP) of a country.

A study was carried out on fourth national
development Plan, for the Federal Government of Nigeria
by the Federal Ministry of Finance to assess and to
establish the level of contribution of University
education in terms of GDP from 1960 to 1980s bearing
in mind that this was the period that witness the

establishment of most of Nigerias Universities.

Year 1962-70 Year 1971-80
1962/63 2,7 1971/72 2.6
1963/64 2.7 1972773 2.5
1964/865 3.0 1973/74 2,3
1965/66 2.9 1974/75 2.6
1966/67 3.1 1975/76 2.9
1967/68 3.0 1976777 3.2
1968/69 3.0 1977/78 3.6
1969/70 3.0 1978/79 4.0
1970/71 3.1 1979/80 1.4

Table}ld Percentage contribution of cducation to
GDP in Nigeria 1962 - 1980

Source: FGN Fourith National Dewvelopment Plan
Vol.I pp.11-62 1981

16



From above we can see that the highest GDP
recorded was in the year 1979/80 with a value of 4.4
while the least was in the year 1973/74 with a GDP

value of 2.3

Apart from the above, the other figures do not
show any significant difference, or any improvement
over {ime, this is an indicator that more efforts need
be put to enhance or improve what was recorded earlier.
This effort basically should be in terms of funding;
and private participation which is why some concerned
Nigerians are proposing a privately run and funded

University, i.e Heritage University, Kaduna,

Another way of measuring the imput into the
economy of the University education is to consider
the total output in terms of earnings of the educated
and relate it to the ycarly tern over from other
sectors, this will help to conclude and establish the
economic importance of the University education in

contemporary Nigerian economy.

2.2 ADMINISTRATIVE STRUCTURE OF NIGERIAN
UNIVERSITIES
Generally, the federal and states universities
have the same administrative structure. The following
officers are involved in the administration of a Univer-

sity.,

17



the State Governor, or Administrator of the State

i.e the chief exercutive of the State.

iti. By virtue of their positions, they automati-
celly assume the leadership (ceremonial) of the

University.

iv. The visitor make or confirm appointments
of the Chancellor, Pro-Chancellor, and Vice

Chancellor after due consultations.
2.2.2 The Chancallor

i. Traditional rulers (mostly first class) are

normally appointed as Chancellor of the University,

ii, Main function, is to preside over ceremonial

occassions e.g convocations, orientations ete.

iii. As explained earlier, he is normally appointed

by the visitor of the University.
2.2.3 Pro-Chancellor

i. The main function of the Pro-Chancellor
is to serve as the Chairman of the University's
Council, which is the highest ruling body of
the University.

i. ° Appointed by the visitor of the University.

ili.  Pro-Chancellor is normally an eminent figure
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i. The Visitor

i, The Chancellor

iii. The Pro-Chancellor

iv. The Vice Chancellor

v. The Deputy Vice Chancellors:

(a) Academic
(¢)  Administration

vi. The Registrar

vii. The Bursar

viii. The Librarian

Source: KABIR, B. (1997)

The first three officers perform ceremonial
duties to a University, while the others are directly
involved in the day-to-day administration of a

University.

The following are duties and responsibilities

of the above officers:
2.2.1 The Visitor

i. - The visitor to a Federal University
is the President, Head of State, or Head of Govern-

ment of the Federal Republic of Nigeria,

ii. The visitor to a State University is
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who has contributed toward upliftment of education

in one way or another,

2.2.4 The Vice Chancellor

i. He is in charge of the general administration

of the University.

ii. He is responsible to the Senate, of the University,

he is expected to report to it at regular interwval.

iii. Presides over the Senate meeting

iv. Appointed the visitor to head the University,
after due consultation with the Council and the

Senate.

2.2.3  Deputy Vice Chancehor e

i. DVC Academic

The above assist the Viee Chancellor aon
geademic matters of the University, he can act
for and on Dbehalf of the Vice Chancellor on academic

matters of the Institution.

ii. DVC Administration

The DVC Administration assist the Vice
Chancellor in the general administration of the
Univeristy, he can act for and on behalf of the

Vice Chancellor on administrative mattiers.

Both are appointed by the Council.
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2.2.6 The Registrar

i, Assist the Viece Chancellor in the daily happenings
of the University, e.g appointments, resignations,

recruitments etc.

ii. He is also the Secretary of the Senate and

the University's Council,

lii. Alsc appointed by the Council.

2.2.7 The Bursar

i. Responsible for financial matters of the University.

fi. Report to the Vice Chancellor for the financial

status of the Institution.
ili. Also appointed by the Council of the University.
2.2.8 The Librarian

i. Responsible to the Vice Chancellor on library

matters,

ii. In charge of day-to-day happenings in the

library.

ili. Appointed by the Universiiy's Council
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Toble 2.1

2.3 ADMINISTRATIVE BODIES OF NIGERIAN UNIVERSITIES

To simplify the general administration of the
University, there are bodies respoensibie for decisions

taking on different matter; these bodies are:

(a) The Council
(h) The Senate

{¢) Faculty Boards
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2.3.1 The Couneil

This is the highest ruling body of a University
system. It conprise of cminent personalitics
representing the general public interest and also
notable officials of government agencies and ministries,
selected across the country in case of Federal Univer-
sity. The functions performed by the Council

inelude:

i, It take decisions of policy on the University, this

could be financial or administrative.

ii. General management decisions of the University.

iii. Decisions on the control of the property and

general expenditure of the University.

iv. It has power to decide on gll issues not otherwise

provided for by the law of the University.

v. It has power to decide on thedaily activities of
the University e.g regulation and conduct of the

University.

Two committees are most important in the Council
i.e the Finance Cominittee and the General Purpose
Committee, These committees are normally respon-

sible for ihe execution of the Councils' decisions,
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2.3.2 The Senate

The Senate is second to the University's Council,
it is generally concerned with academic matters,
The Senate is responsible to the Council on the

above matter.

The Senate comprise of many boards comprising
of students welfare board, appointments and promotions

board, ete. Hence, it is responsible for the following:

i. It is responsible for taking decisions of policy
affecting organisation and control of all academic

activities of the University,

ii. It coordinates recommendations from the various

faculties and departments.

ili, It approves appointments and promotions of

workers especially the academic staff,

Members of a University Senate include the
Vice~Chancellor, as the Chairman, the Deputy Vice-
Chancellors, the entire Professors and heads of
departments, the University Librarian and other
academic and non-academic staff drawn from the

University.
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2.3.3 Faculty Beard
Some of the duties of a Faculty Board are:-

i. Organise and control academic programmes of
the faculty but it is subject to the Senate approval,
this include decision on examinations, sereening

of students etc.

ii, Faculty Board is responsible io the University's
Senate. TEchnical details are taken care of at
this level for enward submission to the Senate for

its approval,

The Dean of the Faculty is the Chairman of
the Faculty Board. Other members include the
Vice~Chancellor, the Deputy Vice-Chancellors, and

all Heads of Deaprtments under the Faculty.

2.4 ADMINISTRATIVE STRUCTURE OF HERITAGE
UNIVERSITY,

The administrative structure of Heritage University
is to a great extent similar to that used in public
Universities, The difference is basically in form
of nomenclature only, i.c instead of Vice-Chancellor
in the public University, the nomenclature is different,
it is called the President. The two Deputy Vice

Chancellors are refered to as First Vice-President
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and Second Vice-President respectively, The Bursar

is refered to as Financial Controller.

Despite the fact that the nomenclature is different,
but they perform the same functions. The following
are the key officers of the Heritage University and

their responsibilities.

i. The Oresidents office
ii. The Registrars office
iii. The Financial Controller
iv.  The Librarian
v. Dean Student Affairs
vi.  Director Physical Plannings
vii, Director Academic Plannings

viii. Director of Works
2.4.1 The President

The President is responsible for day-to-day
general administration of the University, two other
offices of Vice-Presidents are attached to this office.
First of the Vice-President is to assist the President
on administrative matters; while the Second Vice-

President is {0 assist him with academic matters.
2.4,2 The Registrar

As explained in public Univerisities, the function
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of a Registrar is to deal with matters such as appoint-
ments, resignations, contracts, supplies, legal and
property, the office also provide Becretariat for

the Council and the Senate.

2.4.3 The Financial Controller

The Financial Controller shall be solely responsi-
ble for financial matters of the University and he
is responsible to the Vice-Chancellor on such issues

as it involves financies of the Instituttion.

2.4.4 The Librarian

Is solely responsible for the day-to-day running

of the University's library.
2.4.5 Dean Students Affairs.

The Dcan shall be responsible for the gencral

welfare of all the students,
2.5 MISSION OF HERITAGE UNIVERSITY, KADUNA

1. To supplement the efforts of both the Federal
and States governments in the area of providing
qualified Nigerian children access to tertiary level

of eduecation; and

#i. To provide an avenue for the much advocated
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direct and full participation of the private sector
of the economy in the development of high quality

Higher education in the country:
2.5.1 Aims and Objectives of Heritage University
The main objective for setting up the Institution

is therefore to provide more access to high quality
University education and service, comparable to

that obtaining any where in the world, to qualified
Nigerian children who want it, and who can afford
jit. It is also to assist the nation advance technolo-
gically, the Univcersity will place more emphasis on
the science - based disciplines, The University
will accord priority considerations to providing adequate
laboratory and workshop facilities, with particular
emphasis on the provision of up to date teaching
and research equipment. Furthermore, and in

line with government pclicy, in combating uncmploy~
ment, the University will provide such training as
would prepare its products for the challenges in

the employment market., Emphasis will be placed

on areas suitable for gainful self-employment creation
and others where manpower demand is high in order
to minimise the prevailing problems of graduate un-

cmployment.

Specifically, the objective os the University

are to:-
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JJ . Provide greater access to qualitative University

education in a most cost effective manner.

\iiﬁ lmprove the quantity and quality of students
graduating in the science-based disciplines,
thereby assisting the nation in meeting the
60:40 science : arts enrolment mix.

tf“; Attract and retain well - motivated, highly
qualified and skilled staff,

vy Provide an environment to qualified academic
staff, for the pursuit of excellence in teaching,
research and community services.

) . Promote International cooperation and under-
standing through linkages in academic pursuits
including research, as well as staff and students
exchanges.

2,6 CLASSIFICATION OF NIGERIAN UNIVERSITIES

Nigerian Universities, both federal and states

owned universities and classified according to the

area of specialisation and emphasis of courses and
disciplines.
2.6.1 Conventional Universities

These are universities that offers both Arts,
Sciences, and Technology in its curriculum. There
is no particular emphasis of one of the above or another
except perhaps the recently 60:40 Science:Arts ratio

of students enrolments.
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Examples of such universities arec: ABU, Zaria,
University of Ibadan, BUK, Kano, University of Calabar
etc. Heritage University when fully operational will

fall within this class.
2.6.2 Federal/States Universities of Technology

These are Universities whose curricular has more
emphasis on the Technological development, the emphasis A
is on practical Techuologicel application of knowledge

through the use of mechines, etc.

They were cstablished with the sole aim of enhancing
the nations technology. They are namely; Bauchi,

Yola, Minna, Owerri, Akure.
2.6.3 Federal Universities of Agriculture

To enhance food production and research in that
area, the government decided to convert two Universities
o universities of agriculture namely: Federal University
of Agric Makurdi, and Benue State Un.iveréity of Agri-

culture.
2.6.4 Military Universities

As explained earlier, Nigeria Defence Academy
(NDA) has been coverted to a full fledge degree

awarding university in the 1980s,
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2.7, PLANNING CONCEPTS IN NIGERIAN UNIVERSITIES

Studies on planning concepts adopted in Nigerian
Universities have shown that they fall within these .
four main concepts, each bearing in mind and taking
cognisance of the four constituents of a University
system; namely, the Central Administration, (Senate
Building), Academic Core (teaching/research aress).
Accommodation for both staff and students, and lastly

the Recreational Aress.

Other important factors that determine the overall
campus form, include, size of the site, accessibility
to basic amenities, circulation, services, functionat
relationships, and the expected interaction among the

users of the facilities.

2.7.1 Close Knit Concept

In this concept, Schools or Faculties are located
at different places within the town of the Universities
location.  This is typical of Nigerian Universities,
because of inadequate structural infrastructure, the
Universities could not concentrate in one area, but
rather utilise what cver infrastructure given to it
within the town to use temporarily, e.g ABU, where
we have Conge Campus, Main Campus, and Faculty

of Agriculture at Shika - Funtua road.
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2.7.2 Loose Tie Concept

In this concept, each of the constituents is

independent of one another, but located in one place.

It allows for exponsion of each unit, the central
administration is normally placed at the centre in
between the academic core and accommodation of staff
and students. This is to ensure a fair proximity
from all parts of the University. However, its major
disadvantage is the long distances that may be created

between activity areas, due to expansion etc.,
2.7.3 Ring Concept

In this, all the constituents are arvanged in 2

ring form, i.e formed around one another,

The central administration is normally placed
at the centre and surrounded by Academic Core, which
in turn is surrounded by housing areas for students
and staff. Interaction is enhanced among members
of the university community. Distances between units
is greatly reduced. This concept because of its sim-
plicity and its advantages is the most widely used

concept in planning of Nigeria's Universities.
2.7.4 Segregated Type of Concept

This concept promotes strong relationship between
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the campus planning elements, on spatial relationship

In this case, the central administration and the
academic core are fused or located together while
the students and staff accommodation facilities placed at
opposite sides.

Expansion may be difficult for the central
administration unless of cause provision have

been made from the initial planning for ifs expansion,

2.7.5 Campus Systems Operated by Nigerian Universities

o

Generally, four systems are being operated
by our universities, A University eould have
one or even combine the systems at the same

time. These systems are:
2.7.6 City-Heart Campus System

This campus system has its campus located
right inside the city, e.g of this, is BUK Kano.
Expansion normally is a major problem with

this system, except it is a new city.

2.7.7  Multi-Campus System

Abmadu Bello University is an example

of this type of campus system. It tend to
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have sub-compuses which are in one way or
another connected, each campus however, is
self sufficient in terms of aminities. They
are normally compact e.g Congo Campus, and

hence allow for expansion.

The major advaniage of this campus system .
is that it reduces the concentration of the acti-

vities at a place, hence reduce congestion.
2.7.8 Sub-Urban Campus System

The university campus is normally located
some kilometers away from the city centre,
e.g University of Abuja, and Usman Danfodio

University.

2.7.9 Urban Campus System

In this, the University campus is located
close to the city centre. Infact, presence
of the campus can influence the growth of the
city itself. Basic amenities are shared
between the University community and the city.
One of such university for example is the

Ladoke Akintcla University.
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2.8 THE SENATE BUILDING IN NIGERIAN UNIVERSITIES

Senate building of any University is primarily
to provide office accommodation to the administrative
staff of the University as well to provide for a suitable

arca or place for meetings of the University Councils

This name Senate Building/House derives its name
as a rvesuli of the provision of the Senate Chamber meant
to be used for the meetings and delibrafions of the Councils,
and the academic body of the University in the Senate,
As explained in the chapter earlier, the Senate is the
sole academic body of any University, it therefore, is
respossible for taking decisions about matters concerning

the academics of the University.

The University Council also meetis and delibrate
in this Chamber, its decisions involves the general
administration of the University; it could be seen hence
that the Senate is solely an administrative building of

a University.

2.8.1 Location

The location of a University Senate is of utmost
importance. The location of this building has consis-

tently heen centralised with a University as could be
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seen in case studies carried out in chapter three.

The central location of this building is recommeded

because of the following reasons:

(1)

(ii)

(iii)

(iv)

2.9

Accessibility:-  This building is supposed to

be easily accessible to all segments of the
University, i.e the Academic core, the accommoda-
tion area ete. This will algo ensure casy proxi-

mity from the main entrance for visitors.

Its Pogition of Seat of Pewer:-  This building
accommodate the offices of the highest officers
of the University, hence it serves &s the highest

policy formulating body of the University.

Serves as a part of call for solutions of one
problem or another from other departments of

the University.

Senate building also is the main facilitator of
the growth of a University, hence its central
position is like & centre of a circle to which all

lines radiates from.

ENERGY IN BUILDINGS

The use of energy in buildings become an issue
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in the early 1970s as a result of the energy source crisis

in Enrope and America.

Several factors were actuelly responsible for the

crisis involved in energy supply and use, these are:

@

(if)

(iti)

(iv)

(v)

The world population which is steadily increasing,
this means that demand will alsc increase world

wide,

Sacial, economic, and political pressurcs for
economic expansion continued in the industrilised
countries, this will definately require more energy

input,

The developing countries are becoming more
industrilised than expected 10 - 15 years ago,
and are also becoming aware that their economic
position could be improved by increased energy

utilisation.

Pricing policies and power to alter or revise
the price of oil by members of OPEC which greatly

affect the western countries,

Non utilisation of energy intensive materials,
this lead to over utilisation of materials that could

not save energy used in any form.
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The above problems posed great threat to the
sources of these energics and their supply, especially

the electricity, supplied through the use of fossil fuel.

To arrest the situation and to ensure the opti-
mum utilisation of these energies in buildings, some
counirics adopted policies to control the use of the

energy with & view to eliminating wastage.
2.9.1 Energy Control Policy in France

The energy crisis of the 70s lead to the forma-.
tion of a semi - private organisation called Agency for
Economics in Energy (AEE) with a singular aim of «
achieving at least 45 tonnes of equivalent oil consump-

tion in 11 vears,

For ecasy operation, the committee splitted its

work into three:

(i) Industry and Agriculture

In this area, the organisation eexercise control
through taxation legislation on the cost of fule, control
of loans and grants, in addition minimumw thermal insolation

was reviewed for factories.

(ii) Transportation

The organisation here regulated vehicel speed
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limits, petrol pricing etc.

Residential and Commercial Buildings

This was where the organisation recorded its

greatest success through the following measures:

(a) Space temparature during the heating

season which was restricted to 20°C

(b) In multi-dwelling buildings, individual
cnergy metering of each unit becomes compul-

SOTYy.

{¢) Thermal insolation and control system

were insislled to existing buildings.

The Achievement recorded through the use of
these policies resulied in energy economies of 13,700
tonnes, equivalent of oil per annum. - AEE

(Associationof Energy Economy)

2.9.2 Energy Control Policy in Italy

The energy control policy adopted by Italy is
the most recent to come out in Europe, and a great

extent represent a general trend in Europe,

Article 4-6 of the above set-out the documenta-

: : L R A 1 1

42



tion form required to obtain approval of a design pro-

posal like:

i. The heat producing plants, and equipments,

burners steam generators, boilers cte.

ii. The type and componcnts of the astomatre control

systems, and heat metering equipments.

iii. Detail of heat enchangers, cabrifiers, circulation,

pumps ete,

Articles 12 gives the thermal insclation of pipe

work based on tube diameter, also

iv. The thermal characteristics of insolants and

location in the building is given.

The above are some of the regulations on
building to control energy as used by ltaly and most

of Buropean states,

2.9,3 Nigeria's Position on Energy Control

To appreciate this concept in Nigeria, it is important

to know the energy sources:

(9  Tragitional

This significantly is in a form of wood which
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is generally used in rural areas.

(i) Conventional

These are categorised basically into three, coal,

hydro electricity, oil and gas.

(iii) Alternative sources are, solar, wind, tidal, ete
However, Nigeria do not have the technology to develop

and use these energy sources.

The realisation that Nigeria is a vast emporter
of energy had made it difficult to embark on a policy
of energy control, But it should be realised that
Nigeria is at the moment generating four less (power)
than it required. Hence, the only policy is to explore
ways of generating energy necded by employing other
sources apart from the hydro electricity presently in

use.

But generally, building patterns and planning
in Nigeria complement control, this is so because the
shapes, forms and functions are traditional (especially
in the rural areas). Also, buildings are still built
using clay mud (in these areas) which cools the buil-

ding in the hot season and warms it in cold season,
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Presently consultants in Nigeria are embarking

on energy control measures in buildings through:-

(a) Demanding of Architectural elevations that will
reduce the heat gain in buildings, so that a

simple form of cooling system coan be used.

(b) Sometimes specify separate a/c units in office
building for each floor so that the energy can

be controled per floor area,

() Also gone to the extent of using extractor fans
which supplies fresh air intake into & building
at low level, and exhaust fan which enpels hot

air at a high level without the need for cooling,
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CHAPTER THREE

"BUILDINGS DIFFER FROM ONE ANOTHER PHYSICALLY,

ARE ERECTED IN MANY LOCATIONS, AND ARE BUILT

AT VARIOUS TIMES DESPITE THESE VARIABLES,

THE DESIGN PROCESS BY WHICH STRUCTURES ARE

CREATED FOLLOWS A FAIRLY CONSTANT PATTERN.

THIS SIMILARITY MAKES IT POSSIBLE TO OUTLINE

WAYS IN WHICH CONTROL TECHNIQUES CAN BE

INCORPORATED INTO THE BUILDING PROCESS THROUGH-

OUT A VARIETY OF SITUATIONS"

S. JARMUL
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Chapter Three

3.0 CASE STUDIES AND PHYSICAL CHARACTERISTICS
OF STUDY AREA

3.1 INTRODUCTION

To achieve a functional and adequate office
complex for Heritage University, a similar existing
complex as needed to be studied with a view
to assessing functional lapses so as to produce

a more effective office complex.

The case studdies were aimed out on three

existing Senate Buildings, these are:-

1. Ahmadu Bello University Senate Building
ii. Abubakar Tafawa Balewa Administrative
Building.

iii . University of Lagos Senate House,
3.2 AHMADU BELLO UNIVERSITY SENATE BUILDING

The senate building was built in the early
1980s by the then civilian administration of Alhaji
Shehu Shagari, principally to accommodate the
administrative staff of the Institution because
of the inadequacy of the former administrative
building, It is located at the Samaru Main

Campus. It is an eight floor affair with first
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two floors as open plaza and six storey tower
with the Senate Chamber in-between the podium

x tower,
3.2.1 Location

The senate is located in the mids of the
academic core of the university, i.e bounded
by SGRS Library on the south, the Convocation
Square on the north, the Assmebly Hall to the
west and the old Administrative block on the
east,  The location could be siad to be strategic
because of its direct access to the main gate,

i.e the sccess from the main gate is easy.

ESlTE LOCATION SCALZ 176000 -HQ;:Q el -:j-_.-.
GENERAL LAY-OUT OF A-8-U
SHOKING THE [20sITION OF
THE SBNATE ().
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3.2.2 Design Appraisal

1. The desing has clearly identified itself
as a seat of power for the university because
of its elegance, and domination over all the

buildings surrounding it.

il, The design is well befitting for a university

of Ahmadu Bello status.

iii. The building has succeeded in providing
adequate accommodation to the administrative

staff of the university.

iv.  Each of the functional spaces/offices was

clearly defined and easily accessible,

¥+ The structure has successfully taken care

of human traffic within the building, because

of the provision of enough vertical and horizon-
tal transportation systems, and placement of
functions most frequented by people on the ground

floor.

vi. Adequate services has been provided in
form of toilets, where two sets of toilets was

provided for each floor,

vil. Good guality construction and durable
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material finish.

Wﬁi) Simplicity of design and construction.

-

SENATE BUILDING O0F: R -8 .U.
ZARIA . F.

SOURCE: HpmMz A- & (19498
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3.2.3 Design . Criticism .

i, Undefined parking spaces. The scattered

parking provided was grossly inadequate.

ii. The stair cases provided for vertical trans-

portation is hidden and dark.

iii, Interruptions by colums has in some office

reduce the useful working area.

iv. The toilet facility provided in the ground
floor is well hidden and accessibility is difficult

since it is placed behing lifts.
3.3. ENERGY CONSIDERATIONS

i.  The discussion will be restricted to those
energies as explanned in the earlier chapters,

that affect buildings. These are:~

ii. Solar energy

iii. Wind energy

iv. BSound energy

v. Electrical energy

vi. Mechanical energy.

These energies are hereby examined to
see how they affect the building, and profer
possible solutions on how it could be taken of

in future,
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3.3.1 BSolar Energv
(a) Shape:

Because of the square shape adopted, there
is less absorbtion of solar energy. Squared
shaped plans absorbs less insolation than rectan-
gles, which in turn absorbs less than a circular

shaped plan.

Inference: the sun-shading devices (both
horizontal and vertical is proving
to be effective.

This could be enhanced by the use of
appropriate external wall finish, e.g white paint

which reflect solar insolation,

(b) It could also be controlled through
the use of a heavy walls both external and internal,

Heavy wall is a wall that has about eight hours
time lag minimum.
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3.3.2 Wind Enerov

i« The use of concrete roof has greatly reduce

the risk of the roof being blown away.
ii. The sun shading devices also help to control
the wind going into the offices in the last six
floors of the tower.

iii. The use of trees around the building served

as a buffer for the first two floors i.e podium.

iv, The orientation was influenced by the direction

of wind, depending on the location of the site,
this is in order to achieve optimum natural ventilation.
There is also an efficient application of stack

effect by creating a gap between podium x tower.
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3.3.3 Scund Energy

i.  The sound that could come from noises

of people has been taken care of through design,
i.e by placing those offices that are frequented
by people at the ground level, Hence human

traffic is reduced.

ii  The use of single banking in the corridors
of the last six floors will go a long way in
reducing the noise coming from people because

of the use of central core in the tower.
3.3.4 Electrical Energy

The use of electrical energy is mostly in
the form of lighting and the operation of mecha-

nical gadgets and machineries.

i. .\ As a result of the concept of deep planning
employed in the design of the podium, especially
the mezzanine floor, this floor will require a
great deal of artificial lighting especially the
circulation areas which were sandwitched between

offices.

ii. The lighting requirements in the offices

| in these floor will need the use of artificial lighting.
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ili. The stair cases will no doubt require the
use of artificial lighting, because of its design.
It is hidden, and there is basically little consi-
deration given to natural lighting of the stair

case, especially mezzanine floor,
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iv. The offices at the last six tower floors
of the tower require less use of artificial lighting,
because of the use of single banking, and the

use of central core,

v. The Senate Chamber requires the use of
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Fig. 3.4

oecoND FIOOR AN, caco
SHOKING TRE SENATE
CHAMBER

57




T 1 T 1T 1T 71T 1 | | I 1
- T 7 s ';'—-—-—-‘T_- —
L. fBowsnary FlLE l_ Ve lloiv Jeomm-on- |

REGus Ty HI‘L CFFNE
L ; = |15 1 =4 _|
B orack | |
[ fyENeey vow oFeice | T
ol 5 Porris § ™
- _ -

i OF FolE OFfIcE
- "— - I-——|—-D -1——‘- -
- Heane:  Toce. bioses] cnd’ porejorvos. | <

-LAW WINFUMM -

LT T T T T s TR VI T T

FOURTH FLOOR pLaAN.

llll_llT—ll'll

= -
= {comsiTEr Eml&wﬂm 1T—

58




artificial lghting.

Inference: The reliance on artificial lighting
in the mezzanine floor will

cause a lot of inconviniences,
If there is no light, the spaces will be
dark even during the day., Hence this will

no doubt cause a heavy financial burden on

the users/clients of these buildings.
"3.3.9 Mechanical Energy

i. The use of Air Conditioners in this building
will greatly consume a lot of energy, but of

cause this will be converted into heat energy.

ii. Since the concept of deep planning was
used in the ground and mezzanine floors, there

is need for the use of air conditioners to enhance

ventilation.

~iii. The use of air conditioners in the top offices
is actually unneccessary because there is the
provision of natural ventilation as a result of

the central core and use of single banking.

Inference: The use of mechanical gadgets
to achieve the desired goal of design e.g

gir conditioner, and others should not be
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of priority, rather passive means should

be evolved.
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3.4 ABUBAKAR TAFAWA BALEWA UNIVERSITY,
BAUCHI - ADMINISTRATIVE BUILDING

The Administrative Building occupied by the
staff of this University was not originally designed
as a Senate Building. It was designed as a class-
room block, however, as a result of lack of office
accommodation, the class-room was modified to

serve as the Administration block.

3.4.1 TlL.ocation

The administrative block was located at about
the centre of the University (Yelwa Campus),
it is located at a place almost equidistance from

the various academic cores.

The location is appropriate, being in the
centre, and approximately equel distance from

other areas.

e e T ]

-—(‘-‘

w ¢ 'r "
4 8 - \ /'

O

=

ju |
a
=
-

sallsesasrrusrassnsva s

o STEAM

- -~ It/
GARDE s e, oS
BOTAKIC AL /‘ T —— s & /y
—_— N )
F) ‘F

e —

(A- sBVATE BVILLING)

MASTER PLtAN OF THE UNIVERSITY
SHOKWING THE SENRTE IN RELATIDN
T0 OIHER BUIL-DINGS -

Fig 3.6b



3.4.2 Design Appraisal

The design is simple rectangular form, this
makes it easier to construct. Simple materials

also used in the construction.
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3.4.3 Design Criticism

The University's administrative block has:

i No defined parking space.
ii. Inadequate office accommodation,
iii.  The building do not portray its position as

a seat of power for a University,
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3.4.2 Design Appraisal

The design is simple rectangular form, this
makes it easier to construct. Simple materials

also used in the construction.
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a seat of power for a University.
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3.5 ENERGY CONSIDERATION

3.5.1 Solar Energy

The building being rectangular in shape,
is bound to absorb more solar Insolation than a
square shape, this will lead to the transmission
of heat through conduction into the inside of the

building.

This calls for more sun-shading deviee on
the building, here a combination of vertical and

borizontal sub-shading devices.
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3.5.2 Wind Energy

The wind energy is likely to affeet the roof
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more in this case than any other part of the building.

Monopitch was used falling to the rear,

However, pood workmanship, and use of trees
will ensure control of this form of energy should

it exceed the normal velocity.
3.5.3 Sound Energy

Rectangular shape of the building ensures
& good sound distribution, However, distraction
can be caused since it is singly banked and opened

to the outside.
3.5.4 TFlaotrieal Energy

The use of electrical energy for lighting is
very minimal, i.e optimum day lighting is achieved

because of the single banking used.
3.5.5 Mechaniral Energyv

There was the use of Air Conditioners to
enhance ventllation, this is unnecessary because
the building has been properly oriented to achieve

cross—ventilation,
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3.6 UNIVERSITY OF LAGOS SENATE HOUSE

The University of Lagos Benate House was
built as the same time with the Ahmadu Bello
University Senate Building in the 1980s. They
wore both funded by the Federal Republic of

Nigeria,

The Senate House is a 12-story structure
consisting of plaza of three stories, where the

Bursary and general accounts offices were located.

Registry and the Vice Chancellors office
were placed in the high tower, employing the
same method of reducing human traffice as in

the case of ABU Senate.

There is an inter-play of horizontal as
well as vertical elements of design. The Senate
Chamber however, was designed using circular

form, and projects outwards at the approach,
3.6.1 Location

The Senate House is located at the centre
of the academic core because it was bounded
by the Arts Lecture Theatre to the west, Advanced
Legal Studies to the north, and the old Administra-

tive building and Auditorium to the east.
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It is directly accessible from the main gate,
which is situated on the western side of the

campus.

The senate location could be said to be
appropriate since it is supposed to be a part

of call to all, hence its central position is appro-

priate.

\ 5 veE

\ SITE PIAN OF THE LMVERSTY
) OF LAGOS SENATE HOUSE.
Fig. 3.9

3.6.2 Design Appraisal

O The desing obviously stood out, as a magni-
ficents structure, as a seat of power for the
university.
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The structure is well befitting for tae

university.

The office accommodation which is tle
primary aim of the senate is adeqaute, ard enough
1o accomodale the administrative staff of the

universily,

There is a delibrate attempt to redu e

human teaflfic as one goes up, this was a hicved
by locating offices most [requented by people

at the lower floors,

The parking provided is defined and ade-

quate,

The circulation around the building s also

effective for both vehicular and pedestrion.
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SECTION THROUS TOVER  4zs0
SHOWING SERVICES CORES

Fig. 3.9a

3.6,3 Design Criticism

i.  Because of its height, it will be difficult

to reach in the event of fire.

ii. Some of the escape stairs are hidden, this
may bring some difficulties in case of fire, the
stair cases so hidden are normally dark, because

the are enclosed.
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iii. There was inappropriate compartmentalisation,
emphasis was given to the concept of open office

design,

iv. There was a noticeable construction error
in the third floor, which showed in a form of

buckling.
3.7. ENERGY CONSIDERATION

3.7.1 Solar Energv

i. There is use of vertical and horizontal
fins as sub-shading devices. This will check

" in infiltration of sun through the windows.

ii. The rectangular shape used would have
absorbed more solar energy, if it had exposed
more skin, It can noticed that the window
glazing is recessed hence there is very little

skin exposed to insolation.

1ii. The use of heavy wall has slso checked

the heat absorbtion of the building
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3.7.2 Wind Enerey

The use of concrete roof has greatly reduce

the risk of roof being blown away.

The egg-crate sun-shading devices used
will help to control excessive wind coming to

pass through the building.

The orientation of the building ensures
good ventilation by placing the windows on wind-

ward side.
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3.7.3 Sound Eneregvy

i. The sound coming from the noises of people
has been taken care of through design, i.e by
placing those offices that are most frequented

by people at the ground level,

ii. As stated earlier rectangles help in spreading
gound, hence this form and shape will reduce

the menance of sound energy on the occupant.

iii. The use of circular form in the design
of the Senate Chamber was basically to control
sound, since it is a very good form for sound

distribution and absorbtion. .
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3:7.4 Fleetrical Ennrr_ﬂ{

i. The provision of rench windows in the
offices has greatly reduce the use of electrical

energy in form of lighting, as natural lighting

is achieved.

ii. In the lobby and the stair cases however,
there is the need of artificial lighting because
they are well hidden, and provision of natural

Jighting through windows or openings was not

made,
3.7.5 Mechaniral Enercv

i.  The use of lifts, air conditioners and the
services cores will certainly consume a lot of

energy.

ii.  The use for air conditioners to enhance
ventilation may not be neccessary because of

the good orientation to both sun, and wind.
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MAP OF NIGER!/y SHOWING THe
36 S]ATES, MATH THE STuLY
DREA SHAPED.

SOURCE: NIG- ATLAS C1998)
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3.8 PHYSICAL CHARACTERISTICS OF STUDY
(KADUNA)

3.8.1 Introduection/Location

Kaduna by virtue of its position on the
map of Nigeria, i.e its geographical location
of longitude 7°27', latitude 10°36', altitude 544.93m
is the centre of the northern Nigeria, This
strategic location coupled with other reasons
of weather conditions lead to its selection by
the colonial masters to serve as administrative,
and military capital of the then northern protato-

rate.

It is linked to other major towns in Nigeria
by primary »oads i.¢ federal trunk 'A' roads.
It is Jocated 23%km to the west of Jos, 176km
to the south of XKano, etec. It is serving as
a junction between the arm of railway strechking
from Kano to Lagos, linking the north with the
west and the link moving northwards from Port-

Harcourt in the east.

Presently, it is a state, i.e one of 36 states
in the Federal Republic of Nigeria, with the

Kaduna town as its administrative capital,



MAP OF KADUNA STATE SHO-
WING 16AB! LOCAL GOVERN -
MENT-
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Igabi Local Government is one of the 24
local governments in the state, this is where

the site is located,

The site is located at Unguwan Hazo from

Rigachukum village,
3.8.2 _ﬁist_qrical. Backa‘round of Kaduna

The city of Kaduna served as the Head-
quarters of the administrative and military capital
of what then was called the Northern Protectorate,
It was at the centre of the Northern Protectorvate,
the arca it scrved as the headquarters, it was

chosen because of this strategic iocation,

In between 1956 and 1959, i.e within four
years, the still somewhat small garrison outpost
of government and growing industry were fitted
with the country's pariiment and with much needed
improvements, this lead to Kaduna was prepared
and equipped to take up position of greater
responsibility as a capital of the north, within
the newly created Independent Federation of

Nigeria in the 1960s.

It remained the capital of the north Central

States after the creation of first twelve states
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in 1967 when later more states were created

it became the capital of Kaduna State.

The word Kaduna was & plural of Kada (i.e
Crocodile) in Hausa language which formed the

major tribe of this state.

By virtue of its position as the first capital
of the north, it attracted almost every tribal
group within Nigeria, this made Kaduna a cosmo-

polital city.,

In 1978, the United Nations development
project estimated the city's population to be
528,000 - civilians with a growth rate of 8,6%,
this was the highest in all the states of the
federation at that time. Kaduna population
is expected to reach at least two million by the

year 2000, by UNDP projections.

3.8.3  Topography.

Kaduna topography comprises of rolling
park line terrain typical of the northern states,
with lttle relief high about 100ft above and
below 200ft countour line. There is the pre-
sence of granite inselbergs that rises sporadi- |

cally like domes as high as a thousand feet above
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the general level of the plain which is to the
aast - and south-eastwards from Kaduna ends

in escapement to the Jos Plateau,

Soil can be identified generally to the
content of clay which determine the classification
of the soil as clay (where it has over 30% clay),
clay-loam between 20 ~ 30%, loamy sand less

them 20% and sandy loam less than 15%,

These soils generally are coarse and to
an extent textured, they are a well drained
but with finer texture poorly chained. Covered
with iron-stones in some places, these sails
are moderately suitable for dry farming (fadama)

and easy to cultlivate.
3.8.4 Geologv

The Geological structure comprised of
mines of streaked granite, rocks in parts with
darker softer bands and varied in colours,

Over most of the area, the surface is the

upper part has decomposed to laterite.

Erosion is mainly by small streams that
cut deep gullies Teaving behind the residual
laterite caps that are gradually eaten away

at the edges by naturaly forces of rain, wind,
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and vegetation.

The water table is usually high, so that
wells are sunk to & comparatively shallow bore

depth of about 50ft,
3.8.5  Vepgetation

Kaduna falls within Guinea Zine, which
is characterised by a relatively thicker wood
vegetation than the Sudan Savannah, this is

generally of orchard bush,

Modifications over centuries by cultivation,
bush burning, and grazing, lead to the places

becoming open like grasslands.

The greatest threats to the vegetation
is in the cutting of these trees by people to
be used as fire wood, and recently bush

burning.

CLIMATIC DATA OF THE SITE

The site is located at Unguwan Hazo, Riga-
chukum, a village six kilometers to Kaduns
going to Kaduna from Zaria, the site lies at
approximately at 45° to the central Kaduna

areaq.
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3.8.6  Rainfall

Rainfall normally comes between the months
of April to ending of September, with the highest

normally recorded in July - August.

Considering the chart of rainfall for a
particular year drawn - fig It can
be seen: that the highest recorded was in the
month of August with about 600mm, and the

lowest value recorded was in January.

Kaduna can be said to have at least five
months of rainfall in a year with a varying

degree of intensity.

TOTAL ANNUAL RAINFALL (i)

Table 3.0 [MONTHS OF THE YEAK
SOURGE: JAR, A8 U ZARA
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Inference: The above values of rainfall,
and the time duration will influence design

in the following ways:

i. Slope of a roof, i.e the angle at which
a roof is placed will be steeper there in Kaduna
than other places with less amount of rainfall

record.

il. Provision of covered walkways is recommended
in a design, especially considering the length

of rainfall in a year.

ili. Adequate drainage for rainwater is to
be provided in form of roof gutter if flat roof

is i{o be used ete.

iv. The external finishes of the building will
also be affected i.e water proof paints to be

used for external walls etc.
3.8.7 Temperature/Sun Shine

The average sun-shine hours recrded
in this area is between 7 - 8 hours a day,
sometimes the temperature reaching up to 36°C,

In the month of March,

The least recorded temperatue in this

area was in the month of July with about 25°C,
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Inference:

i. Types of walls to be used for the construc-
tion of the building. In this case, heavy walls
and roofs with at least eight hours time lag is

recommended.,

ii. Penestrations should be avoided on the

western side of the building.

ili. Windows should be medium on the walls i,e

between 20 - 40% of the wall area,

iv. These windows are recommended in the North
and South walls at body height on wind ward

gide,

v, Extensive paved surfaces are to be avoided

near pedestrian areas.

vi., Shaded pedestrian areas modify intense heat

in the sun.

vii, External finishes of the wall should also
be such that they reflect the sun instead of

absorbing it.

viii. Maost importantly, it determines the type

of sun - shading device to be used externally.
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3.8.8 Wind

The wind comes in two ways, one, during
the harmatian season from November to March,
the winds ave dry, cold and often strong and
blows coming from North-east straight of the

Sahara regions.

The second one comes in form of rainstorms,
which usually violent with thunder and lighting
preceded by driving winds coming from the South-

east,

The highest wind speed recorded was 73km
h-1 i.e 20m51, in the month of April, and the
lowest in the month of October with a value of
20km h-1. This knowledge will help in deter-

mining:

/

MAR |APR [MAT | T | JUL |AVG|SEP |OCT INoN | DEC

JMI{EG MAR IRPR | vl Fow |avu [Avg | SEF | Dal |Nov | bEC

Table 3.2 JIND DIRECTION IN A YEAK. %
SOURCE: I-AR, ARUZARIN
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Inference;

i. In structural design, it should be made
in such a way that the building behaves as a
single unit; design for reversal of stress,

avoidance of electricity in attachment,

ii. Design of roofs for internal as well as exter—

nal pressure,

iii. Owrientation to the wind to achieve optimum
eross ventilation couwld be achieved, in this case
the orientation of windows should be in such

a way that cross ventilation is achieved in the

Nourth - South axis.

iv. Use of dust barriers in the form of ever

green trees and to act as buffer,

V. Provisions should be made to enclude sun-

light.

vi, Opening especially windows should not

exceed 20 40% of the total wall area.
3.8.9 Relative Humiditv(?)

The value of relative humidity is normally

high in the mornings and low in the afternoons.
The mean maximum relative humidity recorded

was in August with about 80% wvalue, this is
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dity during the dry season.

) _
.. 4i.  Sizes of penestrations can also be determined

by a value of humidity, this is in order to achieve

proper MHghting and cross ventilation,

-' " jii} Type of banking systems to be used. In
this area to achieve optiman cross ventilaiion

single banking is recommended.
3.9 BITE ANALYSIS

As explained earlier in the preceeding chapter
the site is located at Unguwan Hazo, in Rigachukum

are of Igabi Local Government of Kaduna.

The site is located six kilometers away from
Kaduna town, and just a kilometre fo the now

permanent site of Trade Fair Complex.
3.9.1 BSite Selection

The site could be said to be well selected
for this project simply because of the ease of
accessibility, services, e.g power lines that passed

close to the site, the railway line eic.
3.9.2  Accessibility

The accessible road fo the site is through

an untarred road that linked the main double
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carriage way going to Kaduna. However, the
untarred road leading to the site needed to be
upgraded and tarred to serve the expected increa-
sed traffic to be expected from and to the

university.
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3.9.3 Other Services

Other services advantage to the site arve,

the National grid - National Electric Power Autho-
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rity, and the railway line that will supplement

the road transport system to the University.
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3.9.4 Micro - climate of the site:-

3.9.5 Topographv

The site as seen in the section is generally

flat with a very slight slope to the North west.

3.9.6 Vegetation and Climate
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The vegetation is typical of Guinea Savannah

with shrubs and scattered trees.
3.9.7 Source of Nnige

The main source of noise is expected from

the major voad fo the site,
3.9.8 Orientation

The site is located at approximately 45°

to the Northarn position.

3.9.9 Sun-path and Trade Winds

The sun passes the site from the east side
of the site to the west at approximately right

angle, i.e horizontally.

The North-east trade wind that is most pro-
minant{ between November to February, crosses
the site at right angle, this wind is coid, dry,

and dusty.

The South-west trade wind is most prominent
between the months of March to September, This
wind is wanted and required. It is cold, moist,

and good for ventilation.
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Chapter Four

ACHIEVING PASSIVE CONTROL COF ENERGY THROUGH

ARCHITECTURAL DESIGN

"THE DESIGNERS PHILOSOPHY MUST BE TO
DESIGN FOR ENERGY CONTROL IN A COMPRE-
HENSIVE MANNER TAKING ACCOUNT OF ALL
THE MULTIVATIOUS ASPECTS OF HIS ART.
HE MUST EXPLORE NEW TECHNOLOGY AND
TAKE ACCOUNT OF PAST TECHNOLOGY.

BUT ALWAYS APPLY THE RESULTS IN A
MANNER WHICH PRODUCES A COHERENT

WHOLE",

C. McDONAL
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Chapter Four

4.0 ACHIEVING PASSIVE CONTROL OF ENERGY
THROUGH ARCHITECTURAL DESIGN

4.1 INTRODUCTION

Many buildings teday have a common charac-
teristics of being high energy consumers (especially
electrical), Energy was used, as it was then
inexpensive to over come problems of heat loss,

solar - heat gain, lighting, cooling ete.

Few architects and infact society in general
were not particularly aware of the serious implica~
tions of resource consumption, while it is reasonable
to question why sociely as a whole was short-sighted,
it must not be forgotten that buildings of this era
represented the general social concerns of their
time, In doing so they have solved many of the
social and technical problems of our age, and stil
continue to do so. Designers developed the ability
to house groups of people and activities in a way

which we now teke for granted.

Looking at bukdings designed before energy
became plentiful, and easily distributed, as well
as buildings from cultures where energy, as we

use it, was not available.
e -
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Designers of these buildings over come many
of the problems we face by the manipulation of
such things as thermal mass, shading, orientation,
wind, sun, etc. In addition, these devices have
often been instrumental in forming the Architectural
vocabwlary of the buildings to which they were
applied. It is not suggested that these concepts
will solve all the problems; however, they must
not be disregarded., This is the main aim of this

thesis dessertation.

In view of this, Architects should evolve a
manipulative of energy control in order thet they
can include the concepts of passive design in the
basic equation of design, rather than regard them
as a subject which can be applied to the end

process of design.

4.2 ENERGY (Concept):-

Energy is defined by Encyclopedia Brittanica
as the ability to do work, this was from the word
energia a Greek word meaning 'In work'. One
of form of energy can be converted to another
form through a process called 'Transformation of
energy' e.g Radiant energy from the sun can be

converted into heat when absorbed into a body,
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or it can be converted directly into electrical energy

through the use of solar celis.

The use of energy in buildings become an
issue in Nigeria because of the cost of its supply
to homes, (electirical energy), and for wind or
tidal energy it became a point of concern as a re-
sult of destruction caused fo roofs of buildings

recently.

For solar energy, there is an excess of this
form of energy in form of insolation, hence it be-
come of concern to Architects on how to control
its menance and reduces its penetration in a buil-

ding which causes great discomfort.
4.2.1 Sources of FEnergv

Basically, there are two sources of energy
supply that occurs naturally. These are:
i. Renewable sources

ii. Non - renewable sources.
ili. Renpewable Sources

These are the sources that occurs naturally
and which replenish themselves naturally in a
relatively short time, and will therefore be readily

available for use; example:
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a. Hydro-electric power
b, Ocean thermal

¢, Solar energy

d. Fidal energy

e. Wind energy

f. Wood fuel energy sources,
ii. Neon - Renewable Sourre

These sources are of two process, i,e they
originate from two different processes, one, photo-
sysithesis and fossilation of plants, and anin.lal
life, and the process of formation of the. earth it-

self,

The first process gave rise to source in form

of the following:

&, Coal
- b, 0Oil (Petroleum}

C. Natural gas

While the second process gave rise to the
following sources in form of fuel for nuclear energy,
ive Uranium. Now a days, some countries have
developed a technology to use Neclear stations to

generate eleciricity, using Uranium as raw maferial,
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4.3 TYPES OF ENERGY AND THEIR EFFECTS
ON BUILDING FORMS

There are many forms of energics, and their
sources as discussed earlier, However, discussion
will be restricted to those that affect building either
directly or indirectly, within, or without the building

envelope, these are:

1. Electrical energy
2. Heat/solar energy
3. Human energy

4, Tidal/wind energy
5. Mechanical energy

6. Sound energy.
4,3.1 Electrical Energy

This is the most utilised form of energy within

a building envelope,
Artificial Lighting System Design (Panameters);

This is a complex process and required the
services of electrical engineer to specify. However,
it is good to introduce some of the basic considerations

in the design.

(a) The Lighting Problem

This relates to the function and structure
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of the area 1o be it, This problem relates to

specific tasks to be lighted.

(b)

(e)

Mcthod of Artificial Lighting:

There are four to be chosen from, these are:

i, General lighting
il. Angle lighting
ifi. Localiced lighting

iv. Lacal lighting
Nlumination Value Required:

The amount of the illuminstion for a task

depends on the following;

(d)

1. 8ize of the detail to be seen

it. Contrast between the object of vision
and its background

Hi. Refloction factor

iv. Motion of the object.

Types of Fittings;

Factors that influence the choice of fittings;

i. The light distribution
fi. The brightness of fittings
iii. Luminums efficiency

iv. Mechanical characteristics of the fitting.
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(e} Types of Lamps:

The choice of lJamps depends on the special
composition of light, source brightness, source

area, and economic factors.

(f) Number and Placing of Fittings

This is determined by the available mounting
height and the illumination required, The shape

of the room determing the arrangement of fittings.,

(g} Maintenance:

Thao installation of fittinps cnable flexibility

of control and easy access for maintenance.

{h) Lighting Standards:

The day light factor required to provide ade-
quate illumination depends on how much light is
available from the sky. This in turn depends
on the thickness of cloud cover. Design sky is

Jevel of ilumination and changes from place (Table

Electric energy is used for many purposes
within a building e.g lighting, air conditioning

(ventilation) heating, etc.
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In an office building however, the highest
consumption of electric energy is in form of lighting

and enhancing ventilation,
.i: Lighting in, Buijldings

One of the most visible sourcesof energy waste
in a building is the traditionally designed lighting
system. Excess lighting results in energy was
both for lighting itself and in warm weather for
the cooling needed to offset the heat created by

the lights.

In Tow-rise buildings without elevators, lighting
can consume 60% of the supplied electric power.
In hot weather, lighting systems account for one
fourth to two-thirds of the cooling load in a typical

office building.

Some aspects of the relation between day -
Jighting and artificial lighting are of interest, Day-
lighting does not reduce the amount of artificial
lighting that must be installed in a building, since
it must be designed for the worst, i.e night condition,
it does however, reduce the total consumption of
lighting energy for certain areas which recelve
sufficient national Jighting to allow the lights to

be turned off for part of the occupied hours.
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In any event, areas near windows should have
a system of switches that allow the artifielal lighting
to be turned on and off, or dimmed, according to

the amount of daylighting available at a given time.

With respect to artificial lighting, thero are
basically three approaches to controlling electricity

energy:

i. Reduce lighting levels where practical
ii, Turn off lghis where possible

iii. Upgrade the efficicncey of lghting fortunes.

One of the most important contributions an
architect can make is to design space that is light

efficient, this could be achicved through:-

8. Room surfaces should have light colours with

high reflectance and malte finishes.

b. The wall colours should have a tight reflective

value of 60% or greater.
¢, Ceilings should be white.

d. Desk tops, filing cabinets, and other furni-
shings within the frecd of vision should be light

coloured with malte finishes.

. Open (office) planning permitts the greatest
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light flow over a given area.

Switches also affect energy consumption in
lighting systems. The amount of energy that
switches can save depends on how and what lights
the switches control, and whether the switches are

organised and located so people can use them easily.

If different areas of the sloor are controlled
by separate switches which are then grouped at
the door, the chances are that people will switch
every thing on as they enter the room, therefore,
cach switch should be located close to the area it

controls

i, Ventilation (Air Conditioning) .

In an office building, ventilation is second

to lighting in electric energy consumption.

Air conditioning involves the enhancement of

ventilation trough the use of mechanical gadgets,

Air conditioning design is not only a question
of building physies and Physiological principles,
but also a question of analysis of the usage of the
space.  Cooling Joads vary from area to area on
a typical floor, depending on the space function

and the time of the day.
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To save energy and capital cost, we muct alm
for minimum plant capacity. This is achieved;
if the air flow is reversed from the conventional
ceiling to floor to from floor to ceiling, resulting

in a possible reduction in capacity.

The average building temperature is allowed

to rise during the day.

Energy losses in distribution systems are re-

duced to the minimum,

The above is shown in the fig below.

Generally, the type of buliding and air condi-
tioning solution fo be used should be able to meet

the size criteria of:

W% Minimum mechanical plant capacity
\ii; ‘ Minimum energy cost

\‘B.l') Personal comfort

\i\l; Simple design and installation

¥ Air conditioning flexibility

Wiy Easy operation and maintenance,

The above is achieved by having a system that
combines central structure temperature, humidity,
and dust and odour control working in conjunction

with floor standing space cooling or heating booster
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units.

The table below shows the process in a schematic

form, ove

BOOSTER WEdT
COOLING UNITS
IN SPAE

RooM AR

TEXPARATURE

RISE DURING
bAY

MINIMUM
MECHANIC A L

PLANT CAPAYE)

Low pver
PRESSUREFs §

nO phiipeRs

YaRmaTIoN
IN
AR IIVENEST

STORAGE oF
NIGHT Coolinlq

MINIMISHTION OF MECHANICAL FLANT

G&PACJTY- SOURCE: PRVP Cn’??ﬁ‘)
Table 4,0
4:3.2 Wind Energv

Wind energy in form of rainstorms, and trade
winds ave significant for building occupant. Howcver,
when they exceed the optimum required, it then

becames dangerous for the building especially the

roof and external finishes of the the building.
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i. Vind Effects on Buildings

¥ind creates pressure on the wind-ward side
of a building and suction on the leeward side. This
creates air movement within the building in the direc-
tion of the wind. This wind is deflected over the
roof and around the sides of the building creating
suction.  For a wind acting at an angle to a rectan-
gular building, pressure is experienced on a two

wind-ward sides, while
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where P = wind pressure (N/m?)
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i P = Q6i2v*

Figure 4.1
Wind prescure on buildings

WIND EFFECTS ON BUILDINGS
SOURCE. OGUNSOTE (J99%)
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suction is experienced on the other two. Suction
and pressure on an L-ghape building follow the same

principles,

Buildings that are positioned perpendicular
to the wind direction receives on their exposed side,
the full sweel of the velocities. Therefore, the
determination of wind loads for roof design should

reflect maximum values to avoid blowing of the roofs.

Building rows spaced at a distances equal to
seven times their respective heights, secure satis-
factory ventilation offect for such units, but the
wind has tendency to leap-frog along parallel unit

arrangements.

Buildings planned in row arrangemeni cause
a wind shﬁdow over subsequent units, which rein-
forced for the wind to channel through free spaces
and pass by the later units. Staggered arrangement
takes advantage of direct flow to subsequent stractures

but canses damage to the roof.
1. Stack Effects

Stack effects refers to the movement of air
as a result of ditference in air pressure of two bodies
of air at different temparatures. Thus when there

is a significant difference in the temparature of
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air within and outside a building possesing appro-

priate air inlets and outloets, air movement results.

If for example, the temparature outside the
building is lower than that inside, then cold air
will enter through the lower inlet and warm air will

rise and exit through the upper outlet.

STACK EFFECTS OF WIND
SOURCE: HiyMzr (199€)

Stack effect usually produces some air movement
even for small diiferences in temparature and height.
In warm humid conditions, such as in Lagos, stack
effect cannot be relied uporn to provide adequate
coodny by air wovement, even with large windows.
This is due to the low difference in temparature
between the inside and the outside. In hot dry
climates, stack effects can provide structural cooling

at night time especially during the hot season.
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4.3.5 Wind Energv Canfral Measnres

Large alr masses can nol be altered in their
motion which is dictated by differences is air pre-
ssure, However, velocities ncar the living or
ground level can be conivelled to a certain extent;

through the use of the following:
i. Vegetation

The friction drag of vegetation and resistance
and obstruction created by trees can cause diversion,

in the air flow which may be utilised beneficially,

Besides their acsthetics and shade, piving
properties, the value of tree wind breaks lies in
there ability to reduce wind welocities.  This mecha-
nical effect brings perceptible changes in the tempara-

ture and humidity of the air.

A wind breake diverts the air current upward
and whila they scon turn back and again sweep
the ground, an area of relative calm is created neor
the ground. The most protected part of this area
is close to the wind break on the leeward side it
become more expoesed as the distances increases
untill 2 point is reached where the air have again
reach full velocity. There is a smaller calm area,

on the windward side especially if the wind break
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is quite dense. It is open so that the wind can
sweep under the trees, the windward side such
openness will result in a smaller protected area loca-

ted further from the wind break.
i, Landscaping

The immediate surrounding near a building
has an effect on wind velocities,  This frees the
building to a ceriain extent from rigid orientation
requirements, the landscape design elements including
plant materials, trees, and shurbs, walls, and fonces
creat low pressurc which diverse the high wind
velocities in a low speed. Care should however,
be taken that the arrangement and orientation do
not eliminate the desirable cooling breeze during
over heated periods as orientation for ventilation
might not be suitable for wind control and planting
should be designed to direct and accelerate beneficial

air movement into the building.

iii. Use of Standard Matorials and

Good Workmanshp

Use of sub-standard materials used in building
and bad work manship also can affect the sirengh

of the building structure generally.

These materials can not resist wind pressure
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which causcs sunctian and coupled with bad work

manship, the roof ended up blown off,

Where there is a high wind velocities, the spaces
between roof members such as rafters, purline ete
should be reduced to 2 minimum so as to make the
roof system strong enough to resist the wind pre-

suure to prevent against wind damage.

Walls, floors, and roof should be constructed
(heavy) i.e with high thermal capacity to present

damage caused by wind velocities.
o iv. Use of Paradet Wall (As roof)

The use of a parapet wall is also another means
of protecting a building especially the roof, this
is achieved by wind diversion, thus reducing loads
on roof by wind pressure, where the roof is exposed
to wind without any obstruction around the building,
parapet wall prevent roof from being exposed to

wind but increases loads to the building.
4.3.3 Sound Energy

Sound can be defined as a longitudinal waves
originaling from a source and conveyed through
a medium, Sound is the sensation of the medium

acting on the ear. The source can be a vibrating
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solid body e.g a guitar or membranc of a drum,
it can also ba vibrating gaseors medium such as
air in a whistle, hance the medium can either be

a solid or gas fluid.

Amplitude, fregquency, wavelengih, and velocity
are the basic characteristics of sound wave. The
sound frequency is defined as the number of waves
per unit time, while velocity is the product of wave-
length and the frequency, Amplifude indicates

the intensity of sound.
i. Types of Sound

These are basically three, they are categorvised

based on their form of transmission:

. Structure Borne Sound
This is caused through the vibration of mole-
cules of the barrier which may ihen re-omit the

sound,

b. Impaect Sound
This is generated through the use of mechani-

cal moeans,

¢. Air Borne Sound
This form of sound is the type emitted through

the air,
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Generally, sound may be either;

(a) transmitted
(b) absorbed, or

{(¢) reflected.

ii. Sources of Sound Energy and

Its Control in Buildings

Basically, there are two sourvces of sound as

it affect a building, these are:

iii. Indoor Sources
These are scounds that came fromn

a. Peoples activities e,g talking, speeches ete.
b. Use of home appliances
¢. Use of motorised appliance

d. Office machines.

The above sources of sound can actually be
controlled to a bearable proportion theough the use

of one or all of the following:-

(2} Reduction at Source

This appliecs when the nocise or sound coming
is due {o a vibrating machinery: (i) flexible moun-
tings are used to provent transmission of vibration
to the building sircture. In the case of air-borne

sound, (il) an insulating cnclosure around the source

.
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is used.
(b) Use of Absorbent Screews and Surfaces:

The use of absorbent materials on critical
surfaces of an enclosure can be efficient in reducing
revarberant noise when the source of the sound
is within the enclosure, basically, there are four

types of these absorbent materials used today;

i.  Porous absorbents (for high fregquencies)
ii. Membrane absorbents (for low frequencies)
iii. Resonants absorbents (Resonators)

iv. Perforated panel absorbents
(¢} Insuwation:

The transmission of sound between enclosures
can be effectively reduced by sound insulastion
(i) Noisy equipments, such as generators may thus
be placed in well insolated enclosures, (i) Air
borne sound can be reduced by air tight and noise
insolating constructions, (iii) Structure - borne
sound can be reduced by creating sound gaps'

separating structures.
(d) Building Design:

Since the noise within a building comes from

peopie, bathrooms, kitchens and appliance, the normal
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practice is to:

i. Group noisy “ones together, e.g stairs,
1lifts, corridors, and sometimes kitchens and loundries

are grouped together.

ii. The quiete zones are grouped together,

e.g study, bedrcom and other private careas,

ifi. Insoclation can also enhance the sound

control,

iv. @8izes and shape of an enclosure, e.g large
rooms surfaces should be aconstically treated with
sound absorbing materials, large corved surfaces
iend to focus sound and create an uneven distribu-
tion of sound. Thus, high curved ceilings or curved
rear walls in a room should be avoided. In general,

a room of reectangular shape is preferred.

»

1. Outdoor ESources;

These are sources of sound that come outside
o building, basically, they came from the following

3ources:

a. Road traffic
b, Railways
o, Alr ecraft

d. Industries.
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The above external sources can be controlled

through the following ways:

]

i. Screening

This is mostly used to control sound from traffic,
from a high way passing near a building, The
screen can be made {rom wallg, hedges, or other

barriers.

ii. Planning

Site planning plays important role in noise control

(a) The first rule it to place buildings as
for as away as possible from noise sources.

(b) Noise sensitive buildings such as garages,
workshops and stores which are placed nearer the
noise sources,

(¢) Where there are strongly directional sources
of sound, noise bands should be avoided in the
location of buildings.

(d) Trees end lanscaping are additional tools

that wmay be used.

fil. Insulation

Sound insulation from external sources can

be achieved by:

124



(a) Usa of sound insulating materials in exter-
nal walls and openings.
{(b) Increasing the thickness of walls and

(¢) Reducing the size of openings in them.
iv. Building DEsign

In this respect, like the indoor noise, it couid

be achieved by:

(&) Placemenl of noisy zoncs such as bathrooms
and kitchen near noise source.

(b) 7The pesition and orientation of openings
should prevent noise penetration.

(c) Use of elements e.g wing-walls, and screens

may be used as additional protection.
4.3.4  Solar Fnergy

The main source of anergy on the earth is
the sun. This energy comes in form of electromag-
netic radiation, the heat flow rate is measured in

walts (W) that is Joules per Second (J/8).

However, it is not all the solar radiation coming
from the source reaches the outer surface of the
earth, for instance assuming the solar radiation
reaching the outer surface of the earth as 100%,

then 20% is refliected from the clouds, 25% is absorbed
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in the atmosphere and 5% is reflected from the ground,
Only 50% of the total radiation is thus absourbed

by the earth's surface with 23% of this being in

the form of diffuse radiation and the remaining 27%

as direct solar radiation, this form of radiationalsl
called in-coining radiation and it is finally absorbed

by the bare soil, hydrosphere, to raise water tem-

parature, and use by marine vegetation.

The earth loscs the heat absorbed through
long-wave radiation 40% evaporation 40% and convec-

tion.

ey Solar Energy end Its Effects in
Buildings:

As explaoned earlier, the only source of solar

eniergy is the sun.

The overall shape of a building affecis the
amount of solar energy it will consume, In general
a configuration that resists unwanted heat gains
or losses reswts in an energy conserving body.

To minimise heat transmission for a given enclosed
volume, a building should be constructed with mini~
mum exposed surface area. A spherical or round
building has less surface henco less heat gain or
loss than any other shape for an equal amount of

total floor avea. A sguarve building has less surface
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than a rectangulur one of equal area per floor,
and so undergoes less thermal transmission loss

or heat gain,

The penetration of solar radiation into a buil-
ding anvolope especially in the tropics causes a

iot of inconviniences and discomfort for the occupant.

(ii) Solar Radiation Control Measures
in and Around Buildings:

Solar conirol measures that are generally taken
are taken to reduce the intensity of the insolation
within the building envelope, these are broadly done

in two ways:

a. Elements of site control

b, Desipn (Architectural}
{a)} Elements of Site Control

The purpose of site control is to modigy the
adverse effect of the solar intensity at a distance

before they impact the building. These include:

(i) Shade trees
This iz used as form of landscaping to absorb
the insolation, this is so because plant absorbs sun-
light and yet has lower temparature, because of

evaporative cooling which occurs during the trans-
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piration of plants. The net heat gain from the
sun is rapidly dissipated by the enourmous surface
area of the leaves. Very little heat is stored in

vegetation because of its minimal mass.

(ii) Ground Surface (Paved and Planted)

This involves the use of Yght coloured ground
suriaces to reflect sunlight on to a building, dark-
coloured surfaces to absorb sunlight and raise tem-
paratures, and planted suwfaces to both absorb sun

light and lower outside temparatures.

Ground reflected light transmitted through
windows strikes the ceiling, this is the reason why
the paved surfaces should be mwinimised as much

as possible,

(iii) Orientation to the Sun

The general strategy for the placement calls
for the largest window arca on the side where the
sun exposure minimises combined heating and cooling

needs.

The percentage of the incident solar energy
that a window transmitts for any given day depends
on the angle at which rays of sunlight intercepts

the window, and for how many hours the window
receives the light.
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(iv) Orientation to the Wind

When window placement on opposite sides of
an interior space is pssible, the building should
be stightly askew to the direction of the window,

(detalls on the refer to design conditions for energy

control}.
(b) Architectaral Design

Te coutrol solar energy threugh Architectural

design include the use of the following:

(i) sizes of penestrations

(i1) use of solar energy efficient materials

and finishes
(iii) wuse of sun shading davices

(iv}) use of verandahs ete,
4.3.3 Human Energy

The most noticeable way of this energy is
through the discharge of heat by a body, in form

of sweat, and sometimes shivering,

This form of energy within a building is being

influenced by basically two factors

(a) Ciimate

These are major factors which affect thermal

comfort, in a design,
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i, The gir temparature within an enclosure
ii. The air velocity within an enclosure

ili, The relative humidity

a part from the above, others factors

that affect human energy in a building include:

iv. Form of clothing

v. Level of activity,

Which Arvchitectural solutions could be profered
to the first four of the above, there is litile effort

one can do about the last two.
1 . b."  Awvchitectural Design

In a building, human energy is controlled

through the provision of the following:-

‘i, Use of double volume in places where a
gathering of people is oxpected, and machineries

that releases heat to the surrounding,

il.  Clrewlntion system should be souch that
it is optimum and properly located, In this respect,
stair cases should be placed at a reasonable distance

from a functional spaces e.g office, bedroom etc.

Provision of adequate circulation areas by
condidering the expected number of users, also

these circulation area, their distances should be
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minimised as much as possible.

4.3.6  Mechanical Energy

The use of mechanical energy in buildings is
in form of machineries, that may require the use

of electricity to operate or through mannuatl means.

Some of these machines and equipments are
used to achieve active conirol of energy in the

building, these include:

a,  Air conditioners to enhance ventilation

b, Electric fans

Tl Mechanical heaters,

There are also equipments, that are used for
mechanical transportation systems in a building;

these are:

Lifter

Escalators etec.

The above equipments emits heat energy during

their oporations,

'{. Mechanical Energy Control
Measures in Buildings

The energy control measures thot can be used

are two:-
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a. Activo means

b. Design
a, Active means

In this, the machines and equipments that are
to be used are considered and chosen based on:-
i,  Minimal mechanicat plant capacity
that can sarve the requlreod purpose.

Hi, Easzy operation and nmaintenance
iii, Simple design of plant and easiev

instatlation.

In essence, what it means iz {o enhance the

efficiency of the plants.
b, Deslgn

This involves the provision of the following

in the Architectursl design of the building:

i. Provision of adequate services cores
for the mochineries and cquipment for efficiont opera~

tion.

ii. The finishing of the spaces provided

should conformn with th_e standard.

iti. Appropriate location of the services

cores on the floor plan.
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4.4 PASSIVE DESIGN CONSIDERATIONS TFOR ENERGY
CONTROL

Passive design are designs and ways in which
buildings reaciod to its environment without reliance
on mechanical assistance, which in the early times
was not availabla. These considerations included

the following;

(1) Siting and orientation
(ii} Building shape

(iii} Nature of envolope.
4.4.1 Siting and Orientation of Building

In actual practice, few architects are offered
the luxury of being able to chose a site for a p.r.-o-
ject. In most cases, the client would have gotien
his site before approaching the Architect, hence
as far as choosing a site is concerned, theve is

very little an Architect can do.

What an Architect can do is to utilise the site
given to him and modify it by using what is calied

elements of site control, these are;

a, wind breaks
b. shading trees
¢. ground surfaces

4. orientation to the sun
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e, orientation to the wind.
a) Wind Breaks

This consist of either a fence or rvow of trees,
or shrubs which reduce air infiltration through
windows by diminishing the wind pressure. The
most effective location for a wind break is upwind
a distance of 11 to 2 times the height of the building.
At this distance, the wind will be deffected up and
well over the building reducing the pushing action
on the buildings windward side and the pulling action

on its loward side.

Fig. 4.4a-c
FENCE USED AS WIND BRED K

SRURCEL 3()}th26- 8 Clqig€)
H



o b’

Shading Trees

Trees and shrubs are used around buildings

hagically for the provision of shades, cooling of

the surroundings, and to serve as wind breakers

to a strucuure,.

C,.

Ground Surfaces

Use of excessive concrefe walk ways, and parings

around & building for circulation and other purposes

increases the temparvature of the area. Hence what

is recommended in elements of site controll is, fo

()

(ii)

a,

raduce the paved surfaces areas as much

as possible,

use shrubs and plants along the pavings
to raduce the heat that will be emitted

by the paving.

Orientation to the Sun

Appropriate orientation to the sun iz desired

primarily for two reasons, especially in our context;

()

To avold direet solar penetration in the
buildings through openings. In Nigeria
and especially northern part of the country,
the recommended orvientation is long axis
should be along East-west, so that windows
should be provided on the North and

Scouth direction.
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(ii) To reduce the solar energy abscrbsion
of the building, it is recommended that
the orientation follows the above orienta-

tion, i.e longer cxis along North-oast,
8, ~ ° Orientation to the Wind

As discussed earlier, when window placement
on opposite sides of an interior space is possible,
the building should be oriented slighted askew to

the direction of the wind.

In the illustration below. It will be seen that
if the wind eir- . :0s on inlet and an outlet in
alipnment with its outside direction, it will pass
through the intervening space in a narrvowly defined,
high-velocity stream., Very little ventiation will
cccur beyond that narrowly defined stream. IHowever,
if the wind is forced to change direction in transit
between inlet and outlet, a turbulence within the

room will develop,
4.4.2 Building Shape

To minimise heat transmission for a given en-
ciosed volume, a building should be constructed
with minimum exposed surface area. A spherical
or reund building has less surface and thus Tess

heat gain or loss than any shape for an equal amount
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of total floor area.

Where a building f{or example generates large
amount of heat from its lighting and computers,
the probiem may be one of dissipating rather than
conserving energy. In this case {depending on
the climate) it may be dosirable to have as lavge
an amount of building skin as possible in form of

volume to facilitate heat dissipation.

To conirel energy in buildings through iis

shope, some recommendations are profered:
(1) Tall Buildings

a, They ars subjected to greater wind velocities,
this increases infiltration and heat hosses, hence

provision of exhaust dual systems is required.

b.. They have propertionately smaller roof, and

hence is less affected by solar gains on that surface.
' -
(i) Floor-to-Ceiling Height

2, Increagsed ceiling height improve environmental

conditions in summer by allowing heated air to rise,

b, The effects of greater height on energy may
be small, although it depends on the thermal charac-

teristics of wall.
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() Building Forms

i. A dome roof can permit warm air to rise and

collect at the top Teaving the floor area cooler,

ii.. Pyramids, zigzag exterior walls, and other
forms can all be used to control the influence of

climate on energy.
(d) Exposaed Floors

Elevated floors on column or with small first
floor areas, and large over hanging upper floors
increase heat Joss and heat gain because of the extra
exposed floor surfaces, this is an advantage in places

like the Northern Nigeria.
4.4.3 Nature of Envolope: (Building)

Generally, two aspects of envelope composition
are recommended in effort to reduce or contrel gnergies

particularly the solar energy.

(i} The charge from conventional static envelope

designed the concept of modolated construction,
(i1} Consideration of thermal mass.
.- 4. Modolar construction

This form of construction is based on the
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supposition that just as different orientations fequire
different treatments, so also different times of the
dey, or different times of the year. In essence,
the building envelope should respond to the change
from day to day to night as a flower might open
itzelf up to the sun and then close itself for protec-

tion against the cool of the night.

This concept require the use of high technology,
some of the ways to be suggest include; flexible

wall possibilities:

(i) Walls which slide, horizontally or vertically,

fully opening up the facade when desired.

(ii) Walls which slide over glass areas in order
to reduce heat loss in winier and heat gain in

sumiimner,

(ii1) Walls which revolve or rotate in order to exposes

an appropriate material to the sun or to the inside,

Experiments on the above concapts have been
carried out by Zomeworks, Incorporated, of Albuquerque,

USA callad Boadwall,
‘b, - Thermal Mass

Mass, the property of density, can have a
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great effect on the energy consumption of buildings
because it is the ability to store heat and thus delay

the effects of the outdoor temparature scale.

Buildings of heavy masonry or in Nigeria, those
constructed with mad have a moderating effect of
heavy consiruction, whereas light weight construction
of wood or metal does little to delay heat floor, this
sometimes makes il necessary to control ;che flow

of enargy with insolation.

In a2 homogensous wall, the heat flow in and
out are equal. But within a wall with exterior
insclation, for example, the heat flow becomes more
selective, the insolation will now restricts the flow
into the massive heat ~ absorbing material, and there-
fore more time will elapse before the storage capacity
of the massive material is filled increasing the time

l.ago

4.5 BUILDING COMPONENTS USED FOR ENERGY
CONTROL

Apart from the design of the building envelope,
another important aspects that where mentjoned in
the explainations, as party building components

also help to control energy in buildings,

Some cof the compenents involve the use of active
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element hence they will only be mentioned but will
not be discussed since the emphasis is on passive

elements of design:

a. window treatment
b. insolation

¢. giv conditioning
d. ventilating

e. lighting

Only the first two will be discussed in detail,
because the others have been covered in the earlier

part of the chapter,
4.5.1 Window Treatment

Well designed windows can actually serve in
energy control, windows aro generally used for the
following functions:

(i}  Provide year;roulld lighting
(ii) Provide year-round natural ventilation

(iii) Provide year-round insolation.

Thermal treatment of a window generally used
today are to, manipulats light before it hits the
window, this involves the use of sun-shade, lHke

overhangs or louvers,

The other treatment is to change the eolements
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that formed the window,

In the above case glazing could be altered to
include multiple glazing, reflective galss, heat absor-

bing glass, and reflective and absorbtive films,

Changes in the construction of the window
frame in f{rame in response to snergy considerations,
have resulted in frames which are built of materials

that are good insolators,
4.5.2 Insulation

There are many materials that are used to

achieve inswation, some of which are:
(1) Aluminuim foil

This is a single or multiple parallel layers of
foil and kraft paper combinations with an air space.

it is a good reflector but poor absorber of radiations.
(i)  Fibre Glass

This is made of fine wool like compressible
fibres spun from glass, it can be in loose form,
in batts, or faced on one or both sides with paper

or foil,

(iii)  Cellular Galss
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This composed of a lightweight, rigid insulation

composed of millions of completely sealed glass cells.
iv, Expanded Polystryne

This is a polymer that has been Impregnated
with a foaming agent which, when exposed to heat,
creates a uniform closed cell structure highly resis-

tant to heat (low and moisture penetration,
v, Mineral wool

This is made of wool like fibres spun from
molten slag and coke similar to fiber gtass,  This

transmits moisture easily,
', ..¥is  Solar screew

Designed for installations outside existing windows,
these fibre glass screens block out 65 to 75 pev
cent of the sun-heat, and slare before it reaches

the window glass,

Designed primarily to reduce cooling costs,

the screens can be removed and stred during winter,
4.6 ENERGY CONTROL EQUIPMENTS IN BUILDINGS

As a result of the awareness of energy utilisa-

tion that is gaining grounds a way has to be found
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found to know the energy use in buildings,
this gave way to the invension of some equipments
to help assist in deteromining energy consumption

in buildings some of these ave:

a, Electro comp energy computer
b. Fuel cells
¢, Energy monifors {(electric)

d. Heat detegtors
4.6.1 Electrocomp Energy Computer

This is a poriable computer designed
to caleulate heai loss and annual heating
cost of residences. After feeding in the
appropriate building information together
with climatic references, a meter immediately
indicates the heatl loss or the annual operating

cost.
4.6.2 Fuet Cells

This is an electric generator that provide
a building energy needs while using less
fuet than usuall conventional types, Heve
the fuel call generates eleetricity through
a chemical reaction in a process that efficient,

clean and quiet.
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1.6.3 Enarew Monitors “"'-"ct'r_ie}-

These arve design that measure the electric
energy consumption on branch circuits and

thus aid in energy audits.
1.6.4  Heat Dotector

This is usad for heat loss detection
it continuously pvovides a digital printant

of the tempavature of the surface at which

it is pointed, it is in form of a pistol.

HEAT ENGRGY DETX: FRTES CAMIERA LIKE

TOR FRINTS TEMPRRA HEANT DETECTDR SHOWS

TVRE ON THE SVRFACE SPOTS OF Cold aNb HoT,
Plate 4.3ca Plate 4,3b

S0URCE!  JARMUL A C 1985)
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CHAPTER FIVE

"TRUE REGIONAL CHARACTER CANNOT BE FOUND
THROUGH A BENTIMENTAL OR IMITATIVE APPROACH
BY INCORPORATING EITHER OLD EMBLEMS OR THE
NEWEST LOCAL FASHIONS WHICH DISAPPEAR AS

FAST AS THEY APPEAR. BUT IF YOU TAKE FOR
INSTANCE THE BASIC DIFFERENCE IMFOSED ON
ARCHITECTURAIL DESIGN BY THE CLIMATIC CONDI-
TIONS OQF CALIFONIA, SAY AGAINST MASSACHUSSETTS,
YOU WILL REALISE WHAT DIVERSITY OF EXPRESSION

CAN RESULT FROM THIS FACT ALONE,,.,"

WALTER GROPIUS






(ii) In this concept the Sonate is placed at the
centre, followed by the academic core i.e Academic
Departments and Faculties, followed by Students
Hostels, followed by Staff quarters, and then
other activities, all going in a circular op Ring

form.

(iii) In this concept also, interaction is enhuanced
among wmembers of the University_community, because

distances are greatly reduced,
5.2 BITE CONCEPT (Zoning)

The site arca of the Senate building was

basad on:

1., Accessibility
i, Noise control

iii, Functionality
5.2.1 Rased on Ang‘ascil:_»i'l_itg

In this case, office to be frequented more
especially by students are more accessible, while
those officesfor the senior axecutives are lass
accessible to people, this help in controlling human

traffic,

9.2.2 WBaged - Noise Contrnl

Those offices like Accounts, both students,
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and staff, studenis registration and accommodation
are noisy areas hence are located on the ground

and the first floor o7 b first block.
5.2.3 Dased on Functionality

This refers to thae strategic location of offices,

services cores and other function in the complex.

SiTE m,giué CoNGEPTs
/\ A -Nke b sz
THAN B wihcy

IS IATURN More
Thar C.

ZoNG LHSEDR, oN DUESSIZILT.

Fig 5.1

5.3 DESIGN BRIEF

As earlier explained, the design scope shall

comprise of the following:

(i)  Office of the President
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{ii)

Office of the Registrar which includes the

registry,

(iii)

(iv)

The Finance Offfcers' office (Bursary)

The Senate chambers,

5.3.1 Office of the President

The office of the Prosident comprised of the

following in this design.

i'
ii.
iii.

iv,

vi.

(i)
(ii)
(i)
(iv)

(vi)

Office of the P;resident.

Office of tha Secretary

General office for other staffs e.g Special
Assistants, ete,

First Vice President office |

Second Vice President office,

4 Secretary,

5.3.2 Office of the Registrar

The Rogistrar's office
Secretary

Committes room

Dean, Students Affuirs

Secretary

(vii) Academic Sec ratary

(Viii) Establishment .
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5.3.% fice of the Finance Officer

i, TFinance Officers' Office
. SBeeretary

iii. Committee room

iv. Students asccounts

V. Staffs ...ocunts (payrol) ate,

B.3.4 Semate Chamboer

i, Senate chambe for meetings

“il. .Loosh oarea

The ahove are the spatial requirements

considered in the design.

Howevar, it has been expanded as can

e oo _ Cadule of accommodation,
5.4 SCHEDULE O ACCOMMODATION

5.4.1 Office of the Prosident Floor Area (m?}

i Office of the President 54
il. Secretary 18
iii. General office 24
iv. . . & President 38
v. BSecretary 12
vi. Second Vice President 24
vii. Secretary 12



i,

iv.

iv.
‘, -

vi.

5.4.2 Office of the Registruar

Rogistrarg' office
Sacretary
Commitics room

Genoeral office

Students Affairs

Doan of students
Seeretdavys’ office
Comnitten room
Snorts offica
Aecadamic Secralary
Soerctary oifice

Cemputer room

Examination Office

Uaiversity Exuminations Officer
Seeratarys! oflice
Guroral exning of fic

StudentsRecord

Establishment Division

Senior Assitant Registrar
Secentary ofhcer
Hiousing and Passages
Officer in Charvage
General office (registry)

Stalt officer
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Floor Area (m?)

36
12
24

12

16
10

12

10
24

34

24
12
24

24
16



vii. Secretary  office

viil

i‘

iii.

.
iii.

iv.

ia

i,

iv,

ii -
iii,

iv.

Intermadiate & Junior staff motters

Secrat Rosfatoy

. v Asgistant Registrar
General registry

Computer room

Admission Office

“ion officer
Secrotarys' office

General office

Asst. Admigsion officer {(accommodation
officer)

5.4.3 Office of the Finance Officer

Finanee officers' offico
Becrotarys' office
Committes room

General office

Students Accounts

Cash office
Senior Acocuntant
Students gecounts

Computer voom

10
24

16
24
24

12
10
24

12

24
12
24

12

24
12
24

24



afficianl than others,

Payra! wifice
General and Advances ofiice
Agcountan?

Comnuler room

5.4.4 Senate Chamber

Meeting chamber
Belveshing avea

Kitehenneft.ote

DESIGN CONCEPT

3.5.1 Plan Coneopt

Teo achieva an energy efficient building,

studios wera carried out on the varicus plan

In this, it wes discaused that various shapes
have diffaron{ energy absorbtion factors e.g
2 cirenlar shape absorbs less of solar energy
than a sguare which in turn absorbs less

than a vectangia,

Regarding energy efficioncy, there ara

basically tour plan types that are more energy

energy efficient beeuusa of the following reasons:

The plans encourages shallow vlanning,
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fi. It is casier to achiove ervess veulilation

in the offlices

iii, It is also easier to daylight the offices

inside,

The H - concopt has becen choosen among
the plans shapes beeause in addition to the
tbove mentioned advantages of their energy
efficionev, it Iy, #'so sysmboliscs the word
"Hervitage" with ihe capital R tetter H - hence
it was chooson to ba the plan conerpl and

fi:m‘lly aciop =y é

3.5.2 Elevalional Concopt:

Now Oxlevd Dictionary defined the word
MERITAGE' ns "that which wes or has boeon
pazsed Ieon Coneration fo Gencration”. Hence
iha elavaticn tried to portray the meaning

of this word Herituge In Avchitectural wny.

Studies was carrind out on differant
Architectural cloments and {raditionad motifs
of the rogion in which the Universily is to
be leeatad, and camo oul with those element
thut nortray a wpiontt Architecture of this

[ANG, The Mvehitestura! elopents psed were:

i. Zanko
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ii. Dome

And the traditional motif chossen was
the 'kobo' lteraly means 'eoin', but its meaning
is moans of lvely hood, it was used on the
tacode becnuse education is & means of Hvely

hood.

%.8 Design Proposal (Report)

The dosign consists of two office blocks,
and Senate Chamber in betweon the two blocks

forming the lotter .

5.6.1 Bilock 'A!

This block of offices consists of offices
that are st frequented by students espeacially,
and it is the first block met as one approach

fi.e building. It consist of::

i.  Qround floge
il. First floar

ilii. Second flgor

(1) Greound Ploc® (Plan)

In this flaor, Recaption was located
whave studonts noticos ara displnyed ynd
used for aceoss to tha fivst and second floors

broduse of the st cuse locoted,
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Tha affices located In this floor are
basically aceounts for both staff and studenis,
this is bhecauvsa;

a. Stodents are successfully restrvicted
fo this floor for thelr registrations, and for

netices.
bh. ‘I'raffic bes been coatrolied.
(ii) First Peor (Plan)

This Door conzist of the following offices

for itha uea of studants;

a, Studants examingtions offico

b. Academic Sacretary offica.

(iti) Second Fleor (Plan)

This floor consists of the following offices

for the use of students:

. Dean studonis alfairs who overseoes atl
student alfnirs.
0. Sporis office

c. Adpission office ete.

It will by peticed that ail the theoa floors
aver o L use of students exclusivoly, thiz

wag delibrately dene in ordor 1o koey hem sway
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from the cthwr bloek which was for administra-

tive staff,

6.6.2 WBigck 'y

This bleelk of offices consist of offices
for staff matters, and general University's

sdministration. It consists of the following:

i. Goneral floow
ii. First flone
iti. Second floor

iv., Third floor

(i) Ground Yicor (plan)

This flcor consist of offices for Intermediate
and Junior staff use, the computer room for
record Keeping and the office of the staflf

officer who is responsihie to them.

(i1) Tirst Plogr (plan)

This MNogr accommodite the iufermsiion
and protecol unil, housing and passages office
with the cefficers in charge i.e the Sontor Assistant

Rugistrar,

(iit) Second Fleor (plan)

Thig loors accommondates Sonifor Exceutive



Cliicar gna Committee rooms {or meeling
Vith thejp unit heags, Thege are:

@ The Registrar

b  The Fianen Officoyp

(iv) Thirg Floor (plan)

This {flgory qeCommodantn the SRACUtive
officong of the Universit-y. these gp,..

&, The Pmsidont

b, Thn First Vice Pr-'-sidnnt

e, Tha Secong Vics l’r'c':‘idnnt

This bloc: sy YCCOmmodate 8 oiftion
for Seeurily,

S5.6.3 Senatn Chaninng

his i g4 be used fop Meating of thm

Univry Sity'g Coungil,

5.7 Ry Phijns

1"'fjh\f

The Sub-tepis or thig

Projeet iy achif-'vin'g
DUBSIVE copsya ot Cheroy througy Arch.‘tr-c:.m*al
drsjoy

+ (hesga Raergy forms IS explained ape
those thay affeet 4

.iilding:

.  Solgr eHergy
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1. Wind oporgy
ifi. Sound mergy
v, Esctrieat energy

V.  Mechanical ensrgy
9.7.1  Splar Enecray

In tropies, this is the moest probiematie
form of suergy, beeause of the heat it transmits
through conduc!iog . vorvention and vadiation,
therefore, the jmin design philosophy centres
ground how to control this form of encrgy,

This is achioved theatugh the use of sun-shading

devize,

The contral of this snergy through the
use of this tvpn of sun-shading deviers was

achiaved in this way:

&. It is seen in both plan and elevation
that the shadinie devices used WS goepnrated
Prom the wain bullding, i.e standing on its
oun ondy linkod by beams extending from
the flocrs, iy wae dons 5o that the heat
transmitied by solur r diatien te the insidge
by conductivn g feduced or can ecliminawnd
complataly by craating o vaccuwm batworn
the shudiag devies and the main Buildine,
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b.  The direct solar vadiation is first absorbed
by the shading device before reaching the
external wall of the bullding, it has been
caleulated, the shading doviea has an areg

of 264m? while the external wall has exposed
area of §24m? henco the shading device absorbs

approximately 50% of the solar insoiation.

“.  The white paint harsh usad, this was
delibrate becanse whils paint has the highest
reflectance of 75% when it is new, and 50%

when  old or dirty.,

d. In the erientation, the building is on
ihe North-south axis for (he longest side

and the elioriost sids facing east-wost sides
this wil ensure reduced direct solar radiation
vince windows are placad slong the longer

axis,

. The nse of conglruction watepinis was
also part of eplaw CRCrEy conlrol uiensyees
acouted bagauss matioriale that passes minimum
e lag of sither hours, and solar treat factor
of at laust four hours, thess inciude; roofs
P eorigaicd Aluminium shants which was
specifind, and the pse uf henvy wall 1ike

aallesr Liaog, cavily for Doth exterpal unqd
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internsi wall, this easure the delay of transmi-

ssion of lieat.

£, The uae of gluss as 2 =ola~ absorbant,
th» glags vecemmeonded is rellective glazing

which reflects ot longt 305 of the sclae radiation.

The pse of sun-shading device as o
deslgn congept (philosephy) was done by
Fraok Liyod Weighs {0 nis desiyn of the price

tower; Bartsyilis {255,

"'he sun contrul device hog fo be on fhe
ouiside of the euilcing, on oloimont of the
fucede, an alemoni of Areidtaoutys” (Mavee!

B i‘f‘VF‘.-l‘)
D.7.2 Wind Ennpg’-_\r

Wind mnorgy control measuras employed

ncludies:

e Orientution to the wind fdiveition where
the bullding was placed at 459 {p the direction

of Eeth windas

by  The use of trens as butters for the
wind, this gxealiy help {o todice tha wind spengd
bafora it reuches the building, this was postible

DY ereating a turbylagee of the wind, und
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hence abzorb the enargy by frictiona’ drag.

¢. Tha sun-shading devices veed alen allows
frea circulation of air hecause of the 'gap'

batween it and the oxternal wall,

. Thae sun-shading devicos used also snrvesg
as sand still, L.e dust eamded by wind ave

fileved snd o posling,
S.0.3 Bound Bnengy

This was token cave of through the
design, i.e by segregeling the noisy arvea
and quiel praans - {Le Bioek 'A' and '8' whepn
students eotivities which produced a lgt
of noiss wag separated with the execitive

offices 1.0 Blogk '
5-7.4  Fnetrical Hnergy

Eloei rical crargy is need in an offfce

Luliding for Lagically two Firposas:

i. lighting

. for cpnrating machinery

I this eass ond by inie tlogign daylighting
has bienn mReauraps through the bravision
ol adequate window aran iz both the officrs and

tie corvidor,
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5.7.5  Meehanieal Eievoy

I thiz building, there is vor

Vo mininum gge
of n:iegchi-nor]:-a, exeept for the fImnuter roome vhera
there i noug for aip tonditionas 1o “nhance computers
efliciency,
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