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FUREWARD

Practlical reality and the process of making
theoreticaol cnpraisals are two related concepts that are
often misconctirued in most intellectual endevours. Once
in a while hovever, a time comes when a workable synthesis °
is achieved through a harmonious balance of these concepts,
crystellizing into an expression of viability.

Joshud Bitrius Sawa has employed architecture as a
tool in achieving a brilliant expression of this balance
with his proposal for the Nigerian 4ir Base, Yola, the
conception of which is the culmination of critical studies
and considerations, making the scheme a suitable response
to the tronds in defense requirements.

The proposal is made within a framework which
reflects reclevant analysis of the related criteria for
the purvpose of articulation, employing the necessary
elements ol architectural vocabulary in creating a scheme
which is Dboth timely and symbolic in it's importance to
our existence as a nation,

The <hesis should prove invaluable not only to
those individuals involved in the noble undertaking of
military defence (particularly the 4ir Force) but also
to other llijerians who wish to acquaint themselves with

an important aspect of progressive development.

Robert T. Unde .

1988



ABSTRACT

Since the end of world war |l (1939-45), brought
to an end to a certain degree by the dropping of the
‘atomc bomb® on Hroshima and Nagasaki both in Japan
by the Amrerican Airforce, the role of the airforce in
mlitary warfare has taken on a new di mension, wth
the various world powers taking advantage of it's
I nherent potentialities to perpetuate an unprecedented
advancenent within the sphere of strategic arns
acquisition. ten expressed in foreign policy
initiatives characterised by a growing mstrust or the
politico-ideol ogical alliance between concerned parties,
t hese arns have been devel oped to |evel of sophistica-
tion which nakes aerial warfare as typified by airforce
operations a decisive defence factor in the general
quest for world peace.

This vast web of intrigue and diplomati c nmani pul a-
tions Is anmong the renote causes of the political and
econom ¢ turbul ence wecking the African continent and
Is often nanifest in the civil wars, the disturbing
situation of the apartheid regine in South Africa -
often bordering on full scale arnmed conflicts and ot her

cases of direct aggression.

XXi i



N geria as the giant of Africa naturally feels
strongly about these devel opnents and often takes a
clear stand on particular issues, a position which is
acknow edged continentally e.g the Angol an | ndependence
struggl e.

Her airforce however, belies the challenge of a
country acting froma position of strength in natters
of self protection fromexternal air raids, territoria
surveil |l ance, etc wth the attendant reassuring
physi cal presence where necessary, like in neighbouring
strife torn countries. This threatens N geria's revered
| eader ship position to which other countries defer in
matters of continental and gl obal consequence. It is
I n cognai sance of these factors that the Federal
Governnment of N geria has always felt the need to
I ncl ude defence anong it's priorities for national
devel oprent .

This thesis ains at providing a suitable
architectural solution to the problemin recognising
the effectiveness of the airforce in the dispensation
of security related functions for a sovereign country
like NNgeria. It also takes into account the prevailing
trends in aerial warfare and the technol ogi cal
requi rements of base operations by enploying the best
results of research in construction which is an
Integral part of national devel opment dating back to
the period of post war reconstruction in other parts

of the worl d.

XXili



It is hoped that the airforce base would further
strengthen N geria' s position and re-affirm her
| eadership role within the schene of things particularly
in Africa while providing reassurance on the hone front
in handling all forns of mlitary energencies which
breed political and economc turbul ence |leading to
social insecurity and ultinmately giving credence to

t he concept of defence for devel opnent.

XXI V
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Map 1 := IMap of Africa showing the position
of Nigeria
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CHAPTER ONE

J4ithin the last century or so, there has been a
greater metamorphosis in terms of military sophistica-
tion than perhaps the whole period preceding it, This
sophistication both in military tactics and weaponry
has also affected the ways of life of people, especially
in Africa, Premodernization of the army,warriors used
to live side by side with the other mcmbers of their
respective communities, but teday it has become necessary
to provide specialised housing in terms of barracks,
cantonments, basessetc for members of the military
community, The priority of most world governments has
also shifted from the provision of food and shelter
for their people to defence. This can be seen clearly

by the huge amount allocated to defence in different

budzet allocations of countries. Although a good part
of these defence allocations are spent on aquiring

arms, buildings and allied works also take a substantial
part, These buildings and allied works take the form
of barracks, hospitals, school, offices setc all of
whieh constitute a base or barracks either for the
airforce, navy or army. This work aims at providing

n architectural solution to the problem of airforce

b




base planning with a view to designing a model base
for the Nigerian Airforce, To achieve this goal, it
is necessary to have a good idea of the military setup

and its historical background,

1.10 HISTORY AND DEVELOPM7ZNT OF THT MILITARY

According to the Guiness book of records 1988
edition, the oldest conventional army in the world is
the eiphty-three strong Swiss Guard at the Vatican
City with a regular foundation dating back to the 21st
of January 1506, Its origin however goes back before
1400, The largest numerical armed force in the world
is that of the Peoples Republic of China with four
. million, seven hundred and fifty thousand (l,750,000)
members, Her para-military forces of armed and unarmed
militas has also been estimated by the International
Institute of Strategic Studies (I.I.S3.5) basead in
London at twelve million (12,000,000) plus. Their mid-
1981 estimates for the two principal world powers are
three million, six hundred and seventy-three thousand
(3,673,000) for the Union of Soviet Socialist Republics
(U3SR) and two million and forty-nine thousand (2,049,000)
for the United States of America (U.3.A). In Africa
the'largest armed force is that of igypt with eight
hundred end fifty thousand (850,000) men, It is

followed by Racist South Africa (R.5.A) with three



hundred and forty five thousand (3,5,000) and Nigeria
with about two hundred and thirty two thousand, five
hundred (232,500) men., Nigeria however is the largest
in "3lack" Africa.

The earliest autonomous airforce is the Royal
Airforce of Britain whose origin began with the Royal
Flying Corps (created on the 13th day of May 191Z).
The air battalion of the Royal Engineers began on the
1st of April 1911 and the Corps of Royal Engineers
Baloon section in 1878 although it was first operational
in Botswana (then Bechuanaland) in 18l4);. The Prussian
Army was also known to have used a baloon at
Strasbourg, France as early as 2ith September 1870,

. The largest airforce of all time was the United States
Airforce (now the US Airforce, "USAF") which had
seventy-eighty thousand, nine hundred and eight (78,908)

aircraft as of July 1944 and two million, four hundred

and eleven thousand, two hundred and ninety-four
(2,411,24)y) personel in March 194l;. The US Airforce
including its Strategic Wing had five hundred and fifty
five thousand,-one hundred (555,100) personel and three
seven hundred (3,700) combat aircraft in mid 1980,

The U.3.5.R Airforce including Air Defence Forces had

in mid - 1980 one million and seventy thousand (1,070,000)
meh and five thousand, eight hundred and fifty (5,850)

combat aircraft., The strength of the Royal Airforce




was eiphty nine thousand, seven hundred and fourteen
al — ] - ) , P - - B M 4 4 :
(69,711) with combat aircraft in mid - 1980. Coming

r

Africa, Ggypt head twenty five thousand

o
o
cr
oy

(25,000) personel, south Africa, eight thousand,
five hundred (8,500) and Nigeria 5ix thousand as of
igures and those of other countries can

be seen on table I. Africa as a continent can now be

S ¢ have three races or peoples; the negros or
black race, the arabs and the whites, A look at
table II clearly shows that "Black" Africa of which

lizeria is often considered the giant, lags behind

£ the personel to the population is

considered This is a thing of great concern especially

ack man who has been oppressed through out

h OV e
Tl h therefore come for African's
asnecially blacks to reassert themselves bv dpv(_:]n ing
opcClally D1lacCXxs LU I'Eadoottl L ilillse L = ./3- = - _Dl 15
a sophisticated army, which would be able to defend

o~

thie territorial integrity of Africa and also protect

1620 'ORICAL D ! T OF 1[G AN ATIRFORCE
e = 2 ¥ ol x farn vy e WY = o~
[he 2rian Airforce (NAF) 1s the youngest of
I} £~ m i I ST A . ~ T - -~ |
theas i irms of the military i,e. army, navy and
s B> o e T+ £ I, e tarm A farecal wa :
airforce. It (ie the Nigerian Airforce) was established

41

by an fict of Parliament by the Government of the Late

T o p:‘}\_.!".', -3

cllc

wa in April 1964 and "the




Table I:= Iersonnel 3trength of arma2ds forces
of all African Countries

R A ".T:.TZ,ZEH;D!!H!LQIH!NG'HL B b

\.‘
O ’-q”ho e S S IR S M' '“).'” ~
JBountry . L Geesaas +..-=lltfom. e lrnyunmmnm-llﬂ ‘Milltary - "Tonl*“‘
Algerla Sy 5,000 '~ 87,000 100,000 3,800 10,000 185,800 . .
Angola 800 30,000 700 31,500
Benin - _ 160 2,100 2,100 3,250
lunmdl — %3 7000 +4..2,000 9,000
Cameroon m—»-rmm 16,600~ ety +20045++7,000 -~ 13,000
Blnlml Atrican llplu WA 100 - 1,100 ©¢1,400 - 2,600
Chad 4 abe 200 65,000 .., 8,000 11,200 .
Congo 4 300 6,500 200 2,000 0,000
:fhrrth 25% 300,000 - 600,000 20,000 . 50,000 0953000 o
.~ Ethiop ek 150,000, 500,784,000 157,500 """
R e seoi e ao,::"‘:m,}a.aso :
" Ghana % ,_.f.ﬁzw1 ,400 - 15,000 b ..4.300.& 3,000 +20,700 4
- Guinea T R 500 * 6,000 _:;-_;_*_',; it ~.'+8,000 13,850
Ivory Goast : 4500 i ‘250‘* 3,000 7,050
Kenya 6,500 . 400 1,800 9,500
T 5,220 21300 26,520 '
P -\1,-‘..4'500 22&0__»" e :., ~1,,2.7003 -»?_29 200!_.,.
e 9,550 250" 7,000 17,150 '

460 2,860
5,700 - 9,900
© 43004 6,000 13,450
4,000 30,000 114,650

19,000
1,800 3,850
3,500 232,500
44,000 109,550
1,200 4,950
250 1,600 7,550
- 2500 4,700

500 12,000 43500
5,500 125,000 345,000

600, * 3,500+ 55,600 -
.4«36.400 }?uoo 3
©1.400 3900
2500 9,000 31.200;
210007
7 £ s R AR #2130,000%: ﬁ*’ ”400 3o 33
KC? bla R ‘Ifraoqat‘??*"* IR *mof ».*s.mo“‘f
. - ramg f-"

Source: lISS: The me.ﬂa@apa rszmwa T TR A e AR G S




Table II:=- orsonnal Stre ; mipment of
slack, Arab an hit fric:
il o % )
AREA PERSONNEL| - . e PR e ity POP.
i . m
Elﬁafcl(A 780,200 314 597+ 237 279,832,000
A B 1,368,400 853 4,310 229 107,292,000
AFRICA | C
the Arab League
*excluding **excluding
Nigeria Africans




ities which

h responsibi

include:=
(2) To achieve a full compliment to the military

defence system of the Federal 7Jepublic of

both in the air and on the ground,

(b) To ensure fast versatile mobility of the

To provide close support for the ground forces

in all phases of operation and to ensure the

territorial integrity of a united Nigeria,

The first airforce base to be established in
Niseria was the Ground Training Group (G.T.G) base at

e in 1964, This was the brainchild of the German

4- = = B L 1 . . o o . 'O TR
t was invited to set up the base,

assistance group tha
Niserian Airforce bases therefore have their origin

from Cermany (ie the Federal Republic of Germany other-

= e i P F S (31 m i .
vise known as West Germany). he G.T.G base was

= . = e . S = = s S PR dieias
lesi as a mixed flying and nd training base.

iwccessive governments have continued to add to

the roles of the Nigerian Airforce, These roles include:-

(2) 0 defend the territorial integrity of Nigeria

[ 1\ A ot W - ' r I Yar r et o PO | } 1A

(b) 0 deter any tack by any nation and should
deterrence fail to bring any war to a conclusion
favourable to lNigeria to attaclkt the nation,

(c)' To provicde aié to civil power

10




(d) To aid the Organisation of African Unity (0. & 0);
the United Nations Organisation (U.N), the
sconomic Community of West African States
(ECOWAS) and support any other arrangement or
acreement that may be entered into from time
to time by the Federal Government of Nigeria,

Eecause of the nature of the functions to be
performed by the Nigerian Airforce, it has become
necessary to acquire sophisticated equipment and
weapons, The NAF is a highly technical service with
obvious bias for personnel who have a science or
technological background, It is on top of this academic
background in its personnel that military discipline
is incalcated into its men and women. There exist
 basically two category of personnel in the Nigerian

Airforce:-

(a) The commissioned officers

(b) The non-commissioned officers,

The Nigerian Airforce is therefore made of
enlightened personnel comparable to any airforce in

the world,

1.30 THI NIGERTAN AIRFORCE TODAY

« The Nigerian Airforce today ranks as one of the
safest not only in Africa but in the world., This is
due to the calibre of personnel it has as well as the
high level of training the personnel receive both at:

home and abroad. Although the lNizerian Airforce might

11



not have as many personnel as that df countries like
Usdelhey U.S.5.R., Britain, &gypt, lacist South Africa
(.3.4), ete, airforces of countries like Isreal
whose personnel are few in number have shown that the .
quality of the personnel is more important., This was
demonstrated by Isreal in the six days war with Egypt.
This however does not mean that a larre airforce is
more disadvantaged compared to a small one., A large
airforce with well trained personnel would of course
perform better and within a shorter time than a smaller
one with equally good personnel., hat however is
important is the quality of the personnel and not the
quantity,

According to the Nigerian Airforce Public Relation
Directorate, the present organisational structure of

the Nirerian Airforce is as detailed below:-

(a) ILADOUARTFRS OF THE NIGARIAM 'TRPCRCE (HA. NAF)

The Nigerian Airforce lHeadquarters (HQ NAF)
comprises four main staff branches:=- Operations,
Administraticn, Logistics and Inspection, Each
branch is headed by an Air Officer who is responsible
directly to the Chief ot Air 3tatt (C.A.S). The
Directorates ot Finance and Accounts (D.F.A) and the
NAK Tenders Board (NAFTB) also come under the C.A.S's

office,
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This branch is responsible for policies and

directives for daily operations as well as training

[

on land and air in the Nigerian Airforce, It comprises
the directorates of Operations, Training, Communication
and ilectronics, Plan, Intelligence, Air Traffic,

jiznals and Inspectorate of flegiment,

(c) il :DOUARTERS NAF ADMINISTRIATLICN STAFF BRANCH

This branch is the nerve centre of most of the

Ni erizn Airforce Administration and Personnel Matters.
s with the organisation of the NAF in
accordance with operational policy and requirements.

It is served by the following dir=ctorates:=-

Administration, Personnel, Air Police , :ducation,

Public telation and Information and lMedical Services,
b b r L] T 1 Ll 1 Y " TT
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This branch is responsible [or policies on
provisioning, procurement and maintenance of all

equipment and infrastructure in the NAF, Directorates

nder "e:= mngineering, Supply, Works and Armaments.

Wiillel e o =




(e) HiDOUARTZRS NAF INPICTICN STAFF BRANCH

The Inspection Branch is a new branch set up
to ensure standardization between formation and units
and To ensure proper maintenance of standards in the
service and to facilitate full time research into
problem areas in the service to avoid waste in human
and material resources, It is served by the directorates

of Mznuals, Inspections and Safety.

Apart from the above mentioned staff branches,
the Nigerian Airforce also has four commands and each
of thnezse commands is headed by an "Air Officer Commanding"
(A.0.C) who is an egquivalent of the army's "General
Officer Commanding" (G.0.C) and the navy's "Flag Officer
Commanding" (F.0.C)e The chain of command of the NAF

is shown in Fig 1. The four comuands are:-= The NAF

Pacticel Air Command (T.A.C) the NAF Training Command
(T.C), the NAF Logistics Command (L.C) and the recently
reatod NAF Military Airlift Command (I'"i.."‘x.C) . These

Commands have special Airforce bases under them, The

3

functions of these commands are discussed below.
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(a) MNAF TACTICAL AIR COMMAND (242)

This is a command established Tor the purpose of
centralisation of command with a view to providing
Joint operation doctrine for the use of the tactical
forces, Formations and units under it include the
jtrike Group, Air Transport Group, an Air Centre and

Advanced Yeapon 3chool,

(b) N F THAINING COMMAID (T.C)

This command is established for the purpose of
planiing and coordinating the administrative and
operational command of all training; activities in the
NAR, The training command consist of six (6) groups
namely:= three Flying 3chools each of group status,
the Technical Training Group, MHilitary Training Group

and the Base 3ervices Organisation (BSO).

(¢) NP LCGISTICS COMMAMND (L.7T)

The NAF Logistics Command has been established
to supply and maintain the material as well as
infrastructural facilities required for the accomplish-

ment of NAF assigned tasks, The logistics command

O

onsists of a command headguarters and four (L) depots
namely:=- two (2) Aircraft Maintenance Depots, a
Communications and Electronics Maintenance Depot and

an Iguipment Supply Depot. :
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(d) N.F MILITARY AIRLIFT COMMAND (M.A.C)

This is a new command created in May 1988 to
suppliment the Logistics Command in terms of airlifting
of the military, A full list of its functions are i
yet te be officially released, But it is worth noting
that iIls main preoccupation is mainly to airlift
personnel and equipment.

In addition to the abhove mentioned commands and
stafl branches, there are four (J;) additional formations
or units which are directly answerable to the head-
quarters of the Nigerian Airforce. These formations
are Lhe Pay and Accounting Group, the Personnel
Manapemrent Centre, the Aero Medical Centre and the
Airforce Military School.

At present there are about fourteen (1)) airforce
bases in Nigeria, These bases are directly under the
commands although specific airforce bzses are under
specific commands as has been clearly shown in Fig 1.
The bzses are manned by base commanders, These base
commanders are equivalents of brisade commanders that
are present in army cantonments and they are responsible
directly to the Air Officer Commanding (A.0.C) under
which their respective bases fall, They are usually

of «&he ranks of Wing Commander or Group Captain.,




i.i‘t";lé’iﬂk
and (orameades-
in - Chiet ug e

1
f\llf\{{ ([{¥at
4 »
A fordd?

|

Deteate
C\,u’l\;.f )
hias e B
Delence)
_I e ] e = — |
Chel of ;
'\nf $ uu’p v‘ i . z
AL v CREC Chef of
C) *'n {—; - — /*lr e " 7 T "’{l’ (L
2) C IS, Nawal STt
((GA —; e {kb} J - -
= ( (:(\(b/)
' [ p—
| | |
| |
A-0-C A-0C A0«
/'r L\ - S B o A0 C
(T4 (TC L) ===
(m AQ)
| |
~t- -l | —
Pas¥ Ras€ Base Base

Commandes _ Gummandec - Commandee B 6-“"““"9&(

1:= Chain of Command of the Nigerian Airforce

Fig

17




1.50 THE NAF AND CONTAINMENT OF <ATZRNAL THREAT

The role of the Nigerian Armed Forces to carry
out its task effectively is based on the weapons it

aquire and this is dependent to a large extent on

o
w

nation's perception of the likely threats to its

ot
e
-
(]

territorial integrity.

In view of the nations foreign relations which
puts Africa as the centre piece and pivotal point of
its foreign policy, coupled with its size and abundant

human and natural resources, countries bordering

Nigeria and within the sub-region tend to be suspicious

of her intentions. This has sometimes resulted in
minor border conflicts eg. Cameroun/Nigeria and on the
other hand some countries have intentionally provided
a base for clandestine operaztions for nations which
are considered enemies of this country. A very good
exzample is the recent South African presence in
Gquitorial Guinea which is less than an hour's flight
from Nigeria.

The issue here is that the foroign policy
objectives of Nigeria are dramatically opprosed to the
very existence of the Racist South African regime.

In view of our foreign policy obJjectives therefore,
there is & threat to internal destabilisation and

external agression,
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Air Vice Marshal A.D. Yahaya of the Nigerian
Airforce in a paper entitled:- "The NAF and the
Development of Air Power" sees three possible sources
of threat to Nigerian on the African continent,

These three sources are:- Our immediate neighbours,
South /Africa and North Africa. The reasons he

advances are as follows:=-

(a) "Our Immediate Neighbours

Nigerian is surrounded almost entirely
by Franco-phone countries, The Niger Republic
on the north, the Republic of the Camerouns
on the east, the Republic of BEenin on the
west and the Chad Republic to the north-east.
The military and economic strengsth of these
countries within the West African sub-region
could be generally described as weak, Never=
theless the weakness could pose a threat to
our national security becnuse they could be
used as bases to try and destabilise Nigeria,
some hostile military actions by the Republic
cf Camerouns, especially the killing of five
liigerian soldiers deserve special attention,
/1so worth mentioning, is the occupation of
some part of Sokoto State by soldiers from
the Republic of Benin some time in 1981,
Although these happenings might be of small
nature, they need to be given serious thought
to as possible threats that could lead to war.,

(b) South Africa

Nigeria's present foreign policy, which
m-kes Africe the centre piece, is a great
challenge to the political system of the Racist
nouth Africa (R.S.A) regime, Nigeria's
objective and total commitment to the
liberation of the black race =znd the promotion
ol equality of races is contrary to the R.S.A
recime, With this type of cold hostile
relationship existing between Nigeria and
Re3+A., the latter could wish that Nigeria
should not have existed on the map at all,
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and would look for any possible means to
either destabilise or humilate Nigeria.
Also an evaluation of R.353.A., military
strength would reveal that it is second
only to Egypt in the continent of Africa.
she also has a large military industrial
complex which manufactures a considerable .
proportion of her war needs. 35he spends
about seventy (70%) percent of her defence
eXxpenditure for the manufacture of her
defence needs since the United Nations
(U.N) partial arms embargo on her. All
these are of great threat to Nigeria and
lliperia must therefore develop a credible
deterrent force to ward off any aggression
from Racist South Africa.

(¢) North Africa

Another region of potential threat to
Nigeria is the activity of some North
African arab countries, Libya, for instance,
has been known to be sponsoring extreme
radical Islamic religious sects in a number
cf countries., GShould it do so in Nigeria,
it could undermine the hitherto relatively
peaceful religious atmosphere within the
country, Besides, the country's military
adventures in the Chad Republic constitutes
serious cause for concern, Nigeria there-
fore needs to watch Libya carefully,"

Having identified and analysed some of the likely
threats Nigeria faces which could undermine the
country's national interest and objectives, it becomes
imperalive that she adopts some measure of defence
strategy to counteract these threats, The Nigerian
Alrforce is assigned the responsibility of the defence
of the nation's airspace., To achieve this task the
airforce must be very effective in Tire power and weapons

delivery. In modern warfare, at least two services of

the armed forces are needed to successfully persecute

I
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a war., These services could either-hc the airforce and
the army or the airforce and the navy., Whichever way
one looks at, the airforce must be included., Airpower
therefore becomes of paramount importance in modern
wariare and for the airforce to be effective and in a
position to give the other two services adequate air

cover and support, it must possess the following

capabilities:-

(a) ostrike capability

(b) Air defence capability

(¢) Close air support and ground attack capability
(d) iir 1lift capability

(e) Laintain patrol capability
(1) ffective logistics backing
(g) Communication services,

Any weakness in any of these capabilities would
seriously affect the operational effectiveness of the
Higerian Airforce. A good look at these capabilities
is therefore necessary. These capabilities are there-

fore discussed briefly below:=-

(a) NAF STRIKE CAPABILITY

The strike element of the airforce is the main
offence force whose primary duty is deep penetration
of *‘enemy war making potentials. Therefore without a
good strike capability, the enemy could penetrate

Nizerial's air defence system and attack vital installa-

-




(b) NAF AIR DEFENCE CAPARILITY

The main purpose of any air defrnce is to detect
and destroy the enemy before he reaches his target, -
In a2 nztion's defence network, the three arms of the
armed forces and the civil aviation have roles to play.’
Here, Tthe airforce has more responsibilities, ard
therefore in most cases is responsible for the entire

development of the system.

(c) NAF CLOST SUPPORT AND GRCUND ATTACK CAPABTLITY

The amount of fire power that can be brought to
bear on the enemy in modern warfare, will be a
determnining factor for victory or defeat in the battle
field, Thus, in developing close support/ground
attack capability the airforce's main pre-occupation
is to be able to fight in close support of the army

and the navy in the battle field.

(d) NAF AIR TRANSPORT CAPABILITY

The ability of 2 nation to move its troops and
equipment within the shortest possible time enhances
the overall defence posture of the country, Further-
more, in warfare, victory or defeat would depend,
to a large extent, on the mobility of the forces and

the relevant logistics support.




(e) N/F MARITIME AIR CAPABILITY

4

It is a well known fact that a good part of

igzeria's foreign exchange earninos comes from off=-

N
shore oil exploration., She also has a coastline that .
is about eight hundred (800) kilometre long with an
extended coastal economy zone of about three hundred
and twenty (320) kilometres off-shore., At the moment
the Nigerien Navy (NN) is not in 2 position to
eflfectively patrol these areas so the airforces has

to supplement the efforts of the navy,

Yor any successful air operatiocn to take place,
there must be a sound and effective logistics backing,
such logzistics backing calls for sound planning in
ter’s of provision of well=-trained manpower, well
equirped maintenance facilities with corresponding
aero 2nd auto ground equipment, and adequate storage

facilitcies
aclll Se

() CONIMUMICATION STRVICES IM T NAF

In order to achieve a2 high desree of effectiveness
and preparedness, NAF must have a sound communication
L
system,
All the above discussed factors influence to a

grealt degree the ability of an airforce to perform,

[For an airforce to achieve its goals, it must possess




all these factors to a satisfactory level, 1In modern
warfare, no single arm of the armed forces can achieve
victory single handedly, At least two of them; the
airforce and the army or the airforce and the navy have
to o it together., The Nigerian Airforce therefore

has a vital role to play in the Nigerian defence system.,

1.60 AIRCRAFT IN USH BY THE MILITARY

Today, there are hundreds o’ different aircraft
in use by the different armed forces of the world, At
present the fastest combat aircraft in the world is
the UJCR MikoJjan MIG - 25 fighter (code named "the
bat") which moves at three thousand, three hundred and
ninety-five (3395 km/h) kilometres per hour., There are
also planes like the F - 16, F - 14, B - 1B bomber,

B - 720 Stratofortress strategic bomber, F - 111
fignter - bomber, the Mirage series, etc., All these
military aircraft are at present being used by air-
forces of different countries and also by the other
services,

Lt the moment, the Nigerian Airforce has a good
collection of aircraft although she hopes to purchase
more in the near future., 3ome of the aircraft in the
Niserian Airforce fleet include:=-

(1) MB 339

(ii) Jaguar

(iii) Alpha Jet

(iv) MIG 21
(v) Delfin L 29




(iv) C 130 H

(vii) Dornier 3ky servant

(viii) BO - 105 Helicopter

(ix) Chinook )
(%) L 39

These above mentioned aircraft vary from light
attack aircraft to transport aircraft to reconnaissance
and interceptor aircraft. In the near future, the
airforce would acquire new and better planes while
the outdated ones would be gradually phased out.
Despite its relatively young age, the Nigerian
Airforce has undergone a great metamophosis, It has
grown from a relatively small airforce with six or so
planes to a large one with about a hundred or more
plznes within a very short time, Its has also grown
from a formation of about 80 men in 1964 to over
10,000 today. DBases also have increased from the
orizinal one to about fourteen, These are clear
indications of a bright and positive future for the
Nigerian Airforce, It is a force to reckon with
because everyday it is growing Ifrom strength to
stren;th, Afterall to the airforceman, the sky is
no limit; it is the starting point., That is to say fer

the. Nigerian Airforce, there is no limit.
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CHAPTER TWO

2,00 THE TYPICAL AIRFORCE BASS

As has already been mentioned, the first airforce
base to be established in Nigeria, is the Ground
Training Group Airforce Base located in Kaduna, An
airforce base is a place from which the operational
activities of the force is conducted, The airforce
base a&lso provides for residential, administrative,
recreational, educational, health, work and training
activities of personnel of the Nigerien Airforce. It
is the equivalent of an army €antonment or a naval
base, The airforce base is thnerefore an all embracing
community patterned after the military way of life
to provide the airforce personnel with a place to work
and live in with his/her family., The different
activities that take place in a base have intrinsic
linkaes to one another ie. the residential, recreational
and other activities are linked to each other,

There are basically two main zones in a typical
airforce base namely; the Operational zone and the
Non~operational or Barracks zone. Their respective

components and functions are hereby discussed,




2,10 TH:i OPERATIONAL ZONE

+1

is the name implies, this is the zone where all
military operations relating to the flying and training
aspects of the airforce take place, 1t is therefore .
considered the nerve centre of the airforce base,
t is also a kind of military airport. Apart from
other differences that would be mentioned later on in
this chapter, the main difference between a civil

airport and a military airport or the operational zone

=

is that of security. The operational zone is
restricted and does not have commercizl passengers
whereas the civil airport has passengers and is open
to all, DMost of the facilities that are present in

caav- niional civil airports are also present in this

opnerational zone: These include

(i) Runways and taxiways

(ii) Aircraft shelters (hangars)

(iii) Parking aprons

(iv) Workshops

(v) Warehouses

(vi) Control tower a2nd administration block

(vii) Fire service station

(viii) TFuel depots, etc.

In addition to these facilities it, thingsjjke
bunkers for the commander, pilots and aircraft as well
as guard houses are present in a base, It is also worth

noting that the operational zone is fenced with high




rised barbed wire and in some cases with high walls,
The oprsrational zone is also clearly demarcated from

the barracks zone also with a high fence or wall,

2.20 TIIN RATRACKS ZONE

This 1s the part of the hase that houses the
personnel of the airforce that work in the hase and
their families. However, unlike the army where the
cantonmnent has geperate offices outside the barracks
zone for the commander and other oifficers, the barracks
zone in the base alsc houses the commander's office
and other major offices. This is due to the sentitive
nature of the operational zone, Visitors or ouisirders
who might want to transact business with the airforce
are rnot allowed into the operalional zone and hence all
theilr business transactions can be done in the offices
in the barracks. Apart from the offices, all the other
weliare facilities are provided in this zone, The
barracks is also surrounded by high barbed wire fence
and is alsc clearly demarcated from the operational
zone, One point to note in the housing sector is that
four main zones exist. These are:- The officers
quarters, the senior non-commissiocnal officers quarters,
tha Junior non-commissional officers quarters and the
trainse quarters, The officers quarters is further

zoned into senior, intsrmediate and Jjunior officers,

»
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basically the units that exist in the barracks

Z0ne dre;=-

(a) The quarters for the officers and men
(b) The base commander's and other offices
(c) WVelfare offices and facilities

(d) Messes for the officers' and men

(e) Sports and other recreational facilities
(£f) iteligious buildings (ie liosques and Churches)
(2) Schools

(h) Medical Reception Stetion (M.R.S)

(i) Parade ground

(3) Mammy market

(k) Super market

(1) Motor maintenance workshop

(m) Warehouses

(n) Guardhouses,

/111 these functions however have links which are
quite strong and influence the planning of the base
to a [reat extent, The barracks zone is usually
planned in the grid-iron style to potray the orderly
nature of the military and also to ensure fast and
versatile movement of the military personnel in event
of any outbreak of war or any civil unrest. The
personnel therefore have to be houszed in an atmosphere

hat is conducive to them,
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2.30 TYI 3 OF BASES

There are basically three types of airforce bases
namely:=- Ground training base, Flight training base
and liixed ground/flight training base. These bases
thoush different in nature have a few things in commong
runways for military aircraft. All base types also
provide for residential, work and training, administra-
tion, recreation and other uses, 1In a case where a
barraclts or non-cperational zone does not exist in a
base, it is usually referred to as a Nigerian Airforce
Station.

The three types of bases are briefly discussed

below to give an insight to what the set-up looks like.

(a) GROUND TRAINING BASE

This is the type of base where the training of
ground officers is conducted, These officers are
usually the personnel of the Nigerian Airforce who do
not make it in the flying sector of the force or for

university graduates or university cadets.

(t) FLIGHT TRAINING BAST

Like the name implies, this is the base where
the flying is done., This is where the pilots and other
f1li'ht related training and other fli ht operations
are decne, The personnel in the flight training base
are mainly pilots and here hangars, control towers,

etc are present,




(¢) MIXED FLIGHT TRAINTNG/GROUND

This is the kind of base where both ground
training, and flight operations are done, It is a
kind of synthesis between the flight training and

ground training base.

2,40 FACTORS THAT INFLUENCE TS SITING OF AIRFORCE BASES

s has already been said, the Nigerian Airforce
is assigned the responsibility of the defence of the
nations airspace, To do this the airforce has to have
places from which to perform this function, These
places are the ones we refer to 2s either bases or
stations., However, in order to site an airforce base
or station at a place, many facters have to be taken
into consideration and these factors that influece the

siting range from one reason to another., These include:=-

(a) The geographical location of the area and the
source or sources of threat 1o the nation
around these areas, For this very important
reason, most bases are sited in states that
border other countries not only in Nigeria but
the world over.

(b) The importance of economic installations that
may be present in the location, These
cconomic installations could be industries,

dams, etc on which the nation depends to a
rreat extent,

(¢c)’ They could also be sited in certain location
for political reasons by the overnment and
these political reasons vary from government to
government.,

AN |
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(d) A base can also be sited in an area to
supplement and give aid to civil power ie to
support a civil government or to support
civil aviation operations and to link remote
areas,

(e) .4n airforce base can also be sited in place
due to the presence of certain infrastruc-
ture present eg. an airport that has been
put out of use due to the building of a new
airport. The airforce in such cases would
take over or acquire such a project since it
would to a certain extent lie fallow or idle.

(f) An airforce base normally has to be sited
in the capital city of the country in order
to defend the seat of government,

(g) Bases can be sited in a particular place for
security reasons in order to forestall
disturbances or to supplement either the
army or navy's function,

2,50 HMILITARY PLANNING - THZ AIRFORC™ EXPERIENCE

Planning for the military especially the Nigerian
Alrforce poses quite a big challenge to the planner
or designer who might not be familiar with the military
way of life ie ethics and rules and regulations
governing their life. Planning of airforce bases
also differs from that of the army or navy because,
while & cantonment for the army or a naval base
can just be built anywhere, an airforce base has to
be located within the vicinity of either a civil
airport or a2 military airport. This might pose
provlems for the planner who has to consider amongst
other things the effects of fast and noisy aircrafts,

on adJjacent buildings and people,
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Another problem the planner/designer is faced
with 1s that of planning two major zones - the
operational zone and the barracks zone =~ both of
waich require expertise and a lot of analysis, Due ~
to the sensitive nature of matters relating to the
military, there has not been much documsntation in
resneet of planning in the airforce and the little
data that exists about it is normally limited and
restricted in circulation,

The first Nigerian Airfdrce Base was designed
in 126 by members of a spocial tzgk force of the
Gorman lirforce and this base was designed for mixed

lyin/rround training, After ths Nirerian Civil War

[

in 1970, ancther task force, this time of the young
Nigerian Airforce were given the tzsk of designing
planring: the first indeginous full fledged military
base, After that the Nigerian Airforce started to
aquire 0ld airports from the Nigerian Airports Authority
who nod started to move to new airports, e.g. Kaduna.
However, since these airports were not originally
desirned as airforce bases, certain problems emerged
that were bound to hamper the effective functioning
Of the base., Thers came the problem of either under-
utilization or over-utilization of certain facilities,
utilities and services or the spatial location of

non=-conforming land-uses. It was also discovered




that the residential area or barracks zone was unable
to cater for all personnel working or training in the
base, <This further necessitated the aquisition of
houzes for servicing personnel in civilian urban areas,
This subsequently led to the problem of transportation

such personnel from their homes to and from their

<
Y

nc:s of work or training., Furthermore, the provision
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tr=ining, educational and recreaticnal facilities
wers srossly inadequate,

Due to this fact the Nigerian firforce decided
to accomire land in some parts »nd to bulld full
flzd»d bases which are supposad 1o be self sufficient
in taric of Infrastructure., As already mentioned

onrlici the sirforce bass can he divided into two

() The oporational zone

(b) The barracks zone

rtioough these zones have oen divcussed before,
a more comprehensive assessmant as regards planning

in ti- sirforce is discuss2d below,

(2) The Operational Zone

~+This is the part of the base which serves the

«

same functions as an airport only that it does not

serve commercial purposes., It iz also here that
pilots are frained, It consists of runways, taxiways,

rpeartiing aprons, alrcraft shelters/hangers, warehouses,



control tower’fire service, fuel supplying. In a
nutshell it is a military airport restricted to
military activities.

It can be seen here that in order to design this
zone, & very good knowledge of airport design
requirements as well as the military way of life is
very essential, In order to be able to design this
zone a good knowledge of the types of aircraft to be
used is essential., You must also understand the
airport master-plan, airport requirements, airport
site selection, land-use planning, environmental study,
ground access, vehicle parking, economic and financial
feasibility, obstruction clearance requirements,
evaluation of noise, airport runway configuration,
etc. Aspects such as wind direction and airport
drainage are also very essential, Since this
operational zone is also a military zone, it should
be well shielded from the enemy. This can be done
with the help of good camouflage, e.g., trees. Also
only one access into the base should be allowed and
very high barbed wire fences should be used to surround
the entire site and also the same barbed wire should
be used to clearly demarcate the operational zone

from the barracks.
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(b) The Barracks Zone

This is the part of the base that houses the
officers and members of the base. Apart from the
housing scheme, it also contains messes for the
officers and men, the medical centre, schools, sports
and recreational facilities, religious buildings,
super-markets/mammy markets, etc, It is interesting
to note also that unlike in the other cases, i,e.,
army and navy, the commander's office, parade ground,
etc. are located within the barracks,

One other interesting point is that there are

four main housing zones in the barracks. These are:

- Officers quarters

i1, Senior non-commissioned officer (N.C.O)
(sgt. and above)

iii, Junior non-commissioned officer (Corporals
and below)

iv, Trainee quarters.

Usually the officers live in three bedroom
bungalows, Senior non-commissioned officers in two
bedroom, Jjunior non-commissioned officers in one
bedroom and trainees in single row buildings.

Individual officers' dwelling unit is directly connected
with the main residential sheet. However, the
circulation is usually peripheral ‘to the corporal and

below residential schemes. Residential area planning




in airforce bases refers to the planning of a housing
environment that is technically sound, environmentally
healthy, professionally adequate and functional,
efficient and effective to the attainment or achievement
of their military roles. The whole concept of military
residential area is to achieve despatch in the out-
break of eventualities., In other words, residential
area in military cantonment should be concise, adhering
very rigidly to the grid iron pattern of circulation
system, lLandscaping should serve first as camouflage
and as a cover to structure on ground, The concept of
specialized residential planning in the airforce is
to achieve a distinct self sufficient, healthy living
environment, provided by government, effectively and
efficiently linked with the eivilian urban area, but
separated and segregated as a unit, and interably by
rank,

It would be seen from all that has been discussed
that the overall design/plan of an airforce base
should be aggressive, rigid, massive yet at the same
time neat and orderly., It is for this reason that
the bases usually conform with gridded or modular
designs, This does not mean however, that irregular
or pon-modular plans cannot or have not been used,
However, due to its practicality and simplicity, most
military plans for either cantonments, naval bases or
airforce bases or stations adhere strictly to this

orderly method of planning,




However, as time goes by, more and more practical
concepts and ideas would begin to emerge. Concepts
like that of the Japanese, i.e. Metabolism should be
tried out in military planning on a large scale as
would be attempted in this thesis. This is because
the pgrowth of the airforce is continous and so the
base should be able to grow systematically, Planning
for the military as regards their housing is often
referred to as specialised housing and the planners
should thus, have good knowledge of the military way
of life, This is necessary if Jjustice is to be done
to planning for them. The most important fact to note
in this case is the hierachy and segregation in the
armed forces, Officers and men are zoned according
to rank and this can be seen clearly in all military

barracks.

2.00 DIFFERENCES BETWEEN MILITARY AND CIVIL

AIRPORT AND AIRCRAFT

An airport whether for civil or military functions
remains or is basically an airport., They differ
however is a number of ways and so do the aircraft,

The main difference between an airforce base or

station and a civil airport is that of their modes
of'opnrnLjon. The civil airport is used for commercial
purposes and is open to all whereas that of the

military is restricted and it performs mainly military

functions,




The civil airports also place a lot of emphasis
on the terminal building which is supposed to be a
kind of transit zone for the passengers whereas in the
military it is de-emphasised due to the absence of
commercial passengers,

A lot of emphasis is placed on the provision of
bunkers (ie underground shelter) for airforce bases
due to their nature of operations in addition to
hangers but in most commercial airports these are de-
emphasised and it is only in rare cases that hangers
are even provided,

Military aircraft travelat much higher speeds
than normal aircraft and hence they are a source of
very high noise pollution compared to the civil aircraft
and therefore normally require longer runways than
those of civil airports.

Military airports also are placed very far out
of town mainly due to security reasons and also because
of the noise problem but civil airports are usually
located a bit out of town but at a reasonable distance
so that it is easily accessible by very good trans-
portation system,

There are also very many installations of military
importance in bases that are not at all available in
local airports. These range from plane bunkers to

pilot bunkerssetc,
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By and large, the most important difference
between airports and airforce bases is that apart
from the security aspect of airforce bases which
borders on its inaccessible nature to outsiders, the
airforce base or military airport is an airport with~
out passengers ie it does not serve commercial purposes.
The bases also provide housing units for their personnel
and this is hardly found in airports,

In the case of the aircraft, military aircraft,
except for the transport planes, usually have no extra
seats for passengers except for the pilot and co-pilot
whereas most civil aircraft are commercially oriented
and hence have room for many passengers.,

Civil aircraft are also more bulky in nature e.g
the DC 10, Boeing 747, etc whereas military sircraft
like the F-16, the Mirage 200, Jaguar, Mig 21, etc
are slick and small in nature, Military aircraft also
have the tendencies to land even in the worst of places,
This is due to their ruggedness, They are usually
also fitted with armamenis guych as missiles, bombs,
etc, things not found in civil aircraft,

These factors therefore make the mode of operation
of the two types of airports different, It is easier
for, a military aircraft to adapt to worse conditions
than for civil aircraft. While any military aircraft
can just land anywhere even on a dirt road, a DC 10
would find it impossible., This is like has been said

befere, due to the ruggedness of the military aircraft,
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CHAPTER THREE

3.00 ATRPORT PLANNING

The operational zonéﬁin other words the air-
station (or airdrome) as has already been mentioned
could be considered as a military airport differing
from a conventional airport mainly because of the lack
of passengers, Apart from the security aspect of the
operational zone and other already mentioned factors,
this zone generally could be seen as an airport.
Because of this reason, most if not all factors that
influence the design and planning of airports have to
be taken into consideration when designing an airforce
base operational zone.

Airport planning in itself is such a complex
process that inadequate analysis of activities without
regard to one another would not provide the desired
results, The activities that take place in an airport
are interdependent to each other yet they are of a
wide range with different and often conflicting
requirements, Activities related to the ®airport
sysiem" can be already seen in fig 2. There are
basically two sides as can be seen := The
"airside" and the "landside", It is important and
worthy to note that whereas in the conventional

airport the terminal building plays a vital role, it
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is normally not required in an 8irforce base, This
is5 due to the fact that the operational zone is
normally an airport with no passengersnnd the terminal
building plays a very important part in that it is

the major public - use facility inside the airport

and includes the passenger-handling system, the
baggage-handling facilities and airline and airport
operations facilities, Airports are at present
classified on the basis of their runway length, Based

on this, we have the five types of airports namely:-

(a) International airports

These are airports whose runway length are

4,000m (13,000 ft) or morg

(b) Principal domestic airports

These type of airports have lenpths equal to
or greater than 3,500m (11,500ft) but less than

L43000m (13,000 ft).

(c) Domestic airports

Domestic airports are airports who$e runway
lengths are about 3, 000m (10,000ft )} or more but
which are less than 3,500m (11,500ft).

(d) Local airports

These airportshmve runways ol about 2,200m
(7,000ft) long or uere but which are less than 3,000m

(10,000ft) and

Ny




(e) 3Jecondary airports

These type of airports have runway lengths of
about 1,500m (5,000ft).

““hen planning an airport, many factors ranging
from airport site selection to evaluation of noise
to aircraft characteristics related to design, etc
have to be taken into consideration, These factors

are discussed fully below,

3.10 THE ATRPORT MASTER=PLAN

Robert Horonjeff defines an "Airport Master-Plan"
as "a concept of the ultimate development of an
airport", The term development includes the entire
airport area, both for aviation and non-aviation
purposes or uses, and use of land adjacent to the

airport, Horonjeff goes on to say that

"The overall obJjectives of the airport
masterplan is to provide guidelines for future
development which will satisfy aviation

demand and be compatible with the environment,
community development, and other modes of
transportation, More specifically, it is a
guide for (a) developing physical facilities
of an airport, (b) developing land in and
adjacent to the airport, (c) determining the
environmental effects of airport construction
and operation, (d) establishing access require-
ments, (e) establishing the economic and
financial feasibility of proposed developments,
and (f) establishing a schedule of priorities
and phasing for the improvements proposed in the
plan,"




The masterplan, is a compromise among many
diverse physical and non-physical requirements, The
content of a masterplan varies but it usually includes
forecast of demand, development of alternative
solutions to reasonably satisfied forecasted demands,
determination of cost-effectiveness of alternative
solutions, financial feasibility and environmental

impact of alternative solutions,

It has been suggested that when the masterplan
is being drawn up, interested parties (ie private
citizens, community organisations, airport users, etc)
should be brought in early in the development of the

plan and given access to all relevant information.

3.20 AIRPORT REQUIREMENTS

Some basic requirements have to be highlited if
a good airport masterplan/design is to be effective.
These requirements include:- initial inventory, reliable
forecasts, analysis of capacity and delay, facility
requirements and environmental impact, These factors

or requirements are discussed briefly below.

(a) Inventory:=-

This is the initial phase in the preparation of
the ‘masterplan and it involves the collection of data
éh existing airport facilities and also the collection

of socio economic data (ie population, economic

L




activity, land use, etc) for the region or zone the
airport is supposed to serve., Analysis of the financing
available to help in airport improvements and main-
tenance is also necessary for the development of a

financial plan,
(b) Forecasts:-

An airport masterplan is usually developed based
on initial forecasts, It is based on these forecasts
that various facilities of the airport can be established.,
Forecasls are usually required for short, intermediate
and long terms planning and it is worthy knowing that
the longer the forecast terms, the less accurate,
There is no easy way of forecasting because too many

factors have to be considered,
(c) Analysis of capacity and delay:=-

Capacity could be defined as "the number of
aircraft operations during a specified interval of
time corresponding to a tolerable level of average
delay" or as "the maximum number of aircraft operations
that an airfield can accommodate during a specified
interval of time when there is a continuous demand
for service,"

The determination of capacity and delay of
alternative schemes for the improvement of an existing

airport or the development of a new one is an essential




step in master planning., There are many factors that
however, influence the capacity of an airfield, but in
general the capacity depends on the configuration of
the airport or airfield, the environment in which the
aircraft operate, and the availability of navigational
and control facilities., The standard factors according
to Horonjeff are about fourteen in number and they

all in one way or another could be classified under

one of the three already mentioned factors. However,

a brief run down of the factors would not be out of

place, These factor are:-

(a) The configuration of the runways, namely
number, spacing and orientation,

(b) The configuration and number of taxways.

(¢) The arrangement, size and number of gates

(d) For mixed operations (eg, landings and takeoffs),
occupancy time on the runway

(e) The various sizes of aircraft using the
facility,

(f) Wealther, particularly visibility, since
the air traffic rules in good visibility are different
than in bad visibility.

(g) Wind conditions vary preclude the use of all
avallable runway.

(h) Noise abatement procedures vary limit the
type of operations (eg, landings, takeoffs) on the

available runways.




(i) Within the constfaihts of wind and noise
abatement, the way the controllers choose to operate
the runways (eg arrivals only mixed operations, etc),
This is refered to as strategy.

(3} The number of arrivals relative to the number
of departures.,

(k) Wwake vortices. Air traffic rules require

the seperation when a light aircraft follows a
heavy alircraft be lorger then when & heavy.folloﬁé a lipght.

(1) Aids to navigetion such as the availability
of IL:s3, VUi, DM and radar

(m) The availability of airspace for establishing
arrival and departure roeutes

{n) The nature and extenlt of the traffic control

facilities (eg tower, approach and departure contreol),

The first four items pertéin to airfield configu-
ration, the middle seven to the environment in which
the aircraft operate and the last three indicate the
availability of air to navigation and airtraffic control
facilities, | |

Thé most significant factor which affects runway
capacity is spacing between successive aircraflt, The
spacing in turn is dependent on appropriate air traffic
rule§. The air traffic rules are dependant on weather

and aireraft size,.

hﬂ




(d) Facility Requirements:~-

The requirements for such things as the runways,
taxiways, aprons etc are developed by analysing the
demand and capacity and from geometiric and other
standard governing the design of airport components,
This would give the number of required functions eg
runways, taxiways, etc, Having found out these facts,
it helps the designer/planner in his task of approxima-

ting the form and overall expansion of the airport,
(e) Environmental Impact:-

The emphasis on preservation of the environment
requires ithe airport planner to spend time on this
subject and to alsc consult other specialists who have

an wnderstanding of envirconmental problems.

3,30 AJIRPORT SITE SELKCTION

When the selection of a suitable site for a new
airport has been made, certain criteria which would
serve as a guide in the determination of its proper
size and location must be established., The location
or siting of an airport is usually influenceéd by nine
factors namely:- type of development of the surrounding
area, atmospheric conditions, accessibility to ground
transport, availability of land for expansion, presence
of oéher airports in the general area, surrounding
obstruction, economy of construction, availability of

utilities and proximity to aeronautical demand, These
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factors are taken one after the other in order to fully

grasp them,

(a) Type of development of the surrounding area.

This is an important factor because with the arrival
and departure of aircraft every now and then, the noise
would be a great source of disturbance to the airports
neighbours, It is for this reason that sites which
offers the closest compatibility with airport activities
should be given priority. Proximity to schools and
residential areas should however be avoided whenever
possible except in a case where the resident make up
the staff of the airport (eg Airforce Bases), It is
desirable to provide a buffer zone -between the runways;
‘taxiways, aprons, etc, and the boundaries of the airport
property, in order that nuisances created by activities

of the airport be at least partially attenuated,
(b) Atmospheric Condition,

This has to do with the normal weather conditions,
The presence of haze or smoke or duststorms affect  the
visibility and thereby has the effect of lowering
possible number of flights to the airport or airfield,
The presence of smoke and haze can be mostly noticed

within the vicinity of large industrial layouts.

(¢) Accessibility to ground Transport,

This is most important for conventional airports
whose passengers have to move, In the case of the

Military or Airforce Bases however, this could be a



a disadvantage., The haze should be as far away from

the urban areas as possible. In the case of the
conventional airports however, a good transportation
network with the urban setting is imrortant, This is
because transit time from tne pz:sseniers. peint of departure

to the o:igin is a matter of major concern,
(d) Availability of Land for expansion.

In a field so dynamic as aviation, it is necessary
to aquire a land in advance that would be sufficient to
accommodate any future expansion projects that might
become necessary by the airport., This is because as
the size of aircraft and volume of traffic continues to
increase, runways would have to be lengthened and widened,
terminal facilities expanded and additional support

facilities provided,

(e) Presence of other airports in the general area,
When another airport exists in the general area,
the new one should be located at a sufficient distance
from the old one or existing one so as to prevent
aircraft which are manouvering for a landing at one
airport from interfering with the movement of aircraft
at the other airport of the two airports which might
be lpcated too close to each other pose some problems
in that they can hinder the smooth operation of each
other to the extent that the two airport will have no

more capacity during IFR weathor within a single airport.




(f) Surrounding obstructions,

The sites to be used for airport should be so
selected that approaches necessary for the ultimate
development of the site are free of obstructions or
can be cleared if obstructions exist, Measures should
also be taken to safeguard against erecting future
obstructions especially in airport turning zones and
in line with the runways. Clear zones are required
at the ends of runways and are supposed to be provided
by the airport operators (eg the Nijerian Airports
Authority N.A.A, the Nigerian Airforce, etc). Runway
clear zones are areas comprising the innermost portions
of the runway approach areas, The dimensions of the
clear zones are shown in Fig 3. Provision of adequate
approaches very near the ends of runways is essential

in the interest of safety althoupgh difficult to maintain,

ik d

(g) Fconomy of Construction,

In a case where a number of sites of equally
satisfactory area are available, the site which is more
economical to construction should be used, A dry flat
site is usually more economical to develop than a damp
irreul: r one, In such a case, therefore, the flat dry
site is more suitable,

(h) Availability of Utilities.

The provision of such utilities like water,
electricity supply, and other related things should be

given thought when siting an airport. This is because



- Port TT approoch greo
__d_._.._--'—"_'_-r ”'._.
=T
o —
Runway
VIS, - L
E:..'..’.._..ﬂ x ®
| - { -

J 200 | e

/| .

Runway
= -
clear rone

Categorv®

wpsron ansirignent
Nomprecmaon instrument for larger than utility with visibility
mirnmins as low as 3/4 o
Mompecsaon inarranvent for lagger than atility with visibality
e greater 1l LI BT
Visual approach lor barger than unlity
Nimpeevision approach for atility

. Visual approach utliny

soipey - Feder) Aviation Adommistratumn

1,000
1,000)
500

501
§00)

250

Iy 11

1,750 2,500
1,510 1,700

1,000 1,700

700 (R
KK 1,006
450 1,00%}

* For description of categories see heading " Obstruction Clearance Requirements ™ in this

chapter
I Laength of clear zome v determined by distance required 1o reach a height of 50 [t for the

appropriate approach surface

3:= Dimensions of runway clear zones




most of those things like aircraft fuel have to be
transported, Others like electricity and water have
to be connected from the mains and this should be done
as economically as possible., One other important
factor is the disposal of waste, It is therefore
necessary to have a sewage disposal plant within the
vicinity,

(i) Proximity to Aeronautical Demand,

Another important factor to be taken into considera-
tion is the selection of a site that would result to
the shortest ground access time possible, It should
be located where there is demand for air travel,

It is worth mentioning that one of the major
factors that influence the size of an airport is the
performance characteristics and size of aircraft
expected to use the airport, Others are the anticipated
volume of traffic, the meteorological conditions (wind
and temperature) and the elevation of the site., The
performance charateristics of aircraft are the principal
factors that determine the length and thickness of

runways,

3.40 LAND=USE PLANNING

«It is necessary to have a land-use plan for property
or functions both within and outside the airport boundary.
This is an essential part of the airport masterplan,

The airport land-use plan encompasses such diverse




factors as projection of the extent of aircraft wise
that will be generated by airport operations in the
future to the coordination of the areawide comprehensive
planning program with the obJjectives, policies, and
program for the area which the airport is to serve,
Although zoning is used as a method for controlling
land-use adjacent to an airport, it is not effeclive

in areas which are already built-up because it is not
retroactive, Airport generally are involved in two
types of zoning.

Une type is the height and hazard zoning, which is
mainly to protect the approaches to the airport from
obstructions, This involves buildings and trees
mainly within the vicinity of the airport complex.

Base on these we have high, medium and low obstructions
and normally certain standards are provided to aid

the planning. The zoning is such that as one approaches
the airfield or airport from the air, the obstructions
decrease from high used structures from a very far
distance to very low eg grass and shrubs when one is
within the vicinity of the airport.

The other type of zoning is that based on the
functions within the airport. These functions can be
catprorised as either those closely related to aviation
and those remotely related to aviation., Those closely

related to aviation use include the runways, taxiways,

aprons, terminal buildings, parking, and maintenance




facilities, Non-aviation uses include space for
recreation, industrial, commercial and residential
activities., Care must be taken to ensure that these
activities do not interfere with the aircraft operations.
The principal objective of the land-use plan for
areas outside the airport boundary is to minimize the
disturbing effects of noise, The delineation of noise
contours as would be seen in due course is a promising
approach for the establishment ofroise=sgensitive areas
and this helps in defining areas which are or are not
suitable for such function as residential, light
industrial, commercial, or recreational activities,
The land=use plan provided will greatly influence and
assist the governing bodies in their task of establishing

a very comprehensive land-use zoning,

3,50 NVIRONMENTAL STUDY

This is an important factor that should be considered
when either developing a new airport or expanding an
existing one, The major problem that is usually
considered in this study is the aircraft noise. A
effective means of reducing rrnise is through proper
planning of landuse for areas adjacent to the airport.
Other important factors of environmental importance

include air and water pollution, industrial waste and

domestic sewage originating at the airport and the

disturbance of natural environmental values., The study




must include how water and atmospheric pollution are
to be overcome. 1In the course of preparation of an
environmental study statement, most government require

that the findings include the following items:=-

(a) The environmental impact of the proposal development

(b) Any adverse environmental effects which cannot be
avoided should the development be implemented,

(c) Alternatives to the proposed development,

(d) The relationship between local short-term uses
of man's environment and the maintenance and
enhancement of long term productivity,

(e) /iny irmmeversible environmental and irretrievable
comuitments of resources which would be invelved
in the proposed development should it be implemented.

(f) Growthe=inducing impact

(g) Migitation measures to minimize impact.

The preparation of an environmental impact state-
ment is an extremely important part of the airport
planning process and so unless it is comprehensive,

the entire airport development may be in Jjeopardy.

3.51 GROUND ACCESS AND VEHICLE PARKING

In comnmercial airports, these factors have to be
taken up seriously. Access to airports is a necessity
not only for passengers but also for the other users
of the airport such as employees, visitors, business

organisations, etc, It is therefore necessary to




consider all modes of access, The circulation of
traffic in an airport should generally be one-way
and counter-clockwise,

The provision of adequate automobile parking is
also essential in the case of the airports that are
used for commercial purposes mainly due to the large
number of passengers that use them, This is because
despite Lhe number of measures being taken to ensure
sound transportation to the airports eg tubes and
buses, a good number of passengers would continue to
make use of private vehicles, Facilities required
to satisfy automobile parking demand for major airports
have srown to magnitude that they have become a
dominant consideration in the planning of an airport.
Parking at an airport must be provided for:-

(a) Airline Passengers, (b) Visitors accompanying
passengers, (c¢) Spectators, (d) People employed at

the airport, (e) Rentals and (f) People having business
with the airport tenants,

Various parking systems have been used and Fig 4
shows some of the parking systems that are in common

use, They vary from airport to airport,

3.52 #CUNUMIC AND FINANCIAL FEASIBLLITY AND
OBLSTRUCTION CLZEARANC!S L2 )WIRKMISNTS

The economic and financial feasibility of
alternative plans for either a new airport or for

the expansion of an old one is very important and a
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clear understanding must be demostrated by the planner.
The rogerve penerating capacity of the airport must
be determined for such stage of development scheduled
in the master-plan, The economic criteria used in
evaluating an aviation investment is the total cost
of facilities, including quantifiable social costs,
compared with the value of increased effectiveness
measured in terms of total benifits, In the design,
however, of an military airfield, since it is not a
comuercial venture, usually only the [inancial
feasibility at the initial planning stage is actually
considered,

Ay objeet. that protrudesalong the imaginary surface
within the vicinity of an airfi:ld i8 considered as
obstriciion to air navipgation,

Ubstruction clearance requirements adjacent
to airports are contained in the Federal Aviation
Requirements (FAR) part 77 (Ref 7) and also in Part 4
of the International Civil Aviation Organisation
(ICAU) Annex 1lj. These texts are hereby provided

below,

AR Yart 77

In part 77 airports are classified as shown in
Fir 5, "Visual runway" means a runway intended solely
for the operation of aircraft using visual approach

procedures, A "utility runway" means a runway that

A1
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is constructed for and intended to be used by
propeller=driven aircraft weighing 12,5001b or less.
A "non-precussion instrument runway" means a runway
having an instrument approach procedure with only
horizontal guidance or area-type navigation equipment.
A "precision instrument runway!" means a runway having
an exislting instrument approach procedure utilizing
an instrument landing system (1L.3) or preeision
approach radar (PAR),

In order to determine whether an object is an
obstruction to air navigation or not, several
imasinary surfaces are established with relation to

the airport and to each runway.

The size of the imaginary surfaces depend
on e ¢ tegory of each runway (e;, utility) 2nd on
the Lype of approach planned for the runwny(ﬂr visual,
non-precision instrument, precision instrument).
The principal imaginary surfaces are shown in
FPig 6 and are described as below:-
(a) Primary Surface:-
surface longitudinally centred on a runway is
called a "primary surface", When the runway is paved
thae primary surface extends 200ft beyond each end of

thie runway.
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(b) Horizontal Surface:=-

This is a horizontal plane 150ft above the
established airport elevation, the perimeter of which
is constructed by surveying airs of specified radii
from the center of each end of the primary surface
of each runway and connecting the adjacent arcs of

lines tongential to those ares,
(¢) Conical Surface:-

A surface extending outward and upward from the
periphery of the horizontal surface at a slope of
20 to 1 for a horizontal distance of l},000ft is known

as a "conical surface",

(¢) Approach 3urface:=

4 surface longitudinally centred on the extended
runway centreline and extending outward and upward
from each end of the primary surface is called an
"approach surface", [t is applied to each end of a
runway based on the type of available or planned

approach,

(e) Transitional Surface:-

These surfaces extend outward and upward at right
angles to the runway centreline plus the runway centre-
line extended at a slope of 7 to 1 from the sides of
the primary surface and from the sides of the approach
surfaces, Dimensions of several imaginary surfaces

are shown in table II1I,



nsions

Table 1I1:= Imaginary surface di
37

1
FR Part 77 (In F2et)

Visual Nonprecision Precision
runway® instrument runway | [instrument runway
ltem
B
A n A —
o 1
Width of primary surface
and approach surface at
innerend ... ... .00 250 SiK) 500 500 [ 1,000 1,006
Radius of horizontal sur-
face R T . 5,000 | 5,000 | 5,000 | 10,000 | 10,000 10,000
Approach surface width at
outerend . ............ | L2500 1,500 | 2000 | 3,500 | 4.000 16,000
Approach surface length 5,000 | 5,000 | 5,000 [ 10,000 | 10,000 50,0001
Approach slope ... ..... | 20:1 | 20:1 | 20:1 4 340 50:1%

sovRcE: Refl. 7.

* A utility runways; B — runways larger than utility,

tC -~ visibility minimum greater than § mi; 12— visibility minimums as low as § mi.
I Inner length, 10000 ft; outer length, 40,000 ft.

§ Inner length, 50:1; outer length 40:1.

Conical surface

Runway category horizontal distance ({t)
A T.ANN)
B 7.000)
[ 5,000
D 3,600
E 2,300

" * The center of the circle is the geographie center of the airport,




ICAO innex 14

The ICAO requirements are similar to that of FAR
part 77 with the following exceptions, The ICAO
specifies dimensions for each category of runway coded
AyB,C,D, and 5, The meaning of these codes are shown
clearly in Table IV, The approach surface defined
in Part 77 is for both arriving and departing aircraft.
The ICAO separates arrivals and specifies dimensions
for approach surfaces for arrivals and "take-off climb
surfaces" for departures, The horizontal surface
specified by ICAO is a circle whose center is at the
"airport reference point", whereas in Part 77 it is
not a circle, The height of this surface is 150ft
above the airport elevation, the same as in Part 77.

In part 77 the conical surface extends horizontally
L,,000ft at a slopes of 20 to 1 inespective of type of
runway and visibility. In Annex 14 the slope of the
conical surface is the same (20 to 1) but the horizontal
distance varies depending on the runway category.

This can be seen in Fig 7. 1In Part 77 the slope of

the transitor surface is constant 7 to 1, whereas in
Annex 11} this slope is specified only for category

A,B, 2nd C runways., For category D and E runways,
thee«slope is 5 to 1, The dimensions of the imaginary
surfaces specified by the ICAO in Annex 14 are summarized

in table V.



:= 1maginary 3urfnc. n_IC
v
Iil A 1|J Qf'. L J
Approach
o - I
1 Runway cutegory®
ltern A It & 1 Ik

Radwis of horzental surface . .

Width of pronary surface and
approach surface at mner emd

Approach  surface width  ar
outer end

Approach surface lengih

Approach slope

Width of tukeolT climb sur-
fuce at nner end

Width of tukeoll clunb sur-
face at outer end

Length of chimb surface

13,0000 13,0040 13,000 8,

5061

S00 500

Jg 6,500

260 2(4)

2,500 2 50M) 2,800 1,920 1,240
FOANMY  TOUMKY  TELINMY K,

WHY 5,200

401 H:l 3 25:1 20011
Chimb
ADBC
Man takeotl (nlier
Tweys UMW ays 1
M) (] 260)
4,108 XL 1,54K)
S0, EONLET] 8,300
501 401 25:1

Climb surfuce slope

Instrumem

approuch

1,000
16,000

50,000
Sy

200

1,250
5,200
20:1

souRcE: Ref. 13

* For runwa

t Runway category determines radius of horcontal surface.
I Inner fength, 10,000 ft; outer length, 40,000 [t
§ Inner length, 50:1; outer length, 4401

4 Inverges to 4,000 ft in a distance of 13,600 ft.

the vuter end of surlace.

categories see Chap. K. 1Dimensions are for visual approach.

Then the width remains constant to




Fig 7:- 1CAQ Annex 1l; slope of conical surfaces .




Table V :- Summary of dimensions of 1CAO
imaginary surfaces




This is one very important factor that has to be
tackled ie the effect of noise from aircraft operation
since it seriously affects communities surrounding
the airport, nuite a lot of data has been aquired
as a result of the persistent study of the noise
characteristics of aircraft and their corresponding
effects on the general community, On the basis of
this knowledge simplified procedures have been developed
permitting the planner to estimate the magnitude and
extent of noise from airport operation and to predict
community response, 3Some of these procedures are

briefly discussed below,

301 UND INTUENSITY

iy : 1
The int

ensity of sound is usually expressed in
decibels (dB). Commercial Jet operations can generate
over 100dB, while average daytime ambient noise in
residential areas vary from 55 to 65 dB, Frequency,
however, is a more important factor in the evaluation
of sound, It (ie frequency) is the rate of vibration
of a socund source expressed in cycles per second (c/s).
The faster the obJject vibrates the greater the number
of eycles per second and hence the higher the frequency.
For the purpose of wise analysis, the range of

frequencies is divided into smaller ranges Known as

octave bands. The breakdown o' ' noise into theS$e bands




provides a useful and meanful way of describing the
quantity and character of aircraft ncise, The human
ear can detect sounds over a wider range of frequencies.
A loud roar has a low frequency while a siren (eg
police, government, etcssiren) is a high frequency
sound,

Noise is usually measured with the help of an
instrument known as a "sound level meter " which reads
in a unit known as the decibel., One of the readings
that can be obtained with the sound-level meter
indicates the total amount of sound present at any
location and is described as the overall sound pressure,

Un the basis of extensive measurements made on the
ground during aircraft Tlyovers, one can determine
the relationship between the maximum noise level
observed, on the ground and the distance to the air=-
craft, This relationship can be expressed by plotting
a graph as shown in Fig 8a, From this graph one can
determine the maximum noise level at any distence from
the aircraft, whether it be passing overhead or passing
to one side, Next, the flight profiles for landings
and takeoffs must be estimated, 1\s an example, for
takeoffs this can be deduced by a generalized take-
off'profile for a specific type of aircraft, such as
is shown in the upper right-hand corner of Fig 8b,

1f we assume that these two curves are associated with
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a particular aircraft eg the C130H, one can now
construct a set of noise contours representing the
maximum noise levels on the ground during takeoffs
for this aircraft, as shown on Fig., 8c, Noise contours
of this type can then be used to describe the noise
underneath either a takeoff or a landing path as far
as several miles from the runway and several thousand
feet to the side, These contours however represent
the sound levels generated by a sin;le flyover of one
particular aircraft type (eg as already mentioned C130H).
In order to evaluate response of listeners to aircraft
noise, Lhe cummulative effects of many flyovers of
several types of aircraft must be considered.

swvery investigation of aircraft noise has shown
that the impact of aircraft operations on communities
or neighbourhoods is a function of not only the intensity
of a sin;le flyever out also of the duration and number
of operations occuring during the day and night. A
nunber of methods combining the noise from individual
aircraft flyovers into measures of cummulative mnoise
exposure have been developed in America and other
countries and would be discussed in due course., In the
United States of America for example, we have the
composite noise rating (CNi), or Noise exposure forecast
(N:F), Communitynoise eguivalent level (CNEL), Day -
Ni;ht average level (Ldn), and Aircraft Sound description

system (ASDS),., 1In other countries in [urope we have




the noise and number index (NNI) in the United Kingdom,
150 pheric index (I1I) in France, mean annoyance level
(1) in Germany, total noise load (TNL) in the Netherlands,
and weighted noise exposure level (WICPNL) used by

the International Civil Aviation Crganisation (ICAO).
These methods while differing in technical detail, are
conceptually very similar and correlate very well with
each other, The primary difference is in the unit of
measure of sound level, It has been suggested that

to be effective, any method for predicting community
reaction to noise must have a reasonable correlation

between cummulative noise levels and community annoyance,

3.62 CullUsITE NOISE RATING (CNt)

This is one of the earliest methods for evaluating
land use around airports, Composite noise rating is
equal to the perceived noise level expressed in PNdB
adJjusted for the number of aircraft operations, whether
the operations occured in the day or night, and the
present time the runway is utilized, This is expressed
as CNQ = I'NdB : Ad justments, These adjustments are
applicc in discrete steps of 5 I'ldB, Aircraft are
segrepated into different groups, "nd air carriers and
military aircraft are further grouped according to

trip length, The CNR contour for each class and trip

len th is computed and drawn on a land use map. The




contour encompassing the largest area is considered,
Although this method is relatively simple, very little

use is made of it today,

3,63 KOs EXPO3UKE FORECAS:E (NEF)

This is an extension of the CNR concept., The
main differences however are that (a) The perceived
noise level is expressed in EPNAB instead of PNAB and
(b) adjustments for number of operations are continous
ratiier than in discrete steps, Mathematically NEF can

be expressed as follows:=-

5 . N
Ahere
“PFNL = Effective perceived noise level expressed
in EPNdB

N = Number of operations durins the day or night

K = Constant and depcadswhother the operations
are during the day or nirht, Kd = 20,
Kn = 1,2

cC = Normalization factor to make NEF
numbers substantially different from CNR,

In this case day time operations are taken to occour
from 0701 to 2200hrs and night time operations are
considered to occur from 2201 to C700hrs, The manual
computation of NEF contours is cumbersome, As a result
a nunber of computer programmes are available for
developing NEF contours eg the computer ploted NEF

contours for Chicago O'Hare Airport are shown in Fig., 9,

7{’



NEF Contours for Chicago O'Hare airport

Fig 9




Compartible land uses for various levels of NEF
are briefly summarised in Table VI for illustrative
purposes only the variation of iEPNdB with distance from
specific types of aircraft is shown in Fig 10a and

Fig 10b.

3.6 CCKMUNITY NOISE EQUIVALZNT LVEL (CNEL)

This was developed in America in the state of
California to enforce noise standards enacted by the
leisleture, It can be used for predicting community
reaclion as well as for monitoring aircraft operations.
The concept is similar to NeF except that dBA is used
as tne unit of measurement of noise, The mathematical
expression for the day - night average CNEL, of
aircraft type 1 following a path, is expressed as

CHELLJ = NELL + 10 log,,Nc - 49.4 in dBA units
¥here

NELL = Single flyover noise level of aircraft i
on flight path j corrected for the duration
of sound

Nc = Eguivalent number of daily operations, which
is equal to Nd + 3Ne + 10Nn

Nd = total number of operations during the
period 0701 - 1900hrs

Ne = total number of operations during the
period 1901 - 2200hrs

Nn = total number of operations during the
period 2201 - 0700hrs




Table VI :-= Compartible Landuses for various
: levels of NEF

Land-use compatibality

Qurdoor
Oilices, Schools, amphi- Quedoor
Noise exposure Hotel, public hospitals, Theaters, theaters,  recreational
forecast arcas Residential  Commercial  motel  buildings churches  auditoriums theaters nonapectator  Induse
Qutside NEF 30 ........ yes yes ves yes e -t t yes yeu
Batween NEF 30 and 40 .. 1 yes L L no no " yos ves
Inside NEF 40 .......... no - no no no no no yes .

sounce: Bolt, Beranek, and Newman.
* An analysis of building noise reduction requirements should be made and needed noise control features should be included in the build

deaign.
t A detailed noise analysis should be undertaken by qualified personnel for all indoot or outdonr music auditoriums and atl autdoor gheat.
1 Case history experience indicates that individuals in private residences may complain, perhaps vigorously. Concerted group actian is )
sible. New single-dwetling construction should generally be aveided. For apartment construction, see ®,
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The total day - night average exposure for several
classes of aircraft i at a point on the ground following
the same flight path J is
' ) CNELi j
CNELY = 10 log10 i antilog 10
In California for example, CNiL 65 is considered
acceptable for residents, CNEL is approximately equal

to NIF « 35, This CNEL 65 is approximately equal to
NaF 30,

3,65 DAY = NIGHT AVERAGE LEVSL (Ldn)

This is specified by the invironmental Protection
Agency (LPA) for specifying community noise. It is
nearly the same as CNEL except that the day 1is divided
into two periods, night and day, instead of three
periods., The approximate mathematical expression for
Idn is

Ldni j NELL + 10 log Ne = 49.L

dnere
Ldn = day - night average noise level, dBA Units
NELL = Single flyover noise for aircraft i on

fl1ight path j corrected for the duration

of sound,

Ne = [quivalent number of daily operations,
which is equal to Nd + 10 Nn

Nd = Total number of operations between the
hours of 0701 and 2200

Nn = Total number of operations between the
hours of 2201 and 0700,




The Total day = night average exposure for several
classes of aircraft i at a point on the ground following

the same flight path j is

ldnia
Ldnj = 10 log1o i antilog
3,66  LIRCRAFT SOUND DESCRIPTION JYSTEM (ASDS)

This system was developed by the Federal Aviation
Administration (F.A.A) and is refered to as ASDS. It
is straight forward but differs substantially from the
preceding procedures., At any point near the airport
exposure to aircraft noise is described in terms of
the total amount of time in mimutes that sound levels
exceed a threshold value of 85 dBA, “hile durations
of sound levels above 85,dBA vary with the individual
aircraft, average values of 15 seconds for takeoff and
10 seconds for landings are considered sufficiently
accurate for estimating duration,

An analysis for a single runway airport with one
aircraft type using three different departure flight
paths is shown in Fig 11, The first step is to plot
the B85 - dBA contour for the aircraft on a land use
map, The next step is to divice the area into zones
and determine the number of operations in each zone,
The final step is to multiply the number of operations
by Lhe approximate duration, which results in noise

exposure as shown in Fig 11, In a case that involves
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Fig 11 &= Qpalysis for a sinrle runway airport
with one aircraft type using departure
flight paths.
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a nuwber of aircraft, the 85 = dBA contours of each
aircraft must be superimposed on each other., From
such a plot and with the knowledge of the number of
aircraft operations one can determine the areas that
will be exposed to more than 85 dBA during the fixed
interwals of time (eg O to 5, 5 to 10; 10 to 15
minutes,etc).

In the end a composite sinzle number, the
"Situation Index" (SI), is defined as the total
integrated value of the product of exposure time in
minutes above 85 dBA and the area exposed in acres,
The 31, in acre - minutes is an attempt to qQuantify
the overall noise exposure into one number, The
mathematical expression is given by

m n {

31 = Aij Nij Te

J=1 J=1
Jhere

AlJ = Area in Acres with the 85 - dBA
contour for airplane type J for event of type 1
(ie event can be differentiated by takeoff or landing
flight path, etc).

Nij = number of events of type i performed by
airplane of type J

' Tc¢ = duration of noise for event of type i
m = total number of airplane types

n = total number of events for each airplane

type J.




The procedures so far discussed approximate
comnunity response and are used for land-use planning
and (or assessment of impact by new airports or
exlension of existing ones. They lack the precision
needed for litigation but are useful looks and their
limitations must never be forgotten, From all that
has been discussed, it would be seen that noise plays
a very important role in the planning stage of the
airport masterplan. A good airport masterplan would
therefore only be acceptable if the noise factor is
considered seriously in relation to the other land =

use planning factors,

3,70 AIMPORT CONFIGURATION

Airport configuration is defined as the number
and orientaticn of runwaysg and the location of the
teruinal area relative to the runways. The number of
runways depends on the volume of traffic, and the
orientation depends on the direction of wind and
sometimes on the size of the area available for the
airport development,

In order to provide a guide for airport designs
and a reasonable amount of uniformity in airport
landing facilities, design criteria h:sve been prepared
by the ICAC and the FAA, Any criterie involving
width and gradients of runways and other features of

the landing area must necessarily incoporate wide




variations in aircraft performance, pilot technique
and weather conditions, The ICAQC strives towards
uniformity and safety on an international level,

six factors come under the configuration heading
and these factors or functions are runways, taxiways,
holding apron, holding bays, relationship of terminal
area to the runways and the analysis of the wind.
These factors would be discussed in the above mentioned

sequence hereunder,

A runway is a specially prepared hard surface
usually made of concrete or bitumen (Coal tar) in an
airport along which aircraft take-off or land, 1In
general, the runways and the correcting taxiways should
be arrcnped so as to (i) Provide aderunte seperation
in the air traffic pattern; (ii)cause the least
interference and delay in the landing, taxiing, and
takeoff operation; (iii) provide the shortest taxi
dislance possible from terminal area to the ends of
runways; and {(iv) Promote adequate taxiways so that
landing aircraft can leave the runways as quickly as
possible and follow routes as short as possible to the
terminal area, At busy airport it is necessary to have

P
holding or run-up apron adjacent to the takeoff ends
of runways, These apron should be designed to
accomodate three or possible four aircraft of the

maximum size anticipated, with sufficient space for

aircraft to bypass one anothar,




{UINVAY CONFIGURATIONS

There are many types of runway configuration in
existance today. Most of these confipurations are
combinations of several basic confizuration., The basic
confiuration that exist are:-

(a) single runways; (b) parallel runways; (c) Dual-lane
runway (d) Intersecting runways, and (e) Open "v"

runways,., These configuration are discussed below.

(a) osingle Runway

This is the simplest of the runway configuration
and is clearly shown in Fig 12a, It has been estimated
that the hourly capacity of a single runway in Visual
fli ht rules (VFR) conditions is somewhere between l,5
and 100 operationsper hour, while in Instrument Flight
rules (IFR) conditions the capacity is reduced to )0
or 50 opcrationsdepending on the composition of the

aircraft mix and on the navigation aids available,

(b) 1lareallel llunways

The capacities of parallel runway system depend
to a great extent on the number of runways and on the
spacin, between the runways., Two and four parallel
runways are common, There are very few airports with
thr'ee parallel runways., Airport with more than four
parallel runways to the best of my knowledge do not
exist #s at now and the 1likelihood is rare that they

would exist since few locations can generate the demand




Fig 12 a = i := Runway Configurations



to match the capacity of five or more parallel runways,
Furthermore, the ability of the airtraffic control
system to supply five or more runways at the sametime
becomes progressively more difficult, and the airspace
requirements becomes very large, The spacing between
runways varies widely, These spacing can be classified
as being either close, intermediate or far, Close
parallel runways are spaced from a minimum of 700ft to
less than 3,500 ft, intermediate between 3,500 - 5,000ft
and far 5,000ft or more, In IFR condition, the two
runways can be operated independently for both arrivals
and departures, Fig 12b shown a typical runway
configuration that has two parallel runways with even
threshold; Fig 12c two parallel runways with staggered
threshold; and fig 12d four parallel runways, When
there are four parallel runways as in the above mentioned
fig 12d, each pair is spaced close but the pairs are
spaced far apart to provide space for the terminal
building, There are also time when it may be desirable
to stagger the thresholds of parallel runways. The
stagering (ie fig 12¢c) may be necessary because of the
shape o! the area available for runway construction,
or it mey be desirable for reducing the taxiing
distance of takeoff and another for landing. Inthis case
the terminal buildings are located between the runways
so that the taxiing distance for each type of operation

ie takeoff or landing is minimized.



(c) Dual=lane runway

dual=lane runway consists o! two close - spaced
parallel runways with appropriate exit taxiways.
\1lthough both runways can be used for mixed operations,
the desirable mode of operation is to dedicate the
runway farthest from the terminal building (outer) for
arrivals and the runway closest to the terminal building
(inner) for departures. gstimates have shown that

a dual-lane runway can handle at least 70 per cent more

raffic than a single runway in Vi condition and

about 60 per cent more traffic than a single runway

conditions. The major benefit of a dual-lane

=

runway is to provide an increase in IFR capacity with

ninimal acquisition of land,

(d) Intersecting runways

wo or more runways in different directions

crossin; each other are refered to as intersecting

runways or patterns. Intersecting runways are necessary

when relatively strong winds blow from more than one

direction resulting in excessive cross-winds when only

. " . " tanslits AL 1% v . A -
unway is provided, [f the winds ar light rela

ho ) rinvavs can be 51."’.3 simul 1_;”}[‘(3“51}' but

when winds are showing only one runway can be used
L

reducing the capacity of the airfield substantially,

Phe way the runways are used or operated is referred

to as strategy (eg takeoff or landin )e This is clearly

. . s . - . N + 1 . 1 - 3 [T
illusirated in fipgs 12e,f and g. or the strategy




shown in fig 12e, the hourly capacity is from 60 to
70 operations in IFR and 70 to 175 operation in VFR,
in fig 12f it is 45 to 60 for IFR and 50 to 100 for
VFR and that of fig 12g is 40 to 5% for IFR and 60 to -
100 for VFR. It can thus be seen that the further
the intersection is from the takeoff end of the runway
and the landing threshold, the lower is the capacity
(ie fig 12g).

Due to complication, however, intersecting

runways should be avoided as much as possible,

(e) Open = V Runways

junways in divergent directions which do not
intersect are referred to as "Open - V runways". This
configuration is shown in fig 12h and 12i like the
intersecting runways, open - V runways event to a single
runway when the winds are strong from one direction,
when the winds are light both runways can be used
simultaneously. The strategy which yields the highest
capacity is when the operations are away from the V,
fig 12h and it has an IFR capacity of 60 to 70
operations, and 80 to 200 for VFR, when the operations
are towards the V ie fig 121, the hourly capacity is
reduced to 50 or 60 in 1FR, and 50 to about 100 in VFR.
' Having carefully gone through the various runway

configuration and from the standpoint of capacity and

air traffic control, a single - direction runway

o1




confijuration is the most desirable., All things being
equal, this configuration will yield the highest
capacity compared with other configurations, For air
traffic control the routing of aircraft in a single
direction is less complex than routing in multiple

directions,

unway widths and slopes

Apart from the length, the "width" and "slope" of
a runway are perhaps the most important structural/
design components of a runway. In order to provide
a guide for airport desigrs and a reasonable amount
of uniformity in airport landing facilities, design
criteria have been prepared by the ICAO and FAA., Any
~eriteria involving width and gradient of runways and
other features of the landing area must necessarily
incoporate wide variations in aircraft performance,
pilot technique, and weather condition, The FAA
standards are similar to that of the ICAO, The
principal elements of a runway can be seen in figs 13a
and 13b and these elements are:=-
(1) The "structural pavement", which supports the

aircraft load,

(ii) The "shoulders" adjacent to the structural
pavement, which are designed to resist erosion
due to Jjet blast and to accommodate maintenance

equipment and patrol;
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(1ii) The runway "safety area" which includes the
structural pavement, shoulders, and an area that is
cleared, drained, and graded, This area should be
capable of supporting fire, crasn, and other equipment

under normal conditions as well 28 provide support
for aircraft in case they near off the pavement for
one reason or another; and fig 13b indicates the

extent of the safety area in a longitudinal direction.

(iv) The "blast pad" is an area designed to
prevent erosion of surfaces adjacent to the ends of
runways which are subjected to sustained or repeated
Jet blast; this area can be paved or planted with turf.
ixperi rce has it that it should be of the order of 60
meters, except for large, wide-boby aircraft where they

may reauire as much as 120 melres or more in length,

(v) The "extended safety area”, is an extension
of the safety area, The extended safety area is provided
whenever feasible,to reduce accidents from undershoots
or overruns, It is desireable to have the length of
the extended area as much as 250 metres beyond the
normal safety area,

The ICAO and FAA runway standards related to width
of structural pavement and safety area and longitudinal
and transverse gradients are listed in table VII and

table VIII respectively.



Table VII := 1CAU runway standard related
to width of structural pavenents

Structural pavement Safety area

Width of Width of® Max. Max. Max. Max. Max. Ma:

Airport structural  safety Width of longitudinal  effective  longitudinal Slope change transverse longitudinal transve
category pavement area shoulders slope gradient  slope change  per 100 ft slope? slope slop

ICAO

| RIS - 150 500 .ii¥ 1.25 1.0 1.5 0.1 1.5 1.5 2!
i e A e 150 500 = 1.25 1.0 1.5 0.1 1.5 1.75 z:
R Gl 100 S00 ia 1.5 1.0 1.5 0.2 1.5 20 b 3
L 75 260 .. 2.0 2.0 20 0.4 20 2.0 3.
B issrsisisiae 60 260 ia 2.0 2.0 2.0 0.4 2.0 20 3.4

FAA—Air carrier

B-727-100, B-737,

DO i iminins 150 500 25 1.5 1.0 1.5 0.1 1.5 1.5 1
B-727.200, B-707,

DC8 .o, 150 500 25 1.5 1.0 1.5 0.1 1.5 1.5 3
B-747, DC-10,

(D117 | T 150-2000 700 25-500 1.5 1.0 1.5 0.1 1.5 1.5 3.




Table VIII Xivi
JITI - FAA runway stondard related to

width of structural pavements

FAA—General aviation

lasic uulity

Sagel ...covnnns 50 100 st 2.0 iy 20 0.33 2.0 2.0 50
Stagell ......--- 60 120 . 2.0 . 20 0.33 2.0 20 5.0
General utility .. ... is 150 o 20 i 2.0 0.33 2.0 2.0 5.0
Hasic transpost .. .-« 75-100* 300 - 2.0 2.0 0.33 2.0 2.0 1.0
General transport - - 100" 3001 o 2.0 20 0.33 2.0 2.0 3.0

sounce: Ref. 1; abo FAA advisory circulars.
# All dimensions in feet.

* All slopes in percent.

¢ For instrument runwars. 1,000 fr.

4 [t is desirable to make the slope not Jess
« Not specified.

f For sirplanes weighing more than 700,000 tb, 200 ft.
¢ For 150-ft wide runway, 30 ft.

n For instrument runwar, 150 fr.

{ For instrument runway. 300 fr.

than 1 percent to ensure proper drainage.




sicht Distance and Longitudinal I'rofile

In addition to the information shown in Tables
VII and VIII, there are other factors that must be
considered when establishing the longitudinal profile,
One is sight distance and the other is the minimum
permissible distance between vertical curves,

#ith respect to sight distancegthe ICAO requires
that there should be an unobstructed line of sight
from any point 3.5 metres above the runway to all other
points 3,5 metres above the runway within a distance
of at least one - half the length when the runway
catesory 15 between 5000 to 7000 ft (ie category A,B & C)
and 2,5 inches above the runway where the runway
catesory is 3,600 or less (ie category D and E), The
FAA has no requirement for sight distance at airports
with control towers since the standards for longitudinal
gradients at these airports provide an adequate line
of si ht,

In regard to longitudinal profile, it is desirable
to minimize longitudinal grade changes as much as
possible for reasons of economy; therefore both ICAO
and FA/L allow changes in grade but limit their number
and size, The maximum longitudinal slope changes that
are permitted are listed in Tables VII and VIII, Slope

chanies are accomplished by means of vertical curves,




The length of a vertical curve is determined by the
size o the change in slope and the meximum allowable
change in slope  per 35 metres of runway., These are
lislLoo in the above mentioned tables (ie VII and VIII)
Vertical curves are not normally nccessary if the

change in slope is not more than 0O, percent.

Fip 1, showsa typical runway profile., This is
nec=2ssary in explaining the rules which limit the
number oif slope changes., The ICAO requires that the
distance between the points of intersection of two
successive curves should not be less than the sum of
the absolute numerical valyes of change in slope
multiplied by the appropriate value as follows: 33,300
metres for category A and B runways; 17,000 metres
for category C runway; and 5,600 metres for category
D and E runways. The FAA requires 33,000 metres for
airports serving air carriers; 8,500 mctres for basic

transport, general transport, and utility airports,

Tables VII and VIII list the meximum longitudinal

slope, In addition, for runways that are equipped to
be used in bad weather, the slope of the first and
last quarter of the length of the runway must be very
flat for reason of safety., The ICAO requires that
the slope should not exceed 0.8 percent for airport

cateories A and B, The FAA limits the gradient to

0.5 percent,

~Q
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One last factor concerning the longitudinal
profile is the "effective gradient" shown in Tables
VII 2and VIII., The effective gradient is defined as
the slope computed by dividing the difference between’
the maximum and minimum elevation along the runway

centerline by the entire length of the runway.

ilunway length

It is actually very difficult to specify runway
lengsth for different classes of airports because length
depends on many factors, Although most of these
factors would be discussed under the heading "Aircraft

Chor e ristics related to airport design" in this
pagt |, it is worth mentioning thal some of the
impori:nt factors are performance characteristics of a
particular type of plane or aircraflt, length of the
tip, and altitude and temwperature ot Lhe airport. As
a guide to planners concern~d wilh airports, FAA has
published the runway length for air-carrier and general
aviation, The ICAO also has data on this but both
the F/1 and ICAO data is in the form of curves plotted
on a# graph which relate to runway length to takeoff
or landing weight, temperature and altitude., The
distance that aircraft normally travel for a specific
taﬁe off weight is also given,

1t should be noted however that the "runway" forms

about the most important part of the airport, Its‘

170



desi;n is therefore very essential and it should be
desi. ned such that it can accommodate the aircraft
wiich nossesses or requires the longest distance to
1ond «id takeoff and also that has the widest wing -

-{j'p W :'. Lia.

3.7.2 TuXIWAYS

The principal function of taxiways is to provide
access from the runways to the terminal area and service
hangars, Taxiways should be arranged so that the
aircraft which have just landed do not interfere with
the aircraft taxiing to takeoff., Usually in airports
where taxiing traffic is expected to move simultaneously
in both direction, parallel one way taxiways should be
provided, Routes should be selected which will result
in Lhe shortest practicable distances from the terminal
area to the ends of runways used for takeoff., Taxiways
should be located at various point along runways, so
landing aircraft can leave the runways as quickly as
possible to clear them for use by other aircraft;
these are commonly referred to as "exit taxiways" or
"turnoffs", Taxiways should as much as possible be
routed so as to avoid crossing of active runways. A
taxiway designed to permit higher turnoff speeds
reduces the length of time a landing aircraft occupies

the runway, 'This is a case whereby the exit taxiways

™



are at angle of less than 45° to the runway or runways.
This permits succeeding landin.; aircraft to be more
closcly spaced, in terms of time, or it might allow
a Laleoff to be sandwiched in between two succssive

landings.,

Taxiway width and Slopes

Due to the fact that the speeds of aircraft on
taxiways are considerably less than on runways criteria
governing longitudinal slop~s, vertical curves, and
si it distance are not a:s sirinzent as for runways.

Also the lower speeds permit the width of the taxiways
to be less than that of the runway, From the cross
section of a typical taxiway shown in Fig. 15 it would
be noticed that it has bagically the same structure

as L:at of the runway shown in fig 13a, Just like the
runways, the taxiway principal geometric design features
of interest are listed in Tables IX and X, In table X
the FA\ classifies aircraft into three groups ie I,II,
III and the basis for this classification is given in
Table LI, The difference arises from the different

wingspans, the undercarriage width and the wheelbase,

sight Distance and Longitudinal Profile

A8 in the case of runways, the number of changes
in longitudinal profile is limited by sight distance

and minimum distance between vertical curves, With
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respeclt to sight distance, the ICAO requires that the
surface of the taxiway should be for a distance of
330 wetres from a point 3.3 metres above the taxiway
for category A,B,and C airports. Ior category D and E
airports the comparable dimensions are 275 metres and
2.3 metres, The FAA does, not specify sight distance
for taxiways.

As for the longitudinal profile of taxiways, the
ICAO does not specify the minimum distance between the
point ol intersection of vertical curves, The FAA
however specifies that the minimum distance for air
carrier airports should not be less than the product
of 3,300 metres multiplied by the sum of the absolute

numcrical values of change in slope,

sxit Taxiway Geometry

The function of exit taxiways, on turnoffs as
thoy arc sometimes referred to, is to minimize runway
occupancy by landing aircraft, xit taxiways can be
placed at right angles to the runway or at some angle
to the runway, When the angle is in the order of 300,
the term "high-speed exits" is often used to denote
that it is designed for higher speeds than other exit
taxiway configurations, GSpecific dimension for high-
spécd and right-angle exit taxiways are presented
later in this chapter. The dimension for the highe

speed exit taxiways are the result of exhaustive tests

conducled for the Airways Modernization Board (AMB),




v very significant finding of the tests was that at

i speeds a compound curve was necessary to minimize
tyre wear on the nose gear, That is, the central or
main curve Ri should be preceded by a much larger
radius curve R1, Aircraft path in the test approximated
a spiral, A compound curve is relatively easy to
establish in the field and begins to approach the

shape of a spiral, thus Lnhe reason for suggesting a
comnound curve,
s a result of the tests conducted for the AMB,

the following pertinent conclusiorswicre reached mainly:=

(1) Transport caterory and military aircraft can
safely and comfortably turn off runways at speeds on
the order of 100 to 110 km/h on wet and dry pavements,
(1i) The most significant factor affecting the
turning radius is speed, not the total angle of turn
nor passenger comfort,

(iii) Trassenger comfort was not critical in any of
the mcvements.

(iv) The computed lateral forces developed in the
tests were substantially below the maximum lateral
forces for which the landing rear wans designed,

(v) 1In so far as the shape of the taxiway is concerned,
a 6li'htly widened entrance (30 metres) gradually

t rin Lo the normal width of taxiway is preferred,
l'he widened entrance gives the pilot more latitude

in using the exit taxiway.




(vi) Total angles of turn of jOO to J;[-O can be
negotiated satisfactorily; the smaller angle seems

to be preferable because the length of the curved
path is reduced, sight distance is improved, and less

conceniration is required on thie part of the pilots,

(vii) The relation of turning radius versus speed
2
expressed by the formula R,

=
¢ 9Bt
where V is the velocity, will yield a smooth,
comfortable turn on a wet or dry pavement when f is

a constant made equal to 0,13,

(viii) 'The curve expressed by the equation for R,
should be preceded by a larger radius curve R4 at

hizh turn-off speeds of 80 - 100 km/h. The larger
radius curve is necessary, to provide a gradual
transition from a straight ahead direction to a

curved path, If the transition curve is not provided,
tyre wear on large Jet transports can be excessive,
The following radii were found experimentally to be

satisfactory:=-

speed (km/h) Radius (R, metres)
65 570
. 80 800
100 1040



(ix) The length of the transition curve can be

rou nhly approximated by the relation l_..,I = V3
CH2.

where V is in feet per second and R2 is in feet,
C was found experimentally to be equal to 0,13, The
length in feet can then be converted teo the metric

unit metres after the calculation.,

(x) osufficient distance must be provided to
comfortably accelerate an aircraft after it leaves the
runway, It is suggested that for the present this
distance be based on an average ratc of deceleration
of 1 metre per second per second, This applies only
to transport category aircraft, Until more experience
is ;ained with this type of operation the stopping
distances should be measured from the edge of the
runway,

/. chart showing clearly the relationship of exit
speed to radiu iy and R2 and the length of transition
curve Li is shown in Fig 16, A configuration for
an exit speed of 60mi/h (ie 100km/h) is shown in
Fig 17.

1i ht-angle or 90° exit taxiways, although not
desireable [rom the stand point of minimizing runway
occupancy, are often constructed for other reasons,
The configuration for a 90° is shown in Fig, 16@

“ncd taxiway intersection details are shown in

111
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Location of Ixiti Taxiways

The location of exit taxiways depend to a large
extent on (&) The ¥¥Wes of aircrart, (b) The approach and

touchdown speeds, {¢) The exit speed, {(d) The rate of

deceleration, which in turn depends on the condition of

the pavement surface, ie whether dry or wet, and
(e) the number of exit,

‘Mathematical analysis or models have been developed
for optimizing exit location, The models make things
- much easier to determine these points of exit. The
location for the exit taxiways are derived using
standard sea=-level conditions, Altitude and temperature
also alfect the location of exit taxiways. Altitude
- increases distance on the order of 3% for each 330
meltres above sea level and temperature 134% for each
1009 above 590F. |

When locating exits it is important to recognize

local conditiomdsuch as frequency of wet pavement or

dusty winds.

Design of Fillets

The basic designs of fillets for three of the
most common types of taxiway intersections have been
developed by the FAA. These desisns can be seen in
Fix'19.. ICAQ Annex 14 specifies minimum radii of
fillets, which are given in table XI1. The radii are
dependent on the angle of intersection of the taxiways

and the aireraft's wheelbase,

Tar
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Table .II 2= Minimun fillet radii recommended
b! IC 311()

Interacction angle of taxiway

Lioes than Mare than
Wheelbase {fi) 458 45-135° 1350
Grenter than 66 - * *
S0~ 78 100 200
3350 25 50 200
Lene thon 33 20 15 100

* Not specilicd=—muat be designed lor criticsl wircraft,




3¢7¢3 SENERATI

‘ertain standards have beenhandeddown both by the
ICAO ai FAA reparding seperation distance between
runways, taxiways and other fixed obstructions, These

e

are discussed below.

[n order to provide a margin of safety in the
airport operating areas, the traffic ways must be
seperated sufficiently from each other and from adjacent
obslructions, Table XII surmmarizes the minimum
clearances between a taxiway and a runway, between two
parallel taxiways, and between a taxiway and a fixed

obstruction.,

arallel Runway Spacing

The spacing of parallel runways depends on a
number of factors such as whether the operations are
in VPl or IFR and, if in IFR, whether it is desired
to have the capability of accom odaling simultaneous
arrival and departure, L summary, however, the ICAO

has ~iven the minimum seperation between two parallel

runwvays as 150 metres,

r
taxiing, the pilot of a jet transport aircraft
in perticular cannot see his wing tips so a sufficient
- ] T s provi ¢d to account for it

in cose of deviation from th intended path, The

e & B



amount of clearance is dependent on wingspan and the
amount of guidance provided to the pilot for maneuvering
his alrcraft, Clearance recommended by the FAA are
listed in table XIII, A terminal taxiline is a

taxiway on an apron used for access to gate positions,
An apron taxiway is a taxiway located usually on the
periphery of an apron, ICAO Annex 14 does not specify

wing

(=]

tip clearances.,

3.,7.4 HCULDING APRONS

[folding aprons or "run-up" or "warm up" pads as
they are commonly referred to, are placed adjacent to
the ends or near the ends of runways, These aprons
are used as storage areas for aircraft prior to take-
off, They are designed such that one aircraft can
bypass Lhe other whenever it becomes necessary., The
apron al1lso provides for a trailing aircraft to bypass
a leading; aircraft in case the latters takeoff
clearance must be delayed for one reason or another
or if it experiences some malfunction., A holding
apron should be designed usually to accommodate two
to four aircraft, Wwhenever possible, holding aprons
should be so located as to permit aircraft departing
therefrom to enter the runway at an angzle of less than
90°, There are quite a number of considerations .for
holding aprons. The important desi;n criteria are to

provide (a) adequate space for aircraft to manouvre




maly” g - 14 1
rable -.J1l s= Minimum Clearance
wing tips on

Tixed obstacle

between two
wing tip and

Apron taxiway Dual parallel
Airplane type Terminal taxilane and taxiway taxiway

Twin-engine

turboprop e ée e 20 40 50
Two- and three-

engine turbojet®. . 25 S0 60
Three- and four-

engine turbojet . 30 60 70
Four-engine-

38 70 80

wide-hody turbojet

gounen: Rel. 7 A
® Does not include wide-body aircraft,




easily onto the runway irrespective of the position
of adjacent aircraft on the apron and (b) sufficient
room for an aircraft to bypass parked aircraft on the
apron, iven when the holding apron 1is provided,
aircraft must often queue on the taxiway leading to
the end of the runway since it is not practical to
construct aprons large enough to accommodate peak

demands.

apron Surface Gradients

For fueling, ease of towing, and taxiing, apron
slopes or grades should be kept to the minimum consistent
with pgood drainage requirements. Slopes should not in
any case exceed 1,0 percent, At gates where the
aircraflt are being fueled every effort should be made

to keep the apron slope within 0,5 percent,

3Tl HOLDING BAYS

Holding bays are relatively small aprons placed
at a convenient location in the airport for the
temporary storage of aircraft, At airports the number
of pates may be insufficient to handle the demand
during a busy period of the day, If this is the case,

he aircraft are routed by air traffic control to a
holdings bay and are held there until a gate becomes
available, Holding bays are not required if capacity
matches demand; however, fluctuation in future demand
are difficult to predict so that a temporary storage

facility may be necessary.




3.7.6  TUMINAL ARSAZRUNWAY (UALATICHIHIP

- The key to a desirable airport is to provide the
shortest taxiing distances from the terminal area to
the takeoff ends of runways and to shorten the taxiing.
distance for landing aircraft as much as possible or
practicable, This can be illustrated schematically by
tiie sketches shown in Fig 20, The terminal building
is the transit zone between the airside and landside
as was discussed earlier in this chapter. It is made
.use of mainly by the passengers and those friends or
relatives of theirs who elther come to the airport to
receive them or to see them off, Jince this thesis is
a military base, however, commercial passengers are
absent and hence it would not be necessary to provide
a terninal building as is the practice in conventional

airporits., More Lmportant factors however would be

discussed that relate more to the thesis,

3.7.7 ANALYSIS OF WIND

/in analysis of wind directions is aléo important
and esscntial for planning the runways. As a general
rule, the principal traffic runway at an airport
should be oriented as closely as »racticable in the
direclion of the_ﬂW4“d . 1n Nigeria, we have two
main wind directiénﬁ;.the North="sst trade winds and
thie south=West monsoon. uvince these winds are along

the same plane only that they are opposite in direction
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we can assume that it is along one plane hence the
run way should as much as possible be aligned along
N: - 5W Direction., 1In climates where wind directions
are in several different directions, certain computa-
tions have to be done and this makes the planning of

the runway more difficult,

3.7.8 OSTRUCTURAL DESIGN OF AIPORT FAVEMENTS

This aspect of the airport design is considered
essentially a structural problem which is usually
done by structural engineers, However it is worth
mentioning that materials thalt are uced in the construc-
tion of pavements are ®materials such as bitumen (coal
tar), asphalt, concrete, portland cement concrete
mixes, etc, These pavements should be designed so
that the impact weight of takeoff, landing or taxiing
of the aircraft are sufficiently taken care of, A

section through a typical structural pavement section

can be seen in Fig 21.

3.?.9 Al-l’ \L'u;ri. L]h\!i.‘\ J:J

A pood or adequate drainapge system for the removal
of surface and subsurface water is vital for the safety
of aircraft and for the longevity of the pavements,
improoer drainage results in the formation of puddles
on the pavement surface which can be hazardous to the

aircraft taking off and landing, ['oor drainage can

-3
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also result in the early determination of pavements,
Flat longitudinal and tranverse grades and wide pave~
ment surfaces often pose difficulties in making
provision for adequate drainage at airports,

The main functions of an airport drainage systems

are mentioned here below:=

(i) Interception and diversion of surface and
groundwater from originating from lands adjacent to
the airport.

(ii) Removal of surface runoff from the airport

(iii) emoval of subsurfaces flow from the airport.

Unless the airport site is slanting which in
most cases is not possible, natural drainage becomes
a problem hence artificial drainajge systems are usually
employed to help in such cases (ie relatively flat
sites)., These artificial methods appear in the form
of partially or wholly covered gutters, underground
mechanical systems and other forms available,
Recommended pavement drainage system section can be

seen in Figs 22, 23 and 24,

3,8,0 AIRCRAFT CHARACTERISTICS (uLATED TO
AIAPORT DESIGNS.

. Airports are basically to accommodate aircraft
(ie their operations eg landings, takeoffs, etec) and
this factor ma%e aircraft characteristics about the

most important factor in designin;g and planning

16
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airports generally, Just like a train terminus or
railway station is to be able to accommodate trains
on the rails and not bicycles or cars, the airport
too his as its first prerequisite the accommodation
of the aircraft., Some of the most important charac-
teristics of aircraft which influence the design of

airports are as follows:=-

(a) leight
AMrcreft weight is important for determining

the thickness of runway, taxiway, and apron pavements,

(b) Size

The wingspan and the fuelage length influence
the size of the parking aprons which in turn influences
the configuration of the terminal buildings., Size

also dictetes width of runways and taxiways as well

as distances between these traffic,

The passenger capacity has an important bearing
on facilities within and adjacent to the terminal

building.

(d) Takeoff and landing Speeds and the aircrafts

ability to Shoot off or stor

Ld

This greatly influences the length of the runway
that is to be provided in the airport, Usually, provision
is ¢e for the aircraft with the greatest characteristics

that o billed to use the airport,




(z) _.ing . pan

Tnis influences the width of both the runway
and toxiway as well as parkin- aprons, hangars, bunkers,
etc, iy, 2% shows basic aircraft dimension8

that arc usually taken into consideration,

(f) cChoracteristics of Jet [Engines

This deals mainly with the noise aspect and this
has already been discussed in this chapter under the

evaluation of noise aspect,

(g) Turning Radii

For determining aircraft pozition on the apron
adjacent to the terminal building and establishing
the n ti's of aircraft at the other locations on the

cirport it is important to understand the geometry
of movement of an aircraft or turning radii, This is
a function of the nose-gear steering angle. The
lar;er the angle, the greater the radii would be,
From the center of rotation tii dislances to the
various parts of the aircraft, such as the wing tips,
the nose, or the tail result in a radii number or a
nunber of radii, The minimum turning radiis corresponds
to the maximum nose-~gear steering angle specified by
the aircraft manufacturer. The maximum angles vary
from 60 to B0°, The centre of location can be easily
deternined by drawing a line tihrou-h the axis of the
nose gear at whatever steering an le is desired.

The intersection of this line with a line drawn
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throu;hh the axes of the two main iear is the center
and this is shown in the already mcntioned fig 25.

some new aircraft have the capability of swiveling (ie
turnin, round a ring and prove or ring with a linked
hook to @ chain or attachment Jjoining two parts

of thh wing body so that one can turn round without

the other eg aircraft) the main gear when making sharp
turns., 7The effect of the swivel is to reduce the
turning radiis, This is a very critical consideration

wnen planning for or designing an airport.

(A) UWing Tip Vortices

Whenever the wings lift an aircraft, vortices
form ncar the ends of the wings., Vortices are masses
of whirling fluids or winds especi:lly wind.pools which
form in this case around aircraft winss, The vortices
are made up of two countereotatin cylindricnl air
masses cabout a wingspan apart, extending along the
flight path., The velocity of the wind within these
cylinders can be very hazardous to aircraft encountering
them in flight., The vortices encountering an aircraft
when there is no wind and when there is a cross wind
are shown in fij 26%and b respectively., These vortices
influence the distances therefore between successive

runways and also between runways and terminal buildings

and other pessible physically related obstructions.

ATR
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(B) The effect of Adrcraft performance on runway

length,

Although this important factor has already been
mentioned, it is worth mentioning that factors which
have a bearing on runway lengtn may be grouped into
three general categories namely:-

(a) Performance requiremzats irposed by the
government on aircraft manufacturers and
operations;

(b) .snvironment at the a2irnort, and

(c) Those itemswhich estzblish the operating
takeoff and landing gross weights of each
aircraft type,

All these factors actually in one way or the

other influence the length and type of the runway to
be provided in a particular airport.

One comforting factor, however, that is comforting
is that aircraft manufacturers hove been able to
provide data resardin: their various aircraft perfor-
mancos. 11 these factors are listed in " Janes All
tne Jorld Aircraft Manual" which is an annual publica=
tion; thanks to the Jane Urganis:tlionsthat the aircraft
for which one is to design for are included, This
greatly reduces the task of having to go to various

manufacturers as would be seen in the third and final

part of the thesis write-up.

.




3,9,0 HuLIPORTS AND SHORT TAKZOFF 4#ND LANDING (STOL)
'ORT3.

All that has been discussed in the parts preceding
this one with regards to airport design has been on ‘
the assumption that the aircraft in mind are conventional
carrier/military aircraft which require relatively
lons runways for landing and takeoff., However, in the
past twenty years or so, research and development have
been going on in a number of different types of aircraft
or vehicles which in effrct can stand still while
flyin  or taking-eff or landing within the smallest
available space, The best known of this family of
aircraft is the helicopter., This is an aircraft or
better still a vehicle which essentially can lift-off
the rsround in a rearly vertical direction., There are
also conventional military aircraft apart from this
class of aircraft called the helicopter which can also
perform this fete, The best known of this non-heli-
copter family is tomcat - harrier (ie a British product).
Aircraft which aquire these "helicopter- like"
characteristics (ie aircra(t wnich cen 1lift off the
ground nearly or in a vertical direction and which can
stand still while flying) are referred to vertical
takéoff and landing (VTOL) aircraft. In the past years
it is worth mentioning that considerable research and
development effortShas been devoted to investigating

the not:ntia® of short takeoif anc landing (STOL)

17%6
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aircraft for intercity transportation., Though these
aircralt may not be able to rise vertically, they are
desi ned to kind of takeoff and land on very short
runways, The term "short runways" however is relative,
However for discussions relating to 5TOL aircraft, a
runwvay of distance of not up to 900 metres would be
talten as & short runway hence aircraft that do not
require runways of up to 900 metres would be referred
to as 5TOL aircraft, Since the helicopter is by far
the most advanced aircraft in this class, facilities
for helicopters (ie their landing taking off, parking
anl o.lor facilities) otherwise 'nown as heliports
would be discussed, Usually, in the design of heliports,
STOL eircraft are usually considered although VTOL
aircroft atimes are considered, The reasons why the
JTOL aircraft are usually used are that they are less
noisy ond less costly to operate than VTOL, and they
require less land for runways than conventional aircraft,
Hence the runways at normal airports may be adequate

for JTCL whereas conventional aircraft may not be
accomr.odated at heliports. One other important factor
to nolc is that perhaps apart from the Clinook Military
helicopter, no other 5TOL or VTUL zircraft can
accoumodate up to fifty (50) passengers or more,

Certain factors are usually considered in the design

or planning stages of heliports and as usual these

faclors are discussed below,




classified into three main categories namely, private
operalions, common-carrier operations and military
operations, Though these operations differ in
character, it is worth mentioning that the helicopters
use . all cases basically operate on the same
principles, Usually helicopters are used toc get to
impossible areas eg mountains, Jjungles etc
and these might by short, medium or long distances.

['h 1in advantage of helicopters is its ability to
lan L very rugged places. However, in a case where
od number exist (eg in the Nigerinn Airforce fleet)

it bocomes necessary to provide specialized heliports

to accommodate them,

ILTICS AND DI LONS CF HELIPORTS

helicopter is basically a powered aircraft which
gains its 1lift from the rotary motion of airfoil
tingtiv foa '~ of a helicopter is
its abiliLy to hover through application of power to
the rotating airfoils. While helicopters can ascend

vertically from the ground, prolonged vertical ascents

m
=

touch down, the helicopter hovers momentarily two to

restrict load-carrying capacities, Just before



three metres above the landing pad, From safety pointf

of view, the operation of singzle-en-ine helicopters \
requires that emmergency landing areas be available
fromn anypoint in the flight path, Twin-engine heli- '[

coplers are designed on the other hand to permit

continuation of flight and even a moderate rate of

climb in the event one engine fails and for these type |f

of helicopters its is necessary from a safety point 1

1
of view to have available space for landing along the |
entire route,

The principal dimension of representative heli-
covters in use today are given in the table shown in

369.3 FaCTOils RSLATED Tu SIT3I 5sLiCTION

The most important factors concsidered in site
selecticn for heliports are:-
(i) Dest location to serve potential traffic;

(ii) Minimum obstructions in the approach and departure

areas;

(iii) Ninimum disturbance fron wid :nd desirable
location with regard Lo adjacent land use;

(iv) Good access to surface transport and

(v) DMinimum cost to aquire and develop,

Usually final selection of a2 heliport site will

require a compromise among these various goals,

e i P T—_
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like

obstruction clearance and other related

considerations also play a very important role in the

desi..n and Fig 28 gives the basic obstruction clearance

requirements for heliports,

3.9.4 }

11V
sl

ICAL CHARACTERISTIC. G HiLIPORTS.

i heliport as has already been said is a facility

which is

intended to be used for the landing and

takeoff of helicopters and may includs» space for

helicopter parking, buildin's, servicingfacilities,

and vehicular parking. 'The takeoff and landing area

is where the helicopter actually talikes off and lands,

"]

The Fi/

Class I

Class 11

Private

- Public (small)

Class I1I = Public (lerge)

and this can

fig 28.

to their

Subclass

subclass

Subclass

be seen in table that is attached to

They are also further sub=-classified according

available support facilities and these are:-

Minimum support facilities =~ no
buildings, maintenance or fueling,

Limited support facilities - no

maintenance or fueling

Complete support facilities, including

maintenance and fueling,

classifies heliports according to use as follows:=
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The first subclass includes small heliports, the
gecond medjium and the third subeclass large heliperts,
It should not be forgotten that the principal components
of a heliport are the landing and takeoff area, the
touchdown area, and for large heliports, taxiways and
building or terminal areas., These and other related

functions are discussed below,

(a) Londing and Takeoff Area

This is the surface from which the helicopter
can takeoff or land, Its size depends primarily on
the overall length of the largest helicopter to be
accomnrodated by the heliport., Usually because of the
dust that is created by the rotor of 2 helicopter, it
is necessary to prepare the surface of the landing and
takeoff area so that it would be free of dust hence it
usually is paved, The dimensions of the landing and
takeoff area are listed in Table XIV, The overall
len~th of the helicopter and the rotor diameter
represented by "A" and "B" respective in the table can

be seen in a clearly illustrated dizgram in the already

discussed Fig 27.

(b) Touchdown Area

«iithin the landing and takeoff area, an area is

desicnated for the normal everyday landing of helicopters.

The touchdown area is usually desi nated or defined




Table

ALV

+= Ceometric Desizn Standard for

Heliport

—_—

Design criteria

ftem Class | Class 11 Class 111
Length of landing arca .. 1.54% 2.04 2.04
Width of landing ares .. . 1.54 1.54 1.54
Size of touchdown area .. Bt B B
Taxiway width, ft ...... 20 20 40
Shoulder width, ft ...... - 10 20
Masx. pavement slope, 9, . 2.0 2.0 2.0
Shoulder slope, %, .o im 3.0 3.0

sovRcE: FAAL

1 averall lengal of helicapier; see P 114,
P ronor dinoeter; see gz H=4,

| Fom st I n, 5.0",.




bty a solid border painted on the pavement

surfscc s is shown in fig 29, 'he dimensions of the

touchdovn area are also clearly listed in Table XIV,

|

an obstruction-free safety zone, it is normally

!

recommended that a peripheral area surrounding the

1 in and takeoff area with a minimum width of one-

fourth the overall lensth of the helicopter usually

not loss than 3.0 metres is provided, 'his area should

be kent free of objects hazardous to the operation of |
|

heliconters as much as possible, l
.

abil! ) Maneduver LI uc 1iher U!'(_.‘f".'-—'h'irl(i than

conventional aireraft, the takeoff and landing area

shoul referably be oriented to permit operation into H
the wind as rearly as possible, ' |
(e) Terrinal Area !
rhie is normally very small in relation to that :
of conventional airports and this is mainly due to the = .
fact thet helicopters usually carry very few passengers '

- in comrnarison to conventional aircraflt at use

conv ional airports,

e = s —al =
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(£) larking of lieliports |

'ne primary purpose for marzin-, heliports is to
idencily the area clearly as a facility for the use of
heliconters, itequirements for markinss are specified
by both the ICAO and FAA, These reaguirements essr-nti.al‘l_\}
consist of painting a maltese cross in the centre of

-

th: Louchdown area as shown in i 9. The m*-.'"‘in;'r(‘-')

should be oriented in such a way o one exit ® of the

cro is in line with the primary dir ction of approach,
Mariin . on the takeoff and landin » should be white

while that on the taxiw:g sewvice arca markings should

(g) tructural pDesign of lieliports

Helicopters using facilities on land are usually
sunported on skids or wheels eguippied with rubber tyres,
Helicopters equippied with conventional landing gear
wneels are normally supported by two main wheels and
one tzll or noise wheel, For thz lorger helicopters
each main landing gear consists of two wheels, These
are very common in military helicopters. [Fach main
gear supports L0 to 45 percent of the weight of the

helicopter, and the tail or nosa wheel the remainder,

approximately 10 to 20 per cent, I{f the helicopter is

supported by skids, 50 percent of the weight is supported |

by each skid, The strength requirements for the landing

and tiveoff area are determined by considering the

1y
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helicopters dynamic and static whezl loads and the
landin, = gear configuration, For pavements, only the
static load is considered, The landing surface should

be desi ned to support a concentrated load equal to

75 overcent of the gross weizht of the helicopter at

each mein landing gear, It is usually assumed that ;

each main landing gear will strike the surface simul-

taneously, 7The landing area should therefore be able
to wilistand the forces that would be exerted on them

at all times,

/t present only very few 3TOL aircraft are available !

and tliepe are mostly in use in the very develoned

countries, There are quite a number of restpletions

in the performances of these aircra:t but it is worth

mentioning that these aircraft can use the conventional
runways and taxiways used by conventional aircraft

without ccusingany inconveniences,

3,95 SURNMARY

Very many factors have to be tzken into considera-
tion wiien planning and designing an airport, This
chapter hes briefly tried to touch on these factors
with & view to showing how each of these intricate
The exclusion of any

details influence the design,

of these factors in the planning/design stage would

only produce an airport which would not only be

defficient in certain thinss but also a hazardous

0 1
1"‘ W



airport, The reason why all tiin s have to be considerer
serlously is that a functional and safe airport is the
ultimate aim of any government or organisation, It
would be seen, therefore, that the planning/design of
airports is a big project that requires all members of

the design team; ie the Architect, Structural/Civil

in-ineer, Urban/Regional Planners, the Quantity Surveyori

and tiae builder as well as other allies, The architect
as usual being the master of the design team is the
"main man" (or woman in some cases), All things revolve

round thie architect,

In the design of the airforce base, therefore, all
thin~ s factors would be taken into consideration in
- relation to other aspects like that of security which
is vital to the military, Because of its sensitivity,
the security aspect of the Airforce base would not be
discussed in this part but consideration would be given
to it when designing the Model "\Airforce Base" for the

Nigerian Airforce,

R i .
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'his is one very vital aspect of the design/ I

planni process of any proJject, It is useful to not ‘
I

onl tl architect who is the head o the design team |

bui lso to the client, This is so because as Hugh

ytubbins puts it; "The case study approach educates :f {

itects and clients alike, fl

'or this purpose three practical or live case l,
udies and four studies (extract from Journals and
b 5) were undertaken, The casm s s aro divided

into ree major categories nan full fledred irforc:

4
"
m
Jd

bases, hangars and bunkers, ¢ ) he ca
are situated in lNigeria, two of | studies in Italy,

one in -ast Germany and the other in PPakistan, However,

due Llie sensitive natur f ti nilitary, the case




Bet0 Coid STUDY 12  HIS.CLLAN L. FCICH BAZE AW *
I

This base (fig 30) was desi-ncd and built by a @
special task force constituted by the Federal Military |
Government after the Nigeriap Civil War., It happens ﬂ{
to be the first full flod > air’orce Base built in I

this country. Being a tynical nirforce base therefore,

it is divided into two; the barrnc“s and the operational ||
zone, The barracks zone  consists of a total of
two hunired and two (202) houses muade up of the

Comnancers house and his guest hous=~, five (5) senior

officers quarters, thirty (30) sjuadron leaders and
Jiv o Jomanders quartars; thirty (30) Pilot Officers,
Fly'n @ ficers and ¥1i-ht Lieutenants quarters, ninty
(20) s.oior non-commissioned officers quarters and
forty=live (4E) junior non-commissioned officers quarters,
Ther: : 1so exist recreational facilities which are '
centrzl ip location such as the sports ground, offices

and airmen's mess, green parks, etc, Other centrally

located facilities include relijious buildings, the
ma=dical reception station (hospital), a Jjunior school
and shops, The parade ground, the administrative
building, the maintenance yard and workshops, the
wellare cenire and the signals bullding @lso are found
in “this brse, This zone (i2 the barracks) is separated
from the operational zone by a very high security

barbed wire fence,
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The operational zone is made up of the runway
and Laxiways, an operational building, one apron, a
fire stction, a hangar »nd bunker, 2 fuel farm, a
meteorclopsical radar, a missiles bunker, a transformer
station and a pumping station, ~“ertain other installa-
tions are restricted in circulation and cannot be
mentioned here but have been taken into consideration
for the purpose of the critique, This base caﬁ cater

for all aircraft.

critique:-

The provision of bunkers for both the aircraft
and personnel is a right step in the right direction,
Most of the vital installaticrs:: underground and hence
are very well protected, The use of concrete for both
the hongars and the bunkers also makes the bese a bit
more bomb proof than if aluminium claddings were
used, The orderly planning of the operational and
barrecks zones also conforms with gpilitary planning
technicues.

The barracks zone however lacks ample space for
expansion end tris is one very important shortcoming,
The opcerational zone is also visible from the main
road and this is a big threat to national security.
The officers and men's zone is not well segregated
and some of the recreational facilities are too one

sid=d, Trere is 21so the absence of a mini-market




for the personnel and this has further compounded i

their problem of transportation to town and back

thus causing traffic Jjams, ‘
Generally, the base serves it function quite

adequately, |

420 C..3 STUDY 2: NIGERIIAN AI(FCICE BASE "B" i

This base (fig 31) was desi;ned by the Directorate ||
of Jorks of the Nigerian Airforce, It is at the moment
pernaps the best and most modern airforce base in

Black iAfrica. It is also about the largest within the

same sphere, This base 1s about the most complete i
as Lt has almost all the necessary facilities a base
needs. There is the presence of a very high barbed

wire fence round the base and it is clearly divided |}

high fcence, |

|

!

{

i

1 y
into the operational and barracks zone by a equally i

Jhen fully completed, the barracks would have a
total of two thousand, two hundred and sixty (2260)

quarters for the personnel made up of the Commanders

house and guest house, nine (9) firoup Captain's quarters, |

eishty=six (86) for 8quadron Leaders and Wing Commanders, |

one hundred and twelve (112) for Flying Officers one

hundred and two (102) for single officers, five hundred

and eirhty nine (589) for senior non-commissioned officersf

and one thousand, three hundred =nid gixty (1360) for

junior non-commissioncd officers, There are centrally

i — i —. —
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located recreational facilities such as a school, the

}
{
i

medical reception station (or hosnital), a church =2nd

a mosnue, UOther facilities lik~ th~ mammy market, etc !

are» :r r the non-commissicned offictrs quarters while J

1

is nlso one officers mess and two messes for the senior;l'

and the Jjunior non-comrissioned officers (N,C.0.'s).

The fire station is centrally located, The warehouses, ]1

|

the suner market is near the officers quarters, There i

|

the maintenance workshops, the paradec ground, the ﬂ
officer commanding's (0.C) station 'n¢ the armoury ar= '| "f
located closer to the N.C,0.'s guartirs, This is due ’

to the fact that most of the N.C.C.'s lack means of
transportation in comparison to thec officers and hence
they hrve to walk to work, There also exists a guard
house in the barracks,

The operational zone is hithly sophisticated in
terms of construction and plannin:, 1t is made up of
a runway and taxiway, a fuel station, a heliport, two
aprons, three hangars, a bunker, a motor transport yard,
worksliops and warehouses, There also exist a power
house, squadron offices, operational buildings, fire
station, logistics building and guard house, Also
prosent in the base are the Wing Tommanders bunker
anq an underground water reserviour, There is 2l1so a

training wing for the personnel of the airforce,

- S




and

als

coverz2 e, The presence of bunkers for both personnel J

and

b

hier:

0 a well zoned base and it possess adequate security h‘
]

critique:-
——— }

is base has the advanta:e of being organised

s ample space for future development, It is

equipment is also worthy of commendation, The .F

rracks zone is well segregated as regards the militaryl§il

chy but I must say the planning of the road
J 7 t

network is not in conformity with urban planning laws.

There are too many cross=junctions in the barracks
nd usually it is difficult to tell who actually

ri ht to the move, The road pattern looks kind of

hap=hazardly done, The underground installations in T

=]

aroe

soma

L

caces are too far away from other functions that
lirectly related to it.

The base, especially the opsrational zone, has
ver been able to function quite well and this is
plenning is all about., 'The installations have
contributed to making it a successful design,

3 LUDY 3:  NIGURIAK COLL .. OF AVIATION
I'SCHNOLOGY H.LLGAnS s ZARIA.

The new hangar (fig 32) was desirned by an Ibadan
rcihitectural consultancy rsroup by name of
lgeria Limited, [t measures about 110 x 60 metres

is situated infront of an older and smaller hangar.,
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aluninium claddinzs, There also hanpens to be
a1 te cpace for all the functions thus making it

voerr Junctional. The technological know-how implored

in both the design by enplar »nd L.: construction
and
work by Jagal Ni~, Ltd ths barrel vzault roofing

structure is somethingz worthy of commendation, 1Its '

asthetic appeal is unparalleled in lNigeria. The

finishes 2re superb and 1 seo 1Lt 28 at the moment "”
thr ultimote in eivil a2aircrarft han-ars in Nigeria, |

The major problem I cncouncered was that of entry, |
The Zzria hangar has only two major entrances a2t the [
two cnds and this hampers.<the entry of more than two
aircrart at the same'time and hence their exit,
Militarily this should not hahpen because in times of
war, there should be despatch, tHowever as a civil

hangar, il is a real masterpiece,

o4O LTUDY L3 DATISTANI AL FO . 8.5, SARGADO '
!

~part from the U.5.A/U.S.3.% agms race, the
next most competitive arms race in the world is
probably that of India and Pakistan, The priorities
of these two countries is naturally therefore defence
oriented, This had led to the aquisition of many new

and sophisticated equipment and the aquisition of i

nuclear power by the two countries, Installation of

military significance therefore have to be as hidden

and s safe as possible,




The Pakistani Airforce base (fiz 33) in Sargoda
happens to one such installation, 1t is considered
by military experts that have had the priviledge of
visiting it as perhaps the best base in the world.
It was designed and constructed Jjointly by the
Pakistani Airforce and a Pakistanli Government owned
construction company, The base is situated in the
hills of the town of Sargoda and it is very difficult
to tell which of these rocks or hills actually house
the personnel as well as the aircraft even when flying
at a relatively low altitude, The hills in one way
or the other are similar and the camouflage is so
intense that one finds it hard toc tell even where the
entrance to the base is and there are no visible
runways or taxiways, Wwhat actually happens is that
when an aircraft of the PAF is about to land, messages
are relayed to the control tower in the base and then
the zate opens up and the plane lands inside. The
codes used by them vary from time to time as the need
ariscs and so it is not very possible for the enemy
to pick it up., The thick granitic rocks also make
it almost totally bomb proof, Military personnel that
have boen to 3argoda consider it as one of the modern

quders of the world.
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Critigue:~-

This base is almost totally bomb proof and very
well cowvcuflaged such that from the air it is hard to
spol it, Its installations, aircraft and personnel
are 2lso well housed in the caves or rocks that make
up tie base, It is also almost totally unaccessible
by unwanted persons and it is thus a very secure

military zone., The use of natural materials like stone

is very commendable and encourarning,

I must however say that the excavation and hewning
works must have been very difficult and expensive even
though money is a very little price to pay for defence
and security., The base in }afgnd' sound likr its a

myth, bui then, its for real.

4,50 STUDY 5@  ITALTAMN M1 POCS HONCAR 1, ORTESELLO

‘'hese hangars (fig 3L and 35) were designed during

Jorld War two for the Italian .irferce by the legendary

B

master structural enginecr/arciitcet lier Luigi Newi,

It was built in 1936 for the Italian Airforce after a

competition to which many specialized Italian Firms

A e g

had been invited 2and of which Pier Tuigi Newi's
Construziion Company won, The free interior dimensions

for* these hangars were 131 feet by 328 feet, with one

side composed of two openings, 16l feet wide and 26 feet

hizh, for large movable doors., In these hangars the

1:’
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to a single resisting organism where the stresses due

raditional combination of trusses and beams give way ‘
to its own weight and the external forces of wind and !

|
snow could be spontaneously diffused until they : ‘{
reached the supports placed on the three sides and the '

central column on the side of the doors. The assymetry -
of the supports mede inevitable the presence of great t"

flexur:l disturbances. Therefore instead of a thin H

shell, even one that could be madc more rigid where

necded, the architect turned to a discontinous structure
formed by a double series of ribs and completed by a
large horizontal truss placed at the opening of the
doors. The horizontal truss was intended to take the
horizontal components of the loads acting on the
external edge of the structﬁre. The external surface
continuity was given by a light layer of reinforced
tiles and a covering of corrugated cement asbestos.

The hangar was constructed almost fully with reinforced

cencrete. They were however destroyed by the retreating

German army in 194lL.

Critigue:=-

The layer of reinforced tile placed over the b s
reinforced concrete frame to form a surface continuity
ha& the defect, due to changes of season, of breaking
up, oits of tile large enough to damage men or machines

started to fall, This was due to the difference in

96F.




thermal expansion between the structure and the
covering, which with changes in temperature underwent
unforeseen stresses, oxpansion joits were therefore

necessary.

The hongarB were able to accommodate a reasonable
nuibcor of aircraft and they were able to leave them
with despatch, There was also adequate parking and
workin;; space for both the aircraft and the engineers
and mechanics., Here we see the master experimenting
into methods that proved to be successful in the years

that followed.

The hengars were successful to a reasonable extent

since they were able to perfofm their function quite

. w:'.'llc

4.60 STUDY 6: THS 3.:LIN BUNK.SR

The conversion design process was undertaken by
Hitler's great wartime architect, Albert Speer., The
Berlin Bunker (fig 36 and 37) was litler's thirteenth
major [uehrer Headquarters (FHQ), the last in a trail
of command posts that wound back and forth across the
map of wartime PBurope., This bunker was beneath the
Reich Chancellery, and it looked like an air-raid
sheiter in which perhaps a dozen people could spend a

rather uncomfortable night, or day, under steady




THE REICH CHANCELLERY

Hermann G@'ﬂﬂ Straue

1 Reich Chancellery a) Fuehrerbunker

2 Marble Galley b) Unfinished concrete tower

3 Hitler's workroom ¢) Adjutants quarters

4 Round room d) Bunker for civilian personnel

5 Mosaic Room e) First Aid station, operation room and
6 Court of Honour dentist room

7 Balcony {) Office personnel

8 Old Reich Chancellery g) Living rooms and canteen

9 Fountain h) 2 autos and 2 armoured personnel

10 Sentries’ quarters carriers

11 To the Zoo (secret store of driving i} Underground garage

materials and garages for 12 vehicles) k) Chauffeurs
12 Garden 1) Hitler's Mercedes

13 Greenhouse m) Bunker for 80 drivers

14 Officers’ quarters and Kempka's living n) Kempka’s office
quarters o) Shelter for 10 vehicles

>< Site of cremation of corpses of Hitler p) Workshop
and Eva Braun q) To the gardens of the Foreign Ministry
r) Corridor to outside ministries

5) Corridor 10 Propaganda Ministry

Fir 36 := The Berlin Bunker

1R




THE BUNKER

N North wing of the

S O Ameh Chancellery

To the gwden ol
,dt?__k#‘li/&\ \:hn Foregn Minutry
T .
/L_\\ BT e S iy

:W*;?N

To the outer ministries,
includirg Propaganda

The private rooms of Hitler and Eva Braun

1 Hitler's bedroom

2 Eva Braun’s bed-sitting room
3 Bath and dressing room

4 Hitler’s living room

w

Fig 37 :- The Berlin

Offices

S Corridor and conference room

6 Small conference room

7 Hitler’s office

8 Wardrobe

9 Ante room

10 Corridor

11, 12 Dr Stumpfegger’s room and surgery

13 Emergency switchboard

14 Goebbel’s bed-sitting room, earlier, Dr
Morell’s quarters

15 Dressing room

16 Telephone and sentry post

17 Machine room

18 Toilet

19 Power swilches

20, 21, 22, 23 Goebbel's family suite

24, 25 Personnel

26 Communal dining room

27, 28 Storcroom and wine cellar

29 elc. Kitchens

Bunker

- ———
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bombardment, The Berlin Bunker was built in successive
staes, The first bunker air-raid srelter that was
built wes a rather modcst arffair, with walls less than
one mctre thick, It was about nine metres underground
and was dug early in 1936, This bunker was to serve -
the 0ld Reich Chancellery, since the new one had then
not been built, This is why at the end one finds the
upper bunker" so close to the surface, only about

four metres below the cellar level, just under the 01ld
Chancellery garden,

One entered the first or upper bunker not through
any tunnel but by descending a staircase from the cellar
of the west wing of the 0ld Chancellery, and then
through a short twenty five metre tunnel. When the
New Reich Chancellery was built in 1938, it did not
have a bunker but Albert Speer desizned the cellar in
such a fashion that it could easily be converted into
one and that is what happened in 1943, A tunnel about
one hundred (100) metres long, but only one and a h=21f
(13) metres underground, was borad to connect the New
Reich Chancellery to the upper bunker of the 0ld Reich
Chancellery, The construction work was undertaken by
a Berlin privete-construction firm Hochief,

. The lower bunker or Fuehrerbunker as it was
called was where Hitler stayed, 1Its roof was more

than }.5m thick, the walls at lcast 1,8m. Tons of

170 4



rtihh were piled on top of it 11, 1t terms of

permanent facilities, the lower bunker was never
fully completed, The lower bunker wos however safer.
'he upper and the lower bunker were connected
by & wrought-iron staircase, ten to twelve steep
specizl sleps A bulkhead and a steel door on the
lowar level seperated t! two areas, There were
always two armed ies po I just before this
bulkhcad, «ith Hitler always in the lower bunker, the
upper bunker became a kind of servants' quarters, with
stora e space for provisions., The kitchen, psntry,

the baker-table,communal mess, the refridgerator, the

wine celler 2nd other rooms were in the upper bunker,
ter wos piped from an extension well deep below the

lower bunker., A sixty kilowatt generator supplied

electricity for lichting, heatin’, switch board,

and water pump, Food, drinks, icine and candles

wero in plentiful supply both in the vast store-rooms

narrow corridor

pte

of thiz New eich Chancellery an
that served as the butlers pantry.

I'ne private room in the bunker were Hitler's
bedroom, Hitler's living room, iva Draun's bed-sitting

room ¢ the bath and dressin~ room, he offices and

servonts guarters consisted of the corridor and

ante roon wl bl doctor's room and

¢ ~y awitchboard,

,! “)‘1




Goeblcl's bed-sitting room, dressin- room, telephone
and scntry post, machine room, toilet, power switches
and Goebbel's family suite, There were also rooms

for the personnel, communal dining, stores, wine

cellar =nd the kitchens, Thers was also an emergency
exit, On the original plan 2 towsr w .= to ‘be bBuilt. but
it was never really completed, ™ cntire burker

w:.s ventilated with the h~21lp of & mrchanical ventilator

and @11 the walls were of golid reinforced concrete,

Critigue:=

There are two main weakness in the bunker that
even .lbert Speer the architect conceded to. The first
was that the tunnel from the New 1eich Chancellery to
the upper bunker was not really decp enough, only five
feet from the surface, The shallow structure was
directly hit by artillery in the last week of April
1945, lle observed that, "you could look up and see
dayli ht, on the night-time shy through two or three
Jagced gaping holesf The second - ak link bccame,
durin - the battle of Derlin, » mn'ir ol life and death,
The cesualty station set up in th erllar of the New
eieh Chancellery had woefully inadequate ventilation
for its 500-700 wounded soldier - patients,

' The bunkers also had inadequate accommodation for

the number of personnel that were to actually make use

of it, This was one very serious error in the initial
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4,70 JTUDY 7: ITALIAN Al :F0.2 3 iL1G.i IT, OR

These hangars (fig 38 and 39), six in number,
were 2lso designed and constructed by the firm of
Pier Luigi Newl after being selected in a competition,
This w-s in 1939, The hangars were to be 328 ft by
132 ft, with openings 164 ft wide for 39 - foot - high
doors, The problem was therefore the same as that of
tlhiz competition in 1936 except [lor the increase in
hei it of the doors and the greater economic considera-
tions involved in the requirement of gix hangars
instead of two,

I'refabricated reinforced concrecte elements were
used in the construction of these hangars, It was
noticed that both the reduction of the formwork and
0f the weight of the slructure could be achieved by
replacin. the poured-in-place ribs with prefabricated
elzments which could be statically Jjoined by welding
the reinforcing steel that w0uid be allowed to protrude
from each element and pouring concrrte in the joint,
These Jjoints would re-establish the nocessary static
continuity, The precast elements could be cast in
the form of trusses without causing constructional
di'fficulties and with a consequent economy in weight,

4

rach oi the hangars had six supports, The statically

most Important ribs were cast in place because of the

174
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difficulty of transmitting the internal stresses
tarougs Lhe joints, The six supports were made
symnctrical (unlike the cast-in-place hangars of 1936)
in order to equalize the stresses within the structure,
These six hangars together with thie other two earlier
discusscd were destroyed by the retreating Cermans in

1 9:1{ .

ritigues=-

These hangars had openings in front which allowed
the aircraft easy entry and exit from it which was a
great advantage since it was during wartime, The free
interior also provided maximum spsce for aircraft
" plannin_, The use of concrete also increased the
resistance of the hangars, The sliding steel doors
was also a great advantage in comparison to the vertical
roller shutter doors since sliding doors Just slide

alon; the horizontal surface and are easier to pull or
'

push,

The doors however were too high when viewed from
an economical point of view, They could have been much
lower ¢nd still been able to cater for the range of
aircraft that were to use it., The hangars also lack
any‘recl source of natural lizht except for the doors.
They hzd to therefore meke use of artificial lighting
sources ie electricity,

Here again, despite odds, we sce the master at

work,




4,80  D.DUCTIONS

After carefully analysing all the seven studies
and case studies, I deduced that despite one or two
short comings, they were to a certain extent able to
function properly. Not one single design the world
over is perfect, Gven buildings considered to be
masterpieces designed by the masters of modern
arci:iLecture have in one way or another series of
shortcomings,

The mein aim of undertaking a case study is to
analyse the merits and demerits of that study with a

view to improving on it,  The Nigerian Airforce base,

Yola is cone such base that has been able to a certain

extent do that and this would be seen in subsequent

chapters,







CHAPTER FIVE

5,00 AIMS, OBJECTIVES AND SCOPE

An airforce base is a formation that encompasses
a wide range of functions which have already been
discussed in previous chapters. This thesis therefore
aims at providing a realistic, functional and economical
model base for the Nigerian Airforce taking into
cognisance the latest technolo’ically available materials
and constructional methods adhering strictly to military
planning laws already discussed, The base should
- therefore be able to function well for the present
day users and also readily accommodate any future
changes.

The scope of the thesis is the design of the
hangars and bunkers in the operational zone and also
detailed planning of the operational zone. A schematic
but systematic planning of the functions in the barracks
zone is also included., The scope can therefore be seen
as the general planning of the base but with particular
emphasis on the operational zone and better still, the
destgn of the hangars and bunkers. Since generally

these hangars and bunkers are supposed to serve two



different aircraft; the Jaguar and MB 339, both of
which have very similar dimensions, only one prototype
each (ie one hangar and one bunker) would be designed
but their actual locations would be shown on both site
plans provided in the design ie Figs L2 and 43. The
macro-thesis can be therefore described as the overall
planning of the Nigerian Airforce Base, Yola while

the micro-thesis is the design of the hangars and bunkers.

5,10 SITE ANALYSIS AND SITE SELECTION CRITERIA

The actual selection of a suitable site for a
project like an airforce base 1s a very difficult but
essential part of the planning process. A wide range
of factors ranging from the security aspects of the
base to the soil types of the site have to be critically
analysed, In the case of the Nigerian Airforce base,
Yola, three alternative sites were provided., The sites
code=named "A", "B" and "C" are shown in fig Lo, After
a critical analysis of all the three sites, gite *C®
was chosen, Many things were taken into consideration
but it is worth noting that site "A" happens to be the
present local Yola airport and at the moment it is
situated in the heart of Jimeta town which is a mixed
commercial/residential zone while site "B" happens to
1ie within NTA Yola frequency or wave transmission
zone nd this would affect the communication network

of the airforce base and in addition to this the site
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is at the moment very mashy, Also, both the sites

have the military /security disadvantage of lying on

ma jor roads, Site "C" however happens to be on a bye
pass which at the moment is not being utilised fully
and also happens to be the one that the Federal Military
Government deems fit (ie government policy or decision).
These two main points in addition to the fact that the
site happens to be adequate in terms of size and
structure makes it the best suited for the purpose,

The total area of the site is about 596 hectares
and this is sufficient foramedium sized airforce base,
The long axis of the site lies along the NE = 5W
direction and this is a big advantage since the runway
has to be aligned along the lons axis and also along
the orevailing wind direction or directions, The
general climate of Jimeta is discussed below in addition
to the physical characteristics of the site. A

summary of these factors is clearly shown in fig l1.
(a) Climate;=-

The climate of Yola is largely determined by
relief and the inter-tropical convergence zone, The
long dry season lasts from October to March and the
wet season between April and September, Yola records
higher temperatures than other parts of the north and
even probably other parts of the country during the

period December to March with about 78°F, The hottest

104




temperature is recorded in the pre-rain or early rain
month of April, and this is about 90°F, There are
basically two main wind directions namely the North -
fast trade winds during the hammattan period and the
South - West monsoons during the raining season,
Table AV shows the mean monthly temperature, rainfall

and cloudy days,

(b) Vegetation:-

The site is relatively flat and a great part of
it is at the moment being used for commercial farming.
The trees on the site, mostly ewalyptus, are preserved
in a scattered pattern save for the forest reserve
on the periphery of the site alon: the Mubi - Numan
bye-pass, On one side of the site ie towards the
South - West direction which happens to be areas that
are frequently cultivated, secondary growth and fire
resistant shrubs and stunted thorny trees have taken

over from the former vegetation,

(¢) Geology:=
The general rock types on the site happen to be
those of sedimentary origin ie sedimentary rocks of

crateceous origin,
(d)' 50il:-
Basically the site consists of alluvial soils,

The soil is weakly developed and hydromorphic in some

areas varying from sandy and loamy to clayey soils
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which are often alkaline in nature,

The factors discussed ahove all
a direct influence on the planning and design of the
base, They affect the planning in terms of things
like the orientation of the buildings, the building
types and materials to be used, etc while at the same
time influencing the foundation types and other related

factors.,

5,20 DeSIGN CONCEPTS AND METHODS

In the design of a project like an airforce base,
it is not usually possible to look at the "macro" and
"micro" schemes as one because here one is dealing
with a wide variety of functions each related to the
other at different levels ie some are more intricately
or intimately related than others., Wwhen therefore
utilising a particular concept on a "marco" scale, it
might not be very possible to employ it on a "micro"
scale, The Nigerian Airforce base, Yola, however is
one project in which the concept for the "marco" and
"micro" schemes are in but one and iLhe same as would
be seen in due course but first I would like to discusse
various architectural concepts or approaches before

discussing the airforce base concept,

g Various personalities view architecture in totality
as different things., To be Le Corbusier, it is "the
masterly, correct and magnificient play of masses brought

tozether in light," and to Frank Lloyd Wright it is




"the triumph of human imagination over materials
methods and men," Adolf Hitler described architecture
as "stone documents ,.. an expression of the unity
and power of a nation" and to Mies Vander Rohe it is
"the will of an epoch translated into space." Which
ever way one looks at it, these individuals are
describing in their own special way or language the
same thing only that their views are from different
perspectives, It is like lookint at a bottlej one
person mi~ht when asked say it is a bottle that is
belfore him, another might say the liquid inside and a
third, glass, They are all looking at the same thing
only from different perspectives,

In line with this, various approaches have been
advanced over the years in form of styles., From the
earliest times through to the Egyptian, Greek, Roman,
Byzantire, Gothic, Rennassaince, Art Nouveau and even
to prescnt day modern or post-modern periods to mention
a few, various approaches or concepts have at different
times dominated the building scene,

After exploring various concepts such as primi-
tivism, functionalism, ecclecticism, the catholic view,
expressionism, metabolism, post-modernism and even
High Tech (ie High technology), I came to the conclusion
that for a proJject which such varied and dynamic

functions like an airforce base, metabolism or what




I would prefer to describe as a concept of "Military
Metabolism" be implored in the Yola design,

The initial concept of "Metabolism" was introduced
in 1960 at the International Design Congress in Tokyo
by a group of five Japanese architects namely Masato
Otaka, Kiyonori Kikutake, Fumihiko Maki, Moriaki
Kurokawa and a critic Noboru Kawazoe, Kenzo Tange
and Arata Isozaki joined the movement later. According

to Egon Tempel,

"The notion of metabolism, derived from
the Greek (meaning change or conversion)
is intepreted as a process of continous
or cyclic transformation, The metabolists
insist that building for the community
at large must be regarded as a metabolic
process because, from a biological point
of view, human society itself is in a
continous process of renewal so that it
defies any fixed or schematical design
principles,"

Changeability and flexibility were the key elements
that the metabolist group siezed upon and explored.
Metabolism as we know it, is the biological process

by which life is maintained through the continous

cycle of producing and destroying protoplasm, To the
Japanese architects who adopted the name, it meant
creating a dymamic environment that could live and grow
by discarding its outdated parts and regenerating newer,
more viable parts, [Even the proponents of metabolism,

different approaches were implored, To people like




Maki and Otaka, the approach was that of "Group Form"
while "Unabara" comobining a project for a "Tower City"
and 2 "Floating City" was adopted by Kikutake., Isozaki
sugcested that housing units be suspended from masts
and Kurokawa proposed a "Wall City" proJject consisting
of gigantic megastructures reduced in height at the
periphery, with an integrated traffic system, All
these to a certain extent have remained dreams and only
Kenzo Tange's Communication Centre at Kofu, with its
volumes suspended from a structure of sixteen reinforced
concrete cylinder comes nearest to the vision of
Metabolist urbanism, He too was a proponent of the
Megastructure Scheme, [Even thoush the Metabolist
developed the Metabolism idea in different ways, it
should be noted that the idea was brought about by a
similar concern ie how to structure the rapid growth

of Japanese cities.

In contrast to the space or land problems of Japan,
Nigeria is a country with abundant land at the moment.
However, as the years go by, land problems would start
to arise with an increase in population. A project
like an airforce base that is hard and expensive to
develop end construct must have the ability to accommodate
different functions or changes at different times.,

Airports, for example, in Nigeria have at various times

have been converted to airforce bases and vice versa,




The in-ability of these airports/bases to perform a
different function from that it was originally designed
for satisfactorily has been a great source of concern
for various governments and planners,

My concept of metabolism is for the base to be
able to either increase or reduce without any visible
changes (ie the hangars most especially), The ability
of the base to grow or metamorphosize is in itself
metabolism, At any point in time the base should be
able to function and readily accommodate any changes,

A building cannot be all things to all men at all times.,
Architecture and planning should not be divorced from
nature, 1 hold Yinka Gbotosho's belief that; "there

. is an inherent logic in the nature and structure of
organisms that inhabited this planet, Any architecture,
urban design or social organisation devoid of this
structure is self destructive hence untenable,"
gverything present today on this earth has its roots
stronzly embedded in nature, In the design of hangars,
what I would like to term as "Military Metabolism" is
used, The hangars have the ability to grow from the
sides without necessarily causing much havoc, The
"military" aspect of it lies in the brutalistic,
aggyessive, massive, repulsive but orderly or regimented
nature of the hangars, "Hitlertarian architectural

philosophical" ideas or concepts would perhaps be a




better phase to use, This is so because Hitler's
definition of architecture is "power" oriented and
it is generally believed the world over today that
the power of a nation lies in the strength of it
military and so his definition of architecture as
"Stone documents ... an expression of the unity and
powver of a nation" is put into play here,

The aggressive and brutalistic nature of the
hangars can be clearly seen in the scaling of the
building and the thickness of the columns., Bare walls
also add to the repulsive nature of the building. The
design is supposed to be massive having been built of
thick concrete walls. The idea of brutality in
archnitecture is in the use of fable columns, In
addition to the zoning aspect and also other security
devices provided in the operational zone supposed to
keep unwanted visitors away from the sensitive zone
(ie hangars, bunkers, etc), I purposely decided to
provide a kind of repealing structure in form of the
hangars, This is because in nature I have observed
that different species of living organisms have their
own peculiar ways of keeping their respective enemies
away, The tortoise for example has the ability to
move back into its shell, the bee stings, certain
varities of plants shrink or close up, birds fly away etc,
All these are God - given gifts and these in one way

or the other help these natural organisms in the struggle

10,



to keep their enemies away, It is for this same
reason that I introduced the brutalistic and aggressive
elements into the hangars,

A more comprehensive description of the base and .

the hangars would be given in due course,

5.30 FORM _AND FUNCTION IN ARCHIT:CTURE

Four schools of thought exist on the "form follows

function" philosophy since the cry was voiced out by
one of the first masters' of modern architecture in
person of Louis Henri Sullivan, The first school of
thought gives in line with that ot Sullivan (ie it
agrees that form follows function), the second; form
and function are equal components of equal value, the
third; function follows form and the fourth; form and
function are not related,

I am of the view that Louis Henri Sullivan had
a different interpretation or notion of his "form
follows function” than what is used today. This is so
because when one looks at Sullivans works like the
Schwab and Selz house in Chicago and the Bradley house
in Madison, Wisconsin, we see two buildings designed
to suit two similar or same functions but possessing
different forms in the present day definition of "form{
I believe strongly that there exists more to be

explained about this phase, I however hold the view




that in very few cases, the function of a thing may
determine a certain form, Runways for aircraft, for
examnle, the world over a straight in outlook, character,
structure or we are decide to use the word "Form",
They however differ in configuration ie in two modes
of alignment, It is not possible as at this present
day to have a curved runway due to the landing and
takin; off characteristics of aircraft, However, the
same does not hold for houses, museums or even as
3anusi Daggash puts it, in airport terminal buildings,
He rfoes on to say;

"It is so taken for granted that function
takes precedence over everything else

when it comes to designing airports, It
is hardly accepted that a style might
derive from the functional requirement

on the basis that form follows function,
There is not one airport building the

world over that resembles another, although
they all have identical functions, This
means therefore, that form is not derived
from function, and this one dimensional
approach is the result of functional
planning ideology, Form and function

are components of equal value, which in
part are independent on eachother, and in
part combine to provide a building with

its characteristics and appearance. Not
only is functiocn conditional partly upon
forms form is also continfFent upon function,
Function will at the very least be influenced
by form in the same degree as the form is
derived from the functional requirements,
In the same way that the functional
requirements, as at an airport for example,
cannot be realised where there is too much
concentration on abstract theory without
reference to practical and constructional
principles, a successful building form
cannot be conceived unless the associated
functions are taken into account at the
time of conception",

1
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The argument being put forward here is that it
is accepted that form and function to a certain degree
are related (ie they go hand in hand) but none takes
precedence at all times ie form does not follow function
because if it did, then since all airports the world
ovaer have the same or similar functions, then their
respective terminal buildings should have the same
form,

Airforce bases the world all have similar functions
but planning methods used are different in outlook
giving each one a distinctive feature., I hold Daggash's
view that the conceptual aim in finding the simplest
solution for the operation and organisation of an
airpert (or in this case an airforce base) is in itself
abstract, analytical and formless, The disciplines of
geometry have been applied as the basis of the airport
(airforce base) design work, to act as a catalyst
between form and function,

The concept of function in architecture is very
relative ie functionalism varies from one school of
thou:ht to another and better still from one individual
to another, Hangars also vary in form and structure
from place to place having only free spanning interiors
as a common feature, Different constructional techniques
and design concepts used for different hangars have
failed to give them a particular form or outlook hence

further buthessing the point that form dees not

L




necessarily follow function, If they did, then since
hanpars for aircraft the world over have similar or
the same functions, then they should have similar

or a characteristic form, 1 accept the fact that the
function determines one or two things about the hangars,
eg free spanning interiors but not the overall form
of the hangars, I therefore stand by my argument that
in the design of hangars, the function does not
determine any specific form but that form and function
in military architecture compliment each other but
there is no universal law or laws that they follow or
obey at all times, 1 like Hugh S5tubbins believe that
there is obviously "no blueprint for architecture®,
Certain puidelines however have b~en provided by him
within which a building should at least be good and
has the potential, if appropriate, to be great, He
goes on to say;

"I have deep respect for function, The
planning problems must be solved, The
building must not only work for the
user but also, if possible, be flexible
for the future, Structure is of great
importance, It should be forthnight,
logical and honest, Tt should have
intergrity, which does not mean that
structure should necessarily be expressed,
A building should express in some way
its purpose as well as have unity in
itself, It must be a whole thing, rather

. than a lot of pieces stuny torgether,
Integration within the environment is
important, for, if we are to avoid the
physical chaos with which we are now
surrounded, we must respect to some
extent the existing fabric, be it natural
or man made, In the long view, to be
new and exciting may not be as important
as to be courteous and restrained, But
this does not mean that - within these




parameters - we should not exploit fully
the technology and materials we have at
our command, Perhaps most of all it is
important to realize that at any time

we are only a link between the past and
the future, and we must see ourselves as
evolving from the one and leading to the
other - despite the ever=present tempeta-
tion to deny our forebears, Jince in
the last analysis architecture reflects
society's priorities and purposes, our
architectural heritage is a unique
expression of the history and progress
of man, What moments we leave behind

in the form of buildings reveal more
clearly than anything else the value we
place on the quality of 1life",

Different individuals have different approaches
to problems but 1 strongly believe that the guildelines
provided by Hugh Stubbins hold® a2 lot of truth, Form
and function are related differently to different
functions but universallyl do not accept the notion
that form follows function and my argument has already

been put foward.,

5.40  FUNCTIONAL ANALYSIS AND SCHDULE OF ACCOMMODATION

A critical analysis of design synthesis is
necessary and rids the architectural process of some
of its mystery to an experienced architect, the solution
to a certain problem or basic design concept may occur
ever before all the data and programming information
mi ht have been assembled and weighed, The case
however is not the same for a young or inexperienced

architect or student, An analysis of the necessary
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data is essential in order to get a very appropriate
and functional design. A functional analysis scheme
is a very essential part of the design or planning
process, Functions that are directly related to
each other are usually zoned together, Table XVI
gives the functional relationship of the functions on
the base generally and table XVII that of the hangars,
From these two schemes, a design for the Nigerian
Airforce Base, Yola has metamorphosized having
undergone a painstaking functional analysis study of

all the functions that abund in the base,

5.50 THE NIGERIAN ATRFORCE BA33, YOLA

The schemes for the Yola base can be seen in
figs 42 to 50, The concept of ultimate develcpment
of the base is shown in Fig 42. It consists of a
network of roads that are grouped into development
stages or zones. They are arranged in such a way that
as the development of the base continues the roads
grow out or metamorphosize, This is itself is in line
with the concept of metabelism ie the ability to
adapt to changes.

The operational zone is equiped with a single
runway and taxiway but provisions have been adequately
made for the addition of one extra runway parallel

in configuration to the existing one should the need

I VRS - it 2} A A )



arise in future, All the installations both above
and below ground level conforms with military or
security requirements, All functions listed in the
functional analysis/space requirements table have
been adequately catered for,

The road network in the barracks zone also
conforms to the metabolic concept. The houses for
the personnel have been zoned according to status or
rank ie there is requirementation, The focal point
in the barracks are the recreational/welfare facilities
ez like the medical reception station (MRS) Schools,
messings, sports complex, etc., These functions are
placed near the non-commissioned officers (NCO's)
quarters because most of them lack means of transporta-
tion and they also have larger families who would
make use of the facilities, The officer's however
are more likely to be mobile, The planning in the
barracks zone is simple, straightforward and flexible
for future development or expansion,

My contributions to architecture or construction
technology can be viewed from three different perspec-
tives:~

(2) The general planning concept of the base,

« (b) The hangars, and

(c) The runway/taxiways

These are discussed hereunder,
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(a) The general planning concept ol the base

Metabolism has been used in the entire planning
of the base with great success, There is therefore
the possibility of gradual growth of the base without
a tually changing the set-up completely, It has also

been used for the hangars,

(b) The hangars

The hangars has the ability to grow in two
directions ie the aids without altering the structure,
The use of prefabrication in the roof space frame
structure is also a positive step, Research over the
years have shown that prefabricated elements were
found to withstand greater stresses than normal frames

constructed on site,

(¢) The ilunways and Taxiways

Prefabricated concrete slabs have been used for
the runways and taxiways. This is because in times
of war, the enemies first point of call would be vital
installations like the base and they would destroy the
runways, Wwhen this happens, the airforce is rendered
function since the planes cannot take-off on bad or
pot-holed runways. Wwhen, therefore, small units or
préfabricated slabs are used, all that is necessary 1s
for the engineers or ground officers to remove the

debris and put on new slabs

11



The Nigerian Airforce Base, Yola has therefore
to a certain extent been able to employ new techniques
of construction as well as planning, This is the end

result of a painstacking analysis and study.

o
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CHAPTER S1X

6,00 JUIMARY

The Jjourney from the initial analysis stage
down to the design and planning stae has been a
tedious but rewarding process. Usually in the design
of r ojectBwhich are of security importance like the
aiTorce base in Yola, a lot of sacrifices have to be
mede in order to achieve a functional and fully secure
base, The Nigerian Airforce DBase, Yola design speaks
for itself., The design is an attempt at providing a
functional, economical and genuine solution to the
problem of airforce base planning in Nigeria, In a
number of ways, this =olution has been achieved to a

very satisfactory level.

6,10 SUGGESTIONS

In the cause of my analysis and design, 1 came

face Lo face with a lot of problems end I figured that

a few suggestions would not be out of place, Those

suggestions that are of security importance would be
left out of this write-up.

* The Nigerian airforce should have in its fleet
only zircraft that are relatively easy to men and

also economical but which have good performance levels.



It should also look into the possibilities of
assembling and ultimately designing and manufacturing
her aircraft, The awareness lecvel in the Nigerian
Airforce should be maintained, Trezining in future
should be restricted to Nigeria -1’ the planes used
should be those present in our fleet,

The design and construction of all airforce
proJecis should also be undertaken by the directorate
of uJeorks of the Nigerian Airforce instead of giving
them to foreign "experts", This would provide greater
security to installations that would constitute part

of the base,
6,20 SPILOGUE

It is abundantly clear the world over that the

: security of any country lies in her dofence strength,
§e b Of all the three arms of the military, the airforce
i, is the most offensive., This is becruse of its ability
to.carry the war into its enemy's territory with
;-3 despatch in comparison to the army or the navy., Projects,
therefore, that have a relationship with the airforce
E.-should therefore be able to allow for despatch in

event of any casuality. The Nigerian Airforce Base,

Yola design is one such project that would comfortably

be able to accommodate this great function, ie the

despctch capability,

b



GLOSSARY

AM.B, - Airways Modernization Board
A,0.C, - Air Officer Commanding

AeSeDS = Adrcraft Sound description system
€

CehAeS - Chief of Airstaff

C=in=C = Commander-in-Chief

CeNoetBlo L, = Community Noise equivalent level
CeNeite = Composite noise rating

CeNo3e - Chief of Navel 3taff
Ce0sAeS = Chief of Army Staff

c/s - Cycles per sacond
D

db - Decibels

E

Fo.AJA - Federal Aviation Authority
F.A.R - Federal Aviation _leport
F.0.C - Flag Officer Commanding

Lo

G
GOC - General Officer Commanding

TCAQ "+ € m International Civil .Aviation Organisation
IFR - Instrument flight rules

ITAF ~ Italian Airforce

<

JHO2 - Joint Headquarters



L
c - Logistics Command o
ldn - Day and Night average level g

Military Airlift Command

Y
T
] ;'f- v
e

Nigerian Arny

Nigerian Airports Authority

- Nigerian Airforce

- Nigerian College of Aviation Technology
. Nigerian Navy

= Noise and Number index

© Pakistani Airforce

~ Mean annoyance level

- . Royal Airforce (Britain)
*11 Racist (Republic) South Aifrica
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