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healthy, vital and, possibly, beautiful.
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ABSTRACT

TCOPI C DEVELCPMENT CF SCKOTO | NTERNATI ONAL Al RPCRT TERM NAL
BU LD NG

The probl em of very high wind velocity is not newto
Sokoto and its environment. Wndstormhad been a seasonal
affair, and has becone a very serious regional hazard . Despite the
seriousness of this phenorenon, the authorities concerned have
done nothing to see that this pehnorenon is thoroughly
i nvestigated, and appropriate solutions found to prevent
future occurance. The Sokoto International Airport Term nal
Building is one of the victins of this neglect. The otherw se
beautiful termnal was reduced to debris after a devastating
windstormin May, 1984. A fewnonths after it was comm ssi oned.
The roof, a steel space frane structure was uplifted fromthe
w ndward side by the stormand thrown backwards breakung somne
colums on the lee-ward side as it went, causing sone serious

structural damage to the building itself.

It isthe intention of this thesis, therefore, to
findout why the Sokoto Airport Term nal building have been an
architectural failure due to |ack of consideration for the w nd
effects inthis region. It is hoped that by end of our investigations,
greater insight into this inconspicuous and invisible, yet
power ful phenomenon - the wind will be gained. And solution
not only to the Terninal building, but other buildings in

general will be provided.
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Bearing in mnd our present econom c predicanents,
and need to nmaintain other existing infrastructure |ike the
runway, parking area, access roads and the control tower.

An attenpt will be nmade to produce a new Ternminal Buil ding,
that is functional, practical and financially feasible. And

of cour se extensive use of locally available materials.
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1. INTRODUCTION

For many centuries, the action of wind forces
on structures has been classified as an act of a
Supernatural Deity (Allah), While this is funda-
mentally correct, it is only recently that serious,
attemps have been made to measure, firstly the speed
of wind, and secondly the wind force on a structure.
To this date, investigations of wind effects follow
structural failures more often than they precede
construction, and the increase in light weight,
prepackaged but large units like thec destroyed
Sokoto Air port terminal building leads to little
diminishment iIn this failure rate. There is no year
since the start of "zinc roof craze" in this part
of the country in the 1950s, when we have less than
50% of such rooflt castroyed by wind, Resulting in
lost of lives and property worth thousands of naira
then and millione ¢f naira now, Nothing could

explain thiz better than Na'inna (1985).

The Scererio: a block of classrooms and a stone
are unvoofed by a spiralling storm and the

books available tec the school are distroyed;

the only modern stall buit by the Local Govern-
ment in a remote, long-forgotten village is

left roofless after a windstorm; a multi-million
Naira Air port terminal and all its computers
and other costly imported gadgets are ruined

by a dcvastating storm.

Storms that cause such disasters do happen seasonally,
leaving in their wak extensive damage worth millions
of Naira. And in the case of poor individuals who

do not have thc means of effect immediate repaiys,
there is untold human suffering.
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In some of this cases it is not always the fault of
the designers., Many failure repdrts stress design
adherence to some foreign codes of practice which
proved insufficient, and in some cases does not even
take local conditions into consideration.

Basically, wind energy itself is considered on a
statistical basis, acting on a flexible or inflexible
object, whose movement strain and stresses are then
calculated from wind-tunnel and site measurements.

The result of subsequent wind forcce calculations
should be specific and statical. They are specific

in that they refer to a defined structure at a particular
8ite; they will not be approximatious unless the measure-
ment data is also approximate, and in that case the
degrec of uncertainty can be translated directly into
the margin of errow of the structural effects. They
are also statistical in that it is never possible to
define a maximum wind force in any area. Instead,
the probability that a particular wind force may not
be exceeded is stated, and this probability can be
translated into a probable lifetime for the structure.
The cheoice of a life-duration is then consciously made.
It must be stressed that any code of practice which
guarantees a maximum wind force is unrealistic.

It is in view of the neglect given to this very
serious and important problem that the Redevelopment of

Sokoto Internatinnal Air Port Terminal Building was
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conceived. Sokoto Airport is just one of the many
buildings that were destroyed by the action of wind,
which could otherwise be unharmed by such winds.

Had the local condition been considered right from
the design stage. This thesis will therefore, try

to unmask the behaviour and action of wind as

rcgards building structures. And in particular

the turbulent flows in the boundary layer. In addi-
tion to the primary concern with mean velocity of the
wind, two aspects of these turbulent flows are of
interest: thec state of turbulance of the natural wind
approaching a structure and the local or "signature"
turbulence provoked in the wind by the structure itself.
Since most buildings prescnt bluff form to> the wind,

emphasis is placed on bluff-body aerodynamics.



2. ENVIRONMENTAL ANALYSIS

2.1 Climate

The principal climatic elements, when human
comfort and building design arc being considered, are
solar radiation, temperature, wind, humidity, preci-
pitation and special characteristics such as lightning,

carthquakes, dust storms and so forth.

2.1.1 Solar Radiation

Solar radiation, which occurs in the so=-called
shortwave length, is the source cf almost all thc
earths energy and is, as a result, the dominant influence
on all climatic phenomena. The intensity of solar
radiation at the upper limits of the atmosphere varies
according to the earth's distance from the sun and the
solar activity, but the everage intensity on a surface
perpendicular to the solar rays is 1.94 cal/cm3/min (or
1353 uatts/Mz) and this value is called the solar
constant.

Solar radiation varies greatly with the geographic
location, the altitude and the weather; in otherwords
with the length of the day, the angle of the sun's
rays to the ground, with the length and quality of the
atmosphere through which it passes, and particularly
with the cloud coverage. The four main channels of
radiant heat transfer affecting buildings are, in

order of importance: direct short-wave radiation from
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the sky-vault; short-wave radiation reflected from the
surrounding terrain; and 1long wave radiation from the
heated ground and nearby objects. These affect buildings
in two ways: firstly, by entering through windows and
being absorbed by internal surfaces, thus causing a
heating effect and, secondly, through being absorbed

by the outside surfaces of the bauilding creating a

heat input, a large proportion of which is conducted
through the structure and eventually emitted to the
interior. Another major form of heat transfer affecting
buildings is the outgoing long wave radiation exchange
from building to sky - an effect which is reduced when
the sky is clouded and is strongest when the atmosphere
is clear and dry as in hot arid zones like Sokoto,

where it can be utilised as a source of energy for

cooling buildings.

2.1.2 Length of Day, Cloud and Sunshine

The Sokote airport site is located on latitude
1295+ North, does not have large variations in the
lengzpth of day. The longest day is about 12.9 hours,
the shortest about 11.3 hours. Variations in the
amount of solar radiation are therefore mainly caused by
cloud cover and Harmattan haze and dust.

The cloud cover increase gracdually to its maximum
in August and decreases sharply towards the end of

the year. The densest cloud couver normally can be
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expected in the early afternoon, and thc least around
nidnight.

Cloud cover anc¢ dust haze cause cold days and
warn nights because of less incoming and outgoing
radiation. Therefore, diurnal variations in termpera-
ture are least during cloudy or hazy days and highest
during clear days.

The mean duration of bright sunshine varies with
the length of the day and the cloud cover. In the
first months of the year, the duration of sunshine
increases with the lenght of day and absence of cloud.
Towards April, cloud cover increases more rapidly than
the length of day leading to a secondary minimum,
Towards May-June, cloud cover increases less rapidly
than the length of day leading to a secondary maximum
of sunshine. 1In July, August and September, cloud
cover is dominant and the duration of sunshine reaches
its minimum. Short days in December and January are the

cause of less sunshine.

2.1.3 Air Temperature

The climate is Hot Arid type which is characterised
by relatively wide and rapid changes in temperature.
The highest mean monthly temperature is 40C” in April
while the lowest mean monthly of 15”°C occur in December

and January.
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Since air temperature varies from one side °
of the building to another, from shaded to unshaded
arcas, from grassed or paved fields to paved roads,
it is an element which is difficult to define and in
neasuring it, one could only hope to find a value which
represents some average value of thc temperature
condition of a heteragenecus mixture of air.

The rate of heating and cooling of the surface
of the earth is the main factor determining the tempera-
ture of the air above it, It is important for the
designer to obtain not only the monthly mean maximum
tenperatures, but also the monthly mean minima, which
will give an indication of the diurnal (day and night)
variation. These can be large, for instance, in the
hot arid zones, and building design must make allowances
for this, A large Adiurnal range is indicative of dry
weather and clear skies, which means intensive solar
radiation by day and strong outgeing radiation by
nizht. Pointing, broadly spcaking, to the importance

of shading, reflective coloring and good landscaping.

2.1.4 Surface Wind

Sokoto is affected by two wind currents: the
Harmattan frem the north-east with rorthern and eastern
conmponents. And the Maonsoon from the South-west with
western and to a lesser degree southern components.

The Harmattan predominates from November to March, the

monsoon from May to September. In October and April
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TABLE 1: BEAUFORT SCALE OF WIND FORCE - AS ADAPTED FOR LAND USE.
JSorce Description Equivalent speed 10m apove the ground
“nots km/h
Mear Limits Mean Limits
1 Light Air 2 1-3 3 1-6
2 Light Breeze % 4.-6 9 6-13
3 Gentle Brecze 9 7--10 16 13-20
4 Moderate Breeze 13 11=-16 24 20-29
5 Fresh Breeze 10 17-21 34 29-39
6 Strong Breeze 24 22-27 45 39-50
7 Wear Cace 30 28-33 56 50-62
C Gace 37 34-40 68 62-75
0 Strong Gace 44 41=47 82 75-89
10 Stom 52 48-55 95 89-103
1" Violent Storm 60 56~63 110 103-118
12 Hurricane - ; 64 . - Hg




both winds directions occur about equally because of
the secondary movencnts of the low pressure belt
proceeding southward or northward. The wind really
blows from southeast or northwest, The yearly windrose
(Figure ) shows clearly the predominant wind
directions. East, South west and Northeast direction
cach predominate for more than 25 percent of the year.
Generally, the wind speed at the surface is low.
Hisgh wind speeds occur only 28 pusts of short duration
which are generally associated with thunder storm or
line squalls. Most gusts occur at the beginning of the
raining season in May and June; a secondary maximum
is reached in September., Gusts arc mos t frequent in
the afternoon when most of the thunder storms form,
and least frequent in the morning. Their main direction
is betwcen North and North west coinciding with the
nain direction of thunderstorms and line squalls.
Benjamin Franklin was the first to discover
that storms moves with their inner own inner circle of
winds and do not move in the direction of the wind
they bring with them. This discovery was a landmark
in meteorology.
Direction, speed, pustiness, and a frequency of
calms are all important characteristics of wind, which
is a very unstable parameter in most part of the world,

fluctuating markedly within a2 matter of minutes or
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hours and changes direction with passing weather systems.
The variability of the wind is revealed in both its
dircction - which always refers to the direction from
which the wind is coming - and its speed,.

The wind over a rerion, their distribution and
characterstics, are determined by several global and
local factors. The principal determinants are the
seasonal differences in atmospheric pressure between
places, the rotation of the earth, the daily variations
in heating and coooling of land and sea, and the
topography of the given region and its surroundings.

It would be impossible to discuss here all the
causes, or to investigate all the influences which
are responsible for the cumplx and changing atmospheric
movements, but it is important to point out that there
are types of winds which occur, and recur, in place
and time with some regularity. Some of the patterns
of air circulation are those which stem from unequal
heating at lower and higher latitudes.

The weather at any place, however can be affected
not only by air moving under the influence of huge
air masses, but also by winds of a more local origin
which are typical of that area and are caused by a
feature of the particular locality such as open
terrain like the Sokoto airport site, mountains, a

lake or sea.
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Because wind affects ventilation, can be used
for cooling, can cause driving rain, can carry dust
and can require structure to be strengthened, the
decsigner must determine the direction, speed and
predictable daily and scasonal shifts of prevailing
winds and analyse how best tn utilise or block the

positive and negative aspects.

2;1.5 Atmospheric Humidity

The relative Humidity in Sokoto range between
mnonthly mean minirunm of 11% in February to 81% in
supgust. The term atmospheric humidity refers to the
water vapour content of the atmosphere gained as a
result of cvaporation from expcsed water surfaces and
moist ground, and from plants transpiration., For any
ziven temperature there is a limit to the amount of
water that can be held as vapour, and the air's
capacity increases progressively with its temperature.
The vapour distribution is as a result, not uniform and
varies parallel with the pattern of annual solar
radiation and temperature averare, but is highest in
the tropical region and dccrease towards the pole.

As relative humidity affects the behaviour of
many building materials and their rate of deterioration,
and vapour pressure affects Lhe rate of evaporation
from the human body, these two expressions of atmospheric

moisture content, both of which vary greatly with the
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Place and time, are most important from thec designers
point of view. Whereas the diurnal differences in
ﬁapour pressure levecls are small they are subject to
wide seasonal variations and are usually higher in
sunmer than in winter., Relative humidity of the
diurnal and annual changes in air temperature which
determine the potcntial moisture capacity undergo wide
#ariations even when the vapour pressurc remain almost

constant.

2;2.6 Precipitation

The total average annual rainfalll in Sokoto is
about 732.5mm, most of which falls between July and
Septcember with highest amount of 306mm falling in month of
August. Hardly any rain :alls in the months of
Hovember, December, January and¢ Fchruary. During this
months, the worst effects of the cold, dust carrying
Harmattan winds are experienced, The prevailing winds
blow mainly from thc East be“ween the months of October
and March with secondary winds blowing from North East.
Detween April and September (season known locally as
damina) the prevailing winds blow mainly from South
West direction while the secondary wind blow from the
west. These South West wind usvally brings rain along

with it.

2;2 Architectural Aerodynanics

All of our buildings and structures, and we

ourselves in the main, exist on the bottom of the immense
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occan of air many kilometres decp. Every exposed
surface must sustain 2 static pressure which arises from
the weipght of the atmosphecre above nressing down on

and blanketing cverything. Under normal still conditions,
the pressure inside a ventilated buildins is the same

as that outside, so that nc net pressure difference or
resultant force is experienced; we cannot perceive this
pressure with our natural senses unless its magnitude

changes appreciably from the nornal.

2;2.1 Flow Fields

When air begins to move, its static press-flow over
obstacles, which in turn change its apeed locally,
the local static pressure felt on the body differs from
that of the ambient at large. It is the pressure
difference of the local pressure from that of the
ambicnt at large which is felt by the surface as
procducing a force. Airflow can be either laminar or
turbulent. Laminar flow consist of air particles
noving along smooth linear paths, or, as the word
implies, air moves in stratified liminae or layers
that indicate smoothness of flow, Turbulent flow is
the opposite; that is, the air particles moves in an
erratic and random fashion in all directions, breaking
the smoothness of the flow.

Windflow near the earth's surface is turbulent,

that is gusty, and unsteady, By unsteady it is meant
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that variables such as velocity and pressure at a fixed
point in space arc varyins with timc. Flow fields can
be conviniently divided into three flow regions, as
shown in Fig. 8.2.1, and can be described as follows:
(1) Freestream flow
The freestrcam flow is the flow ahcad of and
outside of thc immediate influence of the body.
Most importantly, this is thc¢ region where mean
shear rates arc neglipibly small,
(2) Shear layers
Shear layers are regions of relatively high mean
shear rate. A boundary laver of fluid through
which the mean velocity changes from zero at a
solid boundary to free stream veclocity at the
outer c¢dge is a very inportant shcar layer.
When a boundary layer separates from a surface
or at an edge, it becomes a freee shear layer
separating freestream flow on one side from a
wake or re-circulating flow region on the other
side.
(3) Wakeflow
The wake region developed behind a separating shear
layer contains low velocity (relative to free
stream) re-circulating eddies, or vortices as
they are sometimes callecd.
A boundary layer is that portion of the air

where the speed of the air particles is modified by the
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presence of a body for instance, a still building in
flowing wind. We could say therefore, that the boudary

layer is that portion of the air bounded inside by the

body itself and outside by the edge of undisturbed air.

"Prandlt discovered thot attached to a body
that is in relative motion with air, is a thin
film of air that stays with thc body. Each
superimposed layer of air is retarded by
friction, but less as the distance between
laminae and body increases",

Note that the flow within the boundary layer can be

laninar or contain arceas of turbalance.

2.2.2 Basic Consideration

When a structure lies in an air stream, the air
vclocity is stopped on the windward side, accelerated
at the sides, and crecates an eddy at the rear. The
pressurc on the structure is therefore positive on
windward surface and negative (suction) elsewhere,

Wind creates pressures or suctions on building
surfaces, depending upon the angle of incidence
butween the wind direction and the surfaces. In
general, pressures are created on windward surfaces
that have an included anrsle of more than about 30°
between the wind direction and thc surface plane.
Suctions are generated on all parallel and leeward
surfaces. Such suction forces can be considerable and
become critical with respect to the fastening of the
skin or cladding to the building frame. Light weipght

residential and commercial siding or curtain wall
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conponents are often pulled off at building corners
by the powerful "eddy" force thcre. Tornados and
hurricanes can lift entire roofs from small buildings
by airfoil action unless proper anchorage is provided.

2.3 The People

Although it can be arpued and quite rightly too,
that Sokoto is fast beconing a comsmopolitant centre.
Onc should appreciate the fact that the indiginous
customs and traditicn still prevails and in most cases
even emphasised, in most of :h- activities of the city.
The majority of the inhabitants of the city are pre~
dominantly Hausa/Fulani and prectice the relision of
Islam. This is not suprisins or unexpected, as Sokoto
was the capital of the famous Sckoto Caliphate. 1In
view of the facts stated anove, onz will be failing as
a desipner if he ignores them. Konya (1980) "any good
buildiny should relate and r.~no d not only to the
climatec and other evwvironmertal conditions in its own
area, but also to the tradit onal way of life of its
users”., The community's obji:ctive in the design of an
important institutional building like the Airport,
which is 2 gate way to their city is the building
should rendcr a unique and appropriate expression and
impression of the community. And ofcourse be responsive
to their needs relative to convenience, comfort, and

personal requircaents.



3. THE PROBLEM

3.1 Preamble

Windstorms have been known to claim the life of many
people, killed by falling walls, flying metal roofing sheets
or uprooted trees. And apart from damaging buildings and
houses, windstorms are known to raise a cloud of dust so thick
that it can stop traffic, force airlines to cancle flights and
cause dorkness during daylight. These storms that cause such
disasters do happen seasonally leaving in their wake,
extensive damage to lives and property worth millions of Naira.

Winds of high speed occur only as gusts of short
duration which are generally associated with thunderstorms or
line squals. Most gust occur at the beginning of rainy season
in May and June; a secondary maximun is reached in September.
Gusts are most frequent in the afternoon when most of the
thunder storm form, and least frequent in the morning. Their
min direction is between North and Northwest coinciding with
the main direction of thunderstorm and line squals.

3.2 The Terminal Disaster,

The Sokoto Airport Terminal building was destroyed by
a devastating windstorm in May, 1984, The roof, a space frame
structure. Measuring 26 x 60m was anchored by 4 - 12mm bolts
inbeded in each of the 18 reinforced concrete colums (12 x 12r
grid) supporting the roof structure. The roof which has a 5°
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pitch (slope) was uplifted from the windward side and thrown
backwards breaking somc of the columns on the leeward side,
Including all the wall claddings that are attached to the
roof. On physical examination of the wreckage after the
disagter, it was discovered that, neither the space frame
structure nor the roofing sheets attached to it were damaged.
Everything was in a very guod condition. Plate II

Alot of things could have contributed, in one way or
the other in the destruction of the terminal building. But,
like in many other buildings around, that are destroyed by the
action of wind., Thc most striking single factor was that the
anchorage was designed to withstand the wind pressure that
caused the destruction. Altermatively, the anchorage was not
properly inbeded in the reinf.rced concrete colunns, as to
withstand the pulling force the uprooted it. The wind velocity
on that fateful day might not be very high. As to cause the
destructuion had the designers done the work properly. Although
we have no record to prove this, since no accurate wind data
for that complete month exist. One would expect the roofing
sheets to give in first, had the wind velocity at that
particular time been very high as to cause such a serious
destruction.

The designers of this Terminal Building, The Netherlands
Airport Consultants (NACO), a foreign consulting firm made use of
a very low loading code of 0.5KBWM wind pressure for the roof,
While the local code for Sokotc is between 1-1.SKNA1,
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This provision iarPJery adequate, considering the very high

wind speed that are recorded in Sckotu in recent years. Wind
speed of more than 120KM/H which mcasure 12 - (The strength of

2 hurricane) on Beaufort Scale of winds has been recorded.

During gust periods wind speed could exceed this limit, since it is
difficult to record them unless thcy happen to pass over a
meteorological station which is very rare. This brought us

to the case of Awolowo's helicopter thnt was destroyed by

wind storm on the same airport in 1933.

3.2.1 How it Happened.

To understand fully, how the terminal building was
destroyed. Some understand of architectural aerodynamics
introduced in chapter 2 is required. First we place our
Terminal Building in the way of a windstorm. Pressure will be .
created on the windward side, suction on the leeward side
and the parallel sides and a lift (suction) on the roof since
the pitch of the roof is 5” (Fig. 3.2). The terminal building
roof structure has a free and open overhang which further
aggravate the lifting action. The present of large glass areas
on the windward side confounded the situation as some of the
doors and windows might be left open or even destroyed by
missiles driven by wind during the storm. In the event of
this happening, another pressure will be created under the
roof tending to push it upwards. This will contribute
tremendously in the further upliftment of roof structure.
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We now have a combination of suction on the top and a push
(pressure) from the bottom of the rcof (Fig. 3.2a). Until
eventually the anchorage on the windward side fails. This side
then start moving upwards, while the middle and leeward side
is still active (Fig. 3.2b). At this stage the loading on
the remaining anchorage particularly those in the middle will
increase tremendously until cventually they fail too. This
will allow the roof structure to be raised higher by a combine
action of suction fram the top and pressure from below,

Until it finally rises to a hight that the free streem will
act on it directly. It is at this point that some of the
columns on the leeward side got broken (I'ig. 3.2¢).

3.2.2 Structural Failure.

The process of uplifti.; the roof structu-e has
resulted into some structural damnge in the Terminal building.
First the columsn, which by their slandeness ratio also
classified as long colvms, are scriously weakened if not
completely damaged. By the action of pulling out the anchorage
from the colum tops. This single act will send very
tremendous shockwave through the columns down to the foundation
which will similarly be weakened or even damaged depending on
the intensity of the shock. Secondly, there is the lateral
force of the wind itself which tend to overturn the structure
and throw it backwards. This result in a sought of turning
movement trying to break the columns from their base.
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The wind act on both the roof and the building structure at
the same time. Therefore all the londing were being carried
by the columns which transfer the same to the foundation,
This is an unusual loading and the foundation is not designed
to carry it. Thus, resulting in the failure of both the
columns and the foundation,

These two actions of the wind - the pulling and bending
are responsible for all the structural damage done to the
Terminal Building. The structure could have been saved, if
the footing were rigidly fixed by a ground beam and the '
columns given adequate wind bracing. The destroyed Sckoto
Adrport Terminal Building is indeed an architectural failure.
The ruin should be pulled down to give way for a new Terminal
Building which will take locali climatic conditions into
consideration. AMything short of this will be
calling for ancther disaster. Hassa (1983) thc then Airport
HManager, in his anmual report made this observation "The desimn
of the airport building and utilities are not suitable for the
climatic condition of the area. This mcans year in year out,
the same problem of civil meintainance are posed -~ the
blowing off of almnst 50% of the roof tops; these in turn expose
and affects sensitive mechenical, electrical and electronic
equipments", That was in his 1983 annual report, Bnd barely
four (4) months later the roof of the terminal building was
completely removed and the building destroyed.
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3o General Trend.

Part of the task this thesis set itself to achieve
is to findout what precautions are necessary, when building
to protect our structures from hazardous windstorm., This
include wind-induced actions and wind manifestations that have
been discovered to affect the success of architectural and
environmental design. Bearing in mind that structural respeonse
of buildings varies according to the forces involved,

Most of the buildinz structures, errected in this region,
can be classificd as architectural failures, because, they
did not take wind effects into consideration in their desigm.
It is very pathetic to see the way and manmmer our primary schools,
rural clinics, market stalls and even houses were constructed,
The realities of our built ervironmont painfull; a shame.
Though not completely hopeless. "he trath of the matter is
we do not really understand our own environomtn., 3Ind of
particular interest herc is the behaviour of wind, as it
affect building structures. It scems, we have forgotten how
to design with nature and tends to ignore the climate while
we become preoccupied with forms currently fashionable - The
nodern building. Our designers mwst have a very good knowledee
vind behaviour. This includes its speed, direction, pustiness
and the frequency of calms. These are very unstable parameters
fluctuating markedly within a matter of ninutes or hours and
changes direction with passins weather system. All these must
be determined and then analyse how best to utilise or block
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the positive and neocative aspects. This has been discussed
in detail in Chapter 2.

The nmost striking observation amonz thc destroyed
buildings however, is that, most of the destructions would
have been avoided if proper anchorage were provided to the
roofs of these buildings. Thc common practice is to fix the
roof structure tc the last two courses of blockwork at
certain intervals, And cven where a concrete ring beam is
nrovided, they simply use steel wires to anchor the rafters
to the bean, which will eventually fail after a strong wind,
They will then come to the rescue Ly constructing another course
of blockworiz on top of the roofing sheects. This uncivilised
practice beside makin~ the building j bomks awful, is also
dangerous. As these blocks cin be blwn down by strong wind,
and cause serious injury or even death ot people around.
Bilding, whether conpletely destroyed or partially damaged,
arc probably the highest contributors to missile attack.

Roof's and walls produce debris such as timber pieces, boards,
nails, blocks and metal roofing sheets. This last item, in
particular is extremely dangerous. The major individual cause
of death and injury is, infact, the corrugated sheet metal
panels popularly used as roofing material. These become deadly
riisgiles during storm, cutting like razor blades flying in the
air. In addition, there are similar examples of metal sheets used
in buildings for general claddin: or roofing, which become
wind borne when the panels were detachad or ripped fram their
anchors. This type of material is alsc used as temporary
structures especially in squatter settlements,
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CHAPTER 4

G4, CGENERAL  SOLUTION

b1 Poor Building Performance

It is very important for the designer, before getting
involved in the business of building construction, to form an
unsderstanding of the fabric's functions as a whole. The
present situation of poor building performance in an age of
unprecedented technological expertise can be traced partly
to the general lack of an overall, explicit design philosophy or

system to govern and give guidance to, the multitude of detailed
decisions which shape the evolving building design.

Such a situatior could not exist in design fields where
the price of failure is disat~~, Tf a superson'c aircraft,
for instance, were to be designed without the discipline of an
overall set of controlling functional recauirements against
which detailed decisions could be tested constantly, the
resulting catastrophic would be spectacular, In the case of
buildings, the consequences cf haphazard decision-taking arc
less newsworthy. The building merely causes misery to its
inhabitants by leaking, overhecating or even left ro0fless.
These inconveniences are more easily ignored than air disasters,
80 architects tends to disregard thc complaints of building
users., And the problems mantioned above are with us constantly.
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4.2 Need for Environmental Control.

Why does man build? Most of the reasons can be summed up
in the phrase Yenvironmental control™ . People nced shelter from
wind, sun, dust and rain. They require certain conditions of
tewperature, humidity and air movement if thcy are to be
physically comfortable. They require security and, at certain
times, privacy. They like views of the world outside; they
dislike excessive noise; they desire certain condition of
light, and so forth.

The main purpose of building has always been to provide
an environment that will satisfy these needs. It is our
success in controlling or modifying the natural environment
that will enable mankind to progress from an existance of
bare survival to one of ense and comfort.,

Many of these needs will not necessarily be quantifiable
(for example privacy). But there are several kinds of
psycophysical needs which can, in principle, be translated
into quantified environmental standards. For instance,
appropariate physical condition for thermal comfort could
in many cases be specified. On this basis, specification
can be developed for the environmental performance required
of the building fabric - for example, thermal insulation value
and capacity of’ the extermal envelope. The ultimate standards
to bec realised are those which will provide reasonable comfort.
This will involve not only resistance standards for elements
of buildings but a proper balance between these and the
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corrcective effect of encrgy installations.

It is not suggested that all the desired psycophysical
qualitics of the intermal cnvironment can be fully specified;in
detailed way at present. Probably it will never be wholly
possible. The present lack of adequate data for this purpose
is not only duc tc an insufficiency of rescarch efforts.

What is more distressing is the ease with which this type of
research has tended tc be divorced from the reality of building,
thus leading to unreliable results.

4.3 The Roof.

4.,3.1 Climatic Problems

Whereas externmal walls are the building elcaments most
closely associated with the separation of spaces (inside from
outside; public from private) and with the creavion of street-
scapes, the roof is the element most closely associzted with the
concept of shelter. In otherwords 'mot havirg a roof over
one's head' is equivalent of been homeless.

There is good reason for the close linmistic
comnection between roofs and sheiter, In some climates, wnlls
can practically be dispensed with as sheltering clements, or
reduced to forms aa ~lomentary as screens., Even in  more
rigorous climates they nusually do not need to came up to the
performance standards required of roofs.

On the other hand, roofs ar: an essential element of
shelter and have to perform an impressive range of functions.
First, a roof must keep out rain which might be acompanied by
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driven wind. Seconc‘.":i a roof has to give protection against

the sun not merely in the sencc os screening solar radiation,
but possibly to provide thermal insulation; resist the
destructive effects of radiation and alternate exposure to
heat and cold. And finally, in a climate like ours, a roof
most withstand the pressure »f wind,

4,3.2 Structural Problem.

In additicon to the function of exer?sing envirommental
control, the roof is required to defy gravity by spanning
across space. This may not be thought of as a major
technological challenge in the present era of reinforced
concrete and easily fabricated timber or metal trusses.

But for the local builder, relying on materials such as mud,
stones, tree trunks and so forth, the problem is there -
particularly if thc space to be spanned is large and substantial
loads therefore are involved,

In areas where timber is available, the simple traditional
solution was the sturdy horozontal timber beam. This is both
structmeturally effective if span is not excessive, and not
dependent on advanced craft skills, It is a good solution to
many areas with dry climates where flat roof can be used.
Prevelance of rain, however, will necessitate a pitched
roof, this will result in more sophisticated forms of
construction requiring more advanced craft skills, The most
inportant thing to note here is, where the flat roof is the

most appropriate solution, well and good, But it should not
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be taken for grantcd., And what ever the indicated solution
it requires more careful desigrg?.% usually gets. This applies
structurally and functiomally.

Having said all this, let us now go back to the main
issuc - resistance to wind., But, how can we evaluate the
effects of storm on different building types? It is particularly
helpful in this respect to use results collected for strucures
exposed te nuclear blasts. A certain amalogy existing between
storm force and nuclear explosions makes this possible.

Infact, althoush nuclear blasts and storms are different
phenomena, several aspects of the forces involved are
conparable, such as the drag force of the wind and the pressure
differential on opposite sides of walls, and roofs.

On 17 March, 1953 and 5 May, 1955, nuclear test were
conducted (Plate VI ). Buildings of variocus types were
located at different distances from the centre of the explotion
inorder to evaluate damage caused by a variety of loadings.
Fronm the analysis of the damngse, it is deduced that wood-framed
dwellings collapse first, ordinary masoury construction differs
a little from wood2framins in overall strength. On the other
hand, ‘seismic-resistant structures consisting reinforced
concrete panels and reinforced concrete block walls can tolerate
oxtremes of pressures with damage limited to doors and
windows.

This test clearly indicate that buildings of ordinary
construction are wvulnerable to forces sinilar to those



. k6 Destructive Winds and Their Effects i

Figire 289 Structural testing on houses consisting of different construction types conducted in the
Nevada Proving Ground in 1955. (Courtesy of U.S. Atomic Encrgy Commission) o, Rambler-type house
before testing. b, After testing. Overpressure: 5 psi = 720 psf.
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cxpected in storms. However, the use of materials

such as concrete, and the adoption of special techniques
such as those used for earthquake-~resistant structures,
inprove tremendously the strength of the buildings.

4.3.3 Wind Action

Roofs and ancillaries of buildings are subject
to the larysest suctions and presures, and they also
pﬁ%’ent the ~reatest variations in design.

Problems encountered are:-

(i) forces on flat, pitched ancd circular roofs.

(ii) roof ventilation of interior spaces.

The suctions on roofs may be divided into
three resgions, the corners, where very high suctions
may occur, roof edge and ridge and the main roof.

The variation of suction at the corners of roofs of
Qarious pitch and buildings of different size indicates
maximum suction at pitch angles between 0° anc 15°,
Suction at the corrers of hipped rocfs may be high,

even at hish pitch angles. For a gabled roof,

naximum suctions occur at the wincward bottom corner,
except with a side wind on a 40° pitched roof. There is
an equally high suction to the lee of the leeward
diapgonal ridee,

There are various ways of alleviating high
local suctions, by vortex spoilers. Tests on a
particular shape of flat roof indicate that a 1-in.

Parapet reduccs the maximum suction coefficient from
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Figure 4024 Length of the leeward eddy area for buildings with different roof pitch, having a depth
equal to the height.
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Figure 4~ Length of the leeward eddy area for buildings with different roof pitch, having & depth

equal fo three times the building height.

- Open structures exposed to the wind separate the streamlines so that the air flows
not only over and around them, but also under them. Convex, flat or concave roof
configurations generate zones of eddy formation over and under the structure and
deflect wind in various ways, as i!lustrated in Figures 4-23a-g. As the air is deflected,
the velocity also varies, increasing as the streamlines converge and decreasing as

they diverge and their spacing widens.



Figure 4289. The deflection of the streamlines gives a visual representation of the airflow over and

below open structures. (As the spacing between the streamlines increases, the velocity decreases; on

. the other hand, as the spacing gets smaller, the velocity gets higher.) Velocity changes and eddy zones
produced by the interaction of wind and structures are shown for various configurations.
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+S;5 to -0.6, by sinply lifting the corner vortex

away from the roof surface. It also appears that a
decrease in roof overhand decreases the corner suction,
In a low building with a large roof surface, such as a
factory, wall opcnings on the windward side wall
provide a positive internal pressure which, when added
to the high suction ¢n a low pitched roof, creates
larpe foreces at the edpes of the roof and at the
central ridﬁc; The central force can be reduced by
inserting a ridre ventilator in the roof, which has

a triple role of minimizing the ridge vortex and
suction, lowering the internal pressure and ventilating
the inner space.

Since the results of investigatiocas conducted
has shown that most of the disasters under study were
caused by certain building failures. Structural
oscillation are rarely catastrophic at once. Normally,
many oscillating cycles occur before the structural
nenber breaks, and the failure is then as a result of
fatigue. If the peak stress at each cycle is low,
there will be many cycles before failure and at higher
peak stress lecvel there will be fewer cycles. The
designer should therefore give special attention to
details of anchoring rafters, bolts and nuts shquld be
uscd instcad of ordinary nails which could easily fail
when subjected to slipghtest fatigue. While in fixing

the rafter to the builing, the anchorapge should be
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properly inbded in the supporting structure, which
should itself be capable of withstanding thc excessive
windloading that will be applied to it. The problem
of joint failurc can be alleviated by avoiding this
joints where possible. Instead, the use of monolithic
material like reinforced concrete should be emphasised.
Another reason for joints failure is lack of adequate
supervision at our construction sites. itlaterials
spccification and handling procedure were hardly
adhered to. This is because most of our local
contractors arc cither illiteratcs or lacking in the
ficld of building technology. Until all these things
arc corroctced and very urgently too, our desire for
safc buildings will remaiLTdepressing elusion, to be

pursued, but will never be attained.

4.3.4 Foundation.

For a windstorm of high forward speed, it is
more probable that the rate of loading can be high
cnough to produce a dynamic magnification with more
seﬁere consequences to the struc ture and foundation.
Studies on resistance of soils under dynamic conditions
haﬁe indicated that for sandy granular soils, the
shear strcngth and the bearing capacity decrease as
the rate of loading increasc. This is true, however
only upto a value of 0,002 in/sec. for dry or saturated

soil conditions. Furthermore, it was found that the
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wedre of soil under shear stresses was smaller as
the rate of loading increasc (Casagraude and
Shannou 1949, Seed and Lundgne 1954, Whitman 1957,
Vhitman and Healy 1962). Further studies (Bank 1263)
Toodard 1964) indicated that as thc rate of loading
was increcasced on to 10in/scc. the bearing capacity
of dry san<d increased upto the static value and then
rcmain constant. For saturated sand instead, not only
did the bearing capacity increase sharply but the
ultimate strength become several times larger than_the
value under static loading. However, at ultimate
strength, it was found that the settlements could
recach 4% of the diameter of the footing, which cannot
be considered acceptable for ptractical pirposes.
Horizontal forces applied to foundations are
oPposed by rcactions gencrated either by passive
soil pressure or by friction between foundation and
aoil; In the case of large dynamic horizontal loads,
researchers studied the response of the system,
They conclusded that in the case of frictional
reaction acting alcne, displacements are small and
negligable., On the chter hand, when reacitons from
friction and passive pressure act together, it was
expected that the lateral displacement could be as

high as 4% of the foundation depth, In view of these
findings, it is recommended that, tOMH?ﬂ?K
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displacement, the foundation should bc so designed
to provide a reaction duec to pressure that is twice

the required minimum.

4.4 Hindbreaks

In addition to its gencral effect on climate
and consequently on humans, wind also directly affects
human habitats. People seck protection against wind
damage through natural and artificial mcans. For
instance in siting settlements, humans historically
have not depended solely on the effects of natural
land formations on wind, but have also constructed
windbreaks, including plantins of shelter belts.

Their basic functinn, ofcourse, is to create
and area relatively protected from the full force of the
wind. The area of maximum protection is on the leeward
side, but even cn the windward side there is a zone
of reduced wind speed. In general, one could say
that the area affectcd by the windbreak has a width of
about 30 times its height on leewarcd side and 10 times
ot the windward side. It is interesting to note that
each end of the windbreak, there is 2 small area where
the speed is higher than the speed of the unobstructed
wind itself.

4.,4,1 Shelterbelts.

A shelterbelt is a natural or artificial
windbreak made out of trees and/or shrubs. The most
effective orientation for a shelterbelt is perpendicular

to the direction of the wind,.
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Figure %8, Effects of discontinuities in shelterbelts. An opening in a shelterbelt produces changes in
the wind speed in the areas near the opening on the leeward and windward sides. Wind speeds through
the opening can reach 120% the speed of the free wind. (After Nigeli, courtesy of J. M. Caborn)
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Figure 5-11. Profiles of wind velocity for various shelterbelts having different density. (After Niigeli,
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The width of the sheltered area ncar the sides
of a shelterbelt is reduced, because conditions
there are different. It is advisable not tc make
shclterbelts shorter than 12 times the height that
they reach. For shelterbelt length up to 20 heights,
the protected area increases at a sharp rate, but
above this value, the rate of protecticn increases in
direct proportion to the length of the shelterbelt.

The density of a shelterbelt is inversely
proportional to the amount of air filtering through it.
The denser a shelterbelt is, the lover the wind speed.
The density can be classifiecd in terms of thc lowest

wind speed on the leeward sice, as follows:

Densify _Lcwest Wifdd speec.
i -
Very Dense 15% of unobstrdéggq wind speed.

7 t/
/ﬁenae zé% of unolfStructed wind speed.

Density {, ¥ of unobstructed Wind Speed
Very Dense ] 15%
Dense 25%
lloderately dense 35%
Open 38%
Very Open 68%
|
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4,.4,2 Windscreens.

In general, the efficicncy of windscreens in
rcducing windspeed vary according to their permeability.
Solid windscreens with zero permeability are not the
inost efficient. Infact, vicolent eddies are formed
just behind the screen and extended for a distance
of approximately five heights. When a certain amount
of air is allowed to go through the windscreen, such
cddies are reduced, With a permeability of 30%, the
eddies are practically eliminated, and the air flowing
through and over the fence is steady and limanar.

Up to a permeability of 35%, the efficiency increases,

but for larger permeability, it starts to decline.

4.5 Design Requirements.

The designer requires the following wind data
for a site on which he intends placing a structure.
(1) Maximum gust speed for the structure's lifetime.
(ii) Prevailing wind directions and that of the storn.
(iii) The state of turbulence of the natural wind
approaching a structure,
(iv) The local turbulence that will be provoked by
the structure itself.

(v) Annual frequency distribution of wind speeds,

Technically, a roof is either flat or pitched.

The roof is defined of "flat" upte a pitch of 10 degrees,
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(8 10° represent a slope of about 1in 5.7). All roof
elements must be designed sc that there is adequate
resistance of the whole or each part of the roof to
failure by overstressing. It is alsc necessary to
accomodate dimensional changes and toe reduce movements
within the roof constructicn to acceptable limits.
Deplection must alsc be considered. A long span roof
nmight deflect sufficiently to destroy tho pattern of
falls.

The effect of wind pressure or suction on the
roof form should be studied, Generally, the local
conditions at the edges or ridge of the roof will be
critical for comnponent parts of the roof, including
fixiy ;8, and the total staibility of the oof will take
account of both overall and local pressures. To
counteract suction on a low-pitched roof, particularly
where lightweight material are used for covering,
special precautions should bte taken to anchor the
roof to the main structure. This is particularly
iaportant since nost of the roofs failure recorded
in this area arc due to inadequate anchorapge.

Changes in design, use of new materials and
new methods of construction may tend tc move the roof
system nearer to the critical point of failure and
several insignificant defects can combine together

to cause a major breakdown of the roofing systenm.



This is particularly true of flat roof design. To
avoid failure a careful chcice of materials and
components, and a competent specification of the method
of construction must be made, followed by knowledgeable
supervision and adequatec inspection c¢f the construction

process.

4.6 Climatic Control.

Roof construction nmust prevent entry af rain and
dust. The degree of rain penetration is related to
anount of rain and associated wind speed. Maximum
intensity of rainfall is a nore important consideration

thai total quantity or duration.

4;6.1 Sloping Roof

On a roof slope, gravitaticnal forces move
water down the slope and tend to move moisture
inward. As the slope decreases the resistance of
gravity to the inward flow becones less and therefore
on roof water proofed by cver lappin; units laid dry,
water penetration occurs when the slope or pitch in

reclation tou the overlap of the units is insufficient.

4.6.2 Flat Roof.

On a flat or low-pitched rocf, rain penetration
can be prevented only by thc use of a continuous

watertight membrane. However, this is not always



casy to achieve or maintained in practice. If a roof
surface is designed to be level, ponding will inevitably
occure as it is physically responsble to produce a
flat surface over a large arca and because most materials
uscd for roof decking are flexible and will follow the
shape of the material below.

This will lead toc acceleratec deterioration
as shallow pools of water left bhehind cuase local
variations in temperature between the wet and dry arecas
of the roof, resulting in excessive differencial
thermal movement. Fhis movenert c~n cause breakdown
of the roof surface, particularly in bituminous sheeting.
The practical limits of screat: thickness coupled
with rational and ecomnomi =i ot r layout and reasonable
downpipe positions usually irnouse some discipline on
flat roof layout and maximun -117,
4.6.3 Thermal Performa.cz.

The design of roofs .2 rucpect of thermal
properties involves centrolling heat loss and heat
gain within thc roof space and mitigating effects of
extreme temperatures. Control is achicved by increasing
the overall resistance to heat flow through the roof
by using insulating materials hetween exterior and
interior environments. sv, » light-coloured roof can
be used to reflect sclar radiation, thus controlling
thce excessive heat gain. The economic thickness of
insulation necessary is determincd by comparing two

factors: -



. The cost of the insulatin;; material plus

installation.

. The cost of installing and operating cooling

system over a given period,

The service life of certain materials is
dependent on the range of temperatures experienced.
Hifh temperatures increasc the rate of deterioration
of some materials by oxidative processive (soft
bitumious and certain plastics).

Daily and seasonal changzes in air temperature,
solar heating and cooling causcs temperature variations
sufficient to incur dimenticnal changeé in roofing
materials. As each part of the construction
experiences a different t:cmperature rangc and cycle,

differential movements occur.

4.6,4 Drainage.

Decide first whether the roof is to have
concelled intergral gutters, an exposed applied gutter
system or even no gutter at all. The rate at which
water will run off a reoof is a fundamental question,
Pitched roofing has a high rate of run-off and provided
that the detail of overlap or jointing of the water

proofinf element is satisfactory, the pitch is 2
significant contributory factor to roofing durability.
The run-off from a flat rocof is very slow and
consequent ponding will have a detrimental effect on

durability.



Alternatively it si possible to design roofs
to rctain a2 considerable depth of water to protect and
insulate the roof surface so that the construction
has freedom from diurnal temperature change, The
water nust be deep enough to withstand evaporation
and nust not stagnate, This is difficult in practice;
one problem is weight of water on the rcof, Even
360mm of water will weight 300kg/m2 or virtually equal
to a floor loading rather than the usual roof loading.
Secondly, open water should be avoided around the
airport becuase it is a very good attraction tc birds.

In a nutshell, prcper arrangenents should be
nade to drain run-off water from the roof to the main
municipal drains. This is particularly inmportant in
a situation where the water is allowed to fall direct
to the ground. Beside the problem of eroding the
surface it fall on to, it could alsc sip down arcound
the foundation and soften the scil. This will result

in building settlement or even total collapse,
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CHAPTER 5

THE NEW TERMINAL BUILDING

17}
5 3
—

Reagon for Change.

The choice of this thesis was necessitated by the
destruction of the Sokoto Airport Terminal Building in
the mouth of May, 1984. Unfortunately though, neither
the Federal Government nor the Sokotc State Government
set up any commission of enquiry to look inte the cause
of the disaster. And to worsen the situation there is
no wind data for the whole of that month, not to talk
of the day and time the incidence cccured, All efforts
to get an alternative wind data for correlation
purposz, fron other meteorological statiors around
Sokoto also proved abortive. This initial setback
makes the investigations very difficult and had to
rely mostly on assumptions and the physical evidences
available to us. This include thec remains of the
destroyed terminal building and the photographs taken
when the incidence occured,

After a careful analysis of thc data
available, inspection of the damaged terminal building
and the photographs. We managed to trace how the
incidence happened and the extend of the structural
danage caused to the terminal building. First, there
was very serious damage to the footings of the columns

which not rigidly connected to each other which could
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ha%e minimize the extend of the damapge. Secondly,
nost of the reinforced concrete columns were damaged at
the floor level including two that were physically
broken, due to the combine bending moncnt of the
wvind force and the action c¢f removins the rcof,
While all the columns werc damaged at the top by the
action of uprooting thce anchoring beolts that fixed
the roof structure to the concrete columns,

After careful consideration of the result of
the analysis of the findings with the help of two
structural engineers. It was decided that the
structure has failed and should therefore be demolished.

In view of the above findings it become necessary
to de izgn a new terminal Luilding for thc Sokcto Airport.
A terminal that will not only withstand the force cof
windstorm, but also the other harsh climatic conditions
that are peculiar to Sokoto. The solution arrived at
will o0 along way in not only solving the problem
of Sokoto! Arport terminal, but will serve as a model
of appropriate design sclutiorn for the Sokoto climate

. with certain nodifications for other areas,

5.2 The New Structurec.

The structural arrangement for the new
terminal building was arrived at in strict adherence
to the results of wind tests conducted on building
structurcs which are discussed in detail in Chapter 4

{the general solution). The structure is a reinforced
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concrete frame structure which is rigidly fixed at

both the footings and the top. This will not only work

asainst the wind force but will also prevent the

structure fron failing due to sound vibration and

possibly earth movement which is very common in

S5okoto because of limestone mining. The roof will

be of hollow clay pot decking which will be given

a gentle slope by the supporting slanting beams below.
The choice cof hollow clay pots as the roofing

méterial is a deliberate onc. First, it has the

advantage of connecting to the main structurc monolithically

thereby eliminating the need for anchorage which is

najor problen responsible for roof failures. Secondly,

it has a very good thermal property which makes it a

very good heat insulator for the very high temperature

recorded in Sokoto.

The system uses hollow clay pots laid on a

flat fornwork deck as 2 permanent veid formers in
ingsitu concrete, ribbed floor construction, The
systci: has the followin advantages:

- The system resvlt in considerable economies
because of the recduction in concrete, steel
and formwork which arc very costly constrution
materials.

- The deeper floor constructicn permits longer

floor spans uniterrupted by columns or beanms.
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- The system permits flat slab construction
which avoids obstrusive bhecams and coclumn heads.
- Construction time is considerably reduced

by avoiding the need for complex formwork.

5.3 Degigzn Brief.

In developing criteria for the design of the
new passenger terminal complex, there are a number of
different factors which enter into statement of
overall design cbjectives. From these factors,
zeneral and specific goals are established which set
the framework on which design progresses,

In the redevelopuient of the Sokoto Airport

Teriinal building, the general design objectives are.as

follovs:-

1; The development and sizing to accomplish the
stated mission of the airport within the
parameters defined in the master plan.

- It should be capable of meeting immediate and
future denands.

3. To be functicnal, practical and financially
feasible.

ﬁ; To maximise the use of existing facilitics.

5. To ccnsider seriously the envirconmental sensitivity;

6. Maintainance of flexikility t meet future

requirenents.
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The follnwing specific design ~bjectives were

derived from these overall ohjectives which included

the nceds of various categores of airport users.

Pasgengers Objectives:

1.

Responsiveness to the necds of the peopnle
relative to convenience, comfort and persona
roquirements,

Provision of effective passenzer and access
orientation through conecise and comprehensive

directicnal graphics.,

Airlines Ob jectives:

Provision of direct and efficicent means of
passenger and baggage flow for all passenger,

including domestic and internaticnal and tranfer

Provision for economic, efficient and effective

Maintenance of the existing terminal operation,

access system, runway system and ancillary

Provision of facilities which generate

naximum revenuves from concessionaires and

T
passenger,
2.
security.
Alrport Management Objectives:
Ta
facilities.
2.
other sources.
3

Provision of facilities which minimize

maintainance and operating expenses.
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The pasgenger terminal system is composed of

three major comnonents. Fhese components and the

activities that occur between them are as follows:

1.

3.

5.4;2

The access inte rface where the passenger
transfers from the aceess node of travel to the
passeng@r -~ processing component.

The processing omporent where the passen@r is processed
in preperation for starting or ending an air trip

Te primary activ ties timt take place here are tidketing,
bag@ge check in, baggage claim, waiting, federal
ingpection services and security.

The flight interface where the passenger transfers

from the processing component to the aircraft. The
activities that occur here includes assembly,

conveyance to and from the aircraft and aircraft

loading and unloading.

Terminal Concepts.

Aircraft gate configuration and the way aircrafts gates

are connected with one another and with the main terminal building

are the dominant features of the of the terminal concepts, of

vhich it can be distinguished, The concepts nearly always occur

in variations and combinations,

.

. Satelite: In this concept, the aircrafts are parked in

cluster surrounding a structure which is connected to the

main terminal building by a passenger corrodor or
concourse position below on or above ground level,
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5.4.3
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Pier: Here the aircrafts are parked in line at either
side of structure - the passenger corridor or concourse
attached to the main terminal. In both pier and
satellite concepts, passenger ticket, imbound and out
bound baggage handling are usually centralised in the
main terminal building but variations and exceptions da
occur

Linear: 1In this concept, the aircrafts are parited in
single line in front of the terminal building. While
passenger corridor connect the functional elements of the
terminal ,

Transporter: In this concept the aircraft positions are

placed at a distance from the terwinal building. The
passenger are transported by vehicles between the
terminal and the aircraft. The passerger handling is
however centralised in the main terminal building.
Schedule of :ccomodation.

The determination of space requirements for the new

terminal building is strongly influenced by the level of

services desired. These include among others the requirement

for the terminal to meet immediate and futre demands,

International standards of space allocation were strictly

adhered to except where local tradition and practice demands

otherwise, It is based on the above fact and the nature of

the airport's activity rate (which can be said to developing
fron figures of passengers passing through the airport) that
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we arrive at our figures.

Because of the low activity rate of theairport particularly
the international part. It is decided that both the domestic
and international operations will be conducted in a single
terminal, so that the international facilities can sometimes
be used for domestic operations when not in use. This
arrangement will not only reauce over provision of space but
will also reduce its operational cost. It is afterall these

considerations that we come to our peak hour passenger of 200

people.

Departure:
Check~-in - 325n°
Waiting Hall ~ 550m°
Security Checks - a‘f';t'.lm2
Departure Lounge - 480n°
V.I.P. Lounge - 250m°
Toilets - 60m°

Arrivals:
Security Checks - 250m°
Baggage Reclaim - 400m‘?
Arrival Hall - 4000
V.I.P. Lounge - 250m°

Toilets - 60m
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Cormon Facilities

Viewing Gallary - 430n°
Shops -« 96m®
Bank - 108m°
Restaurant and Snacks - 3250°
Praying Area (Mosque) - 80m2
Kerbfront - 360012
Operations
Station Manager - 20°
Security Officer - 24m2
6 Adrline Offices 16m° each - Ofm°
Crew Centre - 190m2
Communication Centre - 80n°
Storage p 120m2
Baggage Handling - 1502
Toilets T

5.4.4 The use of Landscape.

In a hot-dry climate as obtained in ®koto, the beneficial
effects of even the lightest plant cover is quite considerable.
The landscaping will not only enhance the beauty of the place
but can also provide protection against the excessive solar
radiation, glare, errcsion and also act as a very good
windbreak to complement the structural form choosen. The use
of trees, can, on the other hand,have disadvantages when it is
close to a building, as roots can damage foundation and drain
pipes, leaves can block open gutters and in the case of the
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airpart, the forliage of the trees can block the desired view
of the airfield from the control tower. It is in view of this
fact that the Australian Pine tree is choosen as the tree to be
used in the provision of windbreal: and sunshade. The tree
apart from having very light forliage that will not block the
from the control tower and cause turbulent eddies after the
sheltered area of windbreak, is also an evergreen that will not
blocl: gutters or even make the place dirty.

5.5 Effects of Wind on Airport Design.

The influerce of wind, zlone or comnbined with atmospheric
temperatures, greatly affects the design of airports. Infact,
the wind is the factor that determines the length and orientation
of runways, as well as their number.

The general rule relating wind to runway lenght is that
head winds decrease the necessary lenght of runways, where as
tail wind increase it. This is true, ofcourse, for both landings
and takeoffs. Infact, what counts in flying is the velocity of
the plane with respect to the air, not the ground. However,
for an aircraft, air speed and ground speed coincide when the
air is still, !} Ath frontal winds, the air velocity is the sum
of' the ground speed and the air cpeed. In this case the air
speed is higher, which consequently reduces the length required for
the runway and vice-versa.

Thus, the equivalent length of a given rurway under a
certain load condition varies according to the wind speed.

That is, landing and takeoff length have to be established for
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each wind velocity. In general, the primary runways are as
close as possible to the direction of the prevailing wind.

Any divagance between the orientation of the rurway and the
direction of wind creates a wind camponent that is

perpendicular ot the rurmay which affects considerably the
safety of airplanes in both landing and takeoff. Such perpendicular
wind components are usually referred to as cross winds, Fhe
maximum cross wind allowed for an aircraft depends on many
factors, including the size of the plane and the

configuration of the winds. Single engine planes or other
lightweight aircraft cannot operate safely in cross winds
greater than 24im/h. On the other hand, transport airplanes,
which are much less sensitive to corss winds, can operate in
winds up to 60 im/h, However, Z5km/h crosg wind speed is
usually adapted for all cases, Cansequently, the orientation of
rumays is such that 95% of the time airplances do not
experience cress winds in excess of 25kn/h in either landing or
talzeoff.
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The thesis begin by the study of wind, not just as a
natural phenomenon, but also in terms of its influence on
human enviromment. Particularly its effects on building structures
and how different forms respond to the force of wind, This
leads us to investigate the destruction of the Sokoto Airport
Terminal Building. Like in many other buildings that had
their roofs blown off by wind, the causes of the terminal
building disaster can be sumnerised as follows.

~ Inadequate and poor aachorage.
- Indiscriminate provision of roof over hang.
- Lack of proper spzcifications from the designers.

- Inadequate suvervision.

After analysing what remzins of the destroyed terminal
building, the structur= was cosindered not safe because of
colunns and foundation failure, This then necessitate the
design of a new termis=1 buildinz, which turn out to be an
opportunity to come up vith a solution based on the studies
conducted, The stru.oure evolved will not only provide solution
to the terminal building disaster, but can also be applied to
other buildings in the area that are faced with similar problems.
The thesis will also be a good design guide to anybody engaged in
designing for this aren. The solutions provided did not only
talie the local climate into consideration, but are also more

econoinical than the other systems now in use.



6.

7¢

10.
1.

12.

13.

- 85 -

BIBLIOGRAPHY

Anonymous (1969) Climate and Hydrology in

Soil and Water Resources Survey of thc Sokoto Valley.
Food 2nd lgriculture organisation of the United ﬂiaons,
Rome, pp. 8-21.

Anonymous (19€1), Insitu and Precas Flooring and
Roofing "ystem using Hollow Clay Pots in Burnt Brick
Catalogue, Kano Kiln Ltdl, Kano.

Aynsley, RM" =t al." (1977), Architectural
Acrodynamics, Applied Science Publishers Ltd, London.

Elder, A.J. and Vendenberg, M. (1982), AJ Hancbook
of Builcding Enclosure. Architectural Press, Londen,
pp. 191-201.

Horojeff, R. and Mckelney F.X. (1983), Planning and
Design of Airports, pp. 325-39€.

Houghton, E.L, and Carruthers, N.B. (1976) Wind Forces
on Building Structures an Introduction. Edward Arnold

Ltd, London, pp. 47-151.

Konya, A. (12€C) Design Primer for Hot Climate,
Architectural Press, London, pp. 9-5T1.

Melaragno, M.G, (1982) Wind in architectural and
Envrionmental Design, Van lostrand Reinhold Company,
New York.

Natinna, 3.S. (1985),V indstorm: ItsT ragedy and
Remedy, Sunday Driuaph, Merch 10, p. 5.

Neufert, B (1930), frchitects' Data, Granada Publishing
Canpany, London, pp. 258-261.

Sachs, P. (1978), Wind Forces in Engineeri
Pergamon Press, Oxford, Enzland, pp. 2ﬂ'§‘- .
Simiu, E. and Scaularn, R.H. (1978), ¥ind ects on

tructures, In Introduction of Wind Engineering,
ohn Wiley and S ons, New York, pp. 111=107.

Tutt, P, and Alder, D. (1979), lNew Metric Handbook,
Architectural Press, London, pp. 60-72.




