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 ABSTRACT

n_ reachmg a functtonal proposal for thlS demgn project, necessary precautions must
}‘be taken i 1n the smng of the proposal It is necessary to locate the site close toa
;,natural water body that will enhance and malntam marine life, It i is also requlred that |
in smng such a facﬂtty, the natural water body must have adequate and necessary
:manne life which would create var1ety, easy monitoring of the natural habitat and
'mamtenance of the same natural habttat that would help achteve the purpose of the
study. - | :
| ';EWhen lr:nonnting acjuariums; the-water life that is to be catered for must be properly
- understood and 50 in essence, the water pH and content must be that which is
= .acceptable to the same water life. The water be must have necessary features that
: . exitinthe natural habttat as much as possible, making the artificial habitat not any
e different from the natural habltat If the natural habitat requires rocks at the
waterbed then it must be maintained in the aquarium. Since some fishes feed on
o mosqmto larvae that can be found beneath natural water plants on the waterbed, and

" since some reqmre the same natural plants for necessary life cycle within the habitat,

: *Tthen such prov1s1ions must be made when considering the use of aquariums,

Smce the bulldmgs that are going to be erected on site will most 11ker be on soil
wu:h hlgh water table, the effect of water on such buildings must be curtailed by

: neeessaty treatment of the walls, floor slabs and foundation.
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' CHAPTER ONE

The tounst mdustry in our country, ngena 1s one Whlch has been neglected mn
favour of other sectors hke the mdustrlal educatron etc. However in thee last 2

decades there has been a rather ﬁr’nle attempt to wake the sleeplng sector with the

creanon of amusement parks nrght clubs, beaches and resorts perhaps created in a

brd‘ to iacknowledge the ex1stence of the tounsm sector. One fact that had not been

eahzed however is that tounsm afnd mdeed recreatron is a major part of education.
If this fact 1s known and acknowledged there w1ll deﬁmtely be a dlfferent response
to‘lthe need for recreatron in Nrgerla In the last 5 years there has been a surge in the
ocvcurrence of stress-related d1seases and mental ﬂlnesses all partly asa result of the
lack“.of decent well-orgamzed affordab]e and educatlve recreatlonal act1v1t1es
“Tounsm cornprrses 2 major parts’—~ the tounst and the spectacle of interest Wthll
can be elther the actual spectacle or the facilities needed to- support its apprec1at10n |
T The spectacle of mterest must be enhance enough to catch the attention of the tourist
i and educauve enough to mamtam his mterest |

Takmg Nrgerla as a case-study with reference to museums in particular, we find that
the scope in museum development and appreciation is indeed very narrow. History
museum hoﬂsing traditional mask and others indigenous artifacts abound in almost
every state in Nigeria, a few exce_ptionbeing the museum in the Nigeria ammunition
. and war — related equipment, as well as the museum of Natural and traditional Art
‘(MOTNA) mn Jos. In. America alone there are museums of nearly every object

:.",.avallable n thrs world one of them is the Bared ere musewn 1n La Crosse

4

Kansas where an exhlbrtlon of about700 types of bared wire is dlsplayed as well as







: trands from the Berhn wali w1re cuttmg tools and anthue med1c1ne botﬁe whose
« contents were use to repa1r damaged bared wire. Another IS the tragedy in. St.
rﬂAugustme Flonda whlch houses the car from which former pres1dent of the U. S.
‘A,v T F Kennedy was shot Yet another is the hamburger hall of fame in Seymour
;W1sconsm whlch housed models of nearly every type of hamburger available, the
l:museum of mcandescent hghtmg at Baltimore, Maryland which holds 8,500
- dlfferent types of bulbs mcludmg the largest and the sma]lest hght bulb every model
vHence we can easily conclude that the lack of variety is our museum and
j ""eousequeuﬂy our tovrismh would stems from a Iaek of ability to thlnk internationally

and this must be developed if any progress is to made in the tourism industry.

LI AIMS AND OBJECTIVES

Theproposal for a marine museum at the umvers1ty of Lagos Lagoon front tourist

To prov1de a knowledge enhancmg and research challenglng source of
recreatlon for the umversxty communlty and the pubhc

To serve as a money generatmg venture for the department managmg it as well as

: the umvers1ty body




To_achleve the desn"ed aim of thls pro;ect the followmg ob_]ec'aves have been

Provxsmn of 1aboratones for research work to be camed out

;Tlcket sales stand to be located at the entrance porch of the aquanum hall
The'usef«and mamtenance of natural features hke lagoon tocks. To create a

atural\atmosphere and brmg about harmony between the buﬂdmg, the envxronment)v

andbthe aqua-llfe to be exhlblted

e

venues used t"dobfa‘-i‘n— iiiforfnation‘ SO as to achieve a proper design firoposalv

mcludes _]ournals magazmes mterv1ews to lecturers and professmnals in the

the Umve;sﬁy of Lagos, Case studles‘, Site mvesﬂga-tlon- and the internet.

13 SCOPE AND LIMITATION OF WORK
 Scope: B
The scope of the design as to estéblish a marine museum for the exhibition of
g marme hfe F acﬂltles w1thm the same settmg cludes.
Aquarlum exhlblt haﬂ

Laboratones

: Ci‘aft exhlbmon gallery
atural and artificial ponds




Conference hall

\ Aux1hary facﬂrtles such as generator house, aerat I, house gatehouse tollet

sc1ent1fic artlstrc and h1stonca1 interest..

* Marine:- ' e 3 ' T e
}’;{VBracklsh waters: - A body of natural water whose ph changes (sometlmes fresh ‘

“ water and sometlmes salty water) dependmg on the season and time of the year 3
Fresh water- -A body of natural water whlch the ph is between 6 5 and 7.5.

' }‘ -A body of natural water havmg ph that hes between 11 5 13 5



- LITERATURE REVIEW
Th1s 1s an mstltutlon that acqulres preserves drsplay, and 1nterprets an encyclopedlc

ange of ob]ects Concerned w1th both the natural World and artlfacts Museums

cover such var1ed ﬁelds as art and aeronautlcs re11g10n and sports blology and

mus1c Educatronal and recreatlonal they seek to serve both scholars and the general

pubhc By the authent1c1ty of the1r contents and thelr appeal to the eyes, museums

have the'power to stlmulate thmklng and engage ernotrons They may be cons1dered

'urveyors: of truth and leaders 1n nnprovmg the quahty of llfe

1.1 TYPES OF MUSEUMS .
Museums fall 1nto three main categones whlch are h1story, art and s01ence The

categorres may overlap, and they are. much subd1v1ded Open— air museums cut

. acr OSS categorles

: Hlstory museums are the most numerous.. They may survey the history of a nation
for example ‘the Museo Naclonal de H1stor1a in Mex1co C1ty and the Hungarlan :
Natlonal Museum n Budapest More anted in scope are regronal museums Local
hlstoncal s001et1es and museums of city h1story, such as those n Amsterdam n
o Warsaw and new York The houses of famous ‘persons and other perlod buildings

ﬂelther preserved and restored on 51te as . in Newport RI ,- or grandiosely

U reconstructed as was colon1al Wﬂhamsburg, Va., , may also be considered hlstory
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museums So are archaeologlcal anthropologrcal and h1storrcal srtes such as

Roman rums 1n Bath England puebl‘ Indlan cl"ff Y_dwellmgs in the southwestern |

Umted States the battlef elds of waterloo n Belgrum and the humble peasant farms |
at{ Skansen , (1891) near Stockho]m the fi rst permanent “autdoor museum.
,‘Anthropology museums such as the Museo Nacwnal de Antropologla n Mexrco

C1ty have hrstorlcal screntrﬁc a.nd artrstrc aspects

;Artl_museums are collectrons not only of the “ﬁne arts 'of sculpture and pamtrng of
hlgh crvrhzatrons but also. of decoratlve and folk arts and the arts of nonliterate

peoples Among the great natlonal museums of fine arts are the Louvre in parls the
.,J;f_Prado in Madrid, the Ufﬁzr 1n Florence and the Hcrm1tage m Lenmgrad Some ﬁne- ‘
art museums specrahze in one perrod or culture —for example the Musee de Cluny
in paris for medieval art, the ‘Guggenheim in New York C1ty for modern art, and .
_Asia House in New York C1ty for Oriental art. The Vlctorra and Albert Museum in
_ London covers worldwide decoratlve'arts, whllej'_the Cornmg Museum in Corning,

'VN‘Y’ SpecialiZes in glass. Fo]k —art museums, sometimes considered history

museum can frequently be seen m Europe A umque art museum 1s the Museum of

n,Images of the Unconscrous in RlO de Janerro whrch dlsplays works by mental

;Scmnce museums cover both the pure and apphed ‘sciences, although some

'museums of technology may be cons1dered hlstorrcal The category of pure science

museums mcludes museums of natural 301ence contarmng collectrons of rocks

plants skeletons and mounted animal spemmens -for examp]e ‘the Br1t1sh Museum

'(Natural Hlstory) London the Natural Hrstory Museum Vlenna and the - Field

Museum Chlcago Also mcluded are planetarrums aquarrums Z0O0s, botanrcal

gardens and arboretums




Outstandlng among general museums of apphed s01ence are the Science. Museum
London the Deutsches Museum Mumch and the Museum of Sc1ence and Industry,
::Chlcago Among museums devoted to more spemahzed aspects of man’ s ‘economy
and technology are the Cleveland (Ohlo) Health Museum the whahng Museum
New Bedford Mass the Ra1lway Museum Lelcester England and the Hungarlan
Agrlcultural Museum Budapest

b b ]

;"‘A survey of the hlstory and types of museums reveals a varlety of 1not1ves often

combmed 1nﬂuencmg man to 1nvest talent tlme and money 1n assembhng objects

of no‘dlrect ut111tar1an value

(l)» Of pnmary nnportance is the age—old des1re to expand the front1ers of
;» " knowledge The 16 century Itahan phys101an Uhsse Aldrovand1 set himself the task
V,‘k‘of 1llustratmg all nature in his prlvate museum Thomas J efferson sent paleontoglcal
. specimens to France to counter the accusation of the 18™ century French naturahst
- o ’G L. L Buffon that ammals and peoples deteriorated when transplanted to Amerlca
(2) Another strong motive 1s the urge to 1dent1fy with a partlcular group. Thus
g _‘Europeans since the Renalssan.ce, admiring the achievements of classical Greece
. and Rome,collected a:'ntiquities from those civilizations. The attitude survives in the
J. Paul Getty Museum, a reconstruction of a Roman villa, built in Malibu, calif,, in

the 1970’s. Strengthening religions identity are museum of objects inspired by faith,

vsuch as the Tantra Museum in New Delh1 and the Mennomte Village Museum in

S }Stembach Canada

*‘;National loyalty 18" encouraged ,‘ by the reconstruction of a 'nfonner polish royal

residencein Warsaw,, 'the}National Museum of New Delhi, and the shahyad Arya




Mehr Monument contalnmg masterpleces of Iranian art, whrch marks the approach

vto Teheran Museums in the USSR commemoratmg polrtrcal and war heroes

m’contr1bute to soviet patrlotlc feelmg, and the National portrait G'rllery in

Washmgton D C. keeps alive the memory of noted Americans.
| ,

[

An outdoor museum ol‘ 11 distinct ethnic farmsteads in Eagle, Wis., expresses that
“ ~»state s loyalty to 1ts 1mrmgrant her1tage In such countries as V1etnam Thailand, and
Eangladesh lemg museums of ethnography are raising crtlzens consciousness
: of therr ancrent cultural past The 1dent1ty of black Amer1cans is artrculated by
A pe01al exhrbrts such as Afrlcan Tribal Images at the Cleveland Museum of Art in
1968 B |

i‘(3) Another 1mpulse to collectmg 1S the des1re to prove success and gam prestige.
~M1htary conquerors frequently carrled home art objects from sub_]ugated lands as

lev1dence of tr1umph and as status symbols

r;Thus Roman soldrers ﬁ]led the1r house with art objects plundered from Greece.
Napoleon in 1798 ordered that Works of art seized by hlS armies be paraded on the
»iChamps de Mars n Parrs before bemg deposned in the short—hved Musee Napoleon

,‘ In the late 19th century a desn'e for . consprcuous collections of European art objects
“ﬁf«’gnpped Amerlcan entrepreneurs who w1shed to display their ﬁnancral SUCCESS.
There is strll a tendency in some museums to take pride in the size and opulence of
e ;“therr buildings, not ‘always to the beneﬁt of visitors. The wish of a prestigious
" 1nst1tut10n to secure at all costs a famous Work of art contributes to the often
: fabulous prrces paid for such works at. auctlons

“'(4) ~ Closely related to the motive of prestige is that of hoarding. Some

+. collectors are i.nfatuated' with quantity. "-Ifhe Rornan statesman Cicero, for example,

o ~ filled 18 villas with treasures, and the son of the 19™ century American collector




William fyThompson Walters chartered a ship to convey his Italian paintings to

" Baltimore,

Ina rnodern museum of course, large numbers of objects may be less a matter of
greed than a necess1ty for scholarly research 4

| (5) Fmally there is the appeal of -art objects to the senses and the emotions.
Accordmg to the 16 century pamter Franc1sco de Holanda, Pamtmgs make sad
.people feel Joy and let the contented discover mlsery they make us experlence
love p1ty ” . Art museums are concerned with these emouonal faculties, which
have been’ shghted mn favor of cogmtlon by formal academic education but whmh
are now recogmzed as bemg Just as much a part of the functions of the nervous

system s

2.2 AQUARIUM

ThlS 1s a tank or group of tanks for the dlsplay or study of fish or other aquatlc ammals The basic
‘requtrement for keepmg ﬁsh (except in small home aquariums) is to ensure the movement and
vtreatment of large quantltles of water because the great majority of aquatic ammals cannot endure
the conditions ‘that develop in small standm-g bodies of water. Particular requirements include
l filter- age clarification, temperature and chemical control, aeration, and storage. Most of these
» func‘:tions: are performed in the _ope'rat’ionv of large aquariums, although the degree to which each is
, carried,out mayyvary' with local cOnditions. The limitation imposed by these requirements almost
o inVaﬁably cause any large aquarium to beconie a collection of relatively small tanks, each served ﬁ

by a circulation system isolated that of the other tanks.

- It 'was once thought possible to by pass some of these requirements in certain areas.
~ Thus, in 1938, an entirely different kind of aquarium, called an oceanarium, was

built at St. Augustine, Fla. This consisted of two very large tanks, open to the sky-

one circular', 75 feet (23 meters) in diameter, the other roughly rectangular, 100 by
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40 feet (230 by 12 meters) and each about 15 feet (5 meters) deep Each tank bad a
number of glazed ports cut at vartous 1evels for v1ew1ng the flsh Water from the‘

’ocean was - pumped dlrectly into the tanks and large populations of marine fish
'é‘,tmammals turtles and a few brrds were placed in each tank A number of
| umodtﬁcattons n the operatron of the tanks became necessary, however,.so that these

ﬂtanks are now aquarrums n the conventronal sense of the word.

"‘The | operation of a ‘«dornestic aquarium follows ’different principles from those
: governing the operation of large, institutional aquariums. The small aquariums are,
by their nature, lirnited in the kind and number of fish that they can carry. Such
" aquariums work on the principle that fresh water, uncles it is abused, overloaded, or

ni .por'soned will improve as it ages and continue to support any of the kinds of fish that

~.can live}in it in the first place.
2.2.1 HISTORY, OF THE AQUARIUM

Keeprng ﬁsh for amusernent or for exhiblts of ancient origin, goes back to at least
600 B.C, when the Sumerrans practrced pond culture of fish. Later, the Chinese sea
carp. and goldﬁsh and the Roman of early historic tlmes maintained pet marine fish,

; spendmg considerable efforts and money to arrange for constant changes of water
‘ y means of channels cut from the sea to their ponds The use of glass-sided tanks as
fwe know them today, containing both fish and plants started in Brrt'nn about the

‘:"‘?‘;tm1ddle of the l9l century
~ In) 1853 soon after the development of home fish keepmg the Zoological Gardens of

’Regent S Park London England put a collection of standmg water tanks into a

‘. srnall burldmg call,ed the fish House, which became the first established public

"




"i.:»'a(iuariunl | Severalw other cities mn England and on the Continent established
;vaquarlums w1th1n the next few years, but the d]fﬁcultles inherent in the keeping of
- any fish. other than the hardiest and most tolerant soon caused them al to close.
rvvvl'.%However several pnnc1ples were beeommg understood and they were used in a
‘:new aquarrnm mn Blackpool England in 1871, and in Brighton, England, and
Frankfurt Germany, in 1872. These were the first large pubhc aquarmms like those

of todayf |

P T Bamum opened the ﬁrst pubhc aquarlum in the Umted States in New York City
nl 1856 lee its Enghsh contemporanes it did not last long, for it had all the faults
'of %the Enghsh aquanums There were very few aquariums in the United States until
‘.-New York C1ty opened 1ts aquarmm in 1896 at the remodeled fort Castle Garden
k (formerly Castle Chnton) This aquarlum was the largest n the world for many
Years and, untll it closed m 1941 was a leader m the development of aquarium
‘n’lanagement practlces The first stage of a new New York Aquarium was dedicated
on June 5 1957, ‘on the oceanfront at Coney Island, Brooklyn. The exhibitions
3 7conSJSt mamly of marine mammals in an oceanarium type of tank and of tropical
reef figshes, marine reptiles, and blrds Other oceanarium type aquariums are the
- «v’Marme _l,an_ds of Florlda, in St. Augustine, and the Pacific on the Palos Verdes

* Peninsula near Los Angeles.
2.2.2  STOCKING THE AQUARIUM

In stocking a public aquarium or oceanarium, the animals first must be caught

: ‘unharmed and then transported safely to their destination. This move also involves

e the transportatlon of water, whreh is as subjeet to deleterious change as is water in

, ’.the aquanum




A major fallacy once govemed the stockmg of small fish tanks This was the
prmmple of the so-called “balanced ‘aquarium’. The theory was that aquat1c plants
_Y_f'could take up the carbon d1ox1de released by the fish and use this carbon dioxide to
\ ‘release the oxygen needed by the fish. This simple prmmple gained widespread
i*acceptance until it was shown that only under very strong light would the plants
»release oxygen. At other times, the plants actua]ly competed with the fish for the
avallable oxygen, which was entering the water through its surface. In actual

practice, a small planted tank, in comparison to a similar‘ unplanted tank, under
; ._,normal conditions will carry more fish per. unit of water only if kept in brlght light

contlnuously, day and night. -

. FILTER:




2§3‘«':,>AQUArlé PHYSIOLOGY }«.\Ni)_AQnARInMs |

By”thelr nature ﬁsh and aquatlc mvertebrates are more mtnnately bound to their
'envn'onment than are terrestrlal ammals Proportmnately, aquatlc animals have less
‘blood than terrestrlal ammals for mstance because they are in osmotic balance with
'the water surroundmg fhem (the concentratlon of salts in their blood is the same as
the concentratlon in the surroundmg Water solut1on) Consequently, the aquatlc
nv1ronment ‘must be more closely controlled both in. temperature and in chemical
condrtlons than elther of these need be for terrestrlal creatures. Also noxious animal
wastes slowly change the water chem1stry, 1f allowed to accumulate the wastes will

l<1]l the aquar1um S 1nhab1tants

,fIn aquariums or oceanariums where ocean where ocean water is pumped mnto tanks

and retuned to the sea, and where the inhabitants are from local Water much less

: control is needed than in land aquariums. In these aquariums, water originally

transported from the sea must be stored and continually re-circulated.

- Even in con‘trolled‘ aquariums, control of algae is a prrme necessity because the
.,,;;ﬂmetabolites developed by higher,organisms and by slight stimulate a proliﬁc' growth
i"of “algae that not 'only limit visibility but also would algae is to use copper, an
: excellent de01de Unfortunately, many fish: and inveterate can tolerate a far smaller

‘proportlon of upper than is needed to destroy the algae

" A considerable financial saving in maintaining fresh aquarium water is p‘ossible with
the algae of falrly su1tab1e synthetrc seawater These are somewhat more. limited

than natural seawater in the kmd of ﬁsh that w111 support. Synthetic seawater is

prepared by addmg to fresh water the proportlons of most of the ammals normally '




" present in seawater. Some and aquariums use a mixture of natural and synthetic

' seawaters to save money.

There aremanybther methods for the command of tank water and for the moving of

. aquatic animals. Most are the result of the experience of the workers in some

"speci.ﬁc aquarium, but variations are numerous.
224" FUNCTION AND PURPOSE

Early aquarlums were consrdered to be specral museums but therr recreauonal
}appeal was soon recogmzed and deveIOped publicly owned aquanums are primarily
reducauonal mstltutrons Prrvately owned ones, varyrng in size from small one-man
"operanons to huge oceanarlums however also frequently prov1de educational

~:programs and exhlbrts for example the oceanariums pioneering m the capture care,

i‘and tralnmg of dolphms and wha]es have ‘increased pubhc awareness of their

rmportance Some aquarrums buﬂt for research are not always open to the public.

Clos.ely related to aquariums is the raising of fishes and invertebrates to provide
M:‘food or stock for sport. ﬁshrng ThlS is now usually termed aquaculture or
:aqulculture The management of ornamental ponds may also- serve a useful purpose
partlcularly~smce ﬁltratlon and, water 1reatment are sometlmes used to improve,
Lpondfwater quality.' Such ponds“ may be small garden pools, primarily for water

*lilies, or larger pondsv on farms for the culture of food fishes.

Desngn and Architecture
y The first containers specifically desrgned for aquatic specrmens were the strictly

functronal open-air tanks used by the Romans to preserve and fatten fish for market.
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It was not until the 18™ century that the importation of goldfish into France from the

: Orrent for aesthetic enjoyment created the demand for “small aquarrums ceramic

bowls occas1onally fitted with tranSparent sections, were produced. The large public

aquarlums n many European c1t1es bu11t between 1850 and 1880, were mﬂuenced
byx current rornantlclsm} and COHSC]OUS efforts were made to create the illusion that
the spectator was. entenr‘rg into the underwater world More recently, the trend has
been to empha512e the natural beauty of the specnnens and to make ‘a sharp
d1st1nct10n between the water and the vrewmg space. T

| Baszc matertals Regardless of size-whether a small jar with a capaCJty of '
less than one gallon or a huge tank w1th a capac1ty of more than 1 000 000 gallon-
aquarrums must be constructed wrth care; many substances espec1ally plastrcs and

| adheswes nontoxrc to humans are toxic to water—breathlng annnals

Glass 18 probably the safest bas1c mater1a1 although polyethylene polypropylene
acryllc plast1cs (plex1glass) and ﬂuorocarbon plaStICS are normally nontoxic.
F 1berglass has been wrdely used and 1S nontox1c if properly prepared Adheswes for
sealmg mclude epoxy resins, polyvmyl chloride, s1hcone rubber (except for certain
coloured preparatlons) and neoprene. Metals are not usually used espec1ally n
seawater, whlch 1s hrghly COITOSIVE. Stamless steel ‘which has a low tox101ty is
: often used espeCIally in freshwater systems | |

Thetank. A small aquarium can ‘be constructed entrrely of glass and

: w1thout supportmg frames by usmg sﬂlcone rubber as an adheswe Flbreglass is

5 ‘_‘"Afprobably the most pracncal supportmg materral for all but the largest tanks s1nce it 1s

lightweight, strong, does not detertorate, and is easrly fabrlcated mto any shape.

‘Wood, though w1dely used, is subJect to rot and bonng organlsms and thus must be

Tprotected Remforced concrete mcludmg spemal mixes. for seawater 1s the pr1nc1pal




n, modern:aquanums tanks of a Varlety of suzes and shapes are often. grouped into ,
: dlscrete umts in order to av01d the “boxes of ﬁsh” look that charactenzes some of
"ithe older formal aquarrums Dry dloramas at the rear of the tank create rllus1on of
1stance the tank habitat can be a natural one or one in which fibre has been\
pregnated or pamed to duphcate almost any envnonment Modern aquanums

a empt dlsplayed ER

yPohshed plate glass fully tempered pollshed plate glass and plex1glass are the most
commonly used glazing materials. Polished plate glass is usually used only in small
aquarlums because it breaks into large pleces when it fails. One generally accepted
: pract1ce'1s to glaze large tanks with two or three layers of tempered glass so that if
o -breakage occurs to one layer. Although plexiglass 1s easily scratched, it can be

: repohshed

Accessorles Accessones for md1v1dual tanks normally 1nclude filters, air

pumps hghts and electnc thermostatlcally controlled immersion heaters, or perhaps

altemately,msome means of chlllmg the water. In aquarium bmldmgs the tank are .

,usually grouped so that they have a common filter and method of temperature

control Water stenhzers may be mcluded Plumbmg in large aquarium with

u]t1p1e systems 1s somettmes complex mvolvmg a variety of automatic controls

and water-quahty monltormg systems Because of its cost and fragility, glass

plumbmg (e g for aeratlon or c1rculatlon of water within an aquarlum) 18 used only

m cases m whrch low tOXlClty 1s essentral Unplast1c1zed polyvmyl chlor1de p1pe is

: w1dely used F1breglass p]pe and. epoxy—lmed asbestos pipe are sometlmes used but

lead and hard rubber pipe are obsolete In seawater systems the growth of foulmg “

orgamsms such as mussels and barnacles is avoided by providing the with duphcate

‘:plpes and alternatmg their use on a weekly basis. When a line is dry the fcw

orgamsms present d1e and are flushed out when the line is agam put mnto service.



! Nontnetalllc or plastic—lined pumps are better than metal ones m-terms of toxicity,
“;_hutstainless steel is often satisfactory. Airlift pumps (such as those used in home
aquarlum subsand ﬁlters) move large volumes of water when the lift plpes are of

sufﬁc1ent dlameter

Generally, the most effectlve ﬂlummatlon is by 1ncandescent lamps placed above the

front glass Fluorescent hghts provrde even 1llu1n1nat10n but may over—rllurnmate the

tank’ wall coloured hghts accentuate natural colours and rnercury—vapour lamps
en‘c‘ourage maxnnum growth of marme plants | :
‘ Plam‘s The mtroductlon of s some form of aquatic plant life is of pracncal |
value 1n an aquanum although the presence of plants can cause comphcanons

Aquattc plants consume drssolved oxygen and g1ve off carbon dloxrde under the -
mﬂuence of br1ght hght plants also consume carbon dioxide and give off oxygen

wh11e engaged in photosynthes1s Tlns operates very well so long as llght of a

certam mtensrty falls on the plants-the ammals thus give off what the plants can use -
and v1ce versa Aquarlums in whlch the plants and ammals are belleved to balance |
each other in a resplratory sense are generally referred to as balanced aquarmms

_Thls condltlon of balance is rarely attained, however because under certain
: ‘-‘condltlons (1.c, 1nadequate hght mtensity) the plants are in d1rect respiratory
rilcc‘)mpetition with the animals. Moreover, the atmosphere constantly enters the
p'icture, affectlng the exchange of gases through the water surface. The quantities of
. animal and plant life should be: so related to the surface area of the tank that they can
',sur{rive lndefmitely by means of gaseous exchange through the surface film. There
~ is an additional relationship between plants and animals in such an aquarium: the
- waste products of the fishes form fertilizer or food for the plants and are consumed
by them. It is, strictly .speaking, such water that aquaristsconsider conditioned and

/ most suitable for the specimens of interest. Furthermore, dense, slow-growth plants



i

:;amtenance problems
The des1gn of a large aquarlum must take mto account the requirements of the
/ specnnens espec1ally smce exhibits at modern aquarmms mclude all types of
; aquat1c orgamsms mammals b1rds reptiles, amphlblans and invertebrates as well
as fishes. Among the many factors that must be considered are traffic flow patterns
of,‘,visitor, reflections off glass, and acoustics; and tank-maintenance problem such
‘.as Water clarity, dissolved wastes, temperature tank docor, disease treatment and
rtutrition.
v Watér qualily. The primary - reqmrement for maintaining aquatic
orgamsms is water quahty The water supply must be free of pollutants mcludlng
ewage and mdustnal wastes, and it should be in gaseous equilibrium with the
atmosphere to ensure adequate oxygen and to aV01d super-satm ation with nitrogen.
In re—c1rculat1ng systems, Water treatment must not only ensure clarity of the water
but also punﬁcatlon of metabohc wastes The source of freshwater is usually water
supphes from wh1ch chlorme and other addltlon have removed, either by carbon
ﬁltratlon or by the addltlon of a chemlcal Marine orgamsms can be maintained in
elther natural or art1ﬁc1al seawater' the ]atter has the advantage of being initially free
from dlsease orgamsms and pol]utants but ‘may not be as smtable for some

orgamsms

Ther "iar'e three basic types of water syst.emS' open, c]Osed and semi closed. In open -

s’ tems the water flows through the aquarlum once and is dlscarded This provides

Water quahty comparable to that of the natural envrronment and there is no building




of toxnc metabohc waste; however “temperature control and pumping are ‘usually

5costly, and ﬁltratmn often is necessary.

Water 1s contmuously re-crrculated in  closed systems and is only renewed
"er10d1ca11y Metabohc wastes must be treated smce they are not continuously
ﬂushed from the system An 1mportant problem is that ammonia must be raprdly
removed or transformed because it is harmful even at very low concentratrons In
the aquarlum the bacterla that convert ammoma to nitrite re31de primarily "in the
ﬁlter materlal and a slow sand ﬁlter with a large surface area, is usually provrded to
ensure the1r abundance Plant growth in the aqu*mum espemally in marine systems
1S not usually sufﬁc1ent to utrhze all the mtrate produced by ‘bacteria from mtﬂte
Although some aquamlms have operated many years W1th a minimum of water
| renewal 1t is normally necessary to replace from 1 tolO percent of the water per
month to mamtaln a low level of mtrltes The use o{' charcoal in both freshwater and
eawater systems helps to slow the accumulatlon of nitrogenous wastes. Metabolic
wastes also cause an mcrease in the a01d1ty of the water. Carbonate compounds are
commonly used to maintain an optimal level of acidity, particularly when water

renewal is frequent. -

Senu closed system are essentlally the same as closed except that there is a constant
, ‘:,‘connectlon to the water supply, and the problem of dissolved wastes is system 1s less
: 'costly than the open one with regard to temperature control and pumping.

The turnover rate, or rate of water replacement, of individual aquarium is important
and should be no more than two hours. In addition acration by means of au stones
' (dlffusers) should be provided to guard agamst asphyxra in the event of an

unexpected water—supply failure.



)‘Flshes and mvertebrates also be mamtamed Wlthout fi ltratlon or- aeratron in
«_aquar’lum that are. “balanced” leth plants howeve1 the balance between plants and
ztmma]s 15 Very dlff' cult to attam on a large sca]e or even in a- normally stocked
aqnanum espec1ally a seawater aquarmm | |

']Freshwater pools for mammale and blrds present spema] problems. They genera]ly
_feqmre a lng,her filtration rate greater ﬁltcr capa01ty because they a.ccumulate large
.amounts of fecal Wastes A1r-breathmg ammals however are not hlgh]y sensmve to
‘:water quahty thus chenncal treatments such as chlorination, which would kill
;ﬁshes can be used to contro] bacteria and to 1mprove water clarrty Seawater are

AN

. srmpler for exumpre a gpercent sodium chlortue solution will saﬁsfactorély

k 'mamtam whales and dolphins. Seals and sea lions have been kept in freshwater, but

tlus may increase their eye problems because of the osmotic effect of the 6 esh“'atex

-‘ on the eye tlssues |

Feedmg. , The diet provided for, aquarinm'speeimens shonld approximate

f‘the natural diet as closely as possible. In addition to products available from the fish
market, several commercially prepared diet a_nd. various live foods are available to

| '“*f,’,"the profeSsiOnal and home aquarist. | Aé a generétl rule fishes do better 1t provided

L with: a varied diet. Brine shrimp (Ailemza) are a convcmcnt source of uood and 4

f favallable both as newly hatched larvae or adults, erther alive, frozen or freeze-drled

' lt should be notcd Thowever, that they do not fill all of the nutrt txo*ml rcqmrcmcnis
of many phnkton—feednm fi shes

b }}zeeezs* B Drsease prevention 18 a conet&ntl} stzw >d for gozrl since clteeu se,

once mtroduced 1nto the aquarmm are often chfﬁcult to ehmmate Spe01mens



,of : tox10 metabohc waste, however temperature control and pumpmg are usually

*’costly, and ﬁltratlon often is necessary

Water 1s contmuously re-cn”culated ln closed systems and is -only renewed
,penodtcally Metabohc wastes must be treated smce they are not contmuously
’;ﬂushed from the system An nnportant problem 1s ‘that ammoma must be rapldly
(removed or transfonned because it is harmful even at very low concentrauons In
“E,the aquanum the bactena that convert. ammoma to mtrlte reside prlmanly in the
{;ﬁlter matenal and a slow sand ﬁlter wn:h a large surface area is usually provxded to
;ensure thelr abundance Plant growth in the aquarium, especially in marine systems
"1s not usually sufﬁ01ent to utilize all the nitrate produced by bactena from nitrite.
f”Altbough some aqnanums have operated many years with a mlmmum of water
}’renewal 1t is nonnally necessary to replace from 1 tol0 percent of the water per
f‘month to mamtam a low level of nitrites. The use of charcoal in both freshwater and
seawater systems helps to slow the accumulatlon of nitrogenous wastes. Metabolic
i ’,;wastes also cause an increase in the a01d1ty of the water. Carbonate compounds are

b cormmonly used to maintain an optlmal level of acidity, particularly when water

| lrenewal‘ is frequent.

o Semi-closed system are essentially the same as closed except that there is a constant
connection to the water supply, and the problem of dissolved wastes is system is less

‘ “cos’tly than the open one with regard to temperature control and pumping.

'The tumover rate or rate of water replacement of md1v1dual aquanum is nnpoxtant

and should be no more than two hours. In addttlon aeratlon by means of air stones

dlfﬁlsers) should be prov1ded to guard agalnst asphyxia in the event of an

' unexpected water-supply failure. -
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:[Fxshes and mvertebrates also be maintained without filtration or aeration in
- aquarium that are “balanced” with plants; however the balance between plants and

ammals is very difficult to attain on a large scale or even in a normally stocked

L aquanum espec1a11y a seawater aquarium.

Freshwater pools for mammals and birds present special problems. They generally

requu‘e a hlgher ﬁltratlon rate greater filter capaCJty because they accumulate large

amounts of fecal wastes Alr-breathmg ammals however, are not hlghly sensitive to
f water quahty, thus chemlcal treatments “such as chlormatlon which would kill
ﬁshes can be used to controt bacteria and to 1mprove water clanty Seawater are
s1mpler"' for example a 2percent sodrum chloride solutlon wﬂl sausfactortly'
malrrtam whales and dolphms Seals and sea lions have been kept m- freshwater but
thls may mcrease thelr eye problems because of the osmotlc effect of the freshwater
on the eye tlssues e , | , e
Feedmg The dlet prowded for aquarlum ‘specimens should approxnfnate
the natural dlet as closely as pos51ble In addition to products available from the fish
rnarket several commerclally prepared dlet and various live foods are available to
| the professronal and home . aquartst As a general rule fishes do better it prov1dedt ,
with a varied dlet Brine shrimp (Artemza) are a convenient source of food and are
avatlable both as newly hatched larvae or adults, elther alive, frozen, or freeze-dried.
It'should be noted, however that they do not fill all of the nutritional requ1rements
of many plankton-feedmg ﬁshes

Dlsease - Disease preventlon is a constantly strived for goal, since disease,
once mtroduced into the aquarium, are often difficult to eliminate. Specrmens
therefore must be prov1ded with water of suitable quality; the proper habitat,

i mcludmg protective cover if necessary compatlble tank-mates; and an adequate diet.
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Seve}é}f ‘eategor’les\of mfectlous diséase can oocnr in aquariums"&Proto'z'oahs are a
common problem espe01ally those causmg freshwater and marine whlte -spot
dlsease Few treatments have thus for been completely successful The problem n
: marme aquarlums 18 so severe that many facilities mamtam in the water a very low
‘f;"close of ¢ copper su]fate as a preventlve measure desplte 1ts undes1rahll1ty in terms of
toxmty Formahn and msecttc1des although both toxic, are common treatments for
the large paras1tes that attach themselves to fish. Treatments that necessitate handmg |
thespecn:nens are avolded if posslble Large fishes that must be handled arte usually

anasthetlzed in order to reduce stress.

Ultrav1olet sterilizer units can prevent the spread of disease in aquarium water
systems if strategically placed and of sufficient capamty Antibiotics should be used

only if essential for the cure of a spec1fic dl-sease; indiscriminate use cannot only

5 'reSult in resistant strains of the disease-causing organisms but also in destruction of

- mtnfymg baeterla

Staff A large aquanum requlres many kinds of speelahsts “including

engmeers aceountants animal tramers educators ‘and hxologmts The people in the.

ﬁeld cannot obtam formal u“ammg, as a result, aquarlum expenence is gamed

largely on the _]Ob




| CHAPTER THREE

- RESEARCH AREA

ﬁ,AT”ER;ANnnUILD’rNGS 8

Whether thrust agamst and mto a bulldmg by a ﬂood driven into the mtenor by a |

heavy ram, leakmg from plumbmg, or. seepmg through the exterlor enclosure “water
can cause costly damage to a bmldlng Consequently, desrgners should protect

bmldmgs and therr contents agamst water damage

Protecuve measure s may be d1v1ded mto two classes ﬂood proofing and

waterprooﬁng Flood prooﬁng prov1des protectlon agalnst ﬂowmg surface water,
cornrnonly caused by a nver overﬂowmg 1ts banks Waterproofmg prov1des
protectron agamst penetranon through the exterror enclosure of burldmgs of

groundwater ramwater and melnng snow

;3.1“FL00DINGPR00FING:' SR | ,

A ﬂoodvoccursiw}ien a river rises above an elevation, called flood stage} and is not
prevented by enclosures from causmg damage beyond its banks. - Buildings
'constructed in a flood plain, an area that can be inundated by a ﬂood should be
'protected agamst a ﬂood wrth a mean recurrence interval of 100 years

jf:IMaJor ob_]ectwes of flood prooﬁng are to protect fully buildings and contents from
l"l'damage from a IOO-year ﬂood reduce losses from more devastating floods, and
lower flood insurance premiums. Flood prooﬁng, however, would be unnecessary if

burldmgs were not constructed in flood plains. Building in a flood plam should be
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vorded unless the rtsk to hfe is acceptable and constructlon there can be

econormcally and soclally 1ust1ﬁed

Some sites in ﬂood plams possess some ground hlgh enough to avoid ﬂood damage o

If suchtsrtes must be used butldmgs should be. clustered on the hrgh areas. Where

suchﬂ areas are not avarlable 1t may be feasrble to bulld up ban earth ﬁll with

‘mbankments protected agamst erosmn by water to ra1se structures above ﬂood*

'J'}evels Preferably, such structures should not have basements because they would

requtre costly protectron agamst water pressure

alternatlve to elevattng a burldmg on fi}l 1is ralsmg 1t on st11ts (columns m an

imenclosed space) In that case ut111t1es and other services should be protected ‘

agamst damage from ﬁood ﬂows The space at ground level between the stilts may
,.be used for parkmg automoblles if the risk of water damage to them is acceptable or

1f' they w1ll be removed before ﬂoodwaters reach the site.

igthﬁldingspthat cannot be elevated. above‘ ﬂood stage should be furnished with an
h‘,*fe'irnp’erviousvexteriOr. Windows should be above flood stage, and doors should seal
: tightly against their frames, Doors and other openings may also be protected with a
‘ ﬂood sh1e1d such as a wall. Opemngs in the wall for access to the building may be
protected wrth a movable flood shied, whlch for normal conditions can be stored out

of srght »and then posrtroned in the wall opening when a flood is imminent.

Tot prevent water damage to essentlal services for bmldmgs in ﬂood ‘plains,
nnportant mechamcal and electrical equlpment should be located above ﬂood level.

.Also aux:hary electrlc generators to prov1de some emergency power are desirable.

In,.addrtton,v pumps shou,ldbe_mstalled to eject water that leaks info the building.




Furthennore unless a bulldlng is to be evacuated in case of flood, an emergency

water. supply should be stored 1n a tank above ﬂood level and sewerage should be

prov1ded w1th cutoff valves to prevent backﬂow

3. 2 WATERPROOFING : - ,
Inv' addltron to protectmg bulldlngs agamst ﬂoods desrgners also should adopt

measures that prevent groundwater ralnwater SNOwW, or melted snow from
penetratrng mto the mterlor through the exterror enclosure. Water may leak through
cracks expanSIon Jomts or other opemngs m walls and roofs or through cracks

’ around wmdows and doors Also water may seep through sohd but porous exterlor

matenals such as masonry Leakage generally may be prevented by use of weather-
strrppmg around Wmdows and doors nnperkus water stops in ]omts or calkmg of
cracks and other opemngs Methods of preventmg seepage however depend on the

types of matenals used in the exterlor enclosure
: Definitions of Ferms Related to Water Resistance

| ra;f*lPer‘nleability: Quality or state of permitting passage of water and water vapor into
'~ through, and from pores and interstices, without causing rupture or displacement.

- _
| \*Excepted with minor revisions from Sec. 12 ,of the third edition of this handbook;
authored by Cyrus C. Fish burn, formerly with the D1v1s1on of Bulldmg Technology, -

i Nat1ona1 Bureau of Terms used in thls sectlon to describe - the permeability of

;-:matenals,fcoatmgs, structural, elements, and structures follow in decreasing order of

o permeability: e



P_ervmus or Leaky Cracks ‘crevices,, leaks or holes large than capﬂlary pores,
whtch perm1t a ﬂow or leakage of water are present The :matcrlal may or may not
contam capﬂlary pores | |

"Water resxstant° Captllary pores ex1st that perrmt passage of water and water‘
, apor but there few or no opemngs larger than caprllarles that perrmt leakagc of
’_’stgmﬁcant amounts of water

vWater repellent* Not “wctted“ by water; hence not capable of transrmttmg water

y,‘]by capﬂlary forces alone. However the matenal may al]ow transmission of water

under pressure and may, be permeable to water vapor

Waterproof No opemngs are present that perm1t leakage or passage of water and

‘water vapor; the matena} is unpemous to water and water vapor whether under

pressure or not.

;"fheself terms also describe the permeability of a surface coating or a treatment
= 'against water penetration, and they refer to the permeability of materials, structural

- members, and structures whether or not they have been coated or treated.

3.2.1 PERMEABILITY OF CONCRETE AND MASONRY:

Concrete contains many interconnected voids and openings of various sizes and

_ shapes, most of which are of capillary dimensions. If the larger voids and openings

. are few in number and not directly connected with each other, there will be little or
. no water penetration by leakage and the concrete may be said to be water-resistant.

‘C"oncrete in contact with water not under pressure ordinarily will absorb it. The

fzwater is drawn mto the concrete by the surfacc tension of the liquid in the wetted

caprﬂarres




Water-resrstant concrete for bulldmgs should be a properly cured dense, r1chv
oncrete contammg durable well—graded aggregate The water content of the
concrete should be a slow as is compatlble w1th workablhty and ease of placmg and_'
andhng Resrstance of concrete to penetratlon of water may be 1mproved
';however by mcorporatton of water—repellent adrmxture in the mix durmg

manufacture.

“!Wétter-repellent concrete is permeable to water vapor. If a vapor-pressure gradient
s :present moisture may penetrate from the exposed face to an inner face. The

, concrete is not made waterproof (1n the full meaning of the term) by the use of an

. mtegral water repellent.  Note also that water repellents may not make concrete

-impermeable to penetration of water under pressure. They may, however, reduce

,‘,,,?bsorpﬁon of water by the concrete.

Most masonry umts also wﬂl absorb water Some are hlghly pervrous under

pressure The mortar commonly used in masonry will absorb water 00 but usually

contalns few opemngs permrtnng leakage

Masonry walls may leak at the joints- between the mortar and the unlts however

Except in smgle-leaf walls of hlghly pemous units, leakage at the JOlIltS results from

faﬂure” to fi-ll them-w1th ‘mortar and poor bond between the masonry unit and mortar.

lAs wrth concrete, rate of caplllary penetratron through masonry walls is small,

compared w1th the possrble rate of leakage

Caioﬂlarj _penetration of ‘moistu‘re' through above-grade walls that‘ resist leakage of

wind-driven rain is usually of minor importance. Such penetration of moisture into



Well-ventﬂated sub grade structures may also be of mmor nnportance if the m01sture

s readrly evaporated However long~contmued capﬂlary penetratxon into some "
deep, confined sub grade mtenors frequently results in an mcrease n rela‘nve
hurmdrty, a decrease m evaporatlon rate and obtectlonable dampness

3.2.2 - ROOF DRAINAGE:

Many roof failures have been cansed by excessrve water accumulatlon " In most
s cases the overload that caused fallure was not ant1c1pated n des1gn of those roofs,

,};because the des1gners expected rainwater to run off the roof. But because of

'i‘;madequate dramage the water ponded instead.

' On flat roofs, ponding of rainwater causes structural members to deflect. The
- v"result:'mg. bowing of the roof surface permits more rainwater to accumulate and the
addltlonal weight of this Water causes additional bowing and collection of even

more water. This process can lead to roof co]lapse S1m11ar conditions also can

occur in the valleys of sloping roofs.

Toavoid Water accurnulation 'roofs should be. s]'oped tow-ard drains and ‘p-ipes that
have adequate capac1ty to conduct water away from roofs, in accordance with local
plumbmg codes Mlmmum roof slope for dramage should be at least ¥ in /ft but

larger slopes are adwsable

Theprnnary drainage system should be supplernented by a secondary drainage

system at a htgher level to prevent pondmg on the roof above the level. The

overﬂow drams should be- at least as large as the; pnmary drains and should be

connected to dram plpes mdependent of the prrmary system. The roof .and its



structural members should be capable of sustaining the weight of all rainwater that
e could accumulate on the roof if part or the primary dramage system should become
" blocked.

3.2.3 DRAINAGE FOR SUBGRADE STRUCTURES:

‘Subgrade structures located above ground-water level in drained s011 may be in
contact wrth water and wet sorl for perrods of 1ndef' nite duration after long-
contmued rams and sprmg thaws Dramage of surface and sub-surface- water
however may greatly reduce the trme durmg whtch the walls and ﬂoor of a structure
are. subjected to water rnay prevent leakage through openings resultlng from poor
‘wo’rkmanshlp and reduce the caplllary penetratlon of water into the structure.  If
ubsurface water cannot be removed by dramage the structure rnust be made

waterproof or hlghly water—res1stant

;Surface water may be dlverted by gradmg the ground surface away from the walls
and by carrymg the runoff from roofs away ﬁom the bulldlng The slope of the
v ground surfaces should be at least Ya rnches/ﬁ for a mlmmum drstance of 10 ft from
the walls.‘ Runoff ﬁ’om ‘high ground ad]acent to the- structure should also be
drverted ’ 4

Proper subsurfaee dramage of ground water away from basement walls and ﬂoors
'?“?requlres a dram of adequate size, sloped contmuously, and where necessary, camed
around corners of the building without breakmg contmurty The drain should lead to

a storm sewer or to a lower elevatlon that will not be flooded and permlt water to

)L ~ back up in the drain.




'Dram tlle should have a mlmmum dlameter of 6 inches should be laid i in gravel or
other kmd of porous bed at least 6 mches below the basement ﬂoor The ‘open joints
Between the. tlles should be covered with a w1re screen or bulldmg paper to prevent
y cloggmg of the dram w1th fine materlal Gravel should be laid above the tile, filling

; ;che excavation well above the top of the footmg Where conmderable water may be

e expected in heavy soil, the gravel fill should be carried up nearly to the ground

. surface and should extend f‘rom the wall a distance of at least 12 inches
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3.2.4 CONCRETE FLOORS ON GROUND:

These should preferab}y not be constructed in low-lymg areas that are wet from

‘ground water or penodlcally ﬂooded with surface Water The ground should slope




‘way from the floor The level of the fimshed ﬂoor should be at least 6 1n above |
grade Further protect1on agalnst ground moisture and possrble ﬂoodmg of the slab

from heavy surface runoffs may be obtalned w1th subsurface drains located at the

elevauon of the wall footmgs. :

Al orgamc materlal and topsoxl of poor bearmg value should be removed in

preparatron of the subgrade, whxch should have a umform bearing value to prevent

unequal settlement of the ﬂoor slab Backfi]l should be tamped and compacted in

layers nct exceedlng 61n in depth

Where the subgrade s well dralned as where subsurface drains are used}
unnecessary, floor slabs of resrdences should be 1nsulated erther by placmg a
granular fill over the subgrade or by use of a hght welght-aggregate concrete slab
covered w1th a wearmg surface of gravel or stone concrete The granular fill, if
used should have a rmmmum thickness of 5in and may consist of coarse slag,
| gravel or crushed stone preferably of 1-1n minimum size. A layer of 3-,4-, or 6-
s Imehes_—thlckvholl‘ow masonry burldmg umts is prefcrred to gravel‘ fill for 'msulatlon

~and providesa‘smooth, level bearing surface.

. MOisture from the grouncl' may be absorbed by the floor slab. Floor coverings, such

as oil-base pajnts,. linoleum, and asphalt tile, acting as vapor barrier over the slab,

~ may be damaged as a result. If such floor covermgs are used and where a complete

bamer agamst the rise of m01stu:re from the ground i 1s des1red a two-ply biturminous

‘rmembrane waterprooﬁng should be placed beneath the slab and over the msulatmg

‘fvconcrete or granular fill. The top of the light welght—aggregate concrete, if used,

E';should be troweled or bushed to a smooth level surface for the membrane. The top

; of the granular ﬁll should be covered w1th a grout coating, similarly finished. (The



{"\'gro‘ t coat 1/z to hnches thick, may cons1st of a 1:3 or a 1:4 mix by volume of
fportland cement and sand Some 2/8 or /2 in maxrmum—smed coarse aggregate may
“f; - : :,be added to the grout if desired.) Aﬁer the top surface of the msulatlng concrete or
ks grout coatmg has hardened and dried, it should be mopped with hot asphalt or coal-

‘tar pltch and covered before coohng with a ‘lapped layer of 15—1b bituminous
‘_}saturated felt The ﬁst ply of felt then should be mopped with hot bitumen and a
eeond ply of felt laid and mopped on its top surface Care should be exermsed not

to"puncture the mernbrane whlch should preferably be covered with a coating of
ortar unmedlately after lts completlon K properly laid and protected from

;.jdamage the membrane may be cons1dered to be a waterproof bamer

Where there is no possrble danger of water reachmg the under51de of the ﬂoor a

mgle layer of 55-1b smooth-surface asphalt roll rooﬁng or a similar product of 55-

b‘ mmnnum werght rnay be substltuted for the membrane. J omts between the sheets

hould be lapped and sealed w1th bltummous mastlc Great care should be taken to

revent puncturmg of the rooﬁng layer durmg concretmg operatlons When 50
mstalled asphalt ro]l rooﬁng provxdes a low-cost and adequate barrier agamst the

;movement of excessive amounts of morsture by caplllanty and i in the form f vapor

f a hghtwelght-aggregate msulatmg concrete slab is used it is placed dlrectly on the

ubgrade the slab should have a minimum thickness of 41nches and a minimum

ucompresswe strengrh of 1500 psx The coarse aggregate should not exceed lmches
:mr size. If the msulaung slab is to be covered with a membrane, the slab should be
Z?_“perrmtted to dry after curing and before the membrane is placed. The wearing

\:surface apphed over the membrane should be at least 2%in and preferably 3in thick

of ‘_‘3000 psi concrete and should be remforced with welded wire fabric weighing at

'}j":‘least 40 Ib per square. A 6x6 mesh of No.6 wire is suitable. If the concrete wearing
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slab is to be covered with an oil-base paint or a floor covering that is a vapor barrier,

- ,‘ th.e slab should be in a thoroughly dry condi.tion before it covered.

3

2.5 BASEMENT FLOORS:

Where a basement is to be used m dramed soﬂs as hvmg quarters or for the storage
£ thmgs that may be damaged by morsture the floor should be msulated and should
i preferably contam the membrane waterproofing prewously descrrbed In general ’

;the desrgn and constructlon of such basement ﬂoors are snmlar to those of floor on

f passage of morsture from the ground mto the basement is ummportant or can be-

atrsfactorﬂy contro]led by a1r condltlomng or ventllatron the waterproof membrane

eed not be used The concrete slab should have a mmrmum thrckness of 41nches g
"and need not bc rcmforccd but should be 1a1d on a granular fill or other 1nsulat10n
placed on a carefully prepared subgrade The concrete in the slab should have a

mmrmum compresswe strength of 2000 psr and rnay contam an mtegral waterv

Jj:A basement floor below the water table w1ll be subjected to hydrostatic upward
;pressures The ﬂoor should be made hcavy enough to counteract the uplift.

A bituminous-filled joint between the basement walls and a floor over drained soil
w111 prevent leakage into the basement\ of any water that may occasionally
.+ accumulate under the slab. Space for the joint may be provided by use of beveled

./ siding strips; which are removed after the concrete has hardened. After the slab is

e properly cured, it and the wall sur‘yfacev}should be in as dry a condition as is




practrcable before the Jomt is filled to ensure a good bond of the ﬁller an ﬁto reduce
the effects of slab shnnkage on the permeabxhty of the joint. Hot asphalt r coal—tar |

prtch may be placed 1n the joint after 1s s1des have been pruned w1th a S rtable

onolzthw Concrete Basement Walls' These should have a minimum thrckness of
61.n. Where msulatlon 1s desirable, as where the basement is used for hvmg quarters,‘
hght werght aggregate such as those prepared by calcmmg or sintering blast-ﬁlmace :

slag, clay, or shale that meet the requirements of American Society for Testmg and

Materrals Standard C330 may be used in the concrete for basement walls is cast,
forrn‘ t1es of an internal disconnecting type are preferable to tw1$ted-w1re ties.
,f’Elntrance holes for the form ties should be sealed with mortar after the forms are
lremoved If twisted-wire ties are used they should be sealed be cut a minimum
e :idlv-stance of 1'inches inside the face of the wall and the holes filled with mortar.
The resrstance of the wall to capillary penetratlon of water in temporary contact with
the wa]l face may be increased by the use ofa water-repellent adrmxture The water
repe}lent may also be used in the concrete at and just above grade to reduce the '

caplllary rise of morsture from the ground mto the superstructure walls. -

Where it s desrrable to make the wall res1stant to passage of water vapor from the" N |

outsrde and to 1ncrease 1ts res1stance to caplllary penetratton of water the exterlor (




£

- bituminous coatings that may be used are listed below in increasing order of their

- resistance to moisture penetration: o

Spray- or brush—-appﬁed' asphalt emulsions. -

- Spray- o brush ap‘plied bituminous cutbacks.

25 '; Trowel coatings ofbltumen with organic solvent, applied cold. |

Hot-apphed asphalt or coal tar pltch proceeded by appllcatlon of a suitable |

pnmer

;’,Cementltlous brush-apphed pamts and grouts and trowel ‘coatings of a. mortar
}:lncrease ‘moisture re31stance of' monohthtc concrete especlally if such coatings
j; contam a water repeltent However in properly dramed soil, such coatmgs may not
: be Justlﬁed unless needed to prevent leakage of water through openings in the
‘ concrete resultlng from segregatlon of the aggregate and bad workmanship in
castmg the wa]ls The trowel coatmgs may also be used to level irregular wall

surfaces in preparatlon for the apphcatlon of a bltummous coatmg

"Basement Wall of Masomy Units: Water-res1stant basement walls of masonry
i vumts should be careﬁllly constructed of durable materlals to prevent leakage and
: ’.A\':”"damage due to frost and other Weathermg exposure. Frost action is mot severe at the
'u*_-grade line and may result in stmctural damage and leakage of water. Where wetting

o followed by sudden severe freezing may occur, the masonry units should meet the

requ;lrements of the followmg specifications: ’

' Building brick (solid masonry units made from clay or shale).
| 44 " Facing brick (solid masonry units made from clay or shale).

Structural clay load-bearing wall tile.
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‘Hollow 10ad bearing concrete masonry units.

For such exposure condltlons the mortar should be a Type S mortar havmg a
vn:ummum compressrve strength of 1800 psr when. tested For milder freezmg'
,exposures and where the walls may be subjected to some lateral pressure from the

earth,‘the mortar should have a minimum compressrve strength of 1000 ps1

Leakage hthrough an :expansion- joint“ in a concrete masonry foundation wall ‘may be
prevented-by insertion of a waterstop* in the joint. Waterstops should be of the
ki"b‘ellows ,type, rna‘dej’of 16-0z copper sheet, which should extend a minimum distance
wof 6in on either side of the joint. The sheet should be embedded betyveen wythes of
" masonry units or faced with a 2in thick cover of mortar reinforced with welded-wire
"fabnc ‘'The outside face of the expansron Jomt should be filled ﬂush with the wall

k. face wrth brtummous plastlc cement. -

Rrse of m01sture by caplllarrty, ﬁom the ground into the superstructure walls may
be greatly retarded by use of an mtegral water-repellent admixture m the mortar.
,The water—repellent mortar may be used in several courses of masonry located at

/and Just above grade. s

,The use of shotcrete or trowel-apphed mortar coanngs %in or more in thlckness to
1the outside faces of both monolrthrc concrete and umt-masonry ‘walls greatly
zrncreases therr res1stance to penetratlon of moisture. Sure coatmgs cover and seal
<o structlon JOlIltS and other vulnerable Jomts 1n tho walls agamst leakage When

pphed m a thlckness of 2111 or more they may be remforced with welded-wire

i*fabrrc to reduce the mcrdence of large shrmkage cracks in the coatlng However, the

‘cementrtlous coatmgs do not protect the walls agamst Ieakage if the walls and




| subsequently the coatmgs are badly cracked as a result of unequal foundatron

ettlement excessrve drymg shnnkage and therrnal changes

Y,T’wo trowel coats of a mortar contalnlng 1 part Portland cement to 3 parts send by
~-volume should be apphed to the outsrde faces of basement walls built of hollow

masonry umts One trowel coat may sufﬁce on the outside of all-brrck and of brick-
facedwalls ‘ oA | b i : |

. The wall surface and the top of the wall footlng should be cleansed of d1rt and soil,
’and the masonry should be thoroughly wetted with water Wh.rle still damp,» the
| surface should be covered Wlth a thm scrubbed—on coatmg of Portland cement
: : tempered to the consrstency cf thtck cream Before th1s prepared surface has dr1ed
a 3/81n-thrck trowel apphed coatlng or rnortar should be laced on the wall and over
the top of the footmg, a fillet of mortar may be laced at the Juncture of the wall and

f{Wbere a second coat of mortar is to be applied, as on hollow masonry units, the first
coat should be scratched to proyide ~al rough bonding surface. ‘The second coat
should be apphed at least 1 day after the first, and the coatings should be cured and
k kept damp by wetl:mg for at least 3 days. A water-repellent admixture in the mortar

‘used for the second" or ﬁms»h coat will reduce the rate of caplllary penetration of
~ water through the walls. If a bitumjn.ous coating is not to be used, the mortar
et 'coating should be kept damp until the backﬁl'l_ is placed.

Thm nnperv1ous coatmgs may be applied to the. plaster coatlng if resistance to
‘penetratron of water vapor is desrred The plaster coatrng should be dry and clean

"‘;.b8efore the bltummous eoatmg is apphed over the surfaces of the wall and the top of




et

the footmg Unless backed w1th a t1er of masonry Or a self—supportmg layer of
concrete the brnmnnous coatmgs may fa;l] m nme to bond properly to the inner
face of the masonry They should not be used on the inner faces of the walls unless
properly supported mposrnon. o

3.2.6. IMPERVIOUS MEMBRANE

'There are water proof barrler prov1dmg protectlon agamst penetratlon of water by
hydrostatrc pressure and Water vapour. To res1st hydrostattc pre the membrane |
should be made contmuos 1n the all and ﬂoor of the basement It should a]so be

protected ﬁom. damage durmg bulldlng operatlon and should b 1a1d by experlenced

workers under competent supervrslon It usually cons1sts of three or more alternate
.layers of hot, mopped-on asphalt or coal—tar prtch and plies of bituminous saturated
o felt or Woven cotton fabrrc The number of moppings exceeds the number of plies

N by one.

An alternattve is'a l/ 16—60 1/8-1nches thick layer of butyl rubber or rubberlzed
asphalt and plastic film, secured w1th a compatible adhesive. In installation,

~ manufacturers’ recommendations shou-‘ld'be carefully followed.

‘ff: Bltummous saturated cotton fabrlc is stronger and is more extensrble than
",brtummous saturated felt but 18 more expenswe and more difficult to lay. At least
‘one or two of the phes ina membrane should be of saturated cotton fabric to provide
.:’strength ducuhty and extens1b111ty to the membrane Where v1brat10n temperature

rchanges and other conditions conducive to dlsplacement and volume changes in the

‘basement are to be expected the relatlve number of fabnc phes may be mcreased




The mmunum'welght of bltummous saturated felt used in a membrane should be 13

vlb per 100 ft The tmmmum welght of bltummous saturated woven cotton fabrtc

The nun’merd..ot‘ pljies"f of Sattuated felt or fabric should be inereased with increase in
the hydrostatrc head to which the membrane is to be subjected Flve pies is the
mammum commonly used in building constructlon but 10 or more phes have been.
‘ recommended for pressure heads of 35 ft or greater. The thickness of the membrane
_:crossmg the wall footmgs at the base of the wall should be no greater than
\’necessary, to keep very small the possible settlement of the wall due to plastic flow

__in the membrane matefials,

The amount of prnner to be used may be about 1 gal per IOOft2 The amount of
fbttumen per moppmg should be at least 4Y gal per 100 f*. The thlckness of the first

;and Tast moppmg 1s usual]y shghtly greater than the thickness of the mopping
"between the phes

1The surfaces to whlch the membrane is to be apphed should be smooth dry, and ata
emperature above freezmg A]I' temperature should be not less than 50°F.. The

temperature of coal-tar pltch should not exceed 3000°F and asphalt 350°F




If the concrete and masonry surfaces are not sufficlently dry, they will not readlly
: absorb the prlmmg coat and the first moppmg of bitumen will be accompamed by
2 bubbhng and escape of stea;m Should th1s occur, apphcatlon of the ‘membrane

should be stopped and the bltumen already apphed to damp surfaces shou]d be
removed ' : |

The membrane should be bullt up ply by ply, the strips of fabric or felt bemg laid
unmedlately after each bed has been hot-mopped One of several methods of laying
the plies is the solid or continuous method, i in which a portion of each strip of fabric
'i,fv or felt is m contact with the supporting base of the membrane. The lap of
, ’succeeding p}ies of strips over each hother is dependent on the width of the roll and
‘ tbe number of plies. In any membraae there should be some lap\'of the top or final

ply over the first, initial ply. The American Railway Engineering Association

requlres a mmlmum distance of 21nches for this lap. End laps should be staggered at

least 24mches and the laps between succeedmg rolls should be at least 121nches

Foi? ﬂoofs» the membrane should be placed over a concrete base or subfloor whose

: :top surface is troweled smooth and which i is level with the tops of the wall footings.

'The membrane should be started at the outs1de face of one wall and extend over the
| wall footmg; Whlch maybe ‘keyed. It should cover the ﬂoor and tops of other
footmgs to the outs1de faces of the other walls forming a eommuous horizontal
: waterproof bamer The' phes should pro;ect from the edges of the ﬂoor membrane

| and lap into the wall membrane

 'The loose ends of felt and fabric must be protected; one method is to fasten them to

a2 temporary: ‘\:/ertical wood from 'ab‘outi_2ft high,_ placed just outside the wall face.




'Immedlately after the floor membrane has been laid, its surface should be protected

and covered W1th a layer of Portland—cement concrete at least 2m.ches thick. -

For walls, the }mstalled membrane should be protected agamst damage and held in
posmon by protectlon board or a’ facmg of brick, tile, or concrete block A brick
{facmg should have a mm]mum thlckness of 2’/’zmches Facmgs of asphalt plank,
fasphalt block, or mortar requn?e conmderab]e support from the membrane itself and
:gwe protectlon ‘against abras1on of the membrane from lateral forces only.
‘Protectlon agamst downward forces ‘such as may be produced by settlement of the

‘:backﬁll is gtven only by the self-supportmg masonry walls

: The kmd of protectlve facmg may have some bearmg on the method of constructmg

’,the membrane. The membrane may be apphed to the exterior face of the wall after

its* construc’uon or 1t may be apphed to the back of the protectlve facmg before the
mam wa]l 1s bmlt The ﬁrst of these. methods is know as the outside apphcatlon the

\}.second is known as the inside apphcatlon

© ¥ METHODS OF APPLYING WATERPRODF MEMBRANES TO WALLS
e T.C BLOCK OR BRICK BACKING
-

b" CEMENT MOETAP~~
- WATERPROOFING
0. | - KEY

55 ﬂq/cg K U Y

Mﬁg N 'Qi_ Lo D'\'.’ & Qp- _’T_“:’“@*—'-"‘ BASESLAE)
P @

OUTSIDE APPLICATION ( MEMBRANE APPLIED T0
 THE. WALL, THEN PROTECTED BY THE - BACKING).
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H TC BLOCK O BRICK BACKING

. CEMENT MORTAR

KATER PROOFING

;
Lt

‘BASE SLAB

5 ]

o8 wsws AppueATmN (MEMGRANr. APPL:ED 0. THE bACKlNCv, -
| AF!EK WHICH THE WALL 18 BUILT) |

e

For. the nrslde apphcatton a protectrve facmg of con51derable stlffness agamst lateral
forces must be built, especlally 1f the wall and 1ts membrane are to be used as a form
for the% castmg of a mam wall of monohtlnc concrete The inner face of the
f’"protectmg wall must be smooth or else leveled w1th mortar to provxde a suitable
base for the membrane The completed membrane should be covered with a 3/8-

mches-thlck layer of mortar to protect it from damage dunng constructlon of the

Apphcatron of Wall membr’anes- should' be. started at the bottom of one end of the
'fi wé,u and the stnps of fabnc or felt laid vertically. Preparation of the surfaces and
,v*"laymg of the membrane proceed much as they do with floor membranes. The
surfaces to which the ‘membrane is attached must be dry and smooth which may
~ require that the faces of masonry walls be leveled with a thin coat of grout or
mortar. iTl‘le plies of the wall membrane should_,be lapped into those of the floor

v membrane.




If the outsrde method of apphcauon is used and the membrane is faced w1th ,
'masonry, the narrow space between the umts and the membrane should be filled
rWlth mortar as the umts are 1a1d The membrane may be termrnated at the grade line

'by a retum mto the superstructure wall facmg

’Waterstops‘ in joints in walls and floors containing a bituminous membrane should
' be the metal-bellows type. The membrane should be placed on the exposed face of

. the joint and it may project into the joint, following the general outline of the

The protecuve facmg fer the membrane should be broken at the expansmn Jomt and

Byt o

the space between the membrane and the hne of the facmg ﬁl]ed w1th a bltummous '

'3.2.7 ABOVE-GRADE WATER-RESISTANT WALLS:

'Ihe:rate ef mmsture penetrauon through capﬂlanes in above-grade walls is low
’ and usually of mmor unportance However such walls should not permit leakage of

wmd-drrven ram through openmgs Iarger than those of capillary dlmensmn




Walls of cellular concrete made of aggregates contammg no fines, are hrghly

ermeable and requlre surface coatmgs of grout or mortar to prevent 1eakage of

wmd—drrven raln

Calkmg compound 1s commonly used as a facmg for the joints. Experience has

The amount of movement to be expected in the vertical joints between panels is a
. o function of the panel ‘/dimensions and the seasonal fluctuation in temperature and, for
concrete the mmsture content of the concrete For panel construction, it may be
more feas1b1e to use an mterlockmg Water-res1stant joint. For concrete, the joint

may be faced on the weather side with mortar and backed with either a compressrble

nréniolded smp or lcalkrng |

Brzck walls 4mches or more m tluckness can be made hlghly water—resrstant The
measures that need to be taken to ensure there will be no leakage of wind-driven
. rarn through brick facmgs are not extensrve and do not requlre the use of materials
other than those commonly used in masonry walls The main factors that need to be

r.r

controlled are the rate of suctron of the brrck at the time of laymg and filling of the

Jomts wrth mortar




In general the greater the number of‘ brrck leaves or wythes in a wall the more

water-res1stant the wall

Walls of lwllow masomy umtr are usually hlghly permeable and brrck-faced walls
" backed w1th hollow masonry umts are greatly dependent upon the water resistance
,, of the brtck facmg to prevent leakage of wind-driven rain. For exterior concrete

4 ' masonryk walls without facmgs of bnck,- protectron against leakage may be obtalned

by facing the walls with a cementitious coating of paint, stucco, or shotcrete.

For walls‘ of rougk-textured umts, a Portland cement—sand grout provrdes a hlghly

water-re31stant coatmg The cement may be e1ther white or gray

‘“Factory-made Portland cement pamts contammg a minimum of 65 %, and preferably ,
‘u()%, Portland cement ‘may also be used as a base coat on concrete masonry The
‘}pamts stuccos and shotcrete should be apphed to dampened surfaces
\Pneumatlca]ly apphed coatmgs tbmner than those d1scussed above ‘and whrch

i

, :contam. durable, low-absorptive aggre gates are also hlghly water-resrstant.

_Cavufy walls parncularly brlckfaced cav1ty wa]ls may be made hrghly resistant to.
eakage through the wall facmg However as usually constructed facmgs are
, hrghly permeable and the leakage is trapped in the cavity and dlverted to the out31de
of the wall through convemently located weep holes. - Thls requlres that the inner
:trer of the cav1ty be protected agamst the leakage by adequate ﬂashmgs and weep
: holes should be placed at the bottom of the cav1t1es and over all wall openmgs The
weep holes may be formed by the use of sash-cord head Jomts or 3/8-mches—eter

) rubber tubmg, VVlthdl‘aWII after the wall is completed




» lastlc cement Mortar should not be permrtted to drop mto the ﬂashmgs and

rv ‘ w " . "
328 PREVENTIONOF CRACKING A

Shrmkage of concrete masonry because of drymg and a drop in temperature may
T result m crackmg of a wall and its cementitious facmg Such cracks readily perrmt
“leakage of wmd-drrven ram The chlef factor—reducmg mcrdence of shrmkage
'crackmg is the use of dry block. When 1a1d in the wall, the block should have a low
\anm\olsture content preferably one that 1s in ethbrlum with the drlest condmon to
i’Wthh the wall wﬂl be exposed v | S

v Y,;, The block should also have a low potentlal shrmkage
: f’Formatlon of large shrmkage cracks may be. controlled by use of steel remforcernent
: in the horizontal Jomts of the masonty and above and below wall openmgs - Where
. ;there may “be a considerable seasonal fluctuation in temperature and moisture
; content of the wall, high-yieI&-Strengtll,‘ deformed-wire joint reinforcement should
" e placed in at least 50% of all bed joints in the wall.

Use of control joints faced with calki-ng compound' has also been recommended to

- L hcontrol shnnkage crackmg, however, this practtce 1s marked by frequent fallures to

- keep the _]omts sealed against leakage of rain. Steel Jomt relnforcernent strengthens

‘a concrete masonry wall, whereas control joints weaken it, and the calking in the |

_]omts requrres consrderable malntenance



| WATER—RESISTANT SURFACE TREATMENTS FOR ABOVE—
lGRADE WALLS

Ekpenence has shown that leakage of wmd—drlven ram through masonry walls,

‘pamcularly those of brick,’ ordmarlly cannot be stopped by use of an mexpenswe '
urface treatment or coatmg that w1ll not alter the appearance of the wall. Such

protectlve dev1ces etther have a low service hfe or fall to stop all leakage

e .»‘};Both orgamc and cementtltrous pigmented coating materials, properly apphed as a.

contmuous coating over the exposed. face of the wall, do stop leakage. Many of the

orgamc plgmented coatmgs are- vapor barriers and are therefore unsuitable for use

n the outs1de cold” face of most bulldmgs If vapor barriers are used on the cold

ace of the wall it is adv1sable to use a better vapor barrier on the warm face to

educe condensatlon in the wall and behmd the exterior coatmg

Coatmgs for masonry may be divided into four groups ‘as follows: (1) colorless

oatmg matenals (2) cemenutlous coatmgs (3) plgmented organic coatmgs and (4)

The colorless l‘iwaterprooﬁng" are often claimed to

C'olorylessfbéitﬁng Materidls. :

top leakage of wmd—drlven rain through permeable masonry walls. Solutions of

ils, parafﬁn wax sodlum s1llcate chlormated rubber s1l1cone resins, and salts of

atty aclds have been apphed to h1gh1y permeable test walls

Of ‘ standards under exposure condltlons stmulatmg a wmd dnven rain Most of these
lutlons contamed not more than 10% of solid matter These treatments reduced the

ate of leakage but d1d not stop all leakage through the walls The test data show that



atmg"lof the water repellent breather type such as s1l1cone and soap solutlons

may be- of value reduexng aborptlon of moisture into the wall surface They may be ‘

of peclal beneﬁt in reducmg the sohng and drsﬁguratron of stucco facings and light

colored : masonry surfaces They may be apphed to precast concrete panels to reduce‘

volume' changes that may be otherw1se result from changes in moisture content o the

concrete However, it should b noted that a water-repellent treatment applied to the

‘surface may cause water trapped in the masonry, to evaporate beneath the surface

instead of at the surf'ace If the masonry is not efflorescence, application of water-

l ‘re31stant Jomt Furthermore, application of a colorless material make the treated face

of the ‘masonry. water repellent and may prevent the proper bondlng of a

cementmous coating that could otherwise be used to stop leakage.

-Cementltous Coating: Coatlngs of Portland-cement paints, grouts, and stucco and

pnenmatlcally apphed mortars are . hlghly water-resistant. They are preferred

above all other types of surface coatmgs for use as water-resistant base coatlngs on

a ve grade concrete masonry They may also be applled to the exposed faces of

'bnck m my Walls that have not been buﬂt to e water—res1stant

e cementltlous coanngs absorb morsture and are of the breather type, permitting.

ipassage of ~;water vapor.;Addltron of water repellents to these coatings does not




i

b greatly aﬁ‘ect the; " water resrstance but does reduce the sorhng of the surface fro the |

absorpuon of drrt-laden water. If more than one coatmg is apphed as in a two-coat

palnt or stueco faémg job the repellent 1s preferably added to the finish coat thus ‘

,,avordmg the drfﬁculw of bondmg a cementrtrous coatmg to a water repellent“ -

The technrque used in applymg the cementmous coatmgs 18 hrghly 1mportant The
;backmé should be thoroughly dampened Parnts and grouts should be scrubbed into
fplacelwrth strff ﬁber brushes and wettmg should properly cure the coatrngs Properly
' phedbthe grouts are hlghiy durable some grout coaungs apphed to concrete ~
‘ sonry test wall were found to be as Water resrstance after 1,0 years of doors

iexposure When ﬁrst apphed to the walls

gmented Orgamc Coatmg ’[hese mclude textured coatings, mastrc coatmgs
convenuonal pamts ‘and aqueous drspersron The thlck textured and mastic are
ally »spray apphed but may be. applred by trowel Conventronal pamts and‘
ueous drspersrons are usually apphed by brush or spray. Most of these coatmgs

are vapor bamers but some’ textured coatlngs converswnal palnts and aqueous

'isp’ersions ” 'are breathers. Except for the aqueous dispersions, all the coatings
| drspersmns all the coatrngs are recommended for use with a prrmer
Apphed as a contrnuous coaung wrthout pmho}es the prgrnented organic coatrngs

are hrghly water resistant. They are most effecuve when applied over a smooth

E :f;ibackmg When they are applied wrth a pamtbrush or. spray by conventional methods
to rough textured walls. It is difficult to level the surface and to obtain a continuous
'water resistant coatmg free from holes A scrubbed cementrtrous grout used as a
base coat or such walls w111 prevent leakage through the masonry w1thout the use of

a prgmented orgamc coatmg




The plgmented orgamc coatmgs are hlghly decoratlve but may not be as water’r/

’ res1stant econormcal or durable as the cementttlous coatmgs

Bltummous‘ Coatmg* Bltummous cutbacks emulsmns and plastlc cements are. |
sually vapor bamers and are sometlmes apphed as ‘ dampproofers on the inside
faces of masonry walls. Plaster is often apphed directly over these coatmgs the
f‘bond of the plaster to the masonry bemg only of a mechamcal nature. Tests show
ithat bituminous coatings applied to the inside of the faces of highly permeable
imansard walls, n.ot plastered, will r.eadlly_ blister and permit leakage of water
' 'thrOugh the coating. It is advisable not to depend on such coatings topreventﬁ the
i"Ieakage of wind driven rain unless they are mcorporated n the masonry or held in
N ‘lplace with a rigid self- sustammg backmg
Even though the walls are resistant to wmd-dnven rain, but are treated on their inner
"’faces W1th a b1tummous coatmg, water may be eondensed on the warm side of the
‘coatmg and damage to the plaster may Tesult, Whether the walls are furred or not. !
g Howeyer the bltummous coatmg may be of benef t as a vapor bamer in furred

alls 1f no condensatlon occurs on the warm Slde

3.3 WATER AND FOUNDATION

;Foundatlon types are a maJor con31derat1on when buﬂdmg on s1tes that are on ﬂood :

’lams or s1tes w1th hlgh water table ‘In choosmg thxs p11e foundatlon w111 be most

: A pﬂe is defined as structural umt mtroduced into the ground to transmit loads to
ower 5011 or to later the phys1ca1 properues of the ground It is of such shape size,

and length that the supportmg matenal mlmedlately underlylng the base of the unit




| : cannot be manually mspected This definition doe not limit the type of materials

'makmg up the pile, the manner of msertron mto ‘the ground or the loads to be
transferred to lower strate However where manual mspectlon of the bottom is
Aposs1b1e as in shallow prts or suffic1ently w1de deep calssons these types of

'constructlon are not classrfied as plles
33.1 Timber Piles

i'Contmuously kept wet trmber pﬂes are qurte permanent But a narrow band of -
;l;altemately wet and dry condltlon sometimes caused by seasonal water 1eve1
iﬂuctuatrons er soon apparent in pﬂe faﬂures Where tlmber pﬁes may be partly
above water 1eve1 the pile should be pressure treated to a final retention of not less
than 12b of creosote per cublc foot of wood The tops of all creosoted pﬁes as cut
ff )should be below ground level and the cut-off secnon should be treated with three ‘
oats of hot creosote 011 Creosoted plles above ground level requlre some
'ﬂ‘placement of preservatlve w1th age as well as protectlon agamst fire, damage
Atmost every kind of trmber can be used for pile. Some species take the shock of
drrvmg better than others, and the species have different static compress1on values.
:ane-grade sticks cannot be expected to be sold for prles yet it is reasonable to
,,rnsrst on timber cut above the ground swell and. free from decay, from unsound or
1 l grouped knots, from wind shakes and short reserved bends. The maximum diameter
E 'of any sound knot should be more than 4in the lower half of the pile 1ength or more
o than 51 in elsewhere. All knots should be tmnmed flush with the body of the pile and
}ends should be squared wnh the axis. |
~ Piles should have reasonable umform taper throughout the length and should be so

; stralght that a hne Jommg the centers of point and but should not depart from the

body of_the 'p}le, All dimensions should be measured inside the bark, which may be




left on the ptle 1f untreated but must be removed before treatment with any
preservattve. The drameter at any sectton is the average of the maximum and
rmnlmum dlmensmns plles not exactly mrcular m sectton not be rejected. No timber
‘p1le should have a pomt less than 6 1n a dtameter except for temporary use. Where
the pomt is remforeed w1th a steel shoe the rrummum dlmens1ons is at the upper end
;of such shoe. No untreated tlmber plles should be used unless the cutoff or top level

of the plle is helow permanent water—table level 'I'lus level must not be assumed

htgher than the mvert level of any sewer “drain, or subsurface structure emstmg or

planned in the 1mmed1ate v1c1mty, or hlgher than the Water level at the site resulting

from the lowest drawdown of wells or sumps

J,Of the vartous nmber specles cedar, western hemlock Norway plne or snmlar

kinds - are restrrcted to an average urnt compressron at any section of 600 psi;
fcypress, Douglas ﬁr hlckory, oak southern pme or s1mtlar kinds are allowed a
‘value of 800 ps1 A maxunum load of 20 tons is commonly allowed on t1mber p11es
’WIth 6 in pomts and 25 tons where the pomt is 8 in or more, subJect of course, to
comphance with mdlcated or tested drlvmg resistance and maxnnum stress. Tlmber
p11es are seldom used as end bearing piles, but there is no real ob;ectton to such use,

: if the p]les are properly mstalled
33.2 Steel H Piles |

- 'Where heavy resistance exist in layers that oyerlie_ the(bearing depths, steel H piles
willyoften take the'punishment of the heavy‘_driying much better that any other type.
After insertion in the ground, the soil gripped betwoen the web and inside faces of
the ﬂanges becomes an mtegral part of the pile, so that frictional res1stance is

'measured along the surface of the enclosmg rectangle and not along the rnetal




urface of the sectlon To prevent local crlpplmg durmg drrvmg, the section should
ithave ﬂan.ged pro_]ectxons not exceedmg 14 tlmes the mrmmum thrckness of metal in
elther web or ﬂanged and wrth total ﬂange wrdth not less than 85% of the depth of
the’ sectron All metal thlck nesses should be at least 0.40 i 1n. Other structural steel d
:ectrons or combmatlons of sectlons havmg ﬂanged widths and depths of at least
10 m and metal thrckness of metal in erther web or ﬂanged - usually in

ombmatrons with steel sheetmg Most rolhng rmlls issue speclal sections for use as

Vpﬂe’s. The load carrymg value of a steel pile i is usually restrlcted to a maximum unit

,stress of 12,600 psr at any cross value of a steel prle is not more than 35% of the

.;yreld stress
1 133 Concrete Piles

vPrecast piles are most suitable for larger projects. The necessity for accurate length
. deterrmnanon and the added. cost of cutoff plus the high cost of equipment to make
and handle the p1les tend to make precast plles more expensrve than the various
‘.m-place types. o _ |
Plrecast‘pﬂes must be remforced for local stresses durmg llftmg and drlvmg and -
mus _bem cured to full strength before use Prestressmg is econonncal for precast‘
plles smce ‘the cost of ordmary remforcmg is at least half the total cost of a precast
p11e before dnvmg ‘ ’ : ‘

L! '-place concrete prles ‘come m many varlatlons in Whlch concrete ﬁlls
premolded cavities in the sol. The cav1ty for a pile can be forrned by removal of the

sorl or by forcmg the volume dlsplaced into the adjacent sorl as is done by timber or

precastv concrete pxles The soil cav1ty can be made by auger or casmg carried to a |
desrred depth and ﬁlled with concrete Volume dlsplacement is accomphshed by

drrvmg a th;m, metal closed end she]] stlffened W1th a retractable mandrel or a




"Theav1er cylmdrlcal metal shell whlch is retracted as the concrete filllng in mstalled

:jRetracted shells are usually heavy steel ptpe, sometlmes w1th remforced cuttmg |
edges Wlth dnvmg rmgs wedded at the top to prov1de a grip for retraction. In. some
; types, the concrete is compressed by a v1brat1ng or drop hammer and tends to
squeeze out Iaterally below the casmg to form annular expansrons These greatly
mcrease the bearlng value of the prle One advantage of cast in place or thin shell
plles 1s the mspector s abtllty to examme the cavxty before replacement of the ‘
concrete to check depth of penetrat1on and vanatron from plump or desired batter
posrtlon Usually, the downward movement durlng casmg driving mdrcts the

empmcal resrstance taken asa measure of plle value before any concrete’ placed

Forlall cast—m—place plles care must be exercrsed to clean the cavrty of all fore1gn

matter and to ﬁll the entu*e volume w1th concrete If water enters shell, tremle tubes

may be necessary for castmg the concrete Structural concrete prles are designed as

short concrete columns A maxrmum unit stress of 25% of the 28 day cylinder in
_compressron is permrtted for workmg-stress desxgn or approprlate load factors, an
‘f.'assumed 5% eccentricity of loadmg, and o= 0.70 (0.75 where a permanent steel

‘;:casing of Y in or greater wall thickness is used) may be applied for ultimate strength

,‘,{:_'design Reinforcement steel is evaluated as for reinforced concrete as part of a pile
may, with a 1/8 in allowance for loss in thickness by corrosion, be stressed to 35%
* of the yield stress.
‘ éoncrete Displacemen‘t' :
The Franki extrusion pile requlres a steel shell to be set into a pit. The bottom is
o ﬁlled w1th gravel or dry concrete to a depth of two or three pile dlameters and the

ﬁll is then pushed mto the ‘soil by droppmg a heavy ram msrde the shell The

.;concrete packs and grlps the shell sufﬁc1ently to pull 1t along through almost any

type V,of soil and extrudes it into the soil in the shape of an inverted mushroom.



Concrete 1s added before the plug materlal ent1rely clears the shell. As the addmonal

concrete 1s extruded the shell is w1thdrawn

The result is very rough—surfaced concrete cylmder with a number of annular fins

prolectmg mnto the soil. At the bottom isa mushroom-shaped expansmn Under load
testé,-‘ ’these piles have ca!m‘ed \much,morﬁe 1load than is indicated vby/ the area of the

mushroom multlphed by the norma]ly presumptwe bearmg capac1ty of the soil.

These pﬂes are smtable for granular soﬁs and develop lead capacmes of 100 to 150




CHAPTER FOUR

 Aksterben Aquarium and Nature Centre

Nébraska,;USA

Th1s Game and Parks Comm1ssmn complex is the only facﬂlty of its

type 1n the Great Plams Many organlzatlons and md1v1duals worked long and hard
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Materials used:

2o | - steel Ll
. . ... . - concrete.

| Fishing - - glass
- Boating .~ . ‘

,‘*Huhtingﬂs St
- Outdoor education =~ -~
- . Administration B R Rt AN

Foo




the site ha an outstandmg layout

- good exhibition of natural wildlife
matenal used are durable

the centre offer educational facilities
required facilities were well catered for




2 CASESTUDYTWO

Aquanum of the Pac1ﬁc An1ma1 Care

Long Beach Cahforma

Wlth 1ts sweeplng, curvmg, wave-hke archltecture the

: extraordmary archltecture isa Jomt venture of the Los Angeles ofﬁce of Hellmuth,
. Obata & Kassanbaum and Esherlck Homsey Dodge and Dav1sof San Francisco.
;LEHDD de51gned the cr1t1cally acclalmed Monterey Bay Aquarium and has
- »":;‘collaborated on the plans for numerous manne exhibitions worldw1de The
Aquarlum of the Pacific I srfuated a close to water | |
“as the s1te would allow. There are many outdoor. exhibits too, with decks where
i ‘v131tors can see and smell the sea The de31gn help to remind you exactly where you

i fare very near the great ocean 1tself




el
Main Entrance

:Grbiindﬂoqr plan

. h R

Loustut tamer
oo,

g

Firsf floor plan

Facilities on site: , Material used:

- conference centre - glass
- research laboratories - - concrete




nO}'théfilPaciﬁCgalléfy o - steel
southern Pacific gallery Do |

i .

the site is ,kl(ocat‘ed'c‘lo‘se to water.-body

 durable materials were used in construction

- required facilities were well catered for - |

_-aquarium provided house ocean, brackish and fresh water animal

Demerits:

i a lotsof artiﬁéialz‘lighting aus'éd
b lackof good ventilation




: LOéation:'

Hlstory

Cabrillo Marine Aquarium

San Pédro; Los ayngele}s

Cabnllo Marme Aquarlum 1s dedlcated to promotmg awareness

"A"r‘iel view of exhibition hall




; 2 ; . . ‘cmnsrmsxmslrs
- entRY | %t O NN B
L INPORMATION - COURTYARD
© Siteplan of thesite =~
Facilities: Materials used:
- sea search marine biology - glass.
. ocean outreach - steel
- aquarium tours - concrete

3 Whale watch
| :, Merits:

a the site is well located, having naturzil features like water bodies around it.
b the buildings have adequate number of facilities

¢ materials used are very durable '

d

adequate provisions were made for varieties of marine life
Demerits: S
* a - the buildings are poorly ventilated

b fresh water marine life was well catered for,




4 4 CASE STUDY FOUR

UCLA Ocean VDis‘covery Centre

Location: ~ Sanfa Monica Pier, Colorado.

’, Hisf,Ory: The UCLA Ocean Discovery Center is located at beach level below the

: world famous carousel on the Santa Monica Pier, where Colorado Avenue i in Santa
«;Monlca meets the Pacific Ocean.

Turn leﬂ on Ocean Blvd. at the entrance to the pier. Go south on Ocean past the
mtersectlon with Pac1ﬁc Coast nghway Turn right onto Sea51de Terrace, which is
A the ﬁrst:small street JUSt past PCH. At the stop sign at the bottom of the hill, turn
nghf onto Applan Way At next stop s1gn, turn left and proceed into beach parkmg

’Ar‘iwal view of elevation




... Santa Moica PierRamp - -

Colorado Avnue

o s ~ Materials used:




5_1.' Entry Gangplank

'25. Arrival Counter -

- 3,. Schoolmg Tank

4 Prer Tank :

s, Touch Tanks

6. Shark Tank

7 Outdoor Ex1b1t area

8. Classroom

'F9 Computer/Mrcroscope Laboratory
f"IOH Girls' Restroom |

15‘:\1303,5 Restroorn

2 Staff Restroom

13.5tff Offices B
14vVolunteer Lockers & Storage b

1»5\(Book Store oy

,16.Storage Shed" .

17 Water Flltratlon

1‘8 Student Artwork

21 ‘.R“oekﬁyReefs' o

' 1t has a good site layout

b the srte is Well located

68

* Materials used

_concrete

glass

L]
.




Poor ventrlatron w1th1n the bu1ld1ng

b poor hghtmg w1th1n the bulldmg

DEDUCTIONS IR |
kHavmg carrled out these case studles and further analyzmg them, several

jprecautlons and modrﬁcatlons w111 be ensured SO as to arrive at a proper well
planned proposal for this the81s

i

| Constructlon materials that will be most approprrate in specifications will have to be

majorly steel glass and concrete More thought will have to be given to ensuring the

++use of natural lighting and vent11at1on by mtroducmg a well-posmoned courtyard,

mcreasmg the headroom of the exhlbltlon hall and proper posrtlonlng of wmdows

1 Great detall w1ll have to be grven to the posrtronmg of facilities in the burldmgs




CHAPTER FIVE

;
.
!

'CLIMATE DATA
' -Slnce the 31te for the proposal Naval Base Olokun Apapa is 51tuated within 1agos
.,metropohs the chmate feature of the s1te can regarded as being the same with that

;for Lagos state

The yearly average of percentage ﬁequency of w1nds of more than 3 miles per hour
3 ;4 p h ) the wmd speed on the site are of great unportance and should and canbe

ontrolled 1f need be by the plantmg / exrstence of surtable trees

There are two types of wmds The North -—East trade wmds which brmgs harmattan

and the South West mansoon wmds whrch ‘bring the rains the effect of thls winds
must be properly curta11ed if ¢ any tourlst faclhty is to succeed Peak visiting hours to

:thls srte w111 be mamly at annual pubhc hohdays The fixed ones being in Aprrl,

October and December -—prrmarrly durmg the rainy season.

g The ram cannot stop, but its. harsh effect when accompanled by strong wmd can be

empered by barrrers and good bulldmg orientation,

\::f'jsur‘face wmd generally correspond to the- wind currents which are south west and
. dre‘,southw‘est wmds are' Very rnoist and when it prevails, .brings ‘clo'udy sky and rain
whrle the North East in very dry and produces cloudless weather, picking up and
;_ carrymg fine dust and sand partrcles on its passage though the desert and therefore

jproduce harmattan.




S cor 2 2 + 5 .6 1 B8 P 1 aw 12 montt

 ABSOLUTE, MONTHLY EXTREMES

N

YEARLY AVE. OF JATAGE FREGUENCY OF
WINDS - OF MORE  THAN 3 M.P



,‘;:chrnatlc factor taken into consrderatron 1f properly utilized in burldmg

‘,.horlentatron will only serve to enhance the fact that the site is sultable for the purpose

?i‘whlch is presently serving.

% WIND FREQUENCY FOR LAGOS BASED ON 3 HOURLY WIND RECORD
FOR 1951 60 (LATITUDE 60° 351 LONGTITUDE 03°21' ATITUDE 4OM)

. [PEED TOTAIJ ALL DIRECTION
| RANGE |

|xNors |7 oo Meaja M T BN R

:VCAL:M, 363 | 218 '24.1‘“ 2f;71.\'3v 269253 20.7]208 | 25.6 | 32.5 | 31.2 | 29.0
(110, 72767 722|698 [ 713 | 738 | 767 | 764 | 72.8 | 662 | 28.1 | 70.8
T2 |05 |14 |31 |27 |17 |08 |26 |27 |16 |11 |07 |01
21-2“31‘;!,'; :TR: 0.1 ,o;l_. "0,.11 , _f N ~ 101 | TR

REMARK» 2 OR 3 COUNTED AS 0. 1
(SOURCE FED MET. SERVICE OSHODI LAGOS)

« Ramfall , _ |

,,Ramfall in lagos state in generally heavy as a result of its locatrons close to the
VAtlantrc ocean and 1ts elevatlon of about 6m the sea level. The rain falls all years
: around and is heav1est between Apr11 and July. These very ram are usually followed

A by a short dry season in august and thereaﬂer another very rainy season between

“:‘:Scptember and October. Generally, lagos state falls into the equatorlal zone with

. annual rainfall measurlng up to 1875mm. See attached ﬁgure below 62% occurs
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Seasonal varlatrons 1n the length of day in Nrgerra is not great Maxrmum possrble
hours of sunshme vary between 12 hours 25mmutes and 13 hours l mmute in June
m the south of Nrgerla In Ja anuary these value range from 11 hours 15 mrnute in the
North 'd 11 hour 35 mmute in the South The actual total of 1solat10n recelve at the

earthly surface 1s substantlally reduced malnly by cloudmess ‘whose effect is marked |
the South due to proxrrmty of the Atlanttc ocean and the pers1stence mﬂuence of
‘hurmd South West wmd Thus 1n coastal area such as Lagos the early sunshme :
alues lie between 45% and 55% of the maxrmum , i
:W1th partrcular reference to the srte w1th a great nurnber of palm trees and
:surroundmg scrubs provrde Just the rlght amount of cover to pro;ect prospectrve
1s1tors ﬁom a blarmg sun. | | |

The solar angle chart shown 1n ﬁg 5a 1s used as a reference pomt to the S1te since it
.was drawn up specrally for the dlﬂ'erent faces of the central and academlc burldmgs
j,_(whlch are very close to the 51te) showmg the sun angles at summer solstice ( June
721 ) Equmox (September and March 21 and whrte solstlce (December 21). They

wrll be used as sun control data for the prOJect

~ Bio Chmatlc Chart
‘ For human phys1ca1 comfort the chart recommends
: (a) Temperature range of 20°C to 30°C | |
| (b) Radratron level lower than 100W/1\/12C
c) Wmd speed (or air movement) less than O lrn/s -
"(d) Relatlve hum1d1ty of between 305

»:For mferences drawn from various data collected optlmrzatlon of these data will in

.no small way as51st in the thorough fonnulatmn of a comprehensrve design



54 GEOLOGY AND TOPOGRAPHY

Geology k , ‘
Sedrmentary rocks of the lower cretaceous perrod occurs wrdely in Lagos state. also,

ertlary beds frorn the coastal plarn sands stretchmg from Calabar in far east through |

;_agos State to the boarders of Benm Republro in the West

agos State hes entrrely wrthm the coastal plan whlch 1s characterrzed by sand

ank ; agoons and "ﬁ creeks 'Ihe land does not rlse 650 meters above sea 1evel

ywhere,in the state Rather most areas he below 320 meters above sealevel In

4km.Frorn the Nrgerlan Benm border by the Yewa rrver Then cornes Ologe
agoon lookmg almost hke the Capsran sea in shape T he Lagos lagoon dommates

the rest of the state Drawrng mto ‘the lagoon are numerous stream and rivers

ﬂowmg m from the not nnportant ones bemg the Owo Ogun, Solode-Barre Owa

and Osun rrvers

b The mterconnectmg pattern of these water bodles creates a 1arge number of 1slands

wrth varymg 31zes

- "One consequence of the foregomg is the existence, over most of the states

i'_Swamp lands of low to very Tow agrmultural productlvrty Only very land of the

di Northern fringe of the state has soils of good potential for agriculture.




5 socro CULTURAL LIFE | ,

The md1genous people of Lagos state are the Yoruba subgroups of the Aworrs n
Ikeja the Egus in Badagry area, the IJebus in Ikorodu and Epe while Lagos Island
‘ consmt of an adrmmster of Benm and Eko Aworis as well as repatnated Yorubas
" and other 1mmrgrants However the state in its modern form is a socro-cultural
f‘;\'meetmg point which has attracted a cross-section of Nrgerlans from all over the
e E\;‘Ajfede_ratlon as well as non—N1ger1ans from other African countries and the rest of the

. l world. ',

Nevertheless Lagos State has 1ts own dlstmct cultural characterlsttcs which have
been nurtured along by 1ts mdrgenous people The arts and craft of the state include
pottery, sculpture mat weavmg, basket Weavmg, halr plartmg and Raﬁa works The
cultures of the people are also reﬂected in certamk types of masquerades Wthh have

partlcular tlmes of the year for thelr festlvals and some of whrch orlgmate from

ancrent rehgrous practrces The major festlvals include those of the “Adamu Orrsha
(Eyo Masqueraders) of Lagos Island / Egunegun Kon and Osun Iya — Alaro
festivals of IkeJa Eluku festlval at Tkorodu, Eb1 festtval and Okoso festtval (Boat
Regatta) of Epe, the Sangeto masquerades of the state S cultural heritage.

5 6 ECONOMY _ | ‘
iThe economy of Lagos State especrally metropohtan Lagos, forms the hub of

ngena s natronal economy This is not suprrsmg in view of the state s traditional
role as the Federal Caprtal of the country until some years ago Currently,
g_metropohtan Lagos contlnues to provrde serve as, or support the following:

a) ~ The most elaborate.port facilities in the country;




(b) ’The older and busrer of the two rallway termini on the country’s Atlantic coast
) The country S busrest mternatlonal and domestlc atrports

d) The range of bu1ld1ngs and alhed mﬁrastructure whlch the federal admmrstratron
and 1ts parastatals have used hltherto (and most of which they still use )

(e) The headquarters of most merchant commerclal and the development banks as
well as msurance and re—msurance companres |

f) ,;The ngena stock exchange and alhed mstltutlons

g)‘*“' The. largest concentrat1on of mdustnal and commercral establlshments n tﬁe
‘ountry together w1th the drvers1ﬁed act1v1t1es alhed to them, | |
h)( The whole paraphernaha of the Lagos State adnun1strat1on 1tse1f and those of its

dommantly urban-based local government units; | S . ‘

i) A wide. ranges of educat1onal 1nst1tuttons mcludmg polytechmcs college of
educatlon, umvers1t1es and research mstrtuttons

()) The seat of dtplomatrc rmss1ons to N1ger1a

k) ;LThe locatton of various mternat10na1 orgamzatrons

(l)dlA W1de range of hotels and recreat1onal facﬂ1t1es

x(m) The terminus of road transportatton to varlous parts of the country and the rest
o of West Africa; | |

(n) The largest receptacle of migrants, both rural, urban and internationals

. (o) A large and growing populat1on of skilled and semi-skilled persons that provrde
A bases and market for a wide range of higher order goods and services.

: ;iﬁ These and other functions make Lagos “tick” and provide the state with a bright and

»magnetlc econormc climate. Regardless of the change in it’s status as the national

capltal and gtven the mertla and cneular and cumulatrve causatlon processes that
characterrze econormc development the hegemony and growth of the Lagos area
appear well into the future What pohcy makers may worry about is how to manage,

sustam and ﬁlrther the processes



5. 7 DEMOGRAPHIC DATA OF LAGOS
7At the t1me of the 1963 natronal census, the populat1on of Lagos was put at
1, 443 568 By the end of 1985 7 3 rmlhon 1nhab1tants were estlmated ~using an

annual growth rate of 8% in the urban populated areas, and 2. 5% per annum in the
rural areas w1th spare populatron Lagos State in particular is a constant victim of
.rural-urban mrgratlon 1n the country and is sard to receive 300 000 people per
annum or 25 OOO people per month. It is estlmated that at this rate, the populatron of '
'Lagos alone may exceed 12 mrlhon by the year 2000 A reasonable explanatron as

per'thls rap1d growth rate m populatlon is dlrectly lmked to~the mdustrlal potential

0 ;the' ‘state and the numerous mvestments being matched both as a source of

,_;revenue and per the prov151on of employment opportunltles for the ever-mcreasmg

populatlon In conclusron, the rate of populatlon growth in Lagos State is 10% per

annum.‘ S

58 " TRANSPORTATION AND TRAFFIC FLOW

Road TranSportatlon |
"A c1ty like Lagos with its raprd development leadmg to increase in populatron will

f‘requlre a.very effectlve transportatlon system

: -}-The government s pohcy concerning the transportat1on sector is the establishment of
o ‘»j:a mass transit program, involving the mtegratlon of all modes of public
; transportatlon It also involves private sector participation through the provision of
ot : ‘_tubes tyres, battenes lubricants and other majog parts for sale at reasonable prices

in order to keep transportation fares at affordable prices. To Hackup this policy, the




tate government launched a mass transrt system consrstmg of road rail and water to

,ease suffermg of commuters

‘or the road program, more buses were purchased to add to the present ﬂeet of the'
] Lagos State Transport Corporatron In 1991 the corporatron had a fleet of 514 buses :
and’ 50 Peugeot 504 statron wagons for 1ts various servrces The state recerved 158
guses under the federal urban mass transrt program and by the end of 1992, the
urrent admlnrstratron in the state have provrded 60 out of the planned 1000 buses
Junder 1ts Jubllee lme program A ‘major problem of LSTC is the need to acqulre

nough spare parts to salvage the over 500 broken down buses in its varrous depots

W --Water Ways

,!’The waterways and lagoons whlch abound in the state are bemg mcreasmgly used.
: f".,‘For the riverine areas, water transport by canoes and motorised boats have been
o natural options for a long time Ferry service between Apapa and Lagos was
: proneered by the Federal Inland Waterways and in 1983, the state government
stablrshed 1ts own ferry servrces | ‘

These servrces use Jettres at Apapa Federal Secretarlat Mainland Hotel, Marina,
fMaroko Queen s Drrve and Tarkwa Bay Wlth mcreasmg state attention in recent

1mes and the: negotlated mvolvement of the N1ger1a Posts Plc., the nurnber of

ssels and Jettres used for passenger and cargo transport in the state have mcreased

B 1
R

The”‘"Ni‘gerian” Railway Corporationf runs its normal cargo and passenger services
from the Iddo termmus to the northern parts of the country. It. also traditionally

: provrded skeletal mtra-state commuter servrces between Iddo and Agege in the




metropohtan area Pendlng the resuscitation of the metroline pI'O_]eCt the state
: government in conjunctlon ‘with the ngerla Railway Corporatlon launched the
i'sjubllee rarl servrce 1n November 1992 to expand the rail commuter service in the
r'state Th1s has ﬁrrther boosted the trlpartlte mult1—modal transport system (formally
\' initiated in May 1989) involving better mtegratron of the road, water and rarlway

= Ttransport fae111t1es in the state. The Jubllee rail service has two trams of 10 coaches,

‘f‘each wrth a capaclty of 1500 passengers operatlng between Tju / Agbado and IJora /

Alrr Transport

Th blggest and most modern a1rport in ngerra is the Murtala Mohammed
nternatronal Arrport wh1ch accounts for over 50% of the total arr-passenger trafﬁc

m,ergerla (averagmg 6 220 336 people annually 1n the 1981 — 87 perlod) The -

arrport. omplex at lkeja has three wmgs respectlvely for mternatlonal domestre and
rrvatet a1r11nes Practlcally all the maJor arrhnes of the world operate a1r serv1ces to

Lago fThere are provrslons in the’ State reglonal plan to construct another alrport at

Lekkr Penmsula for domestlc travelers in order to relieve pressure on the Tkeja

auport facrhtres

Traffic Flow , ,

‘\“‘Trafﬁc congestron has alrnost always been a serious problem in Lagos State due to
no doubt the mdustrral aet1v1t1es s0 prevalent in the area. There have been several
proposals to the solutlon of trafﬁc congestlon, varying from the establishment of

_new routes to the curtarhng of car movement from day to day.




_ 'COMPOSITION AS A% TOTAL IN‘
|vaBa

, = ' ”59 74%'1. RN

25 74%'

10%

605%

395%

174%

5 Tﬁe_, earliest methodsj used to‘,ease traffic congestion in Lagos "State was the
’;,viins'tallation‘ of traffic light by the Federal Govemment and the ‘odd and even number
_fl cheme also established by the government of which both schemes did not help
much. The most recent attempt at easing trafﬁc congest1on in the state has been the
recent construction of ax1al roads, bridges and expressways (which are usually still
congested espemally the break perlods) e.g. the thll'd axial roads. Third Mainland
‘ and Oworonshok1 road whlch form outer rmg road and actually fac111tate traffic flow
| “ ) of Lagos Island The Opeb1 lmk road which was completed years ago
inking Ikeja thh Oregun has g‘eatly eased traffic congestlon in IkeJa which is a
ery deri" ly populated and hxghly mdustrlallzed area of Lagos State




5 9 EXISTING LAND USE AND FUTURE TREN])S

Lagos State as a whole occupres Just 0. 4% of the federatron but accommodates 5% +
0. 8% of the natron S populatron The state is presently occupymg 358, 861 hectares

of land of whrch 75, 555 hectares consist of lagoons and waterways.

The Lagos State land department is respons1ble for the use of land both present and
future use, land allocatron, polrcles as well as msurance and revocatron of rrght of
ccupancy The land use m Lagos State 1s basrcally d1v1ded into areas for resrdentral
development agr1cultural and mdustry that i 1s the good b11ghted area which lack
ba‘s1c\ 1nfrastructural fac111t1es 11ke drarns roads water and electricity.. ) of such
blrghted areas have been 1dent1ﬁed and nnproved e. g Ipcnn Badrya Orrle-Iganmu

PrOJects, such as urban renewal scheme the new towns development authorlty and
the. Lekk1 Pemnsula scheme have been establrshed for land devclopment purposes
g "fDe51gn of parks the establrshment of new towns prov1s1on of mfrastructural
fac1ht1es m govemment estates srte selectron and constructron 4
"The Lekk1 Pemnsula scheme 1s the most recent of all developments establrshed for
the provrsron of adequate space for growth of populat1on and consists of an urban
rc51dent1al development along the Atlantlc Coastline (Lekki Beach) and agrrcultural
developments mcludmg areas for forest and swamp reserves. Another recent
,development in Lekkr is the V1ctor1a Garden Crty re31dent1al scheme, which is a

” pnvate mvestment
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' CHARPTERG6

? "eSITE ANALYSIS

;ﬂf‘\6 1 CRITERIA FOR SITE SELECTION

" Based on the purpose of a marme museum it is essentlal to cons1der various

S factors before smng it since it is meant to house and exhibit marine life, it is
‘therefore bist to be located beside water body.
Factors That Affect Site Selection

) Closeness to lagoon front - the Tlagoon ﬁont which bounds the site to the east

makes the 51te approprlate for the de51gn proposal The type of water body is

bracklsh water Wthh has is own form of marine life and W111 a1d in enhance the

proposal in the carmg out of research work It is therefore proposed a water channel

shall be made from the lagoon mto the srte S0 as to have a natural” pond on site for

,the v1ew1ng of tourlsts

S Umversrty smng The s1te has been proposed by the umversrty to be the

property of the marme Blology Department for the carrymg out of studles related to
1ts“course ThlS suggests that the srte shall be of great advantage to. the pubhc and

'even more to the department of marine Blology

"Smce it 1s located close to the department of marine B1ology in the university. It

prov1des the easy monltormg of the site by the department and expertlse suggestlons

and advancement of the department is also ensured It glves the lecturers and

professors a sense of belongmg and purposefu]ness and awareness to be part of an

'educatlve productlve and communlty developmg pro_]ect as thrs



It ensures the development of research studles that are carrled out on marme life -

not Jus , locally (between other related profess1onals and 1nst1tute in the country) but

lso 1nternat10nally due to the mvolvement of capable profess1onals in the umversrty

,c1ty smce yab where the umvers1ty 1s located 1s in the Lagos mamland

metropohs It can be concluded that acces31b1hty of the site by the publlc is central a

0, umformopportumtyls ‘given _to ché ’7 public‘.\‘f" .
62 SITE LOCATION -

“ The proposed s1te 1s located in the Umversrty of Lagos Akoka yaba in Lagos State
jSouthwest of ngerla The 51te S0 bounded by the Oduduwa road to the North, the:
flagoon on the East the un1vers1ty staff-tramlng center to the West and the faculty of

_smence to the South

i :6.3'SITE,' CHARAC/TERIS'TIC‘(INVENTORY)

' “_,6 3. 1 Soil Condltlon.‘ . |
" The natural ex1st1ng soil on the site is claylng soil and due to its inability to retain
, Ywater it results in a susampy nature of the soil, The site is therefore prone to

ﬂoodmg and water loggmg
56 3, 2 Vegetatlon

" great number of trees and grass Wthh characterrse parts of gardens exrst on site

‘vfand are presently bemg managed by the unrversrty parks and gardens unit. These are

L L e,




all natur occurrmg and of Varlous specres They form a natural vegetatlve cover,

which covers a large area of the school

;6“3 3 Topography

)Ex1stmg 31te maps, as well as V1$1ts to the srte show the topography to be a slopy

uterram w1th the land slopmg towards the lagoon.

6.4 ACCESS AND CIRCULATION

SN

- Ar minor road runs along two perpendlcular sides of the site (the Oduduwa road)

o whlch leads to VC’s quarter. Room has been made for a proposed road, which is to

disconnect from the oduduwa road and run in front of the site from the university

gate T his road will ensure easy cnculatlon around the site casmg cojestion and

traﬂic Jams

6.5 UTILITIES '

1
.

tPresently, no telecommumcat1on poles water pipes or electr1crty poles TUn across or

f«beneath the s1te that makes constructlon works easy to be camed out on site,

6.6 ScENERY/MANMADEFEATURES |

To th (East of the srte 1s scenery (lagoon) whrch marks one of thew site’s boundrles

and no form of man made features ex1st on 51te



DEDUCTION

T Afterputtiug all this into consideration, the world in need for excaration if the
B _ present soil on site the filling with sandy soil which will be compacted the existing

Vegetatron wﬂl be mamtamed as much as possible but those that Would hinder

constructron w111 be cleared and whrch can be replaced will be. The lagoon life will

be”channeled mto the 51te to great a brackish water pond which w111 form part of the

; xhlbltlon area on 51te The yet proves to be conduc1ve due to access and circulation

around the area and the topography of the site shall be mamtamed as much as
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'DESIGN CONCEPT AND CONSTRUCTION
1 CONCEPT AND DESIGN

Concept In achrevmg the ﬁnal surtable des1gn proposal for the marine museum

: whrch would express the type of purpose of the bulldmg in plan and elevatlon yet
fulﬁll all necessary requrrements and function of the design proposal at the same

‘ tlme brmgmg harmony between the bu11d1ng proposal and the site, thereby
achlevmg the goal of archltecture the analoglcal concept of a “fish” has been

selected

The. Flsh Thrs is a shape dlrectly related to the aqua life and could be said to be a

,symbol;of marlne 11fe Smce the museum is meant to drsplay all types of marine life
rangmg from the ﬁesh water 11fe to the brackrsh water life and the sea hfe there
’ould be a need for ﬂexrbrhty 1n the proposed plan and elevatlon The ﬂex1b111ty
,should be expressed in the plan by creatmg mformal v1ew1ng angles of the aquanum
A usmg n‘re‘gular shapes of symmetry there by breakmg monotony 1n v1ew1ng This
would enhance more excrtlng vrews to tourrsts and 51ght- seers. The combmatlon of

the curve and almost strarght angles expressed in the shape of the natural ﬁsh is

deemed to be able to enhance thrs crrterron The achrevement of this shape in
jelevatron grves a tourrst 1mpressron of the bu11d1ng there by creatmg a harmony

'between the tourlst and the purpose of therr v1s1tat10n




:The EggaThls could be sald to be the contalner of a generatlon which means 1t is
‘anenvelope in Wthh llfe is kept. Wlth thlS in mmd it is used in the analoglcal
ff;concept of the l1brary and archlves of the museum. Since the library and archives are

: Asources of mformanon long gotten Whlch are then kept for the use or productton of

; other d1scover1es and mfonnatlon 1t is well expressed in the shape of the egg

7.2 MATERIALS AND CONSTRUCTION

In. the llstmg and class1ﬁcat10n of the matenals used in the pro;ect the two units

'mvolved are treated separately

The information hall 24

2.1 The aquarium hall =

' ‘atena used.here mclude

.Wall -Remforced concrete block
-"‘Sand screed hollow blockwork

- Cerarmc wall t1les

| ‘,{ - Glass

FLOOR s- Remforced concrete ﬂoor slab

- Ceramlc ﬂoor t1les

- - Cellular steel and concrete ﬂoor o ’

e Granohttlc ﬂoor ﬁmsh

 ROOF: - Membrane structure




7. 2'2 The mformatlon hall o _ |
WALL Pre fabrrcated steel portal frame '} |
% - PVC membrane : .

| - Sandscreed hollow block

o Glass

F FLOOR Remforced concrete blockwork
- Granollttlc floor finish

- Cellular_ steel and Vconcrete'ﬂoor

ROOF -PVC membrane roof covermg
- Glass g : |
- : - Zelss~ Dywrdag dome

i Concrete roof gutter

’ Aquarluim hhall . k

Floor and Walls:

Knowmg that underground ﬂoor are formed 1n the less compacts soils with poor
bearmg capac1ty These sorls are permeable and stam ground water which i Aimpose

pressure onvboth the walls and ﬂoors underground water Thrs alter low sa11able




: ati ,'}By re1nforc;ng the easing and allowmg fpr its compps;tp effeot with
the steel frame a s)avrng in steel and a reductron in the overall\sﬁibm me}}}bers

an be effected

: ‘Underground ﬂoors are generally forrned in the less compact sorls with poor bearing
capamty These so11s are. permeable and retam ground water, which imposes
pressure on both the walls and the floor underground. Thrs, often considerable
pressvure"Of water ‘readily ‘penetrates bricks and ‘mortar' and the unavoidable
shrmkage and constructron pressure of water readrly penetrates bricks and mortar
and the unavordable shrmkage and constructron cracks 1n concrete To exclude

,ground water from bulldmg 1t 1s necessary to form an unbroken, 1mpermeable

membrane 1n all external walls and ﬂoors underground or to render constructron

jomts ‘m concrete watertlght

Basement Tankmg

‘_vThe tradrtronal waterproof membrane to ﬂoors and walls subject to ground water

pressure 1s a lmmg of asphalt applled bot n three layers either to the outsrde or the
msrde of walls and sandwrched in the basement floor slab It is practlce to lme the
srde of walls of brrck or concrete in new bulldmg work, wrth asphalt so that the
gmund water pressure agamst the outsrde face of the asphalt to walls is by the wall
m51de An mternal lmmg of asphalt to walls is wall and it is necessary to form an

addrtronal mternal loadmg wall to re51st th1s water pressure and maintain the asphalt

in posrtron Thrs obvmusly adds to the overall thickness and cost of the basement
»wall An mternal lmmg of asphalt is used in the main, in exrstlng burldmgs and in
.new burldrngs where the necessary 600 of workmg space outside the walls cannot

be provrded»for the asphaltters to work in.




The horrzo ‘al llmng of asphalt 1s 1a1d 1n three coats to a ﬁmshed thrckness of 30 on

e asement ﬂoor slab Jomts between each layrng of asphalt in. each coat should

50 protectlve coat of cement screed to protect 1t ﬁom damage durmg subsequent_
burldlng operatlons untll the concrete loadmg coat 1s in place |
A,;concrete ;jloadrng coat is spread consolldated and leveled” on the 50 protectlve
oat . The thrckness of thls loadlng coat is determmed by the ground water pressure
’1t has‘ to res1st m order sandwrchmg the asphalt in the basement slab It is good
practrce to remforce the loadmg coat and to burldmg brrck walls off it.  The
remforced loadmg coat then tends to spread the load of the brrck wall and SO avord

the pOSSlblllty of relatrve settlement whlch mlght cause the asphalt to crack and let

.The vert1ca1 asphalt 11n1ng is applred in three coats to a finished thlckness of 20 with
Jomts staggered as prevrously descrlbed The surface to which the vertrcal asphalt is
‘apphed must be sufﬁcrently rough to prov1de a key for the asphalt to bond to, by
"rakmg out Jomts between smooth faced brrcks and by roughemng the surface of
,yconcrete cast agalnst ‘smooth forms A remforcmg two-coat asphalt angle fillet i is

: formed in the junction of the Vertrcal and horlzontal lrnmgs The. vert1ca1 asphalt

. llmng should be taken up 150 above the natural surface of the ground or above

‘paved areas.. |
iVertrcal asphalt hmngs outsrde the mam structural walls should be protected by a
half brrck thrck skm bu11t up agamst the asphalt i The purpose of thrs protectlve skin
1s to protect the asphalt ﬁrom damage durmg subsequent burldrng. operatlons and

durmg the course of b ckﬁlhng basement excavatlon around basev ent walls




Where an mtemal asphalt lmmg 1s used the inner loadmg wall should be built a
«soon as possrble to relnforce the asphalt agamst ground water pressure The inner
"loadmg wall is uSually of brlckwork suﬁimently thick to resist water pressure The
\?loadlng wall is built W1th a 25 cav1ty between it and the asphalt and this cav1ty is
f | sohdly grouted W1th mortar grout filling is to ensure uniform contact with the
: i asphalt to resist water pressure Without the cavity and mortal filling there might be

. cavities between the brick wall and the asphalt and water pressure would force the

- asphalt into the cavities and so cause it to crack and let in water.

_},\Where column or p1er bases are. to be cast in w1th the basement ﬂoor slab to bear
‘fdrrectly on the subsoﬂ or on a p11e eap, it is necessary to contmue the horizontal
vsphalt around the s1des and base of the bases to form a contlnuous waterproof
membrane The excavatlons for the bases are ﬁrst lined with concrete usually 100
thr;k or the base 1s 11ned Wlth concrete and the s1des wrth half br1ck thick skins.

Asphalt is then spread around the lmmg and the column or pler bases are cast W1th1n

th . asphalt lmmg Where there 1s apprecrable ground water pressure it is not
atrsfactory to allow columns or p1ers to penetrate the horizontal asphalt lmmg to a
foundatlon ata lower level as water w111 ﬁnd its way through the cracks between

thev columns or plers and the asphalt

Where serv1ce plpes or ducts penetrate basement walls it is necessary to form a
watertrght Jomt ‘The pipe is cleaned and palnted wrth bitumen and an asphalt collar
1S formed around it. The prpe is then passed through a hole in the reinforcing fillet
] 1s¥ formed around the pipe. The wall is then made up around the pipe. Where there
s h1gh ground water pressure a ﬂanged p1pe connection is used with a lead sheet
z.:collar ﬁxed between the ﬂanged prpe Wands which are connected wrth bolts. The

V lead collar is then sandwrched between coats of the vertlcal asphalt lining.




asphalt lmmg to effectlvely res1st the penetratron of ground water it must be

securely sandw1ched between ﬂoor slabs and loadmg coats and walls and protectrve

or\mner loadmg walls When ﬁrmly sandwwhed in ﬂoors asphalt acts as a viscous

plastrc capable of sustammg consrderable loads of the order of 1 OMN/m wrthout'

apprec1able drsplacement and capable of takmg up shght relatrve movements

w1thout ;"fracture Any apprec1able relatrve movement will mevrtably cause a

fracture in the lmmg through whlch water wrll penetrate

Amerrcan practrce is to hne basements subJect to ground water pressure w1th coats

of brtumen relnforced wrth sheets of fabrlc such as canvas or felt, bonded between

layers of bltumen. T he fabrlc remforces the b1tumen and grves the lining sufficient
srhence to accommodate shght relatrve settlement and structural movement
w1thout damagmg the lmrng A comparable system employed in this country

con31sts of coats of b1tumen remforced with fabrlc and b1turmsed crepe paper

; Concrete Basement Walls and Floors Thoroughly consohdated dense concrete is
i 1mpermeable to all but h1gh water pressures. - The density and therefore the
% ‘impermeability of concrete can be 1mproved by the use of integral waterproofing
addrtlves which have the effect of ﬁlhng the small pores in concrete. These integral
waterproofmg and hardenmg addrtrves are added to the concrete mix in the form of

;ﬁne'powders or 11qu1ds as the materrals are. mrxed

As “concrete dr1es out after placmg it shrmks and this mevrtab1e4 dryrng shrinkage
'causes cracks partrcularly at constructron Jomts through whrch ground water will

penetrate, Where there is apprecrable ground water pressure on the floor and walls




s ‘of a. concrete structure it 1s necessary elther to line w1th asphalt as previously

o descrlbed to take precautlons to minimise rubber or plastrc water stops.

:’One method of mrmrmsmg shrmkage cracks is to cast adJacent bays or areas of
oncrete in ﬂoors and walls W1th a gap of 450 or 600 between them. When the bays
"‘»have drled out for some days and most of the drylng shrinkage in them has taken

;'lace concrete is then cast mto the spaces between the bays Because of its narrow

( th\ thls second placmg of concrete w111 suffer only small drymg shrmkage and

cause N"nly small shrmkag ”crackmg Thrs method of constructlng concrete ﬂoors

and walls W111 W1thout an 1mpermeable lrmng, provrde a reasonably watertrght
structure m sorls in whlch ground water pressure 1s low Where there is apprecrable

water pressure 1t 1s necessary to use an asphalt lmmg or to cast in rubber orP.V.C.

water stops into all constructron Jomts 1n floors and 1nto vertrcal construct1on joints
mawalls The water stops have a dumbbell sectron and are cast mto Jomts At
unctrons the strlps are hutred and welded together to make a watertlght joint. To

h‘ amtaln correct ahgnment between adjacent bays of the concrete floor it is usual to

form a Joggle Jomt i

.,’{'Horlzontal constructlon JOll’ltS at lrﬁs in concrete wall are not generally sealed w1th a
’, ‘water stop as the we1ght of the concrete wall above the joint is sufficient to provide
a watertlght Jomt by compressron Some few hours after a lift of concrete wall has
been cast its top edge 1 1s sprayed with water to expose the aggregate to a depth of
about 6 to provide a strong mechamcal bond for the concrete subsequently cast on to
it. These horizontal joints may also b'e formed as a joggle joint as an added barrier

to the entry of water.




7.2 FOUN])ATION Bk . RO
Square sect1on form of drlven cast-m—place remforced concrete prle were purposed
for the fouhdatrons The base of a steel hmng tube supported ona pllmg rig, is
ﬁlled wrth ballast A drop hammer rams the ballast and the tube into the ground and
at the requlred depth the tube is restramed and the ballast is hammered in to form an
enlarged toe as shown Hammermg it msrde the llmng tube, which is gradually

| ‘Wlthdrawn, places concrete. The eﬁ'ect of driving the tube and the ground is to

e ;;Jf compact the s011 around the p11e and the subsequent hammermg of the concrete

4“consohdates it mto pockets and weak strata. The enlarged toe provides

embrane Stresses ‘
-Although a membrane 1s a two-drmensronal re51st1ng structure 1t does not develop

‘apprecrable plate stresses (bendmg and shear) because its depth is Very small in

‘comparlson w1th it span Therefore the load-carrymg capac1ty of membranes must

't‘come ﬁ'om other types of stresses

.A, cable can support loads 1n tens10n because 1t sags and that 1t is structurally

-eﬂicrent because its tensrle stresses are d1str1buted un1formly across. 1ts sections. A

;membrane supports loads by a snmlar mechamsm and presents the same kind of

structural efﬁcrency An element cut out of curved membrane and acted upon by a

',normal load Smce the sag of the elernent produces in the membrane curvatures in

two dlrectlons the membrane may be con31dered at first, as the intersection of two

:cables each cable carrles a share of the load, and the total load carrled by the

fmembrane is the su.m of the two “cable loads.

Thus, a membrane is seen to be

?capable of “cable actlon 1n two d1rect10ns



The tw0~d1men51onal re51st1ng character of a.membrane makes it also capable of a

second load-carrymg mechanism through the development of shears actrng within
;‘t‘.ﬁ}the membrane surface, prov1ded' the membrane is not buckled by the equivalent
diagonal compress1on One may prove that a thin piece of mater1a1 can develop
J e . such shears by holdmg a Vertlcal sheet of paper along one of its edges and by pulling
- vertlcally sheet of paper along its possrble edges. The paper sheet carries the load
“factmg in its own plane by tangential shear. But, just as the tensron ina horizontal
. cable cannot carry vertlcal loads, the shears in the plane of the paper sheet cannot,
by themselves carry loads perpendrcular to it. The load-carrying actlon of a

membrane 1s due to 1ts curved shapes

I rectangular element cut out of a curved membrane and mdrcates that,. m general,
"lis1des are not parallel but askew in space; this means that one of its sides
slopes more than the opp051te 51de and that a difference in slope occurs between

’these two srdes QThe ﬁgure also shows ‘that- a difference in slope between two

opposrte 31des necessarrly requrres a drfference n slope between the other two

pposrte srdes The drfference 1n slope between opposrte sides i 1s called the tw13t of
;the membrane surface Since. the slope of a membrane surface in g1ven “direction
usually changes ﬁ'om pomt to, pomt membranes in general have both curvatures
'and tw1st The curvatures and the tw1st characterlze the geometrrcal behav1or of the

membrane surface at a g1ven pomt

9The two pairs of shears on the srde of any membrane element have d1rectrons that
: guarantee equrhbrrum in rotatron but i in a tw15ted membrane the drfference in slope

;'betw,een.two opposite shears produces an excess of normal upward forces It is this




may have tw1st in certam d1rect10ns and no twist in others The only surface without

tw1st in any drrectlon is the sphere smce an element cut by any two palrs of parallel

31des 1s 1dent1ca1 to an element cut by any other two parrs of 81des ¥ ¥

The propertles exhlblted by the cylmder 1n relatlon to curvature and twrsts are not

pecuhar to thlS surface but completely general Any surface cut by planes passmg

through 1ts normal at azpomt exh1b1ts two d1rect10ns at rlght

" vs to each other for whlch the curvature becomes respectrvely, maxrmum and

mrmmum, ‘ for these two perpendlcular d1rect10ns the surface has no tw1st It is ofren

convenlent to spot prmcrpal d1rect1ons by the lack of twrst that 1s of slope change- |

mv these dlrectrons

One may mark by means of small crosses the d1rect10ns of pr1nc1pal curvature ona

membrane surface as was done for the case of prlnc1pal stresses and obtain a
pattern' of lmes of prmc1pal curvature For a cylmder th1s pattern is a rectangular

vmesh wrth srdes parallel to the ax1s and at rrght angles to 1t

The membrane stresses ata pomt of a membrane have dlfferent Values in drfferent

~d1rectlons

Hence as the or1entat10n of the stress rotate around a pomt the stress becomes

maxrmum and rmmmum in two dlrectlons at rrght angles the dlrectlons of principal

;. stress o
it 'Elements orrented in these dlrectlons do not develop shear; shear becomes greatest

_ at45 degrees to the directions ,of pr1nc1pa1 stress.

The d1rectrons of prmc1pa1 stress are those in whrch the membrane acts, as two sets

of cables are rlght angles one set develops the maxrmum stress the other set the ,



4 f the'membrane surface the lmes of prmcrpal stress depend on the shape of the
urfac "the character of the load and the condrtrons of support In certam cases of
symmetry, the two pattems may exceptronally corncrde as for a sphere or a cylinder

,under mternal pressure

{,"I‘he analysrs of cable actron showed that the stresses developed in a cable are

; mversely proportronal to its span-to—sag ratlo Conversely, for a grven allowable
stress the greater the sag, the greater the load the cable can safely carry.

. Consrderrng the cable actron ofa membrane along 1ts prmcrpal stress directions, 1t is

)‘i:thus found that the drrectlon wrth greater sag ratro-that is, geater curvature-carrres

;more load than the dlrectlon w1th smaller sag ratlo (smaller curvature) In the case

of sphere the curvature 1s the sarne inall d1rectrons and a spherrcal membrane under

",umform pressure carrres half of it by cable actron in one drrectron and half of it by

' able act1on in the other In case of a cyhnder under u;mform normal pressure, the
.strarght" llnes carry no load smce they have no curvature and the entire load is

arrled by stresses along the curvature hnes at the rlght angles to the’ cyhnder axrs

The stresses developed by th1s cable actron are hoop stresses

“'Smce buckhng stresses are proportlonal to the square of the tluckness-to-Span ratio,
,;membranes buckle under extremely low compresswe stresses Itis thus correct to
saythat to all practlcal purpose, membranes cannot develop compresswe stresses.

! By the same token the membranes shears developed by a rnembrane are also

. neglrglble because shears produce an equ1valent 45 degree compressron




tern; pressure Prestressmg by tens1on1ng allows the membrane to develop

compressive stresses up to values capable of cancelmg the tensrle stresses locked in
'the membrane it adds to the advantage of aerodynamrc stabllrty that of carrymg |

~.loads by the shear mechamsm e

‘It must be noted that the stresses ina membrane bemg almost totally tensﬂe are

fumformly drstrlbuted across 1ts thlckness the utlllzatlon of the materral in

;membranes is optrmal Moreover tensrle strams are always small compared to

: bendmg strams 50 that the membrane deﬂectrons due to loads are usually small.

These deﬂecttons should not be confused wrth the drsplacements of the membrane

due to varlatlons in the load whlch may be qurte large )

Thus by the nature of thelr load-carrymg action membranes are hght economical,
and Stiff under steady loads. As noted above, thelr use in permanent structures has

e M been hrmted exclusrvely by therr mob111ty
nforrriat‘ion:hall'," i

‘Floors and Walls: Same as that or“‘the aquarium hall

- Dome Roof:




A dome was shown to carry loads essentlally by membrane stresses (compressron

tens1on and shear) because the development of shears makes it funrcular for all ;
loads On the other hand because 1t 1s so thm if there were anywhere in the dome a
tendency to develop bendmg stresses these could easrly exceed allowable values It

is therefore necessary to mvestrgate the p0551b111ty of such a tendency

é ;In the analysrs of the carrymg capacrty of thm dome it was tacrtly assumed that
fi‘domes are free to develop the mrnute drsplacements required by their membrane

' :state of stress Membrane stresses develop under load and the correspondmg strains
jfglve its top a small vertrcal displacement. Since this deflection is not prevented a

: 'pure state of membrane stress excites in its neighborhood. An enttrely dlfferent

‘ t‘s1tuat10n may develop, mstead at the boundary of the shell

&

A:“'spheriCal dome vvith a high rise tends to open up to the equator; its boundary

;;,;dlsplaces outward, even though by very small amount. Moreover, the reactions
isupportmg the dome are’ vertrcal that 1s in the drrect1on of the meridians, since the
‘merldrans arches are funrculars of the load reactrons in any other direction would
produce bendmg moments in the dome In other to have a pure state of membrane
stress in the shell the boundary must be to move outwards and the reactlons must
‘Ialways act 1n the d1rect10n of the merldlans In practrcal th1s is unpossrble A moving
;boundary would present practlcal drfﬁcultres and drsadvantages the react1ons should
rotate in other to remam tangent to the mer1d1ans 1f and when the boundary rotates
ib.ecause of the deformatlon of the shell under load. In common practrce mstead the
;equator of the shell is remforced by a stiff ring, which prevents almost ent1rely, the
ioutward motron of the boundary and its rotatron, and mtroduces an mwards thrust

’and bendmg at the equator The shell whlch would open up at the equator under the




: ernbrane stresses 1nduced by the load develops a kmk or sudden change m

;‘curvature an ‘hence bendmg stresses around the boundary

he bendlng d1sturbance thus mtroduced at the boundary does not penetrate deeply
mto the shell but 1s hmlted to a narrow band inthe netghborhood of the boundary
Th1s “damplng out of boundary dlsturbance another useful charactenstrc of thin
hells occurs because the bendmg dlsplacement of the rnerldlans which could be
arge in v1ew of the small bendmg rtgldlty of the shell are restramed by the parallels,
%\and, hence large tensﬂe or compresswe straln in the parallel. The parallel instead are
st stlff 1n tens1on and compressron and do not allow such large dlsplacements they
_ perm1t a small amount of bulgmg in and out of the meridian and hence a small
| amount of bending, whlch ‘peter out as one moves away from the shell boundary.
e The W1dth of the area affected by the bending boundary d1sturbance is proportional
to the square root of the ratlo of thickness to radius of the dome; in order to reduce
. the wrdth of the d1sturbed zone the shell must be made thmner For a thickness equal
: to one. four- hundredth of the radius, the ‘width of the dlsturbed zone is only one
: tenth of the rad1us Thus most of the shell is actually in a state of d1sturbed

membrane stress

; Bendmg d1sturbance oﬁen more severe than those due to the loads, are produced by
thermal cond1t10ns When exposure to sun mcreases the shell temperature the entire
dome hanges shape umformly mcreasmg 1ts radxus If aring prevents this boundary
dlsplacement the. shell once agam presents a sudden change m curvature and
develops hxgh bendmg stresses of the same nature as those dlscussed above Since

l'bo’undary d1splacements due to thermal changes are usually larger than those due to

| 'the_ loads the bendmg stress due to the thermal expans1on are usually larger than

those due to the’ loads if the temperature of the dome spannmglOO feet increases




Whenever the boundary reactrons are not tangent to the merrdrans bendlng stresses
occur 1n the nelghborhood of the boundary Thus if a dome is supported on evenly
‘ paced columns rather than all round 1ts boundary, the membrane stress pattern
changes but more over the columns mtroduce horrzontal reactrons at the dome

boundary, and bendmg stress are developed by the dome Slmrlarly, 1f portrons of -

the dome are cut out by vertrcal or incline planes and the dome rest on few points,

the support condltlons dlffer substantlally from those 1dea11y requlred by rnembrane
actlons and bendlng stresses are to, be expected Moreover any load capable of
producmg a kink of sudden change of curvature in a thm shell is bound to produce
bendmg stresses thus concentrated loads cannot be carried by membrane stress. The
G thlckness of the shell is often d1ctated by bending drsturbances rather than by the

/ membrane stresses due to the loads

Two tradrtlonal condltlons may call for a thlckemng of shells above the modest

< requlrements of membrane stresses One concerns remforced—concrete shells and 1s

of a purely practrcal character: enough thlckness must be prov1ded to cover the

By remforcmg bars on both the outs1de and the m51de of the shell. The Exact location of

the bars in, the shell thrckness is a delicate and expensive matter; in countrles with -

‘f h1gh labor cost it is oﬁen found less expensrve to increase the shell thrckness than to
| locate the steel careﬁ,tlly ‘ |




Shellshmust often be thrckened to prevent bucklmg Any thin structural element
_»,»b]ected to compresswe stresses may buckle and thin shells are no exceptron The
bucklmg load: for a thln-shell dome i is proportronal to the modulus of elastlcrty of the
materral and to the square of the tthkIlCSS to radius ratio. With ratro oﬁen as small |
as 1/300 1/400 the bucklmg load w111 be exceptlonally low. The bucklmg load for a
dome 3 mches thrck spanmng 100 feet is about 150 pounds per square foot; with a
2 factor of safety of 2 1/2 the maxrmum load on the shell cannot exceed 60 pounds
per square foot ThlS is equrvalent to the dead load of the shell including the rooﬁng
. “or msulatmg materlals and does not allow for any snow load.

The buckling resistance of a dome may be substantially increasedv without

) 'mcreasmg its thrckness un1form1y, by meridional parallel ribs, ThlS practrce is well

S ('sulted to the stlﬂ‘emng of steel domes in which the thlckness requlred by the

embrane stresses may qulte small in view of the tensile and compresswe strength
of the materral Concrete domes are seldom stlffened by ribs because of the cost of
\forms the same result is achleved sometlmes by undulatlons whlch increases the

cost of forms but may also add to the appearance of the shell.

)A shell acts “properly 1f it develops membrane stresses almost everywhere it is
' then sa1d to carry loads by shell actlon It was shown above that the followmg three

‘condruons must be satrsﬁed for a dome to develop thm—shell actron

:( ) The dome must be thm 1t w1ll thus be mcapable pf developmg substant1a1

bendmg actlon. e

It must be properly curved it wrll thus be strong and stlff because of its form

res1stance

: 1-045-( '
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\DESIGN SERVICES

ffs 1 ELECTRICITY / LIGHTING
\"Electrlcrty N :
;?Prmcrpally, the Nrgerra electrIc power Authorrty (NEPA) is expected to supple the

" electr1c1ty but the unlver51ty authorlty has a stand by generator, which is used at
trmes of power farlure However srnce the marine museum is so dependent on water

supple through power operated pumps / ﬁlters a stand by generator is proposed as a

Flre alarms lIl the gallerres admmrstratlve and restaurant
Telephone / Intercom systems ‘ A
ll electrlcal apphances and equrpment 1nclud1ng connectors must be grounded
outlets should not be located near. The fixture over the tanks (light — up screen)
should be selected to avord breakage All tank-cleanmg devices Wthh fire poles
attach to them should be of wood or other non- metahc mater1a1 For the fountarns
a.nd ponds a resrdual current crrcurt breaker wrll be ﬁtted in the electrical as well as

outer cable burled in plastrc prpes wat3er proved ﬁmctron boxes swrtches



very. structural facthty on srte is naturally hghted and where necessary there shall

;'beprovrsron for add1t10na1 111um1nat10n through artlﬁcral hghtmg usmg ﬂuorescent

: tubes hghtrng system

| The ent1re water system in a marine museum comprrses -
" 1) “The in- coming line. 4

2 ‘A sterilizing unit (optlonal)

‘] I Storage reservmrs

* i The plpehnes 1nto types/temperatures of water servmg the drsplay tanks

N The inflow and outﬂow dramage
The ﬁlters | o |

n whlch the water is used only once and then drscarded and is usually used when

theaquarlum is bullt near deportable source of water of sufﬁment quantrty and



In wh1chthe water 1s rec1rculated and used over and over agam For the putpose of

I'th1s pI‘O_]eCt the open system wrll use smce the Unrvers1ty of Lagos has a dependable

ource Aof water w1th the borehole prOJect Wthh has a capacrty of one mrlhon litres.

fOne type of the closed system 1s the rec1rculat1ng total system where water

ontr1vously enter the drsplay tank sand the overﬂow returns to the resevours aﬁer '

assmg through ﬁlters A noted dlsadvantage of the closed system is the posmbrhty

iof :dlsease orgamsms from one tank belng carrled to all the tanks. Orgamsms cannot

,be remove by ﬁltratlon, ultrav1olet radlatlon or passage through a reserve osmos1s

;process wrll P R B

Another type of closed systern 1s one in wh1ch each dlsplay tank is prov1ded

w1th is own recrrculatmg system The maln supple llnes are used for ﬁlhng and

’qmmor water replacements The overﬂow from the tanks passes through the a

,:'b1ologlcal filter and is pumped back to the dlsplay tanks. The main supple lines are

also contmually c1rculat1ng at a ﬂow to preclude dead water and the growth of

}orgamsm in the p1pes

- However, provision will be made for a closed system.

o The open is the least complicated prov1ded on adequate source of disease — free

‘water 1s avallable

These are the contamers 1n whlch the speclmen are drsplayed and may vary in size

and shape The most 1deal type tank are made of inert matenal hght in werght

»f;readrly altered or drilled inert m sea water and w1th hard and smooth materlals fiber
: glass is a satrsfactory materlal or plastrc 1mpregnated plywood Larger tanks may

also be remforced concrete or steel plate



,«.The'ftank 'w1ll be placed on platforms near the Work area to permrt cleanmg the

':aquarlsts Holdmg tanks will be. used to recerve new specnnen and Wlll have its own
.recnculatmg system Aquarlum tanks w111 hold sick speclmen and will have

1 1nd1v1dual dram valves to perrmt rap1d dramage aﬂer treatment procedures

83 1 PLUMBING
| The main supple p1pe wrll be extend around the aquarlum over the display tanks
and wrll have frequent tap Valves from which, by flexible hose replacement water -

"r a contlnuous ﬂow may be fed to tanks dependmg on the system bemg used

Shut- off valves w111 be convemently located along the major supple line to

ac111tate plumpmg rcpalrs The p0851b111ty of acc1dental ﬂoodlng Wlll be reducmg

y}bullt 1n overﬂow drams 1n the work areas

: enerally, the average dlsplay tank of specnnen loaded at the rate of 1 lb of fish per |

00 gallons of water should have a tumover or replacement rate of one volume each

If the gallonage of all dlsplay tanks is lOO 000 gallons a ﬂow of 50 OOO to 100 000
gallons per hour w111 have to be malntamed thus 1. 2 to 2. 4 rmlhon gallons will be

: vrequlred each 24 hours

WATER QUALITY |

ThlS aspect is extremely v1tal to the health of ﬁsh and other aquatlc spec1men smce
they Wlll hkely absorb the Water and any disease it may contam through the gills. In
fglv'order to aV01d sudden death of specimen, one safe rule is to ensure that all aquarlum

and other parts of the water system are made of chemical insert materials

109




' d"aﬂer ﬁltratlon Other harmful substances can only be gotten rid of by replacmg

1 part f lthe water at regular mtervals

Increase in acrdrty in aquarlum water is produce by ox1dat10n (whrch acid
‘producmg process, hence the for the water to alkahzed to prevent acidosis.) .
herefore the water is kept in close constant with some form of calcrum carbonate
3 “’e g Marble chlps calcite or shells |

In conclusron proper aquarium water quahty depends on: -

- :The use of chermcal inert materlals

) A sultable source of water.

Adequate c1rculatlon aeratlon and filtratlon

Cleanlmess by av01d1ng over crowdmg and over feedmg

Control waste product by ﬁltratlon, alkahzatron and drlutlon

| :GENERAL PLUMPING e ,
All museum facrht1es such as the admrmstratlve area and all others mcludmg the
: gallerres w111 employ the use of domestlc plastlc prpes (PVC) from the ‘university
)ms supple and ﬁom the basement area tank wh1ch supphes the gallerres 15 OOO

gallons cap The same type of | plpes w111 connect to wC’ S, krtchenettes and work




DRAINAGE AND SEWAGE DISPOSAL |

-8'41:‘ Roﬂof dramage and surface water dramage S Y

1th regards to bu1ld1ng on 31te and roof type proposed to be used areas where :
concrete parapets are used are la1d to fall into ram water p1pes wh1ch are
”connected to a back mlet gulley, wh1ch dlscharges into the dram Pavedarea are e laid
to ’grad1ent gullles Wthh collect water and dram 1nto the main external dramage

ystem towards the lagoon

i‘Dramage round the srte shall be by the constructlon of a maj or concrete channel
;whrch would collect and transfer the bulk water dn‘ectly to the Lagos lagoon
;pboundrng the srte i | |

: 8:42 Sewage dlsposal

jThe waste d1sposal w1thm the bulldmgs is achleved by the use of a multr—stack
,,,_,system. This would access all forms _of waste (dlsycharges) into the sockaways

E lOcated outside the -buildings with adequate Ventilation‘ pipes connected to the stack
system to reduce the pressure fluctuations whlch may lead to induced 51ghonage or
back pressure All the vertical pipes with dlscharges from toilets and rooms shall be
onnected to the mcllned horlzontal soﬂ pipe in the service chamber which will be
‘ac ssed from outs1de dralmng the dlscharges into the combmed drain. There shall
‘be mspectlon chamber also located at the end of each system before leadlng into the

: combmed draln




REFUSE DISPOSAL

is shall be through the use of chutes located at various points on the site. The

contents are collected at one Journey by the waste disposal board using the refuse

: "colleetllng vehlcles, wh1ch dlsposes_ properly, of the collected waste.

;f 8.6 ACOUSTICS
© 861 Noise control by zoning
: ’Two minor roads presently run around the site which apparently are. the major

sources of n01se Cons1dermg this faetor resulted in the location of the bulldlngs far

away from these roads smee forms of lecturing are going to be carried out in the

bulldmgs SO as not to create an mterference between the noise from the roads which

are' unwanted and the noise from the burldmg which are acceptable

8.62 Nonse control by the use of sound- proof materlals. ‘ |
he‘major materlal used in noise control are buffers (trees) wh1ch therefore means

'that these controls are maJorly located outs1de the burldlng at partrcular locatlons on

site. Th1s is to prevent and enhance n01se control from minor sources around the site

‘eludmg the control of major noise sources.

‘mce the ﬁmctlons camed out 1ns1de the bulldmg are similar, noise control within

‘the bulldlng there proves unnecessary

85 FIRE SAFETY
“ Flre extmgulsher are located at strateglc points ln the museum, especially in the

outdoor restaurant wh1ch has a k1tchenette m the basement for the research lab and




;AH matenals needed for the construcnon of both buﬂdmgs can be locally soured and ‘
are readlly avallable A profess1onal must cany out the superv131on of the umts and

e entlre bulldmg should be handed over to a fac111ty manager for mamtenance

na 31tuat10n where there 1s a need for expanswn and prov151on of more aquanums

‘th1s ;can be done verncally as the entlre roof of the exhlbmon hall can be dlsmantled

a.nd more ﬂoors can be created vertlcally

"T}Thls proposal can be located in any state of the Federatlon but must be close to a
v?water—body The water-body can be of any sort e1ther sea water, bracklsh water or
ﬁesh water. In spemfymg aquannms for partlcular ﬁshes ‘there must be a careful
study and selection of the ﬁshes which would be kept in the same aquarium so as to

avoid death of destruetlon of the fishes Or aquarium.

. Fundlng of t}ns museum must be prompt and adequate and the staff must be
,:prov1ded w1th all necessary materlals mformanon and educatl,on that wonld a1d in

: protectmg and preservmg the entlre facﬂ1ty,
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