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PREFACE 

l) De!ennlna!km of. llxlllll and cmmectln.c _,.,g, In bed md 
contlnuaua ll1.lrfaea of. re'l1l>ll.ttlac Chapter IV 

2) Tbe appllcatlon of. the data lllWB In the pre'l7fowl artlcii! &ppeli111 In 
the !le!ncn ot the 111m tank llVI!Il I:D Chapter VI 

3) The des1111 ot CU'cular flat plates Wllb averbanJm1 eantuavero and 

eventually ceotral holes under d!J!erent klad condltlollll fa ahown I:D 
Chapter VI Ill a numerical e:umple ot a circular water tower 
300 ""' capacity 

4) Bunkers and &los belllg a natural contmuatmn to tanka and con 

talnen are dealt w!lb I:D Chapter IX. 

5) The stab&tleal bebav10r of. pump l'OOIIlll Is su:n11ar to that ot undt!l' 

around tanlal the di8cuslllon of - e:umples Ia llivm I:D Chapter 

X. 

6) Temperature stx' ' m walls ot tanks bunlretl. 1111>11 IIDd -
roota are lbawn I:D Chapter XlL 

The author hopeJo that tbeae add,III:DIII open .,.,.. - I:D the tbeor7 
and demgn o1. relnforced concrete tanks and conl:a!Dtn lllld ma:y be ot 
benefit 1<> both lll'llduate and undmllraduats I!Udoltta In the faeultla ot 
""lllll""nDII and Pnu:ti"lllll atruetu.rti ""F""tn. 

M. BD·AL 
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lNTRODUCTION 

fteic.tocced coocrete and eventual.ly p;tesb:essed C()lli!l'ete are ~enerl:lU" 
the most convenient matenals for uqu1d tanks and eontamers 

Due to the Internal pre.uure o! the Uquld atored In such struetu,...; 
the walls and floors are mamlv subJect to tens.Ue forces bendJ.ng 
momenta and eccentnc terunon whleh cause m most cases crttical tens1l 
stresses on the our!aee of the dlllerent elements faemg the !Jqu1d If such 
elements are designed accordmg to the general pnnCiples adopted m 
ordlnsry remforced concrete cracks will be developed and the Uqu!cl 
contained m tne tank bas the possib1!Jty to penetrate under 1t.s hydros 
tnhc pressure through the cracks and cause rusUng of the steel remforee 
ment Therefore spec1al provlSlons must be taken to prevent the forma 
Uon of such cracks Such provunons generally lend to an Increased 
tluckness of the walls towards their foot and at their other <orners I! 
the effect of thls 1ncrease 1s not conSidered 1t may lead to serious 
defects so that a thorongh mvesUgabon Ill absolutely e.!Sellbal 

...,orous concrete o concretes eontammg honey combmg or badly 
executed JOints lead t. tbe saMe PQSSlblllty of ruatlng with all Its ill 
effects to the structure Therefore dense water tJ.gbt concrete 1s one 
of the essentlal req1.nrements of l1qu1d tanksr and contamers the 
neces.sary proVlSlons requ1red m the careful desJgn of the nux and 1n 

•he exeeutlon of the slrueture must be taken 

The protectlan at the !lnlshed concrete structure by conveJUent 
ptosttron( l'Wltm~ or o.smg as well as its tnoraugh euru:og must be 
cartiolly 111ud.i!d. 

The previous lnvestlgaUan !lives oome polnta l!howln& that llquld 
containers are dellcate structures and need due to thetr mteruuve u.., !n 
structural engineering special care and koowledge m the design execu 
llon and pratectlcn. 

The present work Ill coneemed Wlth the theory and de!lgn of Uqwd 
tanltl and contalnen 111"- the necessary Pl'OVlSlons Blfnlllil to saus!y 
the tiDal ioal of structural enl!llleermg by di!Signlng safe!} ...,norn!NIIv 
and eUlclentlv It Is deSigned to adapt the teachmg reau1remcnts m our 
uruversotoes and lugher schools for undergraduate and advanced studies 
It 111ves the practicing desogner a :,unple sCientific and baste 1 efermce 
not only m llqutd containers but also 10 many ather fields such u sur 
f.aees of l'll9olutlon lllgh towers clreular beams rectangular and Clcu!ar 
ftat plates deep bel:1m!t bea-ns on elasUc 1oundat1 '1 pyramtd r,."lt~ etc 
u they are needet! Ill destgn of tanks and <ontamers The stnUstlcal 
behavior of bunker< and sllos •• surular to the! or tanks far tbls reason 1t 

bas been deCided to show their destgn m a separate chapter of !Ills 
edl.JOll 



a 

m preparlq uu. boOk. it .... taken tor _..ted tbat the rnder 
hu a thilroulh bowledce of the ~ of mat..riala u4 fu.ndamentala 
of relofo:ctd <WI!Iilta tllat Ill uau•Df;r arvtored b,y oar faeultleo of 
mcmeerine- It • lller*XI lhe foundatloa of • tllonN&b undl!rltandln& 
of the 'bu1c principles of relnfon:ed cmu:ret.. and eventually pl'ftl~ 
co11cre!e taDka preoented md dev!!l.ope<l In a lllmple IIJII!ematlc clear 
manner 

Que of tba main alms of this boot Is to show that care!ul ..:lentillc 
"""'- baaed 011 IDWld lh<!on!b.eal basis do not 11eed neceassanly eom 
pU""ted llllleulat!ons md. Ill moot cases an attempt baa been made tn 
01mphly compUcated denvat!ons aJJ much u possible and tn J!lVe s•mple 
practical relat!cms carefully denved and easy 1o remember for othor 
WIR compUcated problems. m eompUcated ....... for which solutions 
could 110t bo derived without ,.,.,.. beyond the limit of the usual stand4rd 
In 1truetura1 Olllllle!!l"inc stud!"" or In caJft!S wlllch need tl!dlous or 
lenilhJ' ealcutloas the ftnal results OD!,y were r!Vl!tl and where possible 
llmpUlled by duf&n tables md """"" 

Uslnc these methods of sunpluyme the pN<rentat•on the author wos 
able tn discuss a blr numbor of problems In a det:uled manner !acme and 
proposlnr solutlona for the dell'erent dllfu:ultles th:!t may anse m th• 
desfrn. 

m thb manner • complete treatment or the dwgn fundament"ls l 

ciwn and fully discussed and 1llu •rated Wlth numerical """"'Pies and tun 
constructloaal dela.lls showing tne engineer bow tn attack structural 
problems with coall-

The boolc Includes the follow Of maln ellapters 
Cbapt..r I &ives a llbort aceount an the productlon of den"" water 

llllbt~ 

Chapter n deals With the deslcn of MC!laas under llllfermt kinds of 
slreu<!L 'nil! eftect of lhrl.llkaa'e "" ~eal MC!lon.s Is also Included 
In ard1lr tn ba111t sutrldent safety aplnst craoldn& the ftnlll stresseo In 
the iWfereat el.,.,.,ta ...., cenerai!T low 10 that the e1ut1e theory wlnob 
Ia tabn u • basil tor the dnl.,. ill juUftad, 

Tl>e deo1rn of cliWlar taDka 'lflitb ahdlng blllged !!xed aod con 
tu.uoua b- ..... lllawn In Cbapter m. In uu. ellapler the thoory or 
Lamt for thick .,.llnders aod the theory of Relssner tor determlmnc 
!be Internal fon:es In cb:cular tank wol!s !!xed at !be b- and obJect to 
bydrostatle preuure a.re clven. The design ot such 11mb ••n be made 
b\ a Wl'l qwdc and lllmple manner It the 11mpltfted method• proposed 
h> !be author are used The tables published by the A.meT•oan PorUand 
com..., '=•allon for =lar tanb and Clmllar plates are also In 
<:luded 



lU 

Chapter IV Ia devoted to the roofs <U~d ftoors of ~:~r<ular tan •• 
It mcludes the membrane theory ot lhm aurfaces of l't'Volunon 1nd tr• 
lntemnl fo....., ID Circular ftat 'plates 

Prestressed concrete may ~tve a converuent econoxrue soluhon for 
bti ar<Ular tanks for \hu il\l1'llOS" the fundamentals o! ••=mforentlol 
long.tudiDal and dome prestressma: as may he usod for bqutd c:o~t.!nci"S 

:.re pvcn ID Chapter V 

In order to show the appbeauon of lhe theones of circular tanks 
circular plates dolru!s and oones lhroe delalled examples are !Uustratod 
m Cbapter VI The first example shows the dwgn of a paste conl.!nn•r 
and the other two show different types ol water towers 

Chapter vn pves a thorough IDvesttga\lon ol rectangular t nits 
oalculaled aooord>nl to the approxu:na e strip method and accordmg to 
the methemallcal theory ol flat plates for wlllch purpose the mtemal 
loroes m ftat reetana:u1ar plates supported on three and four tildes subJect 
to unllorm and triangular loads aJ detemu'led by Czerny for dlfl'orent 
oondttlons at the III"'''r!s ore I!Vt!D 

Tanks dttectly bwlt on the ground are dealt with ID Chapter Vliii 
Tre th<'Ory of beams on ei...Uc foundauO!lll and Its IIPJ>ucatlon to some 
tank problems are shown m two numencal examples. 

The di!Sllll of bunkers and ados aoeordmg to the clanto theones an~ 
the new researebel Is dealt With ID Cbapter IX. 

The beha\'lOr of pump sta\!ona Is ISIJJlllar to empty undertrmund 
tan a Some exampl"" • ..., shown In Chapter X. 

Some complementary desl(llll required for ta~" nroblern• sho "'"li 
stress dlstrlbuuon Internal foi'CCI and dest<'D of. deep beams pyramtd 
0'00!1 1rtd temperature at.......a tn ,. >lls are Jdven 1n Chap!f>r XI 




















































































































































































































































































































































































































































































































































































































































































































































































