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PREFACE

This new revised edition mcludes the following additions

Determingtion of fixing and conpeeting momenis In fized and
continuous surfaces of revolution. Chapler IV

The appileaton of the dats given In the previous article sppears in
the demgn of the Inze tank gjiven In Chapter V1

The design of arcular fiat plates with overhanging cantilevers snud
eventuslly central holes under different load conditions iz abown In
Chapter VI 1o a numerfeal example of o clreulsr water fower
300 o capacity

Bunkers and Sios being a natural conbinuaton to tanks snd con
taners are dealt with in Chapter IX,

The statistical behsvior of pump roome iz emiisr {0 thet of under
ground tanks the discusgton of some examples Is given In Chapter
X,

Temperature stresses 1n walls of tanky bunkers, silog and pump
rooms sre shown in Chapter XIL

The suthor bopes that thess additions open new scopes in the theory

and design of reinforced concrete fanks and comisiners mmd may bte of
benefit to both gruduaste and imdergraduaie students in the facolities of
engmneering and praciiemg siructural enginsery,

Jsnuary 197% M. HILAL
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INTRODUCTION

Reinforced concrete and eventuglly prestressed conerete are yeneralhs
the most convenlent materials for Lqmid taniks and contaners

Due to the internal pressure of the Hguid stored in such structures
the walls and Boors are mainlv subject 1o tenglle forces bending
moments and eccentiric tenmon whick cause 1 most cases oritical tens:i
stresses on the morface of the different slements facmg the lgud If such
¢lement= are designed according to the general princples adopted in
ordinary remnforced concrete cracks will be developed and the liguid
contazned 1o the tank hag the possibility to penetrate under 1ts hydros
tatie pressure through the cracks and cause rusting of the steel remforee
ment Therefore special provisions must be taken to prevent the forma
oo of smich cracks Such provimony genmerally lead 1o an Increased
thicknesz of the walls towards their foot and at their other corpers 1If
the effect of this increase 15 not considersd 3t mmay lead to serious
defects so that a thorough mmveshgabon 18 absolutaly easential

“arous concrele ¢ concreles contaiming honey cominng or  badly
excculed jomis lead i the same possibility of rusting with il is 4
effects to the structure Therefore dense water tght concrele 18 One
of the essentigl regquirements of hgud tanksr and containers the
necessary provistonsg reguired 1n the careful demgn of tle mix and n
the execution of the siruciure must be taken

The protection of the fSnished econerele structure hy convernient
plastering pamting or Ceoung as well as ifs toorough cunng must be
carabully pud.ed

The pravicus Investigation glves zome polnts showing that Hoguid
gontplners gre deileate structures snd need due {0 their wotensive use n
structural engineering speclal core and knowledge o the design execu
uon and protection

The present work is concerned with the theory and demgn of Haqud
taunks snd containers fiving the necessary DProvisions auvmng Lo satisly
the final goal of structursl engineermmg by demgning safely economicslly
and efliciently It 19 designed to adapl the tezclung recuiremoents m our
universities and hugher sehools for undergradusie and advanced studies
It mves the practicing designer a sumple scientific and basic 1elerence
not only m hauid conteiners hut also m many other flelds surh as sur
fyees of revolution hugh towers cireular beams reclangular and cieular
flat plates deep beams beams on elastdc foundats 1 pyTamd ronfs ete
as they are needed in design of tanks and containers The statistical
behavior of bunkers and mios 15 sumidar to that of tanks for this reason it
has been decided to show thelr design in a seposrste chapler of thus
ediom



In preparing this book, ft was taken for granted that the reader
has a thorough knowledge of the strength of materisls apd fundamenialy
of reinforced concrete that in unnly covered by owr facullies of
mgiveering. It lsys therson the foundstion of a thorough understanding
of the batic principles of reinforced concrete snd eventually prestressed
conerete tanks presented and developed In a simple systematic clear
manner

One of the maln sims of thiz bock ix 0 show that carsful scientife
demgns based om sound theorstical basis do not need usceassanly com
plicated calculstions spd, In most ¢ases an attempt has been made to
nmplily complicated demvuiions as much sz possible and to give simple
practical relations carefully derived and easy o remember for other
wige complicated problems, In compliceted cases  for which solutions
could not be derived without going beyond the limit of the usual standard
in sfructural eogineering studies or In eastes which need tedioua or
lengthy caicutions the finsl results only were given and where possible
Hmplifted by design tablex and curves

Using these methods of mmplisying the presentation the author was
able fo diseuss & big number of problems in a detnuled manner facing and
propoxing solutions for the defferent difficulties that maey stise m the

design.

In this manner s complete tregtment of the design fundament-is 1
given and fully discussed and 0 ‘rated with numerfcal examples and full
ronstructzonal detaiis showang the enpgineer how fo  attack siructural
probliems with confidsnce.

The houk Includes the foliow np main chapters
Chapier I gives a short account on the production of dense water
tight concrete.

Chapter 1 deals with the desygn of sections under Jifferent kinds of
stresson. The effect of shrickage on symmetrical sections I also included
In order to have sufficlent safely agalnat crpeking the fing! stresses in
the different elements are generaily low po that the elastic theory which
Ix taken xs u basis for the dexign s juriBied,

The demgn of cireular tanks with zhding hinged fixed snd con
tinuous base are zhown In Chapter I In this chapter the theory of
Lam#é for thick cylinders and the theory of Helssner lor determimng
the Inteynal forcey in circular tank wails fixed at the base and shyect to
hydrostatic pressure are glven. The deaxign of such tanks can be mide
by & very quick and Hmple manner if the mmplified methods proposed
b3 the author are used The fables publizshed by the American Poriland
Cemen Assocration for curular fanks and coircular plates sre alse In
sluded
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Chapier IV is devoted to the rocofs and ficors of wireular tanxs
It mcludes the membrane theory of thin surfaces of revolutton “ng trs
Interna! forces in ercular flat ‘plutes

Prewtressed concrete may give & convenlent econorue solution for
big crcular tanks for this purpese the fundamentals of cireumferentin?
longitudinal and dome presiressing as may be used for hiyud coniciners
sre gwven o Chapter ¥

In order to show the ppplication of the theories of circular tanks
eireular plates domes and cones thres detamled examples are Ilustrated
in Chapter ¥I  The first example shows the design of a paste contonsr
snd the other two show difierent types of water towers

Chapter VII mves a thorough Investigsilon of rectangular t nks
ealculated mceording to the approxima e strip method snd accordmg to
the msthematieal theory of flat plates for which purpose the internal
faorces in flat rectangular plates sapporied on three and four sides subject
to unlform and triangular loads as determruned by Crerny for different
ecanditlons at (be suoports are given

Tanks directly built on the ground are desit with o Chapter VIII
The theory of beams on elagiic foundations and itz appbeation to some
tank problems are shown wnt t9o numencal examples.

The desgn of bunkers and mios according to the clusme theories and
the new researches i3 dealt with o Chapter IX,

The behawvior of purap statlons is sumuar to emply underground
tancs  Somne examples are shown in Chapter X,

Some comapletpentary demigns required for ta=' oroblemr  shosing
stresy distelbution internal forces ond desten  of deep beams pyramd
ooty and tempersture stresses in walie are glven i Chapter XI






1 PRODUCTION OF WATER-TIGHT CO ICRET®®

Dense concrete, rree from cracks or honey combing 18 the mamn
requirement for water-tightness Porous concrete having cracks on the
liquid side sllow the liquid in the tank, under 1ts hydrostatic pres-
sure to penetrate through the concrete and cause rustin, of the steel
reinforcement leading to all its serious effects on the structure
Vense water-tight concrete can be achieved through careful selection
of aggregates suitable granular composition usSe of low water cement
ratio, sufficient cement content and thorough mixin, compaction and
curing

le give, xn the rollowing, a short account about the main tac—

tors affecting the density and water-tightness of concrete

I1 LOIPOSILION, HHLIHG AND GOJPACTION

Dense concrete can be produced 1f the voids are reduced to a
manimum sSuch a provision can be attalned through +the choice of a
convenient mix ocmposed of fine aggregates ( smaller than 5 mms), me-
dium azgregates ( between 5 mms and 10 mms ) and coarse aggregates
( over 10 mms ) The maxrimum grain size 13 to be according to the
thickness of the element in which 1t 13 used and preferably not more

than 30 mms i1n reinforced concrete water structures

In normal cases, the cement content in the mix 18 generally 350
kg per cubic meter finished concrete, 1n small tanks and in cases of
low stressges, the cement dose may be reduced to 30C kgs/m3 Richer
doses with a maximum of 400 kgs/m5 may be used for big wunder-ground
tanks in wot medium The use of high cement doses in dry weather under
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normal conditions 18 not recommended because the shrinktage tensile
stresses ¢ausing cracks in the concrete increase with the increase of
the cemsnt content

It is recommended to use the least possible amount of mixing
water giving good plastic concrete The water—cement ratic to be aspe-
ciflied depends on the methed of compaction - by hand or by mechanical
vibration - and on the nature of the concrete constituents, In this
reapect figures based on a slump test are recommended Excess of mi-
xing water 18 to be avoided as 1t leads to porous concrete dus to the
evaporation of the surplus water not needed for the chemical action,

and increases the shrinkage strains

ln big tanks, the use of mechanical mixers with automatic water

control is essential

To produce dense concrete, good compaction is necessary as it
compenaates for the possible gaps in the granulometric composition of
the aggregates The use of surrace and immersion vibrators gives sa-

tisfactory results

12 AMIXTURES

Some admixures have a mechanical effect on concrete while others
have a chemical seffect Admixures having a mechanical lubricating ef-
fect increase the workability of concrete mixes, thus allowing a re—
duction an the water content which in turn resuits in an increase in
the strength and water-tightness of concrete ( e g baraplast and
air entraining agents ) admixures having chemical sffects on the con-
crete mix are to be used only when tests prove that they nave mo 11l
effect on the concrete or the steel throughout their lifetime

Cther admixures help to aeal the pores in the concrete, their
presence la to Hn considered oniy as an addition to the water - tight
ness attained by the above mentioned steps and not in any way a8 a

replacensnt



I3 CURING

Concrete undergoes a volume change during hardening it shrinks
in dry weather and swells under water Shrinkage causdes tensile stres-
ses In the concrete If guch stresses are developed and act on tfresh
concrete of low strength, they cause shrinkage cracks It is absolu-
tely essential to prevent such stresses from being developed untal
the concrete haa gained sufficient strength to resist them This can
be done by intensive curing of fresh concrete ( keeping 1t continous-
1y wet ) atarting immediately after the tinal setting of the concrete
and for a minimum period of 15 days

I 4 SURFACE TREATMENT, PATNTS AJD CASINGS

The most effective surface treatment 13 cement mortar plaster
composed of 600 to 650 kgas cement per cubic meter sand and applied by
the cement gun The thaickness may be chosen 1 5 to 2 0 cms It is
recomended to apply such & plaster on side facing the ilguid after
f£i1lling the tank waith water for 7 days The surface should be thorou-
ghly cleaned br wire brushes before the application of the cement gun
In this manner, the preliminary cracks which may appear after +the
first £illing of the tank will be sealed by the plaster Moreover the
plaster will not be aubject to a big part of the plastic straips dus
to water pressure

Paints ( e g barafluate, baranormal, bituminus paints ete)
may also be used either directly on the ooncrete surface or on the
cement plaster Ihe use of speclal paints whose object 18 to olosge
the surface pores ( such as glass paints, plastic paints, watertight
casings lining with metallic sheets - @ g 8tainless stesl or water
tight tiiing ) may be of advantage

Any material foR water-tightmess either as admixure or surfaoce
treatment must not be wIed unless 1t 18 proved by experiments to be
suitable for the purposse
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Gompres.ive strength of stanaard concrete cube after
28 days

Axial tensile strength of concrete
Bending strength of concrete
4llowsble axial compressive stress of concrete

Eventually Oé = allowable compressive bending streas
of concrete

Tensile stress on concrete

Max +tensile concrete stress in bending

41lowable stress in steel

Normal force ascting on a section
Tensile force acting on a section
Area of a section { general )
Area of concrete section

Area of steel reinforcement
Vodulus of elasticity ~{ general )}
Modulus of elasticaty of concrete
Modulus of elasticity of steel

Eg / E, = modular ratio

Strain ( general )

Strain of concrete

Strain of steel

Strain due to shrinkage of concrete

Strain due to creep of concrete
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Breadth of a rectangular sectilon
Total depth of a section

Theoretical depth of a section = distance betwoen center of
gravity of tenslon steel and outside flber of compression zone

Ag / A = Ratio of temsion steel reinforcement in a section
AS / bt in came of axial forces acting on a rectangular
section

AS / bd in case of bending moments acting on a rectangular
sectzon

Distance of ¢ g ax:s from putside fiber in tension zone
Ac +n As = vartual area of a reinforced concrete section
Section modulus, for a rectangular section 2 = b t2 /6
Section modulus of the wvirtuval section

lioment of lnertia of a section, for a rectangular sectlon
I=b¢ /12

Moment of inertia of the vairtual sectlon
Bending moment acting on a sectlon

Bending moment about tension steel = N e
Fixing moment

M /N = eccentriclity of narmal force N from ¢ g axis
eccentricity of normal force N from tension steel

Coefficlent for determining the theorstical depth d of a rein-
forced concrete section subjeot 4o bending moment

d = kl 1/H / b or eccemtric forces 4 = kl 1/MB /b

Coerficient for determining the area of the +tension s8teel

LB in a reinforced concrete section subgect to bending moment

X
8 N
i, =¥/ k, d or eccentric forces A; = EEE + _3;

( + ) for eccentric tension and ( -~ ) for eccentric com =
pression

Al / A, = ratio of compression pteel to tension steel
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II 2 REQUIREMENTS AND ALLOWABLE STRESSES

Sectlons of liquid containers must be so designed that no cracks
in concrete are allowed in the fibers facing the liquid, because if
guch cracks are allowed the liquid i1n the container will penetrate
through these cracks & cause rusting of the steel reinforcement which
must be prevented by all possible means

In order to satisfy this requirement +the concrete dimensions
must be chosen so that the tensile stresses in concrete- if they take
place on the liquid side - are smaller than its temsile strength

But ag the tensile strength of concrete cannot be garanteed and
becarse the above mentioned provision does not include any factor of
safety for the tensile strength of conerete, the tension steel rein-
forcement must be designed to carry all the tensile stresses 1 o

the concrete in tension 18 neglected - Stage II ~

The axial tensile strength of concrete 6; may be assumed a

factor of the prism strength according to the relation

Ot =07 to l]/OéP

The building Research Imstitute in Egypt gaves for Of the fol-
lowing relation

d, =0 03 O, ,g + 8 kg/cn®

The tensile bending strength of concrete, d;b 1s double as

much as its tensile strength 0% ie C%b = 2Q% = 14 to O;P The
average value to be used 1n the design 18 generally not bigger than

Utb =10+t 1l S‘VO'OP

The code of practice for the use of reinforced conorete in

buildings gives
" In structures where no cracks in tension are allowed, the per-

3/4 this value

missible tensile stress of concrete may be taken



at = Uco/tt for axisl tension and d:tb = 0;;1;/4 for tension i1n bending
For normal water atructures, the values of the design stresses in con-
crete and steel can accordingly be determined

Values of ¢, & Oy, Trecommended for design purposes are given in the
following table

Values of O; & 6tb for different concrete mixes

cement cube tensile stress of
Case of Design dose strength | concrete | :cmz
g/ m3 kg/cmz Axaal tension | Bending
Ty Tep
Shrinkage 1s not takeni 300 160 10 15
into consideration 350 200 12 18
400 250 15 20
Shrinkage is taken 300 160 14 18
into consideration 350 200 16 20
400 250 20 25

The allowable stresses in steel aubject to tensile stresses con

be chosen as follows

For normal mild steel UB = 1400 kg/cna
For deformed high grade steel Ua = 2000 kg/om5
For deformed cold twisted steel Q, = 2200 kg/on®
On condition that the cube strength

of concrete ¥ 28 > 200 l-:g/cma
In case dc28<200 kg/cmz Oy = 1200 l;:g/cm2

II 3 SECTIONS SUBJECT TO AXTAT TENSION

I1 31 Stability Design
The steel alone muat be sufficient to resimt all the tensile

force T acting on the section

ie 4, = T/Ua (1)



II 3 2 Safety Againsgt Cracking

The tensile stress in concrete Of must be smaller than its

tensile strength 0%

180, = < d; (2

= The area of the required concrete section

(3
g = Area df steel reinforcement determined from
equation (1)
n = Modular ratao = 10 ( no cracks in concrete

Stage I )

II 3 3 Lffect of Shrinkd,e

-a_ b- —C-

r
|
1 |
{
i

| -l -t

F_g TII-L
The effect of shrinkage i1n a symetrically reinforced element

can be determined as follows ( Pag II 1)

Figure (a) represents a symetrically reinforced concrete block
of unit length If the bars are left out as in figure (b), shrinkage
will shorten the concrete block a distance = €an The presence of
the sateel bars prevents some of the shortening of the comcrete and
the block shortens €< Eqy only 1 e the steel shortens a distance
€g and accordingly 18 aubject to compressive stresses g, , while the
concrete will elongate a distance = €gn ~ €g and accordingly will be
subgect to tensile stressges o/

The element being not subject to any externsal forces, the sum
of the mtresses on the section must be equal to zero

The stresses 1n steel & coocrete can be calculated in the

following manner



Strain dus to shrinkage = Egp

Final strain in steel =gy = o’s / Es
.

Final strain in concrete = € = Egh ™ =
E

(o} C,
or 2 g Esh - X
E E
s c
or O, = &g B, -1 0y (3
43 no external forces act on the element, then
UtAc—O's AB=0 (4)
Equations (3) & (4) give
Op Ao = (g By - n gy ) 45 =0
E E_ 4
or o, = 8h s 8 tension (5a)
Ac +n A‘s
uquation (4) gaves
A
= £
Us _CFt " 1e
B
€. E 4
g, = —8b 8 ¢ compression (5b)

g =
Ao +n AB
In this manner the temsile atress in concrete Ut due to a tensile
force T s&nd shrinkage 13 gaven by
T + Eﬂh Es AE )
"o +n A.B

O'.b =

in which

EBh = Strain dus to ghrinkage = 0 0002 to O 0003 ( 0 2 to 0 3 mm/m)

E, = Modulus of elasticity of steel = 2100 t/cm®
a = Modular ratio in stage I = 10
The area of steel “a and the thickness %t of a rectangular section

of breadth b = 1 m can be determined as follows
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AB =T/O’s and Ac=b t =100 ¢

Introducing these values in equation (6), we get
T +Esh Es T/CJ'B

=EshEs+oé_nUt

Ut = or t T
100 t + n ‘I‘/GB 100 C)’s O’t
Assuming further that
Egy = 0 00025 O, = 1400 kg/em 9, = 16 kg/om” ,
t 1ncms for T 1in toms/m
For this thaickness, the area of steel can be given as
_o.T  _ t 2
.ﬂ.B = —-—-O.B —D—E—U—s- foras::lil—t/cm ’ we get
409 ®
As in c:m2 for t in cms 1 e K =09« of gsection
Example 1
To 11lustrate the eXfect of shrinkage assume
T =40 t/m , Esh = 0 00025 Es = 2100 t/om2 n=z10 b =100 cn
& O, = 1400 kg/on® then
the thickness t+ =08 T =08 x 40 = 32 cms
rewnforcement Ls =09 t=09x32 a288 mn2 or
A, =T/0, =40/14 =285 cn®
chosen 14 ¢ 16 mm/m ( AB = 2B cmp‘ b}

7 ¢ 16 mm/m on each side

apd 0. = T+Esh Es As _ 40000 + O 00025 x 2100000 x 28
© A, +n 4y 100 x 32 + 10 x 28

40000 + 14700 _ 54700 _ 15 7 ig/en? tension! <16 ka/cn?
3480 3480

This example shows that the effect of shrinkage on the tensile stres-

sag of concrete 18 about 37% of the effect of the direct temsile force
T
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Taking the effect of shrinksge Into considsration, it is poasible to
prove that the consrete tansile stress o; and respectively the possi-
bility of ecracking inoreases with decreasing steel stresa as follows

T+Eshzs"a
It has been proved that O = btrhlsuT/o'B
La-n-x:LL‘3
a €., B
then o,t-u-n- sh s T
Lccs+n'1‘

Asguming for example T c40 t/mthen t =08 x40 = 32 cma and
A, = 100 x 32 = 3300 cn® , with €, = 0 00025 & E, = 2100 t/cn°

we got

Us + 0 00025 2 2100000 40 ds + 21000
= x 80000 =

o
® 3200 g, + 10 x 40000 320, + 400

Taking gy = 700 to o h:g/t:.m2 y the corresponding ¢, will be as
follows

Oy 700 800 | 1000 | 1200 | 1400 | 1600 ) 1800 ) 2000 | <o kg/cmz

%

KB forcfg:cn ,1.8-0 ie plain concrete wall

This means that if the steel stresa 15 reduced from 1400 to 700 kg/cma,

86| 179/ 170163 |156( 154,151 | 14 8 |13 33ks{gﬁ

the concrete tensile stress is incressed from 15 6 to 18 6 kg/cmz
which is about 20 % incresse

From the previous investigation, one can see that the lower the
allowable atress in steel, the bigger the amount of the reinforcement
and the sooner the concrete will crack Prom this point of view it ia
desirable to use higher allowable stesl =stress, and it is recommended
to chooae q, > 1400 kg/oma

The use of lower steel stress Ua in order to reduce the tensile
strains ip concrete has now no meaning so long as the section is de-
sigoed such that O, O,
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II 4 SECTIONS SUBJECT TO SIMPLE BERDING

If the tension side of the sectlon lm not facing the 1liquid,
the section is deslgnsed as ordinary reinforced concrete without any
special precautions If the tension is on the liguid side, 1t must
have 3
a) Adequate resistance against cracking and

b) Adsquate strength
In order to satisfy condition (a} the section may be designed
a8 plaln concrete with the stress Utb = M/2

In case of rectangular sectaons Z=bt/ 6 & Oy =64 /b t°

For normal cornditions dt‘b = 18 l:g/’cm;2 & b =1m, thus,
to M /3 (9) t in cms for M in kgm

In order to satisfy condition (b) proceed according to normal princi-—
ples of reinforced concrete deslgn as follows

For the value of t determined according to equation ( 9 ) ,
calculate the wvalue of Ky from the relation

d::l:l]/u where d=t-~-25 tec 4 cma
For this valus of EI and the corresponding stress in steel ( e g
0, = 1400 kg/on® & & =0 ), determine ¥y  then

AB =M/ ka 4
The tenzicn steel "a can howsver be taken as a factor of the concrete

pectlion determined according to equation (9) as follows 1

t=Yu/3 or t°aM/3 or Ma3td

The tension ateel :
A, = M/ k'.z d whers ks w 1300 kg/ma for JB = 1400 kg/cm2

Asguming further that d =09t we get :

= \Tulueaorklandk.zrordifferentdc » O and o are given in
text-books of resinforced concrete design
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2
o 2 2100 _ g5 ¢ Ag in cm® for t in cms
8 1300x09¢t

therefore
As=026t or AE=026%OIAC (10)

Example 2 Simple Bendipg

Rectangular section subject to M = 6000 kgm with tension on
liquid side Determins t and 4, Assume b =1m, Oy = 18 Ia:g/t::m;2
and g, = 1400 kg/cn®

Solution

For safety against cracking ( condition a ) the depth of the
section t 1s first to be determined according to equation ( § )
thus, t=7).d/3 =7/6000/3 = 45 cns
Having determined the thickmess t, the steel reinforcement can be cal-

culated to satisfy condition b (adequate strength) according to atage
II as follows

t = 45 c¢ms then d = 41 cma and

41 = kl-l/GOOO 18 kl=055

for 0’s=l’+00k.5/0m2, n=15 , a =0 we get
O, =315 kg/fen® & k, = 1282 kg/cn® s0 that

A, = —200 ___ _ 13 4 or ohosen 6 ¢16 mm/m

B 1082 ¥ 0 41
According to equation (10)

A_ = 026x45 =11 7 cn® chosen 6 ¢ 16 m/m

IT 5 SECTIONS SUBJECY TO ECCENTRIC TENSION OR COMERESSION

If the resultant stress on the liquid side is compression, the
lection 18 to be designed as ordinary reinforced concrete But if the
esultant atress on the liquid side is tension, the section must have
a) adequate resistance to cracking and (b) adequate strength

To satisfy conditlon (a), the section may be designed as plain
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conerete puch that :

K )] >
£ 3 < % (11)
¥or rectangular sections

6 M N -
vZt 57 S G2

As a good approximation take

t=aYM/3 +15+% 25cns (13)

t in cms for M in kgm

Positive sign for eccentric tension end negative sign for eccentric

compression The amount of lncrvase or decrsase depends on the magni-
tude of N in proportiocn to K

To satisfy condition (b) calculate the area of steel reinfor-
cement required for the section as an ordinary reinforced concrete
gection with breadth P = 1 m and depth d =t -2 5 to 4 cms

Example I Eccentriec Tension

Rectangular section subject to M = 6000 kkgm and N = 8000 kg:
(tension) with the tensile stresses aon liquid side determine ¢ and

Ay
Assume b x=1lm, O = 18 Il:g/‘-::m‘2 and g, = 1400 l:g/cmz

To satisfy condition (a) - sBafety against cracking

t = ]/H/} + 2 oms
:]/6000/5 +2 =47 cms

Check of ths tensile stress in concrete

6 M N & x 6000 8000
(o} o 4 w— + 2163 4+1%7l8 kg/cn
LT 37° 100 x 47
To satisfy condition (b) adequate strength :
| §000 075=m

N 8000



e, = e~% +004 = 075-0235+004 = 05550 < o
2
HB = Naa = 8000 x O 555 = 4440kg/m<l[
d = kl'l/ MB ar 43:!{1‘]/4440 ie kl=0 45
For o, = 1400 kg/cm2 y T =0 and n =15 wa get s
g, = 24 kg/cm2 and ka = 1300 kg/cm2 go that
Yy y 4440 8000
A, = + — = + =79 +57 =13 65 cm2
kad OE 1300 x O 43 1400

7 $16 m/m

Example & Eccentric Compression

Same seotion subject to M = 6000 kgm and N = 8000 kg { comp )
To satisfy condition (a) safety against cracking

t=y1/3 - 20c¢cms =]/6000/3-2=450-—2 = 43 cns

Check of tensile atress in concrete

Ty, 6x 6000 _ _8000__ _ 395 - 18 = 17 64 kgfen?
(43) 100 x 43

Ta satisfy condation (b) adequate strength

e = L'I- = 5292 = 0 75 cms
N 8000

e =e+§-004=075+0215-004=0925m>e

HB =1'.9'ta|E 3 8000 x 0925 = 7400 kgm >N

d = kﬂ/ HB or 39 = kl-l/ 7400 ie kl = Q 455

Forca =l4-00ka/cm2 s 2 =m0 and na=l5 we get

g = 38 ka/cmz and "2 = 1264 lv:g,-/c:m2 so that

M
gy ==t - E 7400 - 890 L 15_.57293cn?
k,d O 1264 x039 1400 7 ¢ 13 m/m

It is however recommaended to begin with the choice of the wall
thicimess satiafying condition (a) (Stage I) and then to determins the
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asteel reinforcements satisfying condition (b) (Stage II) as in pre -
vious examples
The offect of the steel reinforcements on the valus of dt: nay

bte taken into consideration a3 can be seen from the following example

Example 5 (Foig II 2)

Assume that in exsmple 3 given before for case of eccentric

tension, the max thickness available is 44 cms only, then

t = 44cms e=075m e, =075-022+004=057m < e

M, = 8000 x O 57 = 4560 kgm { K

a = M, or 40 = k /4560 ie E =0 593

For g, = 1400 kg,r’c:zn‘2 a =0 and n =15 we get
g, = 275 kg/en® and k, = 129% kg/em®  so that
A = 4280 + B0 _g8+57=-145c® 8 ¢ 16 m/m

8 1294 x O & 1400

1e actua_'LAs=160m2

Check of mar +tensile stress in concrete th

%

Ac + 1 AE
madie vus_ |

cauu'j'g:

As ecmt 1of

2

= 100 x 44 + 10 x 16 = 4560 cm

2
7, ==LXH 10 x16 x4 / 4560

2
Fig II-2
= 21 37 cms 8
3
I, =32X ¥ 4400 x 063% + 10 x 16 x 17 37° = 743021 ex®
12
I
Ty = ks 243021 = 34 7% om’
y, 2137
O =M 4 . B0 | S0 X000 . 395 4 17
A 4560 34774

<

1
[
WD
g .
EN
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IIT DESIGN OF CTRCULAR TANES

IITI 1 FUNDAMENTAT TYFES OF JOINTS OF WALLS

IITI11 Introduction

In this section, our study will be limited to circular li-~
qu2d containers, other forms will be dealt with later

The structural behavior of circular ¢ylinderical tank walls,
subject to the action of hydrostatic pressure varies accordxng to the
type of Joint between wall and other elements (base and roof 2f any)
There are three main types of Jjoints free (or sliding), fixed and
hinged Any c¢ase 1n practice can be analysed by combination of these

cases

IITI 1 2 Free Joint (Sliding Joint) ( Fag III 1)

No restraint for motion of wall due to liguid preasure

1 ——t T
|
|
or2coats of I
) mastic _gl
ol B
. )i o
AL L 4
e
Sliding base Free top Ligud pressure &
Fig III-1 glasiic e

For thia type of Joint the elastle¢ lime of the wall is a straight
line and the wall resists the liguid preasure by ring action ( 1 e
by horizontal strips only ) With respect to bass no indeterminate

gtresses are oreated



8
Lo ensure wage. .uuness in the Joint a copper plate % may be pla-—
ced to Join the wall and floor neoprene plates may also be used

IITI 1 3 TPFixed Joint (continuous Joint)

T Eﬁ‘r—'—'ﬁ ~

W
T

'
Conhnuous  base Continuous top Liqud pressure &
elastic line
Fig III-2

In this case no allowance for motion or rotation 18 allo-
wed for wall base (or top) Jall will carry liquad pressure partly
by r.ng and partly by cantilever action (combined resistance by both
vertical and horizontal strips) There 15 a connecting moment betwean
wall and base To obtain the requared fixation vertical reinforce-
ment extends across the Joint as shown Good bond qualities are ob-

tained by the following procedure

After the concreste 18 placed and has stiffened sufficient~
ly but 18 not thoroughly hardensd -~ about 6 hours - c¢lean the joint
surface with a pressure water Jet Then cover the joint and keep it
continuously wet Just before new concrete 1§ placed, flush the old
surface with 1 2 portland cement mortar Vaibrate the new concrete

and keep 1t moist for several days

IIT 1 4 Hainmed Jownt ( Fig III 3 )

It may sometimes be desirable to avoid transmibpting moment
between wall and base , 1n such cases we use a hinged joint which al-

lows for rotation as shown in (a) and (b)
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steel rfmts {
2cm led plate Q,; d dist
gem asphalt / 2¢m osphalt_or a":, -
[ n'nfero_irq’ it material _§||
\
\
] ;_____l
(a) {(b)
Crossng bars Lead plate LEJ;I; p‘r::sure&
8
Fig III-3

A wall rig.dly connected to the bage may however be conside-

red hinged 1f the soil undermeath 1s liable to rotate 23 shown 1n
case ¢

IIT 2 DESIGN OF SALLS #ITH STIDING BASE { Pag III 4 )

Ligquid pressure Py at sny depth x 18 given by

Py = WX and Ppag = W H  1n which
w = weight of laquid / o
For a wall with sliding base the full water pressure will be

resisted horaizoatally by ring action, thus

2Tx=pr=2pxR or T, =p, R (14)
If the thickmeass of the wall t 13 small in -—T—
proportion to the radius R, the ring tension Tx I
!
may be assumed as uniformly distributed over the E.f H
croga—gection which can be designed as shown in l"” t
!
1T 2, 1e ‘ e
T =p R=wzxBR T =wHIER wH
x x nax h;%-l
T+, BE_ A
A, = T/ I, Ut o ——ma B8 .8 '8
Ac + 0 ‘B /-\
For 0. = 1400 kg/cm® G, = 16 kg/om® .
f ' t 1 D
€, = 0 00025 , B, = 2100 t/cm® and * T

n = 10 ’ we get: Pig ITI-a
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t ema = 0BT +tomns/m

AB cm2 = 09t cms

In deep circular tanks, with the wall rigidly comnected to
the floor, the ligquid pressure wall be mainly resisted by ring action
Dus to the fixation of the wall to the floor, the horizontal displa-
coment of the wall at i1ts foot cannot be fully developed and the
pressure resisted by ring action will decrease to zero at the point
of fixation The small part of the liquid pressure at the foot of the
wall that has not been resisted in the horizontal direction by ring
action w1ll be resisted in the wertical direction by cantilever action
creating bending moments in the wall In this case, the max ring
tension Tmax takes place at 0 8 t0 O 9 H and is given by

Tax = 080 to 090 wWHR

The firing mouwent at the base of the wall may be estimated from the

relation
M, - wHD Y oax
75 to B
which will be proved later
In both equations, bigger values %, D eR

are to be chosen for deeper tanks The
mentioned bending moments affect only
a small part generally not exceedaing
H/10 at the foot of the wall

Fig III 5 shows the ring temsion

and cantilever moments of a deep cirou-~

J—

lar tank subgect to liquid pressure
Bending moments  Ring tenslon

Example t
Deep water tank H = 12 ms Fig III-5

and D = 8 me Wall fixed to floor Max
ring tension at 0 9 H is given by
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Tm = 09 wHR = 09x12x4 = 43 2 tons

Required thickmess t =@ 08T = 08x43 2 = 35 cms

As the wall is mainly subject to ring tension which Iincreases
with the depth, the section of the wall will be chosen +%rapezoidal
with a minimum thickness at the top of 20 c¢ms and a maxamum thickneas

at the bottom tmx given by

tma.x = 08 wHR = 08x12x4 = 38 cne chosen 40 cms

Thickness available at position of max ©ring tension ( 0 9 H ) 1s

glven by 20 + 0 9 x 20 = 38 cme » 35 oms
Ring reinforcements at different depths i1s gaven 1n +the following
table
1 2 3 4 5

Strip do 0-2m 2-4m 4—-6m 6-8m 8-1l2m from top

2
Ppay 2 4 6 8 10 t/ m
T = Ppax R 8 16 24 32 40 t/m
Total & = T/1 4 57 114 | 171 | 228 285 cn®
Steel on each 2
side = 4,/2 2 85 57 | 855 11 4 14 3 cm
Reinforcement 68 7HL0| 713 (3 S5dle | 7Hle mz/m

+
3 5413

lx1l2x8x0 4
75

=51 mt

The faxang moment at the base 18 given by ¥p =

Max <thickness of wall required to resist this moment can be determi-

ned from equation (9) as follows 1

tuax = Vg /3 =)/510 /3 o 41 cn
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1e the marimum chosen thickness of 40 cms is convenient

Vertical tension stesl on the inside surface of the wall at its base

can be determined from equation (10), thus

AB=026t=02514l=107cm2 chosen 6 & 16 ( 12 em®)
£ ¢
Detolls of Rsinforcements &
of a Daep Clrcular Tank 3 E
(=
D 8 £ E
m
g 8
- N
-~ E
i 8
o
b <
[ m
_61_8"_}"11, | sg8™n/m - e
{ S
. ‘_; ']
-
[ X
L)
}
: g
&
L o}
e
t S
"3
-
f I
5
3 :
8418 Mn/m €y 6 Minim it
[+,
| L n-‘:
T S e E—
_Q..l._. A8 A A e R
loso 6 410 "mim

Fig III-6
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Other vertical reinforcements necessary to blrd the rings and to re-
818t shrankage stresses and eventual field bending moments may be
chosen > 20 % of max ring relnforcements and not less than 548 mm/m

In our case Mmfa'x a Hr/S = 5100/5 = 1020 kg m
wall thickness at position of max <Ffield moment = 33 oms

o, =—2020 _ = 26 on”

S T 1300x 30
20 % of max rTings ( 7 ¢ 16 mm/m ) =14x02=28cn°
Choose 63 B8 mm/m on outside and inside surfaces of wall The dstails
of reinforcements in the lower part of the wall are shown in figure
IIT &

III 3 THEORY OF THICK CYLINDERS

If the thickness of the wall + of a circular Yank 15 not small
in proportion to the radius R, the stress cft due to T wlll not be uni-
formly distributed over the cross—section Lamé has solved this pro-
blem in 1852 as follows Fig IIT 7

(O 4 4%, )[R +dR)dy

G

Fig 1III-7
The streas distribution ¢ g on the cross-section of a thick wall
of a circular tank subject to bydrostatic pressure p ¢sn be determined
1f we consider the equilibrium of an element of a tank enclosing an

angle dy es shown  Asgume

B = radius of any fiber inside the wall
R:L = redivs of ipner face of wall

Bo = radius of outer face of wall
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Ur & Er a radial stress and strain

O, &£, = tangential stress and strain

t t
d = 1 = Poisson's ratio = 1 L for ¢oncrete

o T TE

Due to symmetry in shape and locading we have
in tangential direction dﬂt =0 and
in radial direction the shearing force Q =20

Due to equilibrium in radial direction, we get the following
relation
(Or+dcr)(R+dR) d:p—O'eruP-O'thdO = 0

G, Rdy + do R dy + 0, dR dp + dg, dR dy -G, B dy-~
- O’t di dyp = O
Reducing by dy and neglecting 4G, dR be.ng a small value of tha se-
cond degrse we get
do, R +0, dR = ¢, dR 1e
a(c. R)
dR (15)

According to theory of elasticity, one can express the relation bet-

ween stresses and straina in the fol&mg manner

(0, - 20, )

[ B T - ]

(Og— 90, ) (16)
These two equations give
~ E
Gr-l—:g(ErNEt) )
0, = —2or (5, E, )
t 2.7 Ft % (17)

Due to the dsformation of the wall of the tank caused by the hydroata
ti¢ pressure, the radius R wall be increased by tha radzal displaceme
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¥y 1 e it will be (B +y ) Therefors the strain in the radial
direction Ep is given by
(18)

We have further
Circumference of tank before deformation = 2TNE
Circumference of tank after deformation 2n (BR+y)

2ny

Increase in length of circumference
Strain in tangential direction

€ = 2ny/2nh or
%:y/ﬂ (19)

Substituting the wsluea of £n and Ey a8 given by equations 18 &
19 1in equations 17, wa get 3

o. = E N A L
o 1 -;2 ( dR v R >3
(20)

E 4 &
G, = ( + ) )
t 1-% R 4R
Introducing these values 1in eguation 15, we get

11-09-'1 =
b:d

Bl B
1}
56 Bl
.
B
I

L+
R

R2 QEE + & - ¥=0 (21)
dR' dR

The solution of this differential equation 1s

. 9
y=C R¥—= (22)
R

in which
C1 and C, are the integration constants Differentiating equation 22
with reepect to R we get
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c 2 2¢C
Substituting these walues in the elements of equation 21, wo get
B? iigé+n (01"‘3')' (clR+§§)=202+Rcl-:—2-cln-zi=o
which means that the solufion 13 correct
Detormination of Gl & C‘2 Pag III 8
1) For R=R 0O, =-P Ro

11) For R = R, 0O, = 0 (no outside pressure)

therefore Fuig III-B
c
E dy X E 2
0, = —3( + 3% ) = ——x (¢ - + 3 C + 3 )
T 1 =3 dr R 1= 17 g2 L g2
- = [y c1e0 - 3 c1-9)]

Because of ¢ondition 11, we have

0 =¢C (l+2)- % (1-23) and

Because of condition 1 we have

c
—p:-iz—[cl(l-ka)—‘%(l'\))]
R Ry
Thege two equations give
2 2
R 2 R
Cl(l+a)(1-—%'—)=p =2 é or
B E R
o o
2
B
cl=P ‘]";& -] = o) (23)
E R, - E:L
R2 g2
1l + o 1
and G, =p =22 —S—s (24)
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Therefore
c c
= E I &y y . _E 2 __2
o = pEr (TeofracEr[ovg e8]
= —_T[ (l'll'&)'l"'—g' (1-3)1
1 -9
= - 1+‘)) + 2] l—)
1 - [P E BE-R?_ ¢ +EE E Rzo—Rzi ¢ o]
or 32 Ra
=p --2-—2- (1+—2—) (25) Hyperbola

fhich gives the formula of Lamé for stress dastribution on the cross-
saction of thack c¢ylinders subject to intermsl pressure p Therofore
the stress at the i1nner surface of the tank

: R + RS
% =P 2 i (252)
RT = R
0 )
and at the outer surface : R = Ro
2 B2
Opo =P —g 7 (25b)
R, — BT
Agsguming R A Bi we get
2 T, 2
2 ti A+ 1
Qg =p A +1 q, =D and =
t1 - to ?\E -1 g 2
AT =1 to
a; R
Fori= 1 th = 1 uJ“.&a -
C “to ap-be
to T E o
A=1l2 W = 1 22 dafference not big ﬁ I hyperboia
A=2 """ o 25 —
"—{* %
The stresses are graphically represented _Rlz

in figure III 9 Frg 1119
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For R= 0's=p——:"——=l/20'l:°

to
B T R
This means that the stresses are bigger at the inside surface of the
tank 1In reinforced concrete circular walls with one mesh , the ring
reinforcement 18 to be placed nearer to the inner surface of the wall
and in walls with double meshes the inner rings may be bigger than the

outer ones

In reinforced concrete circular tanks R L1lz2 R, (1e x<l 2)
which means that the error by use of cylinder formula ( Ut =T/t ) 1s
less than 10 “°

For very thin cslinders R = Ro =« R the formula of Lamé gives

the same result as the cylinder formula

2 R2 2
% =P (1+ = )=0 x 2
(R,+3, ) (R, ~R ) R 2R t
23 t Spa I
& t

Whereas 1n relatively thic< plain coner te circular walls, the avera-
ge tensile stresses calculated according to the c¢yslinder formula may

give serious not allowed errors

IIT 4 TAE /LIS "I{ED TC TLOQR

III 4 1 Theors of “eigsner and Lewe Fag IZI 10

0 = ¢

£

S

A P PRI ISP TR S TR ILL S 1SS F A IS S IO SILT LS SRS S PP F A1

‘ r}mi\c l Fig III-10 ot
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The liquid pressure Px at any depth x will be counteracted by the
ocombined resistance of rings and centilevers, thus
Py 3 WX =P, +P, (26) in whaich
Pp = the part of the liquid pressure resisted in the horizontal di-
rection by ring action

P, = the part of the liquid pressure resisted in the vertical direc-

tion by cantllever action

The valus of P, can be determined as followa i

Strain in tangential direction € ::E ( refer to equation 19 )
Stress in tangential direction O, =€, E= LIE 27)
R
Ring tension T =0 t, = % t, E (28)
Pressure resisted by ring action  p, = I . gz- t B (29)
R

This equation means that if we know the equation of the elastic
line of the wall, we can find p, and respectively Pe The equation
of the elastio line can be determined as follows 1

It 18 known from the general theory of elasticity that the rela-
tion between the external force ¢, the shearing force q , the bending
moment M and the deflection y are

dE dM dg d'E
= - H E I A = ’ o - & -3 E I 0

in which q = force acting on wall in radial direction
( Fig IIT 11)

Q = wXRdy -0 t dy but Ut'§' then
q-'xndnp-xltxd-p-('zn-lt E) ay but
o) R R ¥
Ra
-—‘P-—j.

12
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R &
p4
do o1 %1y
Oy 15 dy

Fig III-11

Substituting these values in the differential eguation of the

elagtic lane ~ 30 - we get

B dy t2 4
E ——X d =(wxR- It _E)dy or
12 ax R
2,2
R % 4 2
x d%___wR x-y
12 dx E t,

Agsuming a tank with constant wall thickness + and putting

—
12 Hl'l' 4 K X
K = n = = and E= = (31) we get
RZ 2 | " 5
4 4 2
H _d'_% + ¥ - El. x = 0 {32)
4 n dx Et

Thas equation gives the final form of the differential equation
of the elastic line Ite solution gives the value of y and respecti-

vely p, and py ©OT the ring tension T and the cantilever moment A
The solution of the differential equation 32 is gven by

2
Y=E'E" x+(A,l enE +A2 B_nE )GOSD.E+

Et (>3

(B o0t + B, o~ ) ain ng 3§

in which &, , ‘2 ' Bl & 32 are 4 integration constants to be deter
mined from the conditions at the supports The derivatives of y are

glven by
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i v (Al e - A, e’nﬁ) cos ng = (4, oPf 4 A, e-n';') sin n§
n dx
ng —~n§
+ (B et ~B, e ) sin nf + (B RO e'ng)cosn
£+ (By > ¥
2
+ E R H
Etn
2
--3-2-2- d7 .- (84 e - A, e~2%) gin ng + (B P8 . B, e~ 2%) cos ng
2 n dx
g’ a2 nE -ng nE -nE
Eﬁ:-(ﬁle + b, %) sin ng - (4 € > - 4, & °) cos ng
2 n
+ (B, P B, e™2Ly cos ne - (3, eBt _ B, 2% sin ne
N dq' n n =1
—’1—[; —E:-(Alef+azenf) cosng-(BleE+Bae %y Sin ng
4 n dx
2
= - (y - " R x)
E ¢t
wh.ch neans tnat the solution 13 correct
The integration constants for an open tank fixed at tne hase can be
deternined from the following ¢ondations
a) at bese x = H yonE:o
dx
2 3
b) at top x =0 L:Q:O:i‘:%:i-:}:O
42
From condition b M o€ =0 or Bl - 32 =0
dx
and
a2
qxﬁ:o or (4; = 4,) + (3, +B,) =0
From these relations we get B; = 32 and Ay = Az -2 Bl s thua



[‘l P (Al -2 Bl) e'nf] cos nf + By (enE + e X )

F =
2
511 n +wix, or
Et
Y= A (e”t + 6% ) cos ng + B, [(enE+ e 2€ )
2
sin ng - 2 e~2f cosnf:]+WR x
Et
and
H dv = A [(eng -e'ni)cosnf -(enf+e"nt)sinng]
n dx

+

3, [(ent - ot ) s1n ng + (e®% + o7 P ) cos ng

w'-"2H

+2 e cosne + e 2% sin ng]+
Etn

at the base x =H, g=1, ¥ = 0, & .0 and e® = e 2f: 5mil valu
dx

P
Asswaing 2 =1 2310 n = Y3xlx1C =42
R

7
o = 4 2 = 0 018 , neglected !

2
F=0=4 el cos n + 3B Bnﬂmn+WRq and
1 1 Et
2
4 g‘Z=0=Alen(c:osn.—'s._::n.r.x)+Blen(B:._.-.-.n+ccna;1:x)+¥'1M
n dx Etn
The solution of these two equatlons gives
w RZ 4 gin n
Ay = - = (cos o + sin a - ) )
Ete n
(34)
wflag ¢cos8 n
B, =+ n(ccus:11-5::.1:1::\-—)
Et e n

Substituting thess constants in the equation of y, we can find the

ring tension and respectively the lecad dastribution
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The second derivative of y gives the bending moment because

2
iﬁ = - Mo The moment st the foot can be determined from the
relatlion
—H—a-z ‘12 =-A e?% sin ng +Bl oB¥ cos nk
2n dx
TorxaH, we get
-‘E—rﬁ}i‘.lenE (A, 8an n - B, cos n)
£ = Hd 1 1l
2n w‘%ar{ 810 n
= EI[- ——= (008 n + 8101 - ) sin n
H Et n
wREH cos n
-[ -———(cosn—smn———)cosn] or
Bt n
2 2 2
e =-2n"1 %2 (cosnsinn + gin° n - 3201
t E n
2 coaan
+¢c0os“" n-~smncosn- ) or
n
2 sz 1 t3
==20°T1 (1l==) but I == then
“p TH m =5
3 2
o = =21 ¥ wRZ -1 or
12 tH n
2 .2
== EFE 25(m-1) (35)
12 H

Calculatin; toe max 8hearing force at the base from the relation

3
Q ==-E1 ?‘ﬁ-, we get

2
Qax * !%_ 2n2(2n-l) (36)

In the same way other cases can be calculated according to thelr
edze conditions e g



1 ) the edge conditlons faor an open tank hinged at ths base are

2
atbase x=H y=0 and H=0 or %% = O
dx
2 &3

0 & @=0 or d-%:.o a.ndﬁ:O
ax

11) +the edge conditions for a wall fixed at top & bottom are

at top x =0 M

at base x = H ¥y=0 and g'z=0
dx

at top x =0 ¥=0 and & Lo
dx

The shape of the elastic line, load distribution curve and the ben-
ding moment diagram for the case of an open tank fixed at the base are
a8 shown in Pig III 12

L Hﬁ.%ﬁ %
r__HJ___[

Elastic - ine Load distnbution Bending momenty
Fig III-12
If the wall were fixed at its uoper edge the main ordinates of

the disgrams will be practically not affected, and a small fixing mo-
ment ~ shown dotted - will be created at the top

When examining the load distribution curve, we notice that the
pressure at the bottom of the wall is resisted by the cantillever ac-
tion and as the defilection at the base by full fixatlon is equal to
zero, therefore the load reslsted horizontally by ring action must be
aqual to gero In the upper portlon of the wall P, assumes negative
values If no such load of opposite sign were actitzg neer the top of

the wall, the cantilevera should there receive their greatest deflec-
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tion, but obvioualy thls cannot be the case owing to the restraint
afforded by the ringa, and in consequence of the load being zero at
the water level the deflection far the upper most ring must be nil

Dimensionang
The maxaimum bending moment at the foot of the wall causes ten-
81le stresses on the water side In order not to have cracks causing
rusting of the steel the working tensile bending stress in concrete
must not exeed i1ts tensile strength 1 e for a rectangular section

2

with breadth b = 1nm U’tb = 6 Mf /&

Substituting for M. the value given in equation 35 , we get

RE
O'tbzw H—-\ n{n=1) or
otbK
n =05 + T—+025 (37)
R w
Kn that 3E K 12 £ the
oW, n = == eTe &= n
8 Vo R® 42
4 4 4
2 12 B H H
5= === 12-2—--—1; :22——5 or
R™ K R 4 n R™ n
t = 193 ;..H_Ea_ (38)
n

Reissner & Lews found that all tanks with equivalent wvalues of
E ( or n ) have similar load distribubtion curves Accordingly they
gave a geries of curves for load distribution and respectively the
ring tension as well as the cantilever moments in walls of open c¢ir-
cular tanks fixed to floor and having rectangular or trianguler gec-
tion as a factor of K or n» In the following manner ( Figure III 13 )
Bing tension T:COHHRnoopR where O°=y§ :

&%
> N
o
ot
\Jnﬂu |H

Bending moment Ko B w R2 t:2 / 12 H where B =



12 H5 x
in which A= w and = =
E ; ; H
In order to use these curves proceed 85 follows
1) Determine the value of n from equation 37, namely
Tip E
n=0°54+ —2—-'1-025 in whach
R w

ctb =18 kg/cma for normal casea and w = 0Q 001 kg/cmz’ for water

2) Calculate the thickmess at the foot of the wall from equation 38
whioch givaes

tal?73 ——EHE
=
Rn
then choose a convenient profile for the wall

3) To determine the ring tension in the wall draw for the calculated
valus of ( n ) a vertical line to meet the projection line for
interpolation in & point - a -, through - a - draw a horizontal
line to meet the maxima curve in -~ b = This last point - b -
gives the apex of the dastribution curve if the wall were rectan-
gular For trapezoidal walls, linsar interpolation i1s sufficient
Having drawn the load distribution curve, the ring tension in ave-
Iy section can be determined from the relation @

TncopR

4) To draw the bending moment diagram, 1t 13 recommended to determi-
ne the maxrimum fixing moment Mf from equatlon 35, namely
M, = - !—ng-—;-a- 2n{n=1)

In the sems way a6 given under {3) determins the apex of the
positive part of the bending moment diagram for a rectangular wall
If the wall were trapezoidal multiply the maximum positive valus by
(%, /t)° where t_ is tho thickness of the wall at position of
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maximun pogitive moment The curves show that the cantilever action
increases for diminishing values of E (orn ) 1 e the smaller the
height, the bigger the radius and the stiffer the wall By R =z ,
E = 0 ( the limiting case of a straight cantilever ) the water pres-
sure 1s resisted totally by cantilever action

Example

It 13 required to design the wall of a cylindermcal reinforced
concrete open water tank, 5 O ms deep and 20 ms diameter Assume the
wall to be fixed to the floor

Solution
H=500ms R = 10 00 ns Assume O, = 18 kg/ca®
& w = 0001 kg/cm®

(o) H
tb 18 x 0
n=05+/—-§-—-+025 =05 + 'l[—-é——L-rO.?.E-}s;
1000 x 001

2 2
t = 175——;:175——-&—2 o t = 35 ems
R n 1000 x 3 53 i

Choose thickness at top 20 cms and at bottom 35 cma

From the curves of Reimsper ( Fig III 13 ), we find
forn = 353, =05 and C, = 0425 at T,  ‘thus

'.'I'.'m -GowHR =0425x1x5x10=2125 tons/a

acting at 2 5 =8 from top surface

The max ring reinforcement 1s given by
T

BAX AaI-E -M = 15 2 Cm2/l
C)’ﬂ l4

ohoaonlz~¢15m/n(kg = 159 cma)onbothliduie 6 ¢ 13 mm/mn

on each side Thicknsms of wall at position of maxr ring temsion 15

given by 1
% .19—-21-15. 27 5 can
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The max tensile’stress in concrete taking shrinkage into considera-

tion 1a glven by :
T + €, B A

dt o max sh 8’83 in which
"c + n AB
€y = 025 Em/n E_ = 2100 t/en> & n= 10 then

21250 + 0 00025 x 2100000 x 15 9 _ 21250 + 8350 _ 10 » wkg/cn?

%
27 5 x 100 + 10 x 15 9 2909

The max fixing moment 18 given by

2 .2 2 2
»ROt 2n(n=1) == l1x10” x 35 x 2x 3 53
12 H 12 x5

(353=1) =-367 nt

¥ =

fhen calculating the necessary vertical reinforcement in the
wall of a tank, the effect of the compression due to the own werght
of the wall may be neglected without affecting the safety of the wall
as 1t causes a reduction of the thicsness of the concrete in sections
subject to tensile stresases on the water side and reduces the area of
the tension reinfarcement which can be determined at the foot of the

wall as follows

t = 35 cms theraefore d = 35-3 = 32 cma and

32 = kY 3670 1e k =053

Assuming O = 1400 kg/cm®, n =15 and =0 we got
O, =31 kg/en® and k, = 1284 kg/en® eo that
AB = k:fcl = 128?&6? 32 =90 cm2 chosen 7 ¢ 13 mm/m

dccording to equation 10, we got

L, = 026t =026x35 = 9 1 cm® ~ the same result |

Por max positive bending moment, we get for a wall of constant thick-

neasg
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B=55 and 1les at =0 6 where tx=29cm, therufore

2 .2 + 2 2
M =BWR1=(__I_)3=5511110 x 0 35 2(32)5

12 B % 12x5 35
=064mt
26 =k, /640 k] =0975 G low, k, = 1300 kg/em®
A, s —S%0 129 cm® chosen 5 ¢ 8 mm/m

1300 x 26

It 18 however poss.ble to construct the wall with constant thick-
neas of 25 cms and provide 1t with a baunch 10 x 40 cms at base In
this case the effect of the haunch on the ring tension and the posi-
tive bending moments may be neglected and determined in the following
manner

For t = 25 cms

4 4 4
12 H 12 x 5 41/ ]/
E = == = = 1200 and n= E/4 =17/1200/4
R* ¢ 10 x 0 25

= 4 16

For max ring tension, the curves of Reassner give

Co a 0 48 & E =0 545
Tm=C°wH‘?. =048 x5 x 10 = 24 tons
4 24/1 4 17 2 en/ ] E|®
chosen 7 ¢ 13 m/m on each side ( 18 5 co® ) —‘i—
.
g _ 24000+ 0 00025 x 2100000 x 18 5 2
t e L
10 x25+10x 18 5 & g -—‘
44 %
[ J
L 28000 % 9750 _ 356 kg/en? s n R
2680 . -+ Fig
For max positive bending moment 3 1II-14
~l-
we got
s
Fern=416 p=71 and I ol &

u
o
Kb,
=4}
T
Iy
5
&
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1x10°x025% | 5o nt
12 x5

Ay, = —Z40 . . 26 cm® chosen6 ¢ B mm/m
1300 x 0 22

The detaxrla of reinforcement are shown in Fig III 14

ll+m=?lx

IIT 4 2 Simplified Methods for Determining the Fixing Moment, the

Shearing Force and the Thicknass of the Wall at the basge

2

It bas been proved in equation 38 that t = 1 73 —3-1- from
n

which one can determane the value of n, thus

n= 2308 (39

The max fixaing moment 18 given according to equation 35 by

the relaticn

df.-.:- !].._lz‘iﬂﬁ 2n{n=-=-1)

Subsatituting for t the value given in equation 38, we get

2 42 g2
w RS ¢
- ¥Rt 19 ) 2 -1
- ( 53_2_ n (n )

oA =
z n
e XHQEPR)t n=~1
6 9% n
Assuming Cl = —6-22_—,
1-3
e got dp o EEDS (40)
Cy

The shearing force at the base of the wall 18 given ascoor -
ding to equation 36 by the relation :

2
Qma.::' !;:%— anz(an-l)

But according to equation 38 ta = ;{—B;
n
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Substituting this value of 1;2 in the equation of me ’ wo get g
2 g 2 2
w R 2 w D=1
- 2" (2n=l)a ——
“ax 6 B2 E°n 2 n
Assuming g__n_a_-_-_l_ = U, and substitubing, we get @
.3
w B
RQuax = &2 2 (41)

It is further known that the ge?lda.ug tansile atreas at the foot

£
of the wall is given by Oy = —=*

Assuming O, = 18 kg/am? = 180 t/n’ and substituting for M,
ths value given in equation 40, we get :

180=5IHDt=12wER or ta'HR
c, G ¢t 15 ¢4
Assuming further 1 a G; then t -c; wHR
15 Cy

In order to got +t in cms for w in 1:/1::3 {equala 1 for water ),

H and R in meters, we should have 3
t-C,'EE (42)

in which Cy -10005' -2 666

15 01 C,

The values of M, , mea.ndtatthsbuoota'allrmd to
the floor as given by equations 40, 41 and 42 depend on the walus of
n which in turn dependa en the megnitude of the thicimesas t In this
pannsr a method of trial and error is to be applied 1 & we bave first
to ansune a convenient valus for t, then determine the corresponding
valus of n according tc equation 39 Applying equation 42, it is pos-
sible to obeck the aspumed valus of ¢

It is however posslible to avoid thess trials in specisl cases
s g water tanis in the following mannsr Bguation 37 gives @



Aszuassuming Utb

n

=05 «+

n

180 t/m°

U, H
th
~s— + 025
B w
and w:lt/nra, then

]

R
H H
n 1s a factor of ? or nE—"x
R

05 +]/180—§2- + 0 25 which means that

The following table and curves <fig III 15 give the values of

Gy + G, & Gy a8 factors of n in general or as factors of H/R® for the

special cases in which w = 1 1:/:|:3 ( e g water tanks )

¢ C

)

9]

|

s

I

D »

|
who - ( ,,,‘ N
LN i 11,
i AR UL, o gz
. 1'”%"«1-.4__“ Gl I l |“”0-u t‘,#-
]
 RETRI ST el A4
. H | 1] “lb.'\!l""w___ BE gk . Lauiofmet
i1 ——
. H |' I'H I'*‘“-ﬁl\.u‘ Fig II- 15
ISR T ve
[ -~ Fl4 &r AY 45 ag af e &
n2| 14| 12[10f08 o6 o4 [o2fo1oosfoosfooso0zfo 01
n 16 4f15 2113 9 {12 5110 9]9 0ole 50 4 77]s 32|3 82]3 23)2 usl1 93
Cr 40lp 4al7 39 |9 55|17 65(7 82|8 22/8 80[9 049 4 |10 1]11 7|14 4
Ca1 118|129 138] 1547 175| 211| 284] 375| 409 455| 525( 646| 769
%5 | 900 avs| ao0| ssa| avo| 8s2| s12| 756| 736| 708 63| 570| 4e

LY)

Circuler tanks may be divided into 3 categories

Deep tenks with blg depths, smsll diameters and thin walls where
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n i3 bigger than 8 The convenient cross section for the wall is tra-
pezoidal with a min thickness at the top of 20 - 25 cms and a max
thickness at the bottomr

tmaI:OB to 0B5wHR

The mex ring tension

Toax =08 to 0O wWHRat 08 to 0 90 H
from top
The max fixing moment at base

" WHDtm

t 75 to 8
The max field moment is about

Hm-r = HI /5
b) Shallow tanks with small depths big dirameters and thick walls,
n is smaller than ca 2 5 4 swmwall part of the water preasure 18 re-
sisted by ring tension ard the wall behaves mainly as a sumple canbi-
levar
c) «ediun tanks whioh lie between the previous two categoriea The
convenient section for the wall is rectangular and provided with a
haunch at the base
The max ring tension
Tm=05t007stRat05t0075H from top
The corresponding thiclkness of wall  t°®% 208 7T tons
a04to0BwHR
08+ttt 0O7wHR

The max thickness at base t

max

wHD %
The max fixing moment at base t U, =~ DAX
8 to 10

The max field moment t M ==M /5

The max ring tension and its position in rectangular walls of
circular tanks fixed at the base and subject to ligquid preasure have
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been given by ¥ § Gray in his book "™ Reinforced Concrete Water Towers
Bunkers, Silos and Gantries ™ in the following curves (Fig III 16 )3

MNUES OF pIAX PRE TRMSION
2 s Aesinos Fig III-16
Low
- PERE=
75 Y ] ——
X - 1 1]
ml
t /'I » ‘
L~ —
30 4 Foas CGopk t,/.. x
)\ o Y” mt
1Y X -~
N I~ | #ls
A A o o m !
15 4 b [t ] 1
4 — — 1
o / ) K Lo
o a &lo I/.D (-]

Applications :

de show in the following examples, the direct avuvlication of
the glven alsmplified method for determining the internal forces in
open c¢ircular water tanks with walla fixed at base
1) Depth H = 10® , Diameter D = 10 m , wal t/e

E/R = 10/25 =024
the corresponding n =9 1 e case of dsep tank

According to table C; = 78  C, = 0 211 Cy = 0855

¥all is chosen trapezoidal ¢ 20 cos thick at its top end, the thick-
ness at the base is giwven by s

tnx = 05158-08551111015-42?5cu chosen 42 om
wHD ¢
M, . — . M.sm.t'
01 78

l.h-HtIS =108 at
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2
Qmﬂ_‘:ca!'-f-a- = oauxl-i‘-ﬂ— = 10 5t

dccording to Gray PFig III 16
Average thiolmess of wall t = 31 cmo

E =-l9— =52'§=l'0-=, Coz 08' C= 225
t 031 D 10

Tm:-.GolHR:OBIlIleS a 40 €

x! =CH = 0225 x10 = 2 25 ma from base
2) Depth H =5 m , diameter D = 20 m w-.:lt/né

For section at base —Hz = -22- = 0 08 medium tank
R

10
According to table Cl = 97 (.‘-3 = O 6BS
tm=05wﬁnn068511x5110 = 34 25 cm9 cheosen 35 cms
wHD ¢t
G = - max __ 1lx2x20x 35 _  _x3ggp¢
Gl 97
um&=%=-}-5—5 =072 mt

Tha wall will be chosen of copstant thicknes. 25 cms and provided with
& haunch at the bage of 10 x 40 cms The max rang tension end 1ts

position can be determined according to curvea of Gray, thus
B 2% _a, B.2 2025 ¢, =051, C=047
t 0 25 D 20
Tm=c°wﬁn=051x1x5z10 =25 5 tona at 2 35 ms from base

The shear at the base for a wall 25 ems thick oan be calculeted as

follows

n = 232 E 135 x5 _ 416
VK Y 10 x 25

Tha corresponding value of 02 is given by © 425 and

2 b
Q ::02!—2- =0-’+251§—=55 tons



The use of this method for determining the internal forces in
walls of circular tanks 18 very convenient, because when one is used
to 1t, he can easily estimate the coefficients C:L required for dater-
mining the fixing moment, 05 required for determining the max thick-
ness of the wall, Co required for determining the max ring tension
without appreciable errors which may afrect the design as can be seen
from the following example
3) It 18 requared to design the wall of an open C¢ircular +ank 7 ms
deep and 15 ms diameter Make a quick estimate and check the results

a) Estimate
This tank 18 a medium one, its diameter =~ twice i1ts depth then

the max raing tension may be estimated by

Tmax =065wHR =065x1x7x765 = 34 ton
WVall thicikmess ( equation 7 )
t =08 Tm.a.x =0 B x 34 = 27 co3
Max ring reinforcements
T
A = 22X =2t - 245 ¢ms 6 ¢ 16 mm/m on each side
Brax Us 1l 4
Max <thickness at base
t = 08 wHR = 08x1lx7x765 = 42 oms

max
The wall 18 chosen 27 cms and provaded with a haunch 15 x 50 cms at

the hase
The fixing moment

wiHD Gt
M, = - ___E.__mﬂx=_ 1_:7__:{13.__5_;:__1@_ =-550 mt

Thicknass required to resist this moment safely

tm =“|/Mf/3 = l/5500/3 = 42 7 oms

1 e choaesn thickness of 42 cm8 15 convenient

Vertical tension steel required at base
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A, = B . = 2200 = 11 om® 6 & 16/m

8 k, 4 1300 x 385

Max fi1eld moment

M+m= Mf/5=5500/5 = 1100 kgm
Yertical reinforcemsnt reguired
M+nax 1100 2
A.S = = = 3 50 e 7 ¢ 8 mn/m
k2 d 1300 x 24
Checlt
Sectlon ab base 21- o ——Ez-c 0 125
7
According to table 05 =0 77
tmax = 05 wHR=09727x1x7x75=405c¢cn

Chosen thickness of 42 cmg 15 convenient

The corresponding value of n is given by

n =.1_L12_H. = L}_].-j_x_z_.:5ao giving Gl=865
]/Rtmax V75 x 42
So that
Mf =-WHDt=—?xL5142=510 mt
8 65 8 65
The thickness required to resist this momant 1s given by
. 5100
L p = 41 omg £ 42 cms

According to Gray 1t ( t = 27 cms )

B . Z - 2,8 =2 045, c =065, C= 34
t 27 D 15 °

Tm=C°WHR=065xlx7I75=34t at
x* = ¢ E a2 034 x7 = 24 ms from base

The internsal forces are shown in figure III 17

The detalls of reanforcements are similar to those shown in figure
ITI 14



If the wall of the tenk were free at top and hinged at bottom,
the maximum ring tension will be increased by ca 10% in deep tanks
and 20 to 25 % in medjum tanks and 1ts position moves a small disten~-

ce towards the base of the wall In this case the fimng moment ¥,
. Rmﬂ:ﬂ}_

Bending Mom Ring Tension

Drag Diag

' Ml s 'l ' 2.8t ‘ Fig III-17

will be equal to zero and the field moment will be 1increased to
ca M, / 3 The distribution of the ring tension and cantilever moment
w1ll bave the form shown in faig IIT 19

ITI 4 3 - Tables of the Portland Cement Association

The Americ.n Portland Cement Associatiovn has published the
following series of tables™ giving the ring tension and centilever mo-
ments 1n rectangular walls of cylinderacal tenks free at top and fi-
xed or hinged at bottom for dafferent cases of loading Ths tables
includes further a lot of data very useful in the design of circular
tanks

TIllustrative Example

The use of the ' Portland Cement Assoclatinn " tables will be
explained in the following example

Fagure III 18 shows an open cylinderical reinforced concrete wa
ter tank 5 ms deep and 20 ms diameter It is required to determine

the intermal forcea for the following cases @

x® "Circular Concrets Tanks without Prestressing " Conerete Informa-
tion of the Portland Cement dssociation ST - 57 =1
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1) Bottom edge slidang

2) " hinged
3) " fixed
—— -
D zR s20m

E

-1

: x
......................................................................... o

Fag III-18
1) Top Edge Free and Bottom Edge Sliding
H = 500 ms and E =10 ma

The maximum wall thickmeas can be determined according to equation 7

from the relation

t 0O8wEHR

max

thus

t

nax 08x1x5x10 = 40 cms

As the water pressure lncreases with the denth, and a8 fully
resisted by rng action, it ia convenient to aqhoose a trapezoidal wall
with a mapimum thickness ¢ = 20 cms at top and a mnmm thicimess of

40 cma at bottom

Table 1 Ring Tension :n Cylinderiocal Tenk ¥all with Free Top & S1li-
ding Base T=xR

Distance from
bop edge x| O 0 21 0 4H 0 6H 0 8H 1 CH

Ring Tension
T t/m 0 10 000 20 000 30 000 40 000 50 000

2) Top Edge Free Bottom Edge Hinged
As the max ring temsion and bending moment take place at the mid-

dle part of the wall, 1t 13 recommended to choose a wall of constant
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thickness with

t«05HR (26)
In our case t=05x5 x10 = 25 cme

He 2
Therefore < IR - S 5

Dt 20 x 0 25

Ring tension per meter height will be computed by multiplying Pps 3
by the coefficients for HS / Dt = 5 O taken from table II , p . R =

5x10 = 50 t/m
Bending moments in the wvertical wall strips 17 wide are computed by

multiplying the coeffaicient gaven in table VIII by

Ppadl. =5 X5 = 125 mb/m
It has to be noted that
# The coefficients are given such that point C OH denotes the top
and point 1 OH the base of the wall
# The positive ring forces are tensile while the negative are com-
pressive
% Positive bending moments cause tensile stresses in the outer sur-
face and compressive stresses in the inner surface of the wsll

Table 2 Ring Tension & Bending Moments in Cylinderical Tank Vall
with Free Top and Hinged Base

Point OOHO1H|O2H |O 3H |0 4H |C S5H |O6H |0 78 |0 84 | O 9H

Ring Coef |- + + + + + - + + +
Ten-} IT 008] 1141 235 | 356 | 469 | S62 | 617 | 606 | 503 | 294

5101 m t/m| -~ + + + + + + +
04 |5 70111 75]17 8 123 45128 1 [30 B5(30 5 )25 114 7

E Coef + + + + + + +
M VIIT 00 00 0001 0006| 001s| 0034 0057 008 00394 0074

+ + + + + + + + +
E mt/m| OO0 0o 013 075 20 425 712 |1 00 |1 17 975
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Reaction at base ( coefficient table XVI )

Quy = 0121 wH® = 0121x1x25=30 t/a'

The max ring tension in the wall Tma.:: = 30 85 tons and acts at

0 &d = 3 vO ma from the top edge The required ring reinforcement st

1]

b 4 = 0 6H 18 g1ven by

AB = % o 20850 _ 22 cms 169 13 nn/m ( 84 13 mn/m on each
(J'E 1400 2
saide) 21 2 em

The tensile atress in concrete, including shranksage, i= given by

o =T+€BhEEAS _ 30850 + 0 00025 x 2100000 x 21 2
t A, +D A 100 x 25 x10x 21 2
_ 20850 + 11300 _ 41950 . 15 5 yg/epd safe
2500 + 212 2712

1172 kgm and acts at x = 0 BH = 4 ms

22 cms d = k1|/ u or
22 = kl |/1172 ie kl = 0 643

For 0 = 1400 kg/en® ,a= 0 , G, = 25 kg/cn® & k, = 1300 and

The max momentmm-r
from top
d = t-3=25-3

Mo _1172 2

s = o 1 1300 v choose 6 ¢ 10 mm/m
x

A = 4 1 cm

3) Top Edre Free, Bottom Edge Fixed

In this cage, the water pressure will be resisted by ring ten-
g81on 1n the horizontal direction and cantilever action in the verti-
cal direction The max ring tension and max positive moment will be
smaller than in case 2, wall hinged at base, while relatively bag
fixing moments will be induced at the fixed bottom edge of the wall

For this reason, 1t 18 recommended to choose for this case a
wall of constant thicimess t = 25 cms stiffened with a haunch ( ca
10 x 40 ¢ms) at 1ta foot



Dus to the existance of the haunch it 13 recommended to deter-
mine the frxang moment and reapectively the thickness of tha wall at
its foot either by method of Reissnmer or by the simplified method
given before while the ring tension amd positive moments can be deter
mined from the P ¢ A tables neglecting the effect of the haunch

Thus,
For section at base Refer to example 2 1in the simplafied ne-

thods

A, = —BX __ -5’ 7 & 13 mn
1284 x 32

The ring tension per meter height wall be computed by multiply-
ing Pmax R=5x10 = 50 t/m by the coefficients for H2 / D t taken
from table 1 The positive bending mownbts in the vertical wall strip
1 m wide ere computed by multiplying the coefficient glven 1n table

2 2
VII by Prax H® =5 x 55 = 125 mt/m

The ring tension and the cantilever moments at tone different
depths of the wall are gaiven in table 3 in which all the valuss are
determined from the P C A tables for HS /D t = 5 wit: the exception
of the fining monent at the foot of the wall wnich esquals - 3 6 mt as
given 1n example 2 page 45

Table 3 Ring Tension & Bending loments 1n Cylinderical Tank #all
with Free Top & Fixed Base

Point jo 0H|Q 1|0 2H |0 3H (O 4H|OSH (O GH| O 7H| C 8H| O E?J

Ring | CoefJ+ + I+ H + + + + +
Ten I 025 | 137 (245 | 346 | 428 (477 | 469 | 398 | 259 | 092
T + + + H + + + + + +
t/m 125 (6 B5(12 2517 3 21 4 |23 85123 45(19 9 |12 9 |4 6
Coef |+ + e - + + + + + +
B i IT | 00 oco2 000d 0016 | 0029 | 0046 | 0059 | 006 | 003 | 006

M + 4+ + + + + + + -
mt/m| 0O 025 | 10 20 36 58 74 74 35 72
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The shear at base of wall equals p Hxcoef of 0 213 for E/D t = 5
taken from table IVI 1e Q. = 0213x5x5 =533 t/n

€
% 2
- - "
"I 1
X
Sl :
- %J 6 tm /m

Contilever moments Fis III-19 Ring tension
The ring tension and cantilever momenta tror the 3 cases are shown

in figure IITI 19

In cases of tanl walls monolithically cast with the floor sup-
ported on clayey so01ls liable to unknown rotations, it 18 recommended
to desizn the section at the foot of the wall for the max poss.ble
negative bending moment U = - 3600 kgm - oase of total fixation the
max vosaitive bending moment ht = 1172 zgm and the max raing tension
Tmax =31 t are to be taken from the case of hinged base 1 e we ma-
ke the design for the hatched wvalues shown in figure The tension in

the floor due to cantilever action Q. . =5 33 %/m

III S Tank ¥allg Tontinucus with Roof or Floor ¢

fhen the bottom of the wall and the edge of the floor slab
are made continucus as shown in figure III 20, the elastic deformation
of the floor slab tends to rotate the lower point of the wall and in-
troduces a moment ¥ in the corner The procedure for obtaining M,
is go much like moment distribution applied + conbtinucus frames, on-
ly there is no carry over moments The data in tebles numbers IVIII
and XIX of the P C A , ars stiffnesses which denote moments requi-
red to cause a unit rotetion st the edge of the wall and the floor
sleb Only relative values of stiffness are required in this sppli-
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cation The example shown in fig III 20 glves a good explamation for

the problem The main steps for the solution are

1) Determine the fixring moment

at the bottom of the wall and at 2 4
the edge of the fleoor, assuming éﬂ o en 100™ E
Joint between wall and floor to~ [ Eg é
taly fixed The two fiming mome- 2 T I zaM ' g
nts are generally not equal % . s /M’/ZA/HJT‘;I/Z
2) The difference between the |, g d T - A
two fixing moments will be dis — M °° e fam )
tributed between wall and floor r o P18 III-20 |/

by moment distrabution method
according to the relative stiffness and distribution factors of both

wall and floor

3) find out the effects of the distributed moments on both and add
1t to the solution of fixed Joint

4) Determine the concrete dimensions and steel reinforcements such
that there 15 adequate stren,th and sufficient safety againat crac -

king

Example

A reinforced concrete water tank 10 ma diameter and 5 O ms deep
is supported on a ecylinderical wall at i1ts outside edge & on a central
column at the centre as shown in fig III 20 The wall 18 free at its
top edge and continuous with the floor slab, at its bottom edge  The
column capital 18 1 5 m diameter, and the drop panel, 50 cm3 thick,
18 2 5 ms diameter

It 15 required to clarify the effect of continuity between wall

and floor on both of them
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Step 1 Fixed End Moments of Wall & Floor Slab

The fixed end moment of the wall 18 computed by multiplying the
coeff given i1n table VII for the corresponding HE/D tat 10H by
B =5 x 5% = 125

Ppax

2
-i'i--_- — 2 .10 coeff ( table VII ) at 1 O H = - O 0122
Dt 10x 25

o
]

-00122 x 125 =~ 153 ot

The radiael moments of the floor slab are effected by the drop panel,
but since the ratio of the panel area to the total slab area 18 about
1/20, 1its effect on the loads and moEents may be neglected and +the

coefficients gaven in table XIIIT, XIV & XV can be used

1oad/m2 floor slab = weight of water + own weight

P=50+035x25=5 875 t/m°

The radisnl fixed end moment equals the coefficient of O C49 from ta-

ble XIIT for ¢/D =1 5/10 = 0 15 at point 1 O P multinlied by p Ra
ie -~ 0049 X 5875 £5° ==7 2 mt

Step 2 The Connecting Moment

The fixed end moments of the wall ( = 1 53 mt ) and floor
( -~ 7 2 mt ) being not equal +the difference will be distribated bet-
ween wall and floor slab according to their relative stiffness, thus
The relative stiffness of the wall equals t° / H = 25°/500 = 31 25
mult.plied by coefficient taken from table XVIII for H2 /Dt =10
le 3125 x 101 =31 55
The relative atiffness of the floor slab equals t / R = 35° / 500 =
85 75 multinlied by coefficient taken froa table XIX for ¢/D = 1 5/10
=0 15
ie 85 75 x 0 332 = 28 47

The daistrabution factors are therefore 3



for wall 21 56 - 2126 _ g 523
31 56 + 28 47 60 03

for floor 28 47 = 2847 O 477
31 56 + 28 47 60 03

The final connecting moment will be determined by moment dig=
tribution as follows ( fig IIX 21 )

Wall Floor Fixed end Connecting

moments momenta
Distribution Factor 0 523 0 477
*,‘} 53 mt 'rﬁ\4 5 mt
Fixed end oment +1l 53 =7 20
7 2 mt l 4 mt
Distributed doment +2 97 +2 70 )
+4 50 -4 50 Fig IIT 21

The quick damping of the bending moments makes the simple mo-
ment dastribution shown sufficient for deterazining the connecting mo-

ment 1n the ¢orner

Stap 3 Ring Tension & Cantilever c¢uent of J/all

Ring tension per meter height .. cantilever moment for lm strip
w1ll be calculated for a wall with fixed base, subject to trisngular

water pressure plus tie effect of an induced moment equal to - 2 97 &

a) Ring tension due to trimngular water pressure will be computed

by miltiplying coefficients from table 1 for ( 5 /Dt ) = 10 by
Poax R=5x5 =25
b) Ring tension due to an induced moment of - 2 97 mt will be com—

puted by multaplying coefficient from table VI for Ha /Dt =10 by
MR/ B =- 22LXE2 . 050
5

c) Cantilever moment due to trisngular water pressure will be com-

puted by multiplying coefficient from table VII for 2 /Dt = 10 by

Ppax B = 5 x & = 125

d) Cantilever moment due to an induced moment of -~ 2 97 mt will be
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computed by multiplying coefficient from teble XI for HS / Dt = 10
by M =-2 97 ot

The f£inal vaelue will be aa given in the following table and figure

III 22 1
o Ring Tension Cantilever Moment
d
 |Coeff |Coeff | T T T Coaff {Coeff M M M
o | Table | Table | t/m | t/m ltotal Table |Table | mb/m |mt/m fbotal
o, I 1'28 due due in ViI X1 due | due in
to w to t/m to to | mt/t
A load| moment load (moment ‘ load | moment{ps load momeqt

- + - - -
OH|OCO011| 021 |0 265|0 124 OBB‘J 000 {0 COO P 000 {0 0CQg O 000

+ - + + +—’

110088 023|246 |0 136)2 5% OCO |C 000 0 00O |0 00 O COO

+ - + + + - + + +
20 O 208 Oe4i15 20 [0 38 5 58 000 |0 002 P 000 00040006

+ - + + + + - + + +
3- {03231 094|810 [056- |8 66| 0001|0 009 P 013 |0 027 O 040

+ - + + + + - + + +
45 {0 437 | 0 73 11 00 |0 43 f11 43 | 0004|0 028 o 050 |0 0 134

+ + + - + + - + + +
SH | 0 542 08213 55 (0 49 113 06 000710 053 b 088 |0 159 © 247
+ + + - + + - + + +

6H |0 608 ( 4 79 15 20 |2 84 N2 36 0019|0 067 0 238 |0 2000 O 438

+ + + - + + - + + +
7210 589 |11 63 14 73 (682 | 7 G1| 0029/0 0310 363 (O 09; 0 456
+ + + - - + + + - -

8H | O 440 | 19 48 11 00 11 55| 0 55| ©028|0 123 |0 350 |0 369 0 019

+ + + - - - + - - -

9 10179 |20 87 [ 4 47 |12 46| 7 93| 0012|0 467 0 150 |1 &0QJ 1 550

- + - - -

H 0 0 0 0 Y] 0l22{1 ©00 (1 530 |2 970 4 500
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Shemr atf; base Q = Ql + Q2 or

Q = 0158 PH + 581 M/H

= 0158 x5x5+581x297/5 = 36954+ 345 wo-7 4 t/m

4500

Cantilever moment Ring tenswon
Fig III-22

Step 4 Radial and Tan_.ential Moments in Floor Slab

The radial monents are computed by selecting coefficients for
¢/D = 0 15 from tables XIII & XV , and multiplyins them by p B° =
5875 £ 25 = 147 mt/m ( for fixed edge ) and by ¥ =2 7 not/m for

moment at edge

Radial moments in the last
line are for a segment having an
arc 1 m long at the ed,e ( point
1 OR ) They are obtained by mul-—
tiplying the original moment per
meter by the fraction indicating

its distance from the centre,for
illustration 5 33 x 06 = 3 2 ot
The moments in the 2 last lines

Fig 1IlI-23 -

of the table are plotted in Fig
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IIT 22 The radial monent around the central column is relatively
high, and the actual value 18 only = QO 7 the theoretical O 7(16 + 4 3)
= 14 mt It 13 hovever recommended in thias cagse to enlarge the co-~

lumn capital as shown by tone dotted line fig III 23 8o that

at Ol1lH 015H 02H 025H
thicgness 75 cm 656 66 cm 58 33 cm 50 cm

Point 1SR | 20R| 25P| 30r| 40R| SOR| 60| 70°| 803 90R| 1 OR
CoefZ T ZIITI - - - + + + + + + - -
Fized, lO_az 10 95 21|12 Q00 02 2 20 |2 93|2 69(1 69|0 06|2 16{4 9
Coeff Table - - - - + + + + + + +
v, at edge)l 59| 930 545| 280 07Y8 | 323| 510| 633] 79C| 900|1 ©
rRadlal omeat’ = | - - + + + + + + - -
'iyved Edge 16 0|7 67(2 o+|0 03 |3 23 |4 31|3 95|2 u5j0 09|3 18/ 7 2

|Rad1al omentl - - ~ - - + + + + + + +
M at edse (4 30,2 51'147|0 760 210 87|11 38{1 79|12 14|2 4312 7

Total Zaa.al - - - - + + + + + + -
KMomert _t/m 14 0'8 50!5 5C|C 73)3 445 18|53 334 2712 23(0 75 4 5

[Total Radral | == | = | = |+ |+ |+ s+ | & [+ | =
Mon/3ezaent 3 052 o4ll 10(0 22 |1 352 59|3 20|3 00|11 78|0 68/ 4 5

The tangential moments are coxmputed by selecting coefficients
for ¢/D = O 1, from tables XIII & XV and multiplying them by w R° =
147 kgn/m ( for fixed edge ), and by i =2 7 mt/m ( for moment at ed-
ge )

The total tangential ben-

ATl m i

ding moments are plotted ain

|
i
!
|
)
1
I
|
I
l

figure IIT 24 The efrective

depth within the drop panel

is 46 centimeters inatead of
22 ¢ms in the reat of +the

Fig III-24
flecor slab, and 1f the moments
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in that region are reduced in the ratio 32/46 it is seen that the
eriticel moment, 4 822 ocours at the edge of the drop panel

Point 15R| 20R| 25R| 30R| 40R| SOR| 60R| 70R] B8OR| 90R| 1 CH
Eoerf T XIIII| - - - - - + + + + - -
Fixed,lo'ax 2 18(2 B4|2 43|1 77(0 51(0 310 80|0 86|0C 57(0 06 0 98
Coeff Table - - - - - - + + + + +

» M at edge | 319| 472| 463 404 251 100| 035 157, 263 | 363 451
Tang Moment | - - - - - + + + + - -
Fixed edge 3 21(4 18|3 572 0|0 75]0 47|1 181 27|0 840 09 1
Tang Morment - - - - - - + + + + +

at edge 0861 27|11 25|1 09|00 68|00 27|0 10|0 42(0 710 1 22
Total Tang - - - - - + + + + + -
Moment mbt/m (4 O7(5 45)4 82|3 69(1 43(0 20|1 28(1 691 55|0 89 0 2

Step 5 Desaign of the Different Elements @

1306 t at 0 5 H t =25 en

a4) 7Vall Max ring tension 3 Thax

max ring reinforcemsnts (0'3 1400 kg/oma)

A = L. . 13000 =950m2 6 ¢ 10 /monaachside(94cm2)

-]
Og 1400

max tensile stress in conerete ( inoluding shrinkege )
Assuming €, = 0 00025 , E, = 2100 000 kg/cm®

T+%n %4 13060 + 0 00025 x 2100000 x 9 &

T =
b At n A 100x 25 + 10 x94
- 13060 + 5740 = 927 kg/cm?'
25594
The max positive momant in wall = 456 kgm at O 7 H <from tep

Vertical relnforcement on ocutside surface

iy = — 426 __ 1 6 on® chosen 5 ¢ 8 mm (min)
1300 x 22

Bection at fcot of wall : max nsgative moment lﬁn.a.: - = 4500 kgm
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t = 4300 = 38 7 cns chosen 40 c¢ms

3
37 = &y ]/ 4500 k= 0 553 for @, = 1400 kg/cm k, = 1280
A:——&zo—c——=95 oma chosen , @ 13 mm/m

8 1280 x 37
at top end of haunch ! = 1550 kgm

b, = —220 _ - 544 co® chosen 7 P 13 my/m 0K
1300 x 22

b) Floor Slab
The ¢olumn load 18 determined by multinlyinzg coefficlents taken
from table {VII for ¢/D =0 15 by p R2, for edge fixed, and by M =

2 7 mt/m, for induced moment

Col load when edge is £.xed 1007 x5375x5° = 147 t
Col load due to induce mome~t at edze 929 x27 = 34t

Total 181 ¢
Diam of eritical section for shear around theoretical capital is
15 +050 =200 ms
Length of this section 15 given by T x200 =628 ms

Load on area within the section 5875 xnx 12 =185 ¢

_Q o 181000 - 18500 _ 162500 _ 6 35 kg/cma
87 b d 87 x 628 x 47 25600

Diam of critical section for shear around drop panel = 250 + 35=285 cm

Shear stress T =

Length of thls section = » x 285 = 9 ms
Load on area within the mection H 8PS xnxl 4252 =375 ¢%
Q 181000 - 37500 _ 183500 _ 5 g5 yg/er?
87 b d 87 x 900 x 32 25000
Shear at edge of wall = p ™ BR® - column load
5875 13 14 x 5° = 181 = 460 - 181=269 t

Shoar gtress T =

Length of this section = 315 x10 =31 4 mn
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Bhear atresses T = S 262000 =310 kg/cma
87 b a 87 x 3140 x 32

The horisz, reaction of the wall Q = 7 4 t/m will be resisted by ring
reinforcement at the foot of the wall

Lsa-L;-."f:i-:aLLSoma 10 # 19mm

The max positive radial moment M 4 = 533 at +t =35 enm
32 2k /5330 k, =08 0, = 40 kg/en® E, = 1240

‘BH_EZLO__ =15f+cm2 10 § 13 mo/m
1240 x 32

Max = ve B M at wall surface M - = 3500 kem

o"b = Mgg. = 17 kslcma

100 x 35
32 = k& ]/5500 k, = 054 o, = 30 k, = 1280
A -——m—- B & cma chosen 7 ¢ 13 m/m

8 1280 x 32
Top radial reinforcements at middle

umx-=l4mt ¥ = 66 66 cms at r = 75 cms

0 86Xl x10 = 19 kg/on°

¥ 100 x 66 66

B=__1_400_0_ =18¢m2/m total 18-18::1::15=550m2
1250 x 63

Mex 8 5ot t = 58 3% cma at rclO0n

o't..S_L.g_LZ_];gs =15k8/m2
100 x 58 33

Lﬂ--——-s-m—- -123cm2/m totalA,-125xux2-780ma
1250 x 55

M-=35nt t = 35 cns at rel25mns

0, = 17 cma? A/m= 86 ca? total A =86 x % x 25 =67 50
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The ebove calculations show that the total amount of the top ra-
dlal reinforcement doos not very mush In the central part of the slab
eround the ¢olumn head so that the same number of bars may be used ,
at smaller distances in the middle and at bigger distances as we move
outwarda Therefore
Use 32 @ 19 mm arranged as shown in fig III 25 in which we use 4 ty-
pes of bars of the following form

\. /4 g 19 -\ X

~ S 2019 { 1
: i
~ -k P19 (—— T
“wlg \\0’¢ A 4
32 g 19 \j/ plaod A S
- ) Mg III 25

liax ring reinforcements in lower
fiber at x = 0 75 ¢

AE=H1'“-E=—-1‘-6-ﬁ——=440m2 10m @ 15 om
ky d 1300 x 0 3

Ring reinforcements in upper Iiber at x=025 »r

iy = 4822 -13011:2 16 om @ 15 cms
1250 x 0 3

Ring reinforcemsnta in upper fiber at XxX=035 »

Ay n—=L0 _ .735c0° P1l3um @ 15 cms
1250 x 0 3

¢} Central Ooclumn s P = 181 t, ¢ = 60 oms, A, =12 g16 m
PnO’o(A°+nAB)or181000-0c(2850+15::21+)-240u
oraa-BSk:g/cma 0K

The detalls of reinforcemsnts are shown in fig III 26

It bas to be noted that in the given details, bent up bars have
been avoided becauss the shear stresses are low (maxr value = 6 35
kg/on®), moreover, such bars in walls are liable to move from their

position during concreting opsrations and the laying of straight bars
in circular elensnte is eamier
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v ROOFS AND PLOORS OF CIROCULAR TANEKS
Iv 1 INTRODUCTION

Roofs and floors of circular tanks may be of the beam and slab
type a8 shown in faigures IV -1 2 and b

Fig 1IV-la

Fig IV-1b

~4

or of the flat slab type as shown in figure IV- 2




The determination of the intermal forces in such systems inclu~
des no Bpecizl diffaiculty mg they follow the general rules of the theo-~
ry and design of reinforced conerete

They may alsc be composed of one circular slab with or without

central support The internal forces in these two types are given in
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: e
17 L { :
e :
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- |

? [;] j SECTION 8 8

- ! ; iy

i LI

ra.Jr B I | E ;}4¢

3 i ?

T P secrion <
;

§
Fig (IV-3a
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the table of the P C A The method of application a8 shown in the

numericel exemple Just explained Carcular slabs may however be used
in circular tanks under dxfferent conditions of supports as shown In
figures IV-3 a & b Figure a gives a water tower in which circulad
8labs with and waithout cantilevers and central holes are used for ths
roof and the floor of the tank, the intermediate floors of the tower
and the foundation Figure b shows a circular tanc In which the roof
circular slabs are supported on circular beams and columns arranged
along radial axes  The determination of the internal forces 1n such

Fig IV-3b

cages are given in article IV=2

In many cases, the choice of a relnforced concrete surface
of revolutlon - for example a dome or a cone - results in an ul-
timte saving in ocost even when the greater expenses of the
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shuttering are taken in consideration Pigure IV~4 phows an Inze
tank 5000 cubic meters capacity designed by the author and exe-
cuted at E1 Nasr City, Cairo Figure IV-5 gives another example

x®
oW §
4
iy 8 0 0 1 T IIr El
o .00
aghplom g
" 2400 _{ -
o

Q
J-

%
'yl

]

Renforced concrets (nze water tower wth conical roof
Frg I¥-4
of 8 circular —einforced concrete reservoir covered by an 8 cms thick

spherical dome o=
ol
9ot 300l o
-
g
L]
o8 2000 e
ey 8

Renforced concrete dome covering a circulor fank
Fig IV-5
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INTERMAT, FORCES IN CIRCULAR FLAT PLATES

It will be assumed that

Uniform load per umit area
Total load, concentrated load or live load per unit length
Flate thlckmess
dodulus of elasticity ( genmerally = 210 000 kg/cn® for consre-
te )
1/m = Poigson's ratio For concrete, i1t varies between 1/10
and 1/5 It 158 gonerally assumed in the following equal to
1/6 Some neglected its effect and assume it equal to zero
E = Flemural rigidity of a plate
12 (1 - v%
Deflection of the middle surface of the plate
Blope angle ' ' o " '
fleaction at the support
Radial shearing force
Radial bending moment
Tangential bending moment
Radius of plate from its middle axis to the support

Span of a circular strip of a continuous plate
Pa = radius of a specified circle on the plate

pa = radius of any circle on the plate

Notes

All logarithms appearing in the followlng aquations' are natu-

ral (1 e +to the base o )

Reference

Beton-Ealender 1952 Volums II Page 271 Published by
Wilhelm Ernst & Sohn PBerlin Munchen Disseldorf
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1) 8o0lid Circular Plate Subjected to a Uniformly Distributed Load

Load p = constant

- P
Qr 2 xa F
a) Fizxed Edge

2
6 = Pa (1 _P2)2
é4n D

=E_ [1ev-(3+ v)p

Hr lam [

b) Simply Supnorted Edge

64 ™ D

g=If;c5+w(1w%

6 = ._P_Ee_. (1-p) (2 .
1+v

1 1
e

(Fig IV 6)

°]

#9)

il O 040

0 007

Total load F =p na

0 033

I © 159 © 159

Fig IV-H

2

Ea . p 1-p9

le D

e,

T

il
mwwwwwwww

III

[1 V- (1+3v)92]

a p (Y _
le ™ 3 l+v
[3+V-(l+3V)Pﬂ
l6n:

v
L]

d
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2) So0lid Circular Plate Subjected to s Concentrated Load P at Center

(Fig IV 7)
P 1 P
= - = for p =0 for p=0, A=
% 2mca p ° > B % 2 e
a) Fixed Edze
6§ = 22— (1-p%2 2Inp) $ = Fa in ¢
i D 4 D
ur.—.:-q-.—PE-[l+(l+v)lan)
for Pap
P
u“-:-q.r: [v+ (1L +v) lup]
P
=M, = - 1 1ln £ =0
L + g (1 +v) u or
b) Siaply Sunported Edze
2
§ =22 [-”-L‘Lcl-p°)+2p21np] p=-22_ p(2-_1np
e D "1 +y 4 nd 1+v
Hr=-P(l+v)lnp 3
4T £
- g or p >
M, = 1 =-v=(1 +y) 1n
b 4 [ Y Y P])
ur.—.n,_=—4—P;_- 1-(l+v)1_p:l for p=0
i P
? WL —
E a EEJl F —rpiv
2
5 - : o LA
q | D
04020 “lllIiIHWHt"lllﬂ.IH
N 0 054
r W 0 080 . P
0 278
b=ape baa _0 358
M 0 01 066
t > '-"""umumllﬁwu""Il!mmn"""'"' F
0 278 0 358
3 183 3 183 |
‘ 10 159 159--“1&-1 4
S -ﬂﬂﬂﬂﬁmh—l : =
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3) Solid_Circular Plate Subjected to Partial Uniform Load at the Middle

(Fig IV 8)
Total load P =px b% = p 1 82 p- L=P/2na
P
= - 4 for 0
Qr 2ra <Pp<e
P 1
= - = P 1
% > na  p or PP <
a) Fixed Edee
1) Inner loaded part 0PN P
6 = 4 -3 42 1n p-2 (= 4 1n
eunn[ ph 4p" 12 p-2 (8 MP+J7]
Pa
= p (8" ~41n p-
* l6 n D p f gz—)
P 2 + v 2
= 1l ¥ - 4 1n -
I, 161:[(*’“‘ 8) Lg—p P?]
1, = —= [(1+v)(03_41np)-l—5292:l
l6 W B
11) Quter unloaded vart p € p £ 1
2
6 =22 [(2- - +2 (% 26) 1np)
32 KD
Pa 2
= ple- (1 - - 4 1ln
o egs lf ey e ]
2
2
M, = 16“ [ 4+(1+v)—%+(1+v) (p-41npﬂ
p? 2
M, = 4 yv- (1 =v) + (L+v) (B =4 1np)
vyl Qe g
b) Simoly Supvorted Edze 0o P < P

i) In.ner loaded E_;-_t

{4(3+v)—(‘?+3v)p+4(1+\,)92mp
5471]) 1l +v
'2[ -(1-v)p -4(1+v)]_np:l P2 1+VP4}
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hl.t

Pa

T 16D

P

15 r

P

16 «

1l +v

11) Outer unloaded part

6

¥

1
r

+

T
oy

£ fa-(1-vp°-@+mp-Liht

P

[4-(1—v)p2-4(1+v)lnp- }—‘;EV—PEJ

[4—(1-\')92-4(1 +v) In g ~ -l-—;"-éi-yﬁ]

P < r

2
VP]

< 1

{[2 (3+v) - (1 —V)ﬂz] (l—pa)+ 2 (l+v)532 in p
+ 4 (1+w)92 In p

2
L {[4 ~(1-v) P o~ +v) L4 Qevp mep

e

e

W

gl

- Pa2 1
32 oD 14w
- Pa,
lée et D 1l +wv
P 2 .1
= 1- -1) -4 Q in
e [( v) g (‘;z- Y =4 (1 +V) p]
P 2,1
= {(1 - [# -0 G+ 1)]—4(1+v)lnP}
E saasul =0 50
k r=a ¥
a | a
6
0 013
u, ! 0 070
0
M, '
%

el
0 140 0 Z1B
RN

Solid Ciroular Plate Subjscted to Partial Uniform Load

t the Middle

Mg IV-8

}
}
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4) So0lid Circular Plate Ioaded by a Rang Load

(Fig IV=9)

Ring load P/m A = P p
Q.= 0 for o<r < p C;v_r=-—:-fi for p £p < 1
a) Fixed Fdgze
1) Imner part 0 <p £ p

3
5 = ;;-g-g[l- BZ+2P21nB+(1+P2+21np)P2]

Pa2
$ =- ge(l-fF+21np)

8D

' =rt=-%p(1+v) (1 -F+21Inag)

11) Outer part P €p < 1
6 - Pa}Pr(1+l3=) (1—92)+2(p9+p2)1np]
ap -
2 2
Pa 1
= 1= -2 1ln
¢ = B[ du-L) o]
ur=_-1’—9-p[a-(l-v)-ﬂ-i_(lu)(pg-alnp)]
4 p
ht:—g-a—‘ﬂ[2\'+(l+v)—@§-(l+") ([32-21.21;!)]
4 p

b) Sizmply Supported Edze

1) Inner part 0<p <8
5 - P& _&_ {(3+V)(l-£32)+2(1+V)p2 In p
8D 1 +v

-[a-via-g-2@+v) mp] pa}

2
o = 28 £ a.v)a-pP)-2(1+v)1np]
4D 1+Vv

M=y, =22 5 [@Q-v)@~p-2@+v)Inp]



11)

8

P

d

7

Quter part B p <1

- P_.B-_5 L {[3 +V¥= ({1 ~=v) paj(l -p2) +2 (1 +V)(ﬂ2+92) 1np}

8D 1l+v

2

L)
I

= 2o 1+v [a-(l-v)a-c1+v)-ﬂ2--a(1+v)1np]

4D

r=P—5 sla -v B(—a-l)-a(l-l-v)ln e

Ly = %% p{(l —V)[Q _p2 (LPE+ 1)}-2(1 +v) 1ln p}

Jakimady.
o
{-.__

‘P jpnoso PL !P
whhoms \ -’;v\nw
_:=A2_4 p=al _ r=ap

a a

E

}

i
f
| pe2

e

W—"
- W B

R 3, M 0%, 156 ' |

1 o 1 00
% Moso osomll | Tim
(a) (v)
Soldd Clroular Plate Loaded by a Ring Load
m. N-g
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5) Solid Circular Plate Subjected to an Intermediate Badial Ring Moment

(Fig IV-10)
u ke - o ‘o
n %
a) Fixed Fige
1) Immer rart o< b

2
- Ma 2 ) 2 ks )
) 4D [EP In g+ (1 pa)P]¢ 2D(1 pg)P

M 2
!I'=d‘b=— (L +v) (L =-g)

2
11) Quter part s<r < 3
2 2
5 =-222 £ 221 p) e=l2 gd_p
4 D 2D
Lo 1 i 6o )
HI'="2 [l+v+(l—V):§] t=-—2—[1+v-(l-v)?]
PR e Be0 50 |
1 \P} B s f T
a I=xap X
a a ?!.LE ‘p__’
2
o 115 ] U !ﬁ-
0 qav
HJ.'




b) BSimply Supoorted Edge

1) ZInpner part 0<er <8
2
- Me” 1 2h .1 - - - 2
6 =L 1”{2;;[1 1 v)lnp] [1+v+(1 v)p] pz}
Ma 1 2
= — 1 l -
¥ > D 1+vF[ +v¥ 4+ ( v)p]

ot = ¥ 1y a v 2]

1i) Quter part

5 -Ba & Ta.-v) (1-92)-2(1+v)lnp]

2
_Msa AT - . vy 1
o =22 A [a v)p(1+)P]

ur=§(1-v>32(1-%2> Ht=!2-(1-v)pa(l-%g)

6) 1mly Supoorted Solid Gircular Plate Subjected to

Radaal Ring !oments at 1lts FEdges

Fig IV-11 u;
Radial moment it SEE F=a 0. "1
a

) = M a-0
2D (1 +v) 6 -nmm"mmmm,mmI"m""mm-r
y = —Ha g
. R

= 0 Az=OQ Fig, IV-11



78

7) Cireular Plate with a Circular Hole at the Coenter and Subjected

£o a Uniformly Distributed Load p/m’ (Fig IV-12)
Aalz-'?-(l-pz) for B <1 A=k (g2 1) for p>1
2

2
= - 2.8 - 8-
e " (p =)
a) Fixed Edge

assuming =P2 Q_-_").E_"'__Q_'L_)_Q_%L_E then

l—v+(1+v)p

4
6 =22 l.14+20Q
64 D

2 2 4 2 2
kl—Zp)(l—p)+p -4k) lnp-8p pln p]

3
- - i,
v—lsn[(l ki) op 95+ z + 48 PlnP]

k) s 8= (3 +v) o

2
ur=2i:—[(1+v) (1

1

-(1-v)x —;2+4(1+v)p21np]

P

2
ut=1’—l-:—[(1+v) L~k +4vp= @+ 39)0°

+ (1 = v) o1 i—-l-‘-l- (1+V)p21n p]
b) Simply Supnorted Edze

2
assuming k, =p2[3+\-'+4(1+\')-23 lnﬂ] then
4
- B2 - -
6 64D{1+v [(p+v)(l 2F)+k2] (1 P2)
K, lnp—BBEpalnp}
l -y
3 k
- 28 [ L ~ 452 - =2 L,40%.1n
16D L1 +v Grv-sprk)e Py st tPe P]

2
Hrﬂu-[ﬂ +v) (1-92)-1-!:2(l-!'—-g+4(l+v)321np:]

.P__[z(l-v) A-2p2)+Q+3v) (l-p)
+k2(1+—2)+4(1+v)p lnp]
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Circuler Plate with a Olrcular Hole at the Center
Subjected to
a Uniformly Distributed Load p / m°

P
— —T =0 5 |[IIII———— T

a=a I‘=:p r—agl'z’}

a

ol 4
4+ 0 005 gr ) ﬂ H[I[ﬂ” -

L i% ,ﬂﬁ][oo'?a pa2

@

RSV SRy

kg

0 041

¥, k 0 o1

v S Fwsl T > o w7 235_—Wm pa
‘[[[gh mm‘o 75 0 375

Q 3 3

i By p= 0 mm— s
2 1 whetes e
b=ap | r=ap A b=a B r:&J_Jf
l a a ' I a a

5 4
h——i;—ﬁo 1h4 L 295 W“‘HJ]]J_ &5

0 730
M ,«‘ﬂ i 0 065 pa2

__01l8 = M a2
N 0 085 y G pa
rﬂ&

pa
i 1 540 W 50D W

Pig IV-12
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8) Circular Plate with a Carcular Hole at the Center and Subgected

to 8 Ring Load along the Inner Bdme p =

(Fig IV-13 )
Logd P / & 1
G=-Pp3
L =Pp for p > 1 A ==PpB foar g > 1
a) Fixed Edge
2 L+ O +v)lngp
Agsum ks, =
e E) P 1-v+(l+v)p2

3
5 = L s[a+2iy (l-p2)+4L31np+2p21np]

¥ = 532 p[k3(9-%)-f>lﬂ9]

HI_= ?é—a- B[-l+(l+v) k3+(l-v)'r5%-2-(l+v)lup]

g

H,,l;=-—2-§.-L ]3[—\’+(1+V)k3-(l-v)k3%-2-(l+"’)lnP}

b) Simply Su-voerted Edze
2
Asauming kq_=(l+V)Ip——‘-!z 1np

k K
6 = Pa.5 [3[}__"’_"_'_2__&—(1-;)2)+4 4lnp+2921np]

8D 1+ v 1 =v
2 k k
'.P:.P_B‘-p[l_q'p_ 4 .]-'_P]_nf,]
20D 1+ v l-=v ¢

= £2 I,-1) -
by = p[k4(? 1) (1+v)1nf:]

P; g [l-v-k4c%2+1)-(1+~')lnp]

=
o
|

then

then
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Circular Plate with a Circular Hole at the Center
Subjected to

a Ring Load along the Inner Ring =

| i® Bx0 5 ol .

oz T ey
® ew T Ww%a
Y @LJ_M“‘” | 7
e CMT—OMOMWEV_W“

(a) (v)

P . P P fP
> + P20 —x—rm7
beca B | r=m p, baa g roa
lﬂ llﬁ] ll ﬂ.[ﬂ

o]
ll.‘
.'b
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9) Circular Plate with a Carcular Hole at the Center and Subjected to

Radial Ring Moments on the Innsr Edge p=2p

(Fig IV-14)
¢ kem =0 4=0
" <
a) Faxed Edge
82
Agsuming k5= > then
l1=v+(l+v) g
Haa 2 Jda 1
5 = ks(—l+9-—21np) y = —= k5 (=-p
2D D P
1 1
mr=_Mk5[1+v+(1—v)R] by = - Jkg[1ev- -v) &
| o M M
'3 {.\ % p=05 Py —% _\i‘ ZL
Ib:a;kr:ae' érn El
a a a
2

v 8 Bows Lot

0 074
My g — g
K *oapr Ut Eﬂﬂw:

% WIm:.___F 242 0 697

(a) Mg Iv-14 (v)
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b) Simply Supported Edge

2
is = th
suming ks I%pz en

2 x
5 - 4a- _5_(1_92_21"“'1;19)
2D 1l +v 1-v

_a 1+v 1

=3 1+v(p+l—v p)
1 1

=k 1- =M 1

M=k (1-—5) By =Mk (1+—25)

10) Simply Supported Circular Plate with a Circular Hole st the Cenmter
and Subjected to Hadial Hing nogrnts alonz the Supsorted Edge

Assume radial monent M in kg/m and k.7 = —L-E- then (Fig IV-15)

1-p
2
5 - Ma _El_(l_pz_gl__“'_‘i.Falnp)
2D l+vy la-vy
‘p =H& 2(p+l+V aZ %)
D 1l +v 1=V
ur=upzk?(;'a-%§) Q. =0 Ls0
2 1 1
I.I_b=lg k_,? B—2-+-p-2-
M ' ' § M
G S
a a ‘T. . |a
| | bl
6 W
M ] |
* 1 0go HW
u, 155_’7__@%,
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II RADIAT MOHMENTS (Mr), TANGENTTAL MO IENTS (Ht) AND REACTIORS OF CIRCU
LAR FLAT PLATES CONTINUOUS OVER RING SUFPORTS AT EQUAL DISTANCES(a)

a) Thres s b) Four
cm::115 05 0 oy baﬂ::gao 10 JE  t/ul
2 1 I 2 1 P
Cass 2}::1::::1::9::1:L::q:m::::! Case 2
iﬁ a Jﬁ a Jf a + Jﬁ a _% a 4 a % j.__;_
v=1/6 p=0, M =l = 0o v =1/6
BEIDING MOMETS BE'DI IG  MO.ENTS
Case 1 Case 2 Cage 1 Case 2
p p
Mo 1 | My U B | My 4y
15| 0 } 0188} 0835~ 0139 20| 0 |+ 0129(- 0811|- 0135
13 I 0578 [+ 0271 [ 0132 |+ 0049 16 [+ 0847 |+ 0179 [+ 0346 [+ 0093
11 i+ 0889 k 0225 K 0330 |+ 0119 15k 0848+ 0127 |+ O44(+ 0086
1 0 b 0925 }+ 0151 k 0455 |+ 010@ L 4 [+ 0748 |+ 0053 |+ 0445+ 0057
0 9 | 0875 [+ 0042 I+ 0506 |+ 00&8 1 O | 1069 |- 0314 |- 0769}~ 0172
0 7 f+ 0411 |- 0267 |+ 0300 |- 0097 0 6 |- 0008 |+ 0080 |+ 0179|+ 0109
0 5 f 0851 |- 0591 | 0552 - 0291 0 5 f 0137 |+ 0110}+ 0284|+ 0099
€ 3 | 0535 [ Odhws | 0235 |~ 0141 O 4 [ 0225+ 0104 |+ 0322|+ 0044
0 1} 0376 |- 0356 |- 0077 |- 0066 01} 0035|- 0310~ 0244|- C&76
0 0 | 0357 |- 0357 |- 0057 |- 0057|  |Mult | pa® | ps® | pa® | pa’
pult [pa® | pa? {pa? | pa REACTIONS
REACTIONS Sup Case 1 Cage 2
Sup Case 1 Case 2 2 ko 3655 +0 5612
2 + 0 3618 + 0 4535 +1 2001 +0 9131
1 + 1 1642 + 0 8898 0 +0 4330 +0 6709
Mult De Pa Jult [pa  pa® |pa Pas
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RADTAT: MOMENTS (h{r)\, TANGENTTAL MOMENTS (llt) ARD REACTIONS OF CIRCULAR
FLAT PLATES COSTINUOUS OVER RING BSUPPORTS AT EQUAL DISTANCES ( a )

¢) Five equal spans a) éima_l_gmn.s
P= t 2 1 t/a
oot oS 2 | ke »
3 2 1 | 3 2 1 4

v =x1/6 P w0, Hrﬂtp—oa v =1/6
BEHDING MOLENTS BE IDING MOMENTS
b Case 1 Case 2 p Case 1 Cagse 2
SEREEE NEEEEE
25| 0 |+ 0098|- 0787 |- 0131 30| 0 & 0081}~ 0799]- OL33
2 6 i 0814 |+ 0153 [+ 0354 |+ DO76
21 [ 0818 + 0159 [+ 0348 |+ 0076
25 ¢ 0789 1+ 0118+ 0426 (+ 0073
19 [ Cers [+ 0058 [+ 0403 |+ Q051 2 0 - 1106 (- 0232~ 0852 (- 0149
15 {1130 L 0254 (- 0875 |- 0155 16 p Ole4 |+ Q062+ 0321 [+ 0089
1 5 n 0296 |+ 0069 |+ 0422 |+ 0084
11 | 0132 |+ 0082 |+ 0302 [+ 0115
L 4 ¢ 0340 [+ 0058 |+ 0433 |+ 0057
1C K 0289  00S4 |+ 0432 |+ 0107 1 0 |- 0660 |- 0121 [- 0753 |- o164
09 B 0375k 0077 |+ Q488 |+ 0069 06&0247+0120+0189+0110
05 0446 |- 0186 |- 0537 |- 0277 O 5 ¢ 0338 |+ 0095 [+ 0292 |+ 0098
01l k 0029 0039 |- 0062 |- 0052 O & B 0357 |+ 0022 {+ 0327 |+ 0040
JC @ 0048 4 0048 - 0043 [~ 0043 0 1} 0320 |- 0809|- 0255 |- 0695
sult | p a.a P aa P 8.2 P a.a Jul‘tﬁ P a.a P &2 P 8.2 P a2
REACTIO REACTIONS
yup Case 1 Case 2 3up Case 1 Case 2
3 + 0 3675 + 0 4594 3 3725 +0 4675
2 bl 1500 +0
2 + 1 2065 + 1 0255 93
1 9622 +1 0420
1 + 0 7931 + 0 8765 0 +0 7573 +0 6834
ult D a Pa a P a® pPa l'aa
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IV-3 MEMERANE PORCES IN SURFACES OF REVOLUTION ®

It 13 assumed here that the thickness of the shell 1s so small
that it can be considered as a membrane which caa resist meridian and
ring forces, in the plane of the surface only 1 e the bendaing mo-
ments due to fixation at supports, unsymmetrical loading and similar

effects are neglected
IV-3 1 Notations

It will be assumed that  ( Fig IV-16 )

Flg IV~-16
R = radaus normal to axis of revelution of any circular ring at any
plane z - 2z
Rl = radius or curvature of meradian
Ra = cross radius curvature along *le normal - to ax.s of rotation
Ny (evt Tl) = resultant merid:an force per unit leagth of caircumfe =
rence
NB (evt TE) = resultant ring force per unit length of meridian
H = bhorizontal thrust of shell per unit length of circumference
W, = Sum of vertical forces above z — z (expressed through the angley

% Refer to M Hilal Design of Reinforced Concrete Halls  Farst

Bdition Published by J darco & Co Cairo



IV-3 2 The Meridian Force

In order to have egullibrium at any horizontal sectlion z z ,
the vertical component of the meridian torces NtP mist be equal to the

vertical load above z = z per meter run circumference Hence we get

( Fig IV-17 )

I‘p/2mR= Ny, sine or

o= Tg/2nR siny (43)

But ® = R, s1n y 80 that N, can also be gaven in the form
2 4 A

Hp = Ty / 22/_‘12 amaxp (o)

The horizontal thrust HE per unit length of ciroumference 1s

H = lp/2nR tan 9 =X cos ¢ (45)

IV-3 3 The Ping Force
Assuming that the redial component of the external leads per
Bquare meter surface is Pr end cornsidering the equilibrium of the ex-

ternal and internal forces normal to the surface, one can prove that

N
2 -N—s- = p (48)
R R T
1 2
For a apherlical surface Ry = R‘2 =a and
Nop, + N5 =pa (47)
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For a conical surface Rl = w and

IV-3 4 Application to Popular Reinforced Concrcte Surfaces of Revo-
lution

8) Spherical Shells
The relation between A, R and ¥ 18 given by (Fig 1Iv-18)

a = i_""_ﬁ_ (49)

2y
The surface area of a spherical shell

is ——d
A=2mnay (50) I
¥
i e 1t is equal to the surface area y P R 1 R
of & c¢ylinder having the same radius & H*Lﬁ]\\\\\\\*k\\~<J ';
and height ¥ R

The internal forces due to o verti—

cal dead load gémz surface 15 shown Fig IV-18
in fipure IV- 19
p= g 2nay (>1)
H = ga ﬂL:ga Z (52)
l+cos ¢ a + z
a a
e &7 P Pz P
Load = g/m> surface I ! sumsiazauaite: RN ane P
- —
7 ' 7
== N e
= ! —
———Eee e :
Ny £ N p Ny E N
* ¢ 5 |t
F—— e,
ga ga PE | IEE [
Counp - , tension+ Comp -~ , tensl

Fig IV-=19 Fig IV-20



a9

2
Ny = g —2——= g -2 (53)
1l + coay a+z
2
He=ga(coa¢-__l__)=s(z_ & (54)
1l + cosy a+ Z

The in*ernsal forces due to a vertical load p/’m2 horizontal is

shown 1n figure IV~ 20

iy = pn a® sine (55)

H =pa.£’§—‘L = p z/2 (s6)

Nq, =p a/2 = constant

Ha =D a co82y =-P_ (2 zz_aa) (57)
2 2a

The internal forces due te a liquzd pressure as that shown in Fig

IV-21 1s @ven by

Assuzing w= geight / m5 laguad, then

o, =W (hl+a.-a.cos-:) (58)

N, =~ &[3 nyea L=cos @ (142 cosw)](59)
? 6 l+coa

Ny =+ i [5 h,+a 1059 (544 OOSLP)} (60)
6 l+co8
Flg Iv-21

b) Conical Shells

The surface avea of a conical shell (fig IV~22 ) is gven by 1

A =2mRs /2 (61)
The meraidian force is

Ns=?\9/2"" yecos ¢ (e2)
The rinz force is

Ng =p, ycos ¢ / 8in®y (63)

Internal farces due to a vertical dead load
g/m2 surface are 1
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N,=gy/2 sing (64) Ny =8 R% / y (65)

Internal forces due to a vertical load 1:~/11'12 horizontal are

Ns =pycosg /2 .'&’,:1_112 v {656) NB =Dy c053¢/ smao (67)

The intsrmal forces in the conical floor of an Inze tenk (fig IV-23)
are

Assuming w = weirght / o’ liquid, then

Pp =% (b, -38sing) (68)

T

A
e
e

s
Ve
e
Fig IV-23

h2
Ny = ws ( ~8 )cosy (€3°))]
sin ¥y

N = w SOF [2 (15-53) ﬂin\p—Eh.a([a—sz) - 2l (70)

8 6 8 8 8in ¢

where p 18 the weight of the cylindrical wall of the tank and the ever
tual loads that may be applied to 1t
Since the cone can absorb forces only in the direction of its ge-
nerators, a ring must be provided at the foot of the wall It receive
a radial load P cot y producing the hoop force
P | cosy cat y (7L
Ahere the conical and spherical parts of the bottom meet, a ring
must be provided which resists, the difference of the horizontal com—

ponents of the meridian forces in the cone and in the dome
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IV-3 5 Edrge Forces and Transition Curve

It is easy to prove that the u’per zones of domes are subject
to compres.ive ring forces, while the lower zones ara subject to ten-
81le ring forces In case, the dome, or cone, does not end with a ver-
tical tangent, the horazontal thrust H
at the foet must be resisted by a ten -

glon ring Fig IV-24

On the other hand, the meridian for- by i
ces in domes and conical roofs due to Flg Iv-24
vertical dead and live loads are always compressive glLving relatively
low stresses

In conical shells and flat spherical domes, bending moments will
be developed due to toe big d-fference between the high tensile stres-
S@» 1r the footria, and the compress.ve stres~es or low tensile stres-—
ses .n the adjacent zones of tne shell The bizzer the difference in
the strains between the r.ng end the adjascent zone the higher will be
the berd_ng moments The shape and ma- XwD B I/u—r Mep A"’/z
gnitude or the bending moments at the
foorrinz can be estirated according to

the values given in ficure IV=25

As the bending mo snts are due +to
the sudden change from h_gh tensile Pig TIV=25
s*resses in the footring to low tensile
Or' even comprossive stresses in the dome, they can be avolded if the
shape of the meridian 18 changed i1n a conve )
nient mapner This change can be done by a
transition curve (fig IV~ 26 ) which when $o
well chosen, glves a relief to the stresses .
at the footring It 18 recommended to malke

the change gradual from footring to shell Fig IV=26

In order to decreage thm stresses due to
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the forces at the footrin,,, 1t 1s recommended to incresse the thick-

ness of the shell in the region of the transition curve

IV-3-6 Pixed and Continuous Surrasces of Revolution

The bendingz moments shown in figuras IV-25 give ocly a rough estima-—
te, they may however be used i1n cases where the expected values of the
bending moments are small

Surfaczs of rovolution in tanks are gensrally continuous with each
other e g the Inze tang shown in figure IV-4 The connecting moments
at the joints can be detérmined by the moment distr.bution method if
the fised end noments and t e relative stiffness of the elenents mee -
ting at a Joint are known

le give 1n the fOllOWlDSI, tne fixang morents and tne stifiness fac

tor or some simple cases zenerally met witlh in tan« o-cblens

1) Cylindrical wall o. variable thicumess { Fog I7-27)
4
'é (1-v")
Assurin, ky = and v = 1/6
R t2
tnen kl = 13008 and
'V R t, A
tpe fixang moent L as |
- Et, o 17
M= —=— (Aro =)
2 R Kk
s L
b iz — 2
and the ztirfness § 1s - i 1 -
K1 1
_ 3 % %
5=2 ta kl :2;: ?/f
— 7
For water pressure 2% 22
% %
Ar_WRaH and e-_lﬂ:ij 7 7
o~ o~ D=w. ’
Hence
- 1 1
- T4 e -
M = eyt - A7) Fig IV-27
1 21

Refer to Markus ' Theorie und Berechung Rotationssymmetrischer Bauwerke
Published by fYermer ~ Verlag Dusseldorf
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For a wall of constant thickness (tl =1, = %) subject %o hydrostatic

pre.sure

= 1
H:—BT(I————)
akl klﬂ

2) Soherical deme of variable thackmess ( Fix IV-28 )

Aszune i, = VE I/ 3 @ -v) _’r—
t
and V = 1/6 then
k, = 13088 |/ 2
2 t
AY
- Et Q a
LI = = ——2— ( - — 8 )
2 k5 sing L\:2 ° k

S=2¢ k,/a

2
Ep 2 1 +v -t
Aar = =2 == (t, - t cos¢+
° Et b, |sin®y °
op & t -t (1 +v) (t-to)
9, = co8yp~ (2 +v) t siny + 5 x
Et T, t vsasiny
t -t t 2
to—tcosm-r m sin p - cosy 8in“y
14V

For vater pregsure ( w =1 0 'b/mz' )

3
AT o -8 [(._];_V_)_Q—coslp-bl;v fcos y + L )]SJIW
a

° Et 2 1l + cosyp
e L
8, = xa s g + °(l+v)—b‘——-]—'(ooslp+ 1 )
EG t v 2a 3 1+ coay
t -t
- 0(-h'— -OOB'P)
t v a
For a dome of constant thickness 1.7° =t

= Et AT, a
M= —_—) ~ 0_ )
2 1:22 (Ei.n-,p * ky, °
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Ca.e of dead load g t/m2 gurface

2
ﬂ%:ﬁ—a—.(.l_-t_v. -COBQD) Blﬂ.lp
Et 1l + cosy

e0

il

-E—a(.a +v) 8iny
Et

Case of lave load p t/m2 horazontal

2
1
Aro =28 (A - GOSavp ) sy
Et 2

®

-E22 (3 4y) siny cosy
Et

Cage of vater p—essure

5 i |
::\::‘o=-w5l [(l'ﬁh—cosw + LY (oogy +—-]-'—)J Biny
Et 2 a 3 1l + coay

2
o, = F8 giny
Et

3) Conical su—fiace o1 constant th.c mess (Fog I -29)

Assume kj = V t_a:_w_ ]/ 3 (1 - va) and = 1/6 tien

k, = 1 3068 ! tan o/ t
> l’r r welghtu w t/nz'
- t sin¢ > (Aro _ Binw eo)
25 k; COS‘p n.; P /3
h
S=21t k ?
- 3
Case of dead load g'Lt/nz gurface
2 2
ar, = B35 |1 - (L - -L-g)
£t 2 cos™ g
cos%p cot v
2 1 Flg IV-29
1 L 2 cot v
6 = &2 (1 - =)+ v=(2+v)cos
© Et [E 5 * | Sinv
Case of a concentrated load P/m
Pl cog ¥

_ P =-EL  gosd
M’-‘o = £t coby and 90 =



Case of water pressure

51'0:—-3- B ( h _.)+_V —L(la-la)"
Et sinvy siny

]
--‘33- a’ - !3)] cosa¢

Qon—w— 5laaj.n¢-2hl—L(|,2-s2)+
Rt 2 s

Bin¥® (3 -3)] ooty
3

4) Ring Beanms
At Joints of daffereant contlnuous gurfaces of revolution (e g &
cone and a dome ) there exists a ring besm which resists a part of

the distr.buted moment accoiding to 1ts relative stiffness

Tne stiffress of a ecirgular rins opean of radius R, breadth b and

total depth t 13 glven by

Sab(@-v3) for v=1/6 then

U

8=0972b ¢t /R®

IV-3-7 Circular Beams
Circular beams loaded and suprorted normal to their plane
(Fiz 1IV-30) are deal* wath in detail
in text books on theory of elasticity
de give in the following , the intermal
forces in a circular beam subjected to
uniforn load p/m and supported symme-

trically oo n columns Thus 3

2"P° 2N /n iea HPO =t /n {72)

Reaction at any columm
Vo 2T R p/n (73) Fig. IV=30
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¥Max shearing force to the right or left of any support

Quax = + R p/n (74)

The bending moment . , the torsional mozent L, and the shearing farce
Q in any section at on angle ¥ from the center line betwesen two succes-
8ive gsupports are given by

M o« REp (—S08% ) (75)
nsin#o

u, = RS p ( L2dnd _ v (76)
n siné

Q--RP"P (7?)

fe give in the folliowins table, the reactions, the maximym shearing
forces, bendin; mouents and torsisnal moments in a sircular besm of
radius R sup-orted symmetrically on n colurns and subjacted to a
total uniformly d.stoiouted load P wnare

Pz2n3p

jlumber | Load on| .ax lax Bend.ng woment Lax inzle
of each ohearinz! .o o 1, Over C L Lorsional bet axis
bols | Column | Force | of svan | of Colums loremt |©F G0l &

w8 of
max I‘*!;

n v an M (+) U (=) ‘11: Deg
4 P/4a P/8 0176 P R 0053 PR| 0053 PR | 15° 21!
6 P/ P/12 CO75 PR 0148 PR| 0OC15 PR | 12° 44°
8 P/8 P/16 0032 P R 0083 PR| 0006 PR g* 33
12 B/12 P/24 0013 P R CO37 PR| COO2 PR 6° 21




V PRESTRESSED CTRCULAR TANKS

—

V¥V 1 INTRODUCTION

The design of preatressed structures i1s based on a knowledge of
the fundamental principles of prestressed concrete This 18 as true
for the design of tanks as for beams and slabs Before analysing the
stressea in a prestressed tank it may be of advantage to give +the
most important basic principles of prestressed ¢oncrete as may be re-
quired for design of circular tanks

Prestreaged concrete denotes concr te in which effective inter-
nal streszes are induced generally by the use of hi_h tensile steel
This operation 1s dome in such a way as to completely eliminate or at
least to ef.ect.vely reduce tensile stresses under the action of wor-
kang loads tozether with the provigion of an amole factor of safety
against cracging or collapse

The most effective use of prestressing can only be obtained If
the concrete and steel are of very bigh gualaty The higher the cru-
shing Btrength of concrete and the tenslle strength of steel , the
greater the effectiveness watn which the prestress can be utilised

High quality concrete can be achieved through careful selsction
of aggregates, suitable granular composition, use of low water-cement
ratic, sufficlent cement content and thorough mixing, compaction and
curing

The minimusm cement content in the concrete mix is 350 ts/m5 of
finished concrete, the minimum orushing strength is 300 kg/cm® after
28 days The allowable compresaive streas may be assumned one third of
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the crushing atrength The modulus of elasticlity Ec nay be assumed
aqual to 300 t/cm2

The steel to be used for prestressing is generally hard draum
wires of an ultimate strength not less than 15 t/cm2 and having dia-

meters varying between 3 and 7 mms

The permissible stress 1n the prestressing steel shell ba based
on the ultimate strenzth and the C 2 ¥ proof stress as follows :

The maximum tensile stress at transfer 050 gball not exeed B0 %
of the proof stress or 65 % of the ultimate temnsile stren,th which
over 158 the lesser  Accordingly, for hard drawn waires 16 5/14 having
an ultimate tensile strength of 16 5 t/cm2 and a proof stress of 14 O
t/cm? the mayimum allowable tensile stress O, = 10 t/cm2

The modulus of elasticity Es is generally equal to 2000 1:/0:‘.1:12

The modular ratio n = :‘E/Ec varies betwsen 6 and ¥

Duo to shrinkaze, cre.p etc the prestress i1s reduced by
15 to 20 % of ite initial value, so that the final prestress O‘Bm
v1ll ba equal to O SC to O 85 0;0

Stresses in prestressed elements under working loads may be com-—
puted by the elastio theory both at transfer with full prestress
( Oy = Oy )} and mo live loads and, under final conditions after los-—

ses have taken place ( J; = Yoo ) and full live loads

Prestressing o. circular tanks is made in order to eliminate the
tensile stres.es oreated by the hydrostatic pressure In most pres -~
tressed circular structures , prestress 18 apuvlied both circumferen -
ti1ally and longitudinslly, the circumferentisl prestress being circu-—
lar and the longitudinal prestress actually linear It i8 however
easier to use circumfsrential prestressing only This is possibls in
walls with freely sliding edges
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V-2 CIRCUMFERENTIAL PRESTREASING

Prestressed concrete circular tanks™ are generally constructed by
wanding prestressing wires around the walls using a speciel windapg
machine The normal method of prestressing consists of the following
process  Firat, the walls of the tank are bullt of either concrete
or pneumatic mortar, mortar being gepnerally used i1f the walls are less
than 12 cms thick Often, the walls are poured in alternative verti-
cal slices keyed together After the concrete walls have attained
sufficient strenzth they are prestressed circumferentially by a self
propelled machine, which winds the wire around the walls in a conbai-

nucus operation, stressing it and spacing i1t at the same time

After the circumferentisl prestressing 1s completed for each la-
yer, a coat of pneumatic mortar is placed around the tank for protec—
ticn Two or more layers of prestressing are used for larre tanks(Fig
V1)

+|.l LB cmy

Vertical prestressing for the t preumatic
one layer of 14" mortar
tanss can be applied using any s8y3— clrcular pre~ I‘
stressing wirm = \
tem of linear prestressing, which- “’I’ | _vertical
'-T prestressing
ever may be the most economic Y wires
Ciroumferential prestress in r layers of 'r‘f
rcular pre- " b an
tants 18 designed to resist ring streseng wures —
tension produced by liquid pressure
Fig V=1

Conaider one half of a thin ho-
rizontal slice of a tank as a free
body, £f2g V 2 TUnder the action of the initial prestress Fo in the
steel, the total compression C in the concrete ias equal to Fo causing
an initial compressive stress in the consrete equal to U; al /A
Aftor the losses dus to shrinkage and creep are developped the pres—

% Lin ™ Prestressed Concrete Structures "
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tress will be reduced to F , =08 - 085 F, and the coremsponding

compressive stress will be I, =F_ /24,

Cg of presiress

conlt S

Dus to prestrass Dus o water pressure
Fig V=2

With the application of the internal liquid pressure, the steel
and concrete act together, and the stress can be obtained by the usu-

al elastic theory, thus J, = p R/ A, , where

P = 1nternal pressure intensity
R = internal radius of the tank
i, = thev:.rtualarea=1°+nAB

The resultant stress in the concrete under the effective pres-

tress Fcn and the internal pressure p 15 therefore

O,=-Fy /A4, +DPR /A, (78)

1f a coating of concrete ¢r mortar is added after the applaica-
tion of prestress, then the area Ac under prestress may be the care
ares, while the A, sustaining the liquid pressure may include the ad-
ditional coating

The general practice has been to provide a alight residuml com~
pression 1n the concrete under the working pressure This residual
compresslion serves as a margin of safety in addation to whatever ten—
sion that may be taken by the concrete

8ince the serviceability of a tank is impalred asa moon as the
conorete begins to orack, it is of utmost importanse that an adequate
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margin of safety to be provided against any tensile stresses A factor
of safety 8 =1 25 is recommsnded This is accompl:isaed b; the fol-
lowing procedure of design

Equation 78 may now be given in the form

0O=~F, /4, + 8DPR/A (79

at the same time, in order to limit the maximum compresszion 1n concre-—
te to O, , we have

L, =-F, /0, (80)
Substituting this value in equation 79 and noting that

Av = A.c +n "B '

Fp= Usoo 4, and

" =0 A

o so 8
we have
(o3 A
- U::CD So- + g v R =0
so 4s/% (Ggo 44/0,) + m &g
Solving for 4. , we get 1
LE = = 3 o R (813)
o (1+n Gc/cao )
For normal cases n =7 and O'Em /G'Bo = 08 085, then @
4 = —BBRR_ (81b)
8
Usm + 6 O'G

For 8 =125, 0, =8 t/cu® and O, = 100 kg/cx? = 0 1 t/cn?

@
We get g
Ay = 0145 pkR (81¢)

in which A, in ox for p in t/n° and R in 1s
We bave further @
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b =F,/0,=0C23/76,
end for 0;0 = 10 t/cm2 ’ we get
Ac = 10 AB / 01 =100 As
but Ac =100 t then t cms = 4, cm? 1e
A =t =015 pR (82)

If 1% 18 requred %o lamit U, to 80 Rg/cm2 only, the amount of the

prestressing steel will not be affected while the tnicansss will be

increased to
t =018 pR (83)
Examnle @

Detem.ne max ¢ and As required far a prestressed oven circular
galur~y tank 10 ns diameter and 12 ms deep with alid.ng base Asswme
w=25t/m®, g =10t/n®, G, =100kg/en®, P =25%x12
=30 t/m?, %=4,=0L5PR or

tems =A ¢ 20 145x30 x 5 = _22

V-3  VERTICAL PRESTRESISI G

Due to hydrostatic pressure the walla of circular tanks are
subject to ring temsion in the horizontal dirsction and cantilever mo-
ments in the vertical direction in case they are hinged or fized +to
the floor

It 1s evident that circumferential prestressirng will also cause
ring forcea and cantilever moments i1n a sense opposite to that of
hydrostatic pressure and that they exist by themselves when the tank
is empty aend act jointly wit: the rang forces and moments produced by

liquad pressure when the tank is full

In order to reinforce the walls against these moments, vertical
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prestressing may be apolied If vertical prestress i1s axially applied
to the concrete, only darect compressive stress 1s produced end the
solution is sizvle If the vertical tendons are bent or curved, the
vertical prestres3 produces radial comwonents which, in turn, influen-
ce the circumferential prestress and the anaslysis can becoms gquite

complicated

Let us Investigate the effect of circumferential prestressing
on the wvertical moments If the ¢ircumferential prestress varies tri-
angularly from zero at the tov to a maximum at the botton, its effect
is equal but opposite to the avplication of an equivalent liquid pres-—
sure Ir the circumferentia. prescress i1s constant throughout the
entire height or tne wall, 1t 1s the same as t:e apolicat.on of an
equivalent gaseouas pressure For both oases, the 2 C A tasles®or any

sinilar ones are avallable fo. tne coaputation o wertical zozments

Je tical prestres.inxy should be desigmec to stand the stresses

produced by iariouas oocsible combinztions of the follovins Zorces

1) The vertical veignt of the roof ard tie walls themuselies
2) The vertical monents produwced by the apvlied circumfereantial pres-—
tress

3) The vertical moments produced by internal liguid pressure

It must be noted that the maximum stresses in the concrete usual-
ly ex.st when the tank 1s enpty, because then the circumferential pres-
*ress would nave its full effect Vhen the tank 1s falled the liquid
pressure tends to counterbalance the effect of circumferential pres -
trees and the vertical moments are smaller Since it 1s convenient to
use the same amount of vertical prestress throughout the entire helght
of the wall, the amount will be contrelled by the point of maximum
moment By properly lbcating the vertical tendons to resist suoh mo-

ment, & most economical design can be obtained However efforte are

X Refer toP , C A tables of circular tanks



104

seldom made to do so and the amount of prestress as well as the lo-
cation of the tendons is generally determined empirically rather than

by any lopical method of design

In order to avoid complications in the pos.tion of th. vertical
pres*ressin_, cables due to the varyin, sisn of the bending morents -
as 1n case ol c¢ircular tanks witn fixed base - the walls may be made
hinzed to tons floor at their foot The vertical prestres-.ing cables
may then be located nearer to the inside surface of tne wall at its
botton end rare the mmximum mozeants occur At tns upter ead, the ca-
bles may be ancaored at the center of grav.ty of t.e concrete section

ag savvn 1n fr we V 3

3= = =i

a) Pressure on jall due
r__W' prestiess

to circunferent.al pras- Ing wwes

S-Sk

— el i e e i s

tres.s

b) Co-respo~a_1, s D

for a /2all bh.a.ea at

AAJAR ARAARISRRE AN ADE &S ol

base

i a o
¢) Long.tudinal acd c.r (a) (b) (c) (d)
cutferent.al prestressin,
wires

Pig V-3

d) Location or lonz prestressing wires

In order to determine the mznitude of tne prestressing force ,
one can proceed as follows
1) The maznitude oi the maximum bendin, mozent due to circumferen =
tial prestressing can be deterained from table VIII of the ° C 4 ta-

bles
2) The corresponding stress in the section is then computed
3) Assuming the eccentricity of the longitudinal prestreasing ateel

at position of maxinum bend.nj moment is e, compute the stresses 1in
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the section due to a vertical prestresaing force F = 1 acting in the
center of gravity of the steel (c g s )

4) In order to get zero stress in the imner surface of the tank due
to the combined action of tae longitudinol prestressing force and ben-
ding moments due to t4e circumferantial prestressin, (case of full
prestressing), divide the maximum tensile stress computed under 2 by

the maxamum compressivze stress computed under 3

The stresses 1n the section under the different combinations of

the forces acting wil. be swown in the example given in ¥V 5

V-4 DO E PRESTRIS3T G

In toe follo nnz, only tne genmeral principles and prachice of
dome prestressing especially as applied to tank roofs will be mentio-
n~d Goeneral_y spoafan;, for domes wrth dismeter greater than 30 ms,
the economy or prestressing should be seriously consider 4 Domes for

tan.s up to 75 ms in diameter have been constructed

The dooe roof 1*selr 1s made of conecrote or poeumat.c morter
wit: thilckness voryainz from 6 to 15 cms Tor domes of large diameter,
varzable thicmesses o2y be enployed and thicinesses greater than 15
¢35 are used for the lover portion Before concreting the dome, sonme
erection bars are corpressed around the base of the dome  After the
hardening of tre shell concrete, wires aye prestressed around 1t
During this operation the dome ahell rises from its forms as 1t is
cotoress2e thus s8implifyiny the careful proceedure of decentering

requared for non-prestressed domes

The conventional method of dome prestres.sing consists of pres-
tressing the ed.e ring to induce aufficient compressive atresses to
counteract the tensile stresses set up in the rang under the maximum
live and dead loads With this process, it is usually possible to ral-
ie the dome from its false work, since only the dead load is actually
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acting on the dome

The determination of the horizontal thrust amd the corresponding
prostressing follows the fundamentals given 1n chapter IV

Consider a spheracal dome carrying loads symmetrical about the
axis of rotation (fig V 4) If the total load is W, thevertical reac—
tion per meter of length along the

total lood =W
edge member will be snconnsrenaammua.
. —_
' ane Hme-\H !
R
and the herizental thrust per meter w /m ! " w /m
1s
H=7Vcoty
Fig V-4

Assuming that this horizomtal thrust
to be entirrely supplied by the prestressing force F acting in ring

tension, then ,

F=HR VHcot @ 10

F=Wcotyp/ 2n (84)

The effective prestressing force F bavang been determined, the

cross—gectlonal area of the ring concrete can be determined from the

relation

A, =8/0, (e5)
where N = the net compressive force acting on the sectlon at transfer
and 06 = the allowable compressive strese in concrete

It 18 desirable to keep CE at a relatively low valus say about

Q2 Cgp and not greater than 50 kg/cm?
V-5 Example

In order to show the way of design of prestresgsed domes and cix
cular tanks and the possible economy that can be attalned we will
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design & covered circular tank once 1n rernforced conecrste and then

in prestressed concrete a8 snown in the following example

It is required to design a circular waber tans. 40 ms Iinternal
dlameter and 8 ms deep with the walls hinged to the floor if the tan«

is covered by a 5 ms hizh spnerical dome as shown 1n faig ¥V 5

y oo™ . _E_
et B
X R som R zom i%_
E
-
T
L)
L b som -7

Flg V-5

Ta dra.3n 18 to be f_rst made usin, normal re.nforcad concrete
havin, a max allowable tens_le stress of T, = 20 k;/cng and mild
steel wi*h ar allowable stress o. Og = 1400 ag/cm? Tre effect of

sarinkage 15 to be consider~d with

€sh = 0 25 mm/m
agsuming B, = 20C0 t / om? and n =10

Then the design 15 to be reveated ualng prestreased concrete for the

following data
Concrete O, 7 300 ks/cm2 , &llovable compressive stress dé:lOOkg/cm2

10 t/cm2 s losses 20% Oéanc a8 t/cm2

n

Prestressing wires 16 5/14% Uéo

n= EB / Ec = 7 load factor 8 = 1 25

a) Design of dome and walls i1n reinforced concrete

For the roof dome which 1s a part of a hemisphere, we have 1

2
Radius a = u: ﬁ—*’—fu &-22 3425111
2y

2x5 10
Surface arca A= 2 mayoc 2R x42 5z 5 = 1335 n?
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Loads i
Own woight ( sasumed 10 cms thick ) g = 250 kg;/ma
Buperimposed dead and live loads = 150
total = 400 kg/m°
Total roof own waight "g = 0 25 x 1335 = 334 +ton
Total roof superimposed loads WP =0 15 x 1335 = 200 !
total ¥= 534 +ton
Total load / m' wall V = { = o34 =425 t/m
2nkR 2x 314 x20
The horizontal thrust/m H = V coty = 4 25 x 222 B0 "
20
The ring tersi-~n T=HR =8 x 20 =180 ¢
The rin, reinforcement i, =T / O, =10 / 14 = 114 em?
chosen 25 ¢ 25 mm
AS & pr l.minary est.mate for the wall as.ume
The max rlngteqslonTa-OspmuR=05xEx20 =80 t/o
Required wmll thickness £t =0 75 T =0 75 x 80 = 60 c¢mB

dccording to P C A table II, we st
for B© /Dt =82/7/40x06 a 2 67,
the maximum ring tension 1

Tm05ﬁR=05:BIZO a B0 ton at 06 H from

assumed taicsness of 60 ems 1s acceptable

The required rin;, rainforcement &t 6 E 1s given by 1@

- - _ 2
LBmax_Tm/O'B_Boflq-_ 57 co

chosen B8 ¢ 22 mm/m on each surface giving A4, = 60 cm

top i e the

2

The max teosile atrees in concrete im given by 1

= Tmax + Esg Es ‘a
t max
"c + n AB
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_ 80000 + 0 Q0025 x 2008000 x 60 =16 6 kg/cma < 20
100 x 60 + 10 x &0

b) Desizn of dome and wall in prestressed concrete

For the roof dome, only the foot rin, will be prestressed thus
the f.nal prestressing force required to counterbalance the mar ring

tension Tmax of 160 t 18 according to equation 84 given by

FCD = Tcobtwp/ 21 =Tm =160 %

The required prestre..ing ste-l

20 ca®

A, =F, /0, 180/8
which 13 less tuan 207 of the ammount required in case of ordirary rein
forced comncrete
The max compressive s*ross 1n the foot rinz will take place at trans-—
fer w.*h a prestras.ing force Fo and a ring force ‘1‘0 dze to wn verzrt
of doms Thus,

F =F_ /08 160/0 8 = 20. ¢

] ©
and To =Tm.a_‘c 75/'.':1601{534/534:1001:
The net compressive force acting on tve foot rin,

N =’“"“0—'.L‘o = 200 -~ 100 = 100 ¢

Assuming the max allovable compressive stress in conerete = 50 kg/cm2
then the area of concrete section required for the foot ring 18 given
by

A.c =N/ O'c = 100000/50 = 2000 cm

A foot ring 70 x 30 ¢ms will be chosen

Prestressed circular tanks require a wall thickness much smaller
than that required for reinforced concrete tanks and therefore the
pre®sure resisted by ring action Pr 1s much bigger As a first estima-
fe, nssume :

mar P, 207wH=07x1x8=56 t/n°
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The thickness required for the wall can be estimated according to
equation 101 from the relation

t:Olq-sprE = 0145 x56x20 nl65 enmn
A wall 17 ems thiack will be chosen

According to P C A table II, we geot :
2

for B2 /Dt =8 40x017 = 94
The maximum ring tension
by =pR=0713 wHR=0713x1x8x20=114+%

mex
at 0 7 H from top
The maximum area of circumferential prestressinz steel at 0 7 H from
top is, according to equation 100 b, glven by

s, =—SRR_ _125xll ;55 o2
0 +60, 8+6x01

This value of the area of the steel, as well as the wall thickness

con be darectly diutermined rro- equation 101 thus,

A, = t=0145°R =014 T =0 145 x 114 1e

ay =165 em® & t= 16 5 ca

which means that the chosen thicgness of 17 cms 1 acceptable

The residual stress in the concrete under the effective prestress

Fm and the 1nternal oressure at position of maxinun ring tension

can be calculated acco—~ding to equation 78 as follows

F pR

oc”" © .. 16 x 8BOCO + 114000 = =77 545
Ac "v 100 x 17 1IC0xl?7+7x165

or O, =- 145 kglem®

which provides a margin of safety of 25 ¥ up to zero compression in

concrete
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The cantilever moment due to the hydrostatic pressure can be

calculated from the P C A table VIII, thus
For B2 /Dt = 94, M, =0005wH® =0005x1x8 =2 5% mt

acting at O 8 H from top and causes tensile stresses on the outer

face of tre wall

The .nitial and final maximum cantilever moments due to the preatres-
sinz steel ( with tension on the inside face of tne wall ) can be de-
terrined as follows

2

16 5 cm”™ prestressing circumferential wires tenSioned to an initial

stress of 10 1:/(::::12 will cause a rin compression of

C =4, 03=165x10 = 165 ¢

Tre correcsoond.ng 1ntensity of radial compression ¥1ll be
P,=C /R =165/2017 = B2 t/o°

Ta1s pres.ure calaes a cantilever moment equal to

°=256x82/0715wH = 256 x82/07l>x1 .8 = 368nt

For a final prestress of B8 t/c::z2 this wvalue rsduces to

'o= 2, X8 /10=368x 8= 2% mt

The circumfereantial prestressing will counterbalance the internal pres-
sure in casc or full tang bu" 1n case of empty tank, the tensile
stresses dus to the cantilever moments induced by the prestressing for-
ce can be counterbalanced by vertical prestressing wires placed in

the tersion zone = near the inside surface - at a distance of say 5 cus
froa 1t

The magnitude of the wertical prestressing force can be determined by
dividing the magnitude of the maximm tensile stress due to the moment
¢caused prestressing - 3 68 mt - by the magnitude of the maxmmum com-
pressive stress caused by a prestressing vertical force of 1 ton acting

at 5 cms from the insade face of the wall, thus, max tensile stress



Initlal and Final Stressases
in a Prestressed Circular Tank
under Different Cases of Loading

Conditions Inataal otge Final Stregsea
in k3/cm 1n &z/cm
Faber Inside OQutside | Inside |[Outsaide
&) lJe_ght or Roof
{280/170C - 25 = 25C| = 2 50|~=2 5C
B) le.gat of /all
0 17 x 2400 = 410 ag/°
©l0 x 28 x8 / 17C0 - 1 5% = 165+| = 154|= 15+
C) L 2al Compression of
Vaert.cal Prestress
Initaal 5:020 / 1700 - 34 10 ~ 34 10
"_nal 43403 / 1722 - 27 30|= 27 3(
2) Bceentr.eity of Vert_cal
Prestress
Initial 6 x 580ue x 3 5/10C x 1721— 42 20 + 42 20
F.nal 6 x 4540C x 3 5/10C x 17° - 35 .0[+ 33 80
E) Vertical omsnt due to Circum-
ferential Prestress
Imtaal 6 x 3 68 x 10°/100 x 17 [+ 70 5 =76 5
Final 6 x 2 94 x 10°/10C x 17° + 61 20|~ 61 20
Total for Tank Emnty - 384 =72 44| - 304 =58 74
F) Vertical Moment due to
Hydrostatic Pressuare
6 256 x 10° / 100 x 17° - 53 00 + 53 00| = 53 00| + 53 OC
Total for Tank Full - 56 B4 = 19 44 ) = 56 4~ 5 74




dus to M = 368 mt 18 given by

Cm6M/bt2 = 6x368x10° /100x17” = 7 5 kglom

lLaximm compressive stress dus o a vertical prestressing force of 1 O
ton acting at 5 cma from the inside face (e =3 5 cm ) is given by

OC=-F/L-6F e /bt:=x1000/1700 - 6 x 1000x 3 5/100 x 172
2=059=075=<1) 32 kg/cn

Vertical initial prestres.ing force 18 therefore given by t
B, =7 5/7132 =5+%

The corresponding final vertical prestressing force is
F s0B8F, =08x58=44%

The stresses for both the lnside and outside fibers under bLoth ipitial
and final conditidns at position of

qg{

maxizun cantilever moment are compu-
ted and listed as in ths table
It is seen that the wall is sub-

Ject to compressive stresces under

| Dome prestr

presiesing wwes| g wires

all load stages

The details of reinforcenents

are shown in fizure V 6

Clrcum fersntial

Flg V-6

Ve 200 IC PROPOSTIONS 0T PRESTRESSED CIRCJLR TARKS

The ratio ox diameter to height is of some lmportance with re-
gard to the cost of oircular eylindrical prestressed concrete tanks
Favourable dimensional proportions are gaven in the followlng table
Fig V 7 which hasa beon published by Preload Engineers, New York ,
on the basis of many year's experience
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Fig V-7
Capacitys Dimensions 1in m
n W A B c D E F G | B J
378 12 50 3 30 156 12 12| G5 05 20 15
o5 16 Q0 4 30 2 11 12 12 05 s 22 15
18«0 21 335 2 35 2 67 12 l2 | 05 05 30 17
2835 24 40 o 10 3 05 1z 15| 0o 05 35 19
3780 25 95 5 7C 3 36 12 18| ©5 05 8 22
5670 32 e 7 30 3 86 12 23 05 05 ity 25
7550 33 89 g 53 4 235 12 2+ 05 st 48 27
G450 3> 40 15 + °5 22 25 05 C6 351 30
18 €0 45 00 11 45 595 22 44 05 10 eq I8
37870 57 <0 1+ 50 7 24 22 74 | C5 11 B¢ 49
Ecconomic Prowort-cn 1n J 3 A BA=1 &
—

The wall thickpess 15 probably rather too small for normal condx-
tions , the lncrease in thaicgness from top to bottom should be noted
The thacwmness of the base slab bas 1n all cases been gaven &8s 5 cm
because in the U o 4 +he base 25 usually constructed as a thin but

closely reinforced gunite layer
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VI EXAMPLES OF CIRCULAR TANES

As tyoical examples showing the use of surfaces of revolution

in tanks, we give the follo nng three structures

VI 1 - PASTS COLTAI E°® Fiz VI 1

Oischarge funne!

K

T2 Tz

T

t

Paste container Meridion and ring farces
Data HE VI-1
w = welght of paste per cubic meter
r =h tan § = horizontil radius of any section
R,= L =Rtanb _ o055 radius of curvature
coB g cos 8

% The notations used i1n this example differ from those used in the
membrane theory All equations being derived from the first princi-
ples, it has been found that changing the notations 1s not egsenbial
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The i1nternal forces in the wall of the contarner due to welght of pas-

tp can be determined as follows

a) Rang Forces Dus to Paste

For determining the ring tension Tz in eny section, we apply the
fundamental equation 46 using the given notations, thus

T T
1,22 . P where
B R

Rl = radius of curvature of meridian = @

P = aomponent of load of paste normal to surface of container assu -
ning angle of fraiction between paste and reinforcement concrete

=0 thus
P, =WY
Therafore
T, =R, p, = wyhtanf iension (86)
cos 8
There H
h =(H=-y5)

The depth y at whaich the ring force T2 18 maximum can be deter-
mined from the condition

dT
—2 39 but
dy

dr, tan gy (H-3) fan g

—t ey ._e. =W (H—QF)

dy cos 8 dy cos B

Therefare, for maximum ring Hensiorn, we must have

WM(H-ay)=O
cos 8

or

and
tan@ B a7
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b) «eradisn Forces Due to Paste

Yhen determining the meradian force T, , two separate cases ha-

ve to be considered, namely above and below the ring beam as follows

1) Above the Ring Beam Fiz VI 2

If we equate the weight of the ’

paste above the hor.zontal section 0%':1—"—'—‘? Y
—+

at devth y ( hatched volume ) to the

vertical component of the compressive

mer_diran force Tl s We get Fiz 2 6.6

'1‘]_2rr:c'c.c>se_—.wrb-—Z 2 mry
2

in wk_ch

(H=-y ) tang Flg VI-2
P =3 tan ¢ and

radirus of center of gravity of hatched wvolume

5

(2 -25) tansg
3
Therefore
Ip2x(H-y)tang cosd =wuy (H-Z27) tan’e
3

or

T = " :'_H"_E_I ya Bnog compresaion (88)
G

1= H=173 co8 8

11) Below tos Rang Beam Filg VI 3 f—
In this case, the weight of the ‘

paste acting on the lower conical part
(hatcked volume) will be hung to the AT’
vall of the contaipner causing meridian 1, T, y{
-ensl1le stresses whilch san be treated

in a similar way as follows (Fig VI 3)

b]_2rr1:' o::oseuwn:r2 y+£n:r2h:l
- 3
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Substitutirg r = (H~y ) tanpg and hcH ~y , we get
T 2 _ 2 2 1
1 T(H-y)tan 6 cos O=w |n( H ~ 5y )° tan“p y+-3—
rt(H—y)ata.nz(H—y)]
or
Tl=E(H-y)(H+2y)t—a-n—-9— tension {89)
(3} oos8 B
The deoth y at whaich the tensile meridian force belew the ring
daT
beam 1s max ¢an be determined from the condition d—l = Q but
J
ar
—1_. % @m0 (g_4y3)
dy & cos 0
For max meridian tension Ty ¥ = E and
4

max T, = 2. gu tan 8 (90)

16 cos B8
provided the rinz Lea 1s a“ a distarce froo tue apex greater than
3/4 H If not, t e max TlR occurs at tue rins oean and can be de-

ter—zned accordan, to equation 90 from the relation

PR (BE-yy ) (E+2y, ) 203 (90b) in which

g > % 15 tie distunce or tae rn, bead from the surface of the
4

container

¢) Intermsal Forces in “ing Beam Due to Paste

The ring bean 15 subject to a compressive force CLR determined

by (Fiz VI &)
n

g =Hyrp =T sanb 1 and TI-T;+T1 in which

Ti is the compressive meridian force Just above t e nmiddle of the
ring beam and

T1 18 the tensile meridian force Just below the nm.ddle of the ring

bean

d) Internsal Porces Due to Own Jeight of Container

The ring and meridian forces due to the own weight of the
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container are usually small compared wath those caused by the weight

of tne past, they can hovever be calculated as folloss (Pig VI 5)

Fig VI=5

Assuming £ = own veignt of tank / :112 s the rinz force can be de-

teraned from t e relatiun

‘1‘2 = 32 Z in whach

‘22 = Ll-—1-'—5"'5-§a.r3.t1 Z = g s1n &, therefore,
cos g

T, = g h tan®e

2 (oL

4107 eaas ¥ .t T, 1s nrovortional to h, 80 that

T, 28 ma«.m at te ton» vhere h 18 mati~um and equals H , thus,

max T, = gH $an® @ (9la)

Tha mer.dian compressire foree 'l‘l above the ring bean can be calcala-
ted as follows ( Faz VI6)

I T
¥
y M
h o 1
N 14

Flg VI-6
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T12nr cosezg(anro—ﬂ—-z‘ur h )
2 co38 2 co8
but r=htan g and ro=Htan9
8o that
Tlhtanecosez——s—(ﬂztane- hatane) or
2 cos9
o - a H2-h2 )
1~ 2, or
2 cos" @ h.
2 =y
T = g Yy (92)
1 2cos?9 h

The merid_an tensile force Tl below tae rirng beam can be calcu~-

lated from the relati.n

2r:rTlcosB=gEItr h or
2 cos @
P LR (93)
2 cos 6
For tle special case g = >C ve have
sm B = 1/2 cosd = 3/2 tan 6 = l/v’_ﬁ-
and cos?‘9= /4 ‘t:.'a.n2 8=1/3

If we agsume further toat tle rinz beam 18 ar-aan,ed at mid height
1e ¥y =H/2, the equa*tions giving the internal forces can be much
simplified as shown 1n table given on page 121

e) Numerical Example

The deszizn of a paste container oar the form siown 1n fag VI 1
having D = 10 ms, © = 30 , supported symmetrically at mid-height
on s1x columns and used for mixing paste weighing 2 touns per cubic me

ter can accordingly be done as follows :

D =10 ms r =5 ms 8 = 30 w= 2t/m
0

Therefare H =r°/ta.n9.—.5|/5=866 ns

Fer the ring beam rR=25ms yR=hR=§-=435m



rosgvols  wyp yo aryuen vy sk spsprmey  wsmpry  ssanby spey

- af L N VA ¥, Ld P i 195
o e = ) r=
g ™ P e EN \w
Wi / A o\ "l
¥ ] e - =
1 4% | o 2
£ é $ R ’ 3 [N
Y i A" wt vz 3 £ AP F7 -N-\ .
(9£6) (as8) (926) (as8) (o16) €2:) by e gy | w
£ 6 4 f 7 (3 £ £
75 | 5 Fm 5| e g - ¢ yBo T |pim buv gy
(vg6) (w68) (w26) (vs8) (416) (wog)
\.iua\_-. ..Mn\d oy s Y
\.&W ol XY 0 Shind vi23 |l gsed 9 S P A o re>
06) N.P gz L Elﬁ. 5 (v16) Gey g Lo
4 - balemtEra [T |7 AT 76A N7
(£6) (69) (26) (88) (e (99)
Y 4 - wyd /¥ wsi -~
l_*%‘)- \.‘l L s _d .,G.-U\\ \IH ng &P .“l » A ﬁ.’"b ng Lﬁlr Iﬁl . 4 \eh\'“.._”_-
wm g b wwy Aoa Y e P2
PSPy oMy Wp kn uw e sy I YR Bose, ey W ma py < ¥ vy oy
JWE SAINNYLINOD FLSYS N SIS TYNIZLV

—1




122

The conbalner wall will be assumed 20 cms thick, 8o that

§=02x25=05 t/m
Hax xring force 'I‘amax at y = H/2

Due to pressure of paste ( equation 87 )

2
7. o WES 5 B667

a = = 25 00 t/m
6 6
Due to own weight ( equation 9lc )
T, =gl =05 868 =072 t/m
2 6 6

Total T, max = 25 72 t/m

Meridian force Tl max above ring beam

Due to pressure of paste { equation 88b )

2
Tl,!;_ilfza_xa_ié_ =16 7 +/m
9 9
Dua to own weight ( equation 92b )
T, =gH =05zx8865 = 4 3% t/m
Total compressive meridian force above ring beam
TotalT]'_m=167+433 =21 03 t/m
Meridian force ‘I']'_ maxr below ring beam
Due to pressure of paste ( equation 89b )
2
lewaz :2x866 =16 7 t/m
9 9
Due to own weight ( equation S3b )
Tlr.g?- =22x866 =144 t/m
3 3
Total tensile meridian force below ring beam
TotalTa'_ =16 7 + 144 =18 14 t/m

ax
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Total meridian force above and below ring beam

mm-‘]'.'1+T" = 21 03 + 18 14 =39 17 t/m

Vertical load on ring beanlp = !Em con

-.'59171:1/--3T =34 00 t/o

Horizontal locad on ring beam Hy = Tm ain @

=39 17 x 1/2 w19 59 t/m
Compressive faorce in ring beam Cp = By rp

=1959x25 a49 00 ¢
Having determired ths maximm values of the intermal forces in
the container, one can design its different elements as follows 3
Design of conteiner wall slab t = 20 oms
ring tensile force '.T.'a mx = 25 72 t/m

meridisan tensile force Ti'. mxr o 18 14 +t/m

EER

meridian compressive force Ti max = 21 03 t/m

T
Max ring reinforcement at ring beem 4, = gmax 2573 _19¢g op?

o, 14

Chooses 7 ¢ 13 mm/m on ¢ach side ‘s al8 5 cmz

Assuning shrinimge strain €, =0 25 m/m & B = 2100 t/ca® , the
max ring tennslle sBtress in concrets O't is given by 1@

o o 2max *%h Bs 45 25720 + 0 00025 x 2100000 x 18 5
v A, + A, 100x 20 +10x 18 5

o 23720 ¥ 9730  _ yg 4 yg/onf
2185

Max longitudinal reinforcement belcw ring beam

o
i = :‘ = -1:—1"* = 13 on® ghooss 9 4 10 mm/m on each mide
e A, m 182 o

Max longitudinal tensile stress in concrete O% is given by ;



on “lomax*€sn B 45 _ 18140 + 0 00025 x 2100000 x 14 2
t A, +n 4, 10 x 20 + 10 x 14 2
18140 + 2460 _ 15 0 yg/on?
2142

Max Jlonmtudinal compresslve stress in concrete 0’c above ring beam
ia

T'
o’c = 1l max = 21030 = 10 5? kg/cma

4, 100 x 20

The given invesatigation shows that tne chosen 20 e¢ms thicknsss
for the wall is convenlent as all the critical stresses are within
the allowable limts

Design of Rinz Beam

Radjus of rang "JeamrE=25m, perimeter 2 rtrR=157m The
ring beam being symmetrically suvnorted on s.x columns acd the 1load
including own weicht Pr " 35 t/n then
tmtotalloadonthermbeaml’zznern-157x55=550 ton

Accordingy to table, page96 , we get

Load on each column iﬁﬂ =91 7 ton
Maxr shearing force 220 = 45 85 ton
12

Jdax bending moment at center =+ 000750 © rp
=+ 000730 x 550 x 2 5
s 103 mt

Max berding moment over support = = 0 01482 Prp
==-001482 x550x2 5
= 20 4 mt

Mar torsdonal moment = 0 00151 Prp

= 000151 x550x25
= 206 =t
acting at a central angla of 12° 44' from the center line of any suppc
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Axial compression Cg = 50 tons

This beam will be monolithically cast with the container wall,
ita depth being bigger than its span, 1t will behave as a deep circu-
lar beam of irregular cross-section To simplafy the calculation of
the required steel reinforcement, 1ts cross-section will be assume
rectangular wath breadth b = 50 ¢ms and depth t = 87 cms a3 shown in
fig VI 7 The stresses 1n the beam willl be checked for the following
critaical internal farces

Max M=204 mt ’ N-50 ¢t for normal streasaes
max @=4585 mt Tor anear stressos
max ut =206 mt Tor torsicnal snear stresses
ize
l\
! m ¢
| ~
B 2eem
-
Fig vI-7 Fig VI-8
Normal Stresses
Max M= 20 4 N:CR =50t comp
Eccentracity e =2 =22% _ 0 408 ma
) 50

Eccentricity to tension steel eg

esne-r-:-—cover =408 +43 5 -5 379 3 cm

Moment about tension stesl llB

ﬂauﬂes = 50 x 0 793 = 39 65 mt
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e
—: = 2352 = 097 a case of medium eccentricity

Reinforcement assumed ( about 2/3 % of section ) 5 ¢19, top and
5 $19 botton

Percentage of tension or compression steel @

A
=g =—B 5 —I2 100 203463

bd 50 x 82
2
Cz=¢C ——Ez ﬁ—iﬁx 10 = 47 ks/cma
¢ 1 S0 x 82
. 02
O=C 3 :5525965x1 = 645 1{{;/0212
2y g° 50 x 82°

-]
Note Cy & C, are coefficients devend.ng on H , W and £ and
d

are extracted from the deaizn cirves ol reinforce oconcrete

Shear stresses

Q, = 458+ , W=50t¢

c o _Saax 43850

Rax 087bd 037 x50 x 82
=128:{¢"/022

As-uming the allowable shear stress in reinforced coacrete a B ks/eng
then the part of tre bean subject to shear stresces dlzzer than 8 k3/
cu® 18 about 36 cms froa the face of ths column (fig VI 8 ), this
length bein, smsller than 3/4 the thecretical depth of the beanm, there
is no need for bent bars Vertical 2 bransh stirrups ¢ 10 ma spaced
every 10 ems will be used In addation, S ¢ 13 horizontal bars will be
arranzed on each side of the beam ( figz VI 9 )

Torsional Shear Stresses

M,

2 06 nt b = 50 cna t = B7 cns

o3+

Y e/ + 0 45 87/50 + 0 45
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The torsional shear stress is therefore given by

M 5

t 2 06 x 10 2
T, = @ =419 x = 4 kg/om
t b2 ¢ 50° x 87

The stress being low, no adaitional provisions are necessary The
detalls of reinforcements are shown in fig VI 9

VI 2 A4 IRZE JFATER TANK OF CAPACITY 850 mz' { Pig VI 10 )

Capacity
Cylinder n =x 62 x6 5 = 735 m5
' Cone u:2/5(62+42+614) = 159 nz' 894:15
- Internal eylindernm x O 752 x74 = 13 m’
- Botton Dome L‘—(gl—l( 3x424+112) 2 28 o  41dd

capacity = 853 m3

1) Design of roof dome

For tn2 roof dome whicn is a part of a hemi=svhere, we have

2 2 P
Ra.d.:l.usa:g Lye = - +1 4

27 2xl4

135 m, sin 9= —2— = 0 445
13 5

co3 \pﬂ-l—a-z 0 89
13 5

Area A =2nta y=2mzl35x14
= 118 5 m2 tan ¢ = = = 0 50

Loads on roof

Own weight ( ~ B oms ) = 200 kg/B°

Superimposed dead and live loads = 150

total g = 350 " ( lantern neglected ! )
Total rToof load ¥ = 350 x 118 5 = 41500 kgs
Vertical load/meter run of cylinderical wall

an:R: 21:520631100 kg/m
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The outward horizontal thrust

P
H1=—L=M9- = 2200 kg/m
tany O 5

The force Hl must be resisted by a tension rin; The tension in the

ring
T, = H; R = 2200 x 6 = 13200 k.
The steel required in the ring
T
AB=—-'1'- = 13200 =94cm2chosev18¢v15(103cm2)
O’B 14C0

Asgumainy the average cro-s section of the ring beam 15 x 50 ems tre

tens . le atress in concr-te i1s

T
ot - 1 - 13200 - 132C0 _ 15 5 ks/cmz
Ac+nAB 15 x 50 + 10 x 1C 3 853

Streo.s 1n dome shell

eridian force I, = 52
l + cos
Crom =0, cos ¢y =1, lp = a8 _350x155 _ 2350 kg/m comores-—
2 2 sion
Foot r_n3 cos ¢ =0EY J,= Be 2302135 _ o450 kz/m
[a]
18 18° compression
P
or Ny = —= = 1100 x 2.3 = 2430 kg/m
S1n ¥ 6 compression
Ring force Ng =za (cosy- 1 )
1l +cos¥y
Crown ¢=0,co8 ¢ =1, RN = E—: =350 x322 - 2350 ka/m
2

compression
Foot ring cos ¢ 089, Jg=0 25 ga=36x350x135

= 1730 kg/m compression

The max compressive stress in coucr te

Crown G, =220 . 2 93 l4;,3;/crn2

< 10 x 8
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Yoot-rings Oy = 2480/100 x 15 m 1 58 ksfomz meridian

and = 1730/100 x 15 = 1 15 " ring
The compressive stress in concrete of dome shell i1s very low and a
very thin shell might be used An 8 cm shell 13 easier to exzecute
and gves better 1solation and i1nsulation
The foot ring beinz subjected to high tensile stresces ( 15 5 k;/cma)
and strains while the dome srell at the same ring i1s subjected to low
compressive stresses ( 1 15 kg/cm2 ) and strains, bending monents
w1ll take place at the jJunction between the shell and the foot ring
along the meridian It 1s thus advisable to in¢crease the tric«mess

of tne shell at the footring for a lenzth x =06 Ya t as showmn
in fi1g VI=- 11

3 pc®
ad
Et— \ﬁcﬁ\
b %0 Ring ond Merdian
Renforcement 1n
ahel 64 8Mnm M-opd
Flg 7VI-11

Asauming the thilckness of the dome shell at footring 1s equal to 15

cu3, wo get

x = 06 Yat = 0686 |/155x015 = 085 ms

The fixirg moment 1s therefore approximately given by
2 pxX* /2 = 350x085 /2 = 125 kg

In spite of the small value of the fixing moment, the recommen-
ded gradual increase of the shell at the footring and reinforcing it
on both surfaces is a good practice

Design of Tank 3
The eylinderical wall, the conical floor and the spheriecal
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bottom doms of the tank are rigidly connected together and may be
considered as continuous in which case, the statically lndetermirate

comnecting moments can be gdetermined by the moment distrabution me-

thod as follows ( fiz VI 12 )
Assume the cylinderical wall to be fixed
at a, the conical floor to be fixed at a and b

and the bot“om spherical dome to be fixed at b

and determine the corresponding fixing moments

due to the acting loads ard forces pamely water
Fig VI-12

pressure, own veight, temperature changes etc

The dafference betveen the fixins moments at a and at b waill be dis-

tributed between any two adjacent elements accordins to tteir relata-

ve stiffness and the correspondinz distribution factors

In order to siiolafy t'e calcualatio .s and at the same t.me to

have emple safety, oue can prooesd as follows

Design of Cylindrical Wall i

The r.n, tei1mion field mo-ients ard shear at base can be deter-
nined for the case o. ®all vath hin,ed base, #hile the bendirg monent
at the bottom or the wall may be determined for the case of wall with
fixed base Accordinz to these assumption the thicwmess of the wall
w1ll be goverzed by the maximm rinz tenslon which can be estimated
by using the siaplafied method shownm in III 4 2 Havaing chosen the
thiccness, the internal forces in the wall and the correspanding de-

slpgn can be determined with the help or the P C A tables Thus

T =075 WwHER=075xlx65x6=29t for 2 = 22 =185
max H 65

Therefore t =08 x 29 = 23 2 oms

The wall will be chosen of constant thickness equal to 25 cms
According to the P 0 A tables we have :
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2 2
H &5 = 14 and

Dt 12 x 0 25

for a wall with hinged base we get 3

According to table II Tma.x= 071 wHR atO?7H or
Tm=0761xlx6516 =30 t/m zting at~4 5 ms from top
According to table VITI M, =+00033 vk at 09H or

1. =+00033x1x65 =009l mt

According to taple XVI the shear at base 18 ziven by
Vg = 0 073 7 a° = 03 xlx65 =31t and
for a wall wath f.xed base we get

The maximun firin, mo ent, ac.ordin; to btabls VII 13 siver by

= - 3 _ =3 - -
"mx_. C0.9wva”" ==00C09x1x65 ==-25nt%

“urtler the wall 1s subject to compres..re stresgses due to

t*e loads fro1 tne roof and ita own veiht
T'rust at ton ed,e

ih = Pl =11t/m
Thrust at bottom edze

0y

or H2=1l+025165;25
5> 15 t/a

Ill + om weight of wall

Accordingly, the intermal forces for w: icll tne wall 18 designed
axe as follovws ( f£ig VI 13)

Design of section of mx riiz tension

Tm.a.‘: = 30 t/m . . \
«ox ring reinforcement, AE = -o—‘- = '.}L_ii' =21 5 cm
chosen 6 ¢ 16 mm/m on each face ( A, =24 en® )

Thickness of vall t=08T=08x 30 = 24 ¢nus crosen 25 cmp
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The rimg reinforcements will be reduced in tioe upper sections of the

woll as shown 1n fis VI 13

111/m
T g
198
E
E z £
- 1 38
[
o
E »
o 1 &
ol o
N\ 4
M o’ll 5 mt l 19 1/m
Thrust Bending moment Ring tension
Fig VI-13
Fo~ apper 1 5 = I‘L=16x6=~‘6 t/r
A = 25 - 58 ca? Use o & 12/3 on vac: face
¥ 14
Tor secord 1 ™ 2 m:}atézl 2 /2
b, =2 -136 Use 6 & 13/n on each face
14
3ectiIn 0. ma< po3.t.ve no ent
mx T T 10 k3m 1 = 4700 k3zs cornoression t =2 cos
cl0 t
@ = = = <= = (O 103 msg ea=e+——cover=l93+125-§
n 4700 2
= 2L B ¢cos
lig= d ey = 4700 £ Q 288 = 1550 ksm
[}
d=‘1|/us or 22:]:1 ¥ 1350 fror:whlchk'__l_:OG
For 0, = 1400 kg/en® 0, = 26 kg/ca’ and K, = 1300, therefore

L
As=_ﬂ__g_= 1350 _ 4700 | 495 .3 35 =1 4 cn®
k,d s 1300 x 0 22 1400
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The minimum vertical reinforcerent 1s 20 % o~ the rings i e

02x12 = 24 ecnf

The vertical reinforcements w.ll be chosen 5 ¢ 8 mn/m on each face

Section at base of wall

M = 2500 kgnm , H = 5150 kg ( conpression )

The tension being on the water side then

t=|//3-2cms =V2500/5—2=27cms

The wall at its botton edge #all be provided by a haunch 10 x 40 cms

so that tmx = 35 cm9 and d = 3 cos , therefore
e=—=gﬂ =0 485 ns eB=e-E+cover=4-85+22-3

Jd 5150 2 2

= 63 cms

L‘S = eg = 5150 x 63 = 3250 £zm and
2 = £ ‘|/ 2250 or kl =0 55
for O, = 1400 k./ca’ O, = 30 kg/on®  and 1k, = 1280
A =—S_ M __ 2250 3150 _5g5.365 =4 30on
s kyd o, 1280 x O 32 1400

chosen 6 <¢ 10 ma/m

3 Desizn of Ring Beam at Foot of &all
The load o1 the roof and cylinderacal wall ( N, )} wll cause

meridian compressive forcesli ;, in
the conical floor But Ny, i8 notv
colinear with Ny thus, in order to
have equilibrium the horizontal
thrust H 15 created at joint a, its
magnitude can be determined from

the triangle of foreces shown in
figure VI 14 In order to be able
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to resist this horizontal force H, a ring beai can be arranged at
Joint a This bean has, in additidn, to resist the horizontal shear

vw at the base of the wall So that thz total horizontal force H.2

actin, on the ring beam 18 given by

H,=515+31 = 825 t/m ’é;:r
The corresvgnd.ns ring tension T 1is ;“‘~ 8 gro/m
Ziven by IL!'E;-EJ
I
T cH,x3=825x6=455t e (
Reqiired ring reiaforcemen L\ ' Fig VI-15
AB=T/GS=4°5/14=355cn2
»
Chese 10 ¢ 22 (AS = 38 cmg) !;\ sgio/m
Tle detaila oi reirforcements are
spa/m
18
shoun in figure VI g3 @iscm ;/)(
4 Desi_n of Cenaical Part of the §
y'

Ian “loor
“he con.cal floor .. subj cr to nmeridiar com~ressive forces Hs
and rxn, tcas.le forces Iz  Their values can be deterained accor-
ding to the fundame=ntal »r_ncainles jiven in cnapter I 3 4 o as fol-
lows
The wvertical componsat of “Ye merzd.an f.orces at any section 158 equal
to tre vertical furces ver muter actins at t-at action, thas,

The mer_daan force at tne uoper edge or the coze is z.uven by

Vo= LB 515y 2273 t/n

& sin ¢
at mid-hei bt of cone ( fig VI 18 )
Depth of water =75m borizontal radaus R = 5 m
delght of .oof and wall = 223 X R X 12 _ ¢ 19 ¢/

n x 10
Assuming thic wes. of cone 40 ems ( 1 t/m2 )
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\elght of upper balf of cone

mxl2+90 /o1 _22¥2
2 nx 10 20
=1 ?0 t/m
\laig-t a sater on upper half of cone
nx(62-52)xox~t—-XZ $
rx 10 10 ‘(
=770 t/m
Total load T =618 + 170 + 7 70
=15 58 t/m
'"eridiasn force l.‘\Ts = 1 =1558F 2
81y P r 4m
=22 t/m 201!
At foot of cone = B30t
515 xnx 12
lerht of roof and wall =
T x 8 Fig VI-16
=9 72 t/m
Ue.;tofconer:xla"'azzvar 1 = 355 t/a
2 Tx8
- 2 2 1
We.zht of wa*er ®x ( 65 = 4" ) x 75 x =13 79 t/m
nx 8
Total load =7 72 +3 52 +18 75 =30 02 t/m
leridian force Ha = 30 02 ]/ 2 =426 t/m
in3 force Ny can be de“ermined from fhe relation :
dg = R2 Pr in which Pp = water preassure + g cos ¢

atunperedaeofcono332::61/2—:85:::3, pr=65+1/ﬁ
=7 207 t/2° 1e
B’e=85r720? = 6l 3 t/m
at mid-height of conest -5‘V2_=?0'?ma, pr=?5+1fl/?
= 8 207 t/p°1 e
N9=?O?x820? = 53 1 t/m
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4 2 = 5 6> ms, pr=85+l/|/2

=9 207 t/0° 1 e

at foot of cone R2

N9=56619207 52 2 t/m

1]

Accordangly, the ring reinforcements and the tensile stresses in con-

crete are glven by

1l N N
AB = O_'B— = -I-%E—— and % = 8 = 9
s 1l 4 Ac-fnas 4000+1oaa
Section top 1id-nelght Foot
liing force NB €l 3 t/m 581 t/n 52 2 %/m
2 2 2
area of steel As 43 5 cm 41 5 en 37 2 ecn
Rf mt on each face| P19 mm 2 19 m @ <19 m 2
13 cm 13 c¢n 15 cm
I a . 2 2 ~ 2
Menzile stress & 14+ 5 xg/cn 14 0 ag/co 12 53 «z/ex

The lon,itudinal reinforcewent 18 caoser 20 ¥ of t1e ripg reinforce-

ment 1 e + 4 ca> or 6 ¢ 10 om/m on eachk face

The s*resses la the cone in the direc+.on of the meridian will
be calculated for tte mer.dian force olus t e f.x.ng nomwnt of tne

wall and the soher.cal floor Thus

Stresses due to meridian force

at top edge V=H5=73t compression L=25m+%t

0 =- —220 |, 5x250000_ _ 384938 =-112 gg/ca® comp

c 100 x 40 — 100 x 40°
+ 7 56 Y tension

The ptresses at the bottom edge can be calculated when the moment 1s

determined
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5 Degien of Domed Flooxr {f.z VI )

2 2 2 2
Radius a = ——23 - 2 +11 _ o554
2y 2x1l1l
Area A:Enaya =2nx78xll=540m2

vweight of shaft i1s neglected aad the water 18 assumed to cover the
whole surface of the dome

The dome is assumed 15 oms th.cz at crown and 30 cms at the foot ring

Tre intern.l forces at the crown

% iim

ana tne foot of the dome will be calcl-— ene t

lated ror the water pressure and the
own weight of th. dome assua.q, that it

has an avera_.e tniclness cf apout 23 cms

The dome 15 calculated according to

the me~brane theory given in chapter IV

3 4+ a, then the fimng momen* at its foot

1. estimated according to data ziven in
Fig VI-17

fizure IV.25 Thus

O weizht at crown = 0 15 x 2500 = 375 kg/m® , water = 7400 kg/m°

Own Weight at footring = O 30x2500= 750 kz/m®  water = 8500 kg/m°

Average welght of dome = S272 + 0 72 ¢ 54 =304 ¢
2
Total weight of water = KX 45 x 8 5 - 28 23986 t

total = 429 ¢

Leridian and ring forces at crowmn Eg=Ng=pa/2

No= Ng= L 740C ;75 )78 30 3 t/m compression

Meridian and ring force at footring :

Meridian force Hy = -4—29-8— b 4 z:g =33 t/m compression
x

Ring force hb-npr—mp =?8pr-33 but
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Pr = water pressure + gcos = 85+ 075 «x %JZ = 9 142 t/m2
8

3¢ that Hé =78x9 142 -~ 33 = 38 t/m comprassion

The bending moments at the lower ring beam can be determined according

%o Markus - refer to pazes (92-94) = as follows

i) Fixing end moment and atiffness of conical floor

Referrang to fisure IJ - 29, we have

h =125n § =5 6cn =849 m t =0 40 $a 45
g =04x25=100 t/o° P=515 t/m
Therefore
k; =1 3068 ]/ﬁi}s oo x 0 40 = 0 87 and
EA,,-o:l_O'Eﬁ_Gé‘?_[l_.S_lé?_(l-sfa)]xosxlo

0 40 2.05 5 66

+ 0167 x 222 X883 13 ¢
o4

L LOOKS 66 5 g (1220 _ g g,) 4 0167 [1250(8+92_5662)
0 40 0 707 2x5 6o |0 707

|
..-i-(aw"-sss?)h x05

=486 + 185 + 524 © = 502
Eg o 100%X0 66 l(l-a—ﬂ-:-)+01s7-2157x05 L
o 0 40 2 5 66 1o 707
15x8 49 0 707

0 4 x5 66 Q 30

+ L1903 x5662 x0 707 - 2x12 525 66 - 2220 (8 492 - 5 662)
0 %0 215 66

+ —0.207 (8495-5555)] x10
3x5 66

2a=307=273-2500 == 308 bence,
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The fixed end moment E is8

i oo 0_40 x 0 707 (592 + 222 1308 )=98 mt
2x5662x087x05 87

The stiffness § 1is

8 =2x040° x 087 =0 1115

11) Fixed end moment and stifness of floor spheracal dome

Referring to figure IV - 28, we have

a =78nmn t°=15cm t = 30 cms h=152 ms
s1n =40/ 7 80 = 0 5128 s8in® g = 0 263
v = 30° 51t = 0 538 radians cod ¢= O 8585
h =85+29. -1520ms g8, =015x25=0375 t/
tany
k, =138 Y28 =666
03
2
Aar_ 9 375 x 7 8 [l 167 (G 15 = O 3x0 8935+Q_}_Q:.C__12)_0 3x0 8585:}
C30x015 |0 263 0 533
3
_M[W~Qa5a5+l_3§?_(08555+ 1 jlx05128
0 30 2x7a0 3 1 8585
= =51 - 403 = = 454
%__‘0_22.5!2_.@_ 0 30=0 15, 4 gsg5-2 167x0 30x0 Slags L 167(0 30-0 15
0 30 x0 15 0 538 0 30x0 538x0 263

x |0 15-0 3x0 8585 + 22920 15,5 5158020 g g585x0 26{]
0 538 1 167

2
s L 0x7 8 05128+9—}-°—'-°—-11x1167[25—3-9--1-(08585+—1—)]
0 30 0 30x0 538 257 8 3 1 8585

.030=-015 (152 _  gsgs)
03 x0538 78

=18 9+101 =+ 29



12

The fixed end moment M end the stiffness are given by

H = - 03'02('54-7801529) = 31 mt%
2 x6 66 0 5128 6 656
s = 2z 22 L5 e = 0 046
7 B8O —
11l) Staffness of ring beam
b=050m t=120m Baoa 40n then
3 =092 x50x12 /40 = 0 0525
nelative stiffnesgs
Come = & 115 = £ 115 = 053
0 1115+0 O4o+0 0525 0 21
Dome = Q_c48 = 022
021
Rinz beam = © 0325 = 025
0 21
Distributad mo-ents (Fi1z VI-18)

d = 980 -310 = 670 mt \.)C./
Loment at foot of ¢cone = -6 25 mt - 9 80 + 3 10
Loment at foot of dome = = 4 47 mt + 35 + 147
Torsional moment in r.nz beanm =025 + 4 47

Fi, VI-18

6 70x 025 = = 168 mt
Stresses in the svherical dome of the floor

at crown i toslscm.l N,-HO-NMt/m

oc-w— a - 20 20 kg/ena
100 x 15




at footring t = 30 cms Nyo= - 33 t/m

Ng= - 38 t/n

Comnressive stress in tengential direction is

oc=_M_=_127 kg/cma
100 x 30

bafety against cracking in meridian darectaion

- 33 0co + & = 447 000
c 100 x 30 100 x 3°

Neglecting the concrete i1n tension (staze II and
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Myg=4& 47 mt/m

compression

- 11 +25 8

- 40 80 kg/cm? comp
18

820 tension

+

n =15 ) and with

4, =A! =6¢10m/m die p= =—20_ 01757
27 x 100
e = 1¢/ﬂ¢= 0 13 ms e, = 0 25 ms MB = 8250 kzm
, 2 _ 2 - - -
s/ ©d% =920 kg/ea® e /d =0 93 C, =44 ¢y = 70
, =4+ X5 2=405 ks/en® and 0, = 7049 2 = 644 kgz/cn’
er.dian atresses in cone at footring
t = 40 cms a, =4'=9 10 m/m ll='LL-=_'Z_1L=019‘QQ—
37x1C0
NB=—426t/m, J|P=625mt/m
vatety against cracsing in mer.dian direction
o, = - 42600, 625000 _ _ 159,054
100 x 40 100 x 40
= =34 1 kg/cm2 compression
=+ 127 " tensicn
glecting the concrete in tension
» = 0 147 ms e, =031 ms Hs = 13200 kgn
2
!/bd - 10 eﬂ/d =0 85 Cl=38 Ca=40
=38 x 10 = 38 ka/cn® 0, = 40 x 20 = 400 kg/on®

actions of dome at footring
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)}
[

Yertical reactlon = 429/t x 8 17 t/m

17x82 -286 t/m
I

Horzzontal reaction

6 Desim of Lover Circular Bean

This beam 1s sunworted symmebtrically on eight columns

The resultent vert.cal force on the beam = 30 + 17 = 47 t/m and

The resultant in/ard horaizontal force =30 =-25=14t%t/m 21e

laxsa

The axial conpressica in the beanm 5ot

I+ 13 hovever recormended to> choose trte di_rerant elements of the tank
sBuch that the arial force i1n this beam 1s nin.mum

( 47 + o™n weight Y ™ D

The total vert_cal load on t12 beam P

1

Assuning own weight =1 2 t/m , then P =45 2xnx 8 =122 ton

Accordan; to table we zet
P 1212
'ax ghearang force q === = = 76 ton
Tma T g lo
'n¢ bend.ns mozeit a* center o° each svan + = 00415 PR or
+ = 00416 x 1212 X 4 = 20 mt

max

ax bend ng Joment over center line of supnomt.f . - = 00827 P R or
LL - = 00627 x 1212 x 4 = 40 mt

Jdax torsiomal noaxent It = Q006> P R

due to vertieal loads Mt = 00063 x 1212 x 4 = 3 1 mt

Torsional moment due to unbalanced moanent = 1 68 nmt
Total torsional moment = 4 78 mt

Asguming the ring beam 50 x 120 cms, we get
For middle section of any span N = 20 mt N=56+¢%
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e =M_2__35) ps e, = 357+06-005=4l2us

=N ey = 56 x4 12=231mt

15 =k, 1/22%L i o054, for O = 1400 kgfer® , €= O
05
- 2 -
O‘C = 31 kg/cn k2 = 1285 and
M
A, = 8 _..“_.=._2}loﬂ__._5_620.=156-4=1160m2
k, 4 o, 1285 x 1 15 1400

which must be bi_ger than the minimum steel ( 0 25 @ of cross-section)
minzmun A =O—£5::50x120 = 15 cm® chosen 4 ¢ 22
100

For sect.on over center line of suoports UM =40mt, U =56 t

7 69 nms
56 x7s9 =43 mt

0 _-92lims e =714 +06-005
56
Pjs

115 =k 430 0 ky = 0 392 , for O, = 1400 xg/cn’ a = 0

a
c

AB=_.._.‘!5_9.C_0____5§@ =30 - 4 = 26 ca® chosen 7 ¢ 22
1250 x 1 15 1400

45 kg/en® k, = 1250  and

cheocs or tensile atresses in concrete

At susporta, the bendinzg moments are nezative and the concrete
on the water side is subject to tensile siiresses which must be smal -
ler than the tensile stren.th of goncrete 1f tension cracks are to

be awvoided (am

o~
Fig \\ ’,
=19 3 H \/

9
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In order to determine tne tensile stresses a part of the dome
and cone slabs may be assumed acting with the web, their effect can
be replaced by a horizontal flange 150 cms wide and 30 cme deep as
shown 1n figure VI 19

50 x 90 + 150 x 30 = 9000 en®

Area of concrete section Ac

50 x 120 x 60 + 100 x 30 x 15
9000

Distance of ¢ g from upper fiber y =

45 cms

l.oment of i1mertia oi section

3
I = 50 x 120 +5021201152+ 100 x 031-100!501502 =
12

12
C0 45 x 105 cnq'

5600 |, 40 x 10° x 45
9020 90 +> x 10”

19 kg/cm?

L]
Tae tensile stress O, = ~ No,hy_ _
I
¢

»

vhiech can be safely allowea
Shear 3ires.es The akial coapressive force of 5 6 * being gmall
relative to tae slearing force of 76 t, its effect on the principal

diagonal tensile stresses may be neslected and thererore

T-= Q = 260.0 =15 2 kg/cnz
87 bd 0 87 £ 50 x 115

ic wi1ll sanow i1n the follonang whether this hizn valus of fm

ne.ds special web reinforcements or not

Asgsuming that the allowed shear stress in roinforcea concrete 18 8
kg/c.m2 s then tps part of the beam subject to shear stresses higher
than this value 18 only 50 c.as from the face of the colunn { figure
VI 20 +this lensth being smaller than 3/4 the depth of the beam ,
there 18 no nead for bent bars

Torsional shear stressea i

The torsionel moment of 1 68 at due to the unbalanced moment im
constant along the perimeter of the beam and does not cause shear
stresses Hence, the torsional moment causing shear is Ht = 3 1 mt



Enowing that b = 50 cm and ¢ = 120 gm, then
—26, 3,26
t/b + 0 45 120/50 + 0 45

= 391

$ =3+

The torsional shear atress 18 therefore gi-

ven by

i

t 31y 107

t=l‘b——'— =5911—"‘-——-——~

T b° t 50% £ 100
=4F’;£;/c:12

n?

18 2 kg And
SkgAm?

4 {eqony

al

Fig VI-=-20

The streases are low a.d no spacial provisions are nesded

The details of reinforcemen*s of t:e tanh are shown i figure VI

(asb)
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The supporting tower iz to be treated as a space frame We give
in tle folloving an approLinate method for determin.n_, tanz internal

forces 1n the columns and strats

Verticel load of tanc plus vater to level 0 = O = 1212 t
" ' t ! " ' per column = 1218/8 = 152 t
lergrt of wvater =855+t ard ™ " = B853/8 =106 5 %
O7 welzht of tank to level Q - O per!? = 455 ¢
Assuninz ovn weisht of coluan or strut =075 t/m
Jeight of coluon betwvecen sections 0 - C
&£I-I =£075x6 = 45%
Total dend weizhts per colum to level I-I a 50 t
Ag tane length oz any s.de of the oectagonal stru*
=0 383 D era t¢
D = the diameter of th. octagen , we get
Ve_ght of column + atrut betveen sections
I -I&%II~TI=(6+0C383x9)0°7 =56 %
gl p—
Total dead welgn*s per colamn to level II-IT =566 ¢t
leight of ¢olarm + strut betweon section II-II &
ITITI - III =(6 + 0 385 x 10) O 7 =69 ¢t
Total dead weights per oolumn to level III-III =535 ¢
Teight of column + strut be*ween sectlons III-III &%
IV-1IV = (6 +0383x11) 07 =72 %
| ———
Total dead weights per column %o level IV - IV =707 ¢
Weight of column + strut betveen sections IV-IV &
V-V =(8+0383 x12) 07 =88 ¢
Total dead weights per column to level V -V =795 ¢

Therefore total dead loads + water per column
=795+ 106 5 =18 ¢t
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Wind goure on tank and support tower :

Intensity of wind pressure on tank = 150 kg/m> horizontal As
it acta on surfaces of revolution, thie pressure may be reduced to

100 kg/m®
The waind pressurs on the supporting towsr is assymed equal to

100 lcg/m2 and considered as concenyrated at the Jointa where +the
¢olumns and the atruts lntersect
Magnitude and position of wind horirontal forces acsting on tank

( f1g VI 22)

Element Area A m2 yfrom 0~-0m Ay m5
Lantern 10x15 a 15 s 17 3
Upper dome l125x15 =18 7 10 3 129 O
Cylinder 125x65 =81 0 6 25 505 0
Cone 1272 +86yp o213 2 00 42 6
Ring Bexl = B 6 ¢ 50 4 3
131 1 698 2

Total wind force =131 1 x 01 =13 %

Arm above 0 — 0 =608 2/131 1k5 3 m
Yind per meter of column or strut w13
=01x06=006 t/m Vo 14¢
Section iind load W W= 40t I
0~0 8x3x006 = lA b l
W, 40
I-1I {(8x6+5x2 )
Wy 42t
II - IT (8x6+10x2)
x 006 =4 1% Wy 43
II-I11 (8x6+1llx2)
x 006 =42t
x Q06 =43¢t
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Yertical forces due to wand

It will be assumed that the points of zero bending moments will take
place at the middle of any unsupported length of column or strut

The vertical forces due to wind can be determined from the con -~
ditions :
The moment of the horlzontal waind ferces about any horizontael plane
at mid-height between two successive struts (plane of assumed zero
bending moments in columns) J, must be equal to the couple caused by
vertical wind forces in colurms at the same plane Assumin~ these

vertical forces to be V, , Va and V3 , Wwa got  ( fig VI 23 )

uw=v1x2r+2V2:r.2a in whach % o
2 v s
1"2=\J’1J:E and a = —= or a2=r— st Nt
r Y 2 2
% v
thus 2
Vﬂa v vy
%=V1x2r+4 =4V1r or
T Yo
LIW
v, = = max vertical force Fig VI-=23
4 r

Accordingly, the max vertical forces i1n columns due to wand gan be
calculated as follows

ection H Tons mw Ll' r vm

13 O
0-0 14

I-1 4 0
II -IT | 41

4|13 xB83+14x3=1122(1122]| 42566
1B4|1l44x6 +4 x3= 9842106 475(11 2
22 5(184x6 +41x3a123 7333 3| 525/|15.8
2 7|225x6 +42x3=:=1476[4809| 595|208
310(267x7 +43x4m2041(6850| 6 33[27 2

TII-ITI | 4 2
IV-IV| 43
V=V

The horizontal forces in the columns at poxnts of zero bending mdments
may be assumed equal, accordingly the bending moments and normal forces
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on the columns are given by @

Colum H/Column Vartical Force wind ggit K B M
force force mt
tona tons tons tons

66| 163 (18 x3=5 4
11 2| 17% (2 3 x3=6 9
15 8 1B8 |2 82x3=8 5
20 8 198 |, 34x3=10 0O
27 2| 213 |3 83z4=14 6

0-1I [144/8=180 | 152 +45 =15 5
I-II|184/8=230 |15 5+66 =16321
0T ~IIT|225/8 =282 | 1631 +6 9 =120
TII~IV |26 7/8 =334 | 170 + 72 =177 2
vV -V |310/8=388 | 1772 +88 =18

1+

]
I+

1l
1+

I+

I+

Aporoxamate Determination of Internal Forces in Struts

The internal forces in tne atruts vary accardinz to the directlon
aof vind In gome caseg the struts will be sub,ect to torslonal mo-
ments vhich, 1f ne_lected, the internal forces can aporoximately be
determined for the maximum horizontal forces acting on any of the sid-
e3 assumed as a plane fram  The wairld forces will be ass.med as coa -
cen*rated at the joints a-d noiatas of zero berdiag monents lie at mad-
dle o1 stru“s or coluans

The max horizontal force acting 1n the plane or a si1de due to

any of tae wind loads 7 shown 1m Fiz VI 22 1s for octagonal towers
equal to O 146 7 and can boe determined as follows

a) Dastribute the winmd load W

on the different si1dss accor-

ding to figure VI24 Yote that 8
w x
l=D cos 67° 30' =0 383 D S
| =——=027D
# 2
D'=0 923 D Flg VI=2%
¥ = = i
! 0 923 D

= 2=

1]

&
o 1=
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b) Determine the normal component
of the waind loasd on the dif-
ferent sides (£ig VI-25 )

Thus the normal componant on

the inclined side 18 given by

¥l x cos 450 = —__x - Fig VI-2
2 2 ¥y 2 V2 & 2
= EL
4
¢) Distribute the wind loads @ wt/e wl /s

given in fig VI25 on the dif-
ferent Jjoints as shown 1n fi1g VI-
26

d) Determine the corresponding
wind forces in the different si~
des by drawing the triangles of

forces for jolnts g and b (£igs
VI 27= A, Band C )}

-
S
-—
]

Aocordingly, the wind force in side & - a' 18 given by ‘ia-l— Y 2
at a and an equal value at &' so that the total force is

2x ¥l y2 - L08W 028D /o .01usw
8 D 4

The wind forcein side a ¥ is glven by the components of (1) eand (2)
which cencel sach other plus the componant of (3) go that the total for-
ce 13 3



w--L— Y2=0wusw

The wind force along b ¢ duveto W i1s equal %o zero The final forces
along the different srdes are

shown in figure ( VI 28) Lan 8
Accordangly, the wind forces -
a
on the assumed plane frame 5 §
N Fig VI-28
w1ll be as shown in figure 3 B
VI 29 , each of the forces ° *
shown 18 O 146 | The shear I
at points of zero bending mo- Wind forcas as foctor of w
ments at the middle of the free
length of any column assumed 0 136 x 13= 1 9% _
equally resisted by the columns :‘:
o208 ¢, 0
are also given The max ben -
dan . L1033 hos2 °
moment any of the struts - -
5 w ey 058 T I
w1ll be equal to the sum of the 1 oad
moments of tae two colwms Just 34 o
0599 ¢ o

ahove ard below it thus

-] Mdj‘ﬂ“
[ - 0
Mpo= (1053 +1345)x3=2 397 0 613 t, IIT

x3=72mt A
Moo= (1 344 + 1644 ) x3 =2 988 0628 ¢

x3=90m 2 204 2284 O
Mppr (164 +195 Yx3=3639 il T

x3 =109 mt Mj. d

MIV=119513+2264::4.—.585+905=14-9m1: Fig VI-29
Comparing these values with the bending moments in the columns
due to wind, we find that, in our case, the max bending moments in th
struts at the face of the columns may be assumed equal to the bending
moments at the upper ends of the columns Just below them The thrust

in the struts are swall and can be neglected in the design
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Following the general principles of reinforced oconcrete design
the dimensions and reinforcements of the columns and struts ( desi-

gned with relatively low stresses ) my be assumed as follows

Rormal Bending Concrete
Element Force Lioment Dimensions| Reinforcement
H in t M inm t cns
0-1 163 + 54 50 x 55 |12 & 19
I-71II 174 + 69 50 x 60 4¢22 +8 $19

E IT - III 186 + 85 50 x65 [ 6922 + 4 ®19

o)

S| 1z - v 198 + 100 | 50x70 | 82 +4 19
-7 213 + 146 50 x 75 12 ¢ 22
I-1 neglected + 72 20 x 55 5922 top &

5 ¢ 22 bot
II - II + 90 30 x 60 6 P22 top &
6 & 22 bot

3

f;’ IIT - III n + 100 30 x 65 6 P22 top &

© 6 ¢ 22 bot
IV - IV ! + 149 30 x 70 7 ¢ 22 top &

7 & 22 bot

The details of reinforcements of the supporting tower are shown in

figure VI 30
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Vi-3 Water Tower of Fi a IV-3a

In this example, the detalled design of the circular plates of the
floor of the elsvated tank and the foundatlon of the tower will be

shown
1) The floor of the tank

The floor of the tank unde? considefatlon 1s a hollow circular
plate with an overhanging cantilever ring subject to unmiform and con-
centrated loads as well as to edge moments as shown in fig VI=31l

20 2 360cm 15 130 5 360cm 2514 20

NN

12 em brick wall

! i

4 R ¢ shaft
%4,125 20 340 om ! l 340 om 20 12
104 125 27?7 5 72 5_.?25]. 277 5 TL 125 0
22 51 102 5 1 , 102 5 25
D P p P f
P} P, A1 2 Py P5 P2 Py
, TG A [T T T N
et T ATt I ]] IEANEENEREEANEERLIinnmn Imin}
. - M
45, 90 90 #5
35 350 350 135
485 489
Fig VI-31

It will be considered as mimply supported on the 20 cms thick rein-
forced concrete shaft

Data ¢
Depth of tank =5 35 ms
Depth of water =51l nm
Weight of R.C = 2.5 t/a°
Welght of briok walls =18 t/5’

Superimposed load on rcof slab = 400 ks/n.a
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a) Losds
Briock wall P, =115 t/a
Roaf + R.C outsids wall P2 « 320 t/n
Roof + internal shaft P‘.5 ® 5 65 t/a
Own weight of cantilever ring py = 22307 r 25125 tAf
Woight of water P =B =510 t/B°
Own woight of imterm slab py=07x25 «175 t/o

Dus to the big rigidity of the tank floor and in order to aimplify
the calculations, the wall shall be considered as f£ixed to the floor

The bending moment transmitted from wall M wl40mt/n

Radis] reastion of wall at base x 3 45 t/m

The bending moment transmitted from the intermediate shaft to the
floor is mmall eand can be nsglected

b) Be )| ta

A aimply supported oircular slab with overhanging cantilevers is
not a statically determinate problem In order to determine the inter-
nal forces in the cantilever ring and the hollow ring sleb each shall
be solved for complete fixatlon at the support, then, the unbalanced
fixing moment will be distributed ascoording to the stiffness of each
olement in the following mammer i

1) The cantilewer ring
The ocantilever ring shell be solvad according to the equations

given in IV-2 for the following five cases of loading snd the pro-
Jection shall be oonsidsrsd equal to the loaded length in each case
a8 shown in figure VI-32 It will be assumed that the Poimon's ratio

for conorote :

va 1/6 = 0 167
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Case 1 Pwlil5¢
According t0o 8 = & , page 80 c
B, 475 s ve
= =1 357 8
pa B o 2uZ a3 50
b=t 75
F= 1 88 in P=0305  mo that 1=3 20 B/m
E Cagae 2
025 &:iEO
Ky = p2 % =18sx bhatt, 525 [
-V ¢ + Y 2
=1 25 't'./m
n:?u‘:m:g Case 3
+ 1,16 0 1.35 8=%,50
l1=-0167 + 1167 x1 84 b=4852
p2=5 10 t/m
= 0 836 ._:m:!:g Case &
0 a=3% 50
At the fixed edge P =1l and the b=l 40
radial moment is given by : Mal 4 mt/m Case 5
p 021, a=3 50
-——a'-P[-l-n—(l-rV) +(1-v) b=4,525
-5 ks
Fig VI-32

ky —:—'z-(lq-v)lnp]

w-deld X230 11357 (2141167 X083 +0833 X083 )=
2
-184.1?/.

at the free edge p= B and 5.0

The tangeantial mooents ltu'o:
Pl , ut--g-a-lp[-vq-(l-rv)k;-{l-\n')k;:l

.-hli.:_}.-ix1557(-0167+1167:0336-0855x
X083 = =0 30 nt

pm P lt--ggﬁp[-v+(1+‘»')k5-(J.-v)a--(l-rv)lnp:[
.-Jug-:-hi:u;s?(-01574116-7:0356-0833:

z-g-n:-i’-s--lm';xosos).-omg-t
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Coge 2 Pm3.,2 % (8=-a, page 80 )
p-if—:inl.’.% PP=167 and 1nPx02% k0779
p=1, M, =-404nt and p= B, M= 0
Puml, M, =~ 0 67 mt and pmp M = -0 398mt
Case 3 p =125 t/me (7-a,p8g0 78)

p.f;-§550-.1355 P2Pw192 and 1lnfs 0 326 #o that

@LQ=v)p2e @Qaev) Q+4p2lnp)

-]
=F :L-v-i-(lq-v)ﬁi2
.1921MW‘.555
1-0167+1167x19%
Pml, 15- [(1+")(1-t1)+4ﬂ2-(5+V)-(1-V)i—§
-w[lm(1-355)+4z192-5167
16 -0353::555]--156:
Fm B, HI-O
pml, M= [(lq-v)(1-k1)+4v]32-(1+5v)+(1-v)k1:|
.lﬁl-:laﬁ[lls(1-555)+4x0157:192+15
+08558555J--0.22!
pap, lt- [(1+V)(1-I:1)+4V53 -(1+5"J5%

+4(1+V)p lnP;]

_1.35_5_2;55[“57 (L=-355)+4x0167x192=15

16
xl92+0835:i-l§+4211671192::
x0526:|--01061
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Case 4 p=5,) t/ef (7=a, page 78)

p.;iL;ﬂ=1257 p2a 1 58 a3d =022 Kk =246

P =1, M, =-235%6 " Pap W, =0

Pul, M,=~039mt * PP M, = =0 156 mt

Qase 5 M = 1,40 wt/m (9-a, page 82)

Pm 22222 41 293 a1 67 so that
3 50

k o 1 57 =06

-
2 1-v+(1+v)P2 -08354-116?:16?

P =1, Hr--llks(li- V+1-v)--2m:5=-2::l41:06
m==168 uxt

1] 0,8
P =B, "r"ﬁs[l+v+(1—v);£J=-l4x06(116?1-;'—6-3}-)
o =140 uxt

Pml, ltn-lks[1+V-(l-v)]-_-.mrv=-16810167
=028 mt

©
n

By Htln-ll.'l:s,:l-l-v-(l—v) %].-14:06(1157-_4_222:7)
=~05 at

i1) The hollow circular slab
The hollow ¢ircular slab shall be solved for the two caaes of
loading shown in figure Vi=33

Cage 6 P =565 t/m (B-a page 80)
pm 82223 o 0 207 P2 = 0 0428
350
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x
ln = =1 573 2o that P3=5 65 t/m
Case 6
k3-[32 1 +{(l+v)ln ’Jz b=q,725

l=va+(Lav)?B a3 o

b

Px+p, =6 85 %
0 B33 + 1 167 x O 0428 2 . 725

a=

pP=1, ur-u'-p[ 1+(1+V)k3+(1—\’)k5] Fig TVI-33

21-5——1-29:0207(-1-1157100405-0355:

x 0 0405 ) --222 nt
prp, M =0 and P:l-:-, M, =~077 nt

P al, lltsg-a—-a‘p[-v-i-(l-&v)k;—(l-v)k}]

252 X225 20207 (=-0167-1167 x 0 0405 + O 833 x
2
x 0 0405 ) s=037 mt

r k
P = 8, thga—aipt-\'i-(li-v)Kj-(l-v)ga--(lqnv)lnp:l'

.2-&5—;‘1—-2:0207(-0167-1167100405+0835x

x 220303 L 1 167 x 1 575) a +4 07 xt
0 0428

Case p =6 85 t/m (7 -~ &, page 78 )
p =0 207 2 = 0 o428 n p= = 1 573 80 that
k, = pZ Q@ -v)p? +(1+v)(1+4vp In 8)
1-\.+(1+v)p
20 o4p8 x 0833 X 00428 + 1167 (1 =430 0428x1 578 _ ¢ 043

083 x1 167 x 0 0428

pa
P =l, l&,- [(lw)(1-t1)+4p2-(5+v)-(1-~f)k1:|



165

2
ur=5—‘-35;:—3‘—5-(116710957+4xoo425-5167—0353:0045)
= - 10 07 at

p =B, M, =0 and P=§- o=+ 11%nt
2
[ H-%[(l-r-f)(1-k1)+4v92—(1+3V)+(1—‘-’)k1]

2
,.....5_.”_1_531: (1167 x0 957 + 4 x 0167 x 0 0428 = 1 50 + O 833
x 0 043) = = 168 mt

2
P =p, l(tnni-:—[(l-i-v)(l-k'.l)+4VP2-(1+5V)p2+(1-V)
-:-é-+4(1+v)P2lnP]:

2
--6—8%:—}—2—(1167:0957+4::116?100428—15:004284-

+0833 x L3 _ 4 x 1167 x 0 0428 x 1 573)
0 0428
=+ 8 42 b

Fired end mementa

The fixed end moments of the two elements at the support are the-
refore 3
For the cantilever ring
M o -1 84 O4=l 36-2 35-1 68 = = 11 27 mt
For the hollow oircular elab
Ma =-222 1007 =-1229 mt
The unbalanced £ixed end moment shall be distributed by the mom-
ent distributlon method according to the relative stiffness of the oan-
tilever ring and the hollow circular slab KEnowing that the stiffneas
is the moment causing an angle of rotatlon at the suppcrt equal to uni-
ty, 1t can be determined for each of the two elementa in the following
manuer ¢ (Refer tc casa 10 page 83 )
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1) Stiffness of cantilever ring ( Mg VI-34 )

Ba2e83 1286 22102 N l ¥

% —) -

135 a=% 5 a=3 5 1135

k,;.?l - —1— .1 087 . Dta85
The angle of rotation ¢ is
given by Fig VI-3%
oulia -'fr_cp+1+v 2 1,

D 1l +v p

Substituting v= 1 at p=1 , the resulting moment is s moasure for
the stiffness of the cantilever Hence

Me 7 q,ixe 2.,
D 1+V 1av

or M:M(l,ﬂleog)=l
D 1 167 0 833

Y=

l1e M200831D
in which D 15 the flexural rigidity of the cantilever

ii) Stiffness of hollow circular slab ( Fig VI=35 ?

p.-:--s'i’fi-oao'? pz-ooaaacﬂ

l
| 2,975 21@5 uf

. = = 1 0447 ax3 50m ] a
-pz 1-0 0828 ] 1
at P-l,v.!-‘-‘- -:2-(1.,1_*_"_ 2)_1 Flg VI-35
D 1l +v
Hence Mx 3,5 }..._21,1_.15_2:00425)_1
D 1 167 ;)

1e M=0310D
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connect moment

Fhe difference in the fixed end moments of the cantilever ring
and the hollow circular slab being small, then the effeot of the wa-~
riation of the moment of inertia of the cantilever ring may be neglec—
ted without causing an appreciable error Hence

Relative ptiffness of cantilever ring 0 0831 = 0 216
0 0831 + O 301

“ n " pollow circular slab 0 201 = 0 784
0 0B31 + O 301

The connecting moment can accordingly be determined by the mo-

ment distribution method as follows 3

Cantilever ring Hollow circular slab
Fixed end moment + 127 -1229
Balancing moment + 022 + 080
Copnecting moment + 11 49 - 11 49

In order to draw tho fipal moment diagrams, one has to determins
the radiml and tangontinl moments due to the balancing moments as

follows

Case a : Cantilever ring subject to a balanoing moment

Mx-=022nmt ( Refer to £ig VI-34 )
Pz 1 386 02 .31 09 k, = = 1 087
pml, lr--022 and pmp %- (4]

pm 1, ut.-upzr.?(J-Fz+1).+oaax192:1037(r‘;+1)

-+053-t:
p-p,lt--lpak.?-jﬂ-z “+2X022X1087 =+0479mt

Case b ¢ Hollow olroular sladb subjsct to a balancing moment
M=+ 0B80nt ( Befexr to tig VI-35)



p =0 207 p2 = 0 oa2e k) = 1 07

o =1,, M, ~ 08 at/m and o= p, K, =0
p:&. M, =069 at
p=1, ut-npak.,(—lpwl)
m0E8x00828 x1 0447 (—2—+1) =4+088 mt
0 0428

p=p %-2"~I‘.7-2108110I47 =+ 167 ot

The final values of the radial and tangentisl bending moments can
now be determinad by superposition as shown in the following tables

i ) Mowents in Cantilever Ring

Radial moment Tangential moment
in at/m in at/m

Case L %
p=1 p=B p=1 p=p
1 -1 83 o -0 30 -0 199
2 -4 04 0 - 0 67 - 0 398
3 =1 3 v} -0 22 =0 106
4 -2 35 0 -0 39 =0 156
5 - 1 E8 - 140 -0 28 = 0 560
a -0 22 o] + 069 + 0 479
Total =11 49 =140 -1 17 -0 9%

ii) Moments in Hollow Circular 81ab

Radial nmoment Tangential moment

Hr in =t/m| Mg in ut/m
Case

pmal |pm=k (p=p p =l p=s B

6 - 222| =077 o - 037 + & 07
" -1W007|+113 0 - 168 + 8 42
b +00 80|+ 069 o + 0 88 + 167
Total |- 11 49| + 1 05 0 =117 +14 16
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i1ii) Bending Moment Digpgrams (Fig VI-=36
FL)
5 + & o o
~H| - ~ ~
P
3
~
i
Mr - diag Ht - diag
¢) Design Fig VI-36

The floor of the tank 18 to be designed for the following inter-
nal forces
Max radial tension in floor = 3 45 t/m
Max radilal bending moment s = 11 49 mt/n at supporting shaft
Max tangentiel ° " = + 14 16 mt/m at interm hole

For ssction at the supparting shaft

M, =11 49 mt/m (with tension on water side) and v = 3 45 t/m tension
t = |;‘ lllr/5 +2 = 1; 11490/3 + 2 = 64 cns taksn 70 cos
e =M /N =1l 49/3 45 = 3 33 ma oB=333-722+4 a 304 cos

My =N o= 345 x 3 04 = 10 45 ot/m

4 =k Vuy ia66ak }/10850 glving k) = O 645
M
A o—8 K. 10450 430 . 1513 4+ 247 =15 6 co°

B8
k.zd. Og 1300 x 66 1400

choose ¢ 22 @ 20 cms for the top and ¥ 13 @ 20 cms for the bot-
tom radial reinforcement

For the section at the intermediate shaft 3

M, = 14 16 mt/m (with tensiocn on air side) s W& have

64 =k /14160  giving Ky = 0 54 and O w30 5 kg/on®
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‘u - 18160 =17 2 cna chosen v 19 @ 12 5 cms
1285 x 64

Tha circular bottom reinforcemsnt decreases as the distance from the

center increases The circular top reinforcement is chosen ¥ 13 @ 20
cme as shown in figure YI 44

2) The Poundation Slab

The foundation slad shall be agsumed as a clrcular plate with
an overhanging cantilever ring simply supported on the shaft and sub-
Ject to the soil pressure sctlng upwarda

a) Loads T
g W,=2 75
Total weight of tank = 260 ton NH7O | 2=
n n " water = 300 " kR
" " ' pghaft = 333 "
Weight of interm floors = 103 "
Wind preassure w on cylindrical swrfa-
cos8 can be assumed = 0 45
the pormal.y specified valuss acting on
vertical surfeces 1 e w = 45 kg/m® o Wy=9 5t
[t
Hence &
2.20
Wl=9?x65145/1000 =2 75 tons
W2='72::295:|:45/1000 95 tons
Totael vertical load = 996 ton 25
25._61_7_1..,
IT
Bending moment due to wirnd &t Sesc II - IX ==

-——12.Q_
h,=275x(5—21+293)+95::3§-”-=

= 228 mt Flg Vi-37

b) Check of Stresses in Shaft at Foundation Slab
The stresses in the shaft shall be ckhecked for the following two

trgas




1) Tank full + ¥Wind pressure P = 9% t,

Het area of cross—-section of shatt

A, aTx695x025~(08+135)025a5 44 =054
I 2* _ g
32 72

Seotlion modulus of openings (window and door)

Groas section modulus

(OB0 +135) 025x34752 /36
Kot mection modulus Zo = 916 -1 80

Therefore, the atresses in the shaft are given by 1

169

Mo 228 mt

=49 n

=916 o

=180 »

= 7 36 l’

1ol o M_,_9% , 228 __ 03,31 t/m?
2 A, zZ, 49 7 3%

O, m=234 and Uy = =172 ke/cm®
2) Tank empty + Wind pressure P=6% t,

01 5-6%,228 __ 14, 3 t/d°
2 49 7 36

H =228 nt

le

O, =-173 apd 0,==-111 ts/cna

¢) Pressure Under Founda+ion Slab (Fig VI-38)
Own weizht of foundation slab 13

.
25 [-f-xlzo"-xoa-—;l-(lzoz-?sa)ng]- 184 ¢

Total load = 996 + 184
¥ind momant
Area of foundation — base =T x 12 02 / 4

Section modulus : =Tx 120>/ 32

0. o .l80 _ _228

2
hd == JO 44 4 1 t
% 113 169 5 + 1 34 on/n

P =1180 ¢
M= 228 wt
= 113 32

=169 5 o°

le

O =118 and G,=-009 ¥g/oa®
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d
240 Q25 6 70 0425 2 40
11 15.00 L
2 527 6 95 2 527
T i e T
10 0 t/m?
Fig VI-38

In arder to simolify the caleuwlatiorns, the intermal forces in the

fourdation elab shall be determined for a net upward uniform preasure

p = 10 t/n®
= 10t/o°
Again here, we determ.ns the ra- e e s s Case 1
g— a= 4?5 ( l-a )
daal and tangential bending mo ~ ﬁ% 3
menta for the cases shown in fig Dp= 10t/m°
5 5 Cage 2
¥I - 329 from the equations given 2 52°n TL a=3 47 ( 7-a )
in IV - 2 h_ﬁ.m —— ol
Proceeding in the same way as be- Fig VI-39
fore we get the following results
M, in nt/n M, in nt/m
Cage
Pm 1 Pm 0 pl po
1 - 15 14 + 771 -2 50 + 771
Pml Pm P P= 1 Pm P
2 - 42 27 0 -7 12 - 54

To redistribute the fixed end moments ( - 42 27 mt far ths circular
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plate and - 15 14 =t for the cantilever ring) one has to determine the
stiffness of sach of the two elements

i1 ) Btiffness of circular slab Refer to page 77
Ma
FJor Pm 1 =1 thus

Y § ——
D(L+v)

M 187D 53350

3 475
ii) Btiffness of cantilever ring Refer to page 83
2
For P =] tp.!_izb_(l.,l_t\'_p)-l in which
D 1l a+v 1l =v
ﬁ-1727, panaga and 5-—1?.——1-—--0521
1~ 1208
Therefare Mx 3,870 v 0521 (1 41167 y 593 ) a1 or
D 1l 187 0 B33

Me=01245 D

Heglooting the effect of the variation of the depth of the cantilever
ring on its flexural rigidity, +then

0 1246

——— =

* 0 1246 + 0 3357

Relative stiffness of the ocantilever ring

o * w ® giroular slab w2357 L0
0 1246 + 0 3357

The connecting momsnt

Caytilever ring Oircular slab
Fixed end mowent - 42 27 + 15 14
Balanoing moment + 7.35 + 19 8C
- 34 94 35 9

Effect of belancing powent  (iig VI-40)
Saso g 6 = page 77
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For p=1l and pm 0

9 8 mt
(1 Case a
lr -Htlll-]SBOIt u§425n
Cage b 1o 83 5> me
L - page Case b
2 527 1) ax3 47°n |
P w1l 727 2= 2098 a6 Om |
T
1
-—l—z-- =~ 0 521
7 T-sZ"1-29 Fig VI-40
PorP-l,lr-I m4+73at and for p=p, ur-o

For pml, My oMy (1+p2) 2733 x(-050)(1+298) =-1520at

For P-P.Ht-?.lk? ==2x733x0521 = = 7,646 nt
Final valuss of the radial and tangentiasl moments
1) gireydar Slap
Radial poment Tangential monent
in ot
case M, /a | M, 1n ut/n
rP=l ped pml p=D
h g = 15 14 + 771 - 250 + 771
a =19 80 =19 80 = 19 B0 = 19 80
Total - 34 94 - 12 09 - 22 30 - 12 09
13) ever
Radial momsnt Tangsntial moment
in =t/m in ut/n
Case lr lt
F =l pmf pxl p-P
2 - 8227 - 712 -5 %
b + 733 0 - 15 20 = 7.64
Total | - 24 9% 0 -22 32 - 12 18
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ii1) Bending poment diagrams ¢ (Fig VI-4l)

al l(omants

qu""“mm ................................. 12 18

34 94
37461:11:

I=constant
Fis VIl —I=variable

ect of variation of momsnt of inertis on radial moments

The effect of the variatidn of the moment of inertim of the cen-
tiliver ring on the flexural rigidity D and the occrresponding effect
on the radial moment can be determined according to Markus® in the
following manner : (Fig VI-42)

1:1 7 E
t % 2
$—
] L==£!bI | a
1 b=‘3&
E=x/1 =b/a B=l/b

—
— -
—
——
—
—
s —
——
—
—
——

Fig VI-42

Referring to data given 1n figure VI-42, we get

t1+";t1-t2 or 1+§=5/t_|_ le
t
(a2l
%

x Markus : Theoris und Berechnung rotationssymmetrischer Bauwarke ™
Werner = Verlag Dusseldorf
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docording to Markus, one can prove that @
DywDy €1~B"E) (14 LE)

Hence, at free edge 1, we have @

Et
Dl.la(l-vz)

and at fixed edge 2, where x = !l and E= 1, we bave

3

E ¢ t
D, = 1 Q-8 {1+ (=2=1) or
2712 @ -vd ty

3
Et
D .___Z_T <
2 12Q@-v9) B
Therefora

3 -
D, = §‘°3711—‘122=2541x10'2E
12 (1 = 0 167°) 6 0O

and the stiffness of the cantllevar ring 18

M w0126 X 2541 x 1002 E =0 3166 x 102 E

Further, the stlffness of the circular slab is given by

3
E &7 Ex 0B -2
M =0 3357D, inwhich D = = = 4 39xl0°~E
’ 12 (1 -v%) 12 (1 -1 167°)
thus M=023357 x4 39 x 100°F = 14737 x 1072 E
Hemce
0 3166
Relative stiffness of cantilover ring = —— a0 177
0 3166 + 1 4737
" n ¥ gircular slab = 1 4737 = 0 823
0 3166 + 1 4737
The connecting moment
Cantilever ring Circular slab
Fixed end moment - 32 27 + 15 14
Balancing moment + 481 + 22 32

Comnecting moment - 37 46 + 37 46 wk
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Bffect of balanc noment Fig VI-43 22 32 nt )KCaaa a
The variation of the fluxural T a=3 47°n

rigidity affects mainly the radial 4 81 mt Cans b

maments, thus : 2 522 8=3 47°n

Casea 6  page 77 b= 6.om

Forprml andp= 0 Hr-lln-2252m1=

Cage b 10 page 83 Fig VI-43

forpml M, =M=+48l o and

FPorpw= B "r = 0

Thereforse, the radial and tangential moments at the center of thes pla-
te is given by nruut-+771-2232=1461 mt The final mo-
ments may be apsumsd as shown by the heavy line in figure VI-41

e) Desian
Section at Support M, =37 46 mt , B, =22 32 =t
Assuming total thickneas of slab = B0 cns then

Theoretical depth d =80 -4 = 7% cmB and

for tkhe radiel direction, we have

A=k U, or ?6-1!:1]/5?450 giving k) =0 3%

assuming 03 o 1400 ks/cm?‘ . n=15 & xd=« 0 15
then O, =43 kgfon® |, and k, = 1250
8o that A ._!_-_2214_-5&_ -59401:2 chosan ¢ 22 @ 10 cm

® kd 1250 x 76
for the tangential direction, we get

A, o —22320 = 23 2 cm®  chosen ¥ 22 € 15 em

8 1300x 7
Both radial and tangentinl bottom reinforcements may be reduced at

the center of the circular alab to :
i 14810

o = 14 9 ce®  chosen v 22 @ 25 cx
1300 x 75




176
However, the foundation slab 1s reinforced by a rectangular mesh
@22 mm @ 10 cma in its lower surface and by a mesh @ 13 mm @ 20 cms

in its upper surface
The details of reinforcement of the water tower shown 1n figure

IV-?%a designed by the Misr Concrete Development Company 1s given in
Fig VI=44

VI-4 A Treated Water Tank and a_ Flocculator

We gave in Figs VI-45 and VI-46 two examples of carcular tanks
that have beer recently designed by the author for Abu Quir UOrea
Plant for Ferbtilizers and Chemacal Industr.es

The s0il at the site of the plant 1s very weak it contains dark
¢clays and peat for big depths that most of the umits of the plant ,
including the tanks, are supported on mechanically driven cazt-in-
gitu piles about 25 ms long and baving a maxiomum capacity of 40 tons
2er pile

Fig VI—5 shows a covered treated-wat-r~tan< 23 ms uiameter and
about 8 ms deen The roof slab 13 suoported on nine interior columns
ana on the wall a.ong 1ts e tarior edge Tae joint between the roof
and the walls 15 sliding (refer to Cig III-1l), so that no stresses
are created i1n tne wall due to temperature changes of the roof

Fig VI-46 shows a flocculator 25 ms diameter and 7 ms deep

The main point of interest in these two tanks 1s the distraibution
of the piles which 13 chosen such that each pile 1s fully utilized
and their arrangement gives a coavenient thickness for the floors sa-

tisfying the requirements of the internal forces, water—tizhtness and

utility of the tanks
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VII DESIGN OF RECTANGULAR TAKRKS

vITI 1 DEZP TARKS RESISTI G HYDROSTATIC FPRESSURE HORIZO ™ALLY

In closed rectangular tanks witn slid.ng base the full wat-

er pressure 18 resisted horizontally Also in aeep tan 5 wiere F/Ll

Deep rect tfank

gy waler ] el

/L, & H/L 2

res sted hon
ontally

N

|
|
!
f
& | B2 water pressufe | T
I
}
|
|

w wght of lquid/m?

g -1

and d/L2:> 2 tne effect of t.e fixation of the wall to the floor wall
be linited to a small part at the base of the wall the rest of the

w.d will resist the water pressure in the horizontal direction by

cloged frame action (Fig VII I)
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a) Square section (Fig VII 2)

Dus to symmetry of square sections subject to internsl pressure
the angles of rotation 8 of each side at 1ts two ends mnust be equa
to zero 1l e each side behaves as 1f it were totally fixed at both

ends, and for a uniformly distributed horizontal preasure p, we ger

(Fig VII 2)
9.0_1’_
I N
I E I R
L \E Y,
s Y.
T RO ‘\q_‘z
,E [r. ol %2
Bend ng mome 1 Elastc | ne
P Squore tank
L
T ple T pL/t
Tens on in woll Fig VII.2
sending oozevt at middle of any side
2
fm = plL / 24 (l-a)
dending mozment at any of tne cormers
- 2
¥, = pL- /12 {1-b)

~8cn wall will further be subject to a tensile force given by
T = pL/2 (1-¢c)
giving a cas~ of eccentric tension

For any tang of regular section (Fig VII 3) subject to uniform

internal pressure p, we get similarly

e =0 and
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¥, = pI® /2

M, = p1? /12 (@)

T :lpD /2

Regular Sechon

- —

I' g TII-3

b) Rectangular Section (Fig VII 4}

Dua to symmetry of loamding, the corners of the ¢ross-section will
not move, and 1in order to determine the connscting momsnt “c in the

corner +the equation of three momeits can be applied thus

Rectangular Sechon

Mc

TTYYRyYryYYYISIQYLY

P

“C badidaddadbidid

ladddisd

Adhaadis

G

Banding momants L——""———l

LAARADEASARLS, T Plzf-'qr ~
P 3
b P 3
L v, pleidt
Te pLy/2 Tepl 2
Tension in short sides Tension in long sides

F.:.E VoI-4
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1f the moment of ipertia of the two sides L1 and I‘d 1s the same

+then
1
M L. +2M (L, +L,)+M L, ==6(p—=+p—=) or
¢ 71 (] 1 2 c 2 24 24
- _ b 3 3
3Hc(L1+L2)_ " (L1+L2) 1@
3 3 )
Mc:-.r;fl_;i? 3
12 L, "I, ) (3a)
or )
_ ) 2
hc_-IzP-(Ll-LlL2+L2) 2
and accordingly we get
15
nlm=p—+lc=P—(L§+2LlL2-aL§) (5b)
& 54
1%
bog = P 8_+uc=-;’:(L§+eLlL2-2Lf) (3c)
Tor I"l = I;‘2 =L, then
2 2
e =z==pL"™ /12 and L]lm= 2m=pL / 2%
Assuming further
= 12 7 12 b, = 12 / 12 a M = 12
lm—"xp 2/ ’ am—pp 2/ an o = YPp 2/12
we get
Ly /L5 {1 00f1 10 {1 20|1 30 |1 #0[1 50(1 60 1 70|21 201 90 |2 00
a 0s50lo 71 |0 921 15| 1 38{1 63(1 88 |2 15|2 2|2 71 |3 00
B 0 50[0 39 {0 27|0 11 |0 06[0 250 46 |0 69(0 94|1 21 |1 50
% LwofrTr {1 ee|1Ts0 [ 1561 70196 |2 102 wal2 71 | 3 00

1f Ll varies much 1rom L2 1t 18 not economic to calculate with

constant 1, and assuming
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the eguation of three moments can be given in the form 1

12

I L L
2w, 2o L,k e, £ =-6 (p—2
L, I, 1, I, I, 24 I,
3 I
+p )y X

24 1,0 I,
or
My +2 M (L+x) +8, =-2(¢124x13)
] c o 4

2 2

LY + n L
u, =- p,L 1 "2 ()
12 1+ n

Each wall is further subjsct to & tenalle force given by :

T, upL2/2 for wall L,
end

T, aply/2 for wall L,

¢) Determination of Internal Forces by the Tension Lipe Method

As the wells of any closed section are subject to bending momenta
and axial tension, 1t 1s possible to represent the internal forces by
a tension line

Far a cloged frame of constant moment of inertia, subject to uni-
form:ly dastributed internal pressure, the tension line 18 composed
of a serles of parabolas and can be assumed &8 a circle witbout any

appreciable error

The radius of the tension lins can

e determined i1f we study the case of

1 square section as that shown in Fig
IIT 5 Thus,
r T

n

P2R or T=p4

T x=pRx=pl® /24

Rxs1 /24
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But x =R -L/2 then

R(R-1L/2)=1° / 2& or B° -RLAR2~-12/24 =0

w2+ Y1274+ 512 /28
i1e R = = 0573 L

2

which means that the area At enclosed by the tension line is given by

A = WO 573 1) =103 1? (5) 1L

area enclosed by tension line = 1 03 area of section_of tank

This method can however be used for rectangular 8ect.cns, Figure
ViI 6, as woll &3 sections of irregular shape Fig VII 7, as can be
proved from the tollowing example

Assume a rectangular tank with I‘l =2 I;2 subject to internal pres-

sure p, Fig VII 6

Areg of cross-section 4 = 2 Lg Te““’;‘ }";'

Area enclosed by tension line Q.

1034=103x2L53206 Lg 2

2 Ly 2¢
R = 2061:2/‘“.:0813:-2

So that Fig VII-G
T = pR-08.pL,

&

we have further
Length of diagonal D = ﬁg + (2 J:.a)2 = ]/5 12 = 2 232 L,

Therefore, the corner connecting moment Hc can be given by

2
M, =T (R~D/2) =08lpL, (08I, -22321L,/2) =0248 p L5
against
M =ypILi/12=s3pl /12 =0 250 p L2
e = YP Ly p Ly = L

and
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W,=pLd/8 -4 =p 413/8 -0248pI3 =0 250 p 13
agalinst

U, = 2/ 12 2/ 12 02 2
m=«pid/12 =3p13/ = 0 250 p 12
M, =pIL3/8-¥ =0125pL3 -0 24spL] =-0125p13
against

M, = 2 /12 01 2 /1 o1 L2
o % FPL; /123015 pl;/ =~ 0125 p L5

This exsmple shows that the method glves a very guvod approxisate
solution for the determination of the internal forces in isolated tanks
of cne ceil Its use siwmplafies the determination of the internal for-
ces 1n tanks of special cross-sectlon as
that shown i1n Fig VII 7 in which the B i
area enclosed by the tension line 18
1 03 the area of the cell & i1ts center
colncides on the center of gravity of

the cross-section ¢f the c¢ell

Ag the liguid pressure increases
with the depth, a trapezoidal vertical
section for the wall gives & convenient form
In deep tanks, the msin steel reinforcement 18 horjzontal however
1t 18 essential to arrange vertical secondary reinforcements having a
pinimum cross-section area of 20% of the main horazontal stesel to fix
the main reinforcements in position and to resist the shrinkage and

temperature stresses

In case of walls fixed to the floor slab, the fixing moment at the

foot of the wall my be estimated from the relation

M 12 / 24 (6a)

£ = = Ppax
he corresponding reaction is given by

R=03py.T (6b)
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Therefore, the maximum internal forces in an open square water

tank 4 x 4 m3 and 10 ms deep with fixed base can be ¢slculated as

follows 1

Assuming that the maximum horizontal internal forces take place at
adepth x =0 75 H then 1

The max horizontal fixing moment is

Mp=-p 1%/12 2 -075x10x4%/12 =10 m
The corresponding tension in tne wall is

'I‘=pr/2 = 075x 10 x 4/2 =15 ¢

The fixing moment at the foot of the wall in the vertical direction

18 according to equation 6a given by

e = - pm.a.tLalaq'

The corresponding reaction

- 10 x 45/24 =6 65 mt

tension in floor , 1s according +to

equation ©6b given by

R =03 ppgyh

It is hawever generally suffaicient to arrange vertical cormer

03x10x4 =12 ¢

raeinforcements of the same order as that

1
used horizontally (Fig VII 8) Addtonal steel 1o
resist eventud! beadng
It 18 further recommended to add moment at foot of wall

a mesh of min 5 ¢ 8 mun/m on the com - dus to fixation in floo
pression side of the walls and to avoid

the use of bent bars in vertical walls

The detairls of reinforcements of

a horaizontal section of a deep square

tank may be dome 1n the manner shown T VII-B

in fagure VII 9
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»

Vertical ssction of tank

-f — — Ltﬁ'_‘:_.‘r —— F-_1
| / \\
#F/ ,_
[ | J
r'w
g §E

€98+ 3PI3/m 1 r

f

N 6. 13/m fgg,m ///

S~ A ij L
6 PI3/m ;‘F}

- 6P 8/m -
r = 303 /m 1
| 3¢I3m =

Details of honzontal section A A
Tig VII-9
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VII 2 WALLS RESISTING HYDROSTATIC PRESSURE IN VERTICAL DIRECTION

a) Cantilever Walls (Fig VII 10)

Cubn abota

H/3
-

Lig VIT-10

Walls fixed to the floor may act as simple cantileverssuch wall
give a convenient thickness (max = 40 cms ) for a depth of water

smaller than 3 O ms

The max bendiag moment at the foot of the wall 1s gven by

- 3
Mmax =wH' /6 (?a)
Leaction at ovase = Tension in floor, 158 given by
R = wH> /2 (7v)
max

The convenlent cross-section of the wall 18 trapezoidal waith
~1nimum t: 1cfmess at top ( 15 - 20 ¢ms ) and maximum at bottom , or
rectangular -~ of constant thickness -~ fcr small deoths and eventually

provided witn a convenient haunch at 1ts foot
For a cant.lever wall of a water tenk 3 ms deep, we geb

WHE /6 =1x3 /6

45 m+t

39 cms

it
1]
I

toag = TH/ 3 Y500 /3

chosen 40 cms

The wall can be chosen trapezoidal wxth a minimum thickness of 15 cms
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at the top, and a max <thicknsss of 30 cma q%
at the bottom, and provided with a haunch
10 x 45 cma at its base am mhown in figure
VII 11
W
Checking the section at beginning of haunch

we get
44-

L=wr /6 alx25°/6 =27 nt
Fig Vii-11

| N )

Required t = YW3 = V2760 / 3 ~ 30 cme

It has to be noted that free cantilevers of heilght H and sup -
ported on the two sides of their length L must be treated as slaba
supported on three sides i1f their length L is smaller than four times
their hexght H

Exact values of internal foreces in walls free at top and fixed
cn the other three sides subject to hydrostatic pressure will be gaven
later for ratics of H/L ( = Ly / Lz Y varying between 0 25 and 1 5

The fixing modents at the wvertical edges of cantilever walls fi-
xed at these edges and subject to hydrostatic pressure are to be con-
sidered in the design of water tanks because their values are relatl-
vely big

To gave an idea about the values of the exact bending moments we
consider a walli of depth H = 3 ma and length L = 12 ms free at top
and fixed on the other three sxdes subject to hydrostatic pressure

lax fixing moment at foot of wall
Mo=-wH’ /69 ==-1x32/69 =2-39nt
lax fixing moment at top of vertical edges (im horizontal direction)

},==-wH? /88 =~1x3"/88 =-306mt

t

The fixing momert at mid-heaght of vertical edges (in horaz direction)

Mp=-wH /182=-1x3 /182=-148nt
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b) Walls Simply Supported at Top and Fixed at Bottom

Walls acting as ona way slabs simply supported at top and fixed
at bottom, and resisting the full hydroatatic pressure in the verti-
cal direction cnly give a convenient sclution for depths of water

H{ %5mns (Fig VII 12)

L

Bending moment Hydrostatic pressure

For a wall of constant thacknese t
The max fixing moment at base
_ 3
by ==-wH /15 (Ba)

The max field moment at Q 45 H from top

U=+ wH /335 (8b)

The reaction at top edge
R, = 0 10 w B
1 = w (Bc)
The reaction at the bottom edge

2, = C 40 W g8 (8d)

In such walls , 1t 18 generally mor# convenient to chose a wall
of constant thickness surficient to resist the field moment M , the

bigger value cf the fixang moment cAn be resisted by making a haunch
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at the foot of the wall If the wall is chosen trapezoldal with a
bigger thickneas at the bottom, the fixing moment is increased and
the field homent 15 decreased™ as shown in the following table @

2 = ta / tl 10 15 20 25 30
M, = w B 15 13 2 12 1 2 10 7
A 10 114 125 1 34 1 40

A

in which ¢t ¥ =« == = thickness of wall at bo‘tonm

tl n ” L n top

A o Zeal Me considering variation of t
Ly for wall of constant t©

The tsble shows that 1f tne variation of the *hickness 1s neglected
serious errors in Lf might take place Such errors have a bad effect

on the design especially bacaase ur causeg te~sinn on the water side

The sedimentation tank shown in figure VII 13 gives a typlecal exam—-
ple for such walls
In this tagk, the walls, 4 O ma deop, are fixed to the floor
at their bottom edge and supvorted on a horlzontal beam at their top
edge In order to have adequate supports for this beam, ties are ar-
ranged in both directions at distances of > O ms at the upper Burfa-
ve of the tank Columns at the points of intersectiocn of the ties

prevent their excessive saging

The top beam behaves as a continuous beam spanning between the
ties and loaded by the top reaction of the wall, (p = R) ) For equal

epans L, we get

u Refer to Theory of Elastically Restrained Beams " by M Hilal,
Published by Fouad I Universaty, 1944
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|
- - —%-— + ;a—-—r
I _ 41

- |

Flg VII=-13

Field moment M, =+ P 12 / 24 g
Connecting by =-P 1° /12 % 9)

chnaion ineach gide T =p L / 2 3

The fixang moment at the vertical edges of one way slabs simply
supoorted at the top and fixed et the otker three sldes, subject to

hydrostatic pressure may be estimated by
My = w B / 27 (10a)

and lies at the middle of the height of the wall

The ecorresponding reaction i1s given by

R =0 27 w H° (10b)
The necessary provisions are to be taken to reaist these values safe-

1y
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¢) Walls Fixed at Tor and Bottom

If the wall in the previous example were fixed at top & bottom the
bending moments and reactions due to a hydrostatic pressure p = wH,

for the case of congtant thickness, are given by t (Fag VII 14)

Mh%an?‘
]
R _omwH

e ——T
m
™
T
s o
M 406 T
HE
CPR LTl =———
Mfzuﬁ”.’[ [ P wH
Bending moment Hydrostatic presaurs
Fig VII-14
Fixing moment at top
= = 3
be) = = wH” / 30 (1la)
Faxing moment at bolttom
Mp, = ~ W B> / 20 (11b)
Tax field moment &% Q0 55 H from top
M, =+wH /466 (11c)
Reaction at top edge
2
Rl =015 wH (114d)
Reaction at bottom edge
R, =035 wH (11e)

For a trapezoidal wall, we get @
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3=ty /t | 10 15 20 25 30

My, =W B 30 387 | 526 | 636 7% 5

Mo, = w B 20 169 |17 {137 12 8
X base 10 120 | 13 | 146 156

Neglecting the effect of the variation of the wall thickness, the pos-
8ible error in the magnitude of the fixing moment at the base may be
very sarlous

The fixing moment at the vertical edgea of one way slabs fixed
at a1l four siaes and subject to hydrostat:c vressure may be estimated

from the relation

L =-WH /338 (12a)
and lies at O 4 H from the base of the wall The correspond_ng reac-
tion 18 given by
R =025 wH2 (12b)
In walls of tanks resisting the water pressure in the vertical

dirgction, 1t 18 easential to arrange

horizontal secondary reinforcements ha- F

v.ng a minimum cross-sectionnal area

207 of the ma.n vertical steel (and not
Speciol corner
less than 5 ¢ 8 mm/m) to fix the verti=- Rein orcement
cal reinforcements in position and +to

regi13t the temperature and shrinkage

atresgses as well as the eventual tensile
Sec Plan at the corner of

gtresses due to tne reactiona of the two walls
crogs walla The horizontal corner rein-—
forcements may be calculated from the Fig VII-15

given relations It 18 however generally



193

sufficient to arrange corpsr reinforcemsnts of the same order as the
max used vertically (Figure VII 15)

d) Walls Contipuous with Roof & Floor

The walls of a tank may however be continuous with the roof and the
floor or with one of them as shown in the tank given i1n Fig VII 16

Q a ¢
-_[ T
3 Cross sec Long sec E
'I L J
b '{:x“’ ‘T

]
som so™ | so™ gof
il 4 ! {

Fig VII-16

In this tank the longitudinal walls are simply supported on the top
horazontal beam and contanuous with the floor slab In order to be
able to sssume that the top beam 18 a rigid suoport, ties are arran-

ged every 5 ms

The effect of continuity can be calculated by any of the known
methods of the theory of structures e g the method of vartual work

the moment dilstribution method, the equation of three moments etc

VII 3 #ALLS AND FLOORS RESISTING HYDROSTATIC PRESSURE IN

T Y0 DIRECTIOMS

a) The 3trip lethod 1
This method gives an approximate solution for rectangular flat

plates of constant thickness gupported on four sides and subject to

uniform or hydrostatic pressure The sclution 18 baged on simplified

assumptions generally adopted in structural problems

Walls and floors supported on the four sides and having a ratlo

of length to breadth smaller than two are treated in this method a8
two way slabs
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In rectsngular slabs with side lengths I.I and Ly subject to

uniform loads (e g f£loor slabas), the load may be distributed in the
two directions Lx and Ly sccording to the knmown coefficienta aof
Grashoff Dus to the torsional resistance of the slab,the field (po-

sitive) moment may be reduced according to coefficients of Marcus as

follows
reduced Hx =Ty M = [ -2 -5 55 H: and
6 I.y zo“
L M
- - -2 (-2 X
roduced Hy = ry My = [ 1 . (Lx) MFOJ My

in which Mx and My are the field moments 1f the effect of the torsio~

nal resistance 1is neglected, and

- 12
Mo =PLZ/8 & Moo =P L5/ 8

where

p = total load on floor slabd per ma

For a slab totally fixed on all four sides <the reduaction factors

r can be extracted from the following table

L, /L,/10 1114121314115 16| 17]|18(19 |20

r_ =r 86 ge| 87| 83| 89 | 90 ol 91 92| 93 4

It has been found that the load distribution on two way £labs sub-
jJect to trianzular load may aepproximately be assumed the same as in

case of uniform laads using the coefficierts of Grashoff 1 e

P =Pyt Py
in which
p = the hydrostatic pressure at any depth

part of the pressure resisted in the vertical direction

o
<
U

Py = ' " ' " horizontal
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As the wsll is rigldly connected to the floor, no pressure can be
resisted horlzontally in the lowest strip and accordingly one can as—
sume that the pressure resisted horizontally is the triangle a e b
only and the small trisngle e ¢ b 1s resisted vertically (Figure VII
17) The position of point e wvaries according to ratio of sidea of
slab a1t lies at about 3/4 H from top 1in
deep tanks where %w& 2 and at about %

H 1

in shallow tanks where — &~ = It 1a
L 2

however recommended to design the middle
part of the wall (say the middle half)
for a load equal to 3/4 p,

H/ 4

The bending moments and reactions in

the vertical direction due to Py (trian-

gle a ¢ d) can be determined as shown in Fig VII-17

VII 2-b whereas the bending momenta and
reactions due to the small triangle e ¢ b, for a wall of constant thick-
ness saimply supoorted at top and fixed at bottom can be determined as

follows Fig VII 18
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Using the method of vairtual work and choosing the simple cantilever

as a maln system, we get

Max bending mopent of main system is g

2
M, o =Py (H/4)° /6 = Py B® / 9%
Area of M -~ dragram = L M H H5
Q 4 0 maAaxY =— = ph
4 1536
Its center of gravity lies at 1/5 (H/4) i e
3
518, = [gmanc-p B BE._ L
° 1536 20 30720
and s
p16;=[fan - B H2E, B
2 3 3

ie the statically indeterminate reaction X at a is gaiven by

oo S0, 108 3 - 4
= 3 —ph 02 3 = ph
1 50720 H 540

The fixing moment at the fixed end b 1s therefors
2 2

H H H
H = —_—— q - ph—- - ———
£ % %8 50 % Pn 137

1 e the total fixing moment at b for a wall of constant thickness
due to the pressures resisted vertically (triangles acd + ebc )

18 given by

u o, 2 il (13a)
o - -+ —_— a
£ Py 15 Pn 117

and the corresponding reaction at a is

R, =p, b5+ by (13b)

a 540
If the wall were rigndly connected to the floor, the effect of
ocontinuity can be considered by any of the known methods of the theo-
ry of elasticity The max bending moments in the horizontal direc¢tion
for the middle half of the wall can be determined for +the maximum
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pressure on the horizontal strip at 3/4 H ie formax p, = 3/ 4 py

Exampls 1
It is required to design the water tank shown in figure VII L&

1) Internal Forces in Crogs-Sections of Tank (Fig VII 19)

The longitudinsl wall of the tank (4 x 15 m) is a one way slab re-
sisting the water pressure in ths vertical direction only
The floor is a meries of two way slabs (5 x 5 m) resisting half weight
of water and floor in each directlion Assuming the wall aimply suppor-
ted at a and totally fixed at b end subject to bydrostatic pressure
with @

Ppog =W H = 4 t/1° at v,

the fixing moment at b willl be

M, =z=-wH /152-1x4 /15==-6427 0t

£

The load on the floor = weight of water + own weight of floor (~0 7 t/ma)

=4 +07 =47 %t/n 1 e

Load in each darection p =4 7 / 2 = 2 35 t/m2

Asguming the floor slab totally fixed at both ends, the fixing moment
at b willl be

g, =-pl® /12 =-235x52/12=-49nt

4
The unbalanced moment =24 9 «427T=z063nmnt is to be distributed
on wall and floor &lab according to thelr relative stiffness, but its
valuwe being small, the connecting moment M, may be assumed as the ave-
rage of the two values, 1 e

Moa-422289 . _4eny
2

Dus to symmetry, the connecting moment at b can be determined from one

equation 2f three moments; thus
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Zlb(E+L)+l.bL--6(rl+r2)

in which
r o= the elastio reaction of the triangular load on wall
=p, B /45, and

T, = the elaatioc reaction of the load on the floor

=p 1? / 2% , therefore

2ub(q+5)+5ub._6(i.££+.2_22_!_53) or
45 24
25 Ib m=-5(58+123 )n=-10806 1e
Hb=-t|-?mt

Accordingly, the field moment in the floor , neglecting 1ts torsicnal

resistance 1s given by

2 2
M .pP--ub.QL"—ﬁ—-47=265mt
m 8 8

Due to the torsional resistance of the slab, the final reduced field

moment will be

Hmrzrﬂm=0861265 or
Mm_=228 nt

The max field moment in the wall takes place at point of zero shear,

thus :
Reactvion at top eage of wall may either be calculated by super-posi -

tion and 15 given by

R aDliHa-Hb u’-'.-01::1::4‘3..“‘ =427 .15 ¢t/m

. H 4
or from the equation of moments about cornsr b 1
2
R H=~p,,H /6 - N, or
R,x&=-4x4%6 i or

R' =15t/
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If the point of zero shear lies at x meters from top end, then

£2
R =215z = or x =l 7% ms
a 2
The max fi1eld moment 1in the wall 1s therefore given by t

z° ®B D _2D

L =R X =p = BE=—X - =— - = l1e
m a X g 2 6 3
My =173 /3 or M =173 mt

The reaction at the hotton edge of wall = tension in floor = water

pressure - Lov reaction

Ry = Ppay /2 -R, =4%/2-15=65 t/n
Therefore Tension in floor =€ 5 t/m

We have further
Tension in all

47 x25/2 =25 t/m

n

nAeaction of fiocor

Average reaction o. _loor

Tnis reaction .5 parabolically d.str.puted in each snan anc tie mas

ordinate at the miccle 18 1 5 times *ane averaz= value

Therefore, the max +“ension it the wall =15 x5 9 =885 +t/m

The loads, bending moments end reactions are spnown i1n figure VII 1°

Rg 151/m L _, Ra 5 tm
.y, ]
17 E 5
= T
~
! b . b
Tatm "Ry ast/m
Rb s8t/m a]_ b
47 P
£+ e
- H
g L 50m s
[

Flg VII-19



200

2) Internal Forces in Longztudinal Section of Tank

The si1de wall with Ho 4 ms and L =5m is a two way slab The
load will be distributed according to Grashoff, Fig VII 20 , thus

For LH =5/4 =125 , we get

«a=0% and =03 ie

Load in vertical direction

H=40m

2
Py = apm=0714=28t/m

Load in horizontal direction

Py = Bpp, =03x4=12t/°

Assuming that the thickmess of wall Fig VII-20

and floor 1s the same and applying
the equation of three moments at b emd ¢, fig VII 21, we geot

Ro oo t/m g i a_ Ra 09 !_Im
i i
- 096 Bending momants Locds & Recctons o7 5
T
t ?
p egist/m bE'
Rp s 3t/n
E 4 tAnt E
F Lsm | T LR L o
- r { ol 3
Fig VII-21
3 3 17
H H
gec b 3 2 (HE+L)+M L==26(p, —+ —_— p =)
" ¢ Vs s P oy
3 3 3
or 21 (4+5) +5M =-6(2EXI L2xw 25 x5,
45 350 24
or 18 M +5Mc=-986 (a)

]
gec ¢ B L+2M x2L+M L -6(2p£3-)=_2_25_1_5—
¢ 24 2

or 5 M +25M = 147 (v)
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Equations {a) and (b) give 1

u.on-uos mt and IIO--BOG mt

Max moment in b ¢ taking its torslonal resistance in consideration

1s given by

2
M =0 86 [2558::5 - 406;506]=085(752_456)

or l(mla258mt

Field moment inc - ¢ 1is

2
gnz.z—éiaii_ ~506=732~506

or 22-226:111:

N B The toraional resistance of span ¢ = ¢ has been neglected in
order to have regular reinforcements for the floor slab

Average reaction at outslde support of floor slab is
R =2s05x25x47 =59 t/n
Max reaction =z max tension inwall = 1L 5R=15x659

Therefore max E = 8 85 t/m

Reaction at a 18 determined from the equation of moments about b ,
thus 1@

42 12
R X4~28x—=l2xs~u=2=406
a 6 6

or

R mn09 t/m
. S

The reaction at the base of the wall = the tension in the floor and
is given by :
B,=28x2s+12x1.09

2 a

or
Rb-55 t/n
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The max Zfield moment Hma in the wall takes place at the point of zero

shear which lies at x ms from top, thus

075—2--1:!&::09 or XxX=16nms and
<]

M =09xl6=-07x égé =144 -0 48

or Mm =09 mt

The loads, berding wmoments and reactions are shown in figure VII 21

3) Internal Forces in Yorizontal Section of Tank

The section shown in figure VII 22 at mid-height of tank will be
calculated for a horizontal lcad p =0 9 t/m2 acting on the c¢ross
wall (Refer to fig VII 20)

g
E .
east/m ~— | 228t/m
L4 i
~ | -
A 1l « ] E
s i 1
E o -4 [
i EIE
i a’
n ey
- i 1
o H I N
/i ! ¢ 2at/m
e28t/m Lo
£ L, 1sm E
- =
i [ -
Fig VII-22

Assuming that the wall L2 18 totally fixed at both ends, then the
fixing moment Hr is given by 1

Mpe=-pl3/12=-09x5/122-188 nt
The longitudinal wall L1 18 a one wey =lab resisting the full wa-

ter pressure in the werticael direction, but duve to its rigid connec-
tion to the cross-walls, bending moments will be created at the edges
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in the horizontal directior Their magnitude may be estimated accor-
ding to (10a) from the relation 3

Mpu-wh) /27 =-1x4>/272-237 nt
for a wall totally fixed at its verftiocal edges
The difference of Al =23 -=188=049 m t wlill be distribu-
ted between the two walls according to their relative stiffness thus
Stiffness of long wall o 1/15
1 " cross wall o 1/ 5 = 3/15
The distribution faectors are therefore
Long wall 1/4 and crosa wall 3/4
Accordingly, the comnecting moment at the cormer ¢ will be

nc=225mt

and the horizontal field moment 1s
2
um:pLS/a-uc=°—-9LL-225=282-225.057 At
8

The field moment should however be not smaller than the reduced moment
of a totally fixed glab i e

min umaoa7pL§/24.oa';zogx52/24

or M, =08l mt%

Reaction of croes wall = Tension in long wall and is given by 3

R =0 9x5/2=z225 t/n
Remction of long wall a Tension in cross wall and according to egua-
tion (10b) is given by

Rax027 wH 2027 x1l x4 at mid-height ,
or

R =43 t/m

The loads, bending moments and reactions are shown in Ligure VIT 22
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4) Internsl Forces in Top Horizontal Beam and Ties

The load on the top horizontal beam 18 equal to the top reaction
Ra of the walls (Fig VII 23)

-
0n
-
228t |“d 2 23}
25 a
a_;.. TTITTTIrrITT s X

w ! 18 t/m -
A E -
-~
-

41 E

3 w
o ]
. N ]

B 18t/m
L] Foh Lisds sidisrindd -—
(%11} e d g2ast

5m -~
~
»

Fig VII-23

Apolying the equation of three moments at d and e, we get

3
s5Y e (22X5 L L5z
24 on

5“.!d+20 Md.

or 5L!d+uﬂ = =15 and

3
SM,+20M +5U =-6(2xi2XE)
24

or Hd+5He="la 75 giving
Hd--.?}#mt and I.IB=-528 ot

Therefoare, the field moment Hm in the different spans 1s given by
2
Spa.nd-d.lum-p_iis'_ -23 =04 ot
8

2
but min M = Py L or

24
2
min nm.(l.ﬁ'_l_i..o%nt
24 —
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2
Epmd—ggﬂmgm_i_gli.;_mﬂ-_@ nt
8

2
Bpmo-asl(mu-l—s'—x—L- 328 =142 mt
8 —

Tension in span d-d

T2=15x5/2 o375 ¢
Tension in spen d-e and e-e !

Tl =09 x5/2 =225 %
Tension in ties

T =15=x5 =75 ¢

5) Design of the Different Elements of the Tank

The thicamess of the walls and flcoors is to be determimed for the
max f£ield moments and the corresponding normal forces, haunches are
provided to resist the bigger values of the connecting moments causing

tension on the water side

In oraer to have sufficient water-tightness, the walls and floor
are assumed 25 oms thack
A ) Design of Longitudinal \alls

Section of max field moment um = 1730 kgm

The tensile stresses caused by the tensile force of 8850 kg/m acting
at the foot of the wall reduce in the upper sections of the wall and
vanish at the top The tensile force at position of maximum moment 1s

therefore given by
N = 8850 x 12 or N = 3850 kg/m
4
The tensile stresses In this section belng on the air side, it is de-
slgned &s ordinary reinforced concrete in stage II thus

Eccentricity e = M/N = 1730/3850 = O 45 ma
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Eccentricity to tenslon steel

e, = e - t + cover c 45 = 22 + 3 =3 35 5 cms
2 2

Moment about tension steel

Ms =N 8, = 3850 £ 0 355 = 1370 kgm

d =k vV M, or 22 =1k 1 1370
for O, = 1400 ks/cm2 and @ = O, we get
0. =31 kg/en® and k, = 1285

Y x 1370 850
2, = .M. L0 . 850
k, d OE 1286 x 22 1400

or

A 49 +275 =765 cmd

Section at foot wall I = 4700 Kkgm

gaving kl =0 53

80 that

6 213 mm/m

N = 8850 kgs

The tensile stresses i1n this section being on the water side , taey

snguld be smalle~ than tne tensile stren_ th of concrete

thus

1:=lf-1+2cms= im+2=40+2=42cn:s
3

3

The thickness 13 chosen 45 cms and the wall will be

convenient haunch

e:ﬂ:.m:OBBms
N 8850

e = 55 - % 43 = 325 cos
2

ME= M oy = 8850 x 0 3250 = 2880 Kkgm

078

Es
no
]
w

._l
n
[s2}

8]
(&
<
M
[a]
0]
13
=
1}

k, = 1300,

in %bendang

provided with a

8o that
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4 = —2580 + 880 _534.63=116 on 6 716 mm/m
8 1300 x 42 1400

In the horilzontal direction, the middle part of the longitudinal
wall will be designed for a tenslle force

N = 2250 kgs

the bendirng moment is emall and can be neglected, therefors the

horizontal steel reinforcement 18 given by @

Ay = N/og = 2250 / 1400 = 16 om®

choose min s8tesel of 5 £ 8 mm/m ( As =25 cma )
The corner, at the vertical edges, is to be designed for @

M = 2250 kgm and N = 2250 kgs ( tension )
The tensils stresses being on the water side  then,

t =V ¥4/3+15cms =)/2250/3 + 15:=275+15c29 cms

The vertlcal edges of the walls will be provided by & haunch 15 x 15
oms, the theoretical thickness at the corner will be

't::r:25+§2 = 30 oma

Proceeding in the same way as before, we get the required area of

steel reinforcement, which 1a given by AE =73 om2 e 13 m/m

B) Design of Cross Walls
The Internal forces, chosen thicimess and reinforcements are shown
in the following table :

7Y N Side of ten~ [t | A
gense | Section |m+ tons | Bile stresszes| cm cm.a Bfnt
Vart | middle [0 96 | 3 54% air 25532 |3 @213 +
32 710
" foot 406 | 8 85 water 45110 60 6 pl6
Horiz | middle 081l | 4 30 air 251 4 45 6 P10
n vert adge| 2 25 | 4 30 water 304 7 95 6 gl3

£ This value gives the tension at position of max field moment and
equals 885 x /16 /4
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C) Design of Floor Slab

Sense | Section | M N [Side of ten -| ¢ i, Rzt
nt tons |81le stresses| cm cma mm/m
Cross | middle 228 | 65 air 25 1055160 16
' corner 470 | 6 5 water 45 10 95 |6 & 16
Long middle 2 38 53 air 25 10 50 |6 & 16
' corner 4 06 53 water 45 9356 216
interm 5 06 553 water 45 11 20| 6 @ 16
aup
D) Design of Croas Beam L=49 ms
The beam is assumed 30 x 80 cms

The lecad being triangular, the equivalent lcad for bending moment

= water and floor load + own weight

P=067X5x47+03x05355x25=157+040 =161 t/m
Map 12 /8 =16 1x4 92 /8 =8 2nmt
Effective breadth of flange B =L/3 =458/3 =163 ns
48200
d:kll/‘d/B or 73:!!11/-1—-23— 1e k1=0425
Using high grade steel with 0s = 2000 l-:g/cm2 ’ we get
O =495 kg/en® and k, = 1820 kg/en®
Theresfore ,
A, = M/k, d = 48200/1820 x 0 73 = 37 ca®  choose 10 gha2
The average load on the beam is given by
P =05x5x47+03x055x25 =109 +04 =113 t/m

The shearing force is therefore
Q =plL/2 =113 x4 9/2 w275 ¢ and
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the max shear stress 1s ¢

1a N = 27500 F__JJEL—J
087bada 08?2x30x7?3 Y
NN L L L7

= 14 5 kg/cn® /L;A/:um /.
The corresponding diagonal ten—~ Jm_ $?§( 4 i
sion will be resisted by four
branch stirTups @ 6 mm @ 20 cms ’e% & . 5
and bent bars The shear stress
resisted by the starrups Fig VII-24
1T = n &y Og
st e b
in which
n = number of branches of stairrup = 4
As = area of cross sectlon of one branch = 0 5 cm?
-] = spacing of stirrups = 20 cm
b = breadth of web of beam = 30 cm ie

Ist

4 x0 5 x 1400 _ , 87 kg/cma
20 x 30

The bent bars resist the remainimg area 4 of the diagonal tension
disgram x b Faig VII 24, thus

Asb=(l‘L§E*—5--467)-l%o%59-=mOcma chosen 5 g22

E) Wallg as Deep Beams

The walls will act as deep beams (given later) supported on the
columns

Load p = water and floor load + own weight of wall
s067x25x47+025x4x25=29+25 = 104% t/m

The max tension at the bottom of a simple deep beam is



210

T=02pkL

Ag

The max tenslon at

=

/0

02x104x5

104 /14

the bottom_of the continuous wall at center line

of spans 1s given by

T

Ag

n

013pL

T/ Os

|

68/14

=013 x 10 4 x5 =

7

The tension over intermediate supoorts

T=02pL giving As =7 4 cm

2

= 10 4 ton

4 cm2

& 8 ton

4 9 ¢cm

chosen 4 0 16

chosen 4 U 13

or 2 016

F) Desizn of Top Forizontal Beam and Taies

It 13 recommended to avoid tre use o ben* bars 1n t1.3 bean th.s

means that the snear stresses nust be los

+ & 010

Such a provesicn can be

satisf.ed 1f the depth or tre beam 13 chosen sur .cien*ly b.g

Assuning tae beam to be 20 ¥ 50 cms

- e reinIorcemen~s a*

different sect.ons wll be as fol_.osms (wes f1, VIl _3)
{ N A
Sect 8 Ffag
1on at
mt t cm2

¢ 1n long wall 3 28 2 25 65 % 2 g 13
d 1n c¢ross wall 2 34 3 95 52 ) 2 016

middle of d e 1 89 2 25 3 94 g
e e 142 2 25 31 g 3913

' 4ad 0 %4 3 75 29 )

The tie 13 chosen 20 x 30 cms reinforced by 4, = 22 =5 3 cm
14

or

4 213
The detalls of the tank are shown in figure ViI-25

2
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b) General Theory of Flat Plates

The exact distribution of the internal forces in a slab subject
to distributed - eventually concentrated - loads under different ed-
ge conditions 18 dealt with in text books of theory of elasticity
e g " Theory of Plates and Shells and " Theory of Elasticity "
by Timoshenko

For a rectangular plate subject p
to a distributed load p and having E:[:I:[]:I:I:J

T+

any given boundary conditions the in--

ternal forces and streases in any

direction can be obtained mathemati- In - X
cally according to the following as- git
sunptions and basic equations (Fig .
VII 26) —+

[ Lx |

[ y |
V=1/m=1/5 = 1/6 = Poirasons ratio K .

;’ 1 N T IR ] A
D=2t & F1 1 dity of I r

= = Flexural rigidity o
12 (1-V¥9) *z
a plate of thickness t
Fig VII-26

2 = Lateral displacement of plate

Mx . My = Bending moments per unit length of sections of a plate in

directions x and y respectively

H

i
MXY

¥X
%o Y

Twisting moment per unit length of a section of a plate

Shearing forces parallel to z = axis per unit length of
sections of a plate perpendicular to x and y axes respec-

tively

Rx s B = Reactions per unit lensth of plate, acting on sactions per-

~

pendicular to x and y axes respectively

Conaiderin, the equilibr.um ol the elementary prism dx, dy,
t, we got
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u =_D(az+vaz)
x ax?  ay?
2 2

i =_D(Bz+ aZ)

¥ B-_y? Vax

M o= =D (1 Va)_g_e_;_z._

ey = iy x 9y
a 3]

Q’I= hix.‘.._h:_n(az _3__1.)
ox ay axay
. _3_31 > (2 %2

% T 2y - ;3 2yax

which give the values of the bending moments, the torsional moments
and the shearing forces at any section of a flat plate 1n terms of a

deflect. n z
The lead p may be assuxzed as distributed on the two directions

x and ¥y 8o that

Py = part of t e load transmittea in the dairect.on of *ke x - axa
Dy 2 ¥y =~ axis
and
P=Pyt+ Py
knowing that
?& + B—Qz +p=0 then
ax oy

these two last equations can be identical if
3 3
Px = - —ﬁ and P = - __QZ
2x ¥ ay
Substltuting for Qx and Q,y their values given before, we get

z
P =D ( + )
x axn ax ay2 and
p —D( ——Ea"bz +_J?—-z)
4 9y ax™ &y
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Adding these two eguations we get
4 4 4
'-—E.'a Z 4 2 ———%ZT' + Q—z— = 2 (14)
a 3 ay ay |2

which gives the differential equation of the elastic surface of a pla-
te loaded perpendicular to its planse

The previous 1n/esti_ation shows that the determination of the
internal forces in a flat plate by the mathematicel theory of elasti-
caty requires the solution of a partial d:Z_erential equation of tre
fourth de_rce

Internal "orces in "lat "la*es by Czerny

The internal furcesa 1in the following individual tyoical cases
oL rectangular plates s8uo ~ct to uniform eand triargalar loads have
beew determin.d by Lzer-,

A) wslabs su~~o.ted 071 four sides anu subjec™ to uniform load

E RN
be = >
p Al A-2 A-3 A-4 AS AB
B) olabs su -or- d or .01 s.dzs and subject to t—.an,ulwr lcad

J 1 I
g EEEEN

P B B-2 B-3 B-4 B5 B-6
C) Slabs supported on “hrees sides and subject te unifora and trian-

POREY
xa

sular loads as well as ed_e loads and ed_e monents

T

-y

p o 3 Cs G-7? G9
R - S A T
t
p G-2 C-4 c-6 -8 G-10

{e give in the following tables the internal foices in the shown cases

Reactions of case C ar. given in table C 11
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Hotations

Loading Uniform or triangular

Spans Lx and Ly
Supports — Free
L
_ Hinged 1
T Paixed ‘°/ e il
VAL
Bending Moments Y ~
N t [
e ' N X
In direction x A { t ] L 8y L
x . ™
In direction y My ‘-\\ i h
RN 1
L
At fixed end Mm:.n N
—_—le x
Torsional homent M g ;‘51':_{_,/',.-1' .t
Reactions -t
In darection x Rx
In direction ¥ Ry
At fixed end R
Shearing Forces
In direction x Qx
In direction ¥ Qy
At fixed end Q=R
Leact ens £_—
f.f"ll‘
E = Modulus of Elasticity
Plx
Sh ars 0._.. @
t = Thickness of Slab Fucter

Deflection at mid-point

2]
]

of slab
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R) SLRES SUPPORTEEZ ON FOUR SIDES BMED SUBIECT 70 UAVEOCAY L0705

B 1) SLRB SIMPLY SUPPORTED ON RLL FourR SIDES

Ly/.dx fooV o\ 120 /30140 /750|780 | 770 180|180 200
My m Pt | mre| 224|597 | 168 | s | 132|127 e | ra | te s | 04
My ma = pif 272 | 79| 290 | 309 | 328 | 347 | 301 | 373 | 305 394 403
My corner = bold |2ré | r97 |84 | 175 | 162 | te3 | s59 | are| i5s| 153 25/
£ cormer pLe [0k 99| 92| 88 | £4 | 2| #o | 78| 27 ) 77| 74
£ w poly 22| 27| 20| P20 | 20 e | 27 | s2 | 12| s9 '8 4
ﬁ,m Pl 22 2/ 20 20 15 ry /¥ I ré | 18 /e
&4
Im '°_‘3 048 | 058 | 068 | 073 | 0a5 } 093 | s00 | 108 | w2z | w7 | s22
£4
O
x FRCTOR aX NN secroe
»t 4 il e .
tr2 | Yrz
" |sus NS o
'=_=_ + l"| _//
=\ N / :
= His & =~ = "9
/ E_- T / “"‘-..,\ — /
e s = / ~ y2s
// +| ‘V’ f |
— Y Y
MIOAMENTS iE] yt2
X -g RERCTIONS B 3 P
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R 2) SLRAB FINED QN OME OF THE SHORTER SIDES RUME SIMAPLY

SUPPORTED ON THE

OTHER THEEE SMDES

MOMENTS

byllg=15

RERCTIONS IS F

Ly /L, 100 | 110 120 (730 |40 | (50 | 180 (70 |/ & | 1 80| 200
M wpl® | 4r2 |39 | 2so | 217 | 188 | t6a)ts0 | 128|128 | 120 | 1t 4
Mymn spli| #8 w9 | 101 | 96 | 92| 89| 87 | #5| 84| 82| 87
Mymas wpll| 294 | 288 | 225 | 297 | 308 | 373 | 334 | 249 | 942 | 375|388
Myycvner pbl| 262 | 232 | 210 | 194 | 183 | 174 | 168 | 43| 159 | 154 | 154
R corner pLY| 131 | wé|sos| 97 | 91 | 87 | 84| 87| 29| 78| 77
Ry m Pl 30 | 24 | 23 | 22 | 21 | 71 | 0 | 2o ) T0 | 20§ 20
Bym pL 1?7 /& /& /5 /5 /¥ 714 r4 ’y /& Y
£y m pl | 25 | 2| 22 | 7/ ?o [ R0 | t9 | 13 |18 | 79| 18

m i"‘T’: 038 | 04| o5t | cko | 049 | 037 | 085 | 093 | 099 | w0é | 11/

T3
ry
FRCTOR ”":rm’
P
' yer ol
.
RN
Vi
i
- .
A
I \:/n
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R2) SLRE

FTXED  OM ONE  OF THE LONMGER SIBES RMD  SIMPLY

SUPPoRTLD ON THE

OTHER THREE SIDES

T
Ly/fe, 100 | 1/0 | r20 |30 |r90 | So | sé0 | r70 | 180 | 790 | @0
Moo a-plt 9 (w9 |2 (97 |92 |80 |22 |86 |84 |#2 | 22
My m ,;l‘ 4 73 |45 (204 | 2r0 |98 | 7890 (783 | 178 | 274 | 17/
Mymax  pll | 418 | 4851 | 428 | 578 | 43 | a54 | 568 | S78 | S84 | 590 | 592
My cormer 2pl0 | 262 | 249 | 240 | 235 | 230 | 228 | #4205 | €2y | 014 | 274
© corners pLf | 131 | 124 | 120 | v7 | s |1ty |13 | 0t2 | \we | 47
Bom = ply |17 (7 | t8 | &6 [ re |18 | ss | 1k |14 |16 | 1#
Bom aply |25 | 24 [ 24 | €4 |74 |74 |24 |29 |25 |25 | 22
Ky m Py 126 | 25 | 25 | 25 |25 |25 |25 | €5 |25 | 25| €S
LY
Im= ’; 5 | o33 | 038 | 042| oué | 049 | 081 | 053 | oss | 084 | 258 | os8
x x FRCTOR
T FRCTOR pea
nL? b
T ims I
+ S e
A
Vidd AN yes | Y
3 2 E Y28 N yes| 1
¥ 3 3 S
Y24 o/ /13 16 y

v -
N ’/’ L s
‘-.__‘- -_—'__,—'

AMONMENTS

ik

RERCTIONS F S5 F
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R 3) SLRE FUED OX THE WO SHOBTER S/IDES RiD

SIMPLY SUrVRTED

O THE OFTHER TWG S/OFS

lrlé‘ /20 /0 /20 s 30 /40 | /850 | ré0 | s |80 |80 | 200
LA PplY 433 | 461 | 355 (285 |37 2oy |78 (o | wé |/3Y |125
Myma P w3 |27 | s | w7 | oo g5 | 92 88 187 s | & ¥
Mymas = pll | 350 | 328 |\ w17 |2z |y |J27 | 333 |3y9 | 971 |97 1424
£ Pl | 3o 27 1 fx | 74 23 7z 2/ 27 | teo fo | fo
2’,,., et ol /8 /8 f 17 1 4 Iyt Iy /S5 x4 /& I 4 x4

¥
PR i"'_"__ 023 | 030 038 | 047 | 055 | o#y | 072 sb0 088 | 095  Jot
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| | 1
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Ly /.CE ! 5

R 3) SLRB FUED ON THE THO LOMNGLELE S/IOES RO S/A7ALY
SURPPORTED ol THE OIHEE TWe S/DES
z,/z, 100 |t |r20 |r30 |r$0 |r50 780 |770 | r80 |7 50 | o0
Momn P w3 |5 |PBo 24 (/23 |127 | 170 |/20 |/20 |sZ20 | /20
M, m ol gy | W7 25y | 278 |t 6 | 288 | 257 (2942 |74 | 243 | 247
Mymaxr PLEI @17 | #72 [ 715 T35 | 746 | 758 | 770 | 770|770 (720 | 770
I
£ m tply, 8  s8 | /8 9 | 8113 /8 |49 |48 | €e | 2o
|
Bym ply Jo | o Jdo Jo | Jo i Jo | Fo | Jo |30 ;.?a Jo
|
!
dn ﬁ :; 4 o€3  ozy 227 #28 | 018 | o030 | 030 | 237 | 23/ | $37 23/
X 1 I
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R &) SLABR FUED oW THY RRAIRCENT SIDES RNE SIMPLY SYrRPoRTED

ON THE OTHER TWo SIJES

Ly /Ly 100 | Ff0 120 | F30 | fho | s |80 |70 (10 | 750 (2o
M wplll o483 |07 |15 twr | #o |84 |32 |23 |87 |os |24
M, m P 427 | 351 (Soo |2es [ 24+ | 222 B0 |199 |187 sy (129
Mymwmn = plt| 43 |36 | 237 (128 126 \seg |23 |22 |s2e |12 | s22
Mymax = plt| 402 | 570 | 440 | 478 | S0 |S30 | S48 |42 | 577 | 580 | o2
By m Pla | To | 78 |78 | 27 |17 |16 |16 |16 | 7€ |14 | 24
£y m P | P8 | 26 | 26 | 25 |25 25 |25 |25 [Py |25 | 2o
€y m =ply |20 | 49 (18 |79 (/8 (18 (18 |78 |r8 |72 |72
Bym Py | 28 |27 |26 |25 |25 |25 |25 |25 125 |25 | o0

y
fm.fé%_ oS | o3¢ | o35 | 233 | 042 | o4é | o9 | o857 | 05X oSy | o5&
.8
X FRCTO
FRCTOR At €
‘pt. [ 4 A’,Id.'
nl .
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4) Direct Applacation of Czerny's-Tables in Tan s
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The tables of Czerny can be directly used 1n some typical problems

o1 rectansular tanis as can be seen from the following example

It 15 requared to desizn a 160 m3 capaclty open square water tank

su orted on four columns

The clear heigat of the tank will be assumed 4 3 ms

Clear areas

it

Clear side length

160/4 3

37 2

3 2 m

2

= 61m

then

To reduce tn® internal forces 1r the floor, foir beams are arran-

ged S0 t at 1ts span 13 4 5 ms only

tauk w.l_ be a= s ovn in fizur= VII 27

Tne chogen dimersic~s of the

1 | g0 -
e | i
ha — \ LA 3 i 1r [X;
i \ 3 3
5 8 | \
M ! ET |
]
/
| / A
Sy : 40
701 4 So 18 L) 4 30 '
I
4 Jo £S5
MNORITONTAL SECTION VERT/ICRL SECTION
Flg VII=27
Ezck of the walls of the tank has
a theoretical height of H=4 50 ms and ,
a theoretical length of L =6 30 mg
The walls can be assumed fixed at their vertical edges due to

symmetry in shape and loading ( 8 = o ) and

fived to the floor due to

the continuity with a short span of relatively big thickness
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The floor s8lab 4 5 x 4 5 w3 can be assumed as fixed on all four sides

for the same reason

lax water pre sure on walls =43 t/m°

Pm.ax

Load on interm2diate part of 1loor slab P

= weasht of water + own weigat of floor slab (assumed 20 cms thick )

orp =43+02x25 = 43+05 = 48 t/m2
Load on outside part of floor slab (assumed 40 cms thick)
Pp=43+04x25 = 45+10 = 53 t/m°
43tm 21 Hm
|
T
mTzi NORIZONTRL SECTION 158] mt J VERTICRL SEZLTION ’
_ £ nf /e R sﬁ l
| N 13
| ; 5
ro85 5] ¢ Y
SECTION 87 | SECTION AT E

AL WIGHT /e -~

W £ z
v Q x ]
NS

L I " AR IIEISTIIINELY]

-~

_P

o

- T
_frjéjnﬂb\' Ly w‘-.i%ﬂ'* i 1t
4 4

I

!
I |
' i 9 BhmE po4¥Mm
" r_ -.;i T :.Q_“_'T ! | ma
£3m : 09| ik 5m 9
[ T |
Fig VIiI-28

The internal forces 1n tne walls free at tooc and f.xed on the other
three sides can be calculated accord.n, to table C-8 as folloTs
( Pig VII 28 )

87 ot

1

H/L = 45/63 = 071> pmaxﬂe =43 x4 5

Bend.ns5 moments alor , middle vertical axas are therefore 3

Max fixing moment at base

- 2 -
dgmia == py. H/18 = -87/18=-4B4mt
May field momeit at O 47 H from base 3
h.max = p H2/80 = 87/80 = 1085mt

J



Bendang moments in horizontal direction are

Sectlon at top surface

ar fixing moment

2
Mxmln = Ppax H=/30

Max field moment
%m&.&:

Section at 0 6 H from bottom

Ppay HO/55

Las fiong and field moments

H2/24

Lxmlr
Mmm.ax =

= Ppay

The reesctions can
for H/L

Reesction at middle of base

thus

B
weaction at top edzge of wall

Ry

Reaction at mid height of wall

Ry

Tension in wall at its base

Ry

n

Ppax H/72 4=

be calculated from the table or Timoshenko

n

~-87/50 =-29 nt
87/55 = 158 mt
-87/24 =-363 mt
87/72 4= 120 mt

c-11b ,
Q 715
max tension in floor

PH/2 73 =4 3x+ 5/2 753 =7 1 t/m

we get

horizontal tension in s.de walls

pd/9 M4 =4 3 4 5/9 14 =2 1 t/m

nhorizontal tension in side walls

PU/4 42 = 4 3x4 o/4 42 = 4 9 t/n

Py X 0 9/2 =53 x0 45= 2 40t/m

The internal forces in the floor slab, fixed on all four sides and

subject to uniform load Py = 4 8 t/m2 can be

table A-6 as follows

caleulated according to

- oL = 2 _ 2 _
Ly = Lx =L=45m pp L =48x45 =97nt
hax fixing moment
Mmax =-pl%/194 =-97/194 =-500mt
Max field moment
Mmax = pI®/568 = 97/568 = 170mt

jul
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The vertical and horizontal sections of the tank are to be calculated

for the internal forces shown 1n figure VIT 28
The bending moments and shearing forces in the floor beams can be cal-

culated as follows ( Fig VII 29 )

P gz st P 13 52¢ |
& 1 byhn W 9 88¢E/m at 134 | 1% E
uilNEEERERINEREERnan — —f Y _
ﬂg-_‘___ 4 S Sm I '
17 2imd 2 12 74mt t
Ll ]
* S
t hJ
I
18 70t 8 rMD o4 7t rased ‘ ?u ‘
DN
! —_ = — T —f
l ! 8
b
VZ&ils I
5 D 1080, 4 30 109 |
[ 1
Flg VII-29

Each of the four supportin, beams can be considered as a simrle bean

4+ 5 m3 swan vath double cantilevers ¢ 90 ms each The bean is

assured 30 x 60 cms

Loaa on 1ntermediate span

Wl=05x04x2500+067xi2-5'—x4800+Ol+5x5300 or
w = 300 + 7200 + 2380 = 9880 kg/m
Load on outside cantilevers
W, =03 x04x200x=+2%2 55300 =150 + 1190 = 1340 ka/n
2 2
Concentrated load
P = own weight of wall = 0 2 x 4 5 x 2500 x =2 = 7100 kg
+ uniform £loor load = O 45 x 5300 x A2 = 5350 kg
0 45 2
+ triangular floor lead = x 5300 x 0 9 = 1070 kg
2
i1e total P = 13520 kgs
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Therefore, the max cantilever moment is given by

122 +054 = 1274 mt

1

2
09~
M 21352 x09 +1 33 x
2
and the max <fleld moment 13

250 -1274 = 1236 m ¢

2
hmmax=988xi - 12 74
8

The loads, beading moments and shearinz forces are shown in figure

VII 29

Cne can se¢e that the choice of the dimensions of the tank was

convenient for the followins reasoas

1) The max fixing moment in the wall ( — 4 84 m t ) 15 approx equal

to tne max fixang moment in the floor ( = 500 m t )

2) The ma. mome~ts are accumulated st t-e corner betseen walls
and floor, so that only a sSmall part o. the slabs needs a relati-

vely bis t icemess (~ 40 cms )

3) The max field moment 1n the wall { 1 58 m t )} is approx equsal

*0 t e max “i1eld mouent in the 1loor ( 1 7C mt )

4) The tnlc.ness of slabs 1s generally gover-ed by their field moments
and as tleir vglues are small only the minimum thickness necossa-

ry for vater-tightne=s (~ 20 cms ) is sufficient

5) The cantilever part has been chosen such that 1t gives approxima-
tely equal cantilever and field momenfs in the suprorting beams
The same 1dea can be adopted for bigger capacities as shown 1in
fi.ure VII 30 in whach the capacaty of the tank is
400 x 10 60 x 10 60 &7 450
The floor slabs are again here fixed at tne intermediate panelled fra-

mes, because they are arranged on the axes of symmetry

Each of tre floor panelled frames has a span of 9 ms and cer-
ries, ln addition to its own weight a floor load of p = 04 5 =10 t/m
2

on the intermediate span
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The walls may however be supiorted at their top edge on cover slabs
o™ horizontal beams as those shom in tie¢ exanvle Such beams can be
assumea ag sup o~ts for tI  wa.ls 1f they are supported at convenient
d.sta ces ( smaller thar ca 6 ms ) In the shown esample diazonal ties

navy g.ve a covenient solution

13
\ |
X ||
= |
2
X
- i l
450 4 #pom
L

Fig VII-3O

Tor tn case 0 J/a.ls s1mnly su orteq at tom azd T od to the
+loor slsbd at botte erd resistin, tre full water »res-ure in the
vertical directio t e nei bt of wall Y and the span or square floor
slabs L giving t e same fixin, moment in wall and floor can be deter-

mined a3 follows

dax hydrostatic pressure on wall Ppax 209 H

Load on floor slab including own weight p =110H

Fixang moment of wall = connecting moment ot floor or
09582 /13 =1120HL% /194 or

L=106H

Figure VII 31 showa the concrete dimensions and details of rein-

forcements of a covered reinforced concrete square tank = 400 m5
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capacity supported on four columns The general arran.ement of the
suprorting elements of the tank follows the given recommendations The
supporting elements of the floor are comoosed of four simple girders
supported on the columns , each of them is provided with two cantile-
ver armg sustorting the walls as deep beams The square floor enclosed
betveen the main girders 1s subdivided by two pamalled simple beams
Each of the four panels of the floor can be assumed as totally fixed
at 1ts edzes The walls being 3 6 x 10 B0 n they behave as one wsay
slabs simply suoworted on the top horizontal beam and totally fixed to
tre floor They resist the water pres.ure in the vertical direction
only In this menner, the bigger values o. the bending moments in a
vertical Bectaion of t e tan< are accumulated at the corner between the
wal.s and tla rloom However, the local horizontal bernding momen*s
along tre vertical corners of the tant - equations 10 - are to be ta-
ten 1n corsideratiyn In orde~ to avoid vertical supports inside the
tack, the too horizontal bean of the waell 13 suopnorted on dia.onal ties
shom dotred- The roof 1s a reinforcea concr.tz squars pyramid sup -
po~ted on twelve posts arransed on the to~ o. the walls at tre corners
and the third points of each side The windo /s between the posts allov

for good airation of the water in the tank

VIl 4 CCUMERYORTED VALLS

In order to reduce the thickness of walls of deep rectangular
tanks, 1t mas be of advantage to support them on counterforts as can
be seen i1n the following example of a diving pool 5 x 20 x 20 ms
( Fio, VII 32 )

It is obvious that , in this c¢case , 1t 1s not possible to ar-
ranse any supports at the upper surface of the water, and, if the walls
are constructed without any supports, i @ free at top and totally fi-
xed at the other three sides, we get for water pressure, according to

Czerny's table C-8, the following
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If Ly/Lx =H/L
and sz .-.5x52 =125 mt
the max Ffixang moments at foot of wall will be

5/20 =0 25

M min =-pHY6 9=-125/6 9m-181 mt
the max Ffixing moment between the walls at their top surface
M, min = -pHE/BB=-125/88=-142 nt
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Fig VII-32
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Both moments cause +tengile stresses on the water side, s8¢ that, the

thickness requiread for th- wall at i1ts base i3 gaiven by

t V1 /3 =118100/ , = 77 5 cns3

nax

and the corresponding tension steel will be

2

=02 t, =02 x775 =20 cm 74 19 m/m

Both values + and As are relatively big

le give 1n the following some trials for convenient solutions

or the wall

1st Trial VWall Suppoorted on Four Sides

As a farat trial, we arranze horizontal beams at the top
ed,e of th= wall and vertical counterforts at say 3 33 ©s as shown
.n solution 1 of figure VII 32 In this manner , the walls behave as
t 10 #ay sl.bs simoly s.nnorted at top and f.xed on the other toree

s.des Tre 1nternal fo ces ca.. be calcula* ¢ rrou Czerny's table B-5'

az follors

For Ly /L =HE/L =2/2 3> =1

& p1l  =5x3 33 =»5at

we get tle bending moments

fan  =-p1f/255=2-555/235=~233 at base
g9t = P 12 /104 = 555/ 104 = 0535 mtat027H rom
Mmn =~plS/257=-555/237=-23 ntatO038H "
lwex = pIS/572= 555/572= 097 mtat md height

and tlre reactions

¥ max = max tension in floor Blab

kg
=plL, /27 =5x333/27 = 62¢%tm
Qyn = load at middle of top beam
=pL /174 =5x333/174= 09 t/n
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RJ,' = load at support of top beam
=—pLx/94 =2=5x33%/9% =~1%8 t/m'

The reaction of the top beam and the horizontal reaction of the wall
glve thes loads acting on the counterfort, thus

If we assume that the load distribution on the top beam is parabolic,
its reaction on the top edge of the counterfort will be nil (a0 )
because the negative valus of the load at the support of the beam
(178 t/mn ) 4is approximetely equal to double the maximum positive
value at the middle ( 0 96 t/m )

The maximum reaction of the wall on the counterfort 1s given by

R:max -apLx/51=2151355/3l=11t/mat0§ﬂ:rom
ase

In order to calculate the bending moments and reaction at base
of counterfort, one may replace the load d.i_agru.m acting on the coun =
terfort by a polygon as shown In Fig VII 33 which shows the intermal
forces in the wall and supporting beams

L7387/
‘ / To,- fun
v p Counnberfort
"' 4
2 3¢ 2.4 *
-1?—
u
[ e r =Ty ~
|__
[ ]
X L
(Ll L 1‘”£’J, s Irl(l!(
;.--_ﬂ'é;’ |22 Section
Flg VII=33

The figure shows fixther, the gemeral arrangement of ths coun-
arforts in elevation and section, ths bending moments in the wall slat
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in the verti.al and horizontal directions, and the internal fo-ces and

reacticns of the counterfort
Reaction of counterfort at itse base

R=llxé2—i+llx15+llx§ = 537 ton

8.-mum be ding morment of countarfort

=2 X235 (25 55y 4+ 11215417 + XL 2 _ 98 7mg
2 3 2 3

2rd trial lall Sa-~orted on Three Sides

{® have seen, in the previcus trial trat the lcads on
the top beam ar~ 50 small tkhat 1t does not give an ef.ective supmort
£~ te wall “urt er studi~s ave stom t at s lon. as t . bPe. bt
- 0. a vall sabgect to aydrostatic pressurs 1. bi,em t a1 1*s srvan
L, * » wr~.rnal for~ces are not aifectea £ ‘e d.sce se w.t *ne top
te.m, .a raca case tve sall will be fr e at t p and tota l, f_xez

o= t.e othor “.re2 s.des T. bendins mome~nts ca be durer .r~d from

C.eray's table C-8 as follors

“o- Ly/LX=H/L =5/333 =15

and pL5 =5 x 52 =125 m ¢t

¢ Jet the bend.ng moments

g T =-pL§/535 = = 125/53 5 = - 2 34 p ¢t at base
bmax = p L§/242 = 125/242 = 0516 mt at O 2 H from base
1210 =-pL§:/542 =-125/562=-232 mt at O 3c H *
Momax = p L§/125 = 125/125 = 100 =t atO 40 H ™

The reactrons of the slab can be calculated from table C-1ll , thus
R, = max tenmdicn in floor alab
=pLy/482 =5x5/482=52 t/n
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:aR2 = load op an intermediste counterfort at its top edge
—2pLy/250=—2x5x5/250=—02t/m

= load on an intermediate counterfort at mid-helght
=2p1’..y/615 = 2x5x5/613%3 = 815 t/n

The maximum load on the counterfort lies at ~ 0 3 H from base, so that
the load diagram can be drawn as shown in figure VII 34 , its ordina-
tes belng the same es those of ths previous case, the bending moment
of the counterfort and the reaction at its lower edge will be the same

(Pig VII 34)

i 3
e
= 32 £32 I
5
&0 oS5
—— X g
3 T Ll asild doidci
law.rff-' Ls3 33 f Seclion Loaal
Fig VII=34

Comparing the values of the internal forces obtained for +hie
trial, we find that they are nearly the same as those of the first

trial
For such internal forces, it is sufficient to construct the

walls with a thiokness of 20 cms only at the middle of the spans and
¢ 30 omg at the supports

The maximum sectlion of the counterfort may be chosen 45 x llCcms
and the corresponding reinforcement ~ 9 ¢ 25



239

3rd Trial Cantilevering #all Sup.iorted on Three Sides

In this new trial, the height of the counterfort will be
reduced to 4 00 m In this mapner, the lower part of the wall will be
fixed on three sides and free at 1ts upper edge where we bave 1 meter
freecantilever 1t is subject to a trapezoidal hydrostatic pressure

with

P 100 1:/1:12 at 1ts top edge and

P Py + Py = 100+ 400 =500 t/m2 at 1ts lower edge in addition

to a bend.ng momemt “o given by :

H 0 166 mt/m

]

p; ¢%/6 =1 00% / 6

and a shearing force Q =1 002/2 =0 50 t/m actinz at its free
edze as suown 1n fizure VII 35
IYe bendi~z Doments in the lover part or the slab can be calculated

from tre folloiiig tables

Table C=7 for the uniform load Py = 1 00 1:/::12
Table C-8 " triangula~ ' o, = 4 00 t/m°
Taple C~¢ fo~ t e srear Q =05 t/m acting or the free edge
Table C-10 for the moment ', = 0 165 mt/m ! ' "

Th= results ars given 1n table 1,

The reacticns due to w, 8T BO emall that they can be peglected,

#11le the reactions due to QO will be directly transmitted to the ed-
ges of tie counterforts { at points d ) and are given by
Ry =05x333 =1671¢
The reactions of the lower part of the waell due to the uniform

pressure p; = 10 ‘t:/m2 ard the triangular preasure Py = 4 0 t:/m“2 can

be calculated from table C-11 as shown in table 2,
Rb g1ven in the table indicates the maximum tension in the floor slab
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Table 1
Uniforn Load | Trieng LoadrEdge Load Edge doment
Load | P1= 10 t/0° [ py= 40 t/mal Q= 05 t/m riozo 165 mt/m | Total
Table C=7 Table C-8 | Table C-9 ' Table C-10
1’1%2 1ot P11'§ =4 uzi QL 3 4 0 16(:'-'
B U [I= = M= shxh | g o x 9x3 35 o 0,166 g g
m a m m m m m
g m m ’ b | m { m { |
nt ot mt ! I mt nt
M, | &4|ouses| 177 | o361l 72 |0232, 35, 0048|1106
L]
Mo | - 16 9{=0 950 |- 130 i-o 492|=2 42 |0 746 = 0 69 =0 242 -2 430
|
S| #30] 0372 9o3|0650 630 | 0 027 -179!-0009 1 040
B, |~ 19 510 w0 - w1 5:-1 540,60 3 |-0 025 | 7 55 (o 022 |-2 363!
| ! -
o, o | o |oo| 0 0 |- 100-0166 -0 185
1
Mo, 190 0084 238 0 259|~42 5 |~0 039, —0 -0 004 | 0 310,
|
M., - 25 3 =0 332 =37 4 ]—1 710 - - 115 { 0 001 |-2 340
| i J
Table 2
Uniform Load Triangular Load
Loading P, = 10 t/m2 P, =4 0 t/m? Total
I'able C-lla Table C-11b
p,L P,L
Reaction| R = =3 - 12 R=—2J . 4xt Reaction
m m m m
m R = 4/m m R = 16/m
t t %
Ry, 306 [ 130 404 | 39 5 26
P Ry 208 |2x19| 60 |2xo027| & 38 +1 67= 6 05%
P R, 248 {2x116] 47 |2x335| 9@
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The maximum load on the counterfort lies at 0O 5 H from base
and can be estimated diagramatically as shown in flgure VII-35 in which
the load 1s replaced by & polygon of the given ordinates

Acoordingly, the reaction at the foot of the counterfort is glv-
en bys

RaS8 W $202 ; ,5,10x10x05=339¢%
and lts maximum moment 13 given by M =65 25 ot
ithe internal forces in the wall and in an intermediate counterfort are
shown in figure VII-35

143

3 o o /dd m¥ Gounberlovt
n Ny S £a5 _
= ; &
-
= X
J ¥
— T Frp v 339¢
I L 333
j‘-‘l—r ,"_—'+ Seclon Lol .

Fig VII=35

1t 13 clear from the previous investigations that the choice of
a convenlent and si Tle solution as that shown in the thixd trial ,
requires a thorough knowledge of the digstribution of the intermal
forces in flat plates under different loade for the various edge con-
ditions

In all the shown cases , the counterforts behave as simple can-
tilevers subject <¢o the reactions of the wall and the top beam , 1if
any, giving maximum bending momants at thelr base The tensile stres-
see in the countrfort dus to the hydrostatic pressure are on the
water mide, and 1t is therefore easontial to prevent tension cracks
from being developed, In order to satisfy this requirement,the secticns
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of the counterfort will be designed as reinforced concrete rectangu-
lar sections because their flange lies in the tension zone and , in
apite of that , the depth of the different sections must be chosen
such that the maximum tensile stresses ln the concrete are smaller

than its tensile strength , 1 e no cracks gre allowed in the flan-
go of the beam In this last case , we are allowed to assume the

sections as plain concrete ( or eventually reinforced concrete) T -

sections with breadth of flange
x
B =8 ta + 2 bs + bo

and smaller than H/3 This means , the sections are to be treated
as reinforced concrete rectangular sections in stage II and at the

same time as plain concrete T-sections in stage I

The walls must be designed far the full hydrostatic pressure assu-
ming earth removed , and the full earth plus any ground water prea-
sure + effect of surcharge , 1f any , with tenk empty In this last
case , the wall sections behave as T both in stage I and 8tage
II

Corner counterforts may be arranged as shown in solution 1 ,
in which case , they resist the horizontal reactions of the two
adjoining panels «of the walls If they are not arranged, as shown
in solution 2 , the walls will be subject to horizontal forces ,
equal to the horizontal reactions of the end panels of walls , over
their whole length

The fixing moments and bottom reactions of counterforts must

be transmitted to floor beams , ( or eventually thick floor slabs)
It 18 recommended to extand the floor beams over the whole width of

= t, = thickneas of flange bB = breadth of heunches if aeny
bo = breadth of counterfort
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the floor if it rests on relatively wesk soils = solution 1l of figurs
VII=32 = and, to extend them on a short distance of the floor slab if
it reats on atiff scils as shown in solution 2 of the same figuro

It is generally not recommended to use bent bars in vertical sl=-
abs and beams of counterforted walls even in cases where such walls are
subject to earth or water pressure from one side only because bent bars
are llable to move from their positlon durling concreting operations

Flgure VIiI-36 shows the concrete dimentions and detalls of reln-
forcements of the third trial shown in figure VII-35 for solution 2 of
figure VII-32 assumlng that the internal forces due to sarth pressure
are 0 65 the values due to water pressure

It has to be noted here that no bent bars are used in the differ—
ent elements cf the poocl and that high grade ateel stressed to 2000 kg/
cm2 in tension 1s used as relnforcement for the counterforts

The required concrete dimenslons and reinforcements of the diffe-—
rent elements are as follows
1 ) Wall and floor slabs

Thickness <0 oms provided with haunches 10 x 30 cms at the sup-
porting beams

Tension steel 7 § 13 mm/m for water pressure and 7 §# 10 mn/a for
earth pressurs
2 ) Counterforts

Cross-gsection max 45 x 110 cm and min 45 x 60 cm

Tension steel 9 % 25 ma on water side and 6 25 mm on sarth
side
3 ) Intermediate floor beams:

Cross-sectiont 45 x 60 on

Reinforcemant: 3 ¢ 25 mm top and bottom
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VIII TANEKS DIRECTLY BUILT ON THE GROUND

In tanks directly bhuilt on the ground, we recognize three dif-

ferent cases, namely

a) Tanks on fill or soft-weak soils,
b) Tanks on rizid foundation and

¢) Tanks on compressible soils

VIZI 1 TLXS 0 FILL OR o0F™ VEAR SQILS

The stresses on the soi1l due toc weli_bt of tank and water 1is
generally low (~ 0 6 n:g/c:n2 for a depth of water or 5 ms ) but in
s~_te o. this fact, 1t 1s not r commendea to construct a tang direct-
ly on unconsclidated fill as tbis may expose the tank to very serious

differential settlements due to the unhomogenous texure of the £ill

Soit weak clayey layers, peat and similar soils may consoli-

date to big values even under small stresses

"X ¥

’”77W67”
i
GWL;;/

Fig VIII-1
In such cases, it 1s recommended to support the tark on co-

lumns and isclated or strip footings if the stiff soil layers are at
a reasonable depth from the ground surface and no blg difficalties
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are liable to arise due to high ground weter as shown in fig VIII 1

in which the floor of the tank, acting as a flat slab, 1s supported

on columns and i1solated footings resting on the stiff clay

In case of med:ium soils at foundation level, one may need a raft

over the whole area as shown in figure VIII 2
tank and the lower raft may be arranged as flat slabs

The

floor of the

If 1t 18 requi-

red to increase the stiffness of the tank, longitudinal and cross-gir-

ders may be arranged as shown

VPl
VA,

P

LA A e

r2a 77

e ).

e

If the incompressible layers are deep or the ground water level

15 high one may support the tank on piles

It 18 recommended to drive

the piles, where possible , to the incompressible layers and to arran-

ge them such that we get just the floor thickness sufficient to give

the necessary

/ater-tightness { 20 — 25 cms ) The pile caps may act

as column heads for a flat slab system as shown in figure VIII 3

rd

el _— i :
GwL Eill
frr//r:/r - _7/7577
VAYAL/, 7 1)
AR O 2% PR v
75700005 G | PSS | R | i
LY | 22 s 7 . s
ks rrred |/ sorel s 2] ] _ VT | S A
_14:_:—:':335275 | == —— =3[ —Pest—
LA / ] b e s ] — Ve -
iy ; A ’ /s, y A //’; ;Of( dark
o 2l 34 4
7L | V2R | K2 | vk 277 | o s tloy
Ll 2y N IIENTY. | VWSS tlesreedl 7l £ w
J h_4 J Fing 3qnd
no?asu .nnabv:: ooa -V, oo Y - e ""' Q_. °§c_:|1 and
Fig VIII-3

In this example, the soil layers being soft and compressible, the

weaight of the tank and liquid will be transmitted to the incompressible
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sand layers through cast in place plles

The roof may be a flat slab or of the slab and beam type sup -
ported on columns The columna and the floor, as a flat slab , are
supported on piles, with the pile caps acting as column heads Single
piles are arranged such that each pile carries 1ts full capaclty and
the required thickness of the floor slab 13 20 to 25 ¢cm8 The ateel
tubes in which tne concrete of the piles 18 caest are driven from the
ground surface to the coarse sand layer, they are filled with concrete

to the level of the floor and with sand fill to the ground surface

We give i1n figure VIII 4 a ¢ircular flocculator which 18 to be
constructed 1n very soft swampy soils on piles arranged in the out-
s1de perimeter below the outside vertical wall and in the center under-

neath the sclid part srown

VIII 2 TAJKS ON RIGID FOUMDATION

If we agsume that a tank 1s supported on a rigwd foundation,

Fig VIII-5
then the vertical reaction of the wall will be darectly resisted by
the marea beneath it, while the bending moment M will deflect the
floor in a length | beyond which no deformation or bending moments
are croated The deformation dus to M will be counter balanced by
the welght of the liquid and the floor w (Fig VIII 5) accordingly ,
we should have at point b3 M =0 and =0
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3
But g =0= wi- _ M1
24 B I 6 E I
50 that | =24/ 2=
w

The part | of the floor slab i1s to be designed to resist the
bending moments shown in figure VIII 5 plus aan axial tensile force
N equal to the reaction at the base of the warll The middle part of
tbke floor slab i1s to be designed to resiat the tension N with a min-
imum thicqness of 15 - 20 cms gavang sufraicient water-tightness The
minimum rerararcement 18 5 ¢ 8 mm/m 1n each direction on both surfaces

of the slab

VIII 3 TA®S O €O PRES.IBLE SOILS

Floors or tands resting on medium clayey or sandy so1ls may

be calcula-eqa 1n the follow#in, manner (Fig VIII 6)
i

le asoume tnat ths internal for-
ces transmitted from tne wall to the
floor at b ar~ distribated on the soil
br the part b ¢ = | of tie floor where
L =04 to O6H The length | 18

P

g
5 L ILIELLITTEEEL 50 hofotl, GAA //'I,’ Wﬂm

I

c osen sucn trat tre max stress Gl 13
smaller than the alloved soil bearing Fig F-——-—!—————*1
pressure, and O, » 0; / 2 on clayey VIII-6 q{]]}]IIIIIIII]q
soils and 02 > 0 on sandy soils
These limitations are recommended i1n order to prevent relatively big
rotations of the floor at b

The 1nternal forces in the part be of the floor are to be deter-
mined for the downward forces
G, = weight of wall and roof (if any)
G, = " fleoor <¢b

= ' ' water on cb
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plus the bending moment M and the shearing force Q at the foot of the
wall and the corresponding upward stresses O

The part of the floor to the left of ¢ is subjJect to tension
aqual to Q Its thickness 18 chosen 15 to 20 cms to give the neces-
sary watertightnesa, reinforced by two meshes of area 4, in any direo-
tion glven by 1@

by =Q /05

For the detalls of reinforcements refer to figure VIII 5
Tha floor of a tank directly built on stiff medium or weak compressi-
ble soils can howavar be treated as a floor on elastic foundation if
the soil is homogenous aend ita elastic properties are known

Gensral. Theory of Beans on Elastic Foundation™

In order to determine the deformation and internal forces in a
floor on elastic foundation, one has to know the gensral theory of
beams on elastic foundation We give in the following , the outlines
of the theory as may be needed for our purpoee

4 besm A B supported along its

entire length by an elastlic medium A y P :"
and subJected to vertical foroes p

will deflect producing continucusly Teny
distributed stresses O in the suppor-

ting medium ( Fig VIII 7 ) Fig VIII-?

The fundamental assumption of elastic supports is @
" the intensity of the stress U at any point ia proportional to the
defleotion of the beam y at that point " ; that is :

g =ky
The elasticity of the supporting medium 1is characterized by the stress
O whioh oauses a deflection squal to unity This constant of the sup-—
porting medim k, kg/cz’® is oalled the modulus of the foundation

x Hetényi " Beams on Elastic Foundation "
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Assume that the beam under consideration has a uniform cross
section and that b is its constant width, which 1s supported on the
foundation A unlt deflection of this beam will cause a stress b k,
in the foundation , comsequently, at a point where the deflection is
¥ the intensity of distributed reaction (per unit length of the beam)
will be

O kg/em = b k, ¥

For the sake of brevity we snall use the symbol k hr.g/c:r.n2 for b cms x
L I«;e;/cm2 in the following derivatiomns, but i1t is tc be remembered
that this k includes the effect of the width of the beam and will be
numerically equal to ko only if we deal with a beam of unit vadth

Considering the edquilibrium of an ainfinitely OL
small element enclosed between two vertical cross- ﬁﬂl

sectiops a distance dx apart on the beam we find M( d J&dlﬂ
{Fag VIII 8) -

Q- {Q+4Q ) +kydx-pdr = 0O JLn.ao

wh.ch gives Flg VIII-8

=ky-p (a)

knowing that Q , Wwe can write

2
=:—xj-_}=ky-pcb>

le RIE RIB

We know further that

Differentiating this relation twice, we obtain

4 2
[} 4= 1
BT _Z:=__2. (a)

Relations (b) anmd (d) give
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4
312;{}:-1:-3+p (e)

snjch gives the differential equation of the elastic line of a beam on
rlastic foundation Along the unloaded parts of the beam, where no
distributed load 1s acting, p = O, and equ (®) will 4take the form

4
EI%;%.-&; (t)

It will be gufficlent %o conaider below only the gemeral solution of
(f) from which solutlons will be obtained also for cases implied in
(e) by adding to it a particular integral corresponding to p Assu-

n.n3 further that .3
D =:|/ k ( E )
4 EI

ve can z1ve the solution of the differential equation (f) 1n the

form
J:Bu(Llcosnx+Blsinnx)+e'nx (Blcasnx + stj.nnx)

(15)
Here n includes the flexural regidity of the beam as well as the elas-

*1caty of the supporting medium, and 13 en important factor influen -
cing the shape of the elastic line  For this reason the factor n is
called the characteristic of the system, and, since its dimension is

lnngth_l

s the term 1/n is frequently referred to as the characte =
ristic length Consequently, nx wall be an absolute number
Differentiating equation (15), we get

1 gi'-:eu [Al (cosnx-amnx)+A2(cosnx+Binnx)]

a

- nx[l.‘.l(-:‘.oslrl.::+sj.nnx)—Ha (cosnx-si.nn.x)

a
[p*)

nx

)
Lé- = - g (Alsm - Aacos nx)+e (Blsj.n n:r.—B cos nx)i (16)

:
3

3
i;; =~ 2% [ 1(c05 nx + sin nx)—Az(cos nx - ain n::)
n d

oy

+ e—m‘[ l(cos nx~ sin n.r)+3 (cos nx - sin n.x)
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nnowing that

2 3
El:tanG,-EI%:Mand-EI‘i%:q
dx dx

we can obtain the general expressions for the slope § (8 = tan 9)
of the deflection line as well as for the bending moment M and the
shearing force @ The intensity of pressure in the foundation will

be found from equation (15) to be O =k ¥

In applying these general equations, or corresponding ones 1in-—
¢luding the term depending on p, to particular ceses the next step is
to determire the integration constants Ay A2 B, and B2
These integration constants depend on the manner in which the beam
15 subgected to the loading and have constant values aleng each por-
tion of the beam within which the elastic line and all 1ta derivati-
ves are continuous Their values can be obtained from the conditions
exist.nz at the two ends of such continuous portions Out of the four
giantities ( y,9, M and Q ) characterizing the condition of an end
tvo are usuvally known at each end from which sufficient data are

available for the determination of the constants 4 and B

Internal Forces for Particular Cases of Loadinz

In the following formulae, we have

The charascterastic value n =4V k
4 BEI

The foundation modulus k in kg/cm3
k =Db k. in kg/cm2

Conatant width of beam 1n contact with the foundaticn = b cm

The flexural rigid:ty of the bean =EI

The deflection y, slope angles © , hending moments M, and shearing
forces @ are given in the following for beams with free ends under

some particular cases of loading
The numerical values of the trigomcmetric and hyperbolic func-

tions needed in the different equations are given in the aeppendix
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1) Equal Concentrated Forces at Bota Ends

Fig VIII-9

\
_2PFPn cosh nL cos n¥ + cosh nx, €0S OX
k sinh nlL + sin nL

¥y

Deflection at the erd voints

2P n cosh nL + ¢os nL
Kk sinh nL + sin nl

‘YA=YB=

Deflection at the middle

nL nL
4 Pn GOShz—'GOSE—

k sinph pL, + Sin nlL

Yo

"he derlection Yo = Owennb=n, 3r , 5r , ect

Slope anglss at end po.nts A and B

2Pn2 si1nh nl, ~ sin ni,

k sanh nl, + sin nL

e:—eB=-—

The bending moment

P s8inh nx sin nx'+ sinh nx  sin ox

n 8inh nL + sin nl

The bending moment at the middle
ol 2L

_ 2P einh -2— g1n 5

¢ n Sinh nL + sin nL

M, =0 when nl. = 2 , 4M |, 6% , etc
Mc 18 negative when nL { 2T
M, 18 positive when 2T <nk < 4n

The shearing force

=P L ( sinh nx cos nx'- cosh nx B1n nx'

ainh nl, + ain nL

]
+ cosh nx' s8in nx - sinh nx cos nx)

(17)

(17a)

(17b)

(18)

(13

(19a)

(20)
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2) Equal Concentrated Moments at Both Ends 1

Mg VIII-10
2 l[0 Il.2 1 1
y == (8irh nx o008 nx'= cosh nx 8in nx'
k sinoh nT. + sin nl
+sinh nx* cos nx - cosh nx' Sin nx)
(21)
Deflection at end points
2, 2% i plL - sin an
Jy =Yg = - = (212)
k sinh nl; + s1in nL
3lope at end points
2
8 - _6 - 4 M, n cosh nL - cog nk (22)
4 B k ginh nL + sin ol
The bending moment
L = M 1 { sinh nx cos nx'+ cosh nx sin nx'

© 8inh oL + 8in oL .
+ sinh nx' co8 nx + cosh nx s81in nx)

(23)
The bending moment at the middle
nl, nL nlL nl
sinh cos + cosh gin
M, =2 M 2 2 2 £ (23e)
gink nL + sin oL
M, = 0 when cos BE - - gin AL s that is,
2 2
when nL s 21 ’ yapl ' Ly y ebc
2 2 2
The shearing force
ginh nx Bin nx'=- ginh nx' sin nx 24)

Q =2M0n
ginh nL + 8in nL
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3) Concentrated Force at One End

I'd
PIL_! .{. x7_ .Jl
Ty -%za Fig VIII-11

A “

e

2P n 8ioh nl. co8 nx oosh nx'— gin nu_cosh nx cos nx'

y = ) 2
k ginh® nl, = sin“ nL
(25)
Deflection at the end points
y=12Pn 8inh oL cgﬂhnL-aénnL cosn;t:_g
A —
k ginh“ nl - sin“ nL
(25a)
¥y 2Pn 8inh nI, coa nL —8in nl. cosh nL
B k sinh® nL - sin® nL
The deflection yg = O when ol = % ' -z- T, ete
B8lopes at the end points 1
o __2Pn° gink® oL+ gin® nL )
A k ginh® nL - gin® nL
(26)
6 ._4%Pn°® sighpL  sin oL
B K ginh® al - sin® nL

The slope GB=0 when n. = ® , 20, 3R , etec

The bending moment

P sinh nl _gin nx sinh nx'- sin oL sich nx sin nx' (27)

M
n ginh® ol - 8in® nL
The shearing force
Q = =P ) 1 ) [sinhnL(oosnx sin nx'=
ginh™ nl, — sin™ nk

4
sin nxr oosh nx')~ 8in nL (cosh nx sin nx = sinh nx c¢os nx‘)]
(28)
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4) Concentrated Monent at One End
WV

775_‘}_,_ ______ o Fig VIII-12

£
[_x

2
2n!°n 1
k slnhanL--sm

= [s:.n.b ol (cos nx sin nx - sinh nx
nL

¢os nx) + sin nl (sinh nx cos nx - cosh nx 8in nx )] (29)

Defluction at the end points

2
_EMQn s:l.n.hanL+51n2n.L)
¥y = 2 2 )
k g1nh™ nlL = sin™ nL )
(29a)
2
3 _4 o = Sinh nlr  sin oL
B k smhanL-s:.nTnL )
The deflection yy = OwhennL =n, 21 , 3% , ate
Slop=s at the end points
41 o’
8 = o sinh nl. cosh nl + Sin nlL cosnL)
& K s1nh® nL - sin® ol
(30)
41 n’
8 .. o sinh nL. cos nl. + Bin nl. cosh nlL
B K ginh® oL - sin® ol
The slopee:B:OwhennL:én, -zrt, i-l-“, ete
4 4 4
The bending moxent
Moo= M ~ 1 s [smhnL(smhnx'cosnx+cosh nx' s1n ng)
81nh™ pL - sin™ ol
- gin nl (sanh nx c¢os nx'+ cosh nx 8in nx )] (31)
The shearing force
Q =2y p B8inhol sinh oo smnx+isinnlu Birnh nx Sin nx
° 81mn® nL - sin® ol
(32)

Foundation Modulus ko 1

The magnitude of the foundation or subgrade medulus \:0 depends
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mainly on the following factors

1) Kind of so0il and its propsrties

2) Internal fraction betwsen so0il particles and their water content
3) B8Size and form of loaded area

4) Depth of foundation base from ground level

We gave in the <following the approximate average values of ko

Peat 05-10 ka/em’
Fi1ll of sand and gravel 10-=-220 n
fet clayey soil 20-30 !
Moistured clay 4 0~50 !
Dry clay 60~80 !
Hard dry clay 10 kg/cw’
Coarse sanrd )

Coarse sand + snall amount of gravel 8 10 ,

Fine gravel + szall amount of sand

Middle size gravel + fine sand 10 = 12

Middle size gravel + coarse sand 12 - 15 '

Large size gravel + coarse sand 15 - 20

Examples

1) In faigure VIII 13 is shown the cross-section of an aqueduct It
is required to find the pressure distribution in the sub-soil and
the moment diagram for the bottom plate

Assume
E, = 200 000 kg/ort and k, = 5 kg/en®

Solution 1
The bottom plate can be regarded as a beam on elaatic foundation

subject to
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i) 4 uniformly distributed leoading
p equal to the weirght of the bot-
ton plate 1ltself plus the weight ot
of the water,

anh ey

AN IINETINC SN

@“ "2
A

1 IIHIOL IS ITETHU TS TSI T

11} Two concentrated forces P due o

the weight of the Bide walls }._ 2 o

111) Two moments M, due to the hydro-

static pressure P , NP menle
p TT08 kyin
Computing the lcads of the sec~ < % rmt’.j-
LoD

tion per meter, we get

Own welght of bottom plate
A
=02 x 2500 500 kg/ m2 ‘i““m“"
Own welght of water cm STRESS DISTRIBUTMNNA 878

Loy B 1
kg fem
bt

=22 x 1000 = 2200 “
Total p = 2700 "

Corresponding 8trese on so1l

= 0 27 kg/en®

Own weight of wall
P=230x500 = 1150 kg/m Fig VIII-13
Moment due to water pressure M, = - 2200 x 2 22 / 6 = - 1780 Xxgu/m
The deflection and moments of the floor can be calculated with the
help of equations 17 , 19 and 21 , 23 thus
k=blk, =100x5 = 500 kg/emt

I=b $2/12 = 100 x 20°/12 = 6 67 x 107 e

o x “
n= =]/ 200 r & 0010
4 EI 4 x 200 000 x 6 67 x 10

The deflection at the edges y, and ¥p o and at the middle
Yo due to the forces P = 11 5 kg/om is, according to equation 17- a

& Db, glven by 1
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nl nL
4 Pn coshg—+oos;

=.‘BI’r.L cosh ol + cos nh & T

Yy =78

-4 ginh nL + ein nL k ginh nL + sin nL
in which
nlL = 001 x 420 = 420,00 /2c001x420/2 =21

gin ol = - O 872 , cca m:-ougo,sm%uossa, cos 2Z = -0 505
2

sinh nL = 33 3357 , cosh nL = 33 3507,sinhé&=40219,coahg=41443
2
8¢ that
gy=yp= X341 2X 01,25 3007 =040 _  g55 107 cm
500 33 3357 - 0 872
and v = 4 x 11 5 x le—41446x0505=_0591154°m
500 33 3357 - 0 B72
The stresaes dus to the forces P are therefore
G =0;=ky, =500x465x 107" = 0233 kglen?
and Oy =k y; = - 500 x 0 59 x 107+ =-003 "

The bending moment ¥, at the middle point of the bottom due +to the
forces P 1s, according to equation (19a) given by

nL oL
8inh gin ==
“cg_ Q ;2—. or

n  sinh nl + ain AL

M = 2X115 4021070863 _ _ o
© 00l 33 3357- 0 872 ¥g on/on

The deflection at the edge and middle points of the bottom plate
due to the moments l'.{o = - 1780 kgem/em 1is asccording o equation

(21), given by

2
24, n sinh ol — sin nl,
y‘.=yB=- I —————————
k 8inh oL + sirn oL
2 oL oL oL nl
N 4I°n si.nhg—ooa!—-coahz-ainz—
C x sinh nL + sin nL

€0 that 3
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2
2 x 1780 x 01 33 3357 + 0O 872 _750:10-4“1

Ty =g ™

A~ "B 500 33 3357 = O 672

3o = X 1780 x 012 = 40219 x 0 505 = & LW43X0 BS3 . 5 4or10~%em
500 33 3357 - 0 672

The sbresses dus to the moments llo are therefore 1
0, =0 =ky =250x75x 10" 0375 ks/or

Oy mkyy=500x245 %107 ==0125 "
The bendlng momant at the middle point of the bottom plate due to the
edge moments Ilo is, according to equationz2i-a, given by 1
linhé‘l'-oos%+coahé‘l'- l:l.ns—I'

sinh AL + sin abL
HG--2xl7BO -4M§05+4M--17OWG1

33 3357 = 0 872

The totel stresses and bending moments &re therefors 3 (Fig, VIII 13)

losalo

0, =03=0270+023354+0375 = 0878 kg/cn®

0'0-0270-0030-0123 a 0117 "

M, = ~ 246 = 170 a - 416 kgu/m

2) It is required to determine the stress distributlon snd bending

noments of the floor of the diving pool shown in figure VII 32 for

the case of water pressure assuming E = 2000 kg/cnz and k, = 10 ks/on5

The solution will be done for a strip B = 3 33 me (distance bDetween

center lines of floor panels)

In order to simplify the computations, the floor glrders will be assu-

med with a constant average depth of 90 cma

The floor strip is subjeoct to 1 (Fig VIII 14)

i) The weight of water and rloor p where
Ppm333(50+02x25+0485x07x25 =191 t/a

i1) The weight of the wall slab and counterfort P where
P=e333x02x5x25+0455x07x85%2x25 =119 %
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iii) A concentrated bending moment at the outer edge M Jdue to the
fixing moments of the dountertort and the wall given by @

Mo6523 +2x234 x33326523+52=70 nt
3 2 798 Ax 3. 33

Arsa of the sectlon s (Fig VIII 15) -2
2 8
4=02x333+07x045 = O 981 o < o
° o Tomt) L 333m {
Statical moment about mid-height of flange: ! 1
52045307 x0 45 = 0 142 z° Flg VIII-1%
Distance between center of gravity of
flange and center of gravlty of section L 3330 |
I —
i1s ¢ — i L] —
0 142 = 0 135 n - 1 g a
0 981 J_IJ 0
So that the distance of the center of ..,i-’_'{..

gravity 1s equal to @

0 245 mg from top surface of the flange

0 655 ms from bottom ™ " " web

The moment of inertia of the sectlon about its center of gravity i

3 3
Igu‘ilz_c’i+04520?:3052+553=0_l§'

Fig VIII-15

+233x02x 145° = 1853 x 10° ca®

The charscteristlic valus n @

n-4/nk° ) _I/ 333 x 10 = 0 00385 ca~l
8 BI & x 20 x 10° x 1853 x 10%

Theraefore 1
ol = 282 y 333 4128 B . o0&
1000 2
sinnl = 0 958 sin B = 0597
cosnl: m 0 287 oo-? = 0802
sinh oL = 1 6593 ainh B¢ = 06836
= 1 2119

cosh nL = 1 9373 cosh sE
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The deflection at the edges ¥, and b 4 due to the force

p = 11900 _ 35 7 kg/em is given according to equations(25a) by

333
yngn gainh nl. cosh nL - sin oL, ¢os nL
4 x ginh® oL — gin® nL
y=2P1:L Banh nl: cos nL — sin nl cosh nb
B x ginh® ol - ain® oL
So that
7, = 2 x 35 7 x 0 00385 ;6593::125?-0958:0252___l}gﬂo-gm
3330 1 6593° - O 958
; 2x357 x000385 16593 x0287 =0 958 x 109573 __ asoy10~4n
B 3330 1 6593° - 0 958°

The deflection at the quarter point C and middle point D dne +to the
force P is given acoording to equation 25,by 1@
2 Pn sinh n: cos nx cosh nx'- sin nl. cosh nx cos nx'

TR ginh® nl, = sin® oL

For polnt ¢ x=L/4 x' = 3L/4 nx = 0 34 nx' a 1 02
Forpount D x=L/2 x'= L/2 nx = nx'= O 68

cos 0O 34 = 0 943 cogh 0 34 o 1 0584

cos O 68 = 0 778 cogh 0 687" = 1 2402

cos 1 Q2 = 0 523 cosh 1 02 = 1 5669

So that

g = 0 865 x 107 om Jp = 0 306 x 107" cm

The bending moments at pointas ¢ end D due to the concentrated load P
can be calculeated from equation 27, thus @

M =P 5sinhol sinox sinh ox'- sin ol ginh nx ein nxf
n sinh® nL -~ sin™ nL

in whioch @

For point C nx = 0 34 nx' = 1 02

For point D nx = nx' = Q 68
aln 0 34 =m 0 334 ginh O 34 = 0©Q 3466
ein 0 68 = 0 629 sinh 068 = 0O 7%36
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sin 1 02 = O 852 sinh 1 02 = 1 2063

Bo that 1
M, = -~ 1940 kgem/cm Ky = - 1630 kgem/cm

The defleotion at the edges Yy and ¥ due to the moment

M = - Z(%]-QE- = = 21000 kgem/em is given according to equationa
33
29-a,by the relations

y‘L__zllnz ainh® nl ¢ ein® nL

x ginh® ol - ein® ol
g o &Mn® pginhnl  ein nn
B X ginh® nL - sin® nL
B0 that

2 2
g, = 2EZ21000 (38 2 1650° 40 8 . 306 x 10 cn
3330 1000 1 6593 - 0 95

yB-_ﬂ-xElOOO(zBE)E 1622!10258 -_523:10-4@1
3330 1000 1 6593° ~ 0 958°

The deflection at the quarter point C and middle peint D due to M
can be caloulated from equation 29 giving 3

Yo=173x207 o Jp =~ 0143 x 10™* ca

The bendlng moments at C and D due to M can %8 calculated from equa=

tion 31 glving 1@
M =-19500 kgen/on My = - 10950 kgenm/on

The stress due to the uniform load p is given by @

[ o2 _1-9_...190._.0573 kg/cma
100 x 333

The ccrregponding deflection y 4im therefore 13
¥y =0/k = 0573/3330 = 1 72 x 10 ca

The deflectlons, stresses and bending Roments are as shown in the fol-
lowing thible 1 Fig VIII 1l6a
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r;;se ;P01nt A c D 1 B

. )
aotlec- p 11720 x 1071 720 x 107 1 720 x 207*1 720 x 107%en

8

2007 p 1320 x 1070865 x 1040 3¢ x 107 -0 625% 10~ %en

due to i |
¥ 3760 x 10741 730 x 107+ -0 143x 107%| =3 230x 10 %ex

|
|
|
P+ x1 & 315 x i 3 x - x cm
| Pl |6 800 o=t 4 315 x 107%,1 883 x 10~%|-2 125% 107
|
Btress T = ky,
= 3330 y 2 266 1 438 0 628 -0 708 kg/ca®
|
B1 ; P 0 - 1940 - 1630 0 kgem/ca
due to M | - 21000 - 19500 - 10950 0 "
P+l ~ 21000 - 21440 ~ 12580 o
_ 2'06M
=, =102 M, o

A |

redMy
f4nr
'“"#- rl A £ ow

-

=P

i =

STRESS .TWJ‘Z‘;E/.B”HOM SYRESS T/STerBurionN
a WFTER PRESS. A LRRTH PRESS

Fig VIII-16

The maxainum bending moment can therefore be estimated by 1 05 "o'
that 1s , for a maximum bending moment in the counterfort lo= 65 a t,

the maximum bending moment in the floor beam = 1 05 x 65 =68 mt
Assuning the bending moment dus to earth pressure 1s 0 65 that
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of water pressure and of opposite sense, the deflections , stresses

bending moments of the floor beam will be as shown in the following

table Fig VIII 1l6b
Case Point A C D B
fperiecl p |1 720 x 1071 720 x 107+|1 720 x 207*| 1 720 x 10*en
trony  p |1 320 x 20%|0 865 x 1070 305 x 107 |0 625 x 10em
due to
-2 440x 107*]-1 120x 10 |0 093 x 10| 2 100 x 10%en
p+P+¥ |0 500 x 1071 465 x 1072 129 x 16| 5 195 x 107
Stress 0= ky
=33303| o020 0 488 0 706 1 065 Xg/cm®
B i P 0 - 1940 - 1530 0
bue to]l 1 | - 13700 - 12700 - 7100 0
P+ 1| - 213700 - 14640 - 8730 0
=1, =107 4, =064 H
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IX BUNEKEERS AND SILOS

IX 1 DEFINITIONS

Bunkers a&nd sllos are conteiners used for storing dry materiala
such as cement, corn, coal etc They are generally filled from the

top and emptied from the bottom

-4
] L |
| i
L
" H
~ plane of
natural
slope
AL |

Fig IX-1 BUNKER Fig IX-z SILO
In bunkers, figure IX-1l, the plane of natural reposs of the ril-
ling material aust not interaeoct the opposite wall 1 e

H tane <L practically H(lSI-“I
whereas in gilos, figure IX-2, the depth 1s big in proportion to the
egectlon, and the plane of natural repcse generally intersscts the op-
posite wall 1 e

H tana>L practically E>15 I..m
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IX 2 LAYOUT OF SILO CELLS

Silos are generally coaposed of a series of square, h xagonal

octagonal or clrcular deep cells as shown in fig IX-3 The dead zones

SDADEDAD
%53535’55
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between octagonal or circular cells do not exist in case of square,
roctangular or hexagonal cells ; these zpnes may howsver be used for
ventilation, piping, 1llfts ete

The bending moments in walls of cirgular ¢ells are nill end in
walls of octagonal cells are smaller than in walls of hexagonal of

rectangular cells

In order to reduce the bending mo-
ments in exterior walls, the cells may be
constructed in the form shown in figure
-4

8ilos are generally provided with

hoppers, the slope of their sides is to

bae chogen 5% more than the natural alope

of the £illing material in order to emp— Fig IX-4 CELLS WITH

ty the cells without difficulty The_ CURFED OUTSIDE WALL
sloping sides of the hoppers may be of reinforced conorete, but due
to the difficulties encountered in determining the siress distribution
and in the shuttering and reinforcemeonts, it may be easier to make &
flat floor for the cells end to make the sl oping aldes of the hopper
by using lean plaln concrete as shown in figure IX-5, in which the

X
& 12 5
- N[ N
_% Bx3=-24 %, f 3
(a) A-A s8-8 24

{ b}



290

silos are 24 meters wade, 42 meters long and 1l meters deep and com-
posed of two small cells 6 x 6 m and two inside big cells 12 x X2 m
The thickness of the walls 15 generally chosen to follow the va-
lues of the internal forces, which are small at the top and lncrease
with the depth 1 e +tne walls are chosen of a trapezoidal shape with
maximum thickness at the base Recently, big silos are constructed by

using sliding forms which take a relatively short time in conatruc-
tion In order to be able to use such forms, the choice of a constant

vwall thickness 13 essential

If a bunker or a silo 1s used for storing a material which sticks
to the concrete such as cement or flour, one may cover the lnside sur-
face of the hopper and wart of the walls st the base wmath asteel or

zinc plates or waith timber planks

IX 3 DETCRITNATION COF PRCSSUR_ INTZISITI XS ACTORDIIT TO CLAS3IC THCORY

IX 3-1 Bunkers

\hen calculating the side pressur on toe walls and floor of a
bunker, 1t 1s allowed dus to the small denth of the bunker, to neglect
the friction betwesn the filling mater.al and the walls

Tne side pressure can be calculatad according to tne known theo-

ries of earth pressure Thus, assuming

Y = welght of f£illing material per cublc meter

Py = vertical prassure intensity at any depth x

P = horizontal " "ron ' x

p = angle of internal friction of filling material

p = angle of friction between filling meterial and walls,

thoe wvertlcal and horizontal pressure intensitics can be calculated froa

the relations: |

P =Y E
P, H ¢ tan® ( 45 = p/2 )
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IX 3-2 Silos Theory of Janssen

In deev s1lo - cells the earth pressure theory 1s not wvalad
because the wedge of material causing the presgssure on a wall intersects
the opposite wall and hence not fully acting The pressure 1ntensities
on the walls and floorsof prismatic and circular cells are under con-
tirual study since 1896  The classic theory of Janssen was generally
used Recent tests have shown, i1n many cases big deviations that
must be considered when determininz the pressure intensities in silo-

cell (Refer to figure IX 8 )

If we consider the equilibrium of the forces acting on an element

dx of the material, as shown an figure IX 6, we get

I X
ed |
77 f G L a
w5 £ R <
?
£ '
c/-;’-!-/ﬂ}l P'On/xfanf
\
& A fan® (45 -'i) o crcumfergncc
9( cell
Fig IX-6
(py +dp;) A-pA-vAdx +p,0dx tanp =0 or
dp, A =Y 4 dx - Pp O dx tan g ie

dividing by A dx, we get

dp

1 8] 0 2

— =¥-p, = tanpfg =y -p;, —tanp tan” ( 45 -p/2 )
dx 2 3 L

in which

Q0 = caircumference of cell

A = area of cell
Assuming further that
k = 2 tan p tan2(45-p/2)
A
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then
dp
_..—l-=-\,f_kp1 E.nd d-x= 1
dx dpl Y- kp
gliving
¥ = -1 log (Y - k& py )+ C
k
But for x =0 ’ P = 0 ’ thus
0 = ---l-logv+c or C=1log Y/ k
k
Substituting this value i1n the equation of x , we get
- kx=1log (v -kpl)-los‘r:losy.__'kpl
Y
Therafore
Y-kDp —kex 1
—_— = e =
Y et¥

1n which e = 2 71828 1s the base of natural logarithm

Accordrngly, we get

Py = (1-;}5)

® =<

m
maX Py =Y/

Substituting for k we get
Y

% tan p tan~ (45 - p/2)

max pl

{e have further

p2=%_tm2cu=-p/z)=£(1- jg)tm3c45-pm)

subgtituting for k, we get

1 A
PE-Y(l-_e-E)Ota.nP
max p, = WE_I__' at x =o°
T tanp
Therefore
maxX P,

max Dy =
17 tan® (45 - p/2)

The theoretical horizontal pressure distribution can approximtely be

replaced bv trhe broken line O A B C D shown in fig IX 7 According to



this aprroximation, mav

where
max p,

Y tan® (45— p/2)

h

h 1s, in thi1s manner,the depth at

u11ch tae horizontal pressure Pa [x
calculated from the relation Py _
=YX ta.n2 (45 = p /2) iB egual

to max p, calculated according

to grvezn theory of siloa Accor-
d.ngly we get further @

P, = max pa(p—}é-a-x+0264)
h
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p, 13 as um d to take place at a distance 2h,

F’Q‘_ e T | pomax
o 2eh 9 Jeh_ o max
o A T’  fe 7
4]
 _ B ™~ | |',
!
Ly 17 fmax '
s 1 |{ it
- r— - R I r.F
.  max f'
Thooral cal press|t — lp’nnmﬂ’c
: o rassvre
Fig IX-7

Assuning tne inteus_ty of the urward frictional force = Ps and

Pz

/pl=g,thevalueof * may be estimated = 0 2 - 0 25

K sults of recent r.sea>ches are shown in figure IL 8

dori.ontal pressures on

/all o. circular cells

Stored material corn

theoretica. 229

Curve 1
values of Janssen
Curve 2 measured
borizontal pressure
after filling of cell ©%*°

Curve 3 measured

3 L]
pressure by emptying
of cell t

Curve 4 1 measured as

1 .
pressure after 8 days
from £illing of cell

It is elear that even in

case of granular filling

D
-
109
248
|
1 | K]
]
3
| 3\
18 29
TO ™
- ~
L .
t..'
> R Fig IX-8
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material, the horazootal pressure by emptylng is nmuch bigger than the
valusa obtained from the theory of Janssen

The German Specifications given below have given the basic gui-
de lines for determining the pressure intensities in silo cells

IX-4 FYRESSURE INTENSITIES ACCORDIKG TO GERMAN SFECIFICATIONS

DIN 1055 = SHEET & - 1965

The Janssen classic theory of sllos as given in most text books

leads, in some cases, to internal pressure intensities mich smaller
than the real sctual values Based on test results, ths following ru-
les, can be followed

1 Definitions and Limitations

11 The following rulea apply to s=ilos with prismatic & oylindrical
cells The forces acting in the zome of the hoppers and slloc pockets,
as well as in bunkers without c¢ross walls need further study and the-
refore do not foilow the given rules

l2 Stored Filling Materaals

It is assumed that the stored f£illing materials whether granular
or dusty, are cohesionless or materlals In which the ¢ohesion 15 small
relative to the internal friction The glven methods can also be ap-
plied to eilo=celle conbtaining pressurised materials or fermented
seeds

1l 3 Internal Pressure Intensities in Silo-Cells
It will be assumed that t ( Fig IX 9 )

P, = vertical pressure intensity in t/mz
horigontal ™ " " " Tie
P, = horizon 1X-9

e Frictional forces tranamitted to the

P} >
walls in /o
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2 Determination of Internal Presgure Intensities

21 Data
The form of the creoass-seotion will be included by the relation

4/0 mater , in which

A = pet area of cross-section of cell in m
0 s internal perimeter of cell in m=ms

The depth x in meter im measured from the real assumed upper planse
surface of the £illing material (Fig IX 10)

BE ! ﬁl

Pig IX-10

2

The weight of the fllling meterial y in tons per cubic meter and
the angle of internal frioction p may be taken from the follewlng tseble

Coal |Cemsnt| Limes | Gypsum|Tabac | 5 Be;ns Flour
rains

Y [08-12]| 17 17 15 05 l0| 08|06

P 500 20° 450 25. - 35. 30. 250

The angle of friotion p*between silo-wall and £1lling material
ani the éoefficlent of friction u are given by i
tan g = P3 / Py -=p

fls a factor of p It oan be assumad according to the following table

Filling material angle of fristion £ in es

by filling ¢, | by emptying ¢,

coarss f£ill hma
grain-diameter > 0 20 m 075»p 060f

dusty £1l1 having
min—d.imtor(O.mll 100 1007p
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Linear interpolation may be used for grain-diameters between 0 05 and
0 20

The relation between the horizontal and vertical pressure
intensities A= Py / by

will be assumed constant over the whole depth of the silo

By filling , assume 7\1, =05
By emptying, assume 7\9 =1 00
22 Governing Cases of Loading
The biggest loads generally take place for the cases shown
in the following table
Coarse Fill Dusty Fill
Load I finite infinite finite infinite
depth depth depth depth
Vert pressure intens.-
P | filling fillang | filling fi1l.1ing
Horiz pressure intens._ Fillang =
Dy enntying enptying | emptying enptyling
f1lling= fi1lling =
Frictional force ;p3 emptying | emptying | emptying euptying

2 3 Pregssure Inlensities at an Infinite Depth

The pressure intensities reach their maximum vatues at a depth

equal to infinity

By filling
max pl=YA/?~f Ko 0]
max p2=YA/1lf 0
max p3=YA/0

By emptying max p;= YA/ XA, 4, O
max p2='»’.8L/|1e 0

max p5=YA/0
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2 4 Pressure Intensities at a Finite Depth

The pressure 1ntensitics p Increase with the depth x accor-

ding to the relation
Py = max p ¢

in which -z
9 =(1-3 0)

vhere

xr oA/ Ap ke 0 by filling

x, = 4/ le to 0 by exptying

Valuea of ¢ as a factor of x / A

/0 1 2 3 o 2 46 o7 8 )

o, 0,00 (0,10 |0 18 |0,26 (0,33 (0,39 (0,45 {0,% |0,55 (0,59
1, 0,63 (0,67 |0,70 [0,?3 [0,75 )]0, 0,80 |0,82|0,83|0,8>
2, 0,86 |o,88 (0,89 lo0,9 |0,91(0,92(0,9310,93|0,9 |0,%
3, 0,95 |0,% [0,9 |0,% (0,97 (0,97 0.9710.98 0,% 0,98

3 Factora Increasing Pressure Intensaities

3 1 Arch Action of Falling Jaterials

The pressure intensities are much lncreased by the sudden rai-
lure of the material - arches- existing inside the cells For this
reason, the vertical pressure intensity on the hopper may be doulle
but is not to be assumed in any case bigger than Y x

This ruls may not be applied, only if it 18 proved by practi-
cal experience that arching of the filllng material is mot liable to
take place
3 2 Eccenbric dopper—Opening

Sy empt) ing of Bilo—cells providad with eccentric hopper-ope-
nipz, non-uniform hori.ontal forces acting on the parimeter are crea-
ted over the whole depth of the cell

These additionzl hor.zontal forcesa 3‘2 are to be consider 1
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in positions givang bigger internal stresses

Assuming

Py = horizontal pressure intensity of original si1lo - cell accordang

to article 2

Pé =Py, ~ Py = a0 anti-symmetrical load acting on the original cell

keeping the equilibraum of the fractiomal forces (Fig IX 11)

Fi’ P.oa
i A N e
| N
jﬂ-aﬁan ] :
i i
TLr } ﬁ& Pr4
i
| I
[ |\ / 17/_ |
CLITLITY & f nai <o IAEZEEEExu L]
%___,_5, __1 7 1Pz _|
‘Jfﬂ/ cf// ld’fd/ C-E// f/f‘f C‘/{
Fig 1X-11

Py, = horizontal pressure intens:tv created by emptying an 1deal sym—
metrical silo-cell crosea according to figure IX 11

These additional horizontal pressure intens.ties may be ne -
glected if the eccentricity of the hopper opening 13 smaller then 4/6
or 1f the height of the cell H 15 smaller than 24 where 4 13 the dra-
meter of the cirele that can be drawn inside the ¢ross-section of the
cell

33 Fillaing "Material under Pneuzatic Pressure

The horizontal pressure intensity in silo-cells provaded with
piping to pressurise the f£illing materisl depends on 1ts grain size
In cells used for storing cohesionless granular filling materials, the
horizontal pressure intensity is to be increased by an amount equal to
the air-pressure and 1s to be gradually decreased to zerc from the
higheat pressure-opening in the cell to the upper surface of the fil-
ling material No intrease in the magnitude of the hor:izontal pressu-
Te intensity need to be considered for dusty filling materials
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4 Factors Decreasing Predsure Intensities

4 1 Floor of Cells

Due to the fixation of the walls to the floor, the horigzontal

pressure 1ntensity may be reduced in the maoner showm in figure IX 12

4 2 Special Emptying Plant

If a s81lo is provided with
a special emptying plant which
enables the emptying of the
upper layers of the filling

material without moving the

lower layers, the emptying \ ool "/’
Covls
[-4

pressure intensities need =

not be considered in the I

design In thas case, it 1s Fig IX-12
essential to take the neces-

sary provisions to prevent the emotying of the silo from the hopper-

oDenl1ng
5 Special Cases
51 Special Mixing Plant

If a silo-building 15 provided with a special pneumatic mixing
plant giving 2 homogenious regularly digstributed dusty mix the pres-
sure 1ntensities ar- to be calculated according to article 2 preovided

that their magnitude 18 bigzer than the yalues given by the relation

P, = Py = 0B YX

52 S1los for Fermented Seeds

Fermented seeds do not follow the rules of granular or dusty
materials The forces due to such materials depend on the 1included
emount of water and on the fermentation process They may be assumed

according to the following table
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Catego I [Category II|Category ITI
materi 1fermented |wet stored
highly material material
fermented
Dry weazght 1n ¥ of
fresh weight > 35 23 - 35 < 23
leight to b3 assumed
in t/m 05 0 75 1 00
Vertical pressure,in-
tersity p; 1n t/m? Y x ¥ X Y x
Horizontal pressure
intensity p, in /o 075YX 0 70Y x 100Y x
Friction force p 0 16 p 0 l4p 0l p
i t/m 3 2 2 2

1f the stored materials given under categories I & II are wet,

the silo should not be filled to more than half 1ts depth emd to pro-

vide 1t with a draining outlet, go that the materiml-juice 1s not more

than one meter deep

IX 5 ILLUSTRATIVE EXATPLE

A s1lo—cell 5 ¥ 5 ms and 40 S deep 15 uwyed for storing corn

defermine the maximum pressure intensities Py

P

and Py during

fi1lling and emptying according to both the classic theory ard the ger-

man gpecifications Assume vy =

a) According to classic theory

area of cell

perimeter of cell

angle of friction between corn and

0B t/w & p= 30°
A=5x5=25 m?
O =4x5=20 m

wall p accordipng to the c¢lassic theo-

ry 1s assumed the same (= 25 ) both during filling and exptying

S0 that

k = ¢ tanp tan® (45 - p/2)

k = 0820 466 x 0 577° =

max p; =V/k =

max p2 =D—L =
Itanp

= 20 °

o 124
0 8C/0 124

08
0 8 x O 466

tan® (45

- 15°)

or

= 6 45 t/m°

2 14 g
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max P, acts at a depth 2h where
max p
5 2 - 2 14 - 803 ms
Y tan® (45 -~ p/2) 08:05;?
1e the max horizontal pressure acts at & depth of ~ 16 ms
max p; = max p, tan p = 2 14 % 0 466 = 100 t/m°

h =

b) According to DIN 1055
YA/0O = 08x25/20 = 1 +t/o°
A= pz/pl ’ Ap = 05 ' Ag =10

p= %tan p =p3/P2

n

By £1lling po=0 75p=0 75 x 30 22 5° and B, = 0 414
£ £

By emptying p,= 0 60 p=0 60 x 30°

18° end Hy = 0 325

So that the maximum pressure intensities at an infinite dJdepth are

given by

max p; =vA/ Ap Mp O = 1/05x04lh =485 t/n°)

max p, = YA/ My O = 1/0 412 - 2 42 t/n2 S£111ing
max Py =vyA/O =1 t/maj

max p; = YA/ Ay g O = 1/10 x0 325 = 3 08 t/m°)

max p, = YA/ yp, O = 1/0 325 = 3 08 t/m° ) emptying
max p; =Y4/0 =1 t/mz,[

The results areshown in the following table

Pressure Intensity £/0° Dy By Pz
Classic Theory Filling & Emptying 6 45 2 14 100
Frlling 4 85 2 42 100
DIN 1055
Emptying 308 | 308 100

The table shows that the difference in this e¢ase reaches + 50 %
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IX 6 DESIGN OF WALLS AND FLOORS

IX el Design of ¥Walls of Circular Cells

Walls of circular silo-cells are to be caleculated for

a) ring tension, b) compression due to frictional forces, o) tem-
perature stressea (if any)
a) Due to the horizontal pressure P, , the walls of a circular cell,
with diameter D and radius r, will be subjJect to ring tension T/meter
height given by

T=p,r
The corresponding ring reinforcement must be capable to resist the full

tension 1 e
AS = T/O;

The upper part of the walls (2-3 ms) may be reinforced by
one mesh ¢of reinforcements and the lower parts by double meshes  The

reinforcements may be chosen as follows
$of rings { 16 ms and » 8 mms at a distance £ 20 cms and>/10 cms

dinimum vertical reinforcement 4 ¢ & mn/m

IX 6 2 Width and Spacing of Cracks

The thickness of the wall depends on the allowed corack width
which can be calculated as follows
Assuning

Spacing between cracks = e cms
Width of cracks = Ae cms
Ratio of tension steel in Bectlion = AB / Ac = I
Dismeter of tension steel = o
Tenslle stress in steel = Oy
Stresa in steel at which cracking occurs = cho
Then o o 9_:;9‘; g A2 _ Oy = Oge

-] E

B
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0; o depends on the concrete quality amd the percentage of the steel
in the gectlion It can be calculated from the relation

1
g = ( _ 1 75 ) o
BO 16, c28

Assuning g, = 200 kg/c.:m2 » then

Oy = %5-:,350

For normal cases, a width of crack <0 2 mm may be accepted
If the walls are to be free from cracks then the thickness of
the wall may be chosen from the relation
t inems =0 8 T in tons/m

Example
A circular silo cell 15 meters diameter 18 subject to an inter-

nel pressurep = 5 1:/m;2 If cold twisted steel with an allowable
stress Uﬂ =2 t/cm2 18 used for the reinforcement,determine the spa-

cing and width of cracks i1f the wall 1s chosen 20 cms thack

Ring tension = p D2 = 5x15/2 = 375 t/m
Ring reinforcement A= T/6 =375/ 2 = 18 75 em°

Chaose 7 & 13 on each face glving an arem of 18 5 cn®

Ratioc of tension steel p = As/bt =185/ 100 x 20 = Q0925

Assuming a concrete qualaity C200, we get

g, = (=22 435 ) =1250 + 350 - = 1600 kg/cm®
00925
Therefore

The average spacling of the eracks is
e = 04%/y =04x13 /000925 = 56 cms
The average width of cracks in

T -0g
Ag g 2 BD o = 2000_~ 1600 x 56 0 0107 oms
E, 2100 000 s 0107 m

In order to have a wall free from oracks, 1ts thickmess t 1s to be
chosen 08 T 1 e t=08x375 = 30 cms in which ca.s

1}



L= 185 / 100 x 30 = 0062 and
O, =22 + 350 = 2350 kg/en® > O ie no cracks |
0062 5

b) The horizontal sections of the wall are subject to conpressive
forces due to the own weight of the wall and the frictional forces
from the f1lling materials
The frictional force Nx et any denth x 13 given by
T 2
_(yx-omy ) 5ol

X T D

c) Eventual effect of temperature differences (as will be shown lat.r)

may be included in the design

IX 6 3 Design of Conical Horpers

Circular silo-cells are gererally provaded with conical hop-
rers These hoppers are subject to meridian and ring forces due to the
vertical pressure Py of the filling material and the own weight of
the hopper™ (Fig IX-13)

The tensile meradian force NS at

any section a - a per unrt length circum-

ference iz given by [
2
N = nr; Pp + G r
8 2 mtr) sine
FlEs/ p‘
in which, G 18 the own weight of the hopper v a a
o
below & - a e P
£ L&y
The tensile raing force Né per unit % *
length meridian is given by
Fig IX-13

Ng=p, 7, /s1n?

where P, = component of the pressure of the filling material normal

to the plane of the hopper It is given by

¥ Refer to "Fundamentals of Relnforced and Prestressed Concrete™ ,
by M Hilal
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2
P, = P; €08% + D, Binaup

The component of the pressure of the filling material parallel to the
plane of the hopper is gaven by

by = Pl Emztp + p2 cosa\p

Ns and Ny are gzero at the bottom of the hopper and mximm at its

top edge
The reinforcements in the hopper are

longitudianl bars A, = N / Oy
rings 3 Ao = Fg/ G4
Due to the rigid connection between
y-)
the cylindrical wall and the conical floor, o7
bending moments M and shearing forces @ L
are created, they may be roughly estimated
by the relations (Fig IX 14) @ ‘ M ﬂ’il r
2 - 1
H:pzr/ﬁ Q=P2 r/2 ,.A
The connecting moment M can however Fig IX-14

be determined by the moment dastribution method as explained in IV 3 6

IX 6 4 Design of Rectangular Cells

The bending moments and tension in the walls of reotangular
s1lo—cells due to the internal horizontal pressure p, can be determi-
ned according to the methods given 1n VII 1 Cells of approximately equal
spans may be considered as i1solated 1 e effect of continuity of dif-
ferent cells 15 negleoted Effect of continwity must however be talken
in copsideration i1f the spans of the cells differ much &s for example
the silos shown in figure IX 5

Due to the rigad connectlon between the wall and the floor,the
fired end moment M and the shearing force Q can be roughly estimated

from the relations
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M =p, I? / 24 & Q=03p, L

IX6 5 Width & Spacing of Cracks

The spacing and width of cracks in elements subject to simple
bending can be calculated from the relations

g, -G
0249 Ae _ s B0
T anj e = ———E;—-—-—
1
O-E°=("2'5TJ.+175-) 0'028
Assuming O_,5 = 200 kg/cm s then
8
Opo = g t+ 350 )

IXx 6 6 Design of Floor of Rectangular Cells

If the floor of a cell 18 flat it may be treated as a two way
slab hung to the walls, and carries 1t own weight and the weight of
the lean concrete forming the required shape of the hopper plus the
maximum vertical pressure of the filling material

If the hopper 13 a reinforced concrete pyramid, 1t may aeppro-
ximately be calculated as follows
The s1des of the hoopers are subjected to the pressure or the filling
material plus their wwn weight The pressure of the filling materasl
18 resolved to the two components Pn and Py normal and parallel to
the sidea of the hopper

P, Py cosa¢ + Dy slnap

Py = P smaq + Dy cosatp
The triangular or trapezoidal sides of the hopper may be replaced by
rectangular slabs as follows® (Fig IX 15)

3d
T Fig IX-15 F__£k—‘*

Refer to : Sachnowski "™ Stahlbeton Konstructionen ™ V E B Velag
Technik  Berlin

(I 3:47




For a triangular side sl=§-s and L1.=1...g
2
S 3]
and for a trapezoidal side 5. = 2 &+ 2 7% By
1 3 7B * By
8, (8. -8 )
and L =L - t t . Sy
t )

The load Py is dlstributed on the two directions of the slab accor -
ding to the ratio of its reduced sides L, / 8; In horizontal darec-
tion, the dafferent sectors of the hopper behave as closed frames sub-
Jected to bending moments and tension I1n the inclined direction,each
slide behaves as m slab continuous with the wall at the top and simply
supported at the bottom Due to the tangential component Py the sides
are subjected to tensile stresses and are to be treated as folded pla-
tes

Tha exact values of ths bending moments in 18o0tropic trimngular
and trapezoidal flat plates with different edge conditions and sub-
Jected to uniform and trianguler pressure sre given in the text book
of Bare3 ' Tables for the Analysis of Plates, Slabs and Diaphregms "
Published by Bauverlag Berlin Dr Shaker El-Behairy in his rein-
forced concrete Design Handbook ' has extracted the following tables
from the book of Barez

IX 6 7 Calculation of Wall as a Beam

The shear stress in the wall due to its own weaght plus the
force due to friction must be less than the allowable +wvalues  Hence

Own weight of wall
Frictional force on the two aldes of the wall
Total Q

Max Shear Stress T, = § %-5:,;2,5&5_

The wall 13 however to be ocalculated as a deep beam carrying ita own
weight + welight of floor + weight of stored materisl (Refer to Chapter
XT)
IZX 7 FOUNDATIONS

The column loads in silo-buildings are generslly high acd the
foundations are to be carefully designed amnd executed

Due to the big rigidity of the concrete silos, differential sett-
lemente are genarally not possible For good soils, one may use isola-
ted footings either plain or reinforced For modium bearing soills,
strip continuous foundations may be used whereas for weak soils of

L H tx25 tons

2 [§ H - pyg,,0)sons
tons
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Loment| Shape of Loading Shape of Losading Shepe ot Loading

at Pt g B C A B c A B c
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heavy loads raft or pile foundations are zenerally choser Th~ fu-da-
mentals ard deta.ls of the desi,r of any of tres~ syste 5 can be du @
aczording to the anoun rules i1n foundation -~ ¢ s_unl

I{8 CCDLTRUCTICVAL DET.TIS ("1z 1X 16

2412
166 0

Sy
H

f 087 wgr2

ﬁf

-y

| Fig 14-16
¥ Refer to "Fundamentals of Reinforced and Prestressed Concrete
by ¥ Hilal
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IX 9 APPEJDIX CIRCULA® CE ENT SILOS

Siles used for storing cement {and flour) must be precisely trea-
ted due to the baig varia*~ion that 18 liable to take place i1pn 1ts pro-
perties Fischer™ preposes the direct use of test results which give
a parabelic d.stributior of the horizontal pressure on the walls accor-

ding to the relation

Py = 7 X 1n t/m2 for x a1n meters
Leonhardt™ gives t.e follewing recommendations for the desisn ef

circular cement silos

1) Horizontal pressure on tre walls

Up to 4 m silo de~th  calculation according to conventional
theory of earth pressure 1 e
P, = ¥ x tan® ( 45 ~p /2 )
vhere Y= 2 1.7/1115 ' =17 5 p=0
Above 9 m sile de~th calculation in accordance with Jansen's

theory multiplyin, tre r=sults o~ a zactor K = 2

A

_ 1
Pp= ¢ (1-—"%) o kamp &

vith y = 1 6 t/m3 o = p =30
Between 4 and 9 o silo cepth linear interpolation between tlre
pressure values at 4 end 9 m

2) Vertical loads on_tne walls

The vertical loads actinz on th walls can be determined accor-
ding to the following assumptions
a) PFor maximum wall load max Pz

Yy=16 t/m3 v p =p =235 (aetermined from the equations of

Janssen
The high value for the arzle of fraiction maxes allowance for the arcli

(bridging) effect

2 1- Fascher 'S:los arnd Bunker in Stahlbeton Der Verlag Fir Bauwese
Berlin 1966

¥ 2= Leonhardt The safe design of cement siloas In german langusge
Beton & Stahlbet n Vol 55 Jo 13 larch 1960
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b) For minimum wall load
The own welght of the wall only (empty silo) is to be considered
3) Vertical and horizontal bending moments in circular silo walls
Horlzontal bending moments may be ignored Vertical moments due
to restraint of wall at base of the silo depend on the type of con-

struction employed, the thickness and reinforcement at the base must
be suffiolent to resist the Induced bending moments and normal forces
Other vertical moments are tc be resisted by nominal reinforcements =
distributers - and are not determined by caloulatlcn

4) Degign load for floor slab t/m?

The welght of all the contents ?‘ 1
of the silo are to be assumed acting Iy AN
on the floor slab The welght per cu 'e )
meter can be chosen aoccording to fig N\
X-17 ’y \\
5) Constructional precautlons 7
Figure IX-18 shows a carefully & Hp

¢ ¢S5 se 25 Po f£5 Jo

designed circular cement silo in which Plg IX-17

a high grade concrete quality C600 was used
5 1 Concrete quality

The mipimm allowed conorete quality ia C300
5 2 Clroumferentlal reinforcement

The full ring tension is to be vesisted by thin circumfersntial
reinforcement arranged near the external face of the wall only, spac-
ing 4-12 cms This close spacing of the bars is essential in order %o
avold wide cracks Splices in bars should be staggered Ron~-tensioned
reinforcement is adequate for the purpose
5 3 Design of base of wall

Hinged connection or, preferably, horizontally sliding bearing

emoodying rubber rings or ingarts of bituminous or synthetic substan-
cas of plastic conslstence are recommended Fig IX-19a shows a rubber

bearing especially suitable whaere poeumatic discharge with eir at high
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pressure is employed, because the walls receive hardly any vertical
loads from the material in the silo but do undergo consliderable defor-
mations Fig IX 2% shows another arrangement using some convenient
bituminous compound
5 4 YVertical reinforcemsnt in wall

Not less than 5 ¢ 8 mm/m, to be installed within one layer of

circunferentisl reinforcement or between two layers (if any) 1in the
regions where bending moments occur at the base of the wall, vertical
reinforcements (duly calculated) should be provided both externally anc
internally

™

N
\
N
N
N
N
N
N
N
8.
Nl

6) Temperature stresses’

The stresses in the walls of cement silos for a difference of
temperature of 30°C are to be lncluded in the design The temperature
stresses are however liable to become serious only if the wall is made
too thiok and is fixed at the base

As soon a8 cracks occur, the temperature stresses are considers-
bly reduced The floor usually does not undergo the same amount of ther-
mal-expansion as the gall, because the floor is protected from the
high temperature by & layer of residual ¢ement whilch acts as an eoffec-
tive insulator

& Refer to XI-3
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X PUMP STATIONS
Under-ground pump rooms, tanks and channels are amongst the main

elements of pump statlons The statical behavior of pump rooms is sim~
1lar %o that of under-ground tanks, all provisions, precautions and
methods of design can be dlrectly applied

We give 1n the following examples some speclial pump stations and
gettling tanks constructed in the pipe factory at Helwan

X 1 PUP STATION FOR RESIDUE CHANNEL
Figure X-1 shows the general layout glving the maln elements and

dimensions of the station, namely

1 ) The main hall of the stationa~12 ms wide,~ 15 ms long and ~ 7 ms
high The roof of the hall is a reinforced concrete solid slab suppor-
ted on longitudinal secondary beams, 4 O ms apart, and on cross frames
6 os apart The outside columns of the supporting frames extend to the
ground level end are supported by & horisontal beam Their vertical
axes are chosen such that they oolncide on that of the 60 ems reinfor-
ced concrete wall of the pump room It was however not poaslble to sup
port the 75 cm columng of the otner slde on the 30 cm thick walls un-
derneath, so 1t appeared necessary to extend them to the flgor of the
puzp room The hall 1s provided with & mono=rall crane supported on
the maln framea; 1t 1s used for mounting and mentalnance of the pumps
The horizontal thrust of the frame has been safely resisted by the
floor foot path slab of the hall existing in lte direction

2 ) The underground pump room 1s located underneath the station having

toe same width,~ 12 ms, but ~ 10 ms long only 1ts floor 1s ~ 6 ms below
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mean ground level It includes the pumps which pump the clear water
in the attached 2 5 mg wide tank (refer to section B-B) back to the
main factory to be re-used It 1s directly connected to the following
two maln elements
3 ) The steel-filing residue container,~ 4 ms wide, 10 ms long and ~
10 ms deep (refer to fig X-1, plan, sec A~A and mec C=C) recelves
e mix of steel=filing residues and water trnsferred to it through the
channel appearing in sec B-B left wlth 1ts inlet appearing in sec
C=C left The steel-filing, being heavy, settles at the bottom of the
container ana the water at the top 1s transferred to the chamber app-
earing 1n sec C-C right
4 ) The under—ground tank, < 5 ms wide and 12 ms long (refer to fig
X~1l, plan and sec B-B right) i1s used to collect the clear water of
the process From there , the water is pumped for re-use
5 ) The steel-filing residues ocllected in the container glven in (3)
are transferred by the crane girder shown in sec A=A right to & high-
er container 4 65 ms wide and 3 35 ma deep From there, they are re-
moved from the site by cars

The s0l1l at the slte 13 geod incompressible cemented coarse sand
at the level of the floor slab of the pump room, the attached contain-
er and clear water tank For this reason, the three elements are dir-
ectly supported on the soil, all other elements , slevated container,
chamnels, ete , are supported on columns with lsolated footings rest-
ing on the same layer

In order to protect the containers including the steel-filing
againat the shocks of the bucket of the crane girder during the lift-
ing operations, they are provided with steel ralls fixed to thelr Iin-
ner surface (refer to sections A-A and C~C) The vertical and horizon~
tal rails are well anchored in the floor slab and wall so that they
ghare in resiating the tensile stresses on their inper surfaces

The details of reinforcements of the main two sectlons of the
under—-ground slements are shown in fig I-2
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X 2 SETTLING TANEK OF STEEL FILING

Figure X-3 ghows the general layout and main dimensions &f the
tank "The so1l at the site is composed of £11l arnd locse materisls to
a depth of 5 5 ms from ground level underlaid by good incompressible
cemented coarse sand The weight of the filling materiasl being relat-
ively big,m 6 t/mB, it was decided to replace the fill and loose mat-
erials by stabilized sand { 100 kg cement /m5 gand ) and to construct
the tank directly on this layer Its area is chosen such that the extra
bearing stress at level -5 50 is within the allowed value of 1 5 kg/cm2
end with 1ts center of gravity coinciding on that of the full tank In
order to confine the stabilized arsa , so that no horizontal displace-
ment is liable to take placs, 1t was surounded to its full hieght by
a masonry wall 40 oms thick

Due to the heavy loads acting on the deep part of the tank, the
concraete dimensions of its elements ars big relative to those of the
lightly loaded shallower part In order to get a tank of approximately
the same rigidity, the floor of the shallow part iz provided with long-
itudinal and ¢ross stiffening beams

For the same reasons stated in the previous example, the dsaper
part of the tank is provided with steel rails fixaed to the inner face
of the walls and floor

The details of reinforcements of three main sections are shown in
figure X-4

It is generally recommended to arrange longitudinal reinfdrcements
at the top and bottom of walls to resiet the eventual tensils stresses
dus to temperature charghs or differential settelments Such reinforce-
ments can be seen in figures X-2 , 4 and 6
X 3 MATN FUMP STATION

The function of this station is to supply the different factory
halls, workshops, ect of $he plant by the water necassary for the
different processes of the industry The general layout and dimensions
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of the main supporting elements are shown 1n figures X-5 and 6

The sumps between axes A and B receive the clear water from the
main sources of water - supply, while edch of the tanks between axes
B and C suppliss certain sectors of the plant by the water required
for the industry and receives the remaining part agaln, generally in
a hot state The water lpn these tanks is cocled by adding clear cold
water from the sumps equal to the amount lost in the industry before
being pumped again i1n a new cycle

The pumps exist 1n the pump halls lying between axes D and E anc
the middle part between axes E and F

The sumps, water tanks and pump halls are 8 5ms below the floor
level of the pump hall

The side areas between axes E and F are used for storing
The cable ducts gxist in a mezzanine floor at level 3Bbetween the
game axes

The roof of the main hall between axes D and E 1s a reinforced
concrete so0lid slab 10 cms thick and 9 40 ms gbove floor level
It is suvported on simple girders 12 ms span and 3 ms apart, while
the roof of the hall betveen axes E and F liea at 5 20 ms from floor
level and 18 similarly supported on sraple girders « 9 2 ms span

The natural ground lies at level -7 9 and the under ground water
contalns relatively hlgh percentage of sulfates (303) which attack
the concrete The soil in the site at the ground water level and below
being of medium sand, it was decided to choose the bottom of the foun-
dation few cus above the ground water and to design them for a bearing
stress of 1 5 kg/cm2 The roads and passages around the station are
planed to be at level =2 0 80 that the ramp and retaining walls
shown Jdn figures X~5 and 6 were easential

The detaila of reinforceaents of the sumps, tanks and retaining

walls are shown in figures I-7



¥T COMPLEMIDNTARY DESIGHNS

£I 1 WALLS ACTING AS DCEP BEAMS

a) Intreduction

In elevated tanks, siles, puncers and pump houses, the walls
mey act as beams spanning between the supporting columns If the depth
or such walls i1s big, they may act as deep beams and the stress dis-

traibution can differ much from that of ordinary slender beams

According to Navier, the stress — distribution in the homoge-
nous elastic, slender peams 13 as.oumed linear and, the stresses are
propertional to their distance froz the neutral axis which passes

through the center cf gravaty of the section (Fig XI 1)

Ly A
intGii‘lillllli!ii)!{lLllliil!JilLLQ_{ c
| % Aﬁ——-
P L Lk 7
J 3 i
ﬁ 4
SLEMNOER SLRSIIC BERA SELTION STRESSES T

STRESS DISTRIBUTION ACCORDING TO AMRVIER

Fig XI-1
This assumption 18 valid only 1in slender beams where the ratio

of depth H to span L 21s smaller than 1 2 in simple beams and

2 5 1in continucus beams, beyond these limit. the stress dastribu-
tion 1s not linear and the arm of internal forges YCT 1s much smal-
ler than according to Navier

Fig XI 2 shows the stress distributlon at the middle and
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cver the supports of a continuous bear subject to uniform load p at

1ts top surface and havang a depth H equal to span L

teddd eb bbbty evutiot ey bbob by bbbt b oty
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STRESS  DISTRIBUTION 1 8 CONTINUOUS DEEFP BERN

Pig XI-2

b) Fundamental Equations of Stress Distribution

In figure XI 3 we give the stresses actin, on an elemental area

dx dy in the middle plane or & deep beam subject to uriform load p

rV y o G Eﬁ% dy
Lidi iillli?la RSRERRRSNTNET] | 1
_* f:dl —————— ==y
_"11 Y ‘ﬂ— a } 0:‘ +EE5 dy
_ o —r % _ __:_/' |\ s
T
Tn)’ BZ t"f fi_f! dy
Iy T —x
— ”
|

Fi, XI-3%
According to the mathematical theory of elasticaity the stresses

must satisfy the ccndition

ate o, % . g _
8 x ax" 9y 9y

in which P ( x, y ) 1s the Airy biharmonic etress function, whose

derivatives give the stresses 1n the form
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2 2 aF
a~F 3 F )
g = d. = T = T = -
x a; ¥ ax ; axX dy

The given basic equation of the stress function Iincludes no elasti-
clty constants ( E , G end v = % ) It can be applied for every
homogeneous isotropic elastlic material that follows Hook's law It
can also be applied to reinforced concrete beams before the formation
of tension cracks ( Btage I ) After the formation of cracks, the
tension reanforcements muat be sufficient to resist all the tenslle
streases in the section it is recommended to arrange +these rein -
forcements according to the tension trajectories The calculation
according to the theory of elastic beams gilves sufficient safety as
far as the amount of the tension stesl 13 concerned, 1t is hewever
essential to make good anchorage for the tension ateel at the

supports

The Airy function can be imagined as the elastic surface of
an elastically restrained flat plate under certain edge conditions
In this manner , the displacement of this surface 15 a measure for

the normal stresses Gi and o& and i1ts twist 13 a measure for the

Shear stresses T
xy

The basic equation used for solving desp beams is as shown
a linear partial dafferential equation of the fourth degree , 1its
integration constante must sabtisfy the edge conditions of the ocase

under consideration

The solution of this differential equation was done by Dis =
chingercl) using the Fourler =3eries, +the results of his mathematical
investigation were presented by the American Portland Cement Assc-
ciation(z) Bay(3> and recently El-Darwxsh(4) have used the me-
*hod of differences Ghowcs) and others solved some Bpecial prob-
lems of deep beams Thaimercs) has given a valuable series of tables
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and curves for the deslgn of reinforced concrete deep beams A theo~
retical investigation has been recently published by Worch(7) We
give in the following some of the ilmportant results of these investl-

gatlions as they may be required for tank problems(a)

(1) F Dischinger " Beitrag Zur Theorie der Halbacheibe und des
Wandartigor Balkens " Publicatlons of the International Asso-
ciation of Bridge and Structural Engineering  Zurich, Switzer-
land, Vol 1, 1932 pp 69-93

(2) ' Design of Deep Girders " YPamflet No St 66, Concrete Infor-
mation, Btructural Bureau, Portland Cement Assoclatlion, Chicago,
IT1

(3) H Bay ' Wandartiger Trager und Bogenscheibe ™ Published by
Konrad Wilittwer Stuttgart, 1960

(4) I A El Darwish ' Stresses 1in Simply Supported Deep Beams '
Bulletin of the Faculty of Engineering, Alexandraa University ,
Vol V 1966

(5) Chow, ILi, Conway, H D , and Winter , G, " Strpsses in
Desp Beams " Tranpactions, A S CE , Vol 118, 1953 ,
p 686

(6) 0 F Theimer ™ Hilfstafeln szur Berechnung Wandartiger
Stahlbetontrager " Published by Wilhelm Ermst & Sohn
Berlin, 1963

(7) G Worch " Elastische Scheiben ™ Beton EKalender 1967 Vol
II pp 1 128

{8) Leonhardt Vandartiger TrageT
Deutecher Auwsschuss fur Beton und Stahlbeton
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¢) Saimply Supported Deep Beams

Notations Fig XI & hlr
( | ¢
Span of bean L x
ol 1N3
Hexght of bean H
Wall trickness t g ‘o “tT 1
f - 4
Breadth of support c |.._Lt \__!
Support wadth tg - _’_
Em%ma <3
Total length of beam L, ¥
Load intensity o/t Fig XI-4
Tvyoes of Loading Fig XI 5
3
r b i
AR NR X
Vs
r b
- [EEEIYEIN R T ;
T i
, 1
Fip XI-5
Stregss Distribution
The stress distrabution depends on ! ' & y type ( uniform
L L
or concentrated ) and position ( top or bottom } of loading , as
£
B

well as —
t

Figure XI ¢ shows the stress distribution 1in & 8i1mply suppor-
ted beam subject to uniformly distributed lead p acting on 1its
top surface for £ = 1/10 , t, =t and various valuss of B in sta-

L L

ge I
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Notes

1)

2)

3)

4)

5)

6)

Stress daistribution 18 linear for

H< £ and curved for H) L
2

2

For 2 < H <I the magnitude of
2

the compressive stresses decrea-

ses with increasing depth

No stresses are raesisted by the
upper part of a deep beam above

H=1L

The max tensile stress at thke

lover fiber is for H = L
2
15 times and for H =L equal

equal to

to 2 2 +tizes the values accordang

to Navaier

The arm of the 1internal forces
YCT=062-—078Hie 1ts
magnitude as a factor of Hdoes not

vary much

If the load p acts at the bottom,

the normal stresses CJ’;‘c and the

gshear stresses T are not much
aifected , while tne compressive

stresses O'y are mich reduced

and high tensile stresses are

created at the lower zones of the

beam a8 sBhown in fig XI 8
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The dastribution of normal stresses in simple deep beams

subject to concentrated loads acting at the middle of top surface s
given 1n figure ZI 9

In deep beams subject to econcentrated loads acting at the

lower surface, the stresses are P
c“ld
distributed 1n a depth equal +to C
I only , bigger depths are no%
gl -T
effective :
P
¢ <
1t W oL
c
T'l
“ k]
Hel . e ©
!
C
03 'l | | i a il
t T 028P o AN T e 2P

,Q ﬂ——gfcj — {_.,? E "Ja

% 1 1k

"l(:‘ P4 E 41 +_c I

— L e _J,_ -t ——f

Fig XI-9

The total tension T 13 the same whether the load P acts
at top or bottom Big tensile stresses 0& » ©Bpecially 1in tho
lower part of the beam are created and must be reslsted by wvertical

rexnforcements

Stiffening the edges of the beam affects the stresses in a
manner similar to that of umiform loads

d) Continuous Deep Beams

The stress distribution at the center lines of the spans snd
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over the supparts of continuous deep beams subject to uniform

loeds acting on their top surface 18 shown in figure XI 10

It has to be noticed that the stress distribubtron at the
middle of the spans 13 simlar to that of simple beams but wth
smaller values due to continuwity , wherees at the supports , the arm
of internsl forces 18 relatively small and the compressive stresses

at the lower fiber are hizh and may govern the design

It has further been found that the connecting moments in
continuous deep beams 15 smaller than that of slender beams of the
samne spang due to the high compressive strains that are liable %o be
developed at tre supports end as a result of this fact, the field

monents are bizzer than those of slender beans

Figure YI 11 gaives the stress diatribution at the center
lirnes of continuous deep beams subject to concentrated loads at
the top or bDottom surfaces The sBtresses over the center lai-

nes of the supports have the pasme values but with opposite

signs

e) Guide Lines for the Design of Reinforced Concrete Deep Beams

Introduction

Experiments have shown that the theory of elastic deep
beams can be applied to reinforced concrete before the formatlon of
tension cracks (Stage I) After the formation of cracke, which ge-

nearlly take place under working loads, the real stresses differ
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much from the theoretical values ‘lpe erm of the internal forces 1s
increased and the stresses in the steel will be low if its magnitude
i determined aocording to the elastic theory On the other hend,
the inclined prancipal compressive streases at the supports are hagp—
her +than the values determined by the elastic theory and they may
be critical in thin heavily loaded deep beams By tne increase of
the width of cracks under heavy loads, the compressive bending stres-
ses increass by a ratio bigger than the increase of the lecad, but
they generally do not govern the failure load

Dus to the big moment of inortim of the coross-pections of deep
beama, any movement of the supperte causes high internal stresses and
18 not to be neglected

The compressive stresses at the mlddle of the spans 15 gene-
rally low and nsed not to be checked The bean must however bu suf-
ficlently thick ( > 12 cas ) that it does ndt buckle, othermse stif-
feners or compression flanges are to be arranged In thin deep beamns,
stiffners at the supports are essential, they must be introcuded to
s sufficisnt heigh¥ from the bottom surface of the beanm

The tension Bteel is geperally determined such that it resists
+the full tensile force calculated according to the elastic theory of
desp beams in stage 1

The shear stresses vary much along the depth of the beam and
are generally low so that no special bent bers or stirrups are needed

for this purpcge
Determination of Tension Reinforcements

Simply supported deep beam subject to uniform loads

The maximum tension at the bottam of the beam Is grven by
mex l!o
max T =
Iop
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in which
YC.I.::OSH for H4 L and YCTmOGL for H>1L
so that
max M max Ho
max T = —2 ! and max T = —2 n
06 H 06 L

In case of uniformly distributed load p/m'
L
ma.xM°=p—

30 that

;

c2plL for H L

=l [

and

max T=02pL for H> L

The max area of tension steel As 18 therefore

= /
A, = max T / O

E=

It 15 recon ended to extend the tension steel over tne whole Ilength

o- the span and to anchor it well at the supports Flz XI 12

Fo~ loads hung at the bottom  vertical reinforcemerts carrying
tre full reaction are to be introduced for the full heaght H over a
length of 07 L

Concentrated Loads

Deep beams subject to concentrated loads may be calculated 1in
tne same way as those subject to uniform loads introducing the
corresponding values of Mo The tension can also be directly deter-

mined from the triangle of forces shown in figure XI 13

Continuous Deep Beams

It has been stated before that connecting moments i1n deep con-

tinuous heams are Smaller, while field moments are bligger +than those
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of ordinary slender continuous beams In order to make & simple ,
sufficiently safe, design taking this fact in consideration one may
calculate the bending moments in the usual way accordang to the theo-
ry of elasticity as applied to normal slender beams and, +to increase
YCT at the supports and decrease 1t at the center lines 1in such a
way as to give results conforming with tne data extracted from the

experiments in the followang manner

YCT=OSH for H L and YCT=05L for H >L
The tension T being equal to . then
Ior

for uniform load and H €L , ve get
At middle of outer spans Tm =018 plL
At middlo of inrer spans Tm =0l ol
At center line o® 1nner suoport of

outer span Ts 025 pL
At center line or other inner

supports Ts =020 plL

The steel reinforcemsnt 1s given by A =T / OE

It is recommended to extend the full amount of the +tension
8teel at the middle of the spans to the supports , half the tension
steel required at the center lines of the supports may be arranged
over the full length of the adjoining spans and the other half to
be extended +to a distance equal to 0 3 L on each sade of the cen-
ter line of the supports as shown in figure XI 1%

Loads hung at the lower surface of a deep continuous beam

can be treated in the Bame way as glven before for simple beams

It 1s however essential to note that the governing design
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criterion for continuous desp beams 18 the stress conditions 1n the

support regilons ( support reaction & principal compressive stresses),
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while for tae reinforcements - part_cularly for the tension chord -
conatructive requirements { crack limitation & anchorage) are gover-
ning rather thar the statical ones Therefore no great accuracy 1s
necessary for the design of chord reinforcement Dbecause on the one
band the cross section of the required steel area 18 anyhow saall &
on the other hand the opening of wide cracks has to be prevented over
a high tensile zone Thus 1t 18 sufficient in most cases to calcula—
te the required tension reinforcements from the approximate formulae

given before

A danger of ghear failure, which had to be resisted by stirrups
or bentup bars, does not exist in case of girders with loading at top
edge a light orthogonal reinforcement mesh of vertical and horizontal
stirrupa, therefore, suffices In cases of indirect loading or of

hanging loads, &an additional web rernforcement may be essential
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X1 2 DE3IGT OF PYRAMID RQOFS

Pyrartid roofs® glve 1n many cases a convenient solution for

tre cover of rectangular containers and pumn houses

Under tne effect of wvertical lo.ds, a pyramid roof as shom
in figure XTI 1, 1s subject to 1nclined meridien forces Tl acting along
t e triangular sides of the pyramid, aw horizontal cross forces 'I'2

Both T, and T2 gre COTpression

1

Firgz Xi-15
I~ addit_on t1ie triangular plare surfaces of the pyramad are

subject to bend.ng moments both i1n tre i1nclinad end horizontal direc-

tions

a) Tre Merid_ar Force

The value of the meridisn force Tl at any intermed.ate depth
¥ from the vertex 0 in a pyramid whose s.des make an angle a with the
ve tical 1s obtained by equating the vert_cal components of the meri-

dian forces T1 to the vertaical lmds of the portion above

Hence, 1f the pyramid weighs g per unit of area, the weight
of the traangular portion above a b 13 given by ( Fig XI 16 )

x Terington  Pyramid Roofs '
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ety
in whaich

2y tan a 3

and

Ay

Y=y / cosa

’t!g'

¥ 18 the height of any triangular inclined
Fig XI-16

surface between © and a b or D ¢

The vertical component of the merid_an force Tl along one

B1de 13 given by

Tl l cog &
Therefore
¥E | Y= T, 1 cos @ or
% gy/cos a= T cos a and
T, =key/ cos®a or T, =gl /4 sina cosa

These expressions give the magnitude of the meridian force per
unit width at any intermedaate level due to dead loads g per unit

area

For a superimposed load per unit horizontal area we get

p %/ 4l

It

a
'I‘l cos or

Ty

It

pl/ 4 cose

b) The Horizontal Thrust

The horizontal thrust T, exasts at all intermediate levels
This may be demonstrated by considering an element strip of length ds
cut from the structure by two horizontal planes, one a be¢ d at a
depth y from the vertex and the other, e £ gh at a depth y + dy
from the vertex (Fig XI 17)
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ab L
ef -1

2(y +dy} tang

Fig VYI-17

The horizontal componen* of T, , which 1 T; sSina , causes
out rard thrust on the elemental portion as , and the horizontal com-
ponent of the supporting tarust T, + d Tl causes 1inward thrust

Tre outvard force per strainp ds = Tl sin o |

=‘I‘l sina 2y tan«
but; T =
1 E—H—
2 cos &

tren the outward force per strip= X —B—l-%—g— 2y tan ¢
2 cos—

The inward force due to ‘I‘l + dTl per strip ds

(T, + d'I‘l) gina |

It

(T, + d'I‘l) sin& 2 (y + dy) tana

The net result of these two forces 13 an inward thrust over the width
ds This 1s resisted by two equal horizontal reactions in the planes
at raght angles Let the magnitude of this resultant reaction be T2
per unit width of strip The horizontal compression induced in +the

adjacent planes 1is therefore

T, d.s:(Tl+dTl) sine (y + dy) tan « - T, sana y tan @ or
T, ds

=d(T151n1 y tana)
cos @

For a dead load 5/1:12 T, = —E—L‘!—



then

T a in

== { —JEJizg- y sanatana ) but tane= 2102

cos a dy 2 cos cosa
then

2.4 (& ;2 tarm, and

¢o8 a dy 2 coB ¢

T - B 2y tan?q or

2
t 2
TE = BJY tltan"a or T2=}égltana

These expressions give the magnitude of the ¢ross horizontal compres—
gsion T, at &ny depth y from the vertex due to dead loads g per
unit area

For a superimposed locad p per unit horizontal area, we have

T, = 2L but | =2 y tan « then
4 cos a

T, = D2ytana _ p ¥ tana
4 cos @ 2 cosa

Therafare

T

2 .4 (pytan® oo ¢ taena) -

cosa dy 2 cosa

T, = d ¢ kp 32 tana sina) 1e
dy

T, =py tan®a 8in a or T, =}k Dl tan ¢ Bina

¢) The berd Moments 3

The bending moments in the different surfaces of a pyramid depeand
on the actual proportions of each triangle forming a parel as they
influence the manner in which the panels bend

In an equilateral triangle the bending effeet is asymmetrical and
analogous to the conditions existing in a square panel
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In an scute-angled triangle, as would occur in e sharply poin-
ted pyramid, the most of the banding is taken horizontally f£rom
ridged to ridge i e analogous to one way slabs in the horizontal
direction
At the opposite extreme is the case of a panel of an obtuse an-—
gled triangle in which the base is very long in comparison wath the

gides In this case, the most of the bending 18 taken jin the sloping
directlon of the slab

It will be noted that the moments compared in these three cases
are those that occur horizontally and in the sloping direction of the
slab Actuslly in any triangular panel, the distribution of maximum
moments is undoubtedly across the corners as indicated in figure
II 18 aparticularlyin triangular panels which approximate to equi-
lateral proportions From the point of view of the moments, therefore,
the reinforcements might more resonably be disposed along the dlago-
nals shown in figure (a)

1
fam N
{a} (b}
Fig IXI-18

However, it 15 gensrally more convenient to reinforce the slab
in two directions at right angles, +that 1s, horizontally and up and
down the slab as indicated in figure (b) Hence, 1t 1s pecessary to
estimate the moments and direct thrusts in these two directions at the
point of maximum deflection, which is approximately situated at the

center of pressure

The exact mathematical analysis of bending moments in triangu-
lar slabs is too complicated for practical design, but a feirly clo-

pe estimate of the effective span may be made with sufficient accuracy



2

For the purpose of the calculation this ef ective scan may be tarcn
g8 the diameter of the anscribed circle which touches all the sides
figure XI 19 and for convenience the center of this circle 1. refer-

red to as the center of pressure

D ‘f’/”/zE;;§\\\\\\\
AN
{a) {b) (c}

Fig XI-19
To find the bending mom.~ts to be allosed for it 13 convenient

to consider three cond.tions

1) A panel approximatinZz to an eguilateral trian le
2) A panel with an obtase angle at the vertex

3) s panel witn an acute an,le a* tre vertex

C el

The conditions at the suooorts are an indeterm.nate fix .ty of
the slab at the lorer ed,e along the supporting beam and con _nuw.ty
in the hor_zontal d.rection along tne ridges formin, the Si.e supnorts
Comparing these conditions with e square~ slab spanning .n two direc-
tions at rigsht angles, 1t 18 a fundamental law that 1f two opposite
edges are continuous supnorts and he otne™ two ed,es are only partly
fixed, +the larger momert 15 taken in the direction o1 gr.a*er finity
From this analogy, the moment in the horizontal direction will tend
to be greater than the uoment in the slopang direction For a panel
approximating to an equilateral triangle, the following moments may
be taken to cover own weight and the seffects of superimposed lcoading
including wind, which actually causes a thrust on the wind ward side

and a suction on the leeward side
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In the hori. nu dircetior .r th. s7an and over the ridges
D2

iws]_f’ﬂ—-
1o

—
—
1]

In the sloping dir.ction

M W 811 & =—-

ir which w=g + p

Case 2

Vhere a panel has ar obtuse angle a* tne vertex, practicallv
all tre bending 1s ta<en in t-e sloonin, d_rect.on The following
bending meme:r £ may therefor= be taxun to corer effec*s of siperimvo-

s2d loading and owm weight

2
vsna D
1c

1~ T svan aal over the ria_es

In t'e boriz.ntal direction  da-*ribu*ion sieel, equal to

gbout 20 ¢ of the main re.nforcemesnt 15 requ_red

Case_3
In the otier extreme case, where a panel has a particularly
acute an_le at tte vertr, practically all the momen* 1s taken in the

horizontal direction and

2
M=+wsina D
12

in the span and over the ridges

In the sloping direction, distribution steel, equal to about

207 of the main reinforcemesat 138 required
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d) Forces at Bottom Edge

The lower edze of the pyram.d i1s subject to a vertical reaction

V per m=ter equal %o

and a horizontal thras* H giving tension in each of the lower edges

egqual to T where

p-EL
2
in vkaich

H=V tan ¢

Fo™ a dead load g, e get

T=u=\rta.nu£=g¥—- tanch
2 2 2 2
But ! =—L— then
2 sin e
T -—QL gin G é L e
4 sana cos a 2
L2
7o £

8 cos a

and for a superimposed lcad p, WwWe zet

T:ﬂ—Q:v tancz-L-=pL'- ta.nal’- 1L e
2 2 4 2
2
T = p—X —suna
8 cosa

Horazontal bending 13 also induced along the lower edges, and

the magnitude of the moments is

H 12

Ir the span M =
24
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>
M=———{( g+ p s a)
96 cog «

H 12
ard at tre corners A = —— or
12

3

M=z————(g+psina)
48 cos a

It 1s however possible to consider each s1de o. t » pyr.mid es
& deep beam subject to a load equal te the max.num meridian force at
tne base of tone pyranid The stecl at tne botton ed_e should be suffi-
c.ent to resist tle tension of the deep beam T = Y:‘;-I‘- plus tre tension
due to the reaction of tle loamd on the two sides normal to that under

consideration and givenr by T = HTI'-

e) Example
It 18 requxzr=d to cover a tank as that shom in figure VII 30 by

g pyrarid roef of the farm show 1n fizure XTI 20

\/

A
I
e

1Lopm -
T 1
—
= 5
% > I
4 A - J
N (]
s Sl =
1z T |
g E
I\ ,}-
»
AN
rd
\\ Vi

L 385 ) B70 | et
| T I

—

Fig XI-20
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Data
Base I =11 00 m Height Y =1 20 m
Thickness of pyramid slab t =10 cms
Total dead + Superimposed loads w = 350 I:s/m2 surface
Solution
Length O__E=Y'=']/l22+552= '[/3169 = 5 63 ms
sin @ = 22~ = 078, cos a= i2 = 213, tan a= 22 =4 58
5 63 5 63 1z
Length of ridge =04a= VY5632 +55 = 7Ys19 =985ms
iF =KE =55n £ - tang
QF
OF =0&-AF =785-55 = 2 35a1s
tan p - _A_E. = 2_5_ =0 9‘?8
m 5 53
Therefore
R = D/2 =0 " tan B =235 20 978 = 2 30 ©s 1e
D =46 ms and
the height F' =563 -230 =3 33 os -

tne height of th. vertex of the oyramid fro_ the center o vressure
h =3y' cosa=3 33 x 0 213 =0 YL ms

The average meridiar force Tl across sect_on a b

T:L:}éwE _” 250:0;1 = 2740  kg/m

cos—a 0 213

The bending moment in the irc jied and horizontal dir~cti ns at sec-

tion a b
2

M =wsin a2r =350 x0 978 862 _ 45 kg/
= in E-—jjx X—E— —_i m

The horizontal c¢ross compression force 'I.‘2 at section a b

T, =wytan®a =350 x071 x4 58° =5220 ke/m

Ta can further be calculated from the relation :
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T, = Bw | tan &

knowing that 1/L = y'/¥' then |=11x222-65m and
5 63

we get
T, = L x350x65x485

[

5220 kz/m

The masx mneridian force at A B

Y 0 12
HJ.B.'ZT1=}& ir:]éLx—E

cos™ 0 213

4520 kg/m

The max horizontal cross compressive forece T2 at section A B
nex T, = hwLtana= % x 350 x 11 x 4 85 = 8800 ks/m

Tae vert.cal load on the lower horizontal beam

V =F vy % x 350 x 5 63 = 985 k3/m

T e horizontal load / m

985 x 4 58 451 ki /m

H =V tna

1r> beam at tne bhottom of the pyramid i1s sunported br vertical vosts
arransel at tre four covners and at the third oints of eich side
ara hor_.ontal dia,onal ties ar~anzed at tre third points a3 shomn

in figure ¥T 20 The max bending mome1rt 1n the ve tical beam

r

1 L 2 1 11l 2
- ——V(——) =_.xga5(_...) = 1100 kgm
=ax 12 3 12 3

The load per post

P=VL/3 = 985 x 11/3 = 3600 kgs
The max bending moment in the horizontal beam
1 L 2 1 11,2
x =—H (=) = =x 4510 (=) = 5050 kgm
Ynax 12 3 12 3

The tension in the outside panels of the horizontal beanm

T2 E (?) =}éx45101;—l- = B270 kgs

The tension in the diagonal tie

T:E(%)V =4510x-;ix-/2 = 23400 kga
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The tension in the intermediate panel of the horizontal bean
T =3 x 8270 = 25000 kgs

It can be Been from tre previous investigation that the slab of
the pyramid is subjected to max heorizontal compressive stresses at
1ts base while t!e bottom edze beam 1s subgected to tensile stresces
The corresponding differsnce of s raxn will cause shearin, forces at
the Joint between the pyramid slab and the edge beam, and b.rding
monents of the sense shovn 1n figure IV 25 +will be developed an the
anclined d.rect.on of the slab It 15 therefore recommended 1in flat
pyramid roofs of rcla*zvely big dimensions to ircrzase t 2 th_cii~se
of tone slab at its bottom ed_e and to reinforce 1t w."h top reinfor-

cemerts of t_e order o® the main ste.l used in the oyramid sl.b

XI 3 T5 P_RATUF STREL3E3 I SILOC JALLS

If the temperatare of ti18 stored materiel i1ns..e a s.lo-cell
15 11creased, thc ia2lle are sub .ct to texzperature s*resses 4, ure
that the tem~e—ature 2s Ty ir tne 1nner face
T2 in tle outer Tace -nd tiat t1 “e deratu e
d.crras s un.forply from inne~ to outer face
T, - T, beins deroted as A" Figure XI 21 - \é fork
sho 5 a sezm.nt oI a ci.cular s1le vall an tvo
posit_uns, one before ard o~ nfter a unifora

incr~ase 1n tarperature The ,mig.nal lergth oo

the arc or the wall has been 1inc—ea- 3, but a. Fig XI-21

increase t.at 18 wirfo-n throahout will not
create any stresses so long as the ring 18 su~ josed to be fre= a d
unrestrainsd at its edses It 1s tb tewmwerature dif.er ntial only
AT, wrich creates str.sses

The inner fibers being botter tend to expard more than the

outer fibevs, 30 1f the segmernt is cat loose from the adjacert por-



349

tions of the wall, point &4 1in figure XT 22 will move to A', B will
move to B', and section A B, whicl repre-

sents the stressless condition due to a
‘4' av}‘.ﬂa’dA

uniform temperature change throaghout, will
move to a new position A' B' Actually the %
movenents from A to A" and B to B' are 4

Y4

prevent~d since the circle must remain a

circle and stresses will be created that \
are proportional to the horizontal distan- smsr e
ces between A B and A' B!

Fig XI-22

It 18 clecer that A A'* = B B' = move-~
ment due to a “emperature cnange or AT/2 or wren a 1s the coefficirent
0. exnmansion, that 4 A' = B B! = % AT a per umit length o. are
a~d
6 = A A' _ a AT
=%t T Tt
In a homogeneous section, the mome.t M required to produce an

anzle char,e 8 1n an element of urit lea_,tn may be mitten asz

M =ETI®
Climinating 8 gives
A4 =EIG AT
t

The stressces in the extreme fibers created by M are

g =4 X _1mEc AT
2

I
The stress distribution across the cross—section 18 as indicated

1n figure II 22 The stresses are numerically equal at the two faces
but have opposite s81zns Note that the equation applies to uncracked
sections only, and that this procedure of stress calculation is to Dbe
considergd merely as a method by which the problem can be approachad
The wvariables E and T in the equations are uncertain quanti®.

E may vary from 1C0 000 to 300 0CO kg/cm? y and I may also vary
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considerably because of deviations from the agsumption of linear re-
lation between Stress eand strain Frnally, 1f the concrete cracks M
can no loan_.er be set ecunl to E I 6 , nor @ equal to -} g as a
result, the equation 0 =1/2 Ea AT 1s to be regarded as merely

indicative rather than formally co-rect

The value of ¢ may be taken € OCOCl and for the pirposs of

this problem onec may casse ZE = 1C0 000 ks/cm2 80 that Ea= 100 000 x

5
0 00001 =1 Enowing furtne that I = 100 J5 we get

100 t2 AT

= in kg, c@s when t 1s ir crs and
12
2
Mw t c7/12 in kg oS when t is 1n cuzs and
OC= AT/2 in I;:;:;El/cm2

The value of A T 135 tre difference betiesn th. temperature in
the two surfaces of the concrete which may be

coanputed from the temceratur= or thke stored

matorial and tre outs.le air /hen tte floa of £
heat 1s uniform from t_» inside to the outside L__17
of the wall section in figure XI 23, the ten- ATI__ Te
perature difference, AT = Tl - T, , 1s smaller a -—75:,
than the difference T, - ‘I‘o , between the in- 11
side ligquad and the outside amir
Standard text books give Fig XI-23

LT =(T, = 1) LY

1/
t t
.]i = :—o + Ti— + Ti- + + %

% = coefficient of copductavity of gravel concrete = O &7
l\l R 12 = ' " inpsulating layers
= 0 05 for cork, O 40 for brack walla, 0 6 for alr ete

outside surface coefficient = 10

m
"
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t = taiccness of reinforced concr=te vall in meters

t t = insulating layers in meters

1 2

Thus for an uninsalated reinforced concrete wall

t
pr = (=) SR -, - 1) Ty
To7 " I0
As.am.ng t =C 25 ms, then
AT = 08 ( Tl - To )

If tre wall wer _nsulated by a 12 e¢=s brick

vall arran.ed as shom in fizjure ¥T 24, /= get

L-%e 010,012, 1 _ 5 570
A 087 060 040 10 oA min o
7 o 12 8r ok Wa
- 5 )
a7 = —=——=2 222 . 5557 (1 -1T)
0 67 0 67
If tne arr void ver replaced by 5 c™3 cord,
we get Fig XI-24
1,02 ,0¢C5,012 1 _ ;o3

A 067 005 040 10

I, -T, 0 25
1 303 0 57

Consider a circular salo wall 25 cts th.ck storing a material

AT =

025 ( - T, )

with a maximum temperature of 50 ¢ whiles the temverature of the out-

si1de air 18 20 C, <then
AT = 08 (50~-20) = 24°C
The correspond.ng bending moment dus to tnis temperature change is
M = t° AT /12 = 25° x 24/12 = 1250 kenm
While the temperature stresses are

0 = + AT/ 2 =+ 12 ks/cm2
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These stresses ar. tens:ion i1n the ocutside and compression in the insi-
de face If the uniforaly distributed ring tension 1s 15 kg/cm®  the

combined stress will be

Qutsiae fiber 15 + 12 = 27 kg/cm2 {tensgion)

Inside faiber 15 - 12 3 kg/cm2 (tension)

In reality too much significance sanould not be a*tachew to the
temperature stress computed from the equation dered The stress equa—
tion 15 developed from the strain equatior A A' = 1/2 a AT Dbased on
the assumption that stress 1s worowortional to strain Tais assumition
1s rather inaccurate for tn= case under discussion The 1naccuracy
may be rectifaied to some extend by using a relatively lo/ value fom :c’

such as Ec = 100 000 kg/cn2 h.ch has been used

43 comouted in the example, a temperature d_fferert.al of 24 7
gives a stresc o. 12 kg/cmg in the extreme fiber This 15 probably; me-
re than tie conecre*. can take i1n addition to the re_ular ring te»sioa
stre.s without crac in, on the colder suarrtace The temnerat ire stress
nxy be r.duced by mears of irsualation wvhich scrves to decreas.  the
temperature differer tial, or addit.onel horizontal reinforcemert mavy
be prov.ded closer to the colder surface A proceedure will be 1l_us-
trated for determination of temperature steel It 1s not based upon a
rigorous mathematical analysis but will be helpful as a guide and as
an awd to engineering jud_ement

In the given examrle, the area of hor.zontal steel at the col-

der face computed as for a craclked srut.icn 18 given by the relation

AB = M/yCT Gb

For yoq = g d, where d = the theor=tical depth of the ssctlon and

0, = 1400 kg/cn® , then
A, = 4/1200 d

For M in kgm end 4 1in ms, Ay will be 1in cm2 Accordangly

_ - 2
As = 1250 / 1200 x 0 22 = 4 75 cm
This area 1S 1n addition to the regular ring steel at the outer face

of the wall
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