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PREFACE

This new revised edition includes the following additions :

Detuﬂmtkmaﬁﬂn;mdmnuﬁumuhhﬂnd
continuous surfaces of revolution. Chapter IV.

mmﬂmdhdnhﬂmﬁ'mmth
the design of the Inze tank given in Chapter VI

The design of circular flat plates with overhanging cantilevers and
eventually central holes under different load conditions is shown In
Chapter VI in a numerical example of a circilar water tower
300 m3 capacity.

'Bunkers and Silos being a natural continuation to tanks and con-

‘tainers are dealt with in Chapter IX.
Thentnthﬁeﬂhhaﬂmuf-pumprmi:uﬁnﬂutnthltu!mﬂr

mundm:;ﬂuﬂiacuﬁinputmmmpluhﬂmhchmw
X. ;

Temperature stresses in walls of tanks, bunkers, silos and pump
roorms are shown in Chapter XIL

The author bopes thai these additions open new scopes in the theory

and design of reinforced concrete tanks and containers and may be of
benefit to both graduate and undergraduate students in the faculties of
engineering and practicing structural engineers.

January 107 M. HILAL
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INTRODUCTION

Reinforced concrete and eventually prestressed concrete are wenerally
the most convenient materials for liquid tanks and eontainers.

Due to the internal pressure of the liquid stored in such structures,
the walls and floors are mainly subject to tensile forces, bending
moments and eccentric tension which cause in most cases eritical tensile
stresses on the surface of the different elements facing the liquid. If such
elements are designed according to the general principles adopted in
ordinary reinforced concrete, cracks will be developed and the liguid
contained in tne tank has the possibility to penetrate under its hydros-
tatic pressure through the cracks and cause rusting of the steel reinforce-
ment. Therefore, special provisions must be taken to prevent the forma-
tion of such cracks. Such provisions generally lead to an Increassed
thickness of the walls towards their foot and at their other corners. If
the effect of this increase is not considered, it may lead to serious
defects so that a thorough investigation is absoclutely essential

Jorous concrete or concretes containing honey combing or badly
executed joints lead te the same possibility of rusting with all its ill
effects to the structure. Therelore, dense, water-tight concrete is one
of the essential requirements of liguid tanksr and containers, the
necessary provisions required in the careful design of the mix and in
the execution of the siructure must be taken.

The protection of the finished concrete structure by convenient
prasiering. painting or cesing as well as its tnorough curing must be
cargfolly studied

The previous Investigation gives some polnts showing that liquid
containers are delicate structures and need, due to their intensive use in
structural engineering, special care and knowledge in the design, execu-
tion and protection.

The present work is concerned with the theory and design of liquid
tanks and containers giving the necessary provisions aiming to satisfy
the final goal of structural engineering by designing safely, economically
and efficiently. It is designed to adapt the teaching requirements in our
universities and higher schools for undergraduate and advanced studies.
It gives the practicing designer a simple, scientific and basie reference
not only in liquid containers but also in many other fields such as sur-
faces of revolution, high towers, circular beams, rectangular and cicular
flat plates, deep beams, beams on elastic foundatirn. pyramid rcofs, ete,
as they are needed in design of tanks and containers. The statiistical
behavior of bunkerz and silos is similar to that of tanks; for this reason, it
has been decided to show their design in a separate chapter of this
edizion.



In preparing this book, 1t was taken for granted that the reader
has a thorough knowledge of the strength of materials and fundamentals

of reinforced -concrete that is usuallfy covered by our faculties of
mglnu&dnl. It lays mthlhmdaﬂmnlnﬂm-nu;hundmhnding
of the basic prineciples of reinforced concrete and eventually prestressed
concrete tanks presented and developed In a simple systematic clear
Mmanner.

Omne of the main aims of this book is to show that careful scientific
designs based on sound theoretical basis do not need neceassarily- com-
plicated calculations and, In most cases an attempt has been made to
simplify complicated derivations as much as possible and to give simple
practical relations carefully derived and easy 1o remember for other-
wise complicated problems. In complicated cases, for which solutions
could not be derived without going beyond the limit of the usual standard
in structural engineering studies or In cases which need tedious or
lengthy calcutions, the final results only were given and where possible
simplified by design tables and curves.

Using these methods of simpliiying the presentation, the author was
able to discuss a big number of problems In a detailed manner facing and
proposing solutions for the defferent difficulties that may arise in the

design.

In this manner, a complete treatment of the design fundamentcls ls
given and fully discussed and illurtrated with numerical examples and full
constructional details showing the engineer bow to attack structural
problems with confidence.

The book includes the MMin;' main chapters :
Chapter I glves a short account on the production of dense, water-
tight concrete.

Chapter Il deals with the design of sections under different kinds of
stresses, The effect of shrinkage on symmetrical sections is also included.
In order to have sufficient safety against cracking, the Snal stresses in
the different elements are generally low, so that the elastic theory which
is taken as a basls for the design is justified

The design of circular tanks with sliding. hinged, fixed and con-
tinuous base are shown In Chapter IIL. In this chapter, the theory of
Lamé for thick cylinders and the theory of Reissner for determining
the Internal forces in eircular-tank walls fixed at the base and sbject to
hydrostatic pressure are given. ‘l'h:dﬂtmutluchtmhnnhemadt
by a wvery quick and simple manner if the simplified methods ' proposed
by the author are used. The tables published by the American Portland
Cemen* Association for circular tanks and circular plates are also in-

cluded.
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Chapter IV iIs devoted to the rools and floors of eircular Tanks -

It includes the membrane theory of thin surfaces of revolution and tre
Internal forces in circular fat “plates.

Prestressed concrete may give a convenient economic solution for
big circular tanks ;for this purpose, the fundamentals of circumlierential,
longitudinal and dome prestressing as may be used for liquid comtaincrs
are given in Chapter V.

In order to show the application of the theories of circular tanks
cireular plates domes and cones, three detailed examples are illustrated
in Chapter VI. The first example shows the design of a paste container
and the other two show different types of water towers.

Chapter VII gives a thorough investigation of rectangular tonks
calculated according to the approximarte strip method and according to
the methematical theory of flat plates. for which purpose, the internal
forces in flat rectangular plates supported on three and four sides subject
to uniform and triangular loads as determined by Czermy for different
conditions at the svoports. are glven.

Tanks directly built on the ground are dealt with in Chapter VIIIL
The theory of beams on elastic foundations and its application to some
tank problems are shown in two numerical examples.

The design of bunkers and silos according to the classic theories and
the new researches is dealt with In Chapter IX

The behavior of pump stations is similar to empty underground
tanks. Some examples are shown in Chapter X.

. Some complementary designs. required for tank problems. showing
stress distribution, Internal forces and desipn of deep beams, pyramid
roofs and temperature stresses in walls are given in Chapter XI.



1. PRODUCTION OF WATEE-TIGHT CONCRETE

Dense concrete, Iree from cracks or honey combing is the main
requirement for water-tightness. Porous concrete having cracks on the
ligquid sice allow the liquid in the tank, under its hydrostatic pres-
sure to penetrate through the concrete and cause rusting of the steel
teinforcement leading to all its serious effects on the structurs. |
Dense water=-tight concrete can be achieved through careful seleacticn
of aggregates, sultable granular composition, use of low water cement
ratlo, sufficient cement content and thorough mixing, compaction and
curing.

e give, in the following, a short account about the main fac-
tors affecting the density and water-tightness of concrete.

1.1, COMPOSITION, JOXING AMND COMPACTION

Dense concrete can be produced if the woids are reduced to a
minimum, such a provision can be attained. through the choice of a
convenisent mix composed of fine aggregates ( smaller than 5 mms), me-
dium aggregates ( between 5 mms end 10 mms ) and coarse aggregates
{ over 10 mms ), The maximum grain size is to be according to the
thickness of the element in which it is used and preferably not more

than 30 mms in reinforced concrete water structures.

In pormal cases, the cement content in the mix is generally 350
kg. per cubic meter finished concrete, in small tanke and in cases of
low stresses, the cement dose may be reduced to 300 H:Ea,.fm;' « Richer
doses with a maximum of 400 l:.gsfrl} may be used for big under-ground
tanks in wet medium. The use of high cement doses in dry weather under
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normal conditions is not recommended because the shrinkage tensile
etresses causing cracks in the conerete increase with the increass of
the cement content.

It is recommended to use the least possible amount of mixing
water giving good plastic concrete. The water-cement ratio to be Bpe=
¢ifled depemds on the method of compaction = by hand or by mechanical
vibration = and on the nature of the conecrete constituents, 1in this
respect figures based on a slump teat are recommended. Excess of mi-
xing water is to be avoided as it leads to porous concrete due to the
evaporation of the surplus water not needed for the chemical action,
and increases the shrinkage strains.

lo big tanks, the use of mechanicel miwsrs with automatic water

control is essential.

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

1.2. AMDXTURES

Some admixures have a mechanical effect om concrete while others
bave a chemical effect. Admixures having a mechanical lubricating ef-
fect increase the workability of concrete mixes, thus allowlng a re-
duction in the water content which in turn results in an increase in
the strengtn and water-tightness of concrete ({ e.g. baraplast u.nd..
air entraining agents ). admixurea having chemical effects on the con-
c¢rete mix are to ve used only when tests prove that they bave no 41l
effect on the concrete or the steel throughout their lifetime,

Other admixures help to seal the pores in the concrete, their
presence is to I'fl consldered only as an addition to the water = tight-
ness attained by the above mentioneda ateps and not in any way as a
replacemsnt .,



I.3. CURING

Concrete undergoes a volume change during hardening, it shrinks

~ in dry weather and swells under water. Shrinkage causes tangiLe stres-
ses in the concrete. If such stresses are developed and act on fresn
concrete of low strength, they cause shrinkage cracks. It ia absolu-
tely essential to prevent such stresses from being developed until
the concrete has gained sufficient strength to reaist them. This can
be done by intensive curing of fresh concrete ( keeping it continoua-
1y wet ) starting imrediately after the rinal setting of the concrete
and for a minimum period of 15 days.

I.4, SURFACE TREATMENT, PAINTS AND CASINGS

The most effective surface treatment is cement mortar plaster
composed of 500 to 630 kgs cement per cubic meter sand and applied by
the cement gun., The thickness may be chosen 1.5 to 2.0 cms, It 1is
recommended to apply such 4 plaster on side facing the Liquid after
£illing the tank with water for 7 days. The surface should be thorou-
ghly cleansd by Wire brushes before the application of the tement gun.
In this manner, the preliminary cracks which may appear efter the
£irst £111ing of the tank will be sealed by the plaster. Moreover,the
plaster will mot be subject to a big part of the plastic strains due
to water pressura.

Paints ( e.g. barafluate, baranormal, bituminus paints... ete)
may alsc be used either directly on the concrete surface or on the
cement plaster. The use of special paints whose object i to close
the surface pores ( such as glass painta, plastic paints, watertight
casings, lining with metallic sheets — e.g. Stainless steel or water
tight tiling ) may be of advantagze.

Any material fop water-tightness either as admixure or surface
treatment must not be used unless it is proved by experimsnts to Dbe
suitable for the purpose. :



IT. 0 ESTIGN OF SECTIONS

II.1. MNOTATIONS s

Gompressive strength of standard concrete cube after

UEEE e
28 daya.

ﬂ"'t = Axisl tensile strength of concrete.

ut‘n = Bending strength of concrete.

o J = Allowable axial compressive stress of concrete.

ﬂch = Eventually ﬂ'u = allowable compressive bending stress
of concrete.

O = Tepnaile stress on concrete.

Teyy = Max. -t:anﬂlilu concrete stress in bending.

Ty = Allowable stress in steel.

N = Formal force acting on a section.

T = Tensile force acting on a section.

A = Area of a section ( general ).

A, = Area of concrete section

Ay = Area of steel reinforcement.

E = Modulus of elasticity =( general ).

Eﬁ = Modulus of elasticity of concrete.

IH = Modulus of elasticity of steel.

n = Eﬂ F E, = modular ratio.

£ = BStrain ( general ).

E, = Btrain of concrete.

E s = BStraipn of steel.

Ean = Strain due to shrinkage of concrete.

E = Strain due to creep of concrete

]
H
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Breadth of a rectangular section.
Total depth of a section.

Theoretical depth of a section = distance hetﬁEen center of
gravity of tension steel and cutside fiber of compression zone,

4, / 4, = Ratio of tension steel reinforcement in a section
A, /bt in case of axial forces acting on a rectangular
se¢tion,

i, /b4 in case of bending moments acting on a rectangular
section.

Distance of c.g., axis from putside fiber in tension zone.
A +n A, = virtual area of a reinforced concrete section.
Section modulus, for a rectangular section 2 = b t° /6 .
Section modulus of the virtual section.

wnent of inertia of a section, for a rectangular section
I=b¢ /12,

Moment of imertia of the wirtual section.

Bending moment acting on a section.

Bending moment about tension steel = N. ey

Fixring moment.

/N = eccentricity of normal force N Irom c.g. axis.
eccentricity of normal force N from tension steel,

Coefficient for determining the theoretical depth d of a rein-
forced concrete section subject o bending moment

d = kl Y™/ b or eccentric forces 4 = ki 13&% PR - BN
Coefficient for determining the area of the tension ateel

A, 1o 8 reinforced concrete section subject to bending moment

%:Hfﬁduraecnntricfnzcul.a =qd- -".'—g'-—'
8

( + ) for eccentric tension and ( - ) for eccentric com -

pression.
A& Fi 13 = ratio of compression steel to temsion Bteel,



II.2, AND ATIOWABLE STRESS

Sectiona of liquid containers must be so designed that no cracks
in concrete are allowed in the fibers facing the liquid, because ir
such cracks are allowed, the liguid in 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 Tequirement, the concrete dimensions
must be chosen so that the tensile stresges in conerete- if they take
place on the liguid side — are smaller than its tensile strength.

But as the tensile strength of concrete cannot be garanteed and
because the above mentioned Provision does not inelude any factor of
safety for the tenszile strength of concrete, the tengion 8teel rein-
forcement must be designed to carry all the tensile stresses i, e.

the coperete in tension is neglected = Stage II -

The axial tensile strength of concrete ‘:?t may be assumed a

factor of the prism strength according to the relation

I:F't = 0.7 %o 1]."5
The building Research Institute in Egypt gives for Oy the fol-

lowing relation :
q*t = 0,03 T eop + 8 l‘.g_fl:m

The tensile bending strength of concrete, Opp, 1s double as

much as its tensile strength cr; ie. O, = 20, = 1.4 to EFD;P . The
average value to be used in the design is generally not bigger than

3/4% this value,
I:Fth = 1,0 to 1.5 FU"‘P

The code of practice for the use of reinforced concrete in

buildings gives :
" In ntrmm:raa where no cracks in tension are allowed, the per-

missible tensile stress of concrete may be taken
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% = 0, *%or axial tension and Ty = Gpyy TOT tension in bending".
For Bormal water structures, the values of the design stresses in con-

€rete and steel can accordingly be determined.
Values of ':EI: & ':Ftb recommended for design purposes are given in the
Tollowing table :

Valusa of U; & ﬁtb for different concrete mixes

e ——

a e cement cube h- tensile stress of
as5e o esign dose strengt 2
kgfmj kg.fcma concrete kg/cm
A.tiald_‘mnainn Eagﬂing
W t th
Shrinkage is not taken| 300 160 10 15
i8%0 eonsideration 350 200 12 18
e, 400 250 15 20
|SBTinkage ig taken 300 160 14 18
1a%e consideration 350 200 16 20 1
400 250 20 25
e

The allowable stresses in steel subject to tensile stresses can

be chogen am follows :

For normal mild steel O = 1400 kg/em®
For deformed high grade steel g, = 2000 kg/en’
For deformed cold twisted steel {Iﬂ = 2200 tg,-"nmz
On ¢ondition that the cube strength

of concrete Qo > 200 Ir.gfr:na
In case UGEE-:‘:_EGD kg/cm® - g = 1200 kg/cn”

I1.3 SECTIONS SUBJECT TO AXTAL TENSION
I1.3.1, Stability Design

The steel alone must be sufficient to resist all the tensile

force T acting on the section

i.e. 4, = T/0, il 5



II.3.2. Safety Azainst Crack

The tensile stress in concrete Cr't must be smaller than its
tensile strength 'jt

i.el O = < 0 (2)
T :11 t
A, = The adea of the required concrete section
.lﬂ = Area r.lf steel reinforcement determined from
equation (1)
n = Modular ratio = 10 ( no cracks in concrete
Stage I )
IT.%.3, [KEffect of Shrinkoye
| —a- | ' -B- | 1 s
F £ I'F
| |
| }
i : EW o
— | E E
; 1 L gkl t'IH'cE
+..___.1_‘.| -f.._. 1 | I /% 1 |
. | =
Pig, II-1

The effect of shrinkage in a symetrically reinforced -element
can be determined as follows : ( Fig. 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 = Egy » The presence of
the steel bars prevents some of the shortening of the ccncrete and
the block shortens Es{:Eﬁh unlj; i.e. the steel shortens a distance
£, and aacﬁrﬂingly is subject to compressive stresses Oy + While the
concrete will elongate a distance = E€gn — Eg @and accordingly will be
subject to tenmsile streases Ty

The element being mot subject to any external forces, the sum
of the stresses on the section must be equal to zero.

The stresses in steel & concrete can be caleulated 4in ‘the

following manner ;



Strain due to shrinkage = Esh

Final strain in steel =£g = O / EEL
.
Final strain in comcrete = €e = Egy - a8
E

c

Both materials are subject to the same final strain & €Eg =Eg

o) o
E A g
5 [
or O, = €y B, -n 0 3 (3)
As no external forces act on the element, then
O, A, = C, A, =0 (4)

Equations (3) & (&) give :
utna-(eﬂhEa-nutf:iE:n

E E A
oT U’t e e T 18 tenaion {5a)
Ac + 1 13
Gquation (4) gives :
U = U _E I il&l
2] t ;
""n
E., E i
g, =-S2_8_¢C compression (5b)

=
j.ﬂ + 0 13
In this manner, the tensile stress in concrete r‘.:l'1= dus to a tensile
force T and shrinkage is given by :

T+, E 4
'Ctt - ah s & (E]
‘I'c + 0 j‘a
in which
Eah = OStrain due to shrinkage = 0,0002 to 0,0003 ( 0.2 to 0.3 mm/m)
E, = NModulus of elasticity of steel = 2100 t/cm’

8
n = Modular ratio in stage I = 10

The area of steel A_ snd the thickness £ of a rectangular secticn
of breadth b = 1 m. can be determined as follows :
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.I.El =TIU’B and .lc:b.t:lﬂﬂt

Introducing these values in equation (6), we get

E +0 - n
‘II-_-Eth{E— . m

) T +FHI_:_'EE T,-"l.’]'a

T or
100 € + n Tf{_'fs 100 ﬂﬂ U‘h

Assuming further that

Egp = 0.00025 O, = 1400 kg/cu 0, =16 kg/em® ,

then £E=0.8T (7)

t* in cms for T in tona/m

For this thicknesa, the area of steel can be given as 1

T % 2
= e BN for ¢, = 1.4 t/cm we get
‘.E Ua - U.E a i ¥
A, inee® for + in oms 4.e. h=0.9% of section

Example 1 :
To illustrate the effect of shrinkage assume :

T =40 t/m, €, = 0.00025 E, = 2100 t/en® n = 10 b = 100 om
B G'ﬂ = 1400 Iq;.f’nmz ’ then

the thickness t© =0.8 T = 0.8 x 40 = 32 cms

reinforcement 15' =0.9 t=0.9x 32 = 28.8 co® or

A, = /0, = 40/1.4 = 28.5 ca®

chosen 14 & 16 mm/m (4, =28 cn® )
7 ¢ 16 am/m on each sida

T+« E E 4
o ql: 1 sh "8 Mg = 4GGDD+L'1,UD{]2§£EIGGG~DQ X 28

4, +n 4, 100 x 32 + 10 x 28
= 40000 + 14700 _ 54700 _ 15,9 g/en? tensiont <16 ke/on?
3480 3480 :

This example shows that the effect 'r.:.f Bhrinkage on the tensile stres-

sea of conerste is about 37% of the effect of the direct tensile force
T,
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Taking the effect of lhrinhgn into r.nnuid.urntiﬂn. it 1s possible to
prove that the concrete tensile stress ¢ and respectively the possi-
bility of cracking iﬂ:ﬂlﬂ-&ﬂ with decreasing steel atress as followa:

T+ € E_ A4
It bas been proved that (. = —2h 3 3 A, = T/g,
4lbﬂ+1:hi.ll

a E.. E
u+u]:m::l.I

then U:b'
: lc Uﬁ +aT

.i..uum.:mg for example T = 40 t/mthen t =0.8 x 40 = 32 cms and
= 100 x 32 = 3200 cm® § with €, = 0.00025 & E, = 2100 t/cm’

wa get 3
a+nnuu25:!z:.mm=u mu‘5+zmm
g - x 40000 =
3200 E‘=+l¢:4ﬂ{-‘ﬁﬂ ' 3.2 ﬂ'a + 400

Taking Oy = '?DU to k.sfmz ;, the .ﬂnrnapunding Oy will be as

followa &

-l
1

Os | 700 | @od | 1000 | 1200 | 1400 | 1600 | 1800 | 2000 | e kg/em®

Cp | 18.8| 17.9| 17.0| 16.53 | 15.8 | 15.4| 15.1 | 14.8 lﬂ.iﬁksfﬂa

N.B. for ¢, = @ » 4, =0 i,e, plain concrete wall,

This means that if the steel stress 1s reduced from 1400 to 700 kg,r’cna,
the nimmta tensile stress is imcreased from 15.6 to 1B.6 \:a:.r’cnz
which is about 20 % increase.

From the previous investigation, one can see that the lower the
allowable stress in steel, the bigger the amount of the reinforcement
and the sconer the concrete will crack. From this point of view it is
desirable to use higher allowsble steel atress, and it is fnnnmnﬂed
to choose g, >1qm tg}n:nz .

The use of lower steel stress O, in order o reduce the tensile
straina in copcrete has now no manins'lu long as the section is de-

signed such that 0. O,
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II.4, BSECTIONS SUBJECT TO SIMPLE BENDING

If the tension side of the section is not facing the liquid,
the section is designed as ordinary reinforced concrete without any
special precautions. If the tension is on tha liguid side, it must
have 3 _
a) Adequate resistance against cracking and

b) Adequate strength.
In order to satisfy condition (a) the section may be designed

as plain concrete with the streas O, = M/Z

In case of rectangular sections % =b %2/ 6 & Oy =6 M /Db ¢

For normal conditions Oy, = 18 kg/em® &b =1lm, thus,
'b:"].r"'llf.’.'r (3) t in ems for M in kgnm

In order to satisfy condition (b) prnﬁaed. according to normal princi-

ples of reinforced concrete design as follows :
For the value of t determined according to equation ( 9 ) ,

galeulate the values of kl'rrnm the relation

d:h:]_].-fl! where d =1t - 2,5 %o & oms,
For this wvalue of kf and the corresponding stress in steel ( e.g.
g, = 1400 kg/cn® & a« =0 ), determine k¥ ;  then

1’ =M/ i:2 d
The tensicn ateal "'a can however be taken as a factor of the concrete
gsection determined according to equation (9) as followa i

t=)YN/3 or t=M/3 or Ma3tt

The tenoion steel &
A =¥ /k, d where k, = 1300 kg/cms for O, = 1400 kg/om™

Assguming further that 4 =0.9t we get 1

® Valuea of k, and k, for different T, y Oy and a are given in
text-booka of reinforced concrete deslgn.
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2
A =25 x10 _ 9.2 ¢ 4, in cm® for +t in cms
8 1300 x 0.9 ¢
tharefore
A, =0.26 ¢ or A =0.26%o0f 4, (10)

Example 2 : GSimple Bending

'Rectangnlar section subject to M = 6000 kgm with temsion on
liguid side. Determine + and 4, . Assume b =1m, Oy = 18 tsfcmz
and 0, = 1400 kg/cn® .

Solution : .
For safety against cracking '( conditiom a ) the depth of the

gection t 18 first to be determined according to equatiom ( 9 )

thus, 'LT='1;‘IH;’3 =I,.FEDDG_J"§ = 45 oms.

Having determined the thicimess t, the steel reinforcement can ba cal-=

culated to satisfy condition b (adeguate strength) according to stage

II &3 followe :

t = 45 cms then d = 41 cm=2 and

4l = kl If 0000 iI-Ei tl = ':'1-5_3 k

for o, = 1400 kg/en® , n =15 , a =0 we get
d, = 31.5 kg/cn® & Ik, = 1282 kg/cn® so that
A, = £000 = 11.4 cm® chosen 6 ¢ 16 mn/m

8 1282 ¥ 0.41
According to equation (10) :

0.26 x 45 = 11.7 em® chosen 6 ¢ 16 mm/m

=
i

I1.5. SECTIONS SUBJECT TO ECCENTRIC O co 1]

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

To satisfy condition (a), the section may be designed as plain
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concrete such that z

M " '
Z r S %
For rectangular sections
& M ' i} -
. a (12)
bt~ bt <
As a good approximation take
t=M/3 + 1.5 to 2.5 cma (13)

t in cms for M in kgm
Fositive sign for eccentric taﬁuinn and negative sign for eccentric
compression., The amount of increase or decrease depends on the magni-
tude of N in proportion to M.

To satisfy condition (b) calculate the area of steel reinfor-
cement required for the section as an ordinary reinforced concrete
section with breadth b = 1 m and depth d = t = 2.5 to 4 cms.

Example 3 : Euntrlﬂ.nf Tension

Rectangular secticn subject to M = 6000 kgm and N = 8000 kga
(tension) with the tensile stresses on liguid side. determine t and
l.ﬂ i

Asswme b =1lm, Oy =18 ke/en® and @, = 1400 kg/em?

To satisfy condition (a) - safety against cracking :

t = yH;"} + 2 oas
u]fﬁﬂﬂﬂf} + 2 = 47 cma

Check of the tensile atress in concrete
N & x 6000 8000 2
a = b o—— = + 16.53 + 1.7 18 cam
¥ _EHEZ bt 477 100 x 47 S
To satisfy condition (b) adeguate strength

!_- ! =
N 8000




0, = @ -% +0.06 = 0.75 - 0.235 + 0,04 = 0.555m < e
2
M, = Ne, = 8000 x 0.555 = 4440 kz/m<M
d = 1;1]," M or 83 = k7 4440 i.e. Kk =0.645
For o, = 1400 k,g.r"nma, =0 and n=15 we get 1
g, = 24 kg/on® and  k, = 1300 kg/om® 8o that
M
A, =—2— + L. 30 + 8900 _ 9.95 4+ 5,7 = 13,65 cm2
k, d O, 1300 x 0.43 1400

7 $16 ma/m

Example 4 : Eccentric Compression
Same section subject to M = 6000 kgm and N = 8000 kg ( comp. )

To satisfy condition (a) : safety against cracking

t=yu/3 - 2.0 cms =fam-:}33 -2 = 45,0 - 2 = &3 cms

Check of tensile astress in concrete

. = £.X6000 _ _8000 _ _ 195 . 1.85 = 17.64 kg/cm-
o (43)° 100 x 43
To satisfy condition (b) : adequate strength :
e = o) - 5000 = 0.75 cma.

N 8000
0, = e+ - 0,046 = 0.75 +0.215 - 0.04 = 0.925 m >e

2

M, = Ne, = BOOD x 0.925 = 7400 kg.m M
a4 = K/ B or 39= k/7400 i.e. Kk = 0.455
For O =l‘lﬂﬂtgfcn2 ya=0 apd n=15 we get

¢, = 38 'l:;.»‘l'.'l.mE and k, = l264 L:g.r’ame go that

1“_.’.'1__—_—"- Voot - 8000 _35._ 5.7 = 9.3 ca®
k, 4 Oy 1264 x 0.39 1400 7 ¢ 13 m/m

It is however recommended to begin with the choice of the wall
thickness satisfying condition (a) (Stage I) and then to determine the
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steel reinforcements satisfying condition (b) (Etage II) as in pre -
vious examples.

The effect of the steel reinforcements on the value of J; may
be taken into consideration as can be seen from the following example:

Example 5 1 (Fig, II.2)

Assume that in example 3 given before for case of eccentric

tension, the max. thicimess available is 44 cms only, then :
t = 44cms e = 0,75 na 8, = 0.75 = 0,22 + 0.04 = 0.57m < o

M, = 8000 x 0.57 = 4560 kgm { M

For G‘E = 1400 lr.:g,fcmz 2 =10 and n =15 wa get

0, = 27.5 ke/em® and E, = 1294 kg/em®  so that

A, = 4560 + 20 .88+57=15c2 8 16 m/n
1294 x 0.4 1400

i.e, actual 4_ = 16 ca®

Check of max. tensile stress in concrete Uth

|
= A +n A i |
B : 8 middie_axis
=100 T 4% + 10 x 16 = 4560 cm® “Coona |
" Ry
y, =QE 8" L 10 216 x 4 / 4560 =
2
. Fig. IT-2
= 21,37 cms .
3
I, =20.X W7 | 400 x 0.632 + 10 x 16 x 17.372 = 743021 on
© 12
2,  B¥ = B2 o o3 opu oo
T 21.37
A, z, 4560 34774
v
2

= 19 kg/onm
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III. DESIGN OF CIRCULAR TANEKES

III.1 FUNDAMENTAL TYPES OF JOINTS OF WALLS

IlI.1l.l. Introduction

In thia section, our astudy will be limited to ecireular li-

quid containers, other forms will be deait: with later.

The structural behavior of circular cylinderical tank walls,
subject to the action of hydrostatic pressure varies according to the
type of joint between wall and other elements (base and roof if any).
There are three main types of joinks ; free (or sliding), fivred and
hinged. Any case in practice can be analysed by combination of these

Ccases.

IIT.1.2. Free Joint (Sliding Joint) ( PFig. IIT.1 )

Ko restraint for motion of wall due to ligquid pressure .

: |
martar
Trowe! finish & ,Jsphall.
2coals of mashic :i’i‘;’:ﬂ " g:
ol
O
TE al E
- 3!
| |
W L
|
. Sliding base Free top Liquid pressure &
Pg, II1I-1 elostic line

For this type of joint the elastie line of the wall is a gtraight

line and the wall resists the liquid pressure by ring action.( i.e.
by bhorigzontal strips omly ). With respect to base, no indeterminate

gtrasses. are created,
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o ensuré wabes wesduoess in the joint a copper plate %1 may be pla-

ced to join the wall and floor, neoprene plates may also be used.

I1T.1.3. Fixed Joint (continuous Joint)

|

Continuous base Continuous top Liquid pressure &
. elastic line

Fig. III-2
Tn this case, no allowance for motion or rotation is allo=-
wed for wall base (or top). #wall will carry liquid pressure partly
by ring and partly by cantilever action (combined resistance by both
vertical and horizontal strips). There is a connecting moment between
wall and base. To obtain the required fixation, vertical reinforce-
ment extends across the joint as shown, Good bond gqualities are ob-

tained by the following procedure :

After the concrete is placed and has stiffened sufficient-
1y but is not thoroughly hardened - about & hours - clean the Jjoint
surface with a pressure wa.te-r jet. Then cover the Jjoint and keep it
continuously wet. Just before new concrete ig placed, flush the old

surface with 1 : 2 portland cement mortar. Vibrate the new concrete

and keep it moist for several days.

III.1.% Hinged Joint ( Fig. III.3 )

It may sometimes be desirable to avold transmifting moment
between wall and base ; in such cases we use a hinged joint which al-
lows for rotation as shown in (a) and (b).



W stesl rimts. -
2em. legd plote E
2em.ospholt or £
bit. material &
; T
K
- |
l_ !
= |
T ' (b} !
Crossing bars Lead plate
Fig., III-3

A4 wall rigidly connected to the base may however be conaide-

red hinged if the scil underneath 1is liabie to rotate as showmn ino

case GC.

III.2 DESIGN OF §ALLS WITH SLIDING BASE ( Fig. IIL.4 )

Liguid pressure p, at any depth x is given by @

o WX and Ppax =W H in which

weight of liquid / m’

W

For a wall with sliding base, the full water pressure will be
registed horizontally by ring ﬂnfiun. thus 1

2 T, = pI_D =2 py R or T, =P R {14)

If the thickness of the wall © is small in

propertion to the radius R, the ring tension E:
may be assumed as uniformly distributed over the

cross—section which can be designed as shown in

II‘E, ilEl

T, :p_:R:W:‘.R TW=IHH
T+, & 4

A, =T/0, o, = sh '3 8
L¢+n.&u

For O, = 1400 kg/en® , O, = 16 kg/cm®

€, = 0.00025 , E 2100 t/cm® and

n

n

g
10 | we gats Fig. III-4
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t ema = 0.87T tons/m
2

LH cm” = 0.9t cms

In deep circular tanks, with the wall rigidly connected to
the floor, the liguid pressure will be mainly resisted by ring action.
Due to the fixation of the wall to the floor, the horizontal displa-
cement of the wall at its foot cannot be fully developed and the
prassure resisted by ring action will decrease to gero at the point
of fixation. The small part of the liguid pressure at the foot of the
wall that has not been resisted in the horizontal direction by ring
action will be resisted in the wvertical direetion by cantilever action
creating bending moments in the wall. In this case, the max, ring

tension Tm takes place at 0.8 to 0.9 H and is given by :

Coax. = 0.80 to 0,90 wHR

The fixing moment at the base of the wall may be estimated from the

ralation :

wHD®

Hf Y+5 to B8

which will be proved later.
In both equations, bigger values

are to be chosen for deeper tanks, "i'he
mentioned bending moments affect only
a small part, generally not exceeding
H.-"’J-D.at the foot of the wall.

Fig, III1.5 shows the ring temsion ¢ Mg =N\,
Ty %
and cantilever moments of a deep circu- :;l I: 3 =
lar tank subject to liquid pressure. |, My

EBending momants  Ring tension
1le 1

Deep water tank : H = 12 ms. Fig. III-5
and D = 8 ma. Wall fixed to floor. Max.
ring tension at 0.9 H 1s given by 1



21

TII.EI.'I: = 0.9 wHR = 0.9x12 x4 = 435.2 tomm

Required thicknesa + = 0,8T = 0.8 x 43.2 = 35 oms,

As the wall ia mainly subject to ring tension which increases
with the depth, the section of the wall will be chosen trapezoidal
with a minimum thickness at the top of 20 cme and a maximum thickness

at the bottom tm: given by &

tmx = 0,8 wHR = 0.8x12 x4 = 38 ons chosen 40 cms.
Thickness available at position of max. ring tension { 0.9 H ) is
given by 20 + 0.9 x 20 = 38 cms > 35 cms.
Ring reinforcements at different depths is given in the following
table :
1 2 3 | o 5

Strip No. O=2n 2~4m | 4=-6m | 6-8m | B=-lZm from top

l 2
B 2 4 6 8 10 t /o
T = D 2 8 le 24 2 40 t/ m
Total A, = T/1.4 5.7 11.4 | 17.1 | 22.8 |28.5 cme
Steel on each 2
side = A /2 2.85 5.7 | 8.55 11.4 | 14.3 em
Reinforcemsnt e 8 7&10| 7413 [3.5416 | 7416 mm/m

' +
3.5 13

lxl2 x8 x 0.4
7.5

= 5.1 n‘t.

The fixing moment at the base is given by : M, =

Max, thickness of wall required to resist this moment can be determi-
ned from equation (9) as follows @

tnu=m=1/m = 4] cm
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{,8, +the maximum chosen thickness of 40 cms is convenient,
Vertical tension steel on the inside surface of the wall at its base

can be determined from equation (10), thus :

t 2
.ﬂ._ﬂ = 0,26t = 0.26 x 41 = 10.7 o™ chosen 6 & 16 ( 12 em®)
E
= E
Datalls of Relnforcements & g
of a Deap Circular Tank ?J o
-
i E
B z8m E
. A
Fi ‘ H
- = E
A o
- q q
| o
£ :
t n
nﬂ"‘"m: ] 6 ¢8 han = e
i a8
[ © ™
-
I -
L L
} .|
- ¥
o £
| £
9 : 'E;: E
' g
-
i
o
A -
-
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Other wertical reinforcements necessary to bind the rings and to re-
sist shrinkage stresses and evential field bending moments may be
chosen » 20 % of max. ring reinforcements and not less than 548 mm/m.

In our case i Mm;: = Mp/5 = 5100/5 = 1020 kg m

wall thickness at puaitiaﬁ_ar max, field moment = 33 c¢ms

PR NI W
1300 x .30
20 % of max. rings ( 7 ¢ 16 mm/m ) =14 x 0.2 = 2.8 cp°

Choose 6¢ 8 mm/m on outside and inside surfaces of .wall. The details
of reinforcements in the lower part of the wall are shown' in fipure
ITI.& .

III.3. THEORY OF THICE CYLINDERS _ Pt

If the thickness of the wall t of a circular tank is not small
in proportion to the radius R, the stress g, due to T will not be uni-
formly distributed over the cross-section. Lamé has solved this pro-
blem in 1852 as follows : Fig., III.7

(T, + 4%, | { R +dR)dyp

Fig. II1-7
The stress distribution J_ on the cross-section of a thick wall
of a cireular tank subject to hydrostatic pressure p can be determined

if we consider the equilibrium of an element of & tank enclosing an
angle dv as shown. Assume :
BE = radius of any fiber inside the wall.

Ri = radius of inner face of wamll.
R = radius of outer face of wall.
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L'Ir £ Er = radial stress and strain

O, &E. = tangential stress and strain

8 = % = Poisson's ratio =§ v é- for concrete

Due to symmetry in shape and loading we have :
in tangential direction i g, =0 and
in radial directicn t the shearing force R =0

Due to equilibrium in radial direction, we get the following

relation :

(0,+d0, ) (R+4dR ) dp -G, Ray -, dRAs = O

G.Rdp + do,Rdy +C,dRdp +dg, AR dp -G, R dy-
-0, dRdp = 0
Reducing by dy and neglecting ﬁﬂ’r dR being a small wvalue of the se-
cond degree, we get i
durR+crrd.E = g, dR i.e.

a(e,, R)

.
dR (15)

t

According to theory of elasticity, one can express the relation bet-
ween stresses and strains in the following manner :

e =% (€, = ‘”{t}

=3 (%= 90;) 5563
These two equations give 1 |

Op = i-f? (€, +¥E; ) )

Og = ;f_,y: (Ey +3€, ) (17)

Due to the deformation of the wall of the tank caused by the hydrosta-
tic pressure, the radius R will be increased by the radial displacemen
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¥y i.8., it will be ( R + 7 )« Therefore the strain in the radial

direction Ep is given by :

“p 'i' (18)

We have further :
Circumference of tank before deformation = 2R
Circumference of tank after deformation = 2T (R + ¥ )
Increase in length of circumference = 2ny
Strain in tangential direction

E, = 2ry/2nkR or

g, = F/R {13)

Substituting the wvalues of Ep and Ey 88 given by equations 18 &

19 in equations 17, we: gat 1
e p BY 4
T = ( + ¥ =)
A 1-# a8
(20)
E 4 -\
gy = —==( + -
% l=3 R
Introducing these values in eguation 15, we get 3
Lo oM -2 (r¥E,s573) or
E dR dit dR
L.y =§1-|.1=L%++r=9I i,e.
R dR dR dR dR
Ead—2§+ﬂgi-y=ﬂ (21)
dR dR
The solution of this differential equation is :
i 2
;r:GIR-!- R (22)

in which
C, and O, are the integration constants. Differentiating equation 22

with respect to R, we get :
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y i.e. it will be ( R + y ). Therefore the strain in the radial

direction Ep is given by :

.
E -
r aR {18)
We have furthar :
Circumference of tank before deformation = 2TER

Circumference of tank after deformation = 2" (R+¥y)

Increase in length of circumference = 20y
Strain in tangential direction

Etnarta'fan:ﬂ or
g, = ¥ /R (19)

Substituting the values of £, and £, as given by equations 18 &
19 in equations 17, we: gat 2

» E 4y I
Ur_'_—azl— ( +aH}
(20)

E b 8 ay
Oy = = + 3 )
6 1 =3 R dR
Intreoducing these values in eguation 15, : we get @

<P 4 m—-d'{Rél+-}r) oT
R di dR dR

2
11-&31 =51+R‘LE+-&QI i.e.
R dR dR 174 aRr

2
2 & 4+ r¥E _y=0 (21)

y=0, R F—2 (22)
in whiech

C, and G, are the integration constants. Differentiating equation 22

with reapect to R, we get @



c 2 C
EE-G— Ea.nd£= 2
A A A

Subatituting these values in the elements of equation 21, we geti

2 2¢ C o 20 c c
R 2 2 2 2 2
+ R (C -—%}-(csn—-): +RC, === (C.R=-==z0
R 1 g " "r7 g 1 g 1z
which means that the solution is ecorrect,
Determination of Cy Be G, Pig, I1I1.8B
i) Por R:Ei U,_. ==7p R
ii) Por R =R, O, = 0 {(no outside pressure)
therefore Fig. III-8
1 =3 dR R 1l -3 ? R
E & i & Bs -
e 1 ( +5) = it | (l-=2)
1l =5 R
Because of condition ii, we have
. GE
D=01(l+ﬂr'l——g(l-1}} and
R
+]
Because of condition 1 we have
c
-
-p = C, (1 +3) = (1_-.,-;}]
1-# L1 E%
These two equations give
2 2
R 2 R
Gl{l+~}}(l——&—}=pl_".‘?_ i or
R E R
o (+]
2
R
l = & i : 3
C,=p = e (23)
S T
1+ 3 Rg EE ]
and C, =p . g (24)



Therefore
¢
O, = E L agIJ= E [c I 2 ]
b e Lt lnToE | v vl e
I [c €140 5B {l-aJJ
1-32 1 R°
E 1-2 R§ 1 E
= — 1+3 + Q l_J
1-;2 [P E RE-RE{ }+§: E - (1=2)
o i o i
T
) B B,
'Ut =P m { 1 +?—] (25) Hyperbola
n =

Which gives the formula of Lamé for stress distribution ocn the cross—
section of thick c¢ylinders subject to internal pressure p. Therefore
the stress at the inner surface of the tank =

R = R ig
Oy =P_37f‘ (252)

and at the ocuter surface : R = Ru

anﬁ -
% =P EZ_Z (250)
o i
Assuming R, = A Ry wa geat :
2 o g 2
2 i A0+ 1
o = L T, =D and =——= =
ti =P to .
E e ] L A5 =1 Etn 2
a.
Forl=s 1 — 51 = 1
Teo
A=l2" " = 1,22 difference not big

A= 2 R 3 2.5

The stresses are graphically represented
in figure III.9
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i
For R = = O =op = 1/2 ﬂ;u

= (1=
Rn Hi.

This means that the stresses are bigger at the inside surface of the

tanic, In reinforced concrete circular walls with one mesh , the ring
reinforcement is 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 < 1.2 R, { i.e. A <<1.2)
which means that the error by use of cylinder formula ( Ut =T/t ) is
less than 10 & .

For very thin cylicders Hi =R, =R the formula of Lamé gives

the same result as the cylinder formula.

2 2 2
B R ¢
i o i
. = p = (1+ = )=p x 2
t
(Ry+R; ) (Ry—-R; ) R 2Ryt
— et e et
I
2R t . (AL
t t

Whereas in relatively thick plain coner:te circular walls, the avera-
ge tensile stresses calculated according to the eylinder formula omay

give serious not allowed errors.

II1.4. HE JALLS T T0 FLO

e
IITI.4.,1 Theory of Seigsper and Lews Fig. IZI.10
b= 2p 3

T

load dist.
e 1 g

S

o

;
“
f
K4
.
7
:
%
%

A

d HI

= il
%% 1 rie. 11120 r
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The liquid pressure p_ at any depth x will be counteracted by the
combined resistance of rings and cantilevera, thus :
P =WXI=p +p, (26)  4in which

Pp = the part of the liquid preassure resisted in the horizontal di-
rection by ring action.

the part of the liguid pressure resisted in the vertical direc-

tion by cantilever actionm.
The value of p. can be determined as follows :
Strain in tangential direction E; = f ( refer to equation 19 )
Stress in tangential direction 0, =€, E = % E (27)
Ring tension T =0t = : t E (28)
Pressure resisted by ring action Pp = 5 = = t: E (29)

This equation means that if we know the equation of the elastic
line of the wall, we can find P, and respectively P * The equation
of the elastic line can be determined as follows t

It is known from the general theory of elasticity that the rela-
tion between the extermal force g, the shearing force Q , the bending
moment M and the deflection y are : '

4
4 an ag aty
==M/EBI —3 Q ==0q & = JEI (30)
ﬁ "ax " ax ;:* .
in which q = force acting on wall in radial direction
{ Pig. III.11),
= WxRdy =0_t_ dy but O = L E then
1 ; t 'x S B
q.--xnu¢-::t:¢w-{-in-:t=:) dy but
R ap ¢
I_ .—-—l-—-&

12
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B dyp
? d %' |
Ty 1y dyp

Fig. I1I-1l

Substituting these values in the differential equation of the
elastic line = 30 - we get 3

R dg t2 "
B — X', 4F _(wxR- Z¢t E) ay o
12 dx R ¥
3 o
RS ¢2 a4 ol
- —% =-|—|-——-I—F'
12 dx E %,

Assuming a tank with constant wall thickness t and putting

12 g* 4. K x
E = , O ="' = and = = (31) we zet:
RS 42 Fa B g e
3 4 2
H . A7 £ o+ y- ER. . x = 0 (32)
4 n dx Et

This equation gives the final form of the differential eguation
of the elastic line, Its solution gives the wvalue of y and respecti-
wely p, and P, Or the ring tension T and the cantilever moment M.

The solution of the differential equation 32 is given by :

v

i e AR R e }
g3 x+ (4 e +4, e ) cos nE +

e (53)

(B, &% + B, e %% ) gin ng J

in which 4, , &4, , B; & B, are 4 integration constants to be deter-
mined from the conditions at the supporta. The derivatives of ¥ are
given by : ' '
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B dr . Ej.l e Aoy u_nE] COS DE = {&l eBE 4 A, E"nEJI sin nf
o dx
+ (8, e"f - B, . | nE -n§
1 2 }31nnf+(:ﬂlle + By e ) cos n¥
2
+ wihH™H
Etn
2
EEEE " :'v--—j- == (4, P - As e™2Ey gin ng + (By e"f - B, e 2E) gos n§
3 3 :
E'H_n; ; ?‘ﬁ = = (i ok 4 Ay e 2E) sin ng - (4, i 12.9'”‘5} cos nE
+ (:B-l o2k 4 3, u'ﬂg} €08 nE - {‘Bl a"f . B, &'ﬂij sin ng
gt g (A, 2% + 4, e™2f B, e°f 4+ 3,
- . = - (4 +hy e }ﬂuﬂnﬁ-{la + 3, e ) 8in ng
4 n doe :
2
== (Fy-w . x)
Et

which means that the solublon i=s correct.

The integration constants for an open tank fixed at the base can be

deternined from the followlnz conditions :

a) at base x = H i :rnrﬂ-gz = 0
dx
b) at top x =0 E=Q= 01‘1 =5
dx
42
From numitiunhgr.im;}=ﬂ or B, -B, =0
and

qm%:u or (11-12J+{BI+BEJ=G

From these relations we get By =B, and .i.l=nﬂ—2'ﬂl,thu.u



[11 P 4 +(£1-EB_.L] e“nf]-:.nang +El {anf +a'nE}

2
einn +W—2x, or
Et
yu & (e®f + & 2F ) cos ng + By L{anh a~2f »
2
sin ng - 2 ¢™™ x
. E cusngj =
an
E.:—i = Ay [{emE -!-ntjﬂnﬂnf -feﬂ-re'ne}sinn;J
I

3, I:I'.:E”I£ -e™ ) sinng 4+ (™ + e 2 ) cos nE

+

w32 §

+2e2% cosne +e™F gin nf]i- :
tn

at the base x = H, =1, y = 0, & .0 and @ = ™2 small value
dx

£ ]
Asmm*_u;? =1 2310 .. n = ¥3x1lx10 =

2
=,};1ur'"»:::m:m.11-u-i’.]_f:’lsj.::lmwr&E and
b

L ¥]

2
AL a0 =4, 6 (comn ~8inn) + B e% (sin n + cos n) + R2_A
dx 1 1 Etn

C

The solution of these two equations gives :

2
A, = Lu(-:usn+sinn— )

Et " n
(34)

Bl-+"32H(cnsn—sinn-s-?—5-"—]
Et e”

)
3
3
;

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

ring tension and respectively the load distribution.
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The second derivative of y gives the bending moment because

2 -
';'—15 = = ~H  The moment at the foot can be determined from the

relation :

d4° " ng n
n j: A, e g8in nf +ElnE¢nnnE

Forx=H , we get:
My = S8 BIe® (4 sinn-3
5 1 - By cos n)

2 2

E + n
wREH cod o
—[ (cos n=s8inn = ._—Jnmn] or
B2t . o
- 2 2 2
[ =‘-E -
f oI L B (ﬂusnﬂmn-.psmen-mf
n
2 cnnzn
+ cos°“ n - sin n cos o - ) or
- n
3
Lp =-EnEI HE—-{I-]'—-} but 1:5- then
a 12
3 2
12 t a
2 .2
- w B* ¢
2 == ——=_ 2n(n-=-1) (35)
£ 12 ®

“aleulating the max. shearing force at the base from the relation

3
Q ==E1 ::;—, we get

2 .2
!-R-_H'z'-‘_.zn l:.an-l] (36)

In the same way other cases can be cnlnula,tad according to their
edge conditions e.g,



12 g2 x
in which %X = w and = =
E ;3 ' H
In order to use these curves proceed as follows :
1) Determine the value of n from equation 37, namely
B u DS & EEE—E + 0.25 in which
R w

Gt‘n = 18 kgfcm.z for normal cases and w = 0.001 Icg;‘cn; for water .

2) Caleulate the thickness at the foot of the wall from equation 38

= -
t ﬁ

then choose a convenient profile for the wall.

3) To determine the ring tension in the wall draw for the calculated
value of ( o ) a vertical line to meet the projection 1line for
interpolaticn in & point - a =3 through - a - draw a horizontal
line to meet the maxima curve inm - b =. This last point = b =
gives the apex of the distribution curve if the wall were rectan-
gular. For trapezoidal walls, linear interpolation is sufficient.
Having drawno the load distributicn eurve, the ring tension in eve-
ry section can be determined from the relation :

T=0,pR

4) To draw the bending moment diagram, it is recommended to determi-
ne the maximum fixing moment M, from equation 35, namely :

|.|r=- EREE-:—E.En{n-l}

In the same way as given under (3) determins the apex of the
positive part of the bending moment diagram :rn::_ a rectangular wall.
If the wall were trapezoidal multiply the maximum positive walue by
(%, /%)’ where t_ is the thickness of the wall at position of



3?7

maximum positive moment. The curves show that the cantilever action
inereases for diminishing walues of K ( or n ) i.e. the smaller the
height, the bigger the radius and the stiffer the wall. BY R = o ,

E =0 ( the limiting case of a straight cantilever ) the water prea-
Bure is resisted totally by cantilever action.

EIBM.E].E :

It is reguired to design the wall of a ey¥linderical reinforced
concrete open water tank, 5.0 ms deep and 20 ma diameter. Assume the
wall to be fized to the floor, '

Solution &
H = 5.00 ma R = 10.00 ms Assume O, = 18 kg/cm?
& w = 0,001 tg.fcma

G, &
n = 0.5 +]/—R§h———+ 0.25 = 0.5 + 'I/—?L% +0.25 = 3,53
w 1000™ x

i 500°
t = 1. = 1.% — Tt = cma
PEZ TN Tmeasa? O =

Choose thickness at top 20 cms and at bottom 35 cms,
From the curves of Reissner ( Fig, III.13 ), we find :

form = 3,53, F =0.5 and Gﬂ = 0,425 at T-:, thus

'l'm -EQIER =0.425x1 x5 x 10 = 21.25 tons/m

acting at 2.5 ms from top surface.
The max, ring reinforcement is given by :

Oy 1.4

ohosen 12 13 m/m (A4, = 15.9 cm’ ) on both sides i.e. & ¢ 13 mu/m
on each side. Thickness of wall at position of max, ring tension is

Elven by 1
tl.;ﬂ?ﬁ= 27.5 cms
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2
My o= 7.1 x 1 x 10° x 0,25° = 0.7% mt
12 x 5

A, = 240 = 2.6 _qna chosen 6 ¢ 8 m/m
1300 x 0.22

The details of reinforcement are shown in Fig. III.1l4
ITI. 4.2 & lified Me ds for De n the F hlomant the

Sheari Force d Thickness of the Wall at base.

It has been proved in equation 38 that + = 1.73 R_sz from
n

which one can determine the wvalue of n, thus :

e —— (39)

The max. firing moment is given according to eguation 35 by

2
ﬂi.zn(n-l]

the relation :

e =T %
Substituting for t the walue given in eguation 38, we get :
2 .2 2
wRhR™ ¢t H
= - _{1.?}—T}En (n=-1)
“f 12 H En
=~ BHERt n=-1
6.95 n
Assuming Gl = 15—'2;‘— s
-
we get Mp . ZHDS (40)
C
1

- The shearing force at the base of the wall is given accor =
ding to equation 36 by the relation :

2
Quar™ '12 .E:I:.E{En—l]'

But sccording to equation 38 t° = é—";
e |
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Bubstituting this value of t in the equation of Q . we get 1
- 'Re.lzﬂr_nztgn_']_}: iﬂ_ﬂ"_l
EEE R n 2 n
Assuming 2B=1 - ¢, and substituting, we get 1
n
- ¢, »i (41)
qm . 2

It is further known that the bending tensile stress at the foot
' &

of the wall is given by : 0, = 2

Assuming O,, = 18 kg/om® = 180 t/n° and substituting for M,
the value given in equation 40, we get ;

J.au.:ﬁ—l‘?—' i, BwHR o, ¢ _2HR
o, G, ¢ 15 €,

Assuming further 1 = G; then t = l:; wHR
15 G,

In order to get ¢t in cas Inrwintfnj (equals 1 for water ),
H and R in meters, we should hawve :

t 0y wER (42)
in which G. = 100 0. =220 . 6.66
3 3 15 ¢, Gy

The values of My , Q . and t at the base of a wall fixed to
the floor as given by equations 40, 41 and 42 depénd on the wvalue of
n which in turn dependa on the magnitude of the thickneas t. In this
manner a method of trial and error is to be applied i.e. we have first
to assume a convenient wvalue for ¢, then determine the corresponding
value of n according to equation 39, Applying equation 42, it is pos-

sible to check the assumed walue of t.
It is howevar possible to avoid these trials in special cases

®.g. water tanks in the following manner., Equation 37 -gives i
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Quay = Co !éﬂf = 0.211.x i—i—ig— = 10.5 ¢t
According to Gray : Fig. III.lé
Average thickpnesa of wall t = 31 cma
8 10 .5, B . ., ¢ =08, 0=.25
t 0.31 D 10
TM=GGWHE = 0.8x1x10x5 = #40+¢%
x' = OH =

0.225 x 10 = 2,25 ms from base
2) Depth H =5m , diameter D =20 m w = 1 t/m

For section at base —'H—z = Igz = 0,08 medium tank
R

According to table Gl = 9.7 G5 = 0,685

tm=ﬂﬁwﬂﬁnﬂ.ﬁaﬁxl:5:lﬂ = 34,25 cms chosen 35 caos
wHD

" et L ARSEO R e

Kp 3.6
r H E = —p— =
5 5
Tha wall will be chosen of conatant thickness 25 cmes and provided with

n

ui?E Il- tl-

& haunch at the base of 10 x 40 cms. The max. ring tension and its
position can be determined according to curves of Gray, thus :

E - l{:lﬂ = ED " E = —El— e U.EE .ig cu = ﬂlﬁll c = 'Dl!'l'?
t 0.25 D 20

Em=cnwﬂn=ﬂ.51:l:5:lﬂ = 25.5 tona at 2.35 ms from base

The shear at the base for a wall 25 cms thick can be calculated as

followa :
n = 1210 H _ L3105 | 436
].-" E = 10 x 25

The ecorresponding value of C, 1s given by 0.425 and

2
Q =GE '—: = 0,425 x gi = 5.3 tons
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been given by W.3. Gray in his book " Reinforced Concrete Water Towers,
Bunkera, Siloa and Gantries ™ in the following curves (Fi_.g. III.16 ):
MIUES oF mex P - TEUSION

Fig. III=-16
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EREN
corc rae”
= | [ME e
L \ a .--ﬂ"l"""" |
: . ,,-fb =TT
o
- Foan Ilf._jp,f f'
" redet v
Pt
117 EHEE ,
: Il
[
o J".Y pa {‘i’ f;"-ﬂ' g0 4.0
Applications : o P J

#e show in the following examples, the direct application of
the given sidplified method for determining the internal forces in
open circular water tanks with walls fixed at base.

1) Depth H = 10® . Diamster D = 10 m . w=1t/n
H/R = 10/25 =0.4
the corresponding m =9 i.e. case of deep tank,
dccording to table C; = 7.8  C, = 0.211 C; = 0.855

Wall is;chosen trapezoidal : 20 cms thick at its top end, the thick-
ness at the base is given by 1

toay = G}lﬂl-ﬂ'.ESEIlllﬂIE:ll-E-?ﬁI:H chosen 42 cm.
M, =- —mE .. LEIOEIOZE2, 540,
Cy 7.8

': Iﬂtfﬁ = 1,08 m.t.



The use of this method for determining the intermal forces in
walls of circular tanks is very convenient, because when one is used
to it, he can easily estimate the coefficients C, required for dster-
nining the fixing moment, G_; required for determining the max. thick-
ness of the wall, G required for determining the max. ring tension
without appreciable errors which may afiect the design as can be seen
from the following example :

3) It is required to design the wall of an open circular tank 7 ms
deep and 15 ms diameter. Make a quick estimate and check the results:

a) Est a3
This tank is a medium one, its diameter = twice its depth then

the max. ring tension may be estimated by :

Thax =065 WHR =0.65 x1x7x 7.5 = 34 ton
Wall thickness ( equation 7 )
t = 0.8 Tm = 0.B x 3% = 27 cms

Max, ring reinforcements

T
o = =22k - b o OKE dma 6 ¢ 16 mm/m on each side
Smax UE 1.4
Max., thickness at base i
t = 0.B wHR e BT lx T xT5 = 42 ems

max

The wall is chosen 27 cms and provided with a haunch 15 x 50 cms at
the base.

The fixing moment :

i-'rHI"'J‘F:m.'I-: 1l X A2 == BOS0. Wit

" = 8 8

Thickness required to resiat this moment safely

P = Iilf,e"j :'IHESDGH}-#E.? cms

i.e. chosen thickness of 42 ¢ms is convenient

Vertical tension stesl required at base.
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M 5500 2
= = = 1l em (5] l6/m
s k, d 1300 x .385 ®
Max, field moment
Ut . = h'[f,.f's = 5500 / 5 = 1100 kgm
Vertical reinforcemsnt required
M ey 1100
o, = = —2100 355 oxf 7 & 8 mm/m
k, d 1300 x .24
Check 1
Section at base = EE- = -'—22'1: 0.125
R 7.5
According to table ' 05 a 0,77
t"ms.: =G§wHR=D.?'?xl-:?:?.5 = 40.5 cn

Chosen thickness of 42 cma is convenient.

The corresponding value of n is given by @

n - 22108 1,315 x 7 _ 5.20 giving ﬁl = 8,65
YRt 1.:""?.5 x 42
max
- Bo that :
, ==EED® _ 2x1Sx 2. 595 u
8.65 82,65

The thickness required to resist this moment is given by
o W 51—;'9 = 41 cms £ 42 cms

According to Gray ¢+ ( t = 27 cma )

B w o oo B oe-lownds; ¢ 5088 ; Os 0
t .27 D 15 v

Tm=ﬂﬂwEH = 065 x1lx7x7.5 = 34 ¢ at
x' = C H = 0.3 x 7 = 2.4 ms from base

The internal forces are shown in figure III.1l7

The details of reinforcemsnts are similar to those shown in figure
ITI.14
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If the wall of the tank 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 medium tanks and its position moves a small distan-
ce towards the base of the wall. Im this case tl?a fixing moment H:l.’

 —

g

Ring Tension
Diag.

Hs¥om

Bending Mom.
Diag.

j M- |'| | — [ Fig. III-17

will be equal to zero and the field moment will be increased to
ca I-!f /3 . The distribution of the ring tension and cantilever moments
will have the form shown in fig., III.19.

III.4.53 - Tables of the Fortland Cement geiat

The Aserican Portland Cement Association has published the
following series of tables® giving the ring temsion and cantilever mo-
ments in rectangular walls of ¢ylinderical tenks free at top and fi-
xed or hinged at bottom for different cases of loading. The tables
include further a lot of data very useful in the design of circular

tanks.,

Illustrative Example :
The use of the "™ Portland Cement Associatiorn ™ tables will be

explained in the following example

Figure III.18 shows an open ¢ylinderical reinforced concrete wa-
ter tank 5 ms deep and 20 ms diameter, It is required to determine
the internal forces for the following cases

® "Circular Concrete Tanks without Prestressing ". Concrete Informa-
tion of the Portland Cement Association. ST - 57 = 1.
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1) Bottom edge sliding

FiEi IIT-18

1) Edge Fres Bottom 21i :
E = 5,00 ms and R = 10 ma

The maximum wall thiclkmess can be determined according to ‘equation 7

from tha relation :

tmzﬂqﬂwHH

thua :
tm“:[).ﬂxlxﬁxlﬂ:mm
As the water pressure increases with the depth, and is fully
resisted by ring actiom, it is convenient to choose a trapezoidal wall

with & minimum thickness t = 20 ems at top and a maximum thickness of
40 cms at bottonm.

Table 1 Ring Tension in Cylinderical Tank Fall with Free Top & S5li-
ding Base T=x0R

Digtance from |, :

t/m 0 | 10.000 20,000 30.000 40,000 |50,000

Fins Tension

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

dle part of the wall, it is recommended to choose a wall of constant
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thickness with :

t «0.5HR (26)

In our case t=0,5x5x10 = 25 cus
2 2
Therefore ! 2 e

Dt 20 x 0,25

Ring tension per meter height will be computed by multiplying pmxﬂ
by the coefficients far B® / Dt = 5.0 taken from table II , Ppagh =
5x10 = 50 t/m

Bending moments in the vertical wall stripas 1™ wide are computed by
multiplying the coefficient given in table VIII by

Ppayl- =5 %5 = 125 mt/m

It has to be noted that :

# The coefficients are given such that point 0.0H denotes the top
and point 1.0H the base of the wall, - |

# The positive ring forces are tensile while the negative are com-
presaive,

# Fositive bending moments cause tensile stresses in the outer sur-

face and compressive stresses in the inner surface of the wall,

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

Point [0.0H|0.1H | 0.2i |0.38 |0.8H |0.5E |0.6H 0,78 | 0.8% | 0.o%

Hingl Coef.|- + + + + + # + + +
Ten=| IT 008,114 | .235 |.356 | 459 |.562 617 | .606 | .503 | .204

|gio T t/m| - + + + + + + + - +
0.4 |5.70 | 11.75|17.8 |23.45|28,1 30.85/30.5 | 25.1 | 14.7

.ﬂner. + + + + + + + +
[B.M.| VIII |.00 |.00 | .0001|.0006 .0016 | .0034| ,0057| .008 0094 ,0074

: +

+ + + + + + +* +
M mt/m|.00 |.00 |.013 |.075 [.20 425 [.?12 |1.on 1.173 975




!ﬂ_namtinn at base ( coefficient table XVI )

o iz

“Quay = 0.121 wH® = 0.121 x 1 x 25 = 3.0 t/n'

1he max. ring tension in the wall Tm.u: = 30,85 tona and acts at

I
0.6H = 3.00 ms from the top edge. The required ring reinforcement at

x

C.6H is given by :

Ay =% = B0 5 ong 169 13 me/m ( 84 13 ma/m on each
o, 1400 5
side) 21.2 cm

The tensile stress in conerete, ineluding shrinkage, is given by 1

o . Z*En% 4 _ 30850 + 0.00025 x 2100000 x 21,2
¥ A, + D4, 100 x 25 x 10 x 21.2
20820 + 11100 _ A1930 15,5 gg/om? safe.
2500 + 212 2712

1172 kgm and scts at x = 0.BH = & ms,

The max. moment Hmax +

from top :

d = =3 =253 =22 gms dz]i:llfﬂ or

22 = kl I.-" 1172 i.e l:l = 0.643

Enrﬂa-lmokg;cmz,qnn,%=askg;um3&5=1}m and

i, = X = 1172 = 4,1 -:sm.E choose 6 ¢ 10 mm/m
kE d 1300 x .22

%) ZITop Edgze Free, Bottom e Fixed

Tn this case, the water pressure will be resisted by ring ten-
sion in 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 big
fixing moments will be induced at the fixed bottom edge of the wall,

For this reason, it is recommended to choose for this case a
wall of constant thickness t = 25 cms stiffened with a haunch ( ca
10 x 40 cms) at its foot.
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Due to the existance of the haunch, it is recommended to deter-
mine the fixing moment and respectively the thickness of tha wall at
its foot either by method of Reissmer or by the simplified method
given before while the ring tension and positive moments can be deter-
mined from the P.C.A. tables neglecting the effect of the haunch.

Thus,
For section at base : Refer to example 2 in the simplified me-
thoda :
A = 3500 = 8.8 mnE 7 & 13 mm.
1284 x .32

The ring tension per meter height will be computed by multiply-
ing P, B =5x10 =50 t/m by the coefficients for H% / D t taken
from table 1. The positive bending moments in the wvertical wall strips
1 m wide are computed by multiplying the coefficient given in table

2 2
VIIby P, H =5x5 = 125 mt/m.

The ring tension and the cantilever momenta at the different
depths of the wall are given in table % in which all the values are
determined from the P.C.A. tables for H® /D t = 5 with the exception
of the fixing moment at the foot of the wall which equals = 5.6 mt as
given in example 2 page 45 .

Table 3 . Ring Tension & Bending loments in Cylinderical Tanikc fall
with Free Top & Fixed Base,.

-

Ring | Coef 4+ + + + + + + + + +
Ten. T 025 |.137 L245 |346 |.428 |.477 [.469 |.398 [.259 |.092

Point |p,0H |o.1H | 0.28 |0.2H | O.4H | 0,5H | 0.6H | 0.7H | 0.8H| O.9H

+ + + + + + +
t/m [1.25 | 6.85 12.25 7.3 [21.4 [23.85 [23.45(19.9 |12.9 |4.6

Coef J+ + + - * - + + +
M. II |[i00 .0002 ,0008.0016 |,0029 |.0046 0059|006 |.003 |.006

+ + - + +
ot/m|.00 |.025 10 [.20 |36 (.58 [.7& |.7% |35 |.72
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The shear at base of wall equals p , H x coef, of 0.213 for HD t = 5

taken from table XVI. i.e. Q.. =0.213 x5 x 5 = 5.33 t/m.
———— A

I
i

|
J

I-Iﬂﬂ
i

I
()

;

LB

;;m

i
o™

|

J“""

5.6 tm/m !

|

| 50 #/m I

|
Confilever moments Fig. III-19 Ring tension
The ring tension and cantilever moments for the 3 cases are shown

in figure ITI,19.

In cases of tank walls monolithically cast with the floor sup-
ported on clayey scils liable to unknown rotatioms, it is recommended
to desizn the section at the foot of the wall for the max, possible
negative bending moment I = = 3600 kgm - case of total fixation, the
max. positive bén.ding moment P-lt = 1172 kzm. and the max, ring tension
Tpax = 71 ¢ are to be taken from the case of hinged base i.e. we ma-
#e the design for the hatched values shown in figure. The tension in
the floor due to cantilever action qmax = 5.33 t/m'

II1.5. Tank ¥alls Continuous with Roof ar Floor =

dhen the bottom of the wall and the edge of the floor slab

are made continuous as shown in figure IIT,20, the elastic deformation
of the floor slab tends to rotate the lower point of the wall and in-
treduces a moment M in the cormer, The procedure for obtaining M,

is 80 much like moment distribution applied +: conbtinuocus frames, on-
ly there is no carry ‘over moments. The data in tables numbers IVIIT
and XIX of the P.C.A, , &re stiffnesses which denote moments requi-
red to cause a unit rotation at the edge of thﬂl wall and the floor
s2lab, Only relative wvalues of stiffness are required im this appli-
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cation. The example shown in fig. ITIT.20 gives a good explanation for
the problem. The main steps for the solution are i

1) Determine the fixing moment

at the bottom of the wall and at
the edge of the floor, assuming
dni.n.t'-.hetwaan wall and floor to-
taly fixed. The two fizing mome-

nts are generally not equal.

ps ea «i0.0™

&

] z.8™ [

S A ?ffﬂf%fmfffffffffffff .

/
&
A
/
]
i
/
7
2
%

g B

2) The difference between the

two fixing moments will be dis -
tributed between wall and floor Fig. III-20

by moment distribution method
according to the relative stiffness and distribution factors of ’I:-u*m

wall and floor.

%) Find out the effects of the distributed moments on both and add
it to the solution of fixed joint.
43 Determine the concrete dimensions and steel reinforcements such '
that there is adequate strenzth and sufficient safety against crac =
king.

Example :

A reinforced concrete water tank 10 ms diameter and 5.0 ms deep
is supported on a cylinderical wall at its outside edge & on a central
column at the centre as shown in fig. III1.20. The wall is free at its
top edge and continuous with the fleor alab, at ifs bottom edge. The
column capital is 1.5 m diameter, and the drop panel, 50 cms thick,

is 2.5 ma diameter .
It is required to clarify the effect of continuity between wall

-and floor cn both of them.
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Step 1 : Fixed End Moments of Wall & Floor Slab

The fixed end moment of the wall is computed by multiplying the
coeff. given in ta.‘l;le VII for the corresponding Hz,m- tat 1.0H by
Ppax H- = 5 x 5° = 125

2
i— S S . IR, T, coeff, ( table VII ) at 1.0 H = = 0.0l122
Dt 10 x .25

K ==0.0122 x 125 = - 1.535 mb.

The radial moments of the floor slab are effected by the drop panel,
but since the ratio of the panel a:-'a& to the total slab 'ma is about
1/20, its effect on the loads and mofents may be neglected and the

coeflicients given in table IIITI, XIV & XV can be used.

load/m> floor slab = weight of water + own weight

B = 5.0 + 0.35 x 2.5 = 5,875 t/n°
The radial fixed end moment equals the coefficient of 0.049 from ta-
ble XIIT for ¢/D = 1.5/10 = 0.15 at point 1,0 R multiplied by p R®
i.e. ¥ = =0.049 x 5.875 x 5° = = 7.2 mt.

Step 2 ¢ The Connecting lMoment :

The fixed end moments of the wall ( = 1,53 mt ) and floor
{ = 7.2 uﬂ; ) being not egqual, the difference will be distributed bet-
wean wall and flcor slab according to their relative stiffpess, thus:
The relative stiffness of the wall equals t° / H = 25°/500 = 31.25
multiplied by coefficient taken from table XVIII for ge /Dt =10,
i,e, 31.25x 1,01 = 31.56 |
The relative stiffness of the floor slab equals tj' SR = 553 J 500 =
B85.75 multiplied by coefficient taken from table XIX for ¢/D = 1.5/10
= 0.15
i.e. B5.75 x 0,332 = 2B.47

Toe distribution factors are therefore
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for wall : 21.26 e 21:56 _ o,523
5’1.55 + 2&-4? Eﬂlnﬁ

for floor = 2B.47 = 28.47 _ 0.477
21.56 + 2B.47 &0.03

The final connecting moment will be determined by moment dis-
tribution as follows : ( fig. III.21 ).

Wall Floor Fixed end Connecting

momants momants
Distribution Factor 0.523 0,477 g
1.55 mt 4.5 mt
T
Fixed end Moment +1.53 =7.20
| 7.2 mt | 4.3 mt
Distributed Homent +2.97  +2.70 :
+4.50 =4.50 Pigz.I11.21

The guick damping 'of the bending moments makes the simple mo-
ment distribution shown sufficient for determining the connecting mo-

ment in the cormer.
Step 3 + Ringz Tension & Cantilever 'oment of wWall

Ring tension per meter height & cantilever moment for lm strip
will be caleculated for a wall with fixed base, subject to triangular

water pressure plus the effect of an induced moment equal to - 2.97 mt

a) Ring tenmsion due to triangular water pressure will be computed
by miltiplying coefficients from table 1 for (E° /Dt ) = 10 by

PM.R=515=25'

B) Ring tension due to an induced moment of - 2.97 mt will be com-
puted by mulbiplying coefficient from table VI for H> / Dt = 10 by

MR /B =- 22LX2 . 0.5%

2
c) Cantilever moment due to triangular water pressure will be com-

puted by multiflying coefficient from table VII for B2 / Dt = 10 by

pmH.EIEI:EEﬂlEE

d) Cantilever moment due to an induced moment of - 2.97 mt will be
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computed by multiplying cosfficient from table XI for H® / Dt = 10

by M=~ 2.97 mt.

The final value will be as given in the following table and figure

IIT.22 &
& Ring _‘I_I!jenﬂiﬂn- Cantilever Moment
=}
-~ | Coeff,| Coeff.] T T | T Coeff.|Cosff. M M M
o | Table | Table | t/m t/m (total Table |Table | mt/m |mt/m [total
I V1 _ | due due in ViI I due | due | in
Ry to to t/m to to | mt/t
4 load moment load moment load|moments load momenb
- L - -— - -
oH|o0.011]| 0.21 | 0.265|0.124 | ©.389 .000 |0.000 0.000 |0.00C 0.000}
+ L - + + +
AH [ 0.098 | 0.23 | 2.46 |0.136 Q.EQE L0co 0,000 0.000 |0.000 0.000
+ - + +* BT - + + *
!E D-IEDE ﬂiﬁ“ 5!2{] n*;ﬂ 5'5&' Ium ﬂIDﬂE l:';':":‘:' G’tmE ﬂ'lDﬂE
+ - + + + + - + - +
J3% | 0,323 | 0.94 | 8,10 |0.56- | B.66 | .0001|0.009 P.O13 0.027 0.040
+ = + + + + - + + +
L8 | 0,437 | 0.73 11.00 [0.43 [11.43 | .0004/0.028 0.050 |0.084 0.134
+ + + - + + - + - +
.5H | 0,542 | 0.82 03.55 |0.49 [13.06 | .0007|0.055 0.0B8 0.159 0.247]
-+ + * - + + i *+ + +
68 | 0.808 | 4.79 L5.20 |2.84 [12.36 | .0019{0.067 0,238 |0.2000 0,438
+ + +* - + + = + + +
.74 | 0,589 | 11.63 4.73 |6.B2 | 7.91 | .0029|0.031 0.363 |0.093 0.456
+ + + - - + + + - -
LBH | 0.440 | 19,48 11,00 (11.55| 0.55 | .0028|0.123 [0.350 |0.369 0.019
+ + + - - - + - - -
W98 | 0.179 | 20.87 | 4.47 |l2.8G[ 7.93 | .0012|0.467 0.150 |1.400 1,550
- + - — £l
H 0 0 0 0 0 .0122|1.000 (1.530 |2.970) 4,500
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Shesr at base QR = g + .or

Q = 0,158 PH + 5.81 M /H

= 0,158 x5x5 + 5‘-31 X 2-9'? .||"ll 5 = 3‘:95 + 3‘145' i—-—'?.,-ﬂ-- t'ul'rm

456

4300

Cantilever moment _ ' Hing tension
Fig. III-22

Step 4 : Radial and Tanzential Moments in Floor Slab :

The radial moments are computed by selecting coefficients for
¢/D = 0.15 from tables XIII & XV , and multiplying them by p B =
5.875 x 25 = 147 mt/m ( for fixed edge ) and by M = 2.7 mt/m for
moment at eadge i

Radial moments in the last

line are for a segment having an
arc 1 m long at the edge ( point

1.0R ). They are obtained by mul-
tiplying the urigihnl moment per
meter by the fraction indicating
its distance from the centre,for
illustration 5.33 x 0.6 = 3.2 mt
The moments in the 2 last lines
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 is only = 0.7 the theoretical 0.7(16 + 4.3)
= 14 ot. It is however recommended, in this case to enlarge the co-

lumn capital as shown by the dotted line fig., III.23 8o that 1

at 0.1 H 0.15 H 0.2 H 0.25 H
thickness 75 cm 66,65 cm 58.33 cm 50 ¢m
[ — [ sod
Point -15R |.2CR (.25R |. 30R | .40R |[.5CR | .60 | .70 .BO3| .90R| 1.0R
Coeff, T.XIII| = | = - - - + + + + - -

Fixed, 1072 10.95.21 (2,00 0,02 '12.20 |2.93|2.69(1.63|0.06|2.16( 4.9

Coeff, Table |, - | = - - + + + + + + +
X7, ¥ at edge|1.59(.930|.545(.280 (.078 |.323.510|.653| .79C| .90C0[ 1,0

Radial lloment! = |- - + + + + + +* - i
(Fixed Bdge 515.0 7671 2.94 10,05 13,25 4,531]3.95|2.4510.09|3,13] 7,2

iHadi al Eﬂmenti - | - - - + + + ¥ + + +
M at edge [4.30/2.5111.47(0.76)0.21 |0.87|1.38|1.79)2.14|2.43| 2.7

.Tﬂtal Roddal ' = | - - = | 4 K + + + + -
Mozent =t/z |14.018.50]3.50(0.73 5,44 {5.18|5.33(4.27| 2.23| 0.75 4.5

|Total Radia} | = |~ | = | -
i;h'lnn,-"aeg:aant 15.05 2. 04 l.lﬂlﬂ.a.a

+ + + + + + -

1.5612.59(3.20| 3.00| 1.78| 0.68] 4.5

The tanzentlal moments are computed by selecting coefficients
for ¢/D = 0.15 from tables XIII & XV and pultiplying them by w B> =
147 kgn/m ( for fixed edge ), and by M = 2,7 at/m ( for moment at ed-

NEN . im

ge ).
The total tangential ben-
ding moments are plotted in

figure IIT.24, The effective

depth within the drop panel
is 46 centimeters instead of
32 ems, in the rest of the
floor slab, and if the moments
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in that reglon are reduced in the ratio 32/46 it is seen that the
eritical moment, 4.822 occurs at the edge of the drop pansel.

Point .15R|.20R| .25R |.30R |:40R |.50R | .60R| . 70R| .80R |.90R| 1.08
Cond®. T ] = P ] et b Fae T e b 1w
Fixed, 10~°x |2.18|2.84|2.43(1.77|0.51]0.31|0.80(0.86) 0.57 |0.08 0.9
Coeff. Table - - - - - - + + + + +
H‘. M ﬂt ﬂﬂ.gﬂ -519 ."'F"?E -q'E} -II-D"-ir 125‘1 l--lm tu}.ﬁ 115'? 1265 -.35.51 .451
ang. Moment | - - - - | = + + + + - -
ixed edge |3.21(4.18]3.57)|2.60(0.75/0.47|1.18/1.27 0.840.09 1.44
ang. Moment - - - - - - + * +* +* o+
at edge |0.86/1.27|1.25|1.09/0.68|0.27/0.10|0.42|0.71]0.94 1.22|
otal

Tang. - - - - - + + + + + | -
0

e

Eﬂmﬂnﬁ mt/m |4.07|5.45(4.82]3.69]|1.43]0.20]1.28B 1.591 1.5510.8

Step 5 1+ Desgign of the Different Elements 3

a) Wall : Max. ring tension 1 Tpax = 15.06 t at 0.5 E ¢t =25 cm

max. ring reinforcements i (U'a = 1400 kg,fcmz}

A ==L - 13080 _ 93002 5410 /mon each side ( 9.4 cm? )

a
g 1400

max. tensile stress in concrete ( including shrinkage )
Assuming €, = 0,00025 , E, = 2100 000 kg/em?

o - 2*fan B4 13060 4 0.00025 x 2100000 x 9.4

v A+ D A 100 x 25 - + 10 =x 9.4
= 13080 + 5740 _ 2.27 kgfcamz
25%

The max. positive moment in wall = 456 kgm at 0.7 H from top

Vertical reinforcement on outaide surface :

A = ~—225 ___ - 1.6 en® chosen 54 8 mm (min).
'1300 x .22

Section at foot of wall © max. nagn‘hliw moment lﬁuz = = 4500 lkgn.
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t = f"-;gg = 38,7 cma chosen 40 cms
37 = k) 3/ 4500 k= 0.553 for O, = 1400 kg/em® k, = 1280

£, = —2% _ - 95 cn® chosen 7 ¢ 13 mym
1280 x .37

at top end of haurch H = 1550 kgm

.i.E . ——rE = 5,44 cma chosen 7 £ 13 m/m 0.E.
1300 x .22 ;

b) Floor Slab :
The column load is determined by multiplying coefficlents taken

from table XVII for ¢/D = 0.15 by p RZ, for edge fixed, and by M =

2.7 mt/m, for induced moment :

Col. load when edge is fixed : 1,007 x 5.375 x 5°

Gol. load due to induce moment at edze : 9,29 x 2.7

147 €

i“t
Total 181 ¢t

Diam. of eritical section for shear arcund theoretical capital is
1.50 + 0.50 = 2.00 ms

Length of this section is given by " x2,00 =5.,28 ms
Load on area within the secticn 9.87% xnx 1E = 1B:5 &

Shear stress T= — 3 — . 181000 - 18500 _ 162500 _ g 35 \p/on?
87 b d £7 £ 628 x© 47 25600

Diam. of eritical section for shear around drop panel = 250 + 35=285 em
Lensth of this section = n x 2.85 = 9, nms :

Load on area within the =mection B.B7S x M x 1.4252 = 3.5 %

Shear stress T = — % o 181000 - 37500 _ 143500 _ 5 a5 yg/en?

B87 b d .87 x 900 x 32 25000

Shear at edge of wall = pr &% - columa load
= 5.875 x 3,14 x 5° = 181 = 460 - 1812269 ¢

Length of this section = 3,14 x 10 = 31.4 ms
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Shear stresses = S = 262000 = 3.10 e

The horisy reaction of the wall Q = 7.4 t/m will be resisted by ring
reinforcement at the foot of the wall. i

A, = Lf—f-ﬁ = 24.5¢emc’ 10 ¢ 19 mm.

The max. positive radial moment M = 5.3 mt t =35 ecm
2=k Y580 K =04 g, = 40 kg/em®  k, = 1240
A, = —all 13.4 cng 10 @ 13 mm/m

1240 x .32
Max, -= ve B.M, at wall surface M - = 3500 kgm

6 2
. = = 17 cm
%7 100 x 3.3 e

322k 250 k=05 O =30 k= 1280
A = 2200 = 8.6 uua chosen 7 @ 13 mm/m

9 1280 x ,32
Top radial reinforcements at middle

M - =14 mt t = 66,66 coms at r.=75 cms

aﬁ_ﬁ:lﬂ:lﬂj = 19 kg/cm~
IWIEE.EE! !

A = —23000 =18 cn’/m  total A, =18 x wx 1.5 = BSom"
1250 x 63

M-= 8,5 mt t=5.33cm8 at r=1.,00m

0, = 8X2.5x1 5 02

¥ " Y00 x 58.33 0

"‘n‘-" 8500 = 12.3% cnafn tuta.ll':-lﬁ.}:u.xz =I?B¢ma
12501-55 i

M=-= 3.5 ot t = 35 cms at r=1.25 me

0, = 17 oms? A /o= 8.6 ca®  total A, = 8.6 X ® x 25 =67.50m°
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The above calculations show that the total amount of the top ra-
dlal reinforcement does not vary much in the central part of the slab
around the column head so that the same number of bars may be used ’
at smaller distances in the middle and at bigger distances u we move
outwards. Therefore :

Use 32 @ 19 mm arranged as shown in fig. III.25 in which we use & ty-
pes of bera of ths following form :

/.
/f’-i-l-

g 19

g
4 g 19

g

19

avd

& 19
32 ¢ 19

liax. ring reinforcements in lower
fiber at x = 0.75 r :

15=E‘HE= 1600 = 4,4 om~ @10mm € 15 ecm
k, d 1300 x 0.3 :

Ring reinforcements in upper Tiber at x=025 »r

A, = 4822 =13ch® @l6mm & 15cms
1250 x 0.5 '

Ring Hinrurcaunﬁ in upper fiber at x=035 r

Ay = 2720 = 7,35 em® Plimm @ 15 cms
1250 x 0.3 .

c) ﬂnntrnlﬂnlm:l’-l&lt,:}-ﬁﬂnm, A; =12 gl mm
P =0, (l. +o A, }nrlﬂlﬂﬂﬂ:ﬂ {25501-15:24}-24:-

or g, = = 56 I:gf::n 0.K.

The details of reinforcements are shown in fig. III.26

It bas to be noted that in the given details, bent up bars have
been  avoided because the shear Stresses are low (max. valus = 6,35
tgfqna}, morecver, such bars in walls are liable to move from their

position during concreting operations and the laying of straight bars
in eireular elemsnts is easier.
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Iv. ROOFS AND FLOORS OF CIRCULAR TANES

IV.l. INTRODUCTION

Roofs and floors of ci::w:.qlar tanks may be of the beam and slab
type as shown in figures IV - 1 a and b '

! ” Fig. IV-1%

or of the flat slab type as shown in figure IV- 2
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shuttering are t-ulwn in consideration. Figure IV-4 ghows an Inze
tank 5000 cubic meters capacity designed by the author and exe-
cuted at El Nasr City, Cairo., Figure IV-5 gives another example

oD

Reinforced concrete Inze water tower with comical roof
Fig. IV-4
of a circular reinforced concrete reservoir covered by an 8 cms thick

epherical dome.

li-_!

Reinforced mrehrdum covering a circular tank
Fig. IV-5



IV-2. INTERMAL FORCES IN CIRCULAR FLAT PLATES

It will be assumad that :

= Uniform load per unit area.

= Total load, concentrated load or live load per unit length.

Plate thickness.

= Modulus of elasticity ( generally = 210 000 kgfnna for concre-
te.)

V = 1/m = Poisson's ratic, For concrete, it varies between 1/10

and 1/5 . ‘Tt is generally assumed in the following equal to

1/6. Some neglected its effect and assume it equal to zero.

H o W o
1]

D £t = Flexural rigidity of a plate.
12 (1 =w }

Defleéction of the middle surface of the plate,

Blope angle " "
= Heaction at the support.
Radial shearing force.

1]

Radial bending moment.

FFE PO

= Tangential bending moment,

a = Radius of plate from its middle axis to the support.
Span of a circular strip of a contimuous plate.

o'
]

ga = radius of a specified circle on the plate,
r = pa = radius of any circle on the plate.
Hotes =

All logarithms appearing in the ralinwin.g cqm.t:l.nn&' are natu-
ral ( 1.8, to the hase e ) .

Reference ]
Beton-Ealender 1952 , Volume II., Page 271. Fublished by

Wilhelm Ernst & Sohn. Berlin. Minchen. Diisseldorf.
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1) Solid Circular Plate Subjected to a Uniformly Distributed Load.

(Fig.IV.6)
load p = constant Total load F = p rraE
F P
" " A =
Qr 2rTa 2 a
a) Fixed Edge
Paz 2.2 Fa
W et 1 =p% = d=-p
g4 n I l&e ™D
F 2 "2
== |1l 4ve= (3 +v) ] + 3 v)p=
" 16 m [ , G +vdp "]
b) Simply Supnorted Edge
e
§ «-E2 (lp%(m g = =2 I -
B4 ™ D ¥ o la D L +v
= 5] P @ ‘
=—— (3 +v) (1 =59 = [3”-(1,«31”;.?
G d g :

p - P
;IIILIHIIIJIH[IIHE IS ENENEFNESEREEEEE|
L--l'-!ﬂﬂ-l lf .._Ea.ﬂ.ﬂ,{ fi
[ |

" g "
- W '
-' onfe3 0.033 nunnulllﬂhlfh}f!hj\l|Jl\ul' B
o [P | ml ©-159 0.159 Himm ’

Fig. IV-6
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2) BSolid Circular Plate Subjected to a Concentrated Load P at Center

(Fig., IV.7)
P 1 P
= - s = for p =0 for p=0 4 =
% 2 ma p = i % : 2na
a) Fixed Ed:e
b =—E-§'—(l-p2+2;alnp} $ = - —2— p.1nyp
l6n D 4 n D ;
N_=
= £
X Pap
+ (L+v) 1n
Lo el 13
P
= = = (L +v)1lngp for =0
= 4 P
b) Ea’.m:glx Sunperted Edze
2 Fa 1
§ [}—'f-(l-p}+2|rlﬂp] P = P (=—=1np
J.aun 14y 4 n D L+ v

5
i
M. un(-r-‘u':]lnp g .
or p 3 @

o LRI RECREPEETS}

“t =
lr=u1:= 4PT;[L_{]_+‘,}]_-15:[ for p=0
P
a b
a r
b
H.'I.‘ - D-D‘ED
| 0.015 .066 P
B = thHpItlHum e
% 5




3) Bolid o te Subjected to Partial Uniform d at the
(FiE-I‘F.B)
Total load P = be 2 42 .
=PW =Pra p A=P /2rasa
P
= - P for 0 £
< 2—-“—?“& P& B
P &
= - - for B 1
Qr 2 ma P ' <rg
a) Fixed Edge
i) Inner loaded part o< PSP
b = 4-§|3 4p.J.u -a{p-u-lnp] +
54:1:-[ ' g F _32]
Fa
] -F( - & 1n - }
s 16 © D ﬁ p-p""—z-
P pa g + ¥ _2
- 1+ v} -4 1lnp) - P
Ry ok [ ¢ ) (8 L"’_ﬁ ]
N, = lz“ [(1 +v) (0°= 4 1n ) -l?"-ﬂpa]
ii) Qutar Elnaded part P e p <l
5 -2 [ a =% + 2 (1% 259 1 ]
iena

HP:D.FEGEH—-];E)-#ILF]

2
[-4+ (1 +'~"']-';L2+ {1+ v) {FE"""JI'-P}]

e AP
F_E
u, = 165 [4v=Q=v) =+ asv) (ﬁ—#ln,:]]
b) Simoly Supported Edze g ? < B
i) r loaded

§ =28 .—-;-{4[}+v}-{?+3u:lp'a+4(1+u.}!’21.nFI
B4 @D 1 +v .

- 2[a-@-vi® -8 ev) 1 p] p *—;ﬁl r‘}



. _Pa _ R N o 1 2
1EFED‘1+\I'[4 ‘2 “]ﬁ—f1+v}lnﬂ——lep ]

M. =1:“ [4-{l-v}ﬂz-4{l+v}ln|ﬂ; }_E;'EE'FE]

E [4_ :1..u:|ﬂ2-=+_{1 +V) J.np—l 1—121%1]
! p |

L4

R

ii) Outer unloaded part P £ 0 < 1

E =
° - 32 ::n " 1w {-E G+ = (12 —vJ-FE:’(l-rE]+ 2 e9)p 1np
+ 4 {l+u}FE ln p

2

g R 1 B
¥ B, 1——”{_4-cl~v:= P p~(1 +v) £ 4 ey lnF]'
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5) Bolid Ci Flate Subjected to Intermediate diasl R Moment
' (Fig. IV-10)
M L= Q =0 L=0
m
a) Fixed Bige
i) Imner part O € pg p
2 :
b = M8 [0o42 14 ' 27 vall2 (1 52 o
4 D [F P Fﬁlm] 2D P
H 2
M=, == (1L+v) 1 ~-g)
1i) Quter part : BLp < 1
2
-p% 4 2 1n p) w:H*—E-F(l-
+ P 2D il
up° 1 Mg 3
HI’=-' pe [1+v+{l-vj;2-:’ }.!t-—lz—[l*‘f—(l-v_}.?]

i ' .
QY o
{ IJ] { b } wBED



b) Simply Supported Bdge
i) Inner part OCp <P

6 =::E .11H{2p2[1-(1-v}1an-[1+ﬁ+(1-.v)pz] pz}

M a 1 | 2
_—, 1l +ve+ (L =vw :[
e D 1+vr[ E JF

ur‘“t" .'EE'H;'[I'+H+(1—;J}_EE]

1i) Quter part

2 3
6 =Ha £ [a-v {l—PE:l-E{l+U]]J1p]

4D 1l +vw

2
. Ma B i 1
) S5 e [(l v}p+{l+v}F}

l%=§(1_v}gac1-%§} mt=72-“‘[l-v)p3{1-r15;;)

6) BSimply Supported Solid Cireular Plate Subjected to

nadi R ments at 5
Fig, IV-11 M Q
Radial moment M EER N r=ap | %
m - 1 a
g ke asd 5 -
= Ma "'.'.- 3

D (1 +v)' ;

'.Iir= “1:‘"

A

Saly

- (T
M

Q= 0 4 =0 g, Iv-11
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?7) Circul with & ar Hole at the Center and Subjected
%o a Unifor ibuted Load p/m° . (Pig. IV-12)

1:?(1-33} for B <1 A=R2(% 1) for g2
2

2
s 2 WO o
Q : (r=&)

1

a) Fixed Edge

assuming  k, =p° {i= v)g° + 'i_+_)_£1_+;ﬁ___l-g._ﬂ then

l=v+(1+v)p

4
6 =§f’ﬁ [-1+20-% -2 Q-6+ —4k11np-ﬁﬂaﬁn P:[

=$‘-§-[(1-—E1]p— p3+k1%+4ﬁ3 pll:lp]
xr=l'ﬁi[{l+v) (1-k) +8p°- (3 +v) p°

_{1-v}h1.l?+4(1+v}pzlnp]

M, = E[{l+v}[1—t1}+4'-f]3-(1+5ﬂ}n‘

+ (1 =vw) hl.&-+4l:l+v]ﬂzln p]

b) Simply Supoorted Edze
, 2
assuming L =p2[}+V+1+l:_1+v}—P? ].nf!] then
4
= P& <
B 54::{1” [{3+v]{l EF}+I.L2]E1 -
2 2
a7
-pe [_L " L !
b4 lﬁh[l+v {}+\' 4|3 +1:E}|n p+1-v' +4p p.'r.np]

HruL.-.-[ﬁq-vJ {l-p2}+'l2 r:1-£;_;+4(1+v)p :-an]

nt-i'—-[a A=v) @=262)s @43V {l—pJ
+k2{l+—23+4(1+"’]|3 n p ]



Circular Plate with a Circular Hole at the Center
Subjected to
a Uniformly Distributed Load p / m-

4 P | § P
T T 1101 f=0.5% méi“” TITTT]
pzag| r=ap
a a
0 =
+ b.Dﬂ w
0.078
e o —
“t T—J—w‘ 01015 0.11? - .1 I

Q. |l

&
i il .
r eI :
i 0.560 [[ﬂﬂ! mil o
ut =P L dom = U‘tbﬂﬁ : Paz
SR S . ; pa
| I'll._ﬁ':'ﬂ |EE[E | . -EDF'

HE- IV=-12
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8) Cireular Plate With a Cireular Hole at the Center and Subjected

o a Ring load along the Inner Fdze p =

Icad P/ m -.-P 1
% B3
A =Pag for g > 1 A ==F p for p > 1

a) Fixed Edge
Agsuming 1,;5 & F!E l_t..(l_*-_'-_'.ue_ﬂ then

1—'..r+f,:1~|e-1.r:.||5E

3
6 = ;’-—:.p[(1+2t:5){l-paj+4a}1np+ap31np]

1
fp-;}-rlnP]

JR
u]_,:?E— [-1+{1+u)u +(1-v) iy l;-{l+v}1np]
d

“tzga— -\'+|:.l+"l':|'it§-'-f1""}kp—|:1+“}]rﬂ|”':[
b) Simply Supported BEdze
2
Assuming E, =(1+ VJILﬂz lng then
T & _ k
6 = Pa a 5+F_E4(1-DE}+&-—4111F+EPIBPJ
8D 1l 4+ w 1l =vw

2 L k
up:?iﬂ[l"“p- q‘_i_FJ_nF]
1+ v 1l ~v p

;3-[1:4 fi—z-l}-{l+f}lnp]

2D
Pa
2
a 1
th% ﬂ{l-'l'-kq_{?+1}—{l+\f}hp]



Circular Plate with a Circular.Bole at the Center

Subjected to
L]I:I.nglﬂldllnngihurnnuﬂ:l.ng =
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II. RADIAL MOMENTS (I.), TANGENITAL MOMENTS (M,) AND REACTIONS OF GIHCU-
LAR FIAT PLATES CONTINUOUS OVER RING SUPFORTS AT BQUAL DISTANCES(a)

a) E_L:uu,ml gpans b) Four equal spans
Case 1 oo rrrooro Case 2 S T T T
2 2 1 P
Cunai:l::::l::n:y::::i:::?mﬁ MHEH *i”“'t‘J#-'-E
R e beye o 4oy
v =1/6 Pj:lﬂ. Hl’ = oo ¥ =1/6
BENDING MOMENTS : : BENDING MOMENTS
Case 1 Case 2 Case 1 Casa E
p p
o Mg 4 My 1 S My
1.5 0 h.0o188 |-,0835 -.4::13.-9| 2.0 0 [+.0129]-.0811]-.0135
1.5 [+.0578 [+.0271 |-.0132 [+.0049 1.5 [+.0847 |+.0179 [+.0346 | +.0093
1.1 1+.0889 [+,0225 |+.0330 [+.0119 1.5 +.0848 [+,0127 |+.0454 |+.0086
1.0 (+.0925 (+.0151 £.0455 [+,0109] _ | 1.4 |r.o7u8 +.0053 [+.0449 [ +,0057
0.9 #.0875 K.0042 h,0506 |+.0058 1.0 .1089 [-,0314 =079 |=,0172
0.7 .0411 |-,0267 +.0300 |-.0097) 0.6 [-.0008 |+.0080 |+.0179 | +.0109
0.5 [-.0851 [-,0591 [-.0552 |-.0291 0.5 [r.0137 |+,0110|+,0284 | +, 0099
Cu3 00535 |=oOlre .0235 [-,0141 0.4 [#.0225 |+.0104 | +.0322 | +. 0044
0.1 -.0376 [-,0356 [-.0077 |-.0066 Qs F-.0035[~.0310 (-, 0244 |-.0676
0.0 [-.0357 |-.0357 |-.0057 [-.0057] |Muit|pa® | pa? | pa? | pa2
Mult :.;naE paE paz p_aa ' EEAGTIQHS
REACTIONS Sup, Case 1 Case 2
Sup. Case 1 Case 2 2 H0.3655 +0.5612
2 + 0.3618 + 0,4535 1 K1.20010 ~ ° (40,9131
1 + 11-15‘“2 + U.BEQ’E 0] "‘{}14350 -I-ﬂl.E'?ﬂg
Mult pa L Pa Mult jpa pa.g Pa ?12




RADIAL MOMENTS (M,); TANGENTIAL MOMENTS (M) AND REACTIONS OF CIRCULAR
JLAT PLATES CONTINUOUS OVER RING SUPSORTS AT EQUAL DISTANCES ( a )

’ e) Eive equal spans ﬂl gg_ﬂ;_éﬂm S
P=2.51.5 . +/m P
1 t._:j.._.ﬁ_iu.fuén}g'::?::q ﬂlﬂll%“—‘ﬁ-‘%
| 9
2 #EDEEEEI#EEFEF:E Case2 '
+_,ﬂ_‘_n_.+_L4_l_i_l._{_._ ;
g v=1/6 P =0, M aMys~co  V'aL/6
: BENDING MOMENTS BEZDING MOMENTS
[ 0 Case 1 Case 2 . Gase 1 Case 2
) ,1 ug M
M| oMy | M, | My L | % | % t
; - 1 ID "'"l-l:ll
25| o |+.0098|-.0787 |~.0131 3:0] O [%.00811-.0795 |01
2.6 |r.0814 [+.0153 |+.0354|+.0076
2.1 }p.0818 |+,01 L0348 |+.00
il e i «2.5 |hn?a~;'r +.0118 |+.0426 |+.0073
sl A Sl Vil sl i 2.4 |r.0659 |+.0066 |+.,0401 |+.0052
1.9 L.GE?E +.0058 |+.0403 |+,0051 2,0 F.1106 [-,0232 (-.0852 |-.0149
z 0321 |+.008
1.5 |-.1130 [-.0254 |-.0875|-.0155 1.6 [+.0164 [+.0062}+.0321 |+.0087
1.8 ;.._IDEQE. +.0069 |+.0422 |+.0084
1.1 p:0132 |+.0082 |+.,0302 |+.011
L i s s 1.4 k.0340 |+.0058 |+.0433 |+,0057
1.0 [.GEBE #0094 1+.0432 (+,0107 1.0 k.0660 |-.0121 [~.0753 [-.0164
0.9 k.0375 k,0077 |+.0u88 |+.0069 0.6 |.0247 |+,0120|+.0189 [+.0110
Dls -.ﬂl'-l-fl-ﬁ -.D’J..EE —gﬂﬁ_ﬁ? "-.UE?? G‘E r.ﬂi}ﬂl ++m95 +-ﬂ292 +.ﬂﬂ'aﬂ
0.1 }.0029 k.0039 |=.0062 |-,0052 0.4 W.0357 |+.0022|+.0327 |+.0040
[0.0 [.0048 b.0048 |=.0043 [=,0043 0.1 k.0320 |-.0809 [-.0255 [=.0695
2 2
sult | p a® P ﬂ.'a P aE p H.E dul‘bl P 5-2 P "E . pa
REACTIO REACTIONS
3up. Case 1 Case 2 3up. Case 1 Case 2
3 + 0.3675 + 0.4504 3 I"':"""”'?25 +0.4675
. 2 }1.1500 +0.9733
2 + 1.206 1.02
2 + i 1 |o0.9622 +1.0420
1 + 0.7931 + 0,8765 5 +0.7573% L6834
t ;.‘r a Pa E_g, Pa Pa _r IE
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IV-3. MEMBRANE FORCES IN SURPACES OF REVOLUTION X
_-'.—H'F_I—I-'-___"_‘_.__.____-.-_

It is assumed here that the thickness of the shell is so small
that 1t can be considered as a membrane which can resist peridian and
*ing forces, in the plane of the surface, only i.c. the bending mo-
ments due to fixation at Supports, unsymmetrical loading and similar

effects are peplected ,
IV-3.1. Notations,

It will be assumed that i ( Fig., IV=16 )}

arin_of rapation

FiE-. IV=1&
R = radius normal to axis of revolution of any eircular ring at any

plane z - z
radius of curvature aof meridian

)
et
i

¢ross radius curvature along the normal - to axis of rotation.

Ny (evt. TlJ' = resultant meridian force per unit length of circumfe -
Irense,

Ng (evt, T,) = resultant rine forse rer unit length of meridian

horizontal thrust of shell Fer unit length of circumference

Sum of vertical forces above z - g (expressed through the angley)

)
li

¥ Refer to M. Hilal » Design of Reinforced Concrete Hallg " First
Edition, Published by J. Marco & Co. Cairo



IV=3.2 The Meridian Force

In order to have equilibrium at any horizontal section z z ,
the wertical component of the meridian rorces N, must be equal to the
vertical load above z - z per meter run circumference., Hence we pget :

( Fig. IV-17 ) LA

Fig. IV-17

]']',.p,."ETIR=ﬁLF 8in ¢ or

¥p = Wy /2mR sing (43)

But !"a:-]i2 sin ¢ , 3o that Hy can alsc be given in the form :

Ny = Wy /2T R, sin®y (44)

The horizontal thrust H per unit length of circumference is :

H = Wy/2nRtanyw =N cos ¥ (45)

IV-3.3 The Ring Force
Assuming that the radiel compement of the external loads per
Bquare meter surface is P, and considering the equilibrium of the ex-
ternal and internal forces normal to the surface, one can prove that:
X a

a'f*i'a'”’r (46)

For a spherical surface R, = R, =a and
Ny + Ny =P (47)




B8

For a conical surface Hl = @® and
No = p Ry (48)
IV-3.4 Application to Popular Heinforeced Concrete Surfaces of Revo-
lution.

a) Spherical Shells
The relation between a, R and ¥ is given by (Fig. IV=18)

2
b R_!:._IE_ (49)

o 4 ;
The surface area of a spherical shell

iE q;..‘-‘i
A=2nay (502
¥y
i.e. it is equal to the surface area H R
of a cylinder having the same radius a Ky| ) i "*.,II
= \

and height ¥, R

il
e —

—_—

The internal forcea due to a verti-

cal dead lead E{m‘? surface is shown Fig. IV-18
in figure IV- 19

g = 8. 2nay {51)
H = ga S8 o » g =3 (52)

= -
l+cos ¢ - A+ B

&5 &5
Losd = g/u’ surface 1 I T 1

Comp.- , tensions Comp.=- , tension+

Fige IV-19 Fig. IV-20



-

2
Ng = g —2——= g -2 (53)
l 4+ cosy a+ z
2
Ha=ga{cn's-.p—_l]._.g(a_ a ) (54)
l + cosy A+ B

The internal forces due to & vertical load 1::.-1"!:12 horizontal is

gshown in figure IV- 20

G =pnal sty (55)

" =paﬂ:-‘i- = p z/2 (56)

N, = P a/2 = cnnsta:ut

N, =pacos2e _ D (5 52 .a°) (37)
2 2a

The internal forces due to a liguid pressure as that shown in Fig.
IV=p] is given by :

T —

Assuming W= weisht / m’ liguid, then

o, =W Ehl+u—ncusu'} (58)

§ =-w & [3 h.4+a 2=cos ¢ (1+2 ““EW‘:’] (59)
¥ 17 14cos P

Ny = +w2 rj hy+a 1CO5 9 (5.4 cosy)|(60)
& | l+cos o

Fig. IV=21

b) Conical Shells

The surface aresa of a conical shell (fig. IV-22 ) is given by :

A =2mBRs /2 (61) '

The meridian force is ]

No =W, /2% ycos ¥ iT'EE} :

The rinz force is ¥
2

Ng = P, Ycos ¢ / 8in"y (83) Ao R

Internal forces due to a vertical dead load £

1

2
g/m~ surface are i ‘Fig, IV22 ]
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the forces at the footringz, it is recomsended to increase the thick-
ness of the shell in the region of the transition curve,

IV=3-5, Fixed and Continuocus Surfaces of Revelution

The bending moments shown in figurs IV-25 give only a rough estima-
te, they may however be used in cases where the expected values of the
bending moments are small,

Surfacszs of reveluticn in Ttanks are zenerally continuous with each
other, e.g. the Inze tank shown in figure IV—4, The connecting moments
at the joints can be determined by the moment distribution methed if
the fixed end moments and the relative stiffness of the elgzments mee -
tiﬁg at a joint are known.

We give in the fnlinwing', the fixing moments and tie stiffness fac-

tor of some simple cases generally met. with in tank probleus,

1) Cylindrieal wall of variable thicikness { Fiz. IV=27 )
f H tE
then k, = 223088 and .

the fixinz moment i iz

- Et, i 6, : 71
I'I. = -+ —
2 B E% B ky
b —fT2
and the stiffness § is - ] -

AR

R

s ol
8=2 3 k

"'T"-'\ AR
SRR

jE e
For water pressure E% b
AT = W—TEE H and 8 = ¥ Rd”i""i ;g I' ;:4
" E‘I:E o E:;E :rrE
H-E._T.m&
e . 1
CPETRE TR re me

Refer to Markus " Theorie umd Berechung Rﬂt&tiﬂnasjnnetrischur Bauwerke"
Published by Werner - Verlag. Dusseldors,
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For a wall of constant thickness (tl = t, = t) subject to hydrostatic

pressure
ﬁ=a ) R
1 !ilH

2) Svherical dome of variable thickness ( Fig, IV-28 )

As3ume ky = Vﬂlf 3 (1 —-uE] —t—

t
and WV = 1/6 then
k, = 1.3068 o e
t
= E Ar
m:-E:E(“‘-ﬂ_gn} 5
e S
$ =2t ky/a !
|
For dead load g t/m° rig, IV-28
/ o X .
e E.E - t['t:
br = == 2‘-—:’—"' Et o b ot s el min ”
o Et & |since P ¥ = w) =t cosy
S & [t - ¢ (1 + v t =-t)
8, = 2 1 gcnﬂup-{a+v}tainu:+ A 2 x
2
Ettn ! v t vsin“y
2 t -t 9
t, = tcosgps - = 8in ¢ - coB ¢ ainan
1 v

-

For water mres e leﬂtﬂ‘s_}

31 7+

A = = wa (-1_?_& - co8 @ + lJ'_v__(cn,B * 1 } in

o L aing
Et 2 a 3 1l + coay

‘I

2 t =t
W a :
e = {8inyp + °(1+u]L--3-‘-[¢na¢+——l—-}
Et t oy 2a 3 1l + cosy
t =%
2 (B L cosv)

L a
For a dome of comstant thiclmess t,=¢

- AT
i EE o . o
;:g cﬁin-p]*kz %
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Case of dead load E 1::{11:1‘E gurface
Ap 2 E H.E { 1 + v
0

= cosg) 8ing
Et 1l + cosy "

8, =-E|-_:~f(2+~,)ain.p

Case of live load p 1;,.1‘]'&'a hori zontal

2
Ap = BB Lty _ anaa.;. ) sing
et 2

8, ==E2 (3 4 y) siny eOS
Et

Case of water nressure
ar . _wal [ L=y
=

-~ gosy + =t¥

(comy + —2 sing
Et 2 e l + coay
2
= = wa Biﬂ'lp
¥ Et
3) Conical surface of constant thic'maess (Fig, IV-29)
_-'r-_.-n_'_'___'_'_._'_"_______-._'-'-_
dssume k, = I{/M V 3 (1 =) and va 1/6 then
t
ks = 1.5068 Irf tan v/ % | ‘
: _ |weipght w ejn;’
U= E izl”“’ (4 5_9—1—"’ 6,)
2 5 % cos i 5-5 P t/m
h
g &
S =2¢ s
Case of dead load 1 t,{na surface
2 3 $2 !
by m B l - — (1l - } ‘|
B { 2 cos® 20|
CGE%.F cot ¢
6. = 8L % (1 —L~—EJ+ v =(2+ v]nuﬂz.,, ot ¢ '
°  Eg 5 sin ¥
Case of a concentrated load B/m
Az, = Pl oty and EI_-:,=--P-—"—. goa %
Et



Case of watar preasure

9, =~ {3-231:;-#-21:--&(13--2]4.
5t 2 s

8n¥ 3 . uﬁ}] coty

4) Binz Beans
At joints of different continucus gsurfaces of revolution (e.g. a
cone and a dome ) there exists a ring beam which resists a part of

the distributed moment accordinz to its relative atiffpess,

IThe stiffress of a eircular ring bean of radius R, breadth b and
total depth ¢ i3 given by

3
3=bp(1 - ‘-"EJI 1—‘-2- for v= 1/5 then
R

5 =0,972 bt / R®

IV-3-7 Circular 3eams
Cireular beams loaded and supported normal to their plane
(Fiz. IV=-30) are dealt with in detail
in text books on theory of elasticity.
We give in the following , the internal
forces in a circular beam subjected to
uniform load p/m and supported symme-
trically on n colums. Thus

29, =2%/n  te. ¢ an/m (72)

Reaction at any column
V=2FRp/m (73 : Fig, IV-30



2%

Hax, shearing force to

Ymax

» the torsional moazent K, and the Bhearinz farce
an angle ¢ from the center line betwesn two

The bending moment i
R in any section at

=+ ®mE p/n

Bive supportas are given by :

M :Rapf—ﬂl_]_}

o sinarﬂ

ut-nap{_mli_-r}

nni.n'i'-'u

Q= =Rpy

de give in the following table,
and toersional moments in a eirecular beanm of

forces,

bendins moments
radius R Supsorted Syametrically on n columns

the right or left of any support

(74)

(75)

(78)

(77)
the reactions, the maximum shearing

and subjected to a

total uniformly distributed load 5, where
P=2an = P

) l’vu.mher Load on iaac, dax. Bending Homent Lax, dngle
of each | Shearing[—— C.L. | over c.r. | Torsianal b:t‘ axis
Cols, | Colupn Force of Span of Colurms| Homent o Col. &

See, of

max, L

n v QUax ¥ (+) i (=) H, Deg.
4 P/4 P/8 0176 PR | 0053 P R 0053 PR | 19° 21r
& B/6 P/l2 0075 P R .0l48 PR | .0005 P R 12% 44t
8 P/8 F/16 |.0082 PR 0083 PR | .0006 P R 9% 33
12 P/1l2 B/24 019 P R 0037 PR| 0002 P R 8® 21

USCag-




' V. PRESTRESSED CIRCULAR TANEKS
V.1l INTRODUCTION.

The design of prestressed structures i3 bagsed on a knowledge of

the fundamental principles of prestressed concrete, This is as true
for the design of tanks as for beams and slabs. Bé:fcr& analysing the
stresses in a prestressed tank it may be of advantage to give the
most important basic principles of prestressed concrete as may be re-
quired for design of cireular tanks,

Frestressed concrete denctes concrzte in which effective inter-
n&i stresses ars induced generally by the use of hich tensile ateel,
This operation is done in such a way as to completely eliminate or at
least to effectively reduce temzile Stregses under the action of wor-
king loads together with the provisica of an ample factor of safety

against cracking or collapse,

The most effective use of prestressing can only be obtained if
the concrete and steel are of very high quality. The higher the eru-
shing strength of concrete and the tensila 8trength of steel , the
greater the effectiveness with which the prestress can be utilised,

High quality concrete can be achieved through careful selection
of aggregates, suitable granular composition, use of low water-cement
ratio, sufficient cement content apd thﬁrough mixing, nulpnutinﬁ and
curing,

The minimum cement content in the conerete mix is 350 klhl} of
finished concrete, the minimm crushing strength is 300 kg/cm® after ™
28 days. The allowable compressive stress may be assumed one third of :
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the crushing strenzth. The modulus of elasticity E-:-. may be assumed
equal to 300 t/emZ ,

The steel to be used for prestressing is generally hard drawn
wires of an ultimate strenzth not less than 15 t.fcma and having dia-
meters varying between 3 and 7 mms,

The permissible stress in the prestressing steel 8hall be based
on the ultimate strength and the 0.2 % proof stress as follows i

The maximum tensile Stress at transfer 050 5hall not exeed 80 %
of the proof stress or 85 % of the ultinate tensile strength which
over is the lesser, Accordingly, for hard drawn wires 15.5/14 having
an ultimate tensile strength of 16.5 t/cm? and a proot stress of 14,0

t..f"cna the maximum allowable tenslile stress gsn = 10 tf:*:mg .

The modulus of elasticity E, 1s generally equal to 2000 'L'...-’nma.
The modular ration = B./E, varies between 6 and 7 .

Due to shrinkage, cresp .... ete. the prestress iz reduced by
15 %o 20 % of its initial value, 30 that the final Prestress G’Hm
¥ill be equal to 0.30 to 0.85 P

Stresses in prestressed elements under working loads may be come
puted by the elastic theory both at transfar with full prestress
( Oy = T ) and no live loads and, under final conditions after los-
ses have taken place (Og = O, ) and full iive loaas,

Frestressing of cireular tanks is made in order to eliminate the
tensile stres:zes ereated by the hydrostatie Pressure. In most pres -
tressed ecircular structures » prestrese is aprlied both ¢ircumferen =
tially and longitudinally, the circumferential Preatress being cireu-
lar and the longitudinal preatress actually linear, It is however
eagsier to use circumferential prestressing only. This is possible in
walls with freely 8liding edges. |
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Fy-z CIRCUMFERENTIAL PHESTRERSING.

Prestressed concrete circular tanks™ are generally constructed by
Ewinding pre stressing wires around the walls using a special windifg
machine, The normal method of prestressing consists of the following
process : First, the walls of the tank ars built of either concrete
or poneumatic mortar, mortar being generally used if 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 conki-
nuous operation, stres E-iFLE it and spacing it at the same time.

After the circumferential prestressing is completed for each la-
yer, a coat of pneumatic mortar is placed around the tank for protec—
tion. Two or more layers of prestressing are used for hfme tanks(Fig.

v.1l).
..H.. E-E.B cms
i -:‘ ¥ ¥ F"mfi’:
Vertical preastressing for the - - 5{ "montar
tanks can be applied using any sys- circulor pre- 'l
stressing wirm [ -7 |
tem of linear prestressing, which- ﬂﬂ | _wertical
i prestrassing
aver may be the most economic. A ‘1 wires
Circumferential. prestress in 1:' layers of 18 ¢
i Illlﬂ' m‘- f_' .-.
tanis is designed to resist ring stressing wires L =2
tension produced by liguid pressure.
Fig. V=1

Consider one half of a thin ho-
rizontal slice of a tank as a free
body, fig. V.2. Under the action of the initial prestress F, in the
Bteel, the total compression C in the concrete is equal to ru causing
an initial compressive stress in the concrete equal o T, =F, /A,
After the losses due to shrinkage and creep are developped the pres—

% Lin " Prestressed Concrete Structures "
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and for ﬁsu = 10 t/cm™ . we get 3
Af.‘- :m%;ﬂ.l:lﬂﬂlﬂ
but - 4, =100t then t cms = 4_ cm® a0
A =t =0,145 pBR {az)

If it is required to limit O, to 80 kg/ca® only, the amount of the
prestressing steel will not be affected whils the thickneas will be

increased to

t =0.18 p R (83)
Examole
Determine max. t and A, required for a prestressed open circular
slurry tank 10 ns diameter and 12 ms deep with sliding base. Assume
wa= 25t , O =10t/ , C, = 100 kg/en® , B, = 2.5 x 12
=30 t/m°, & =4, =0,145P R or

tems =4 ca® =0,185%x30 x5 = 22

V-3. VERTICAL PRESTRESSIIG

Due %o hydrostatic pressure, the walls of circular tanks are
subject to ring tension in the horizontal direction and cantilever mo-
ments in the vertical direction in case they are hinged or fixed to

the floor,
It is evident that circumferential prestressing will also cause

ring forces and cantilever moments in a sense opposite to that of
hydrostatic pressure and that they exist by themselves when the tank
i3 empty and act jointly with the ring forces and momsnts produced by

ligquid pressure when the tank is full.

In erder to reinforce the walls azainst these moments, vertical
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prestressing may be applied. If vertical prestress is axially applied
to the concrete, only direct compressive stress is produced and the
solution is sizple. If the vertical tendons are bent or curved, the
vertical prestress produces radial components which, in turn, influen-
ce the circumferential prestress and the analysis can beconme gquite
complicated,

Let us investigate the effect of circumferential prestressing
on the vertical momenta. If the circumferential prestress varies tri-
angularly from zerc at the top to a maximum at the botton, its effect
is equal but opposite to the appliéaticn of an Equivalen¥ ligquid pres-
sure, If the circumferential prestress is constant throughout the
entire height of the wall, it is the same as the application of an
equivalent gaseous pressure. For both cases, the P.C.A. tables®or any

sizmilar ones are available for the cozputation of vertical sozents.

Ve-tical prestressing should be desizned to stand the stresses
produced by various possible combinations of the followinz forces 3

1) The vertical weight of the roof and the walls thenselves.

2) The vertical monents produced by the applied circumferential pres-—
tress.

3) The vertical moments produced by internal liguid pressure.

It must be nobted that the maximum stresses in the concrete usual-
ly exlist when the tank is empty, because then the circumferential pres-
tress would have its full effect. #hen the tank is filled, the ligquid
pressure tends te counterbalance the effect of circumferential pres =
tress and the vertical moments are smaller. Since it is cun';renient to
use the same amount of vertical prestress throughout the entire height
of the wall, the amount will be controlled by the point of maximum
monent, By properly locating the vertical tendons to resist such mo=-
ment, & most economical design can be obtained. However, efforts are

= FHefer top , C. 4, tables of ¢ircular tanks
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saldom 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 logical method of desizn.
In order to avoid complications in the position of thz vertical
prestressinz cables due to the varying sign of the bending moments -
as in case of circular tanks witi fixed base = the walls may be made
hinged to the floor at their foot. The vertical prestressing cables

may then be located nearer to the inside surface of the wall at its

botton end whare the maximum moments occur. At the uprzer end, the ca-

bles may be anchored at the center of gravity of tue concrete section

as shown in fizure V.3,

g) Pressure on wall due
to circunfersntial pras=-

tresa.

'L'”lml”|1|||'|||-|:|||- T

b) Correspondias 3....D,

for a wall hined at

il

|

il

btasa. =
¢) Longitudipal and gir= (a) (b)
cunferential prestreasing

wires. Fig. V-3

d) Location of long prestressing wires,
In order to deternine the magnitude ©of the prestressing force ,

one can proceed as follows 1@
1) The magnitude of the maximum bendin; moment due to circumferen -
tial prestressinz can be determined from table VIII of the P.C.A. ta-

bles,
2) The corresponding stress in the section is then compubed.

3) Assuming the eccentricity of the longitudinal prestressing steel
at position of maximum bending moment is e, compute the stresses in
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thas section due to a vertical prestressing force F = 1 acting in the
center of gravity of the steel ( c.g.5. )

4) In order to get zero stress in the inner surface of the tank due
to the combined action of the longitudinal prestressing force and ben~
ding moments due to the circumfersntial prestressing (case of full
prestressing), divide the maximum tensile stress computed under 2 by

the meximum compressive stress computed under 3,

The atresses in the section under the different combinations of
the forces acting will be shown in the example given in V,5.

V-4, DOME FRESTRESSIIG

In the following, only tie gensral principles and practice of
dome prestressing especially as applied to tank roofs will be mentio=-
ned. Senerally spearing, for domes with diameter greater than 30 ms,
the economy of prestressing should be sericusly consider:d. Domes for

tanizs up to 75 ms in diameter have been coastructed.

The doae roof itself is made of concrote or pneumatic morter
witi: thickness varying from & to 15 r.mé._ v For domes of larce diameter,
variable thicinesses may be employed and thicknesses greater than 15
¢as are used for the lower portion. Before concreting the dome, some
erection bars are coupressed around the base of the dome. After the
hardeningz of the sbell conerete, wires a::e prestressed around .it.
During this operationm, the dome shell rises from its forms as it is
cozpressed , thua Simplifying the careful proceedure of decenteriug
fequired for non-prestressed domes,

The conventional method of dome prestressing consists cof pres-
trésaing the edgze ring to induce sufficient compressive stresses to
counteract the tensile stresses set up in the ring under the maximum
live and dead lcads. With this process, 1t is usually possible to rai=-
se the dome from its false work, since only the dead load is actually



108

Loads 3

Own weight ( assumed 10 cms thick ) & = 250 kg/m®

Superimposed dead and live loads D = 150 "
total = 400 kg/m°

Total roof own weight Wo = 0.25 x 1335 = 334 ton

%

Total roof superimposed loads Hp = 0.15 x 1335

total W= 554 ton

Total load / m' wall V = —%_ . 234 = 4.25 t/m
2rR 2 x35.14x 20

The horizontal thrust/m H = V coty = 4.25 x -5-2?-;5 =8,0 =

The ring tensisn Ts=HR =8 x 20 = 160 ¢
The ring reinforcement A, =T / 0, = 160 / 1.4 = 114 eg?
chogen 23 & 25 o
45 a prelizinary estimate for the wall agsume i ’
The max. ring tension T = 0.5 Ppgx B = 0.5 x & x 20 = 80 t/m

Required wall thickness t = 0.7 T = 0.75 x 80 = 60 ecms
dccording to F,C.4, table II, we zet :

for B2 /D t = 8% / 40 x 0.6 = 2,67, -

the maximm ring tension s

Tm ;D.Er HR=0.5x8x20 = 80 ton at 0.5 H from top i.e. the
assumed thiciness of 60 cms is acceptable,

The required ring reinforcement at .6 H ia. given by :

by max =T, /O =80/ 14z 5 ca?

chosen B8 ¢ 22 mm/m on each surface giving 5 = 60 em®

The max, tensile stress in concrete is given by i

o . -max * € B 4

t max
.I.': +n-l-
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- 80000 + 0.00025 x 2000000 x 60 _ 1¢ ¢ kg/em® < 20
100 x 60 + 10 x &0

| ) Design of dome and wall in prestressed conerete

For the roof dome, only the foot rin. will be prestressed thus :
the final prestressing force required to counterbalance the max. ring
tension T oax ©f 150 t is according to equation B4 given by :

Fm = cotp/ 2 m |=Tm =160 %

&

The required prestreszing stesl

_ _ 2
A, =F fﬂﬂ = 160/8 = 20 cm

which is less than 20% of the amount required in case of ordinary rein
forced concrete,

The max. compressive stress ia the foot rins will take place at trans-
fer with a prestraszing force F, and a ring force T &ue to woa weight

of doma, Thus,

Lz
i
bz
S
o
o
]

180/0.8 = 202 +.

150 x 324 / 53% = 100 ¢,

-ﬁ.ﬁﬂ. Ta = T IJE f 1|?
The net compressive force acting on the foot ring

H = ..'“"‘:'l - Tn = 200 = 100 = 100 €.

Assuming the mawx, allowable compressive stress in concrete = 50 kgfcma
then the area of concrete section required for the foot ring is given
by :

A =8/0 = 100000/50 = 2000 cm®

4 foot ring 70 x 30 ems will be chosen .

Prestressed circular tanks require a wall thickness much smaller
than that required for reinforced conerete tanks and therefore the
pressure resisted by ring action Pf is much bigger. As a first eatima-
te, assume :

max, P, = 0.7 wH = 0.7 x 1 x 8 = 5,6 t/n°
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The thickness required for the wall can be estimated according te
equation 101 from the relation

t = 0,145 Py R =0.145 x 5.6 x 20 = 16.5 cnus
A wall 17 ems thick will be chosen .

dgcording to P.C.A. table II, we get 3

for HS /Dt =8°

The maximum ring tension :

s 40 x 0,17 = 9.4

T =pR=0.713 wER=O0,713 x1 x8x 20 =11% ¢

at 0.7 H from top.
The maximum area of circumferential prestressing steel at 0.7 H from
top is, according to equation 100 b, given by :

i . B8 DR = L:23 X 114 q. o o2

- X = =
CE + & ﬂ; 8 + 56 x 0.1

This wvalue of the area of the steel, as well as the wall thickness
con be dirsctly determined from equation 101 3 thus,

A, = t=0l452R =014 T _ = 0,145 x 114 i.e.

A =16,5 cn” & t= 16.5 om

8

which means that the chosen thickness of 17 cms is acceptabls.,

The reszidual stress in the concrete under the effective prestresas

Fm and the internal pressure at position of maxizum ring tension

can be calculated according to equation 78 as follows 1

c .. fo , P® 165 x8000 , 114000 09 S
o A, A, 100 x 17 100 x 17 + 7 x 16,5
or T, == 14.5 l.:a,.fcna

]

wnich provides a margin of safety of 25 % up to zero compression 1in

concrete.
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The cantilever moment due to the hydrostatic pressure can be
galeculated from the P.C.A. table VIII, thus ,
For B2 /Dt = 9.4, M, =0.005w 52 = 0.005x 1 x 8% = 2.5 mt.
acting at 0.8 H from top and causes tensile stresses on the outer
face of the wall.

The initial and final maximm cantilever moments due to the prestres-
sinz steel ( with tension on the inside face of the wall ) can be de-

termined as follows @

15.5 en® prestressing circumferential wires tensioned to an initial

stress of 10 tfﬁ:? will cause a ring compression of. :

C = As ﬂh = 16.5 x 10 = 165 T.

The corrasponding intensity of radial compression will be

P, =C /R =165/ 20,17 = 8.2 t/m=

This pressure causes a cantilever moment equal o :

e T 2.56 x 8,2 / 0.713 wH = 2.56 x B.2/0.713 x lx8 = 3.68 mt.

For a final prestress of 8 tf::? this wvalue reduces to @

Enu‘ Hy X B /10 = 3.68 x .8 = 2.9% mt.

The circumfereatial prestressing will counterbalance the internal pres-
sure in cass of full tank, but in case of empty tank, toe tensile
stresses due to the cantilever moments induced by the prestressing for-
ce can be counterbalanced by vertical prestressing wires placed 1in

the tension zone - near the inside surface - at a distance of say 5 cms
fron it. '

The magnitude of the vertical prestressing force can be determined by
dividing the magnitude of the maximum tensile streas due to the moment
ecmused prestressing - 3.68 mt - by the magnitude of the maximum COm=
'gressivn gtress caused by n'prestrassing vertical force of 1 ton acting

at 5 ems from the inside face of the wall, thus, max. tensile stress



Initial and Final Stresses
in a Prestressed Circular Tank
under Different Cases of Loading

Initial Stre

Final Stresses

Conditions g >
in k3z/em in kz/cm
Fiber Inside Outside | Inside |Outside
4) Jeight of Roof
4250/ 1700 - 2,50 = 2.,5C| = 2.50|--= 2,50
B) Weigat of Jall
0.17 x 2400 = 410 kg/=°
410 x 0.8 x 8 J 1700 = 1.5 = 1.54 | = 1l.5%)|= 1.5%
) Axial Compressiocn of
Tartical Prestress
Initial GSE0O0 / 1700 - 34.10 = 34,10
Final Y400 J 1730 - 27 30| = 27.30
D) Ezcentrleity of Vertical
rrestress
Tnitial 6 x S80GC x 3.5/100 x 17%= 42,20 + 42,20
Final B X 45400 x 3,5/100 x 1 - 75,30+ 33.B0
B) Vertical loment due to Circum-
ferential Prestress
Initial 6 x 3.68 x 10?..-"'100 x 1'?2 + T5.5 = 76.5%
Pinal 6 x 2.9% x 10°/100 x 17° + 61.20|~ 61.20
Total for Tank Empty - 3,84 — 72,44 - F.O4|- 58.74
F) Vertical Moment due to p
Hydrostatic Pressure
6 x 2.56 x 10° / 100 x 17° - 53.00 + 53.00| - 53.00|+ 53.00
Total for Tank Full - 56,B4 = 1944 - 56,%4|- 5.74




due to Hn=3.EBttiﬂ51‘vEnhj ]

C26M/bt = 6.x3.68x10° /100 x'17° = 76.5 kg/on>

Marimm compressive stress due %o a vertical prestressing force of 1.0
ton acting at 5 cme from the inside face (e = 3.5 cm ) is given by :

ﬂ;- -F/A-B6FPe/b ta = = 100071700 - 6 x 1000x 2.5/100 = 1",?";;l
o 05 = 0TS i1 el

Vertical initial prestressing force is thersfore given by :
Fu = 7.5/ 1.32 =58 %.

The corresponding final wertical prestressing force is
r tﬂ.BFG-D.EIEB=ﬂ-E.4t.

The stresses for both the inside and outside fibers under Loth initial
and final conditidns at position of

maximum cantilever moment are conpu-

-'}‘E_.-q. =
-~ - II I
L] ".

ted and listed as in the table. I ¢
H &
It is seen that the wall is sub- 5 g s
ject to compreasive stresces under & 43
T
all leoad stages, E g '
The details of reinforcecoents ig
are shown in figure V.5, g;
A
o &

Fig. V-6
V.5. ECOIDLIC PROPORTIONS OF PRESTRESSED GIRCULR TANKS

The ratio of diameter to height is of some importance with re-
gard to the cost of circular cylindrical prestressed concrete tanks,
Favourable dimensicnal proporticns are given in the following table
Fig. V.7 which has besn published by Preload Engineers, New York ,
on the basis of many year's experiencas,
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Fig. V-7

o

Capacity Dimensions in m
in w A B | o D E F ¢ | H 3
378 12,50 | 3.50 1.56 | 12 | .12| .05 [.05 | .20 | .15
a45 16,90 | 4.50 | 2.3 | 12 | 12| .05 |.05 | .22 | .S
1840 21.35 2.35 2,67 | J12 | J12] .05 |.05 | .30 | .17
2835 24,40 | 6,10 | 3.05 | 12| ,15|.05 |.05 | .35 | .19
3720 25,05 |, 6,76 | 3.36 | .12 | 18| .05 |.0% | .38 | .22
5670 30,80 7.80 3,86 | 12| 25| .05 |05 | 43 | .25
7550 33.85 | 8.55 | #.23 | .12 | .2%[.05 |.08 |.48 | .27
G450 35,40 | .15 | 4.55 | .22 | .25[ .05 |08 | .51 | .30
18C0 45,00 ' 11.45 5.75 | #22 | 05 |.10 | .69 | .38
37R00 57.50 | 14%.50 728 | 22 | 78] 05 |11 | LB | 49
Econonic Proporticn in U.3.4. B:A =1

The wall thickness is probably rather too small for normal condi-

tions § the increase in thickness from top to bottom should be noted.

The thiciness of the base slab has in all cases been given as

>

cm

because in the U,3.A. the base is usually constructed as a thin but

elosely reinforced gunite layer.
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Vi. EXAMPLES OF CIRCULAR TANEKS

As typical examples showing the use of surfaces of mrevolution

in tanks, we give the following three structures :

VI.1 — DPASTE CONTATJYER® :  Fiz. VI.1.

Dischorge funnel

w1 |2

Paste container Meridion ond ring forces

w = weight of paste per cubic meter.
r = h tan g = horizoatal radius of any sectlon.

R: 2 = 'hE.ﬂE

> = oross radiuws of curvature,
coa g co3 B

% The notations used in 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 is not essential
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The internal forces in the wall of the container due to weight of pas
te can be determined as follows :

a) Ring Forces Due to Paste g

For determining the ring tension T, in any section, we apply bhi
fundamental equation 46 using the given notations, thus

T T
R, R ¥
1 2

Rl = radiua of curvature of meridisn =

P, = nc:-mpnm.-nt of 1+:-mi of paste normal to surface of container assu -
ming angle of .frir:.tian between paste and rai.nfnrﬂmnt concrete
=0 . thus :

P, = WY
Therefore :
T, =R, p, = RNTBYAO gension (86)
oS 8

where H
h = (H-3)

The depth y at which the ring force T, is maximum can be deter-
mined from the condition &

d7
— =0 but
dy

Therefore, for maximum ring ¥ension, we must have s

HM{H—EF}E‘G

cos g
¥ = Hf2
max, T, = w 2288 el (&7)

coB 8 i

and
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b) Meridian Forces Due to Paste :

When determining the meridian force T, 4 two separate cases ha-
ve to be considered, namely above and below the ring beam as follows:

' If we equate the weight of the | \
paste above the horizontal section "@:’ . ‘? v
—

at depth y ( hatched wolume ) to the

1) Above the Ring Beam : Fiz, VI.2 s

T
T '
vertical component of the compressive |

meridian force 'I.‘l » e zZet 3 Fig, 2 . =]

T. 2xrcosg=wid 2 pop
1 2 1

={H=y) tans Fig, VI-2

in whigh -
T
b ¥y tan g and

radius of center of gravity of hatched wolume

|
,=(H:-§—’r_‘rtane

Therefore I

Tha2ar(H=-y7) tang. cosa =WHYEEH-£y}ta.nEE

3
or

T ==, 2E=27 y= Bns compression (8a)

=} H=75% coa A

ii) Zelow the Rine Bean : Fig.VI.32 : - ¥
- In this case, the weight of the
raste acting on the lower conical part vl
(hatered volume) will be bung to the "
wall of the container causing meridian T nll ™
tensile stresses which can be treated _k "

in a similar way as follows, (Fig.VI.3)

3 1 2.7
I‘lznr.cnler:r[r:r-I*}“r hJ Fig., VI- 3
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Substitutiog r = (H-y ) tang and h=H -5, we get @
Tl.Eﬂ{H—jjtﬂnEcuBE=H[H{H—]’}Etaﬂgﬂ ;1:'+l
3

r:{H—r)EtanE(H-—EJ]

or
I'l-EEH—I}fH*‘EF}ti@' tension (839)

B 'l'.‘-'vE_:IE 2]

The depth y at which the tensile meridian force below the ring

. dT

beam is max. can be determined from the condition ik — but
dar
dy & cos g
For max, meridian tension ’I'l ¥ = B and

4

IIJ'H.}E.T1=—§-'-'H'HE- ma

16 co8 6 (90)

provided the ring beaa is at a distance from the apex greater than
3/4 H . If not, tie max. T].R cccurs at the ring bean and can be de- '

termined aczording to eguation 90 from the relation :

Tm-E{E—E'H}{E-I-E:-H}::lﬁ (90b) in which

¥ b3 E is tie distonce of the rinz beam from the surface of the
container,

e) nz Bean Due to Paste,

nternal Foareées in 3

The ring beam is subject to a compressive force CH deterained

by ¢ ( Piz. VI.a )

5 L]
GR=HBrR=T151nErR and T, = 1+T; in which
T{ 1= the compressive meridian force just above tie midile of the
ring beam and
Tii is the tensile meridian foree just below the middle of the ring
beam,

d) Internal Forces Due to Own Weight of Container,

The ring and meridian forces due to the own weizht of the
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gontainer are usually small compared with those caused by the weight
of the past, they can however be calculated as follows : (Fig. VI.5)

HgsT, sing

Assuninzg £ = own weiznt of tank / m; s the ring force can be de-

torained from the relation @

TE = EE « & in which
R.E = wﬂ.ﬂd &2 = g 8in 8, therefore,
cos &
2
i =
ey (91)

w:ich means that T, is proportional to h, 60 that :

'I'2 iz maximum at the top where h is maxim and eguals H , thus,

asx, T, = gH tan® 8 (91a)

Tha meridian comprescive force Tl above the ring beam can be caleula-

ted as follows ; ( Fig. VI.6 )

Fig, VI-6
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Tl Elr.msﬂ:g{&ﬂrﬂ H -2 T h
2 cos@ 2 cos
but r = h tan @ and ::-Q=Etnna
B0 that
T, h tan @ cosg= —bB— (H% tan® - b tan @ ) or
2 cos@
E
2 cos™@ g
J
; (52)

28 -y
2 soate. " "

The meridian tensile force T, below the ring beam can be calcu=-

lated from the relation @

2mrT cos8 =ganry —= or
2 cos B

: N =EthEZE (93)

For the special case : 8 = 307 we t-.;-.*..ra :

sin § = 1/2 cos =y 3/2 tan 8 = 1/y 3 .

and cosB=  3/4 tan® 8= 1/3

If we assume further that the ring beam is arranged at mid. height
i.e. ¥ = H/2, the equations giving the internal forces can be much
simplified as shown in table given on page 121,

e) Numeric ample

The design of a paste cootainer of the form shown in fig. VI.1
having D = 10 s, @ = 30° , aupported symmetrically at mid-height
on 8ix columns and used for nixing paste weighing 2 tons per cubic me-—

ter can accordingly be done as follows :

D =10 ms r =5ms 8 = 30° w= 2t/m

Therefore H -rﬂ..-"'tan 8=5Y)Y 3 = 8.66 ms
For the ring beam anESms E-R:hE:;l-#-Hmﬂ
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The container wall will be assumed 20 ams thick, 8o that :

g = 0.2 x 2.5 = 0.5 t/n°
Max. ring force TE max, at y = H/2

Due to pressure of paste { equation 87 )

T, = ‘Ha EEI—-——H—E'EEE

2 = 25.00 t/m
6 6

Due to own weight ( equation 9le¢ )

P, =gl = 0.5 x 2:68 0.72 t/m
2" %8 6 —_—

25,72 t/m

Meridian force T, max. sbove ring beam

Due to pressure of paste ( equation 88b )

w H A 2 x 8.66°

Tl. = — = = lE-? tfl’m-
9 9 -
Due to own weight ( equation 92b )
Tl =g H = 0,5 x 8.65 = 4,33 t/m
Total compressive mefidian force above ring bean
Total T pax, = 16.7 + 4.33 = 21.03 t/n
Meridian force Ti: max. below ring beam .
Due %o pressure of paste ( equation 89b )
2
ml=LlE-E-“355 - = 16.7 t/m
Y 9
Due to owm weight ( equation 93b )
'_{'l =g ! = 0 8.66 , = l.%4% +/m

3 3

Total tensile meridian force below ring beam

Total :5'_ —— 16.7 + l.44 = 18.14 t/m



Total meridian force above and below ring beam.

Top = T + T =21.03 + 18.14 = 39.17 t/m

Vertical load on ring beamPp = T,, coB

= 39,17 x '—i = 34,00 t/m

Horizontal load on ring beam H, -'IE Bin 8
| = 39,17 x 1/2 = 19.59 t/m
Compreasive force in ring beam -:In = EB Tp
= 19.59 x 2.5 = 49.00 %

Having determiméd the maximm values of the internal forces in
the container, one can deslgn its different elements as follows

Design of container wall slab t = 20 cms
Max. ring tensile force - T, max = 25.72 t/m

Max. meridian tensile force Ti mx = 18.14 t/m

Max. meridian compressive force T{ max = 21.03 t/m

: T
Max. ring reinforcement at ring beam A = -2max. _ 25.72 _ 17.6 cn®

Iy 1.4

Choose 7 ¢ 13 mm/m on each side 4, = 18,5 ca®

Assuning shrinkage strain €, = 0.25 m/m & E, = 2100 t/ca® , the
max, ring tensile stress in concrete @ 1s given by

o . T2 max *%en Bs %5 _ 25720 + 0,00025 x 2100000 x 18.5

L A, + DA, " 100 * 20 + 10 x 1B.5
. 25720 % 9730  _ 15,4 kg/om?
2185 :

Max. longitudinal reinforcement below ring beam

1"= % = Jﬂﬁi' = 13 on” choose 9¢'mmknunmhlmﬁ
| . ' A, =142 on®

Max. longitudinal temsile stress in concrete O is given by |
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% _ 29.3
d 82
Reinforcement assumed ( about 2/3 % of section ) 5 $19, top and
5 $19 botton,

Percentage of tension or compression steel @

= 0.97 a case of medium eccentricity.

i
il mel m 4.2 3100 = 0.346 %

b a 50 x 82
M - L.
O=¢C —EE=4:2LLZ'° x 10 = 47 kg/em®
e 1l pa 50 x 82
M ; 5
Cab et R
i =

: 8
Fote :+ C; & C, are coefficients depending on M, ¥ and d._ﬂ and

are extracted from the desizn curves of reinforced concreta.

Shear stresses :

%:ax = 45*55 t. ¥ .:' = 5{. 't-l

T - qﬂ'ax - iF}_'E__Z
P 0.87 b 4 0.87 x 50 x 82

Assuming the allowable shear stress in reinforced concrete = 8 b:g,ﬂ’nuz
then the part of the bean subjsct to shear stresses bigzer than 8 kz/
cu® is about 35 cms froa the face of the column (fig. VI.8 ), this
length bein; smaller than 3/4 the theoretical depth of the beam, there
is no nmeed for bent bars, Vertical 2 branch stirrups ¢ 10 mm spaced
every 10 c¢ms will be uwsed. In addition, 5 @ 13 horizontal bars will be

arranzed on each side of the beam ( f£iz. VI.9 ).
Torsional Shear Stresses

M, = 2,06 mt b = 50 cms t = B7 cma

Lpnﬁ*l-—'-a"-ﬁ'— =3 + £25 = 4,19
t/b + 0.45 B7/50 + 0.45
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The torsional shear stress is therefore given by i

;‘3 2,06 x 10° 2
T, = & = #.19 x = 4
& be & 50° x 87 i

The stress being low, no adiitional provisions are necessary . The

details of reinforcements ars shown in fig, VI.O .

VI.2. AN INZE FATER TANK OF CAPACITY 850 m ¢ Fig. VI.,10 )

Capacity 'z

Cylinder n x 6% x 6.5

Cone nxﬂj{52+#2+ﬁxﬂ-;i=

= Internal eylinderm x G.'?EE x 7.4

- Bottom Dome Exl.l (3542 3,12 1)
&

1) Desizn of roof dome

735 w

159 =° 894 o

13 nd

28 m 4l

capacity = 853 m5

For the roof dome which is a part of a hemi-sphere, we have

2
R +_3'?’_“ EE+12|,.42

Radius a = =13.5m, 8in ¢= —2— = 0,445
2y 2 x 1.4 15.5
cos *,ﬂ_i 0.89
Area A =2mna.y=2mxl3.5x 1.4 -
= 118.5 m° tan ¢ = —$x = 0.50

Loads on roof
Own weight ( ~ 8 cms ) = 200 kg/n®
Superimposed dead and live loads = 150 "

total g = 350 " ( lantern meglected ! )

Total roof load W = 350 x 118.5 = 41500 kgs
Vertical load/meter run of cylindsrical wall

Py = —— o 22200 . 1300 Kkg/m
2k 2 nxh
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The outward horizontal thrust

P
Lo =390 . .2300 kg/n
‘ttﬂ.n.-p D’tE‘
The force Hl must be resisted by a tension rinzg. The teasion in the

H1=

ring :
‘I'l-Hl‘E=EEOD:E-:lEEﬂO ks

The steel required in the ring :

[ ]

a, ==+ =129 _ 9.4 o2 chosen 8 ¢ 13 ( 10.3 en? )
L'IE 1430
Assuming the average cross section of the ring beam 15 x '5C cms the

tens’ile stress in concrate is 1

T
q 1 Loeid = 1220 - 15,5 kg/en®

¥ A +nA, 15x50 + 10 x 0.3 833

Stress in dome shell

Yeridian foree § N, = —5 S5
) 1l + ¢os

1, My = 38 _20x15.9 = 2350 kz/n compres-

]

Crowvm w= 0, cos ¢

2 2 sion
Foot ring  cos 9 = 0.89, N, =582 230 x13.5 _ a5) yaym
l.30 1.8¢
coxpression
B
or Ny = —= = 1100 x 2223 = 2430 kg/m
gin g B
compression
Ring force g =5a (cos o~ L )
l+cosy
Crown w=0 , cos ¢ =1, N, = B2 - 350 x-13:0 = 2350 kg/m
2 2 compression

' = 1730 kg/m compression

Foot ring coB ¢

The max, compressive stress in concr:te @

Crown : T - ). T 2.93 kﬂ;"cmz
160 x B
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Foot-ring: g, = 2880/100 x 15 = 1.58 xg/on® siskdtan

and = 1730/100 x 15 = 1.15 o ring
The compressive stress in concrete of dome Bhell is very low and a
very thin shell might be used., An B cm shell is easier to execute
and giwves better lsolation and insulation.
The foot ring beinz subjected to high tensile atresses ( 15.5 kgfcmz}
gand strains while the dome shell at the same ring is subjected to low
compressive stresses ( 1.15 kgﬁcm? ) and strains, bending moments
will take place at the junction between the shell and the foot ring
along the meridian. It is thus advisable to increase the thickness
of tha shell at the footrinz for a lensth x = 0.6 Ya t+ as shown
in fig. VI= 11

o™ .
A
]
L LR
L B0 Ring and Merdian
I
Remforcement in
shetl : 6 8 "mm
Fig, TI=1ll

Assuming the thickness of the dome shell at footring is equal to 15

cms, we get i

x = 0.6 Yat = 0.6 Y15.5x0.15 = 0,85 ma.
The fixing moment is therefore approximately given by ¢

1 = px¥ /2 = 350 x 0.85% /2 = 125 kgn

In gpite 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 13 a good practice.
Design of Tank 1@

The c¢ylinderical wall, the conical floor and the spherical
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bottom dome of the tank are rigidly commected together and may be
considersd as continucus in which case, the statically indeterminate
connecting moments can be determined by the moment distribution me-

thod as follows ( fig. VI.12 )

Assume the cylinderical wall to be fixed
at a, the comical floor to be fixed at a and b
and the bottom spherical dome to be fixed at b

and determine the corresponding fixing moments

due to the acting loads and forces namely water
Flg. VI-12

pressure, own weight, temperature changes ..etc.

The differsnce between the fixing moments at a and at b will be dis—

tributed between any two adjacent elements according to their relati-

ve stiffness and the corresponding distribution factors.

In order to sizplify the calculations and at the same time to

have amples safety, one can procesd as follows :
Design of C W

The rins tension, field moments and shear at base can bs deter-
mined for the case of wall with hingjed base, while the bending moment
at the bottom of the wall may be determined for the case of wall with
fixed base. Accordinz to these assumption, the thicimess of the wall
will be goverzed by the maximm ring tension which can be estimated
by using the simplified method shown in III.4.2. Having chosen the
thiekness, the internal forces in the wall and the correspanding de-
sign can be determined with the help of the P.C.A, tables, Thus 3

?  =20.75wHR=0.75x1x6.5%x6 =29t for 2 = =+ =1.85
max B 6.5 ,

Therefore t = 0.8 x 29 = 25.2 cms

The wall will be chosen of constant thickness equal to 25 cms
According to the F.C.A, tables we have i
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2
B 6.5 14 and
Dt 12 x 0.25

for a wall with hinzed base we get 12

Accordinz to table II : Tm =0.71l wHE at 0.7 H ar
Toax = 0.7l x 1 x6.,5x6 =30 t/m acting at~%4.5 ms from top
According to table VIIT Mo, =+ 0.0033 wi at 0.9H  or

{,, =+0,0033 x1x6.5 =091 mt

According to table XVI the shear at base is ziven by :
Vg = 0.073 w'E = 073 x1x6.5 =3.1% and
for a wall with fixed base . we get 3

The maximun fixiag moment, according to table VII is ziven by @

4y = - 0,009 w 57 = = 0.009 x 1 x 6.5 . =3.50t
further, the wall is subject to compreszive stresses due to

tte loads from the roof and its owm weisht .
Thrust at top ed;3e

Hy

Thrust at botbtom edge
5 =IT1 + own weight of wal
= 1.1 + 0.25 x 6.5 X 2.5

.15 t/m

g
=
I

Accordingly, the internal forces for wiiich the wall is designed
are as follows : ( fig. VI. 13)

Design of section of max, Tiax tension 1

TII.I = 30 t/m . ,
#ax. ring reinforcement, 4, = -a-'- = -2-%;- = 21,5 oo
chosen 6 ¢ 16 mo/m on each face ( A, = 24 e )

Thickness of wall t=0,BT7T=0C.8 x 30 = 24 cna chosen 25 cm8
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The ring reinforcements will be reduced in the upper sections of the

wall az shown in fig. VI. 13
L.it/m
4
'—-——*-—-— ——

WIHI\IIﬂum..,.

48mM

m'""”“l”"||||||||IIiII||||||..

=.
ipsn 091]  2smt |
P |
" Thrust Bending moment " Ring tension
Fiz. Vi-13
For usoer 1.5 o 2 ng_-: = 1,6 x6 =%C.6 t/m
o
A = f“i'.- = 0.8 c::a Use 5 ¢ 12/a on each face
ot ‘4
T ™ = e al = B = ¥
For segand 1,5 o i 32 %6 =102 %/
hy = iE.2 13.5 Use 6 & 13/m on each facs
1.4

Section of max, vositive movent
g = 4700 kzs compression

t =25 cma

oo =910 kgm

g == =ﬂ2—=ﬂ.19§m3 es=e+£-=uvar=19.j+]_2.5-3
2 1

£ =EE'IE='E-

" nm o a7c0
= 4700 x 0.288 = 1350 kam

Hg= Teey 4
22 = kl ¥V 1350 from which k‘.l = 0,6

and ky = 1300, therefore

= 1800 kg/em® g, =26 koot

1520 - H0 ;4,95 = 3,35 & 1.4 en"

s _ 8 __
% 1300 x 0.22 1400
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The minimum vertical reinforcement is 20 % of the rinzs i.e.

0.2x12 = 2.4 cno

The vertical reinforcements will be chosen 5 ¢ 8 m/m on each face

Section at base of wall :

M = 2500 kegm , W =5150 kg ( compression )
The tension being on the water side then

t = Y3 -2ems = Y2500/3 - 2 = 27 cms

The wall at its bottom edze will be provided by a haunch 10 x 40 cms

so that ¢t__. = 35 cms and d 32 cms , therefore

e =E=§E = 0.485 ms L =a—£+nnwr-%,5+ﬁ-ﬁ
H 5150 2 2
= 63 cmg,

1!3=£T.a£=5150x.53 = 3230 kzm and

H'.l % 3250 or E:l = C,56

for O, = 1403 kg/em®, O, = 30 kg/om®  and k, = 1280

L]
i
i

15;1__1*"_= 3250 - 2130 . 2.95 = 3.65 = 4,30 on®
kyd O, 1280 x 0.32 1400

chosen & < 10 mo/m

3. Desizn of B Eeam at t of #all :

The load of the roof and cylinderical wall ( N, ) will cause
meridian compressive forcesl,, in
the conical floor. But Ny is not *
colinear with N,, thus, in order to ' :
have equilibrium the horizontal
thrust H is created at joint a, its
magnitude can be determined from
the triangle of forces shown in Pig. VI-14
figure VIi.14 , In order to be able
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to resist this horizontal force H, a ring beaa can be arranged at
Joint a. This beax has, in additidn, to resist the horizontal shear
Voax 8t the base of the wall. Jo that the total horizontal force Hy

acting on the ring beam iz given by :

The correspondinz ring tension T 1is
given by @
T =H, x3=8.25x6=4551%

Required ring reinforcement ! ) Fig, VI-15

Ag =T/ 0, = 42.5/1.4 = 35.3 cn®

Chosen 10 ¢ 22 { A, =38 ca® )

The detalls of reirforcemants are

shown in fi-ure VI, 15.

4 Eesi;g of Scn;ca.l Zars of the

Tank Floor

The conical floor is subjeet to meridian compressive forces g
and riny tonsile forces -lg + Their wvalues can be deternined accor-
ding to the fundamental prineinzles siven in chapter IV.3.4.6 as fol-
lows 3
The vertical component of the meridian furces at any sectisn is equal
to the wvertical forces per meter acting at that actisa, thus,

The meridian force at tue upper edge of the cone is ziven by

N, = LLE . 5.15 xV 2 =7.3 t/m
sin ¢

at mid=heizht of cone : ( fiz. VI. 18 )
Depth of water = 7.5m horizontal radius R =5 m

deight of soof and wall = =L XRX12 _ (15 o/
n x 10

Assuzing thickres: of cone 40 ems ( 1 tfmz )
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Weight of upper half of cone :

EIMIJ-?EI .L‘E
2 Tx 10 20
= 1.70 t/m

Waizght of watsr on upper half of cone

Rx (6" =52 )x9x—1_—glbx?
mx 10 10
= 7.70 t/m
Total load 7 = 6.18 + 1.70 + 7.70
= 15.58 t/m

leridian force N, = --Li— =15.58Y 2
a8 w
= 22 t/m

At foot of cone :

Jeight of roof and wall = 22i2 XMX 12

T x8
lieizht of cone m x i +8 2V 2 x —— .55 t/a
2 Tx8
Welzht of water m ( EE - #-E ) x 7.5 x P 18.75 t/m
nx 8
Total lecad 7 = 7.72 + 5.55 + 18.75 = 30.02 t/m
Heridian force IIE = 51:1.02];‘ 2 = 42,6 t/m
Ring force Hg c¢an be determined from fhe relation :
g = RE Py in whieh Pp = water pressure + g cos ¢

at upper edze of cone IHE-E'F‘2=E.E-H, prnE.5+1fI’ 2
= 7.207 t/n° 1.e.

Hg = 8.5 x 7.207 = 61l.3 t/m

at mid-height of come ¢ R, =5V2=7.07ms8, p,=27.5+142
= B.207 t/n%4i.e,

HE = 7.07 x 8,207 = 58.1 t/m
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Pr = water pressure + gcos = B.,5 + 0.75 =x £ o 9. 142 tfmz

S0 that Hg = 7.8 x 9.142 = 33 = 38 t/m compression

The bending moments at the lower ring beam can be determined according
to Markus - refer to pages (92-94) - as follows &

i) Fixing end moment and stiffness of conigal floor

Referring to figure IV = 29, we have :

h =12.5n £ = 5.66 m l= 8.49 m t = 0.450 §= 45'
g =0.4x2,5=1.00 t/a P=5.15 t/m
Therafore

ky = 1.3068 . V 1/5.5 x 0.40 = 0.87 arid

3 2
mu.w_ges.:f_ﬁ[l-% (2 - e ;] 08 % 4ip
- !': L] -

+ 0,167 x i&i.!‘_@.ﬂ x 1.0

+Jﬁ-—5sa (22228 _ 5.63) +M[-—ﬂ- (8.49% ~ 5.662)
0,40 0,707 2x5.65 | 0.707

’ § (8.49° - 5.5553]j' x 0.5

:43.5 +1E¢-5‘|'5-24-g = 5‘9'2
Eg .M[l 1-§-=£ﬂz}+u.16?-zlu?xu 5:,

™ 0.40 2 0.707
0.4 x5,66 0,50

" ls-'l“-[.a x 5.66° x 0.707 - 2x12,5%5.66 - 22:30. (8,462 - 5.662)
0.40 2%5 .66

s 2207 (5,49 - ﬁ.sa’JJ x 1.0
3 x 5,66

= = 30,7 = 27,3 = 250.0 = - 308 bence,
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The fixed end moment E is

1] 'qu x ﬂ-?ﬂ?
i = {5?3*1-@-2::}{:3] 9.8 _m t
2 x 5.66° x 0.87 x 0.5 .87 B

The stiffness 3 1is
8§ =2 x 0.40% x 0.87 = 0,1115

ii) Fixed end moment and stiffness of floor-spherical dome

Referring to figure IV - 28, we have

B =7.8m tn = 15 cm t = 30 como h=15,2 ma
gin v= 4,0 / 7.80 = 0.5128 sin® ¢ = 0.263
v = 30° 51' = 0.538 radians coa w= 0.8585
h =8.5+ 2. _ 15,20 ms By =0.15 x 2.5 =0.375 t/o°
tanyg

k, = 1,308 24-22 a5 66
Dlll

N 2
Eor - 02070 % 7.8 | L.d87 (5,15 - 0,3x0,8585 + 2230=0.15) 4 3.0 gsac
C.30 x 0.15 | 0.263 0.53a

5
3
- 1.00 x P87 | 0,833x15.2C _  negs 4 1-—;52 (0.8585+ —= ] x0.5128
585

Q.30 g x 7,380 P
= = 51 - 403 = - 454
g = g{;ZEEEJE_ ] Ezég:giiéﬂ.ﬂ+35&5~2.lﬁ?Iﬂ.ﬁﬂIﬂ.SlEB*L 1.167(0.30-0.15
0.30 x0,15 0.53%8 0.30x0,.538x0.263

0.538 1.167

x | 0.15-0,3x0,8585 + 2:230=0.15 1 c155_ 0.30 :G.EEBE:D.EE{I

2
+ 2200X7.8" 4 5108 4 Q300,15 . ;) 16n [1 =20 _ 1 (0.8585 a-l—.‘EI

0.30 0.30x0.538 2x7.8 3 1.8585

_9.30 - 0.15 15,2 ~ 0.8585)

0.30 x 0.538 7

= 18.9 + 10.1 = + 29
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Vertical reaction = 429/n .x 8 =17 t/m

28.6 t/m

Horizontal reaction =17 x 5—42

6. Desizn of Lower Circular Beam :

This beam is supported symmetrically on eight columns.
The resultant vertical force on the beam = 30 + 17 = 47 t/m and

30 = 2B.6 = 1.4 t/m i.e.

The resultant inward horizontal force
The axial compressica in the beam =l.4x84% =5,5¢t

I+ is however rscomended to choose the differant elements of the tank

such that the axial force in thisz bean is minimum,

{ 47 + own weight Y ® D

The tobtal vert'cal load on ths beam F
.2 exnx B8 = 1212 tom

Assuning own weight = 1.2 t/m , then P

Accordinz to table we et 3

Lax. shearing farce B = B g GHELE = 76 ton
_ 1& 15

Yax. bending moment at center of each span N + = 00415 F R or

H; o ¥ = SOOULE x 1212 x 4 = 20 mb

ax. bending moment over center line of supoort M . = = .00827 F R or
Mo = % L0827 x 1212 x &4 = 40 mt

dax. torsional aoment 3 ?slt =. ,00063 P R

due to vertisal loads My = ,00063 x 1212 x 4 = 3.1 mt

Torsional moment due to unbalanced amoaent = 1.68 ot
Total torsional moment = 4,78 mt

Assuming the ring beam 50 x 120 cms, we get i
For middle eection of any span i M = 20 mt H=5.6*%
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e=¥_.20_ _3c0 ng e, = 3.57 + 0.6 - 0,05 = 4.12us
N 5.6
HH=HBS=5.EI4.12=23.1IJI'E
115 = k éilgg ky = 0.54 , for O, = 1400 ks/en® , & = 0
il"c = 31 kg;fcmE ky = 1285 and
A =HE’ -L.-—E&'Q—-EQ:E.E-#nll.ﬁcma
= k, d a, 1285 x 1.15 1400

which must be bigger than the minimum steel ( 0.25 % of crogss-section)

ninimun i‘a -%ﬁxﬂﬂx 120 = 15 -:mE chosen -tl-d:EE.L'-
oo

For section over center line of supports : I = 40 mt, H=56 ¢

7.1% + 0.8 = 0,05 = 7.60 ms

5.6 -

M, = 5.6 X 7.59 = 43 mb
115 =k /2= & 200392, for 0, = 1400 ks/em?, @ = 0
0.5
0, = 45 kg/em® k, = 1250  and
ko i eemIULQ . GEOD =3Q—4=25¢m‘2 chosen 7 ¢ 22

8 1250 x 1.15 1400

check of tensile stresses in concrete

At supports, the bending moments are nezative and the concrete
on the water side is subject to tensile stress es which must be smal -
ler than the tensile strensth of concrete if tension eracks are to

be avoided,

Fig,
VI-19
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In order to determine the tensile atresses, 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 cms deep as
shown in figure VI, 19

Area of concrete section A, =50 x 90 + 150 x 30 = 9000 cn®
Distance of ¢.g. from upper fiber y = x 1 60 + 100 x 50 x 1

= 45 ¢ms.

Homent of inertia of section 2

3
I = E————x]'eu}+50:12ﬂ:152+ __ég_lﬂﬂ.: -rln‘Jll:::l:|:j'¢;:.~.1.:_3|l:>l2 =
12 12 5 4
C0.45 x 10 cm

; 5 -
Thetensilastmssﬁt=-ﬂ—+uﬂ-i§92 +40:|:].D X 42
A I GO0 90,45 x 10°

]
= 19 kg/em®

vhich can be safely allowed.
Shear 3tres:ses : The axial compressive force of 5.6 t being small
relative to the shearinz force of P& t, its elfect om the prineipal

diagonal tensile stresses may be neglected and therefore :

T b % 25020 = 15.2 kg/ca®
87 bd 0,87 = 50 x 115 :

Jde will show in the following whether this hizh value of fmau:

neads special web reinforcements or not .

Assuming that the allowed shear atress in reinforcel concrete is 8

hg,-"cmz,, then the part of the beam subject to shear stresses higher
than this wvalue is only 50 cms from the face of the column ( figure
VI. 20 +this length being smaller than 3/4 the depth of the beam ,

there i8 no nead for bent bars.

Torasional shear stresses t

The toraional moment of 1.68 mt due to the unbalanced moment is
constant along the perimeter of the beam and does not cause shear
atreases, Hence, the torsional moment causing shear is My = 3.1 mt.
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Enowing that b = 50 om and t = 120 em, then 18.2 kg And
c BkgAn?
* ™ ,5 + —lﬁl@ﬂdﬂl— - 5 +* EIE =
t/b + 0.45 12C/50 + 0.45

- 4 e

The torsional shear stress is therefore gi-

ven by i 5 1=3 =3
ik s
T,= 9 = 3,91 x —— 5200 '
vt 50° z 100 Fig, VI-20
= 4.25 kg/om®

The stresses are low azd no spa2cial provisions are nseded.

The details of reinforcements of the tank are shown in figure VI.

{asb).
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Fig. VI-2l b




The supporting tower is to be truail:ad as a sapace frame. Ye give
in the following an apprexinate method for.determinin; the internal

forces in the cclumns and struts,
Vertical load of tank plus water to level O = O

" Mmoom oM . Mopen golumn = 1218/8
Jeight of water = 855 t apd " " = B53/8

Cim weizht of tank to level C -~ 0 per"
Assuning omm weight of column or strut = 0,75 t/m
Jelght of coluan betwecn sections O - C

EI-1I =0,75x6
Total dend weights per colurn to level I-I

is the length of any side of the ocetagonal strut
= 0,353 D,

D = the diameter of tha octagon , we zet :
Veight of column + atrut between sections
I=I&II-II=(6+C.383x9) 0.7

Total dead welghts per column to level II-II

Jeight of colusmn + Strut between section II-II &
IIT = III = (6 + 0,383 x 10) 0.7

Total dead weights per column to levlal ITI-IIT

Weizht of column + strut between sections III-III &
IV = IV =( 6 + 5.537 x 11) 0.7

Total dead weights per columa to level IV = IV

f#eight of eolumn + strut between sections IV=IV &
V-V =(8+0,383 x12) 0.7

Total dead weights per column to level V -V

Therefors total dead locads + water per column
= 79.5 + 106.5

L[]
%
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¥ind pressure on tank and su tower i

Intensity of wind pressure om tank = 150 Wﬂz horizontal. As
it acta on surfaces of revolution, this pressure may be reduced to

100 kg/m® .
The wind pressure on the supporting tower is assymed equal to

100 kg/m® and considered as concenyrated at the joints where the
columne and the struts intersect. '
Magnitude and positicn of wind horizontal forcea acting on tank

( ig. VI, 22).

lElEﬂEnﬁ Area A m‘a' vyfrom 0-0m Ay I:lr
Lantern 1.0 x 1.5 = 1.5 11.5 17.3
[Upper dome 12.5 x.1,5 = 18.7 10.3 129,0
Cylinder 12.5 x 6.5 = 8l1.0 6.25 505.0
Cone 2748822 =213 2,00 42,6
Ring 8.6 x 1 = 8.5 0.50 4,3
131.1 698.2
Total wind foarce = 131.1 x 0.1 = 13 ¢ )
Arm above 0 = 0 = 698.2/,131.1 k5.3 m l |
4ind per meter of column or strut el " '
= 0,1 0.6 = 0.06 ¢ k )
X /= Wosl 4t .
Section Wind load W W= 401
0=20 8x3 x0.06 =1lA4 % :
4.I!
I-1I (Bxe+9x2 ) M
x G-CE = 4.D t
: o 420
11 = II (BxE6+10x2)
x U.'EEI ; = u-l t E.ﬂ._
ID-IIT [ (B8x6+11x2)
x ﬁ-rcﬁ . = -‘I-..E 13 --m
I"il'—!!I‘lul"~ (Bx6+12x2 ) Flg. VI-22

4.3 &

x 0,06
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Vertical rngas due to IiEﬂ. H

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 3 _ |

The moment of the horizontal wind forces about any horizontal plane
at mid-height between two successive struts (plane of assumed =zero
‘bending moments in colums) :Iﬂ mst be equal to the couple caused by
wvertical wind forces in columms at' the same plane., Assuming these .
vertical forces to be V; , ¥V, and ?3 ; wo met ¢ ( fig. VI.23 ).

v zar+avatzﬁ in which

M, =
w =T Vg0
: . 2
VoV, x2 and ge-2e or a® =2
2" 174 v 2 2
thus :
‘I.Fl_a"?'
d =V, x2 1+ 4 =4 V. r or
Iy =T = 1
W
vy = = max. vertical force Fig. VI-23
4 r

Accordingly, the max. vertical forces in columna dus to wind can be

caleulated as follows i

Bection | H Tons M, M, | |V

12.0
0 =0 1.4

I-1 4.0
II = II | 4.1

14,413 x8,3+1.4x3=112,2[112,2 | 4,25| 6.6
18.4| 14.4x6 +4 x3'= 98.4[(210.6 | 4,75(11.2
22,5 18.4x6 + 4.1 x3 =122.7|333.3 | 5.25/15.8
TIT-IIT | 4.2

26.7|22.5x 6 + 4.2 x3 = 147.6480.9 | 5.75/20.8
IV - IV | 4.3

The horizontal forces in the columns at pointe of gero bending mdments
may be assumed equal, accordinzly the bending moments and normal forces
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on the columns are given by 1

H/Column Vertical Force wind |max. Max. B.M.

Column
Vert.
' Torce force mt
tons tona tons tons

0-1 |14.4/8 =1.80 | 152 + 4.5 = 156.5/+ 6.6| 163 (1.8 x3= 5.4
T - TI| 18.4/8 = 2.30 | 156.5 + 6.6 = 163,1(% 11.2| 174 |2.3 x3= &,
IT ~III | 22.5/8 = 2,82 | 163.1 + 6.9 = 170.0|+ 15.8| 186 |2,82x3= 8,
‘HIT-IV | 26.7/8 = 3.34 | 170 + 7.2 = 177.2|+ 20,8 198 |3.34x3=10.
IV - V | 31.0/8 = 3.88 | 177.2 + 8.8 = 186 |% 27.2| 213 |3.B3x4=14.

i+

i+

n

Approximate Determination of Internal Forces in Strutas :
The intermal forces in the struts vary accerding to the direction

of wind, In some cases, the struts will be subject to torsional mo-
ments which, if neslected, the internal forces can approximately be

determined for the maximum horizontal forces acting on any of the sid-
es assumed as a plane frans. The wind forces will be assumed as coa -
centrated at the joints and wnoiantas of szero bending moments lie at mid-

dle .uf setriits er columns.

The max. horizontal force acting in the plane of a side due to
any of the wind loads W shown in Fig. VI. 22 is for cctagonal towers
equal to 0.146 W and can be determined as follows :

a) Distribute the wind leoad W

on the different sides accor=

ding to figure VI.2&4,Nobte that ;
W

l;-Il cos 67° 30' = 0.383 D

| =%= 0.27 D
2

W= = L]
Dt 0,923 D

= 1-05 E
D

D'= 0.923 D
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b) Determine the normal component
of the wind load on the dif-
ferent sides (fig. VI-25 ) .

Thus the normel componant on

the inelined side is given by

YL x 008 45° m —toeay == Fig. VI=25
2

2 2 72
.
i

|

¢) Distribute the wind loada wl/s
given in fig. VI25 on the dif-
ferent joints as shown in fig. VI=
26 .

d) Determine the corresponding ‘.E‘-"'
wind forces in ﬁie different si- wi/a
des by drawing the triangles of wise
forces for joints a and b (figs. Fig. VI=26

Vi.27= A, B and C ),

G wie

Fig. VI=27

Aescordingly, the wind forte in side a - a' is given by !El_].l"a
at a and an equal value at a' so that the total force is @
8 ‘D 4

The wind forcein side & b is given by the componsntas of (1) and (2) )
which cancel each other plus the eomponent.of (3) so that the total for-
ge 1s 3



wi- 3 2=0.146%
4
The wind force along b ¢ dueto W is equal to zero. The flnal forces
along the different sides are
shown in figure ( VI. 28). - 1 ao
Agcordingly, the wind forces r

on the assumed plane frame

g qelr  gart

will be as shown in figure

?I.E'i- , each of the forces

shown is 0.146 W. The shear aerd  aet

at points of zero bending mo- Wind forces as foctor of w

ments at the middle of the free .
0-145. x 1_’!’ 1-9’? 5

£l

length of any columm assumed .

equally resisted by the columns ' "‘?}
0.20% € 0
are also given. The max. ben - * il Vil
1083l 082
ding moment in any of the struts T = w
ot In il L= U584 ¢ /_,n' e
will be equal to the sum of the N
v two col + jau| =Y
moments of the o columns Jjus i
8 ' 0,599 % _ ol [T
shove and below it, thus .
JTRaa RELTT
e B b = 74]
MI = E 1-{]5_-5 + 1-5"“"‘ } X 3 = Ei.a'g? ﬂ.&li L III___1_
x3="7.2 ot u,-_-M anjlos0 ]
HI:‘ (l.344 + 1644 ) x 3 = 2,968 OB L //f#' :
x 3 = 9.0 mt P! _Jazes 0
HI]E ( 1.644 + 1,95 ) x 3 = 3.639
' X3 =10.9m6 "¢ ww S

HI'I.': 11.95x 3+ 2.264 x4 =5.85+9.05=14.9mn ¢ Fig. Vi-29

Comparing these values with the bending moments in the ecolumns
due to wind, we find that, in our case, the max, bending momenta in the
gtruts at the fase of the columns may be assumed equal to the bending
moments st the upper ends of the columns just below them. The thrust
in the struts ars small and can be neglected in the design,
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Following the gemeral principles of reinforced concrete design
;r'bha dimensions and reinforcements of the columns and struts ( desi-
"i::ad with relatively low stresses ) may be assumed as foliows :

Normal Bending Concrete
Element Force Moment Dimensiona| Reinforcement
H in €. Minmt® oms8
0=-1I 163 £ 5.4 50 x 55 |12 ¢ 19
I=1II 174 + 6.9 50 x 60 4 22 + 8 $19
g II - III 186 + 8.5 50x 65 | 6922 +4 ©19
o
T L 1T -1 198 | & 10,0 | 50x70 | 822 +4 &19
v -V 213 + 14,6 50 x 75 12 ¢ 22

I-1I neglected + T2 30 x 55 5 @322 top. &
5 & 22 bot.
II - II z + 9.0 30 x 60 6 22 top &
6 22 bot.
m :
E IIT = III " + 10,0 A0 x 65 6 22 top &
+3
m 6 ¢ 22 bot.
IV = IV " + 14,9 I0x70 | 7¢22 top &

7 & 22 bot.

The details of reinforcements of the supporting tower are shown in
figure VI. 30,
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YI-3 : Water T r of F

In this example, the detalled design of the circular plates of the
floor of the elevated tank and the foundation of the tower will be

ghown.
1) The floor the tank

The floor of the tank unde?® consideaPation 1z a hollow circular

plate with an overhanging cantilever ring subject to uniform and con-
centrated loads as well as to edge moments as shown in fig. VI-3l

"

T Ty T B
ek e R e

oy A e, R,
R R e e

"W

R.c. shaft
340 cm |
|

L
e n.l':." e

ek ]

27745 F.s'?z.i 277.5 L 125 a0
T : 4.102,5, 2.5
Pi P i I
i) Pﬁ F} T !urrlthnrm; 1
TITIE TH - r
] T1 1 T 1 | 11
L i l&ﬁr: HLLI + . ﬁ.‘:',
' 90 p5
350 : 250 135
485 485
Mg, VI=351

It will be considered as simply supported on the 20 ecms thick rein-
forced concrete shaft.

Data &
Depth of btank = 5,35 ms
Depth of water = 5.1 m
Weight of R.C. = 2,5 t/m°
Weight of brick walls = 1.8 t/n°

Superimposed load on roof slab = 400 :I'.;.a"lE
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a) Loads
Brick wall P, = 1,15 t/m
Roof + R.C. outeide wall PE = 3,20 t/m
Roof + internal shaft r}uﬁ.ssm
Own weight of cantilever ring nl=2J—§—M:E.5-142!5 tf-z
Weight of water Py = Py _ = 5.10 'I:,;"::2
Own weight of inkerm, slab Py = 0.7 X 2.5 = 1.95 t/m°

Dus to the big rigidity of the tank floor and in order to simplify
the caloulations, the wall shall be considered as £ixed to the floor.
The bending moment transmitted from wall M = 1l.40 m.t/m
Radial reaction of wall at base ® 3.45 t/a

The bending moment trensmitted from the intermediate shaft to ths
floor is small and can be nsglected. '

b) Bending Moments

A simply supported oircular slab with overhanging cantilevers is
pot a statically determinate problem. In order to determine the inter-
nal forces in the cantilever ring and the hollow ring alab each shall
be solved for complete fimation at the support, them, the unbalanced
firing moment will be distributed according to the stiffness of each
element in the following mapner 3

i) The cantilever ring
The centilever ring shall be solved according to the ‘eguations

given in IV-2 for the following five cases of loading and the pro-
joction shall be considered equal to the loaded length in each oase
as shown in figure VI-32. It will be assumed that the Poison's ratio
for concrete t

va 1/6 = 0,167



Case 1 Pul.!zt

page B8O

mmtﬂa-‘i
pa B o 225 g 350
& 3.5

fu 1,84

t}_pz e (l+v)

159

Cage 1

in ﬂlﬂ-}nﬁ

= 115"" - 3

1= vae(lsv)p

+

1l = 0,167 + 1,167 x 1.84

At the fived edge P w1
radial moment is given by :

Ilz,n-? F[-l-l- (1 +“Jk3+{L-v}

EE.—:I‘z-{l +v) lnp]

and the

Py=1.15 t/m
L Iizsg E:}.Eﬂ

Bo thﬂt 1:5 =l E’ZJE B

ﬂ.=5 . 5“}

Caze 2

025/

o

p! =1,25
4-la350 a=3,50 |

b=4,85

tfm‘e
Case 3

Pai‘ﬁrm

tfmd
- Case 4§

f. E a=3,50

" bel,80

M=1.4 mt/m
a=3, 50

Case 5

- wfiﬁ X 1,357 ( = 1+ 1.167 x 0.836 + 0.833 x 0,836 ) =

at the free edge

= 1.84 mt/m

a0t 0

The tangential moments M, are 3

= 0

P=1 , Htl-?ﬁ[-vih [1+YJ5-{1-VJEJ

- - 22l X 3.5
2

X 0.836 = = 0,30 mt

pu H,,--P—Eip[-w (l*ﬂl'-j-{l-'*}?-{li-“}hﬂ

_— .1.&?1.2 X 1.357 (= 0,167 + 1,167 x 0.8%6 = 0,833 x

x L2828 _ 3,167 x 0.305) = ~0.199 mt



160

Ceags 2 ' P=3.2% (8 =a, page 80 )
Pw 22222 ) 203 %= 1.67 amd  1n P= 0.25 kz= 0.779
Pel, M, = - 4,04 mt and Pu B, W= 0
Pml, ltn-ﬂ.ﬁ?nt : and pm p 'lt;l-ﬂq-,ﬁﬂﬂl'h

Cage 3 " p = 1,25 t/a (7 -2, pags 78 )
Pa2282 .3 386 _92-1.92 and  1n = 0,326 8o that

e, mp?. B=)p%+ (1 ev) @+ ap?np)

1= veQev)p

” x 1 !
1.92 x 28!, 3.55

l - ﬂ'-lﬁ? + 1-15? X 1-92

- 2
Pml, "r'!;:'[{1"")‘:1"‘1’*"’“2"’”3'{1"”3@

1
- —%—’.Iﬂi [1.15 {1 - 5;55) + 4 x ll% - 5415?

| - 0.833 x 5.55} = -1.36 mt

2
Pm ], It-!-é—[{li-\r] [J.-tlji-ilvpz_(lir}v]-l-(l-v}tl]
- h&ﬁ_lg;.ﬁ[Lm (1 =3.55) + 8 x0.167 x 1.9 + 1.5
+ ﬂ.ﬁ}} x }-55]- =0,22 mt
2 : .
puB, lt-ll-:-[uw:u-tl}uvpa-uwv:;}+
t-l-(lirv}pz J.I:I.F]
2

x1.92 4+ 0,833 x 2222 o &4 x 1,167 x 1,92 x
x n.m}- - 0.106 mt
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Case 4 p=5,1 t/u® (7-a, page 78)

fm %‘f-: 1.257 PE- 1.58 apd ln f= 0,228 k) = 2,46

Pml, M, = = 2,35 mt " P= P M, =0

Pul, M, = = 0.39 mb " P=p M, = =0,156 mt

Cage 5 M= 1,40 mt/m (9=a, page B2)

p.hﬁi = 1.293 (% 1,67 so that
p2 1.67 = 0.6

t5 = 7 =
1=v+ (L+v)f 0.833 + 1.167 x 1.67

P =1, Hr--lk5{1+v+1-v:l--Ellk5=-2:1.4:|:ﬂ.ﬁ
== 1,68 mt

= iy il -V L-|=- . . N +m
o= By M Hkﬁl:l-l- ¢ Ji!—“ 1.8 x 0.6 (1167 + 2:222)

== 1,80 mbt

15

P =1, H.,',--Hkﬁ J.-rV-{l-#'}]:ﬂrvu-l.ﬁﬂzﬂ.lﬁ?
) | = = 0,28 mt

; ) " »
Pa P, “v""‘s l+v =(1=v) F-:;lfja-l.ﬂr:ﬂ,s{l,lﬁ? %:E;El

s = 0.5 =mt

1i) Ihe hollow circular slab

The hollow circular slab shall be sclved for the two cases of
loading shown in figure VI-33.
Case 6 P=5.6 (8-a page 80)

fu P.n;‘&ﬂi = 0,207 p2 o 0.0428
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ln B = = 1,573 8o that m
Caga B
2 + +%v) 1ln
k
S L=ve(lLev)h 725

F}*PﬂFE-EE

= 0.0428 J&Mums ;:I::Em:n | Case 7
: 0.833 + 1.167 x 0,0428 4 &h 725

P=1, Hr:-u—-ﬂ[ 1+(1+v:.lh +(1-‘u}tjj Fig. VI=-33

= 2122 X 3.0 5 0,207 ( = 1 = 1.167 x 0.0405 = 0,833 x

2 x 0,0405 ) = =222 mt
P=p, M. =0 and P-i. III--D.'?'? mt

P=l, th?ﬂ[—v-r{ld-v]t}—{l-v:lt}]

= 282 X323 165,507 ( = 0.167 ~ 1.167 x 0,0405 + 0.833 x
L
x 0,0405 ) ==0.37 mt

g
P e B, H:u;ﬂl_-v-l-{l-r'u'}k}—{l—'ﬂjgg--(l-l-v‘}lﬂp']

= EHE?T’L-E X 0,207 ( = 0.167 = 1.167 x 0.0405 + 0,833 x

x Q0803 o, 3 167 x 1.573) = +4.07 mt

0.0428
Case 7 p = 6.85 t/n° (7 - a, page 78 )
B = 0,207 g% = 0.0428 In = = 1.573 o that
K =p2, @)%+ ev) A+ avp® mp)
Leva+(lev)p®
= 0,0428 x 2833 X 0.0428 + 1.167 (1 - & x 0,0428% 1.573) _ S

0.833 x 1.167 x 0.0428

2
P =1, ‘.IEI:I—-{(].-I-HJ{1-k1)+4ﬂ2-{5+\-'}-{1-u}k1]
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2
M, = E'E%lé-u.m? x 0.957 + & x 0.0428 - 3,167 - 0.833 x 0.043)
= = 10,07 mt

P#ﬁ, ‘_;-"':’ and P

1]
=

M, =+1.126 mt

1

2
P =1, nt-Ei;'-‘-[chv} {1-t1}+4u;!2-{1+3v}+{1 -v]];]:l.

2
& 515:21: :IE {1‘15? x ﬂ‘gs? + 4 x D.J.E? IG.MEB = 1,50 % ﬂ-E}.ﬁ
X ﬂtm.a} = = 1,68 mt

P omBy "t*’?f[{lw: Q-k)+avpPP o @e3v)P%4 Q=v)
E&--r#{l-rv]ﬁzlnpi

2
u -‘ia?-ﬁm:i- (1.167 x 0,957 + & x 1,167 x 0.0428 = 1.5 x 0.0428 +

+0,833 x 2043 _ 4 x 1,187 x 0.0428 x 1.573)
0.0428
S = + B.42 @t

Fixed end moments
The fixed end moments of the two elements at the support are the—

refore 1
For the cantilever ring
M = =1,88-0,04=1,36-2,35-1,68 = = 11,27 mt
For the hollow e¢ircular slab
Ma =222 - 10,07 = - 12,29 mt
The unbalanced fixed end moment shall be distributed by the mom-
ent distribution method according to the relative stiffness of the can-
tilever ring and the hollow circular slab. Enowing that the atiffness
is the moment ceausing an angle of rotation at the support equal to uni-
ty, 1t can be determined for esach of the two elementa in the followlng

manaer ¢ (Refer to case 10 page B3 ),



p = 0.207 g2 = 0.0828
Pllil .rID-Blth and F-F'
p=k, M, = 0.69%% mt
p=1, Ht-lﬁzt?{-?ﬂwlj
= 0.8 x 0.0428 x 1.0447 (—2— 4+ 1)
.0428
p=§ thzlnt.?-zzﬂ.ﬂll.m?

The final walues of the radial and tangential bending moments can
now be determined by superposition as shown in the following tables.

1) Moments ip Cantilever Ring

11) -

t.?-]..m
K =0

- ¢ {hEB nt

= + 1.67 mt

Eadial moment Tangential moment
in mt/m in ]
Casa '1-:‘ 4 Ht i
pel p=p p=l p=f
1 - 1.84 o - 0,30 - 0,199
2 - 4,04 0 = 0.67 = 0.398
3 - 1,36 0 - 0,22 - 0,106
4 = 2,35 0 = 0,39 - 0,156
5 - lIEE - 1-40 - Q-EE — ﬂ.ﬁﬁ-ﬂ
a = 0,22 0 + 0.69 + 0,479
Total =11.49 = l.40 - 1.17 = 0.9%
low C
Radial moment Tangential moment
in in
ot/m .E nt/m
p=l p=h | pmp pml p= P
6 - 2.22| = 0,77 0 - 0.37 + &,07
? - m-ﬂ? + 1!13 0 - LEB + B.42
b + 00.80 | + 0,69 0 + 0.88 + 1,67
Total |= 11.49| + 1.05 0 - 1.17 +14.16
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iii) Bending Moment Diagrams (Fig. VI-36

| 11.49mt |

3 ||| g
R &=
&
¢
p
ur - dlag. Ht - diag.
¢) Design Fig, VI=-36

The floor of the tank is to be designed for the following inter-
nal forces :
Max, radial tension in flecor = 3.45 t/m
Mox, radial bending moment s = 11.49 mt/a at supporting abaft
Max, tangential " " = ¢+ 14.16 mt/m at interm. hole

For mection at the supporting shaft :

M_ = 11.49 mt/m (with tension on water side) and & = 3,45 t/m tension
t :FHI_/5+2-#1149D£3+E = 64 cms taken 70 cms
o =M/N=11.49/5.45 = 3.33m o =333 -L04s = 308 cme

M =N, e_= 3.45 x 3.04 = 10,45 nt/m

M 8

d =k bV u 1.0.66 = k; |/ 10450 giving k, = 0.645
M

§ ow et g e AE80 L300 L, 1233 % 247 = 14.6 cm°

a8
k,d 0, 1300 x66 1400

choose ¥ 22 @ 20 cms for the top and ¥ 13 @ 20 cms for the bot-
tom radial reioforcement.

For the section at the intermediate shaft i

:Ilt = 14,16 ot/m (with tu;uuiqn on air side’ , W8 have

64 = k, /14160 giving Ik = 0.54 and O = 30.5 kg/oa®
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H'ﬁ_ = 17.2 ea® chosen ¥ 19 @ 12.5 cms
X .

The circular bottom reinforcement decreases as the distance from the
center increases, The circular top reinforcement is chosen ¥ 13 @ 20

cms as shown in figure VI, 44

2) Ihe Foundation Slab

The foundation slab shall be¢ assumed as a circular plate with
an overhanging cantilever rfing simply supported on the shaft and sub-
Ject to the so0il pressure acting upwards.

[
a) Loads T ]
W =2 .75
Total weight of tank = 260 ton a 470 i
" " " water =300 "
I " " shaft = 333 " T

Veight of interm. floocre = 103 "

Wind pressure w on ¢ylindrical surfa-
coeB can ba assumed = 0,45
the normally specified values acting on
vertical surfaces i.e. w = 45 kg/m" -
Hence

.20
W, = 9.7 x 63 x 45/1000 e 2,75 tons
W, = 7.2 x 29.3 x 45/1000 =~ 9.5 tons
Total vertical loed = 996 ton
ey EE-II
Bending moment due to wind at Sec. II = II—L ——
12,0
Hh' = 2.75 x I:E_;i,‘. 29.3) + 9.5 .'I:-E-gz:
Fig. VI-37

= 228 mt

b) Check of Stresses in Shaft at Foundation Slab.

The stresses in the shaft shall be checked for the following two
crBes8 3



1) Tenk full + Wind pressure P = 99% %,

Kot area of croas-=gection of shaft

A, =T x 6,95 x 0,25 = (0.8 + 1,35) 0.25 = 5.4 = 0.54

4
Grose section modulus : 1% M-—&'ﬁ)
32 72

Section modulus of openings (window and door)
(0.80 + 1.35) 0.25 x 3.475% / 3.6
Net section modulus zn = 9,16 = 1,80

Therefore, the ﬂtriﬂﬂﬁi in the shaft are given by :

n'l___+_.-2i‘§_ 228 _ _ 203 + 31 t/o°

a, 25" w9 * 0

169

M= 228 mb

= 4.9 IE

= 9.16 mn°

= 1.80 o’
= 7.36

i.8.

Oy == 23.4 and d, = = 17.2 i:g:.e’m2

2) Tenk emvty + Wind pressure P=6%%,
0] - - 88,28 _ .10, 31 v
2 4.9 7 7.36

0, =-17.3 a9
c) Pressure Under Poundation Slab  (Fig. VI-38)

Own weizht of foundation slab :

=28 mt

1-"

0, = =11.1 kg/fem®

.
2.5 {—l‘—: u.uz:n,s-%cm.uz-?.sa}:‘—’f}- 184 ¢

Total load = 996 + 1B4
¥ind moment
Area of foundation — base =T x 12,02 /&

Section modulus T = lgx En'ﬂ" / 32

- 1180 , 228 __ 36,45 4 1,34 ton/o®
%- 13 © 169.5 =

P= 1180 %
M = 228 mt
= 113 IE

= 169,5 m°

i. -

0, =-1.18 and 0, =< 0,92 kg/os®



d) B Momenta 2
3 1,0.20
© 1 2.40 Q.25  6.70 0425 2,40
17 12.00 1
i 6.95 | 2,527

iy

10,0 t/n°

FiEi ﬂ-ﬁﬂ-
In order to simplify the caleculations, the internal forces in the
foundation slab shall be determined for a net upward uniform pressurs

Again here, we determins the ra- ] e lwnia Case 1
dial and tengential bending mo = 11 : a=3.47° e
ments for the cases shown in fig, By= 10t/u° ,

¥I - 39 from the equations given , 3.525,1 L a:?;.ﬂ-'?ﬁ . “E“?ff)
in IV - 2 . : i 14,51 om 5
Froceeding in the same way as be- Fig. VI-39

fore we get ths following reaults.

M, in  mt/m M in mt/m
Casa
Pml Ped F‘l pu
1 - 15.14 + 7.71 = 2.50 e TR
Pl Fom 43_ Pa 1l P= P
2 - 42,27 0 - 7.12 - 4,54

To redistribute the fixed end momenta ( - 42,27 mt for the circular
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plate and = 15.14 mt for the cantilever ring) onms bas to determine the
stiffness of each of the two elements.

1 ) Stiffness of circular slab Refer to page 77

Ha
For P= 1 ¥ m eee—— w1 thus
D(1+v)
M = 21620 53350 D
_3#‘?5
1i) Btiffness of cantilever ping Befer to page &3
For =1l q:._.'-l ﬁ_{l...l_"l.p}-l in which
' 1l a+v l -
2 1
= l. = 2 - and B —— e 0,
p 727, p 08 . t? '—:EE 1-2-“ 521

Therefore M:--L(1+i'3§3:z.95} =1 or
D 1,167 0.833 .

Ma-0.,1206 D

Neglecting the effect of the variation of the depth of the cantilever
ring on its flexural rigidity, then -
0,1286

Relative stiffneas of the cantilever ring = = 0,27
0.1246 + 0,3357
" " m B aircular slab = o L A ='0,73
0.1246 + 0.3357
The copnecting moment
Cagtilever ring Oireular slab
Fixed end moment - 42,27 + 15.14
Balansing moment v 733 + 19,80
| - 34,9 34,54

Effect of belanoing momeat (Pig VI=40)
Qase g 6 = page 77
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Y

T Case a

M, = M =M=«=19,80 =t ‘F as3,47%0 |

«33 mt :
Case b 10 = page 83 1) ' Case b

| 2,527 7 as3,477m
8= 1,727 B2 e 2,98 b=5.0m
[
1 N J—
B —— = = = 0,521

Ior.ﬂ-]..ﬂruﬂ m+ 733 mt and for pmp , W, =0

For Pml, My =My (1402 = 7.33 x (<0.521)(1 + 2,98) = = 15.20 ut

For Pmp, My =2 Mk m=2x 7,33 x 0,521 &= 7,64 mt
Radial poment Tangential moment
in nt in
l,__ /a M, mt/m
P =l P uD pml pmD
1 - 15.14 + ?-?1 - ziﬂ + ?-?1
a = 19,80 = 19.80 = 19,80 | = 19,80
Total - 34,9 - 12.09 - 22,30 - 12,09 ]
11) Captilever ring
[ Radial moment T Tangential moment
oo | _wAmlEm m e
F ml pup p =l pm F J.
E - 12.2'? 0 o ?ilE - "IH
b + 7.33 0 - 15.20 - .64 1|
Total | = 34,94 { 0 - 22,32 - 12,18
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11i) Bending moment disgrams : (Fig. VI-41)

U

i.'[r,'ill|'||'
ulH

T
Tl

12,18
y4emt I=constant
Fiﬁ- gy | I=variable
Effect of variation nt inertia on radial momanta

The effect of the variatidn of the momesnt of inertia of the can-
tiliver ring on the flexural rigidity D and the corresponding effect
on the radial moment can be determined according to Markus®™ in the
following manner i (Fig. VI-42).

T
7%

S
—"
-
—
P
—
—
S

Fig. VI-42
Referring to data given in figure VI-42, we get :

‘- L --'!-."!-.:1-l
F b b B

B +l5 = 6, or l+lat /8 d.e
t
;-341
¥

= Markus ; Theorie und Berechnung rotationssymmetrischer Bauwerkes ™
Werner = Verlag Diisseldorf
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dccording to Markus, ome can prove that i
DywD) $1=-F"E) (14 LE)

Hence, at free edge 1, we have

E 2

! -12 (1 -v!J

and at fixed edge 2, where x = |l and E= 1, we bave :

Tharefors
] -
Ex 0.8 :5'*—‘*1'2-3.541:14:'3 E

DE =

and the atiffpess of the cantilever ring is i

M= 0,1246 x 2,541 x 10™° E = 0.3166 x 1072 E

Further, the stiffness of the circular slab is given by :

3 3 '
M =0.3357 D, in which D = —=2 8. _ B X 0.8 e 4.39x1072 E
12 (1 =v9) 12 (1 - 1.1672)
thus M=0.3357 x 4,390 x 1072 E = 1,4937 x 10™2 E
Hence

Relative stiffness of cantilever ring = — ) [ = 0,177
0.3166 + 1.473%7

m " " gircular slab = 1, 5797 = 0.823
0,316 + 1.4737
The connecting momant
Cantilever ring Circular slab
Fixed and momant - 42,27 + 15,14
Balancing momant + &.B1 + 22,32

Connecting moment = 37.45 + 37,46 mb
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x
Effect of balancing moment Fig VI-43 £z Y
(L“ Case a

The variation of the fluxural a=3,475n
rigidity affects mainly the radial e T
mozments, +thua ;: 2_525 a:ﬁ.il-?ﬁm

1

Case a 6 page 77 b = 6.0
Forp=1l andp=0 M=M=-22,32 ot
Case b 10  page 83 Fige W=t
forp= 1 Hr=“=+ﬂ-.ﬂllt and

Forp= %: 1]

Therefors, the radial and tangential moments at the center of the pla-
te is given by IL‘,-II.h--r?.?l-EEJE = 14,61 mt. The final mo=
ments may be assumed as shown by the heavy line in figure VI-4l.

e) Design

Secti Su : "'r = 37.46 mt , I!t = 22,532 mt
Assuming total thickness of slab = 80 cms then
Theoretical dapth d =80 =4 = 7 cms and

for the radial direction, we have

a = ky V“ur" or 76 =k ]f 37460 Elving ky = 0.5%

assuming O = 1400 kg/ex® , n=15 & xd=0.15
2
then Oy =4 kgfea ., and k, = 1250
g0 that A wot o 27480 | 394 cm®  chosen v 22 @ 10 em

® k4 1250 x 7

for the tangential direction, we gat
A o 232l = 23,2 cm chosen ¥ 22 @ 15 ¢cm
. 1300 x 7%
Both radial and tangential bottom reinforcements may be reduced at

the ceanter of the circular slab to 1

A, = L4610 = 14,9 cs®  chosen ¥ 22 @ 25 en
1300 x 75
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However, the foundation slab is reinforced by a rectangular mesh
@ 22 pm @ 10 ems in its lower surface and by a mesh # 15 om @ 20 cams

in its upper surface.

The details of reinforcemsnt of the water tower shown in figure
IV-3a designed by the Misr Concrete Development Company is given in
Fig. VI-i4,

VI-4 A Treated Water Tank and a Flocculator
We give in Figs. VI-45 and VI-46 two examplas of circular tanks
that have been recently designed by the author for "Abu Quir Urea

Plant for Pertilizers and Chemical Industries".
Tha soil at the site of the plant is very weak; it contains dark

clays and peat for big depths that most of the unita of the plant ,
ineluding the tanks, are supported en mechanically driven cast-in-
situ piles about 25 ms long and having a maximun capacity of 40 tons
per plile.

Pig, VI=45 shows a covered treated-watar-tanz 23 ms dlameter and
about 8 ma deep. The roof slab is supported on nine interior columns
and on the wall along its exterior edze. The joint between the roof
and the walls is sliding (refer to Fig. III-1), sc¢ that no stresses
are created in the wall due to temperature changes of the roof.

Fig, VI-45 shows a flocculator 25 ms diameter and 7 ms deep.

The main pﬁint of interest in these two tanks is the distribution
of the piles which is chosen such that each pile is fully utilized
and their arrangement gives a convenient thickness for the floors sa-
tisfying the requirements of the internal forces, water-tightmess and

utility of the tanks.
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VII. DESIGN OF RECTANGULAR TANKNKS

VII.1l. DEZP TARKS RESISTING HYDROSTATIC FRESSURE HORIZOUTALLY.

In closed rectangular tanks with sliding base, the full wat-

er pressure is resisted horizontally. Alsc in deep tanks where H/L;

Deep rect. tank

H/L, & HALD 2

i 2] waler pressufe -
| e resisted horig-
| = ! ontalbly
: _L &l
I] “,' W
I L.

"T.-——-—-—-—-.—-—-——-——

w = weight of liquid /m?

and HHLE> 2 the effect of tne fixation of the wall to the floor will
be limited to & small part at the base of the wall, the rest of the
wed ; will resist the water pressure in the heorizontal direction by

c¢losed frame action (Fig. VII.I).
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a) Sguare 3ection (Fig. VII.2)

Dus to symmetry of square sections subject to internal pressure
the angles of rotation B of each side at its two ends must be equa
to zero; i.e. each side behaves as if it were totally fixed at both
ends, and for a uniformly distributed horizontal pressure p, we get’

(Fig. VII.2).

B3 -
i:
| E P
\E
%
iy T
T
i
Benging  mament Elgstic ling
FITTErY TYETIT Y
P Square fonk
L
TIJ.'ILF! Tlﬂll'rl
Tension in woll Fig, VII-2

pending mozment at middle of any side @

Ny = pL®/ 24 (1-a)

Bending mompent at any of the cormers i

M, = p1f /12 (1-b)
szach wall will further be subject to a tensile force given by :
T o pLjJ2 (1-c)

giving a casa of eccentric tension.

For any tank of regular section (Fig. VII.3) suhjec£ to uniform

interpal pressure p, we geﬁ similarly :

g =0 and



M, o= pI®/

T = pb J2

M, = pIL® /12
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2)

Regular Section

IO 0!

Fig. VII=3

b) Rectangular Section (Fig. VII.&)

Due to symmetry of loading, the corners of the cross-section will

not move, and in order to determine the connecting moment K, in the

corner; the eguation of three moments can be applied;

Rectangular

HII'I'I

TR

Bending moments

.F.l

L. ||.
TI'F1-1 ’z

|
T
T['Iﬂ-rrl

Tension In  short sides

thus 3

Section

Me

L.__Iu._..l

Ti=plas

Ty=ple

Tension in long sices

Fig, VII-4
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if the moment of inertia of the two sides Ll and LE

then

is the same

2,2
Moy r2M, (0 1)+ M, Iy =6 (p2+p=2) Lt
24 24
3un{Ll+:.e}=-f(L{*+Lg) i.e
3 3 )
T El + Lg ;
.- 12 1 b L, ) (3a)
ar 3
2
Mg == ~B= (I1f -~ L) I, + 15 ) 3
12
and accordingly we get :
12
Uy, = P f+x:¢=i(L§+aL1_L2-zL§} (3b)
15
Ky, ® D E—+E.:n§;{L§+EL1LE-EL§} (3c)
For L]. = LE =Ly then
ke = a o = o i
e mepl® /12 and W =k, =pif /2
Assuming further i
Mg =a2pl3/12, My =gpli/12 end M, =vpI3 /12
wWe E'Et H
Ly /Ly 11,001,120 |1.20|1.30 | 1.80|1.50]1.60 | 1.70]1.80(1.90 | 2.00
a 0.500.71 | 0.92/1.15 | 1.38|1.63 |1.88 | 2.15]2.42|2.71 | 3.00
0.50|0.39 |0.27]0.11 | 0.06]0 250,46 [ 0.69]0.04[1.21 [ 1,50 |
¥ 1.00 1.1l |1o24]1.40 | 1.56)1.75|1.96 | 2.10|2.44 |2.71 | 3.00

If Ll varies much from LE i it is not economic to calculate with

constant I, and assuming i

.5
Ly I

=
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' the equation of three moments can be given in the form i

I L L L 12
o § Iﬂ _].‘.+E!ﬁ(—1+L—g-J+Hn-—E --'E{P 1
1.2
+ P e 2 El
2% 1,0 L
or
M, +2 M, (1+%)+M =-f{1-f+uI§J
- 2
LT + n L
],|u el & R (4)
12 1l + =

Each wall is furthar subject to a ténaila force given hy t

and
TE = P Ll /2 for wall LE
¢) Determination of Internal Forces by the Tension Line Method

A8 the walls of any closed section are subject to bending moments
and axial tension, 1t is possible to represent the internal forcea by

a tension line.
Far a closed frame of constant moment of inertia, subject to uni-

formily distributed internal pressure, the tension line is composed
of a series of parabolas and can be assumed as a circle without any
appreciable arror. .

The radius of the tension line can
be determined if we study the case of

a sgquare section as that shown in Fig

VII,5 Thua,

2P=p2R or T=ph

M, =T x=pRx=pL° /24

Rxall/ 24
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But x =R =-1L/2 then
B(R-L/2)=1°/ 24 or R -RLR2-12/24 =0
e s Y12 74+ 412 /28
iq.ﬂ- R. =Di5?51|
2
which means that the area A, enclosed by the tension line is given by:

Ay = ™(0.573 1) = 1,03 12 (5)  d.e.

area enclosed by tension liné = 1.03 area of section_of tank.

- This method can however be used for rectangular secticns, Figure
VII.6, as well as sections of irregular shape, Fig. VII.7, as can be
proved from the following example i

Assumé a rectangular tank with L1 = 2 L, subject to internal pres-

sure p, Fig. VII.6

Tension line

Area of cross-secticn A = 2 Ig

Area enclosed by tension line :

A, =1.03 A =103 x212 = 2.06 1%

= L= 2L . |
R =})2.0612/n =081 L, e |
EE' that - FiE;. -E'II_E

T =PR=U.‘EIPLE

We have further :
Length of diagonal D =}/ 12 + (2 1,02 = /5 12 = 2.232 1,

Therefore, the cormer connecting moment M, can be given by :

M, = T°(R = D/2) = 0.81 p Ly (0.81 L, - 2.232 L,/2) = 0.248 p LS
against

M, = YPILS/12=3pl13 /12 = = 0.250 p I3

and
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=pILS /8 =-M, =p. 413 /8 -0.248 p I3 = 0.250 p I3
inst

s 2 E E

n_uphafla II,!'IPLEJ".LE- nﬂ-EﬁﬂpLz

=pLS/B-M =0.125pL3 - o0.208p L3 = = 0,423 p I3
against

.thﬁpllg;"lz:-ﬂ.lﬁ pLE/ Le = - 0.125 p I3

This example shows that the method gives a very good approxiuate
solution for the determination of the interna. forces in isolated tanss
of one ceil, Its use siwplifies the determination of the internal for-
¢es 1n tanks of speciml cross-section as
that shown in Fig. VII.7 in which the T,
area enclosed by the tension line is I
1,03 the area of the cell & its center
coincides on the center of gravity of

the cross-section of the cell.

Ae the liquid pressure increases Pig, VIZ-7
with the depth, a trapezoidel vertical
gection for the wall gives a convenient form.

In deep tanks, the main steel reinforcement is hﬂr%?untﬂl: however
it is essential to arrange vertical secondary reinforcements having a
minimum eross-section area of 20% of the main hnrlsnnﬁal steel to fix
the main reinforcements in position and to resist the shrinlr:a.ga and
temperature stresses.

In ¢ase of walls fixed to the floor slab, the fixfﬁg moment at the

foot of the wall may be estimated from the rslation :

My = = p.. I° / 24 (6a)
The corresponding reaction is given by :

R =0.3 pp, L (6b)



Therefore, the maximum internal forces in am open square water
tank 4 * 4 ma and 10 ms deep with fixed base can be calculated as

follows 1

Assuming that the maximum horizontal internal forces take place at
a depth x = 0.75 H then :

The max. horizontal fixing moment is 3
Hf=--p:LEflE = =0.75 x 10 x 4°/12 = 10 mt

Ths corresponding tension in the wall is

T =]:rIL,..I"E = 0.75x10x4/2 =215 %

The f£ixing momént at the foot of the wall in the vertical directicn
is according to equation 6a given by 1

=

Me = = P _I..E_.faq. == 10 x q-'?'féu = 6,66 mt

The corresponding reaction = tension in fleor , is according to
equation 6b given by :
R = 0.3 P F =- 0.,3x10x 4% =12 %

It is however generally sufficient to arrange vertical cormer

reinforcementa of the same order as that
Addirional steel fo

used horizontally (Fig. VII.8).
resist eventual bencing

It is further recommended to add moment of foot of wall

due to fixarion in ficor

\__

The details of reinforcements of A=

a mesh of min. 5_'}}3 mm/m on the com -
pressiari gide of the walls and to avoid
the use of bent bars in vertical walls,

a horizontal section of a deep s8gquare

tank may be done in the manner shown Fig. TII-&

in figure VII.9.
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Vertical section of tank

[i?- . — e — — — - ‘ p 1
N
L ! I
l I
I E
g s =
v
3 - i
_|' 4
608+ 3P3/m ’ f
135m _ f@g{m /
S o g e o b
EEEH"I'H' .9
- &4 Bim - =
[ = 3D |3/m
l 3ch1TAm 5 1

Details of horizontal section A-A
Fig. VIT-9
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ViI.2. WALLS RESISTING HYDROSTATIC FRESSURE IN VERTICAL DIRECTION

a) Cantilever Walls (Fig. VII.1l0)

rabala

3!-1{. "5":':".--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 3.0 m=,

The max. bending moment at the foot of the wall is glven by :

_ 3
M, =WH /6 (7a)
Heaction at base = Tension in floor, is given by @
B =W H'E /2 (7o)
mex.

The coovenient cross-section of the wall is trapezoidal with
minimum tickness at top ( 15 - 20 cms ) and maximum at bottom , or
rectangular - of constant thickness - for small depths and eventually

provided with a convenient haunch at its foot.
- Por a cantilever wall of a water tank 3 ms deep, we éﬂt H

b wl? /6 al%x3 /6 =45 a%

L - T¥/ 3 =174500 /3 =39 ems

chogen 40 oma,

The wall can be chesen trapezoidal with a minimum thickness of 15 cms
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at the top, and a max, thickness of 30 cms a
at the bottom, and provided with a haunch
10 x 45 cme. at its base a:_nhnwn in -rigura
VII.1ll.

Checking the sectich gt beginning of haunch

T

we get 3 EFﬁh

Kawad /8 ateneand re coms at

Fequired t = FIU} = PE?EG / 3 =30 cma.

It has to be noted that free cantilevers of height H and sup =
ported on the two sides of their length L must be treated as slabs
supported on three sidea if their length L is smaller than four times

Fig. VII-1l

their height H.

Exact values of internal forces in walls free at top and fixed
on the other three sides subject to hydrostatic pressure will be given
later for ratios of H/L { = L? i y{) varying between 0.25 and 1.5.

The fixing mosienta at the vertical edges of cantilever walls fi-
xed at these edzes and subject to hydrostatic preasure are to be con-
sidered in the design of water tanks because their values are relati-
vely bigz.

To give an idea about the values of the exact bending moments we
consider a wall of depth H = 3 ma. and length L = 12 ms, free at top
and fixed on the other three sides subject to hydrostatic preasure.

Max., fixing moment at foot of wall i

ik z—wH‘?’IE.Q =-1I}5.."’El¢9 ==3.9m¢%

i
kax. fixing moment at top of vertical edges (in horizontal direction):

tp==-wh? /8.8 ==-1x3 /8.8 =-3.06m%
The fixing moment at mid-height of wertical edges (in horiz.direction)

uf=-wH3;13.2--1:}3f15.2=-1.uaut
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b) Walls S Supported at T« Fixed at Bottom

Walls acting as one way slabe simply supported at top and fixed
at bottom, and resisting the full hydrostatic pressure in the verti-
‘cal direction only give a convenient sclution for depths of water
H { 4.5 ma. (Fig. VII.12),

H;' H..""II'H!

3 '
i o j RELL B

Bending moment Hydrostatic pressure

:.?-.J -5 r [ _I-"":E

For a wall of constant thickness t i
The max. fixing moment at base g

¥e = - w B> /15 (8a)
The max, field moment at 0,45 H from top

Moo=+ wH /33,5 (8v)
The reaction at top edge

Ry = 0.10 w H2 (8¢)
The reaction at the bottom edge

2, = 0.40 w He (8d)

in such walls , it is germerally mor¥ convenient to chose a wall
of constant thickness sufficient to resist the field moment M, + the

bigger value of the fixing moment gan ba resisted by making a haunch
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at the foot of the wall. If the wall is chosen trapezoidal with a
bigger thickness at the bottom, the fixing moment is increased and
the field moment is decreased™ as shown in the following table 1@

P=t, /6 1.0 1.5 2.0 2.5 3.0
M, = w5 15 13.2 12 11.2 10.7
A 1.0 1.14 1,25 1.34 1.40

. t
in which 3 9 = -2 = thickness of wall at bottom
tl n " i ] 1] mp

= reaal H.f.' considering wariation of ¢

Hf,fm:- wall of constant t©

The table shows that if the variation of the tﬁir:.imeas is neglected
serious errors in er might take place. Such errors have a bad efiect

on the design especially bacause l.lr causes tension on the water side.

The sedimentation tank shown in figure VII.13 gives a typical exam-
ple for such walls.

In this tank, the walls, 4.0 ms, deep, are fixed to the floor
at their bottom edge and supported on a horizontal beam at their top
edge. In order to have adequate supperts for this beam, ties are ar-
ranged in both directions at distances of 5,0 ms., at the upper surfa-
ce of the tank, Columns at the points of intersection of the ties

prevent their excessive saging.

The top beam behaves as a continuwous beam spanning between the
ties and loaded by the top reaction of the wall, ( p = R; ). For equal

Epana L, we et :

m HRefer to : ™ Theory of Elastically Restrained Beama ", by M, Hilal,
Published by Fouad I University, 1944,
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Lk

[ J
| IEERmEE
~ M — k __jj T B

Fig. VII-13

Field moment Hm =+ P 12 / 24 ;
Connecting " M, ==p L° /12 E (9)

L il Lo g ]

Tension in each gide T =p L / 2 )

The fixing moment at the vertical edges of one way slabs simply
suprorted at the top and fixed at the other three sides, subject to

hydroatatic pressure may be estimated by :
M, = w B> /27 (10a)

and lies at the middle of the height of the wall.
The corresponding reaction is given by :

R =0.27 wHS (10b)

The necessary provisions are to be taken to resist thess values safe-
ly.



191

¢) Walls Fixed at Top 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 = w H,
for the case of constant thickness, are g'iﬁ*en by 1 (Fig. .?II.J.#J.

My y2H
&
2
=wH’ o
m 466
L
MiprB8
Bending moment Hydrostatic pressure
Fig. VII-14
Fixing moment at top :
My == wH / 30 (lla)
Fixing moment at bottom :
ey = = WE? /20 (111)

ltax, field moment at 0,55 H from top

My =t WH” /46,6 - (1le)

feaction at bottom edge :

Ry =0.35w HE (1le)

For a trapezoidal wall, we get i
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d=ty /% | 1.0 1.5 2.0 2.5 3.0

My, = w 30 38,7 52,6 | 63.6 76.5

My = w B 20 16.7 | w.7 | 13.7 12.8
X base 10 1,20 | 2,36 | 148 1.56

Heglecting the effect of the variation of the wall thickness, the pos-
sible error in the magnitude of the fixing moment at the base may be
very serious.

The fixing moment at the vertical edges of one way slabs fixed
at all four sides and subject to hydrostatic pressure may be estimated

from the relation :

; Mo = = w H® / 33.8 (12a)

and lies at 0.4 H from the base of the wall. The corresponding reac-
tion is given by :

R = 0.25 w H® (12b)

In walls of tanks resisting the water pressure in the vertical

direction, it is essential to arrange
horizontal secondary reinforcements ha- |

; =\\
Shesiol comer \

ving & minimum cross-sectionnal area

20% of the main vertical steel (and not
less than 5 @ 8 mn/m) to fix the verti-

cal reinforcements im position and to
and shrinkage

Feinforcement

regist the temperature

e & s

Sec. Plan at the corner of
two walls

8tresses as well as the eventual tensile
stresseg due to the reactions of the

cross walls. The horizontal corner rein-
forcements may be calculated from the Fig. VII-15

given relations. It is huw&ver.genera.llj
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sufficient to arrange cormer reinforcements of the same order as the
max. used vertically.(Figure VII.15)

d) Walls Coptipuous with Roof B Floor

The walls of a tank may however be continuous with the roof and the
floor or with one of them as ahown in the tank given in Fig. VII.15.

. | Cross sec. : Long. sec
,, 17

L]

o9

b a4t L _—
5.0™m |! 5.0™M r i.ﬂmT &.0'"

p =y ——

e e
|

Fig. VII-16

In this tank the longitudinal walls are simply supported on the top
horizontal beam and continucus with the floor slab. In order +to be

able to assume that the top beam is a rigid support, ties are arran-
ged every 5 ms.
The effect of continuity can be calculated by any of the known

mathods of the theory of structures; e.g. the method of virtual work
the moment distribution method, the egquation of three moments .. ete.

VII.3. WALLS AND FLOORS RESISTING HYDROSTATIC PRESSURE IN
TH0 DIRECTIONS

a) The Strip WMethod :
This method gives an.approximate solution for rectangular flat

plates of constant thickness supported on four sides and subject to
uniform or hydrostatic pressure. The solution is based on simplified

assumptions generally adopted in structural problems,

Walls and floors supported on the four sides and having a ratio

of length to breadth smaller than two are treated in this method as
two way slabs.
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In rectangular slabes with aside lengths L, and L? subject to
uniform loads (e.g. floor slabs), the load may be distributed in the
two directions L, and I.3 according to the known coafficients of
Grashoff. Due to the torsional resistance of the slab,the field (po=-
sitive) moment may be reduced according to coefficients of Marcus as

follows =

ﬁmaﬂ'u‘=r‘“"t[l_§{§?2%}]ux and

-

L X
= W e 3
reduced “3 Iy gr = [ 1l - = {LIJ H,n HF
in which HI and HF aré the field moments if thé effect of tbqftgrsiu-
nal resistance is neglected, and .'j

_ 2 _ 2
M, =PIS /8 e Mo, =P L /8

whersa

p = total load on floor slab per n®

o

For a slab totally fiked on all four sides; the reduction factors

r can be extracted from the following table :

L, / LF 1.0 ] 1.1]| 1i2 ] 1a3 [2a% 1.5 1216 ] 1.7 | 1.8 1.9 | 2.0

re =T, |86 | .86 .87 | .88 |.89 90 | .01 | 91| .92] .93 | .ou

It has been found that the load distribution on two way slaba sub-
ject to triangular load may approximately be assumed the same as in
case of uniform laads using the coefficiernts of Grashoff i.e.

P=p,+ B
in which
p = the hydrostatic pressure at any depth
P, = part of the pressure resisted in the vertical direction.

w

ph a L1 L1 L1 L1 L} " W hur iﬁﬂ'ﬂtﬂl L] =
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A8 the wall is rigidly connected to the floor, no pressure can be
resisted horizontally in the lowest 8trip and accordingly one can as-
sumé that the:pressure resisted horizontally is the triangle a e b
only and the small trimglé @ ¢ b is resisted vertically (Figure VII.
17). The position of point e waries according to ratic of sides of
slabj; it lies at about 3/4 H from top in

deep tanks where %2 and at about =
L 2
in shallow tanks whers & m 4 « 1t 1=
L 2 i
however recommended to design the middle 3 =
part of the wall (say the middle half)
- =

for a load equal to 3/4 p;. 3

The bending moments and reactions in
the vertical direction due to Py (trian-
gle a ¢ 4) can be deterained as shown in Fig. VII-17

VII.2=b; whereas the bending moments and
reactions due to the small triangle e ¢ b, for a wall of constant thick-

ness simply supported -at top and fixed at bottom, can be determined as

followa : Fig. VII.1B

..... L L

M, ~diag Mcdiag. Load - diag

Fig. VII-18
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Using the method of virtual work and choosing the simple cantilever
a8 & main system, we get :
Max. bending mopent of main system is 3

u @m)? /6 =p, B/ %

o max, - Fh

maorun-ﬂiag:'mniﬂnm_g =p, w2

4 1536
Its center of gravity lies at 1/5 (H/4) i.e.

_ Lo WP YOR . o IEHY
EIﬁatIHnllldH- phlﬂs-—?‘—- pn 22 H_

20 30720
and
EIE}.“I:‘@G‘H - H.H 2 H _ B2
2 3 3

i.e. the statically indeterminate reaction X at a is given by :

5 m
" ST R 19 H 2 - N: .
s, 'h 30720 H? Pn 540

The fixing moment at the fixed end b is therefore :

2 2
H H H
* hﬁﬂ{} 96 hll?

i.e. the total fixing moment at b for a wall of constant +thickness
due to the pressures resisted vertically (triangles acd + e bec )

ia given by :

C HE HE
S ST T a

and the c_.u:'r&spnnﬂing reaction at a is
Ha'=P1rHl_l:}"" Ph;E'; (13b)

If the wgll ware rigidly connected to the floor, fthe effect of
continuity can be considered by any of the known methods of the theo=-
ry of elasticity. The max. bending moments in the horizontal direction
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 i.e. for max, P = 3/ & Py

Example 1
It is required to design the water tank shown in figure VII.L&,
1) Internal Forces in Cross-Sections of Tank (Fig. VII.19)

The longitudinsl wall of the tank (4 x 15 m) is & one way slab re-
sisting the water pressure in the vertical direction only.
The floor is a series of two way slabs (5 x 5 m) resisting balf weight
of water and floor in each direction. Assuming the wall simply suppor-
ted at a and totally fixed at b and subject to hydrostatiec pressure

with

pm:::IH:#tan at b,

the fixing moment at b will be :

Mp==wH /15==1x4 /15==-4.270¢

The load on the floor = weight of water + own weight of floor (~ 0.7 t.-"nE}

ar 2
= “ + ﬂ.? = 4'? t_;m ijE[

Load in each direction p = 4.7 / 2 = 2.35 t/n°

Assuming the floor slab totally fixed at both ends, the fixing moment
at b will be 3

M, =-pL? /12 ==235%x5 /12 ==-4.9m ¢
The unbalanced moment =4.9=4,27T=0.83 0 t 18 to be distributed
on wall and floor slab according to their relative stiffness, but its

value being small, the connecting moment H‘b may be assumed as the ave-
rage of the two values, i.e.

ub,:_uli‘_"‘a&m_u,aut
2

Due to symmetry, the connecting moment at b can be determined from one

equation 2f three moments; - thus
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Elb{H+L}+IhL--E(r1+rE}

in which
ry = the elastic reaction of the triangular load on wall

* Ppoy B0/ 45, ama

r, = the elastic reaction of the load on the floor

:pI-’IH sy tharefore

3
zub{¢+5}+5"b--6cifﬁ—“+§ﬂ1§fii or
25 M, = =6 ( 5.8 +12.3 ) = - 108.6 i.e
5""41?nt

Accordingly, the field moment in the floor , neglecting its torsional

resistance is given by 3
LE 2.35 x 52
M. =P E_ - K == 2 - 4,7 =265 ¢t

Due to the torsional resistance of the slab, the final reduced field
moment will be

Mpp = 7 M = 0.86 x 2.65 . or

mu.z.eé mt

The max, field moment in the wall takes place at point of zero shear,

thus @
Reaction at top edge of wall may either be calculated by super=-posi =

tion and is given by @

By -G.llHa.-&';—Mf—nn.l:l:#a- 227 =%27 _.1.5t/m

i

or from the equation of moments about corner b &

5 :

H'E-pmﬂ -1 IH'.h . or

R, x & =4 x4%/6 o or
R. = 1.5 t/m
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If the point of zero shear lies at x meters from top end, then

R = 1.5 = !E or X=1.73 ms
2

a

The max. field moment in the wall is therefors given by 3

xE xE Iﬁ Ei i.e.

I =l X =p = 2 — X - ==

m, =173 /3 or M =175 m%

The reaction at the bottom edge of wall = tension in floor = water
pressure = top reactlon

% R -
Ry = Ppgy /2 =R, =4°/2-1.5=6.5 t/n

Therefore : Temsion in floor =E€.5 t/m

e have further z
= Tension io wall

Average reaction of Zloor = 4,7 X 2.5/2 = 5.5 %/o

This reaction is parsbelically distributed in each span and the max.

keaction of fioor

ordinate at the middle is 1.5 times the averags value,

Therefore, the max. tension in the wall = 1.5 x 5.90 = 8.85 t/m .

The loads, bending moments and reactions are shown in figure VII.19 .

L1

Rg=1.5 1/m Ra =18 1ym

g f

LT

H=d4m

LI L (A TR

Tt

v =

i 1
ke i e,
Rp=6.51/m . Rp=6.51/m
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2) Intermal Forces in Longitudinel Section of Tank

The side wall with H =4 ms and L =5m is a two way slab. The
load will be distributed according to Grashoff, Fig. VII.20 , thus :

For L/H = 5/4 = 1.25 , we get :

a = u.? lﬂd p= Dl-i i#ﬂr
Load in wvertical direction :

Pv a=- a P'm "Dl? X4 =2.8 t‘i'rma

Load in horizontal direction i

Pp = BDpyy = 0.3 X 4 = 1.2 t/a°

Assuming that the thickness of wall
and floor is the same and applying

Fig, VII-20

the equation of three moments at b and e, fig. VII.2l, we get @

Ra=ps9 t/m_ g i ; g FRo=G.# Hm
11
= = 1
i _F 096 Bending momenis L E
E LL]
% T
-—y
E-
g Rp=s.3tim
: 4 t/mE E
= 5™ I Le5™ e
i 1 |

Fig. VII-21
! 3
Ssc.'h=Eﬂh{H+L}+HEL=-E(pVﬁ—;+ph£+p

)

24

A ! 3 5 3‘
or Eltb{4+5:=+5M¢=_5{M_+M+a.§§:5}

45 350 ;
or 18 My +5M =~ 98.6 {a)
- 3
Eﬂﬂ--BIHhL+2HgIEL+HuL=-E{EPL—}=-M
24 2

or S5M, +25M, = - 147 (v)
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l;lqua,tiuns (a) and (b) give 1
I&hn--‘hﬂﬁ mt and M ==5.06 mt

!H.u'.. moment in b ¢ taking its torsional resistance in consideration

is given by :

c
M, = 0.86 [3-55 £5° _ 5,00+ 5,06 :I = 0.85 (7.32 = 4.56)
8 2

or Egnﬂ.ﬁﬂmt

Figld moment inec - ¢ 18 1

2
M .gﬁé-"-i- - 5.06 = 7.32 - 5.086

or ; k=a-$ﬂ.t

N.B. The torsicnal resistance of span ¢ - ¢ has been neglected in

order to have regular reinforcements for the floor slab.

Average reaction at outside support of floor slab ia :
Max, reaction : = max. tension in wall = 1.5 R = 1.5 x 5.9

Therefore max . R = 8.85 t/m

Reaction at a is determined from the equation of mopents about b ,
thus 3
. 4 12
B X4 =2,B X ==l1l,2x==+4,06
. 6 6

or

Ry = 0.9 t/m

The reaction at the base of the wall = the tension in the floor and
is given by :

4 1
Ry =2.8x=+1l.2x=-0,
2 2 ?

B, =53 t/n

ar




202

The max. field moment M _ in the wall takes place at the point of zero
shear which lies at x ms from top, thus i '

D.‘?-x—alﬂn=ﬂ.9 or X = 1.6 ma and
s
3
5:0.9:1.5-0.?:% = 1.44 - 0.48
or =0.96 mt
My

The loads, bending moments a;n-:l reactions are shown in figure VII.Z2l.

3) Internal Forces in Horizontal Section of Tank

The section shown in figure VII.22 at mid-height of tank will be
calculated for a horizoental load p = 0.9 '.:_‘i’m2 acting on the crosas
wall. (Refer to fig. VII.20).

#.31fm:

Lysl8™m

Fig. ViI=22
Assuming that the wall L2 is totally fixed at both ends, then the
fixing moment M, 1s given by 1@
Mp==-pli/12=-09x5/12==1.8 mt
The longitudinal wall L; is a one way elab resisting the full wa-

ter pressure in the vertical direction, but due to its rigid comnec-
tion to the cross-walls, bending moments will be created at the edges
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in the horizontal direction. Thedir magnitude may be estimated accor-
ding to {10a) from the relation :

Mo =-wH /27 =-1x 42 /279 = =237 mt

for a wall totally fixed at its vertical edges.
The difference of ¢+ AM = 2,37 = 1.88 = 0.40 m t will be distribu-
ted between the two walls according to their relative stiffness, thus:

Stiffnass of long. wall e 1/15
" " cross wall o< 1/ 5 = 3/15
The distribution factors are therefore :
Long. wall 1/4 and cross wall 3/4 .
Accordingly, the connecting moment at the corner ¢ will be :

B, =2.25m¢t

and the horizontal field moment is 1
2 0.9 x e
M, =P L5/8 - M, = - - 2,25 = 2.82 - 2,25 =0,57 at

The field moment should however be not smaller th-n.n the reduced moment
of a totally fixed slab i.e.

min. M_ = 0.87 p Irng‘i‘ = 0.87 x 0.9 x 5°/24

L M, =068l mt

Reaction of cross wall = Tension in long. wall and is given by :

R =0.9x5/2 = 2.25 t/n
Reaction of long. wall = Tension in cross wall and according to equa-
tion (10b) is given by @
R =0.27 wH® = 0,27 x 1 x 4° at mid-height ,
or
B_ = 4,3 t/m
The loads, bending moments and reactions are shown in figure VII.22 .,
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4) Internal Forces in Top Horizontal Beam and Ties

The load c-n_the top horizontal beam is equal to the top reaction
R, of the walls (Fig. VII.23)

Fig. VII-23
Applying the equation of three moments at d and e, we get :

3 3
5}1d+2511d+5},1'._5{ﬂ.93:§ *1.515}
&

24
or E:Md-r-:ﬁﬂ == 15 and
3
1.5 x
5Hd+zﬂua+51!ﬂw-5(2x—iaq—5—}
or M, + 5:‘.1a = = 18,75 giving

Hd--E.}-'I-I:It and.l[-:-a.aﬂ mt

Therefare, the field moment M in the different spans is given by :

2
smd-dl“n'gﬁ':_L-Et}“ =0.,48 a3t
. 2 .
hl.'l'l:llin.l'.'n Iszl_ i

24

-.Ln.un-:‘ﬁ?-zf—ﬁ-g_._gnt
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2
Epmd_.;%:IM_M=_.&E mt
8 2

1.5 x 5°
Span @ - & M o= = - 3.28=1l.42 mt
E 5
Tension in span d-4 :
-TE = 1,5 x 5/2 = 3.7 %

Tension in span d-e and e-2
Tension in ties :

T =1.5x5 =7.5 %

5) Deaign of Diffe ements of the Tank

The thicimess of the walls and floors is to be determined for the
max. field 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 order to have sufficlent water-tightness, the walls and fleor

are assumed 2% cms thick.
A.) Des of Longit 1l Halls

Section of max. field moment “m = 1730 kgm.

The tensile stresses caused by the temsile 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 is
therefore given by :

N = 8850 x l—:t'l or ¥ = 3850 kg/m

The temsile stresses in this section being on the air side, it is de-
signed as ordinary reinforced concrete in stage II thus @

Eccentricity e = M/N = 1730/3850 = 0.45 ma
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Ednantriaitj’tu tension Bteel :

e, =€ - §-+ cover = 45 - Ei + 3 = 35.5 cms

Moment about tension steel :

M, = N e, = 3850 x 0.355 = 1370 kgn.

8
d :thHB or 22=k1V1}?ﬂ giving k, = 0.53
for 0, = 1400 kg/en® and @ = O, we get :
0. =31 kg/en® and k, = 1285 80 that i
M
Ag i g B oo AP0 .. 2000
k, d Ué 1285 x .22 1400
or 2
AE- = 4.9 + 2.75 = 7.65 em 6 913 mm/m
Section at foot wall : U = 4700 kgm N = 8850 kgs

The tensile stresses in this section being on the water side , they
should be smaller than the tensile strength of conecrete in bending,
thus :

t = ¥ % # 2 ¢o8 = b 5§EE-+ e =40 + 2 = 42 cms

The thickness is chosen 45 cms and the wall will be provided with a

gonvenient haunch.

EIE = $700 = 0,55 ms
N B850

e = 53 - é"i +3 = 32.5 cms
M = M e, = 8850 x 0.3250 = 2880 kenm
82 = k) 2880  giving k; = 0.78

For DE = 1400 kgfﬁmz ﬂc = low and EE = 1300, 8o that :
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5.—253‘:’——- g BB w65 =116 oat 6 916 mn/m
1300 x .42 1400

In the horizontal direction, the middle part of the longitudinal
‘wall will be designed for a tensile force 3
N = 2250 kgs

the bendinog moment is small and can be nagl'adtad. therefors , the

borizontal steel reinforcement i1s given by :

A, = N/g, = 2250 / 1500 = 1.6 cm

choose min. steel of 5 P8 mm/m ( A_ = 2.5 en )
The corner, at the vertical edges, 18 to be designed for i
M = 2250 kgm  and ¥ = 2250 kgs ( tension )
The tensile stresses belng on the water side then,
t =V M3 + 1.5 cms = [/2250/3 + 1.5 = 27,5 + 1.5 = 29 coms

The vertical edges of the walls will be provided by a haunch 15 x 15
cms, the theoretical thickness at the corner will be i

t-25+§2 = 30 cms.

Proceeding in the same way as before, we get the required area of
steel reinforcement, which is given by : A, = 7.3 en° 6 § 13 m/m

B) Design of Cross Walls

The internal forces, chosen thickness and reinforcements are shown
in the following table :

B ] Bide of ten- | & | 4. |
gEense Gectlon mt tons B8ile stresses | cm| . c:ﬂ Rfmt
Vert. | middle | 0.96 | 3.54% air 25| 5.32 | 3 B13 +
: 3 910
" foot 4,06 | B.8% water | 45(|10.60 |6 g16
Horiz.| middle 0.81L | 4,30 - air 25| 4.45 6 Fl0
" |vert.edge] 2.25 | 4.30 water 30| 7.95 | & @13 T

® This value gives the tension at position of mex. field moment and
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c) Een;gg of Floor Slab

b i : t tzna fﬂ: :ir::r;u; gm ‘:mz n;l:.fn:
Cross | middle 2.28 | 6.5 air 25 10.55 |6 2 16
M corner 4,70 | 6.5 water 45 10.95 |6 £ 16
Long. middle 2.38 5.3 air 25 10.50 {6 F 16
" corner 4.06 | 5.3 water 45 9.35 |6 g 16
" interm. 5.086 5.3 water 45 11.20 |6 & 16
sup.
D) Design of Cross Beam L=4&,9 ms
The beam is assumed 30 x 80 ocms

The load being triangular, the equivalent load for bendingz moment
= water and floor load + own weight

p=0,67 x5 x 4.7 + 0.3 x 0.55 x 2.5 = 15.7 + 0.40 = 156.1 t/m
M=pl® /B =16.1x4,9 /8 = 48.2 @t

Effective breadth of flangze B =L/3 = 4.9/3 = 1.63 ms
a=% VB or 7=k ‘f::” e, Xk =0.425

Using high grade steel with O, = 2000 kg/cn® , we get :

CL = 49,5 ngcm? and k, = 1820C kgfemz

Therefore ,

A, = M/k,.d = 48200/1B20 x 0,73 = 37 co°  choose 10 g 22

The average load on the beam is given by @

p =0,5x5x4,7 +# 0.3 x0.55x2.5 =1p,9 +0.4 =11.5 t/m
The shearing force 1s therefore :
§ =pL/2 =11.3 x 4.9/2 = 27,5 I and
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the max. shear stress is :

. | -
S i 27500
C.B?7bd 0.87 x 30 x 73
= 14,5 kg/om® A =4om i
The corresponding diagonal ten- i ;gfi’

2ion will be resisted by four

branch stirrups @ 8 mm @ 20 cms a s, B
Yo u

and bent bars. The shear stress
reaisted hj" the lturupﬁ : IiE' VII-24

T = : "0‘3 ua

et ol

in which
n = number of branches of stirrup = 4
A, = area of cross section of one branch =- 0.5 en®
e = spacing of stirrups = 20 cm ’
b = breadth of web of beam = 30 em i.e.

-1
]

20 x 30

The bent bars resist the remainimg area A of the diagonal tension
diagram x b . Pig. VII.24, thus i

‘iﬂb = ( M - 4.67 ) 123&:& 2 = 10.0 cmE chosen 5 @22
2 :

E) Walls 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
=0.67 x 2.5 x 4.7 + 0,25 x 4 x 2,5 = 7.9 + 2.5 = 10,4 t/m.

The max. tension at the bottom of a simple deep beam is :



4543/

3448 4 8 40 [

i i

|
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|
BECTION
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W
Rt
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)
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2

Lkt of wall a7 oftap base

-.—..5 : igf,.,, .r._l.,l._?.ﬂm'i
y
1 o=
A4
2 ibfm ’
4
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' —ly =1
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n
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S

Fig. VII-25
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T=0.2pL=0.2x10.4x5=10.4 ton

A, =T/o, =104 / 1.4 = 7.4 cn® chosen 4 § 16

The max, tension at the bottom_of the continusus wall at center line
of spans is given by :
T=0.12pL =0.13 x 10.4 x5 = 6.8 ton

A, =T /G, =6.8/ 1.4 = 4.9 ex® chosen 4 @ 13

The tension over intermediate supports is

T=0,2pL giving A_ = 7.4 nm; or 2 016 + 6 U 10

F) Desisn of Top Horizontal Beam and Ties

It is recomnended to avoid the use oI bent bars in this bean, this
means that the shear stresses must be low. Such a provision can be

satisfied if the depth of the beam 13 chosen sufficiently bigz.

Assuming the beam to be 20 x 50 cns, the reinforcements at the

different sections will be as follows, (la2 £iz. VII.Z3).

u w A &
Section at 2 % " c:; Rfat
¢ in long. wall 3.28 2.25 6.5 g 2 g 13
d in eross wall 2,34 3.75 5.2 ) 2 016
middle of d.e 1.89 2.98 3,94 ;
- n a,8 1l.42 2.25 2.1 ] 3 d13
)
" L 4.4 0.%4% 3. 75 2.9 )

The tie is chosen 20 x 30 ems, Teinforced by A, = £22 = 5.3 cn®
| 1

or

: 4 2 13.
The details of the tank are shown in figure VII-25.
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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 is 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
' mEENE !

—— L

to a distributed lcad p and having

any given boundary conditions, the in-
ternal forces and stresses in any

direction can be obtained mathemati- a - B

cally according to the following as-
sumptions and basic equations : (Fig. WE
ViI.26).

| L
|
l/m = 1/5 = 1/6 = Foissons ratio it d @
D g &2 F1 1 rizidity of H bn& | -
= ———= = Flexural rig o
12 (1-¥<) i:

a plate of thickness t.

Fig. VII-26

z = Lateral displacement of plate.

My o My

Bending momenta per unit length of sections of a plate in
directions x and y respectively.

Mxy'myx = Twisting mowment per unit length of a section of a plate .
Qe » Qy = Shearing forces parallel to z - axis per unit length of

sections of a plate perpendicular to x and y axes respec-
tively.

R, y R, = Heactions per unit lensth of plate, acting on sections per-

pendicular to x and y axes respectively.

Considering the equilibrium of the elementary prism dx, dy,
t, we get i
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. 2 2
M n_n{az a s
3 Eju: +va?-:l
2 2
M, =-DE§._Z,+
J ay Uﬂﬁj

323

= - 2
HIF=HJ’I-B{1 " Jﬂxay

a a al 3
qx = L&*_ :’!Ir-_n {E 3* 53 }
ax 8y 3;3 2x 2
F | Fa

g 3 3
Pt (NSay « SATERRY a8z
Q'? By 8 x {E\‘;‘;+&FE?}

which give the walues of the bending moments, the torsional moments

and the shearing forces at any section of & flat plate in terms of a
deflection 2,

The load p may be assumed as distributed on the two directions
X and y 8o that :

Py = part of the load transmitted in the direction of the ¥ ~ axis

FJ' = " Fi 113 i | LL] " ] L1} m :" e E—Kis
and
P= By + PF
knowing that i
d ]
:!E - & + p=0 then
ax dy

L]

these two last equations can be identical if -
) 8
a.x J ay

Substituting for Q, and Qy their values given before, we get 1

4 4
Py '”Ei'f+?i:'§;;e} and

dx

a“ ﬂq':
J a}t * }

P =D (
dx By
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Adding these two egquaticns , we get i
4 4 4
..3:% + B —‘Lyr;;ﬁ EE + ;Tﬁ = % (14)
which gives the differential equation of the elastic surface of a pla-
te loaded perpendicular to its plane.

The pravious lmvestization shows that the determination of the .
internal forces in a flat plate by the mathematical theory of elasti-
¢lty reguirss the solution of a partial dif“erential equation of the
fourth degree.

Internal Forces in Flat Flates by Czerny :

The internal forces in the following indlvidual typical cases
of rectangular plates subject to uniform and trianzular loads have
been determised by Coersy.

a) 3labs sunsorsted on four sides and subject to uniform load

| | : .
. P
W ¥ N i -.-_....- =S e
P A-l a-2 A-3 A-4 A-3 A-B
B) 3labs suzzorted on four sides and subject to triansular load.
é I i § l E i‘ E i . = -
P B-1 B-2 B-3 B-4 B-5 B-6
C) 35labs supperted on three sides and subject to unifora and trian-

T

gular loads, as well as edgje loads and edge moments.

P C-1

yga)s

R —

=3

-4 -6 c-4 | G-10
#e give in the following tables the internal forces in the shown cases.

Reactions of case ¢ are-given in table C.ll.
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Notations :

Loading : Uniform or triangular

Spans H Lx and L

Supports:  — Free
_— Hinged
FrerTT Fixed

Bepding Moments :

In direction x M,

In direction ¥y Iﬁy

At fixed end Hmin

Torsicnal Moment at_q

Reactions :

In direction x R,

In direction y RJ

At fived end R

Shearing Forces

In direction x L

In directign ¥ Qy

At fixed end & =R

E = Modulus of Elasticity

t = Thickness of Slab

m = Deflection at mid-point

of a.lab

S

Bine
"IHEI!L

b at

[T

| B——
LR —
A=
=
- f
o rﬂ'
Bamabioms £ El -
Faelar
£
Shears @ om- - I
facler
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q
R BLRBS SUPPORTED OX FOUR SIDES RVET SUBTEET 70 U/FOEAT LO0RDS .
H-r) SLREB SIMPLY SUPPOLTED ON FLL FOURE S/IDES.
i PRSP,
Lyl L, roo|1.10|1.20| £30 | 1.4¢ | L 50|60 | L7 | 180 | 1.90 | 2.00
My w ol | 272| B2 8y | thg | iSe | 22T | s27 | 1P| 2 | f0.F | S04
My maz. = ply:|2722 | 229|208/ | 309 | 328 | 347 | 3ar | 3723 | 385 | 394 | 403
Myy ormer wtol, S | 206 | 97 | 184 | 175 | s6F | te3 | 459 | A58 | 84 |53 | LS
£ FEFTEr & lII.ﬂ.ﬂl.-‘l: o £ ¥ g2 &4 & & P Fa r¥ 7 AT A
I.
I
£, e w oly | 22| 24 | 22 | &2 ll 2o 2¢ | 7 l L% | +¥F A
|
"'Ef"" n o ply 2| 22| 24 go | 2¢ i ¥ LF A F s ¥ LF L i &
- |
&y
P - e -"":; 049 |.058 |.08F l!..:??j' RS | 083 | see | fod | 42 )07 ) /22
T ‘
]
AR FRE ToE i R T
.-'"-li.! lﬂ’ . ’ ST 4
Jias | RN sl
Yis 2
/ o —
“r R /| =
e’y =5
R T e S

E.'r’_“’ . L5

£ 8 ecrcrowmsiss
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A-8) SLRE FIXED ON OME OF THE SWORTER SIDES RMD o

SUPPORTED oN THE

OFHER THOFE S.OFS.

[l

| =

Ty

|

.::1“

RERCTIONS I5F

by lLgo LS

Il

IIII“

i)

Ly F L, LOO | L4C | 120 | L30 | 140 | 15O | 180 | £70 | L&e | 190 200
M wplls| 4r2 | 309 | 250 | 2nr | 188 | 166 | 150 | 158 | 12.8 | 120 | 114
Mymin wply:l #1.9 | 0.9 | 101 | 06 | 02 | 89| 87 | 85| 84 | 83| 82
My mas wplh| 294 | 288 | 283 | 297 | 30.8 | 323 | 734 | 24.9 | 42 | 275|388
Myy covmars? Pz | 207 | 20 | 194 | 18 | 1% | & | 0.3 | 58 | r5e | 154
R cornarspbll 130 | 16|l 05| 87 | 90 | 87 | 84| 81| 29| 28| 77
Ry m spl:l 3o | 24 | 2.7 | 2.2 2f | ot | Qo | 2o | o | Lo | R0
-v"é',rm = ,.-J'-,-.- r? rE | LE F ¥ o LS Ly | Lg i4 Ly Lo Y
£ym sply:| 285 | 23 | 22 | &/ | Po | 20 | 49 | 29 | 18 | 49 | 18

o ::;'I 2033 |04 | 05! | 060 | 048 | .07 |.085 |.0893 |.08%8 |.i08 | .1
weroe
% P
[4LET]
e p,!
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P-2) SLRE FAXED oW ONE _OF THE LONGER SIDES AmD SIMPLY

SUPPIRTED ON THE OTHER THEELE SIDES.
byfi, too | tte | tee | t3e | r4e | vs0 | 1é0 | 270 | LB0 | 150 | .00
Mywin  weplyi| 009 |8 |02 |97 |93 |80 |48 |86 |84 |83 | 22
My m - Fgr Mg |27 | Mg |72 5 | Bo | K | /80 |sBY | 18 | g | SRS
Mymas = plli| 462 | 451 | 428 | 518 | 43 | 554 | S48 | 528 | S8E | SRe | S92
Moy cormeratpll:| 262 | 249 | %0 | 23.5 | 200 | 720 | 704 | 125 | €2y | 014 | I7F
£ cornere pll:| 130 | 124 | 120 | w7 | 25 |44 | 13 | H2 | 02 | HE | HT
Bom mplpi| b7 | ar | 26 | 0é | £6 | FE | 2d | L8 | 28 | 24 | 14
Bom wply:s| 25 | 2% | 84 | t4 | 24 |04 |24 | €4 | 28 |25 | 2S5
£ym s ply:| 24 25 | 2.5 | 25 |25 |25 | 20 | £S5 | 25 | 25 | £F
¥
dma ,_"“_' 233 |.p038 | 047 | 044 | .048 |.048) | p53 | .085 |.05é | 058 | .059
£ed ! |
, I 18
x ¥ FRCTOR
! FRETOR o,
| IF“ - e Ii-l LT ™ e :
- fees et iy
+ i 5| ¥ )
- RS
= b d
\.., -
¥ S °
s -7 Y24 y
= ‘e >
ATONENTS RERCTIONS J 5.5
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A-3) SLAB FIXED oW THE TWO _SNORTER SIDES RWD

O _THE OTHER TWO SIDES.

SIMPLY SUPPORTED

MOMIENTS

.!E_,u"r.l':! = L5

_RERCTIONS LS. F

Lyl iy L0 | st | £20 | 130 | Ll | £SO | L80 |L70 | 280 | /S0 | 200

o, o w ol | £33 | 440 | 35S |28 | P27 | oy | 2.9 | e | /HE |/2Y | /TS
My apldil 3 | 127 |ns | w7 |0 | 85 | 87 | 83 | 87 | £5 | 2 ¥
Mymax »pll| 250 | 328 | @y |r2 | oy |Fes | 333|349 |ons | FRT 424
Kem wpls| 30 | 27 | 25 |24 |23 (22 |27 | 2/ | To | 2o | 2o
Bym  w2pl | 2.9 L8 I LT | nF | LE b | A | Ly | e | LY | LY
dure ":_:;f . |02 |l o030 [.OF8 | .o47 |05 | .of¥ | 27T | 280 | 088 |-€FT : et

I R
f r—— F FRETOR
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#-3) SLRB FIXED ON THE TWO LONGEE SIOES RMO _SIMPLY

MOMENTS

I,r .I"-If' =/ 5

RERCTIONS §5. 1

SUPPORTED ON THE OTHER ThWeo SIDES.
i ]
L_,f.a"ij 100 | Lo | 420 | 130 If.w r350 |80 |rnto | 180 |+ S0 | Roo
1
]
. i I
M omin  wepll| W3 | S | Ale i2é |23 (/2T | /Zo |/Te |/20 |/fe | Ife
I
Mom = plt| asy | 307 |29y 278 | T é | 258 | 257 | 247 | T4y | 243 | P4y
I |
Mymax = pLT| ¢17 | 622 | 7.5 735 | 744 | 708 | 720 | 720 | 770 |720 | 770
¥ |
Bowm wkply 28 | 23 | 28 18 | 28! 13 | 19 |28 |18 | te | 2o
| ; . i : |
i ! i ] i
Lym = plgs: do | 2o ! Jdo  Jo ,I fe | Jo | Jeo | fe l Je | 2o | 2o
i ] | : | : !
Jare ::":f, I.pf.t o2s E.;rr LOTE ]wﬂ' :.#..i‘-::- !-ﬂ..i'ﬂ Xy |.a3s |- 237 ,..Nf
f g - i !
| | ! 'r ; | ’
| 1
. FRETOL
-y
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R-4) SLRE FIXED O TWO RBIRCENT SIDES RND SIMPLY SHRPORTED

O THE OTHER TWp S/ABES.

MOMEMLTS

ra

ﬁa‘fi‘:,r L5

i

RERCTIONS 25K

S

byldy | LO0 | [0 | 120 | L3¢ | L4o | ASw | lAso |r.T7e | r80 | 250 | Poo
Mymin  wepll| 4.3 | 127 |15 (w7 | mo |84 |92 |23 |27 |as |24
My m w ol 427 | 350 | B00 | P45 |24 (122 (o | 189 |08r |2y | 129
My min e-pll| wy | s | s |ma | sme |img |23 |2 |rze |22 | 122
Mymax = pl, 5| 402 | 420 | 440 | 428 | Sto |S30 | 548 | 543 | 527 | 580 | so.2
Bem rply:|l 2o | v | w22 |22 |06 |ve |16 |26 |0e | 24
Ky m sply:| 28 | 24 | 24 |25 |25 |25 |25 |25 |25 |20 | 2o
é?rm - F’iﬂl ] -’+? f.! frllr "'III'J fv‘ ,F'.: f,: ll'r.‘ .I'_' i’-‘
Ly m sply:| 28 (2.7 |04 (25 |28 |25 |25 |25 |25 | 2o | 25
I " ...:—:‘_: L85 | ode | edx | 939 |.o43 |.opé |. ".‘FJ OFF |25 | .o5w | .05k
. FRCTOL
Ll
. |.||-.u|||“ 5 ﬁ'i’-f?II"
IR
: n| ¥ 5
R I =
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R-85) SLRB S/IMPLY SUYPPORTED ON ONE LONGER SIDE

BMD _FINED OA THE OTHER THEEE SIDES .

Lyl L, 100 | 1.10 | 7.20 | /.30 | /.40 | 1.50 | 1.60 | 1.70 |1.80 |1.90 | 2.00
M win.  weplls| 83 |15.4 (135 |12.2 |12 (0. |s0r | 97 |94 | 9.0 | 48
LA v ply'| 59.5 | 46,0 | 375 | 30.8 | 280 |25.2 | 233|207 | 20.5 |19.5 | 18.7
My n =l .r_:.z 48 | 13.9|15.3 |30 \v27 |26 | 125 e g i3] 23
My s plti| G4 | 437 | 448 | 469 | 503 550 | 4rs | 104 79.4 | 89.4 | 101
.i":‘,n- spli| 22| 20| +9)| 18| 28 | L7 | 17| L7 | 47| 16| L&
£, m = plei| S0 | 28 | 27 | 24| 25 |25 | 25| 25| 25| 25| 25
&y m wlpleel 21 | 20 | 1.9 | 19| A9 | 19 | 28| 18| L8| 12| L8
Arm : Ei; 019 | 024 |.028 |.033 |.037 |.04r |.044 |.047 |.080 |.052 | 054

MOMELNTS

Ly [ Lyets

RERCTIONS § 5. .




B-5) SLRE SIMPLY SUPPOOTED ON ONE SHILTER

SIDE RND FIXED OX THE OTHER THEREE SIDES.

Ly /Ly 1oe | 110 | 120|230 (140 .50 | /.80 |\ L.7¢0| L80 | /.50 | 2.00
M min  w-pbli| 82| m8 | 139|132 |r23 | s05|s2.3 |22 | 12s | 120 | 120
My e plii| 441|329 | 32.8| 300 | 29.0| 27.8| 20.5| 257 | 251 | 24.7) 24.5

Hfmir: em ol | /B3| PRT | I2E | 125 |2 S| IS | I0F | /0T | 125 | /28| /28

My mai w ply:| 559603 |66.2 | 69.0 | 72.0| 157 | 787 | B2.5| B6.8| 91.7 | 20

£y m wiplyr| 24 | 20| Qo 29| )9 | 29| 22| L 9| 12| 20 | 20

Ry m « ply:| 22| 20| 24| 27 | 24| 22| 22| 22| 22| 22| 22

Ry m. . ply| 30| 29| 28| 28| 28| 28| 28| 28| 28| 22| 28
ard

T 3 & 018 | .02 | .024|.025|.027 |.028|.029 |.030|.030 | 031 |.03¢

[

-

U™
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R-6) SLEB FIXED ON UL FoUQ SIDES.

LERCTIONS LS./

dy /L, LO0 |1IG | L20| 130 | L4 | 150 | 160 | 170 |1 80 | 150 |2.00
M i =0T\ 94 |12y 155 |\ s |37 m2 |28 (125 |r23 | s2s (120
M, - = 2l | 568|460 | 394 | 348 | 315 | 294 (287 | 269 | 40| 254 | 250
My mrin cepl ® 1 194 | a4 | 129 | 124 | 125 | 1285 | 125 | 125 | ;25 | 1725 | 125
My max =Pl ! 5.8 | 403 | 658|756 | 834 | 935 | 90r | ror | 103 | 1085 | 108
i
Ry o =2pl, 22 |2/ |20 | 20|29 | 19 iy LA £8 | 1.9 L9
£y m =fpl, 22 | 22 | &/ 20 |20 | 27 |21 | 20 | 27 | 27 | 2
A e :-"—E—;-F.imrsil.pra .02/ |.023 |. 025 |.02f |.028 |.029 |.029 030 |.030
|
FRETOR
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8- SIRES SUPPIRTED SN FOLR SIDES & SUBJECT

TO_TRIBMGULER LORDS .
5-1) SLRE SIMPLY SUPROLTED oW RLL FOUR SIDES.

s

ye o5l

Iff.i. e\ L (L2 (A3 (L4 | LB |22
M, maz =pll:| 455|389 (342 308 | 229|254 | 198
rlﬂ.i'-tf
at ﬁ «| 0.8 |032|0.94 |03 037 |0.38| ab
yeaslyl My m  spl] (543|444 |30.2|385 | 30s 275 | 208
My mar epll:| 543|559 | 500 | 407 | #5.8\49.4| Boé
a8, 5 0.4 |03 | oz
- £le s |8 |2 | #
-l ol 0.5 |es|os |2 | 2 | &
..’"ul‘ My - :.f.l:r 543559 |58 | £1.7 | ££2|\ 714 | 115
xn g 35.8 (333|304 |Fo.0 |29/ |282| 246
.Hf-r fﬂm!'l.ff-‘:.i
K3k, FLg AR5 Lb B\ 422|402 (387 | 255
@ m splyi| oo |28 |27 |84 |25 24|22
as g
Ly o s 22 (3.0 |30 |3e |2e |29 |29
@ s=plg| Wt (100 |82 |88 |81 |27 (54
aw i,
£, m eply:| 7.8 |66 (83 |67 |59 |88 | 57
y=0 @y maz <ipl)\ 52 | 8] (&) |50 | 5o S0 |47
q
ye iy at -‘E'- 0.3 |03 03|03 |23 |0y|03
¥ & 4“[ ',"‘-' 24 |38 |28 |05 24 |04 |22
£
ye dy al -¢|03 |0s (a2 (23 (03|03 |43
F
2050, 4 _
- .ﬂ slodg 029 |Long | OB8 [ B3 | 04 | 041

|J

< ligg

il

> |||I|||“|||“"I|-

iR

FRcroe

Al

il

TR

ii

Wit i

it

| MEfpaE

g
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AEHH | !l" |
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BERCTIONS 5. F
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&-7) L ATP. 2, £D ow FOUR SIDES.
v
Vs raw bylig ko |8 |82 (43 |44 | RS |20
yu85ly | M mas =M me pll | 54.3 |44.4|382 335 |30.1 |£2.5|20.7 . =
L 3
F
My max = Pl 455|442 435429 (427 | 437 |43.1
#rﬂj.i’ ;
at I‘:; =030 |0.28| 02| 0.24 |0.22| 220 | 0.K Fffﬁf -
<e0.5Ly | My m zply| 54.3| 558|581 6.7 |66.2| 204 | 15
y= 0 358 (324|298 | 277 (242|249 | 243 = i/ ¥
Mgy l'mtﬂ-.“',.ﬂf:: ”" um".:.-l!mm""r
y= Ly 540 |50.7 488 | 478 |470 | 470 | 524 =
220 | @umax stpl| 52 |49 |44 | 43 (42 | 4o |25 ¥ =
a= Ly ad -:; * 2.3 |863|23 02038303 24 5
= -L H - N & L] +
= a JE..M s plg:| 38 (3.6 | 2% A3 |32 |58 LB FRCTOR
¥ | ~ly _
xs £, al 1;* e.3 |03 |00} 03|03 |82
#-'r mar ™ f‘.: o 3.5 | &7 3& 35 35|32 %
raﬂ i__
By max = ply:|8.2 (2o |29 |27 |24 |24 |23 =
J?F A :',.P‘l" fF & | pe 7V BRG |BE | AT ¥ %T-:
L 1 | e =
.'-" r i- g“ E.
Nyome. AP REION 60 | Ro |3 TR |58 e
s & ] ey a1
i g}- 024 |.029|.054 |.038 | 043|048 | 08¢
yro.5Ly] "" ) ] aad i e d e il RERCTIONS 15.F
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r' : -

8-2) S108 FUER W B LONEER S8 AP SIMALY.

SUPPIRTED o TNE oTWER THREE SIDES.

Lo mmomd I.pff, re | M| 22| AR M| AF | L

!"""'“}' Fﬁ-_.l I-ﬁ'l ey |t |2 | | B Mg | BT FHIW"

My muy v plti (626 |SL | S0 | 447 |8 | 401D (20T

pﬂ.f-f-f
of Hoa | M| Al AT | ak2| afI| ask| asS

o 08ly | Mum v pleh | BB (LS (410 | 449 |44t (418 | BS

warnassii b |11 BRI

Hu-.l: r I.lt.-‘: sa; | Mo w8 |nx | |21
seosh sk | 23 | 22 | &2 | &7 | &S
. F |
i 'F," = Pl ,f 7 :.l : | ot fl
= atly "H.I""" ] F"',‘tl BRI \ppe | i | FET | MF | FET | 4w

se L, | My comere tpl % | 120 |a0o | 458 | 44|42 (421 | dro

52 0 | Qumems plut |26 |26 |28 | 25)| 25| 25|28

G om z-plyg: [/ (/RY |16 (NI | 0E|0s 00
s Ly

B e oples |83 |24 |85 |05 (05|06 |90

yuo |Qymer atple:| 7t 22|22 |72 72| 22|72

Nk | ok | 04 | #.4 | 04 | 24 | .4

R T T AT T e LT e

rﬂ ‘r -f

yu o l’ Ay £20 52|52 | £33 | L8| L7 | S

:
R T

ok |ab ok |nd | as| os] s RERCTION 85 17
Ir,-fi,..ts

rl .I'.’I -l’

F n
M
L] B
L
e Bily ¥ .
yeddly é:" = ﬁi‘ 08 |.orT |.018 |02 |.022 |.023|.086
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SUPPORTED ON THE OTHEL THEEE SiDE.

B-2) SLBS FIXLD oK R SHORTEE SIDL RMZ SIMPLY

ry;m\l Jyﬂ, po | mr | RZ) L3 | 0d | 25 | 20
aehSL | My min  w pl| BT | RE (170 |58 |48 |4t (28
prlily | Mo M e plgs | 00 | #4 | JEH 46T (402 (263 (204
Mymag = pll| 606 |04 |28 (028 |58 (505 (s
as 5L, '
af Il o edé| nde| o42 ok | 038 43¢ 0.2
Y
an byl My = v pld| s &2y | #7427 (&2 | P14
ya by |Mypy comerotpll:| 1o |43 | 40d [S10 |59 |28 (549
300 | @, mun  etply:| WA | 48| b | Ld |52 4.9 | 40
4
pe dy w2, moan  a phyo| £ | 40| 45|42 (40 |39 |22
-f .‘5.. k| od | 84| a4 | a4 | 04 | 03
yao |Dymoalpm u pl,o| 26| 24| 23 (22 |20 | 20| 0t
a'“ I'ﬂ.: -“l.* m ﬂlr -“.: m ﬂn! ‘r?
T. ;r ;
Fyem s plye| B9 | A4 | Ky | 2.8 | 29| 79 | 88
PR 4
dm s *i'l 015 |.or0|.004 |.028|.092 . 097 |.asy
vll-lilr £t
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B-3) SLRB FUIER oM THE TWO LONSER SIDES AME

MRLY 3, tf THE &
f
\PosiTion Lyfty| 1o | k1| 12 | 23 [ 44 | 25| 20
d T
e OAY eopli 202 (222 |25 (209 (206 (242 [200
~ # } P

105 M mim  we ol (374 |48 [ans |29 L2 |05 200

Fm

M, mar o plliléch &6 |568 |sgr |93 |00 |4i7

yo4-8y .
of Lol 042 a4d| ogh| 0.45| 048 0.45| o4

yr oSy | My o plT i my (423 | A8 |s5s (532 s |40

1w 03k £.30) o8| e fp) 0.20| 007 | 288 | 812
lr“ -L: l-
by | o%| 0.3%| o.80| o.80| 0.87 | 05 | 088

9| e | &3 | 254 | 323 |

-
ol
b
i
A
i
L |
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i
ol
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je o | HMep wtpL | 805 (33 | 826 (824 | S26 |BLs (433

ya Ly "af 2ol ekl ek o) 0| e 008 pié
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sely |Qumalim s plos| 65 | k2| K bt | 81 | 4 | 43

"r""‘"’ wtples| 24 | TE | 7.6 | ET | 2T | 27| A7

L € max o phyt| 55| 84| sk |58 | 88 | 2a | 55 ol
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-
-3 ) SLRB FIXED oW THE T SHORTER SIDES AWE
MPLY S, TED oW THE OIHER T SIDES.
S IFION Lyl | re| ir | #2 ] 12| 24| 25 | 20 E
£ PSLy 5
a0 | Mymun  w.ptli 202 (g0 |03 |47 |45 |4S |49
yoly |Mymn eoplBilané |ar |uz |85 (283 |2y (25| Lo .,'I?ﬂ‘; ~og
. ft,‘
Mymar = pbdi| @24 (807 | 2.9 |68 474 (406 | 250
& O8ly al £ bl
af el 2 es| a5 | a5 | os | s
s a7 .g ’
: Jie
Mymas » pth| SEB | 8.3 |58 | B5 |53 (B (a2 m
FrT-E L ?ﬂ:
af ';.'F'" 242 e40| 033 2.38| 037| £38| 2. 20 + ¥
r
: haa s
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d) Direct Application of Czerny's-Tables in Tanzs,
The tables of Czerny can be dirsctly used in some typical problems

of rectangular tanks as can be seen from the following example.

It is requirsd to desiszn a 160 e capacity open square water tank
supportad on four columns.

The clear heigat of the tank will be assumed 4.3 ms. then:

Clear area = 150/4.3 = 37.2 m®

V??.E = G.lm

To reduce the internal forces in the floor, four beans are arran-

Clear =ida length

ged so tiat its span is 4.5 ms only. The chosen dimensicns of the

tank will be as shown in Ffigure VII.ZY

NoRITOMTRL SECTION FrETICAL SECTION

Fig, VII-27

Each of the walls of the tank has 1
4,50 ms and ,

n

a theoretical height of H
€.30 ms

L]

a theoretical lemgth of L

The walls can be assumed fixed at their vertical edges die to
gymmetry in shape and loading ( 8 = o ) and fixed to the floor due to

the continuity with a short span of relatively big thickness.
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The floor slab 4.5 x 4.5 m8 can be assumed as fixed on all four sides

for the same reason.

Max. water pressure on walls Poax = %3 t/n°

Load on intermediate part of floor slab Py

= weight of water + own weizat of floor slab (assumed 20 cms. thick )
or p; = 4,3 + 0.2 x 2.9 = &, + 0,5 = 4,8 t,-"mz
Load on outside part of floor slab (assumed 40 ems. thick)

Py = 4.3 +0.4x2.5 = 4.5+ 1.0 = 5.3 t/2°

43 Hm o HH'

;. Li HORIZONTRL SECTION 158 it
i

SECTION AT | SECTION AT
A = WIGHT

Fig. VII=28

The internal forces in the walls, free at top and fixed on the other

throe sides can be calculated according to table C-8 a3 follows
( Fig. VII.28 ).
H/L = 4.5 /6.3 = 0,715 Py e = 4.3 X 4.5° = 87 mt,

Bending moments along nmiddle vertical axis are therefore :

Max. fixing nﬂﬁant at base :

Mouin, = - Ppay, H-/18 = = B7/18 = = 4.84 m t
Max. field moment at C.47 H from base 1

K max. = p # /80 = B87/80=s 1,085 m¢t
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The floor slab 4.5 x 4.5 ms can be assumed as fixed on all four sides

for the same reason.
Max. water pressure on walls Prmy = 4,3 tfma
Load on intermediate part of fleoor slab Py

= weizht of water + own weizht of floor slab (assumed 20 cms. thick )

or p; = 4.3 + 0,2 x 2.5 = 4.3 + 0.5 = 4.B t,me

Load on outside part of floor slab (assumed 40 cms. thick)
Py =43 +0.4x2.5 = 4.5+1.0 = 3.5 tj'ma
49 Hm 21 ffm

!
l VERTICRL SEETION

I

rta et NORIZONTRL SECTION 158 :T_{
“rl‘* : :
Linker line £ ol

! ro8
SECTION AT | SECTioN AT
& ML = WIGHT ] -
£ i i‘«_
%_— i
s ﬂl'p L I etters.
[ | | ' 1 b
o e ' o i
_ £3m
T

Fig. VII-2B

The internal foreces in the walls, free at top and fixed on the otker
throe sides gan be calculated according to table C-B as follows =

( Fig. VII.28 ).
B/L = 4.5 /6.3 = 0.715 P He = 4.3 x 4.5° = 87 mt,

Bending moments alons middle vertical axis are therefore
Max. fixing moment at base i

X sin, = - Poax H/18 = = B7/18 = = 4.84 m t
Max, field moment at C.47 H from base &

.H:mt. = p EEJ'BD = B87/B0a 1,085 m ¢t
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Bending moments in horizontal direction are =

Section at top surface :

Max, fixing moment

Emin, = = Pmax.Hzfiﬂ
Hax, field moment

Hmmax. =

Section at 0.6 H from bottom

Py H/55

Max. fixing and field moments :
M min., = - pmax*ﬂzfau

Hﬁmax. = Pmax.

The reactions can be calculated from the table

for H/L
Reaction at middle of base

thus 3

y
Heaction at top edge of wall

B

Reaction at mid. height of wall

R

Tensicn in wall at its base

Ry

=

n

- 89/30 =2-2.90 mt
87/55 = 1.58 m ¢
- 87/24 = - i.EE m
87/72.4= 1.20 'mt

of Timoshenko C-11b ,
0.715

tenszion in floor

we get @
max.
PH/2.73 = 4.5x%.5/2.73 = 7.1 t/m
horizontal tension in side walls

pi/9.14 = 4,328.5/9.14 = 2.1 t/m

horizeontal tension in side walls

Py X 0.9/2 = 5.3 x 0.45= 2.40t/m

The internal forces in the floor slab, fixed on all four sides and

subject to uniform load Py = 4.8 t.-”mE can be

table A=t as follows @

LF = Lx =L =4&.5m

Max, fixipg moment

Hfmax.

Max, field moment
Hmmﬂx. =

- p I%/19.4 =

p I%/56.8 =

calculated according to

By LE = &8 3% 4.52 = 97 m %
- 97/19.4 =-500m+t
9?-"5’6&5 = E—hﬂ! t
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The vertical and horizental sections of the tank are to be calculated

for the internal forces shown in figure VII.Z28.
The bending moments and shearing forces in the floor beams can be cal-

culated as follows : { Fig. VII.2O ),

P 3528 Pez3.50¢ ' -
1~a=f-=wf-' 02988’ -'a=ﬂf| il <Y &
e cBEESNERNENENERENRNS ) e —— e L PR
pde] ik 2.5 | J

| | ' f
v ! !I
| |3
1 .; i |I =| |:
|[ |L i -51 i |
| sipmige XY 3
1 .
Lo-Ge 4.50 o 2.0 |
1 i1
Fig, VII-29

Each of the four supporting beams can be considered as a simple bean

4.5 ms, span with double cantilevers 0.90 ms. each. The beam is

asgsumed 30 x 60 ems.

Load on intermediate span.

W, = 0.3 x 0.4 x 2500 + 0.67 x 222 x 4800 + 0,45 x 5300 or
2
W o= 300 + F200 * 2380 = QEE0 kg/m
Load on outside cantilevers i
Wy = 0.3 X 0.4 x 2500 x §-+ 9=§i x 5300 = 150 + 1190 = 1340 kg/m
Concentrated load : .
P = own welght of wall = 0.2 x 4.5 x 2500 x 5.3 = 7100 kg
+ uniform floor load = 0.45 x 5300 x =2 = 5350 kg
2
+ triangular floor load = Q.35 o 5300 x 0.9 = 1070 kg
2

i1.e. total P = 13520 kgs.



Bending moments in horizontal direction are @

Section at top surface :

dax. fixing moment

n 2
melu. = = pmnx_H /30

Max. field moment

M _max. = pmaI‘HEJEE

Bection at 0.6 H from bottom
Max. fixing and field moments :

M min, = - pnﬂx.H;fzu

M max. = _pmﬂx_Haf?2.4=

87/55

it

2
oo
=]
ot

- B87/24 == 3.63 mt

B87/72.4= 1,20 m ¢t

The reactions can be calculated from the table of Timoshenke O-=11D ,

thus @ for H/L
Eeaction at middle of tase

Ry

Heaction at top edze of wall

Ba

Reacticn at mid. height of wall

Fy

Tension in wall at its base

By

0.715 we get 1
‘max. tension in floor

pH/2.73 = 4.3x4.5/2.73 = 7.1 t/m

horigontal tension in side walls

pi/9.14 = 4.3x4.5/9.14 = 2.1 t/m

horizontal tension in side walls

PHAH. 42 = 4.3x%.5/4.42 = 4.9 t/m

Py X 0.9/2 = 5.3 x 0.45= 2.40%/m

The internal forces in the floor slab, fixed on all four sides and

sub ject to uniform load Py = &8 1:,.-’1:12 can be calculated according to

table A-& s follows :
IB,FszL:"-i-.ﬁm

Max. fixing moment

Mpmax. = - p L%/19.4

Max. field moment
Hmmax. =

P LEIEE.E

4.8 x 4.5 =97 m

2
Py L

- 497/19.4 = = 5,00 m &

97/56.8 = 1,70 m ¢t
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Therefore, the max. cantilever moment is given by :

2
1 =13.52 x 0,9 + 1,34 x 22 _ 12,2 4+ 0.5¢ = 12.74 m t
Dax. 5 ;

andi the max. field moment is :

2
M max.= 9.86 x i‘-'-g—- - 12,74 =25.0=-12,74 = 12,36 m t

The loads, bexding moments and shearing forces are shown in figure
VII.29,

OCne can seae that the choice of the dimensions of the tank was

convenient for the following reasoas @

1) The max. fixing moment in the wall ( - 4.84 m t ) is approx. equal

to the max., fixing moment in the floor ( = 5.00 m t ).

2) The max., moments are accumulated at the corner between walls
gnd floor, so that only a small part of the slabs needs a relati-
vely biz thickness (~ 40 cms ).

3) The max. field moment in the wall { 1.58 m t ) is approx. equal
to the max. field moment in the fleoor ( 1.7C mt ).

4) The thiczness of slabs is generally governed by their field moments
acd as their vglues are small, only the minimum thickness necessa-

ry for water-tightness (~ 20 ems ) is sufficient,

5) The cantilever part has been chosen such that it gives approxima-
tely equal cantilever and field moments in the supporting beams.
The same idea can be adopted for bisgger capacities as shown in
fizure VII.30 in which the capacity of the tank is :
4,00 x 10,60 x 10.60 gy 450 m°*
The floor slabs are sgain here fixed at the intermediate panelled fra-

mes, because they are arranged on the axes of symmetry.

Each of the floor panelled frames has a span of 9 ms. and car-
ries, in addition to its own weight,a floor load of p = &¢5: 4.5 =10 t/m
2
oo the intermediate span.
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The walls may however be supported at their top edge on cover slabs
or horizontal beams as those shown in the example, Such beams can be
assumecd as supposts for the walls if they are supported at convenient
distances ( smaller than ca 6 ms. ). In the shown example diagonal ties

mey give a coavenient solution.

Joam in.2;

3 Fig. VII=30

For the case of walls sinmzly sussorted at tep and fixed Go the
floor slab at bbtte:n, end resisting the full water pressure in the
vertical directio::, the heizht of wall H and the span of square floor
slabs L givinz the same fixing moment in wall and floor can be deter-

minaed as followa 2

Max, hydrostatic pressure on wall 0.95 H

Prax,

Load on floor slab including own weignt p Z 1,10 H

Fixing moment of wall = connecting moment of fleor or
3 = 2
0.95 H [/ 15 = 1,10 H L™ / 19.4 or
L =1.06 H

Figure VII.3l shows the concrete dimensions and details of rein-

forcements of a covered reinforced concrete square tank = &00 P
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capacity supported on four columns. The general arranzement of the
supporting elements of the tank follows the given recommendations. The
supporting elements of the floor are comnosed of four simple girders
supported on the columns j each of them is provided with twe cantile-
ver arms sSuuporting the walla as deep beams.The square floor enclosed
between the main girders is subdivided by two panelled simple beans.
Each of the four panels of the floor can be assumed as totally fixed
at its edges., The walls being 3.6 x 10.80 m, they behave as one way
slabs simply supported on the top horizontal beam and totally fixed to
the floor. They resist the water prescure in the vertical direction
only. In this panner, the bigger values of the bending moments 4n a
vertical section of the tank are asccumulated at the cornsr between the
walis and the Iloor. However, the lecal horizontal bending monents
along the vertical corners of the tanic - equations 10 = are to be ta-
ken in consideration. In order to avoid vertical supports inside the
tack, the top horizontal bean of the wall is supported on diagonal ties
shown dotted-. The roof is a reinforced conecrsts squars pyramid sup -
ported on twelve posts arranged on the tor of the walls at the corners
and the third points of each side. The windows between the posts allow
for good airation of the water in the tank.

VII.4, COUNTERFORTED WALLS :

In order to reduce the thickness of walls of deep rectangular
tanis, it may be of advantage to support them on counterforts as can
be seen in the following example of a diving pool 5 X 20 x 20 ms .,

( Fig. VII.32 ).

It is obvious that , in this case , it is not possible to ar-
range any supports at the upper aur?ana of the water, and, if the walls
are constructed without any supports, i.e. free at top and totally fi-
xed at the other three sides, we get fﬁr water pressure, according to
Cgerny's table C-8, the following i
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If yrﬁyx

H/L =5/20 = 0.25

and pH° =5x5 =125 mt
the max. fixing moments at foot of wall will be :
M min, == DH/6.9 & = 125/6.9 = = 16.1 =m & and
the max. fixing moment between the walls at their top surface ;
M min. =-pH/B.8==125/8.8 == 14,2 m t
-+
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Both moments cause tensile gtresses on the water side, so that, the

thickness required for the wall at its base ia given by @

£ =yM /3 = 18100 / 3 = 77.5 cus

Juit- 4
and the corresponding tension steel will be :
2
=0.,26 & =0,26x 97,5 =20 cn 7¢ 19 m/n

Both values t and A_ are relatively big :
We give in the following some trials for convenisnt selutions

of the wall.

lst, Trial : Wall Supported on Four Sides @

As a first trial, we arrange horizontal beans at the top

edze of the wall and vertical counterforts at say 3,33 wms. as shown
in solution 1 of figure VII.32. In this manner , the walls behave as
two way slabs simply supported at top and fixed on the other three
sides. The internal forces caa be caleculatad from Czerny's table B=5'
az follows :

For Ly ! L,

Ei"r!-l Ei!il}ﬁﬂli:

n

& p I3 5 x 3.33° =355.51a¢t

we get, the bending moments :

Uain == p 12 / 23.5 = = 55.5 / 25.5 = = 2.33 mt at base
Maax = pl® /104 = 55.5/ 108 = 0.535 mt at 0.27 H from
¥ x base
Mmin = - p 15 / 23,7 == 55.5 / 23.7 = = 2.3% mtat 0.38H "
Nmax = pIf/57.2= 55.5/57.2= 0.97 mt at mid height
and the reactions &

E}nmﬂx = max., tension in flcor slab

=plL, /27 =5x3.3527 = 6.2¢t/m
RI‘ = load at middle of top beam

[}

P L: S 17.4 =5x 3.33/17.4 = 0.9 t/m
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Bog = load at support of top beam
=pL /94 ==5x3.33/ 9 = - 1.78 &/m'

The reaction of the top beam and the ‘horizontal reaction of the wall
glve the loads acting on the counterfort, thus :
If we assume thnt the load ﬂaiatri‘butinn on the top beam is pmhﬂlic,
ite reaction on the top edge of theﬁ counterfort will be nil (~0 )
because the negative value nf the load at the support of the beanm
( 1.78 t/m ) 1s approximately equal to double the maximum poeitive
value at the middle ( 0.96 t/m ). | .
The maximum reaction of the wall on the ecounterfort is given by :
Rmax., =2pL .-"’51-2::5::5}5;"}l-lltfmatn.iﬂfrnm
bua.
In order %o calculate the bending moments and reaction at base
of counterfort, one may replace the load diagram acting on the coun =
terfort by a- polygon as shown in Fig. VII.33 Which shows the internal
forces in the wall and aup;purtins beams .

e

Flg. V1I-33

The :I!igurg shows further, the general arrangement of the coun-
warforte in elevation and section, the bending moments in the wall slab
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in the vertical and horizontal directions, and the internal forsces and

reactions of the counterfort.

Reaction of counterfort at its base :

Rellx2d i1l x1.5+1Uxc = 35.7 ton
¥ 2

Yaxinmum bending moment of couwaterfort :

” LAl x2.5 2.8 o) x1.5x1.75 + 22212 789t

2nd, trial : Wall Supcorted on Three Sides :

#e¢ have seen, in the previous trial, that ths lcads on
the top beam ars so small that it does mot give an eflective support
far the wall, Purther studies hava shown ti:at 87 long as tie heizht
Y of a wall subject to hydrostatic pressure iz bigger tlan its span
L, the internal forces are not affected if we dispense with the top
team, in which case the wall will be froe at tocp and totaily Lfixed
on tae Etﬂﬂr tirse sides, The bending momsnts ean be detersined fronm
Czerny's table C-8 a5 follows i

For Ly /'L, = H/ L =5/73.55 =1.5

and p 15 =5 x 5° _ =125 m ¢t

w2 zet the bendins moments i

wMonin, = = p L§f55.5 = = 125/53.5 = = 234 m ¢ at base
H?maxf n P L§IE4E = 125/242 = 0.5l m t at 0.2 H from basa
uxmin. = =D LifE#.E == 125/54,2 = =2,32 nt at 0.3 H " n

125/125 1.00 mt at 0.40H »

2
M max, = p Lyf 125
The reactions of the slab can be calculated from table C-11 , thus -

Rl = max. tepdion in floor-alab
=D L?f4.52 =5 x 5/4.82 = 5.2 t/m



258

2R, = load on an intermediate counterfort at its top edge
-EpLFf250=-215:53250=—U.2tfu

= lcad on an intermediate counterfort at mid-height

23
The maximum load on the counterfort lies at ~ 0.3 H from base, so that
the load dingm'm- can be drawn as shown in r.i.g:;t-u VII.3% ; its ordina-
tes being the same as those of the previous case, the bending moment
of the counterfort and the reaction at its lower edge will be the same
(Fig. VII.34).

Fig. VII-34

Comparing the values of the internal forces ohtaiﬁad. for this
trial, we find that they are nearly the same as those of the first
triael.

For such internal forces, it is sufficient to construct the
walls with a thickness of 20 cms only at the middle of the spans and
2 30 cms at the supports.

The maximum section of the counterfart may be chosen 45 x llComs
and the corresponding reinforcement ~ 9 ¢ 25 ,
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srd. Trial : Cantilevering Wall Supoorted on Three Sides @

In this new trial, the height of the counterfort will be

reduced to 4,00 m. In this manner, the lower part of the wall will be
fixed on three sides and free at its upper edge where we have 1 meter
freecantilever; it is subject to a trapezoidal hydrostatic pressure
with

1.00 t/2° at its top edge and

1

]

P
to a bending moment b, given by :

P; + Py = 1,00 + 4.00 = 5.00 t/n° at its lower edge in addition

iy

and & shearing force Q, = 1,00%/2 = 0.50 t/m acting at its free
edze as shown in figure VII.35 .
The bending =moments in the lower part of the slab can be calculated

frod the following tables

Table C-7 for the uniform load P = 1.00 t{m‘?

Table -8 " " triangulac " p, = 4.00 t/m°
Table C-9 for the shear Q, = 0.5 %/m acting on the free edge
Table C=10 for the moment t'.'ﬂ = 0.166 mt/m " n " ™ -

The results ar: given in table 1,

The reactions due to iy @re So small that they can be peglected,

walle the reactions due to Qy Will be directly trunsmitted to the ed-
28 of the counterforts ( at points d ) and are given by 3

By = 0.5 x 3,33 =1.67 ¢

The reactions of the lower part of the wall due to the wunifora:
pressure p, = 1.0 t.v’mE and the triangular pressure Py = 4.0 t_.-"na ean

be ¢aleulated from table C=11 as shown in table 2
H’h Eiven in the table indicates the maximum tension in the floor slab.
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bhla
Upniform Load | Triang. Lnaﬂ.!_ Edge Load En_iga doment f
Load | P17 1.0 '-’-‘"“2 Pa= 4,0 tfmai Q.= 0.5 t/m nﬂ.lﬁﬁ at/m Total |
Table C-7 Table C-8 | Table C-9 ' Table C-10 |
2 2 [ | ;
2 2 u
B, u;ﬂ&..m h%ﬁy&;ﬂhﬁg."_ﬂ B.M,
m m o o m m m
" n M n M m ; M i
mt mt ot ! mt nt
Mo, | 34| O.485| 177 | 0.361) 7.2 | 0.232, 3.3 i 0,048 | 1.106|
! | 1
U, | = 16.9(-0.950 (= 130 |=0.492-2.42 |-0.748 = 0,69 10,262 -z.u:.ui
| | {
Hﬂ q‘ﬁlu ﬂl 5?2 9ﬂi§ ﬂlﬁﬁﬂ 'E_ﬁru ﬂtﬂE? -1?19 -ﬂimg 11D“0
iy | = 19.5=0,820 = 41.5|-1,540,~66.3 |=0.025 | 7.5 0.022 -2.555]!
mﬂ: o 0 | | 0 oo 0 |- 1.00 -0.166 [-0.166
| ]
“:mi 190 - 0,084 . 238 | 0.269|=42.6 |=0.,039 | =40  |=0,004 | 0.310
doy | - 25.3.=0.632 j—i?.ﬂ» [-1.?10 . - | 15 | 0.001 2,340
L .
Table 2
Uniform Load Triangular Load
Loading Dy = 1.0 /2 - P, = 4s0 /02 Total
Taple C=lla Table C-=llb
p,L L
Reaction| R = ik Lt R = Pil = bt Reaction
m m m o
m R = 4/m = E = 156/0
. t 1 t t
Ry, 3,06 | 1.30 45.04 | 3.9 5.26
e Rd- EIDE 2 x -1-92 &0 2 X 0.3? '“'.:'.'IE +115?t E-D,E‘t
= Rc 288 |2 x1.16] 4.76 | 2 x 3.35 | 9.02
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The maximum load on +the counterfort lies at 0.5 H from base
and can be estimated diagramatically as shown in figure VII-35 in which
the load is replaced by & polygon of the given ordinates.

Accordingly, the reaction at the foot of the counterfort is glv-

en by:
R= 2002 % 202 5 5,5 4 10 x 1,0 x 0,5 = 33,9 ¢

and ite maximum moment is given by M = 65.25 mt
The intermal forces in the wall and in an intermediate counterfort are

shown in figure VII-35,

w il S

T T e

Secton

1t is elear from the previous investigations that the choice of
a convenient and -ni{-;lu solution as +that shown in the third trial ,
requires a thorough knowledge of the distribution of the internal
"~ forces in flat plates under different loads for the various edge con-

ditions,
In all the shown cases , the counterforts behave as simple can-

tilevers subject ,to the resctions of the wall and the top beam , if
any, giving maximum bending moments at their base. The tensile stres-
ses in thtlnmmtrfoﬂ due to the hydroatatic pressure are on the
water side, and it is therefore essential to prevent tension cracks
from being developed. In order to satisfy this requirement,the sections
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of the counterfort will be deaigned as reinforced concrete rectangu-
lar sections because their flange lies in the tension zone and , in
spite of that , the depth of the different sections must be chosen
such that the maximum tensile stresses in the concrete are smaller
than its tensile strength , 1i.e. -no cracks are allowed in the flan-
ge 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:

BE=6t; +20b, +1b

and emaller than H/3 . This means , the sections are to be treated
as reinforced concrete mtansulai sections in stage II amnd at the

pameé time as plain concrete T-sections in stage I.

The walls must be designed fm:'-the full hydrostatic pressure assu-
ming earth removed , and the full earth plus any ground water ﬁr&s-
sure + effect of spruha.rge y if any , with tank empty. In this last
case , the wall sections behave as T both in s8tage I and stage

II.

Qorner counterforts meay be arranged as shown in aulutinn L
in which case , they resist the horizontal reactions &f the two
ad joining 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 is recommended to extand the floor beams over the whole width of

- t, = thickness of flange b, = breadth of haunches if any
b, = breadth of counterfort.
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the floor if 1t rests on relatively weak solls - solution 1 of figure
VII=-32 = and, to extend them on a short distance of the floor slab if
it resta on stiff soils as shown in solution 2 of the same figurc.

It 1s generally not recommended to use bent b&rﬁ 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 liable to move from thelr positiom during concreting operations.

Figure VII-36 shows the concrete dimentions and details of rein-
forcements ot the third trial shown in figure VII-35 for solution 2 of
figure VII-32 agsuming that the internal forces due to earth pressure
are 0.85 the values due to water pressure.

It bas to be noted here that no bent bars are used in the differ-
ent elements of the pool and that high grade steel stressed to 2000 kg/
em” in tension is used as reinforcement for the counterforts,

The required concrete dimensions and reinforcements of the diffe-
rent elements are as followa:

1.) Wall and floor slaba:

Thiciness 20 cms provided with haunches 10 x 30 cms at the sup=
porting beams,

Tension ateel 7 @ 13 mn/m for water pressure and 7 § 10 sa/m for
earth pressure,

2,) Counterforts:

Cross-sectlon: max, 45 x 110 c@ and min., 45 x 60 eam,

Tenalon steel: 9 ¢ 25 mm on water side and 6 25 mm on earth
side.

3.) Intermediate floor beams:
Cross-sectlon: 45 x 60 om, .
Reinforcement: 3 ¢ 25 mm top and bottom.
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VIII, TANKS DIRECTLY BUILT ON THE GROUND

In tanks directly built on the ground, we recognize three dif-

ferent cases, namely :

a) Tanks on fill or scft-weak so0ilsy
b) Tanks on rigid foundation and,

¢) Tanks on coapressible scils.

VIII.1 TAES Oi FILL OR SCFT WEAK SQILS ¢

The stresses on the s80il due to weizsht of tank and water is
generally low (~ 0.6 kgfcm; for a depth of water of 5 ms.) 3 but in
szite of this faet, it 1s not ri:commended to construct a taok direct-
1y on unconsolidated f£ill as this may expose the tank to very serious

differential settlements due to the unhomogenous texure of the £ill.

Soft weak clayey layers, peat and similar soils may consoli-

date to big values even under small stresses.
po—=

—--—ml_":.;w——

Fig, VIII-1
In such cases, it is recommended to support the tank on eo-

lumns and isolated or strip footings if the stiff soil layers are at
a reasonable depth from the ground surface and no big difficulties
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are liable to arise due to high ground water as shown in fig. ¥III.1
in which the floor of the tank, acting as a flat slab, is supported
on columns and isclated footings resting on the stiff clay.

In case of medium seils at foundation level, one may need a raft
over the whole area as shown in figure VIII.2 . The floor of +the
tank and the lower raft may be arranged as flat slabs. If it is requi-
red to ilncrease the stiffness of thah tank, longitudinal and ercss-gir-

ders may be arranged as shown .

Ters st " - el
e P e P R S I S S PRI R e 2 O PSR P, i

1T the incompressible layers are deep or the ground water level
is high one may support the tank on piles. It is 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 water-tightness ( 20 = 25 e¢ms ). The Pile caps may act

as column heads for a flat slab system as shown in figure VIII.3

i | A o
[ 22 %0 |2 B6M dark
AL e | v gy -
. Fr Al fr e
Gl e Ll e
LI Fing sand

] - e fa 8 At
WS T fedvissond

In this example, the soil layers being soft and compressible, the
weight of the tank and liguid will be transmitted to the inceompressible
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sand layers through cast in place piles,

The roof may be a flat slab or of the slab and beam type sup =
ported on columns. The columns 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 its full capacity and
the required thicimess of the floor slab is 20 to 25 cms. The s8teel
tubes in which the concrete of the piles is cast 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 Burfac&.

We give in figure YIII.4 a circular flocculator which is to be
constructed in very soft swampy soils on piles arranged in the out-
side perimeter below the outside wvertical wall and in the center under-

neath the solld part shown.

VIII.2 TARES QN RIGID FOINIDATICON

If we assume that a tank is supported on a rigid foundation,

e e
5

=——-—.-.-i -

then the vertical reaction of the wall will be directly resisted by

the area bensath it, while the bending moment M will deflect the
floor in a length | beyond which no deformation or bending momenta
are created. The deformation due to M will be counter balanced by
the weight of the liquid and the floor w. (Fig. VIII.5) accordingly ,
we should have at point b ¢+ M =0 anmd p=0
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]
But g = O :_w l - -ﬂﬂL_
24 E I 6B EI
g0 that | = 2 .
w

The part | of the floor slab is to be designed to resist the
bending moments shown in figure VIII.5 plus as axial tensile force
¥ equal to the reaction at the base of the wall. The middle part of
the floor slab is to be designed to resist the tension N with a min=-
imum taickness of 15 = 20 cms giving sufficient water-tightness. The
nipimum reinfarcement is 5 ¢ 8 mm/m in each direction om both surfaces

of the slab.

VIII.?. TANES QN COMPRESSIBLE SOILS

Floors of tanzs resting on medium clayey or sandy soils may

be calculated in the followins manner : (Fig. VIIL.8).
|
o &

Je assume that the internal for-
ces transcitted from the wall to the
floor at b are distributed on the soil

by the part b ¢ = | of the floor where

| = 0.4 to 0.6 H. The length | is
hosen sucihh that the max. stress U& is
smaller than the allowed soil bearing
pressure, and O, ) 0,/ 2 on clayey VIII-6 qIIIIIII]]]]]I]ﬂt
soils and 0, > O on sandy soils.
These limitations are recomzended in order to prevent relatively big
rotations of the floor at b. &
The internal forces in the part bc of the flunr are to be deter-

mined for the downward forces @
G, = weight of wall and roof (if any)
G, = W " floor ¢b

= " " water on cb



270

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 subject to tension
equal to Q . Ifu'ﬂaialmans is chosen 15 to 20 c:u-. to Eiﬂ- the neces-
sary watertightness, reinforced by two meshes of area A, in any direc-
tion given by @ '

by =Q / 0,

For the details of reinforcements refer to figure VIII,S,

The floor of a tank d.:l.ruqtl:-‘built. on stiff medium or weak compressi-
‘bia soils can however be treated as a floor on elastic foundation if
the scil is homogenous and its elastic properties are kmown.

Gemeral Theory of Beams on Elastic Foundation™

o In .urdar to determine the deformation and internal forces in a
:I!lnm.:' on elastic foundation, one has to know the general theory of

beame on elastic foundation. We siv;ur in the ﬂllawing' , the outlines
of thu.theury as may be naadad- for our purpoBe.

' A beam A B supported along its

entire length by an elastic medium a4 y P _'
and subjected to wertical forces p . '-

will deflect producing continuously Txky
distributed stresses O in the suppor-
ting medium* ( Fig: VIII.7 ). -~ Fig. VIII-7

-'Il:m fundamental assumption of elastic supports is 13
" the intensity of the stress O at any point is proportional to the
deflection of the beam y at that point " ; that is '

O =k ¥ ;
The elasticity of the supporting medium is characterized by the stress
¢ which causes a deflection egqual to unity. This constant of the sup-

porting medium k, kg/cw’ 1is called the modulus of the foundation.

s Hetényi " Ebams on Mtiu Foundation ™
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Assume that the beam under consideration has a uniform cross
section and that b is its constant width, which is supported on the
foundation, A unit deflection of this beam will cause a gtress b k
in the foundation , -::n::.s-e:;uenﬂy, at a point where the deflection is
y the intensity of distributed reaction (per unit length of the beam)
will be : ]

v Il::gj::m =b k¥
For the sake of brevity we shall use the symbol k IJq:_!-“.iﬁ:lnE for b cms x
kg kg/em® in the follbwing derivatioms, but it is to be remembered
that this k includes the effect of the width of the beam and will be
sumerically equal to k, only if we deal with & beam of unit width.

Considering the eduilibrium of an infinitely ﬁl
. . d
spall element enclosed between two vertical cross- J”:
smctions a distance dx apart on the beam we find: ( ol )
ic apa an M -
(Pig. VIII.8). - : =
- ! Tihie ‘dx
Q-(Q+d )+ kydc-pdx = 0 ¥ -
which gives : : .F]'E“ VIII-&
_d._f;" = E.;F - p ' {a)
knowing that a _ g, we can write
ﬂx -
@ gy -p®
ax  ax

We imow further that i

s .
:_;E o ) (c)
ETI -
Differentiating this relation twice, we gbtain 3
2

4 .
EI E—*:—?ﬁ (d)

dx
Relations (b) and (d) give :
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E I iuﬁ ==k Fy+p (m)

#hich glves the differential equation of the elastic line of a beam on
elastic foundation. Along the unloaded parts of the beam, where no

distribvuted load is acting, p = 0, and equs (®) will take the form
g

d
EI —~E- =k ¥ (f)
dx
It will be sufficlent to consider below only the general solution of
{tf ), from which solutlons will be obtained also for cases implled in

({e) by adding to it a particular integral corresponding to p. Assu-

ming further that i .5
| n VE (&)
4 EI

we can zive the solution of the differential egquation (f) in the
fora :

¥y = Al | A, cos nox + B sin nx ) + i | B, cos nx + B, sin nx )

(15)
Hers n includes the flexural regldity of the beam as well as the slas-

tieity of the supporting medium, and is an important factor influen -
cing the shape of the elastic line. For this reason the factor o is
called the characteristic of the system, and, since lts dimenpsion ia
1nn5th-l, the term 1/n 18 frequently referred to as the characte -
ristic length. Consequently, ax will be an ab?nlute number.
Differentiating equatien (15), we get :

1, &
o dx

L]

o 0% [ Ay {cos nx — sin nx) + 12 {cos nx + ain n:}]

g~ [ By {coms nx + sln nx) = By (cos px = sin nx)]

1 4.

- o (4,8in - L cos nxJ+a'n1[Blain nx-B,cos nI] (1s)

|
|
:

k

dsv

= - gt [A {cos nx + sin nx}-kz[cus nx = sin nxj1
41 d i

+

§ " [ Bl(cna nx- sin nx]+32{cas nx - sin nxj}
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inowing that i

2
& .tane, -EI &L =M and -2I &L = @
ax : EE dx_-i-

we can obtain the general expressions for the slope 6 (6 = tan @)
of the deflection line as well as for the bending moment N and the
shearing force § . The intensity of pressure in the foundation will

pe found from equation (15) te be T =k ¥ .

In applying these general equations, or ccrrespénding opnes in-
cluding the term depending on p, te particular cases the next step is
to determine the integration constants A, &5, By and HE -

These integration constants depend on the manner in which the beam
{s subjected to the loading and have constant values along each por-
tion of the beam within which the elastic line and all its derivati-
ves are continuous. Their values can be obtained from the conditions
existing at the two ends of such continuous portions. Out of the four
quantities ( y, 8, ¥ and Q ) characterizing the condition of an end,
two are usually known at each end, from which sufficient data are

available for the determination of the constants A and B.

Internal Forces for Particular Cases of Loading :

In the following formulae, we have &

The characteristic value n =4].|" k
4 E I

The foundation madulus ' K, in !:sfcm}
k =bk, in kg/oms

Constant width of beam in contact with the foundation = b cm

The flexural rigidity of the beam =E1

The deflection y, slope angles 8 , bending moments I;I. and shearing
forces Q are given in the following for beams with free ends wunder

some particular cases of loading.
The numerical values of the trigonometric and hyperbolic func-

tions needed in the different equations are given in the appendix.
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1) Egual Concentrated Forces at Both Ends i

Fig., VIII-9
r. TR S—— — ._-II
¥ = 2Pn cosh nx. cos n__::'+ cosh n_:-::_g_ns nx
k sinh nlL + sin oL
Daflection at the end points i
ZPn coshnl + cos nlL
4 TR M i TR I T
k 8inh nL + sino nl
Deflection at the middle
4 P n gosh % co8 %
b 2 =
¢ k sinh nl + sin oL
The deflection y, = 0 when oL =1 , air ., 5 , ect..
Slope anclas at end points A and B 3
6 ._@ .. 2Pn° pginhpl - sin L
A B i sinh nL + sin nL
The bending moment
. _ _ B  sinh nx. sin nx's sinh me. sin nx
n ginh nL + sin oL
The bending moment at the middle ;
5 P sinh g_.l’.u sin %
Ert o EE—— g ’ e —
= n Sinh nl + sin nL
M, is negative when nL { 2 W
M, is positive when 2T {nL < 4m
The shearing force @
Q@ =F = ( sinh nx. cos nx'-= cosh nx, sin nx'

ginh nL + 8in nL

1
+ cosh nx. 8in nx - sinh nx. ¢os nx)

(17)

(17a)

(17b)

(18)

(19)

(1%2)

(20)
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2 M n. 1 . ;
¥y == - Sk S - {ninhnt.uaﬁnt-cushnx.ainm:‘
L k ginh nl + 3in oL _ ;
+8inh nx'. cos nx = cosh nx. sin nx)
. (21)
Deflection at end points : '
2 nz
= B ginh nl - sin nL 21a)
TL = I’B o eee— ¢ f 1’..
k ginh nlL + sin nL
Slope at end points
4 H nf“
B e B [+] . cosh ol - cos nL (22)
5 0 K sinh oL + sin oL :
The bending moment :
¥ = M - — ( siph nx. cos nx'+ cosh nx, sin nx'

© ginh nL + 8in oL |
: - + sinh nx' cos nx + cosh nx, sin nx}

: (23)
The bending moment at the middle :
nL nL nl al
ginh « GOB + Boah « Bin
;.:c =2 Hn' 2 E_ E_. _,E__... (23a)
ginh nL + 8in oL
M =0 when cos IE = - sin E¥, that is,
o : 2 2"
'Ih.Bn III: = i L8 ¥ zﬁ: ' H|n'|: ' Btﬁttr
2 2 : 2 '

The shearing force 1

Q =24 n , 8ioh nx, sin nx' - ginh nx!. . sin o (28)
Binh nL + Bin nL
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3) Concentrated Force at One End :

Fig., VIII-11

2Pn  sich oL, cos nx, cosh nx' - sin nl. cosh nx. cos nx'

JE - 8inh® ol - 8in° nl
(25)
Deflection at the end points :
¥, = 2Pn sinh pL. cosh nL - 8in nL, ¢os nl %
A k- ~ -
k. 8inh® nL - sin“ nL (258)
y = 2En ginh nL. cos =5 1L, cosh nl
2 K " @iph® oL - 2in° nL '
The deflection yp = O when ol = EﬁL . E T, 8te..
Slopes at the end points : .
o __2Pn° ginh? oL + sin® ol )
A ke sinh® nl - sin” nL :
. (26)
g=_¢rn2_n;n_n;_m_,sinﬂ ;
B k 8inh™ nL = 8in™ nL
The slope 6, =0 when nL = m , 2F s 3® , eto..
Thﬂlhund;!.ngmnﬂnt z
M = E 8ioh nl. sin nx, sinh nx'- sin pL. singh nx. sin nx' (27)

L ni.nhEnL -Ei‘ﬂ.E'ﬂL

The shearing force i

1 [ L
- F ginh nl, (cos nx. 8in nx =
ale sinh® nL - sin” oL

r
g8in nx, cosh nx')- 8in nL (cosh nx. 8in nx - sinh nx. co8 :||:11L }]
(28)
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4) Concentrated Moment at One End :

Fig. VIII-12

2 Eﬂ n 1 \ !
inkh nlL (cos nx.sin nx - sinh nx.

. ey p)

== F
k ginh™ oL = sin © nk
cos nx) + sin oL (sinh nx. cos nx' = cosh nx., sin ox ]] (29)

Dafleetion at the end points :

2
2 kK, n sthEnL-bsinEnL J

ey e

ki k ginh® nL = sin~ nL
(29a)
& i
4 %, 0% ginh al . sin_al
¥n = N ]
k ginh” nL = sir™ nl
The ﬂeflectiun g = Owhen nl = @, 2m , 3m™ , etc.
Slopas at the end points 1@
q’ |bl1- 11':5 3
B & 1] .sinhnl.cthDL+san.cuEnL}
A K ainh? ol - sin® ol )
5 ) (30)
9=4Mun sir-hnL.nr:ranL +E:Ln.|:|I.|.1:thnL
B P sinh® nL = sin” ol
The slope Eazﬂwhannl.=1rc . Zx ' Eﬁ, etc..
4 y -4
The bending moment 3 _
M = !ﬂ L [sinh nL {(sinh nx.cos nx + cosh nx,.8in nx)
ﬂ-:l_nh nL - sin nl
- sin nL (sinh nx. cos n¥ + cosh nx. ai,nm:}] (31)
The shearing force i ’
quauan oL, sinh md. 8in nx + sin nL. gin nx
ginh® nL - 8in” oL
(32)

Foundation Modulus k. 1

The magnitude of the foundation or subgrade modulus kK, depends
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mainly on the following factors 1

1) Kind of soil and its properties.

2) Internal friction between soil particles and their water content.
3) . Size and form of loaded area.

4) Depth of rnundafiun base from ground level.

We give in the following the approximate average values of k :

Peat 0.5 = 1.0 ksfcmj
Fill of sand and gravel 1.0 = 2.0 L
Wet clayey soil ’ 2.0 - 3.0 =
Moistured clay 4.0 = 5.0 "™
Dry clay 6.0 - 8.0 =
Hard dry clay 10 kg/en’
Coarse sand )
. Qoarse sand + small amount of gravel o 2B .

Fine gravel + srall amount of sand

Middle size gravel + fine sand 10 = 12 S

Middle size gravel + coarse sand = = 12 = 15 o

Large size gravel + coarse sand | 15 = 20 "

Examples :

1) In figure VIII.13 is shown the cross-section of an agueduct. It
is required to find ths pressure distribution in the sub-soil and
the moment diagram for the bottom plate.

Assume i

E, = 200.000 kg/cn’ and k, =5 kg/en’

Solution 1
The bottom plate cen be regarded as a beam on elastic foundation

subject to .=
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i) A wiformly distributed loading-
p equal to the weight of the bot-
tom plate itself plus the weight F ;,-' _
of the water, ' ;

LN e, ey i

E

bl H
i ]

! '&ff?’fr‘:‘-"ff’.f‘“’"—f’f"f! .l"jli e

ii) Two concentrated forces P due to
the weight of the side walls, i . r

iii) Two moments M, due to the hydro-

static s8Ure . Pr 430 ky =
riax ' Mm ’
Computing the loads of ‘the sec— 4 ' -

tion per meter, we get :

Own weight of bottom plate
=0.2'x 2500 = 500 kg/ o
Own welght of water
= 2.2 x 1000 = 2200 "
Total p = 2700 "

q!ii"h,,,“_ ]

Corresponding stress oo soil
= 0.27 ksff.:uz
Own weight of wall ~ | Fr_ﬂ'{ .‘-,Mﬂ‘
P = 2,30 x 500 = 1150 ke/a Fig, VIII-13
Moment due to water pressure M, = - 2200 x 2,2° / 6 = = 1780 kgm/m,

The deflection and moments of the floor can be calculated with the
help of equations' 17 , 19 and 21 |, 23 thus
k=bk, =100x5 = 500 kg/em®

I =b t5/12 = 100 x 20°/12 = 6.67 x 10* co®

4
n= - : =V, 200 T - 0.010°
4 E I 4 x 200 000 x 6.67 x 10

The deflection at the edges J, and yp , @aod at the middle
Jg due to the forces P = 11.5 kg/cm is, according to equation 17- a

& b, given by 1
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: - nL
o b s _2Pn cosh nL + cos !_hr.#g'l cnahi't'-q-.coii
&R kE  sinh ol + sin ol C" &  sioh oL + 8in oL
in which -
nL = 0.0l x 420 = 4.20 ,nL /2 =0,01 x#420/2 = 2.1
einnl = -0.872 , cos nl == 0.490, sin % = 0.863, cos ;‘P- = 01505
ginh L' = 33.3357 , cosh nlL = 33.3507 , sinh ‘E‘—L-= 4;0219.“:11:—" = 4,1843
So that @ '
%5 1, 33.3507 = 0,490 ”
e - 500 33,3357 - 0.872
500 33.3357 - 0.872
The stresses due to the forces P are therefore :
G =0y = k'y, = 500 x 4.65 x Wt - 0.233 kg/ent
and O, = k yp = - 500 x 0.59 x 10~ =-0030 "

The bending moment M, at the middle point of the bottom due to the
forces P is, according to equation (19a), given Dby :

inh gin !'E
H.':,' - - 2k . X Eﬁ —,-Er - or
n 8inh nL + n:l.n"lh-
y = 2%11.5 , %.0219 x 0.863 _ _ a4 _
% 0.01  33.3357- 0.872 Sl e by

The deflection 'at the edge and middle points of the bottom plate
dus to the moments Hﬁ = = 1'}_'EID kgem/cm ;.B.ncc.urding %o equation

(21), siven by : :
28, 8° gy in nl,
y, =9 == 0 | -8
A ] K sinh oL + sin ol
" =_4iEnE .ami—ngmf-nmh%:m?_
9 x sinh nl + sin nL

£o0 that 3
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2 .
T'TB Mwnf.ﬁﬂllﬂ"“ om

200 33.3357 - 0.872
%= LL.@.E_.L ~ #,0219 X 0.505 = 4.1A43%0.863 . 5 45210 %em
33,3357 - 0.872 °

The siresses due to the moments M, are therefors i

ui..cr.k'n=5nc-:?.5:iu"*.ﬂ.5?5 Kkg/cn®
| 'Uu-krﬂu-ﬁm:245:1ﬂ'u-—ﬂ.125"
The bending moment at the middle point of the bottom plate due to the

adga moments ‘n is, ._-.u:murding to eguation23-a, glven by @

!!.uh_? cnn_z!-l'—-t- n:uuhgk dng
ginh nL + sin oL

“c = 2 En"

.E._zzl?m_wiﬁw.-mawgn
. 33,3357 - 0.872

The total stresses and bending moments ars therefore 1 (Fig, VIII.13)

T = U = 0.270 + 0.233 + D-F?ﬁ = 0,878 ks.i"'l."-'l

A= B
Oy = 0,270 - 0,030 = 0,123 = 0.117 "
M = = 245 = 170 -—-ﬂ-:!_ﬂ kgm/m

c

2) It is required to dumﬂ.ﬁa the stress distribution end bending

moments of the floor of the diving pool shown in figure VII.32 for

the case of nhr pressure assuning E = 2000 Wul and k, = 10 kgful

The solution will be done for a strip.B = %.3% mg (distance between

center lines of floor panels). _

In order to simplify the computations, the floor girders will be assu-~

med with a constant average depth of 90 cms.

The floor strip is subject to t (Fig. VIII.1l&4).

1) The weight of water and floor p where
ji}-ﬁ}(5ﬂ+ﬁ.2:35+ﬂ.45:ﬂ-?125 = 19.1 t/m

41) The weight of the wall slab and nmmttrrm P whare
P-5.5310.2:512.5+Gﬂ,',i::m’?.:l:#5:!:25 =1.9 ¢t
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1ii) A concentrated bending moment at the outer edge M due to the
fixing moments of the tounterfort and the wall given by 1

M= 65.23 + 2 x 2,38 x 3.33 = 65,23 # 5.2 =70 mt
3 Pu .9 ha 3 35m

Area of the. section 1 (Fig. VIII.15) _ LR aiR b

L= 0.2 X 3.35 + 0.7 x 0.45 = 0,981 5.1 b K .is
: L

Statical moment sbout mid-height of flange: a !

S = 0.45 x 0.7 x 0.45 = 0,142 =2 Fig. VIII-14

Distance between center of gravity of
flange and center of gravity of sectlion

is 1

0,142 = 0,145 m
0.981

So that the distance of the center of
gravity is equal to 1t
0.245 ms from top surface of the flange

Fig. VIII-15

0.655 ms from bottom ™ " ¥ web,
The moment of inertia of the section about 1ts center of gravity i
1 = 945 X 0.7 | 045 x 0.7 x.305° + 3.33 x 0.2”
12 _ 12
# 2.33 x 0.2 x.145° = 1853 x 10' com
'ﬁm ch.umtnrinﬂc value n t |

n.-n’:a K . 'l/ 5}3:14: _ = 0.00385 cut
4 EI. u:ED:lﬂ x 1853 x 10

Therefore 1

o, = 2282 x 333 = 1,28 B L, 0.8
1000 : 2 '

gin nl. = 0.958 sin P& = 0.597

Sum ol w DL0BD cos B ™ 0.802

ginh ol = 1.6593 sinh 32 % 0.6846

cosh ol = 1,9373 " cosn k= 12119
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The deflection at the edges y, and Jp due to the force

P = 41300 35,7 kgfem is given according to equations(25a) by

333

—— 2FPn . sinh nL. cosh nL - ein nL, cos oL

A k ) sinh™ nl = 8in~ nL

T=2Pn- ginh nl. cos oL - sin nL cosh nL

B k ginh® nL - sin” nL

So that 1 :

y = 2EIIX 0.00385 1.6 1 ~ 0,958 x 0.287 _ 3 32x107dm
3330 1.6593 = 0.958

gy = 2X35:7%0.00365 1.6593 x 0287 = 0,998 x 1.9373 - - .625x10™¢n
3330 1.6593 - 0.958

The deflection at the guarter point C and middle point D due to the
force P 1s given,according to equation 25,by

2Pn sioh nlL. cos nx. cosh nx'— sin nl, cosh nx. cos nx'

k ' ginh™ oL = gin™ oL

Forpoint ¢ =x=L/84 x' = 3L/4 nx = 0.3% nx' = 1.02
Forpoint D =x=L/2 x' = L/2 nx = nx' = 0.68

cos 0.34 = 0.943 cosh 0.34 = 1,0584
cos 0.68 = 0,778 ecosh 0,68 " = 1,2802
cos 1.02 ='0.523 cogh 1.02 = 1.5669
So that @

To = 0.865 x 107 em ¥p = 0.306 x ll.'.l'q' cm

The bending moments at points C and D due”to the concentrated load P
can be caleulated from equation 27, thus 13 '
¥ = . B+ ginh nl. sin nx. gggn:'-ginnn. ginh nx, sin nx'
n ginh® nL - gin™ nlL
in which
For point C nx = 0.34 nx' = 1.02
For point D nx = nx' = 0,68
ain 0,34 ‘= 0.334 sinh 0,34 = 0.3466
gin 0,68 = 0.629 : ginh 0.68 = 0.7336
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#in 1.02 = 0,852 sinh 1,02 = 1.2063

So that 1
M = = 1940 kgom/cm -"D-:I-J.E}G' kgem/cn

e
The deflection at the edges Ty and ¥n dus to the moment
M == M‘i = = 21000 kgem/cm is given,according to equations

333 .
E‘-_’.l_—“h,hr the relations t |

g wieBRAE gggaggqu gin® nL
l L ]

X ginh® nlL~ sin” nL

. s 5:;"'-'_ a in nL

B X sinh® oL - sin” ol

So that 3

: 2 2

y, = 2x21000 2.8 = 1.6 + e 3,76 x 107F on
3330 1000 1,6593" = 0.9

Iﬁ'_w {MJE . hﬁ% =—3.23'Ilﬂ4ﬂ.
33‘3’5 1000 J-IEE'B} - 5195 i 2

The deflection at the gquarter point C and middle point D due to M
can be calculated from aqﬁtiun 29 giving 1 '

Yo = 1.73 x 107" on yp = = 0,143 x 107" ca

The bending -lnlnntn at 0 and D due to M can be calculated from equa-

tion 31 giving @ E il
M, =-19500 kgea/om My = = 10950 kgom/cm

The stress -ﬂuc to the uniform load P iz given by 1@

O 200  _ 0,575 xg/cm®
100 x 333 ;

The corresponding deflection y is therefore 1
y = 0/k° = 0.573/3330 = 1.72 x 10~ ca

The deflections, stresses a.u-ﬂ. bending moments are as shown in the fol-
lowing t6bie : Fig., VIII.16a '
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Lase I'Paint A c D B
ﬁﬂflec-! 0 |1.?an x 10'“|1 720 % 1n‘“r1.?2ﬂ x 107 1,920 x 10~*ca
FHon ¥ p |1 320 x 10™° 10,865 x 167 0,307 x 10~*|-0,625x 10 om |
due to | | 4| 4 4
| | M 3760 x 10711730 x 10™*-0.183x 10™*|-3,230x 10" em |

» |
| !
| pePeu 64800 x 107*(4,315 x 107%|1.883 x 107*|-2.125x 10~%cm
|
Stress U = ky I
= 3330 yi 24266 1.438 0.628 —~0.708 ‘kg/cn>
i3 |

B.Me | P | 0 - 1940 - 1530 0 kgem/cm

due to | M - 21000 : - 19500 - 10950 o w om
n .
P4l - 21000 - 21440 = 12580 o m ®
= = ' 0.6 M |
I
>
L]
N
] §%
Sre@8f58 IUSTFBISTroN STRESS DrSTHBLTanN
. WHTER PLESS. L ZRRTN FRFSS.
Fig, VIII-16

The maximum bending moment can therefore be estimated by 1.05 “u,

that is , for a maximum bending moment in.the counterfort. M = 65 m %,

the maximum bending moment in the floor beam = 1.05 x 65
Assuning the bending moment due to earth pressure is 0.65

= 6B m %
that
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of water pressure and of opposite sense, the deflections , atresaes
bending moments of the floor beam will be as shown in the following
table ¢ Pisi HII|lEh4

Case | Point A c D B

fpefiecl p [1.720 x 1071 |1.720 x 207 [1.720 x 107 | 1,920 x 107 em

tion ¥  p 1,220 x 107 |0.865 x 10~ |o.306 x 107 }0.625 x 107%cm
jdue to I I

~2,480% 10~*|-1.120x 10~ |0.093 = 10~ | 2,100 x 10~%en
I p+P+il 0,500 x 107 [1.865 x 107 ]2,119 x 16™*] 2,195 x 107™cn
|
[Stress U= ky

= 3330 y | 0.20 0.488 1 o.70s 1.065 kg/en™

B.:l. P 0 - 1940 - 1530 0

i
Mue to] 2 | - 13700 - 12700 - 7100 0
P+ - 13700 - 14640 — 8730 0
= Hc ' = 1,07 qu = 0,64 ",
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IX. BUNEERS AND STLOS

IX.1l DEFINITIONS

Bunkers and sileos are containers used for storing dry materials
such as cement, corn, coal etc.. They are ganarh_ll; filled from the

top and emptied from the bottom.

Fig. IX-1 BUNKER Fig. IX-2 8110

In bunkers, figure IX-l1, the plane of natural repose of the fil-
ling material must not intersect the opposite wall i.e.

H tance {L practically B <15 DI,y
whereas in gilos, figure IX-2, the depth ias big in proportion to the
section, and the plane of natural repose 5lnera_11: intersects the op-
posite wall i,e.

E tana > L practically H> 1.5 T
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IX.2 LAYOUT OF SILO CELLS

Siloa are generally composed of a geries of squere, hexagonal

octagonal or elrcular deep cells as shown in fig. IX-3. The dead zones

|
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Pig. IX-3 Arrangaement of Silo-Cells in Plan
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between nc:haaunnl or circular cells do not exist in case of sguare,

rectangular or hexagonal cells ; these zpnes may however be used for

ventilation, piping, lifts etc..
The bending moments in walls of circular cells are nill and in

walls of octagonal cells are smaller than in walls of hmgnmlh'dr
rectangular cells.

In order to reduce the bending mo-
ments in exterior walls, the cells mdy be

constructed in the form shown in figure
Ii-4 .

Silos are generally provided with

hoppers, the slope of their sides is to
be chosen 5% more than the natural slope
of the £illing material in order to emp- Fig. IX-4 CELLS WITH

ty the cells without difficulty. The ~  CURVED OUTSIDE WALL.
sloping sides of the hoppers may be of reinforced comerete, tut due
to the difficulties encountered in determining the stress distribution
and in the ahutt&ing and reinforcements, it may be easier to make a
flat floor for the cells and to make the stoping sides of the hopper
by using lean plain concrete a&s shown in figure IX-5, in which t.h'

) 4

- ()
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silos are 24 meters wide, 42 meters long and 11 meters deep and com-
posed of two small cells & x 6 m. and two inside big cells 12 x 12 m,
The thickness of the walls is generally chosen to follow the va-
lues of the internal forces, which are small at the top and increase
with the depbh i.e. the walls are chosen of a trapezoidal shape with
maximum thickness at the base. Recently, big silos ars constructed by

using sliding forms which take a relatively short tize in construc-
tion. In order to be able to use such forms, the choice of a constant

wall thickness is essential.

If a bunker or a silo is used for storing a material which sticks
to the concrete such as cement or flour, one may cover the inside sur-
face of the hopper and part of the walls at the base with steel or
zinc plates or with timhgr planks.

I¥.3 DETERMINATION OF PREZSSUR: INTNSITIAS ACIORDING TO CLASSIC THEORY

—

IX.3=1 Bunkers

When calculating the side pressur: on the walls and floor of a
bunker, it is allowed due to the small depth of the bunker, to nsglect
the friction between the filling material and the walls.

The side pressure can be calculated according to the lmown theo-

ries of earth pressure. Thus, assuming.

Y = weight of filling material per cubic meter

P = vertical pragsure intensity at any depth x

P, = horizontal ™ . .. ™ - =

ﬁ = sangle of internal fricticn of filling material

p' = angle of friction between filling material and walls,

the vertical and horizontal pressure intensities can be calculated froa
the relations: p, =Y & i

[ ]
p,= H ¥ tan® (45 = p/2 )




251

Therefore, the max. cantilever moment is given by :

M. =13.52 x 0.9 + 1.34 x 0.9° _ 12.2 + 0.5 = 12.74 m t
- 2 "
and the max, field moment is :
2
M max,= 9.88 x 20 _ 12,7 =25.0 = 12.74 = 12.36 m %

8
The loads, beading moments and shearing forces are shown 1in figure
VI1.29.

OCne can see that the choice of the dimensions of the tank was

convenient for the following reasons @

1) The max. fixing moment in the wall ( - 4.B4 m t ) is approx. equal

to the max. fixing moment in the floor ( = 5.00 m ¢ ).

2) Th2 max. moments are accumulated at the corner betseen walls
and floor, 8o that only a 8mall part of the glabs needs a relati-
vely biz thickmess (~ 40 ecms ).

3} The max. field moment in the wall f 1.58 m t ) is approx. equal
to the max. field moment in the floor ( 1.7C mt ).

4) The thiciness of slabs is generally governed by their field moments
and as their wvglues are small, only the minimum thicimess necessa-

ry for water-tightness (~ 20 cams ) is sufficient.

5) The cantilever part has been chosen such that it gives approxims-
tely equal cantilever and field moments in the supporting beams.
The same ldea can be adopted for bigger capacities as shown in
fizure VII.30 in which the capacity of the tank is :
4,00 x 10.50 x 10,60 ¢ 450 w"
The floor slabs are again here fixed at the intermediate panelled fra-

mes, because they are arranged on the axes of symmetry.

Each of the floor panelled frames has a apan of 9 ms. and car-
ries, in addition to its own weight,a floor load of p = *:2x 4.5 =10 t/m
2
on the intermediate span.
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then

dp

u__:l';:-fhkPl and £= 1

dx 'ﬂ-Pl ¥-kPl

E1Ving

R - log (v = k P )+ C
k

But for =0 ' P, = o . thus :

0 = _ilgqu.c or C=log ¥/ k
k

Substituting thls wvalue in the equation of x , we get

- k.x:.lug{"t—Eplj—lusﬁ.nlng‘f'kpl
v ¥
Therafore

L 1 ke 1
Y 8

;

in which e = 2.71828 is the base of natural logarithm,

Accordingly, we get i
(1-—5)

2

=

Flﬂ

and =
max. Py = Y/ /k

Substituting for k, we get :

Y
max, =
1T e van® 45 - p/2)

We hawve further :

py =y tan® ( 4% - H’EJ=&E1- E-}E)tanziﬂﬁ-.ﬂfz}

subatituting for k, we get : 2

1 i
P2=1|r{l_ Rx}
2] 0 tan ¢
Y
M‘PE=HF at x =oo
Tharefore
m'Pg

mAX. Py =
L tan® (45 - p/2)

The theoretical horizontal pressure distribution can approximately be
replaced by the broken line O A B C D shown in fiz.1X.7. According to
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this approximation, max. P, iz mszsumed to take place at a distance 2h,

whare
M & PE

Y tan (45- p/2)

h =

h is, in this manner,the depth at

-

which the horizontal pressure p,
calculated frem the relatiom p, _
= v x tan® (45 = p /2) 45 equal
to max. ps calculated according
to given theory of silos. Accor-
dingly we get further :

P, = DaX. Dy ¢ 8=288 » 4 0.264 )

h

—

Assuning the intensity of the upward frictional force = Ps

il e mr——
i

|& Y LIRS S e
pIcf g el o maa.
74

s o+,

Pi ! Pl =% the value of % may be estimated = 0.2 - 0.25.

fiosults of recent rasearches are shown in figure IX.8

Jorizontal pressures on

wall o? circular cells

. Stored material 1 corn-
Curve 1 : thaoretical s
values of Janssen.
. Curve 2 1 measured
horizontal pressure
after filling of cell. **
. Qurve 3 : measured 5
pressure by emptying
of r::ell.
. Curve 4 3 measured
pressure after 8 days
from filling of cell.
It is clear that even in

case of gramular filling

i
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material, the horizontal pressure by emptying is much bigger than the
values obtained from the theory of Janssen. '

The German Specifications given below have given the basic gui-
de lines for determining the pms-mwa intensities in ailo cells.

The Janssen classic thum:;r of silos as given in most text books
1&;&3 in some cases, to 1ntnrnn1 pressure intensities much mller
than the real actual values. Based on test results, the following ru-
les, can be followed.

[ Definitions and Limitations

1.1 'The following rules apply %o silos with prismatic & cylindrical
cells. The forces acting in the zone of the hoppers and silo pm:l:nta,
as well as in tm.nk;m:-n without c¢ross walls need ﬂn-thar study and the-
refore do not foilow the given rules.

1.2 BStored Filling Materials

It is mssumed that the stored filling materials whether granular
or dusty, are cohesionless or materials in which the cohesion is small
relative to the internal friction. 'The glven methods ¢an also be ap-
plied to silo-cells containing p:;.'aﬂam-:l-.nud materials or fermented

geeds .

1.3 1l Preasure Int tiea in 81lo-C

It will be assumed that t {' Fig. IX.9 )

P, = vertical pressure intensity in t/m°

PE .= horizontal B ol . - n_g

p} = Prictional forces tranamitted to the
walls in t/m°




2. ]
2.1 Data

: Tl:- form of ‘the’ cross-section will be included. 'by 'I:ha relation
A4/0 meter 'y in phiﬂh
A = pet area of cross-section of cell .11;: ?
0 = internal perimeter of cell in ms.
The deépth X in meter is measured from the real assumed upper pla.ne
surface of the I'i.l__li.ns :_uta::ia.‘l.._{l‘_ig._II.lD}. '

. Pig. I¥-10
The weight of the filling material y in tons per cubic meter and
‘the apgle of internal friction p may be taken from the following table:

':.Gnnl Eu:_nunt Lime Gypsum| Tabac | Sugar Beans| Flour

Y |0.8-1.2 | 1.7 1.7 | 1.5 0.5 1.0| 0.8 | 0.6

F MI. aﬂﬁ 45! 25# - " 35I ED' j ?EI

The angle of friction p'between silo-wall and filling material
and the éoefficient of friction T are given by 1

tan ¢ = Py / Py -= i
pis a factor of p ., It can be assumed according to the following table:

-

Filling materisl | angle of friction § in degrees '
by filling ¢, | by emptying g,

‘coarse fill ha
grain-dismeter ) 20 mm | 0.75 p 0.60¢F

| dusty £ill h.l.ﬂu '
grain-diameter ¢ 0.06 mm 1,00 p 1.00 p
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Linear interpolation may be used for grain-diameters between 0.06 and
Q.20
The relation between the horizontal and vertical pressure

intensities 1 A=ps/ Py

will be assumed constant over the whole depth of the silo.,

By filling , assume : 1f = 0,5

By emptying, assume 3 hg = 1.00

2.2 Governing Cases of Loading

The biggest loads generally take place for the cases shown

in the following table ;

Coarse Fill Dusty Fill
Load finite | infinite | finite | infinite
depth | depth depth i depth
|
Vert. pressure intensi- . | .
ty Py £illing | filling |filling | filiing
Horiz. pressure intezsii ) ) : Filling =
2 I enptying | emptying | emptying | emptying
! filling= filling =
Frictional force Py | .pytying | emptying | emptying | e=ptying

2.3 Pressure Intensities at an Infinite Depth

The pressure intensities reach thelr maximum values at a depth
equal to infinity :

By filling :
max., Py =YA/A: o Heo O
max, pez‘fﬂ,fblr o 0
max. P5="|'Af'ﬂ

By eaptylng : max. py = YA/ A, - p o+ O
max. py, = YA /p, .+ O
max YA/O

=
WM
]
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2,4 Pressure Intensities at a Finite Depth

The pressure intemsities p inecrease with the depth x accor-

ding to the relation @
py = Dax.p ¢

in which . " %
¥ = ( = 8 ﬂ}
whara
xr, = A/ 1' v By e 4] by eaptying

hlmnormnsn:mmrur:f:a

I.llr-'r-ﬁ 4] pl e ' ¥ »3 rE W pa' 9

0, 0,00 |0,10 |0,18 |0,26 (0,35 | 0,39 (0,45 |0,30|0,55 | 0,59
1, 0,63 |o,67 [0,70 |0,73 |0,75|0,78 |0,80 0,82 0,83 |0,B5
2, 0,86 |o,88 0,89 |o,%0 |0,91|0,92|0,93|0,93 0,9 |0,%%
3, |0,95 |0,96 |0,96 |0,% 0,97 0,970,537 ,0,98 0,98 | 0,98

5. Factors Ingrs Pressure tens

3.1, Arch dction of Filliing daterials

The pressure intensities are much increased by the sudden fal-
lure of the material - arches- existing inside the cells, For this
reason, the vertical pressure intensity on the hopper may be double
but is pot to be assumed in any case bigger than Y x,

This rule may not be applied, only if it is proved by practl-
cal experionce that arching of the filling material is nmot liable to
takes placae,

3.2, Eccentric Hopper-Opening

3y emptying of silo—cells provided with eccentric hopper-opa-
ning, non-uniform horizental forces acting oo the perimeter are crea-
ted over the whole depth of the cell,

These additional horizontal forces P‘E are to be considerad
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in positions giving bigger internal stresses.

Asauming
Py = horigontal pressure intensity of original silo = cell according
to erticle 2
Pé = Ppy = Pp = 81 anti-symmetrical load acting on the original cell

keeping the equilibrium of the frictional forces. (Fig. IX.11).
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]{rd’rﬂf o .r.’( L{;_‘{E'; :ﬂf? r.-'"ﬂl) #‘I“?‘.
Fig. 1X=-11

Psy = horizental pressure intensity created by empbtying an ideal sym-

metrical silo-cell chosea according te figure IX.ll.

These additional Horizontal pressure intaqsitias may be ne -
glected if the eccentricity of the hopper opening is smaller than 4/6
or if the height of the cell H is smaller than 2d where d is the dia-
meter of the circle that can be drawn inside the cross-section of the
cell.

3.3. PFilling Material under Pneumatic Pressure

The horizontal pressure intensity in silo-cells provided with
pip'j.ng- to pressurise the filling meterial depends on its grain aize.
In cells used for storing cohesionless granular filling materials, the
horigzontal pressure intensity is to be increased by an amount egqual To
the air-pressure and is to be gradually decreased to zero from the
highest pressure-opening in the cell to the upper surface of the fil-
ling material. No intrease in the magnitude of the horigzontal pressu-
re intensity need to be considersd for dusty filling materials.



299

4. Factors Decreasing Presaure Intensities

4.,1. Floor of Cells
Due to the fixation of the walls to the floor, the horizontal

pressure intensity may be reduced in the manner shown in figure IX.12.

4.2, Special Emptying Plant
If a silo is provided with 3

a special emptying plant which
enables the emptying of the o
upper layers of the filling
naterial without moving the !

lower layers, the emptying ' : - N st
[ ‘P"

pressure intensities need -
not be considered in the m
design. In this case, it is Fig., IX-12
essential to take the neces-

sary provisions to prevent the eaptying of the silo from the hopper-
opening.

5 Bpecial Cases
5.1 Special Mixing Plant

If a silo-building is provided with a special pneumatic mixing
plant giving a homogenious regularly distributed dusty mix, the pres-
sure intensities aras to be calculated according to article 2 provided
that their magnitude is bigzer than the yalues given by the relation

Py = Py = 0.6 ¥ x

D2 Silogs for Fermented Seeds

Fermented seeds do not follow the rules of granular or dusty
materials., The forces due to such materials depend on the included
amount of water and on the fermentation process. They may be assumed
according to the following teble :
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Category I |Category II|Category III
materia 1 fermented [wet stored
highly material material
fermented
Dry weight in % of ,
fresh weight > B2 23 = 35 < 23 !
welght to 1::-3 assumed :
in t/m 0.5 0.75 1,00
Vertical pressure_ in-
tersity p; iz t/m® L L 1%
Horizontal pressure o
intensity Pa in +/m DS ¥ x 0.70% x 100V X
Friction force P 0.1 p O.1% p 0,10 p
in t/m 3 2 2 2

1f the stored materials given under categoriss 1 & II are wet,
the silo should not be filled to more than half its depth and to pro-
vide it with a draining outlet, so that the material-juice is not more

than one meter de=p.

IX.5 ILLUSTRATIVE EXALPLE

A silo-cell 5 x 5 ms, and 40 ms., deep i used for storing corn,
determine the maximum pressure intensities p, » P and P3 during
filling and emptying according to both the classic theory and the ger-
nan specifications. Assume y = 0.8 t/w & p= 30° .

a) According to classic theory

area of cell A =

Ex h=25 m

4 x 5 =20 m

perimeter of cell 0
angle of friction between corn and wall e'aseccording to the elassic theo-

ry is assumed the same (= 25°) both during filling and emptying.

Bo that :
€ = O tan o tan® (45 - p/2) = 35 van 25° . tan® (45° - 159 oF
Kk = 0.8 i 0.466 x 0.577° = 0.124

0.80/0.124 = 6.45 t/m°

max' PE = %—— 3 Q-LB = Ellq' mﬂ_
: ~ 0.8 x 0.466




max. Po acte at a depth 2h where
max. p
h = o) 2 = Zol% =
Y tan® (45 - p/2) 0.8 x 0.577

8.03
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i.e. the max. horizontal pressure acts at a depth of ~ 16 ms,
= 1,00 t/o°

max, Pz = BaX. Py

tan ¢ = 2.14 x 0.466

b) According to DIN 1055

y4/0 = 0.8 x 25/20
A= P-E .i" P‘l

= 1 tfmz

] ?"f = E'-E'

p= tﬂ.ﬂp'npifpa

By fil_ling_: pe= 0.75p= 0.75 x 30° = 22.5° and

By emptying: p,= 0.60 p= 0.60 x 30° = 18°

and

?'.. - 1.‘}

e = O.414

e = 0.325

‘S0 that the maximum pressure intensities at an infinite depth are

glven by 3

max, by =y A/ Ag o+ Mg O = 1/0.5x 0.4l = 4.85 t/m°

max. p, = YA/ Mg O = 1/0.412 = 2.42 t/m° »filling

max. Py =yA/SO =1 'I:_.-"mz

max. py = YA/ Mg.My O = 1/1.0 x0.325 =3.08 t/°

u.a.x. Pp = YA/ g © = 1/0.325 = 3.08 t..n"'mE emptying

m.p§=ﬁfﬁfﬂ =1 t:_.a"ma

The results areshown in the following table :

-Prassu:u Iﬂtﬁﬂﬂ-ﬂ;tf t,f‘ma Py I Pz
lassic Theory | Filling & Emptying 6.45 | 2.14 1.00
Fillin.;g; 4,85 | 2.42 1.00
DIN 1055 :

Emptying 3,08 | 3.08 1.00

The table shows that the difference in this case reaches &+ 350 %
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1X.6 DESIGN OF WALLS AMD FLOORS
IX.6.1. De “"Walls of C ular 1=

Walls of circular silo-cells gﬁa to be calculated for:
a) ring tension, b) compression due to frictionsl forces, c) tem-
perature stresses (if any).
a) Due to the horizontal pressure p, the walls of acircular cell,
with diameter D and radius r, will ‘Ea subject to ring tension T/meter
height given by :
T=p 7

The corresponding ring reinforcement must be capable to resist the full

tension i.e.
Ay = T/0g

The upper part of the walls (2-3 ma) may be reinforced by
ohe mesh of reinforcements and the lower pafts by double meshes. The

reinforcemsnts may be chosen as follows @
¢bof rings { 16 mms and » 8 mns at a distance € 20 cns  end) 10 cns.
Minimum vertical reinforcement : 4 ¢ 8 mm/m

IX.6.2. Width and Spacing of Cracks
The thickness of the wall depends on the allowed crack width

which can be calculated as follows 1

Assuming 1
Spacing between cracks = g coms
Wwidth of cracks = Ae cms
Ratio of temsion steel in section = Ag / A, = |
Diameter of tension steel = o
Tensile stress in steel = O
Stress in steel at which cracking occurs = Ogo

% = %o

o u—m and .&E—:
= m . Ea
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ﬂéu depends on the concrete quality and the percentage of the steel

in the section. It can be calculated from the relation :

1
%0 '{E;"']”ﬁ ) %ag

Assuming O,,g = 200 ]:g;fcmz s then

12
K =t 20

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 in cms = 0.8 T in tons/m

Example i
A eireular silo cell 15 meters diameter is subject to an inter-

nal pressure p = 5 t/m° . If cold twisted steel with an . allowable
stress O, =2 '!:,,n"l::l:E is used for the reinfnfcamqt,ﬂatemina the spa-
cing and width of cracks if the wall is choSen 20 cms thick.

Ring tension T = pD/2 = 5x15/2 = 37.5 t/m
Ring reinforcement A= T/ ﬁ; 3

; 37.5 / 2 = 18.75 cu

Choose 7 ¢ 13 ¢n each face giving an area of 18.5 mz

Ratlic of tension steel H = .I.B'.-"bt = 18,5 / 100 x 20 = .00925

Assuming a concrete quality €200, we get

g = (—22s3 . 350 ) = 1250 + 350. - = 1600 kg/em®
gt 00925
Therefore
The average spacing of the cracks is @
e = O0.4%/p.=0.4x1.,3/0,00925 = 56 cms
The a;eram width of cracks is :
- '] -
he = 22 B0 , ¢ o 2000 - 1600 , ¢ = 0,0107 ems
= 2100 000 = 0.107 m.

In order to have a wall free from cracks, its thickness t 18 %o be
chosen » 0.8 T i.e. t=08x3%37,5 = 30 cme 1in which cas:
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B = 18,5 /100 x 30 s 0062 and
Ogq = A2:2 4, 350 = 2350 kglem® > a, i.e. no cracks |
. 0062

b) The horizontal sections of the wall are subjeet to compressive
forces due to the own weight of the wall and the frictional forces

from the filling materials.
The frictional forca I'Tx at any depth x 1is given by

(Yx - py, ) - D?

H
X TD

¢) Eventual effect of temperature differences (as will be shown latar)
may be ineluded in the design.

IX.6.3. Design of Conical Horpers

Circular silo-cells are generally provided with conical hop-
para,. Thesa hoppers are subject to meridian and ring forces due to the
vertical presaure P _af the filling ma.ter:_la.l and the own weight of
the hopper®* . (Fig. I¥-13)

'i‘he tensile meridian force HE at

any section a - a per unit length circum-

ference is given by :

w : !
tr i) + G
2 I Ty Bin
5
in which, G is the own weight of the hopper 4 a : a
below a = a . Kﬁﬁ ratd
r
The tensile ring force I-Ia per unit % A F“"“J
length meridian is given by :
; Fig., IX-=13

Ng = Py rlfsinf

where p, = component of the pressure of the filling material normal

to the plane of the hopper. It 1s given by :

¥ Refer to "Fundamentals of Reinforced and Prestressed Concrete" ,
by M. Hilal,



305

P, =P uaﬂgl.p + Ps ain"?v

The component of the pressure of the filling material parallel to the

plane of the hopper is given by 1

Py = Py siny + p, cos® ¢

N, and Ng are gero at the bottom of the hopper and maximm at its
top edge. - :

The reinforcements in the hopper are :

longitudianl bars Ay = HE'; Oy

rings £ Ao = Ng /Oy

Due to the rigid connection between
the eylindrical wall and the conical floor, T
bending moments M and shearing forces @ [
are created, they may be roughly estimated : -

¢ MM . il
2 B {
MIP‘EI'!’E' E=PE r /2 .F‘(.‘:f'

5 |

by the relations : (Fig. IX.14)

=1

The connecting moment M can however Fig. IX-14

be determined by the moment distribution method as explained in IV.3.6

I¥.6.4 Design of Rectangular Cella

The bending moments and tension in the walls of rectangular
silo-cells due to the internal horizontal pressure p, can be determi-
ned according to the methods given in VII.1. Cells of appruximateiy'aqual
Spans may be considered as isolated i.e. effect of continuity of dﬁ-
ferent cells is neglected. Effect of continuity must however be taken
in copsideration if the spans of the cells differ much as for example
the silos shown in f:l.gu.ﬁe IX.5.

Due to the rigid connection between the wall "and the floor,the
£ixed end moment M and the shearing force Q can be roughly estimated

¥rom the relations i



M=p, I/ 24 & Q=0.3p, L

I1%.6.5 Width & Spacing of Cracks
The spacing and width of cracks in ailamenta subject to simple
bending can be calculated from the relations :

g, -0
0,24 ¢ Ae '8 50
a = m and - -_EB_—

1
%o 4 ZE+ 175 Gogp

Assuming O,,g = 200 ke/em® ,  then

Opo = ¢

+ 350 )

G

1¥.6.6. Design of Floor of Rectangular Cells

If the floor of a cell is flat it may be treated as a two way
glab hung to the walls, and carries it own weight and the weight of
the lean concrete forming the required shape of the hnppér piuﬂ thea
maximm vertical pressurs of the filling material. '

If the hopper is a reinforced concrete pyramid, it may appro-
ximately be calculated as follows i

The sides of the hoppers are subjected to the pressure of the filling
material plus their wwn weight. The pressure of the filling material
is resolved to the two components p, and Py normal and parallel to

the sides of the hopper :
P

=1 cﬂazg + Ps Bin?w

= P Einzi + Ds cuﬂaq:

.Pt
The trisngular or trapezoidal sides of the hopper may be replaced by
rectangular slabs as follows® : (Fig. IX.185).

i g |
N | |
—J—l- & L > —_—
Vi &
. N

. F,' LFd |
Fiﬁt II—].E :

Refer to : Sachnowskl " Stahlbeton Konstructionen ", VE B Velag
Technik. Berlin




For a triangular side sl =_§ 3 and Ll =L = E
2
8 3,8
2 % + 2 "t b
‘and for a trapezoidal side B, = £ g =
1 ] ht + Eh
8 (B8, =5_)
and T o 5 t b <
by =k 5T B, + 5,

The load p, is distributed on the two directions of the slab accor -
ding to the ratic of its reduced sides L, / By« In horizontal direc-
tion, the different sectors of the hopper behave as closed frames sub-
jected to bending moments and tension; in the inclined direction,each
8ide behaves as a slab continuous with the wall at the top and simply
supported at the bottom. Due to the tangential componsnt Py» the sides
are subjected to tensile stresses and are to be treated as folded pla-
tes, '

The exact values of the bending moments in isctropic triangular
and trapezoidal flat plates with different edge conditions and sub-
Jected to uniform and triangular pressure are given in the text book
of Bares " Tables for the Analysis of Plates, Slabs and Diaphragms "
Published by : Bauverlag. Berlin. Dr. Shaker El-Behairy in his rein-
forced concrete Design Handbook " has extracted the following tables
from the book of Bares .

IX.6.7 Calculation of Wall as a Beam

The shear stress in the wall due to its own weight plus the
force due to friction must be less than the allowable waluesa. Hence

Own welght of wall =L, H. + x 2.5 tons

Frictional force on the two sides of the wall = 2 [# (vH - Plnax)bons
Total @ = L tons

Max Shear Stress T, ¥ 3. IF:?{= E"%Qﬁ'-

The wall is however to be calculated as a deep beam carrying its own
welght + weight of floor + weight of stored material (Refer to Chapter
XI).

IX.7 FOUNDATIONS

The column loads in silo-buildings are generally high and the
foundations are to be carefully designed and executed,

Due to the big rigidity of the concrete silos, differential sett-
lements are generally not possible. For good soils, one may use isola-
ted footinga elther plain or reinforced . For medium bearing soils,
strip continuous foundations may be used; whereas for weak soils of
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heavy loads raft or pile foundations are penerally chosen., The funda-
meatals and details of the design of any of trese systems can be done
accordins to the known rules ia foundation — d2sign™

1.8 CONSTRUCTIONAL DETATLS (Fig. IX.16

| Fig. 1X-16
¥ Refer to "Fundamentala of Reinforced and Frestressed Concrete" ,
by M. Hilal.
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I1X.9 APPENDIX t CIRCULAZ CEMENT SILOS

Silos used for storing cement fand flour) must be precisely trea-
ted due tn-:\ the big variation that is liable to take place ip its pre-
PEItiEE-.?iEGhErI proposes the direct use of test results which give

a parabolic distributice of the horizontal rressure on the walls accor-

ding to the relation,
P> =y 7 x in '-b.-"mz for x in meters

Leophardt™ gives the Tollowing recommendations for the desizn of

clircular cemant silos :

1) Horizontal pressure on the walls

Up to 4 m silo dezth : caleulation according to conventional

theory of earth pressure i.e.
Py =Y x tan® (.45 -p /2 )

where Y= 2 tfmj z g=17.,5" =0
Above 9 m silo dezth : ealculation in accordence with Japsen's

theory multiplyinz the results by ‘a factor K = 2
1 A

P'E=‘r_‘:l-—;'&:lm-ﬁ..ﬂ
with v = 1.6 1:_:-"1:1} i g = p'= 30°

Between 4 and 9 m silo depth : linear interpolation between the

pressure values at 4 and 9 m.

2) VYertical loads on the walls

The vertical loads acting on ths walls can be determined accor-
ding to the followinz assumptions i
a) For maximum wall load max. Ps

¥ = 1.6 ‘l:,.-"l;re3 s p = p = 55° (determined from the equations of

Janssen.
The high value for the acgle of frietion makes allowance for the arching

(bridging) effect,

£ 1- Fischer "Silos ard Bunker in Stahlbeton” Der Verlag Fiir Bauwesen
Berlin l19c6. _ :

£ 2- Leonhardt "The safe design of cement silos". In german language
Beton & Stahlbeton. Vol. 55 No. 13, March 1960
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b) For minimum wall load.
The own welght of the wall only (empty silo) is to be considered.
%Y Vertical and horizontal b s momentsa [+] .ula.r gilec walls
Horizontal 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 sufficient to resist the induced bending moments and normal forces.
Other vertical moments are to be resisted by nominal reinforcements -
dlstributers — and are not determined by caleulation.

4) Design load for flcor slab £/

The weight of all the contents 3‘ I
of the silo are to be assumed acting 4 2 \\ .
on the floor slab, The weight per cu. i "‘\
m_&ter can be chosen according to fig. N
S : +3 \H\
5) Constructional precautions ol N
Figure IX-18 shows a carefully & Ao
e, wf ro AL Fa FEE S
designed circular cement silo in which Plg, IX-17

a high grade concrete quality C600 was used.
S.1 Concreta 11
The minimum allowed concrete quality is C300,
5,2 Circumferential reinforcement
The. full ring tension is to ke resis¥ed by thin cireumferential
reiufurcme.ﬁt arranged near the external rnqa of the wall only, spac-

ing 4-12 cms. This close spacing of the bars is essential in order to
avoid wide cracks, Splices in bars should be staggered. Non-tensioned

painforcement is adeguate for the purpose.

5.3 Desiien of base of wall

Hinged connection or, preferably, hnfizantallr gliding bearing
spbodying rubber rings or inserts of bituminous or synthetic substan~
cea of plastic consistence are recommended. Fig. IX-19a shows & rubber

bearing especially suitable where pneumatic 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 sile but do undergo considerable defor—
mations. Fig. IX.9v shows another arrangement using some convenient

bituminous compound.

S.4 Vertical reinforcement in wall

Not less than 5 ¢ 8 mm/m, to be installed within one layer of
circumferential reinforcement or between two layers (if any) in the
regions where bending moments occur at the base of the wall, vertical
reinforcements (duly calculated) should be provided both externally and

internally. .
suternal sloaliog ] I+ P _sstarnal s 2
s £ SN P s /
e § B y
= - rery B0 o :;..-
; % ' z

o ,;_'. L " i - | .?: 1
bevellod rlrp’ 3 ;Jﬁ %, fae]
jﬂm
a b

e I-
B) rature stresses’ ol Mk

The stresses in the walls of cement siloa for a difference of
temperature of 30°C are to be included in the design. The temperature
stresses are however liable to become serious only if the wall is made

too thick and is fixed at the base.

As soon as cracks occur, the temperature stresses are considera-
bly reduced. The floor usually ﬂ;:-aa not undergoe the same amount of ther-
mal-expansion as the gall, because the floor is protected from the
high temperature by a layer of residual cemant which acts as an effec-

't_in ingulator.

B 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 stations. The statical beshavior of pump rooms is sim-
ilar to that of under-ground tanks; all provisions, precautions and
methods of design can be directly applled, :
We give in the following examples .some speclal pump stations and
settling tanks constructed in the pipe factory at Helwan. '

X.1 PSP STATION FOR RESIDUE CHANNEL

Figure X-1 shows the general layout giving the main elements and
dimensions of the station, namely:
1.) The main hall of the station~12 ms wide, ~ 15 msrlnng and ~ 7 ms
high. The roof of the hall is a reinforced concrete solid slab suppor-
ted on longitudinal secondary beams, 4.0 ms apart, and on cross frames
6 ms apart, The outside columns of the supporting frames extend to the

ground level and are supported by a horiscntal beam, Thelr vertical
exes are chosen such that they colnolde on that of the 60 cms reinfor-
ced concrete wall of the pump room, It was however not possible to sup
port the 75 cm columns of the other side on the 30 cm thick walls un-
derneath, so it appeared necessary to extend them to the floor of the
pump room, The hall is provided with a mono-rail crane supported on
the main frames; it is used for mounting and mentainance of the pumps,
The horizontal thrust of the frame has been safely resisted by the
floor foot path slab of the hall existing in its direction.

2. ) The underground pump room is located underneath the station having
the same width,~ 12 ms, but ~ 10 ms long only; its floor is ~ 6 ms below
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mean ground level. It includes the pumps which pump the clear water
in the atbtached 2.5 ms wide tank (refer to section B-B) back to the
main factory to be re-used. It is directly connected to the following
two main elements:

3,) The steel-filing residue container,~ & ms wide, 10 ms long and ~
10 ms deep (refer to fig. X-1, plan, sec. A-A and sec. C=C) receives
a mix of steel-=filing residues and water trlnnre:rrad to it through the
channel appearing in sec. B-B left with ita inlet appearing in sec.
C-C left. The steel-filing, being heavy, settles at the bottom of the
container and the water at the top is transferred to the chamber app-
earing in sec. O-=C right.

4.) The under-ground tank, 2.5 ms wide and 12 ms long (refer to fig.
X-1, plan and sec, B-B right) is used to collect the clear water of
the process. Fron there , the water is pumped for re-use.

5.,) The steel-filing residues collected in the container given in (3)
are transferred by the crane girder shown in sec. A=A right to a high-
er contailner 4.65 ms wide and 3.35 ms deep. From there, they are re-
moved from the site by cars.

The soil at the site is good 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 elsments , elevated container,
channels, etc. , are supported on columns with isolated footings rest-
ing on the same layer. ’

In order to protect the conmtainers including the steel-filing
mmtmﬂhnﬂnarthahuﬂﬂufmmusuﬁummmlﬂt-
ing operations, they are provided with steel rails fixed to their in=-
ner surface (refer to sections A-A and C-0). The vertical and horizon-
tal rails are well anchored in the floor slab and wall so that they
ghare in resisting the tensile stresses on their imnner surfaces.

_ The details of reinforcements of the main two sections of the
under—ground elements are shown in fig. I-2,
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X.2 SETTLING TANK OF STEEL FILING

Figure I-3 shows the general layout and main dimensions of the
tank, Tha soil at the site is composed of fill and loose materials to
a depth of 5.5 ms from grﬁund level underlaid by good incompressible
cemented coarse sand., The weight 'of the filling material being relat-
ively big,~ 6 t/n°, it was decided to replace the fill and loose mat-
erials by stabilized sand { 100 kg cement fmj sand ) and to construct
the tank directly on this layer. Its area is chosen such that the extrs
bearing stress at level -5.50 is within the allowed value of 1.5 kg/ea®
and with its center of gravity coinciding on that of the full tank. In
order to confine the stabilized area , so that no horizontal displace-
ment is liable to take place, it was surounded to its full hisght by
a4 masonry wall 40 cams thick.

Due to the heavy loads acting on the deep part of the tank, the
concrete dimensions of its elements are blg 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 is provided with long-
itudinal and cross stiffening beans,

For the same reasons stated in the previous example, the deeper
part of the tank is provided with steel rails fixed to the loner 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 resist the eventual tenaslle stresses
due to temperature changls or differential settelments. Such reinforce-
ments can be gseen in figures I-2 , 4 and &

X.3 MAIN PUMP STATION
The funetion of this station is to supply the different factory

hﬁils, workshops, ... ect. of #he plant by the water necassary for the
‘different processea of the industry. The general layout and dimensions
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of the mailn supporting elements are shown in figuras.I-S aﬁ&lﬁ.

The sumps between axes A and B receive the clear water from the
main sources d{ water - supply; while edch of the tanks between axes
B.and c augplies certain sectors of the plant by the patér required
fnr_tha industry and receives the remaining part again, generally in
a hot state. The water in these tanks is cooled by adding clear cold
water from the sumps equal to the amount lost in the industry before
being pumped again in a new cycle.

The pumps exist in the pump halls lying between axes D and E and
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 slde areas between axes E and F are used for storing.

The cable ducts Exlst in & mezzanine floor at level .38between the
same axes.

The roof of the main hall between axes D and E is a reinforced
concrete solid slab 10 cas thick and 9.40 ms above floor level.

It is supported on siample girders 12 ms span and 3 ms apart; while
the roof of the hall between axes E and F lies at 5.20 ms from floor
level and is similarly supported on sizple girders »~ 9,2 ms span.

The natural grapﬁd lies at level -7.9 and the under ground water
contains rulati?alylhigh ¥9rcantaga of !%lfﬂteﬂ {353} 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 cums above the ground water and to design them for a bearing
stress of 1.5 h:p;.f::ma. The roads and passages around the station are
planed to be at level = 2.0 so that the ramp and retaining walls
shown 4n figures X-5 and 6 were essential.

The details of reinforcements of the sumps, tanks and retaining-
walls are shown in figure X-7
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XI.COMPLEMENTARY DESIGHNSGS

LI.1l. WALLS ACTING AS.DEEP EEAMS

a) Introduction :

In elevated tanlks, silos, bunkers and pump houses, the walls
may act as beams spanning between the supporting columns. If the ﬂ:ﬂpth
of such walls is big, they may act as desp beams and thé stress dis-

tribution can differ much from that of ordinary slender beams.

According to Navier, the stress - distribution in the homoge-
nous, elastic, slender beams is assumed linear, and, the stresses are
proportisnal to their distasce froz the neutral axis which passes

through the center of gravity of the section. (Fig. XI.l).

: r

I'iI“l‘L.I.iLiiillii!]!:lii.lH-ll!H‘i!-llill\H- c
| Tre 344
|

T

L %
! .
SLEMOER LLRSTIC SERM SEcTION. SrREZ3ES T
STRESS DISTRISUTION ARCCoRDING TO NRVIER
Fig. XI-1

This assumption is valid only in slender beams where the ratio
of depth H +to span L is smaller thanm 1 : 2 in simple beams and
2 + 5 in continuous beams; beyond these limits the stress distribu-
tion is not linear and the arm of internal forces Y., is much smal-
lle:r than according to Navier,

Fig. XI.2 showa the atress distribution at the middle am!l
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over the supports of a continuous beam subject t¢ uniform load p at

its top surface and having a depth H equal to span L .

L L L ' 1¢]

| | 1.1
STRESS _ DISTRIBUTION i R _CONTINUOUS DELP BERM
Pig. XI-2

b) Fundamental Equations of Stress Distribution :

In figure XI.3 we give the stresses acting on an elemental area

dx ., dy in the middle plane of a deep beam subject to uniform load p.

4!
r
bt i d b iphabifbopeafBRRpE By
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f—pldy,

According to the mathematical theory of elasticity the stresses
must satisfy the condition :
s 'y gty
4

—q:-l-E + = 4]
8 6;2 332 ;E

in which F { x , ¥ ) is the Airy biharmonic stress function, whose

derivatives give the stresses in the form 1
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2
8 - 3 ax ay

The given basic equation of the stress function includes no elasti-
city constants ( E , G and v = % ). It can be applied for every
homogeneous isotroplc elastic material that follows Hn:-m-;'a law. It
can also be applied to reinforced concrete beams before the formation
of tension cracks ( Stage I ). After the formation of cracks, the
tension reinforcements must be sufficient to resist all the tenslle
stresses in the section ; it is recommended to arrange these rein -
forcements according __*P:n the tension trajectories. The calculation
according to the theory of elastic beams gives sufficlent safety as
far as the amount of the tension steel 18 concerned, 1t 1s however
essential to make good anchorage for the tension .steel 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 is a measure for
the normal stresses O, and H‘.'.l" and its twist is a measure for the

a388
ghear atress t:qr

The basic equation used for solving deep beams is as shown
a linear partial differentisl equation of the fourth degree , 1ita
J.ute&ratiun constants must satisfy the edge conditions of the case
under consideration.

The solution of this differential equation was done by Dis -
nhinger{l} using the Fourier -Series, the reaults of hia- mathematical
investigation were presented by the American Pnrtln.nd Cement Asso-
niu._ti::-n{g} . Bay{}} and recently El—DmiﬂhH} have wused the me-
thod of @ifferences . Chow'?) and others solved some special prob-
lems of deep beams. Thaimrtﬁ} has given a valuable series of tables



324

and curves for the design of reinforced concrete deep beams. A theo-
retical investigation has been recently published by Worch'?), e
give in the following some of the important resulta of these investi-

gations as they may be reguired for tank prublamsm:' .

(1)

(2)

(3)

(4)

(5)

(6)

(7

(8)

L

F. Dischinger " Beitrag Zur Theorie der Halbscheibe und des
Wandartiger Balkens " ., Publications of the International Asso-
clation of Bridge and Structural Engineering. Ziirich, Bﬁritzar-
land, Vol. 1, 1932 pp. 69-93 .

"-Daﬂig;m of Deep Girders " .‘Pa.mﬂat No. 5t. 66, Concrete Infor-
mation, Structural Bureau, Portland Cement Association, Chicago,
III,

H. Bay " Wandartiger Trager und Bogenscheibe " Published by
Konrad Wittwer Stuttgart, 1960 .

I.A. El Darwish " Stresses in Simply Supported Deep Beams " .
Bulletin of the Faculty of Engineering, Alexandria University ,
Yol. V. 1%6 .

Chow, ILi., Conway, H. D. , and Winter , G., " BStresses in
Deep Beams " . Transactions, 4.8.C.E. , WVol. 118 , 1953 ,
pP. 885 .,

O. F. “Theimer " Hilfstafeln zur Berechnung Wandartiger
Stahlbetontrager " . Published by Wilhelm Ernst & Sohn .
Berlin, 1963

G. Worch. " Elastische Scheiben " Beton Ealender 1967 . Vol.
II. pp. 1l.128 .

Leonhardt 3 Wandartiger Trager

_Duutauhu:- Ausachuss fur Beton und Stahlbeton .
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¢) Simply Supported Deep Beams 3

] 1 o o t
Span of bean L ; - ;
. ~E s
Height of beam H g :
e Py - :
Wall thickness t - F
- -—‘——‘"1
Breadth of support c J___!-& 4
8 rt width : t . b _1_
e i = ?MHJIMM o
Total length of beam L, e
Fig, XI-4
Load intensity p/t
Types of Loading ¢ Fig. XI1.5
i
I
[RANINENE) |
1 '| |&
fy din
| (-
I | | !
Fig. XI=5
Btress Distributicn :
The stress distribution depends on 3 % ’ i‘ , type ( uniform
or concentrated ) and position ( top or bottom ) of loading , as
* q
well as — .
+

Figure XI.6 shows the stress distribution in a gimply suppor-
ted beam subject to uniformly distributed load p acting on its
top surface for £ =1/10 , tg =t and wvarious values of % in sta-

L

ge I .
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Hotes:

1)

2)

3)

&)

5)

&)

Stress distribution is linear for

H< 2 and curved for Hp &
2 2
For £ ¢ H <L the magnitude of
2
the compressive stresses decrea=-
sed with increasing depth.
No stresses are resisted by the

upper part of a deep beam above
H. = L l

at the
egqual to

The max. tensile stress

lower fiber 1= for H = L
2

1.5 times and for H & L egyal
to 2.2 times the values according

to Nawvier.

forees
its

The arm of the internal

O‘EE . GI?E H inﬂ'i

Top =
magnitude as a factor of Hdoes not

vary much. %

If the load p acts at the bottom, -

the normal Etraﬁsas Gi and the

shear
affected ,

stresses CFF are much

and high tensile stresses are:

Btresses T are not much
while the compressive
reduced

created at the lower zones of the

heu as ma in fiEt inB "
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The distribution of normal stresses in simple deep beams

subject to concentrated loads acting at the middle of top surface is

given in figure XI.9

In déeep beams subject to concentrated loads acting at the

lower surface, the stresses are P

distributed in a depth equal to

L only , bigger depths are not [

.

A"
=
a
E

affective .
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Fig. XI-9
The total tension T is the same whether the load FP acts
at top or bottom . Big tensile stresses G& , especially in +the
lower part of the beam are created and must be resisted by vertical

reinforcements.

Stiffening the edges of the beam affects the stresses in a
manner 2imilar to that of uniform loads.

d) Continucus Deep Begms :

The stress distribution at the center lines of the spans and
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over the suppoarts of continuous deep beams subject to uniform

loads acting on their +top surface iz shown in figure XI.10

It has to be noticed that the stress distributinn at the
middle of the spans is similar to that of simple beams but with
smaller values due to continuity ; whereas a.t- the supports , the arm
of internal forces is relatively small and tﬁa compressive stresses

at the lower fiber are high and may govern the design.

It has further been found that the connecting moments in
continuous deep beams is amaller than that of slender beams of the
gans spans due to the high compressive strains that are liable ;u b
develop=ad ntlthe gsupports ; and as a result of this fact, the field

monents are bigger than theose of slender beams.

Figure XI.ll gives the stress distribution at the center
lires of continuous deep ha#ms sub ject to concentrated loads at
the top or botbtom surfaces . The stresses over the oenter li-=
nes of the supports have +the same 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 formation of
tension cracks (Stage I) . After the formation of cracks, which ge-

nearlly take place under working loads, the real .tréaauu differ
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much from the theoretical values. Tue arm of the intarnal fm&n is
increased .and the Htrgssea in the steel wﬂ.l be low if its mgnii:.uﬂ.a
is determined according to the elastic theory. On the other hand ,
the inclined principal uunpmssive stresses at the Bupports are hiﬁ-
her than the values determined by the alaat:l.n th&ur;r and ".'-']:IEJ'" may
be nritinal in thin huavily loaded deep beams, E;r the j.ncraue of
the width of cracks under heavy loads, the compressive bending stres-
ses increase by a ratio bigger than the increase of the load, but
they gensrally do not govern the failure load,

Due to the big moment of  inertis of the cross-sections of desp
beams, any movement of thu Bupports causes- high :I.ntaml stresses and
is not to be neglected,

The compressive stresses at the middle of the spans is gene-
:'a.".l.ly low and need not to be checked , The beam must however bu suf-
Iiaiantl;r th:.ulr. {} 12 cas ), that it does nat buckle, otherwise stif-
feners ur unmprassiun flanges are to be arranged. In thin deep beams,
stiffners at the supports are essential, they must be introcuded tg
& sufficient height® from the bottom surface of the beam,

The tension steel is generally determined such that it resists
the full temsile force calculated according to the elastic theory of
deep beams in stage I.

The shear stresses vary much along the depth of ‘the beam and
are generally low so that nc: apécia.l bent bars or xsti:rm are needed
for this purpose.

Demgmgg of Tensjion Reinforcements

8 B ed deep beam subiject to orm da

The meximum tanainn at the hntton of the beam is gj.ven by

max. Hﬂ
max.T =

Top
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in which

g0 that
max .M max.

max. T = ——it n and max.T = L "
0.6 H 0.6 L

In case of uniformly distributed load p/m' :

12
max. ¥, = p ==
8
go that
max.T = 0.2 p L £ for HL L
H
and
max,T = 0.2 p L for H> 1L

The max. area of tension steel A_ 15 therefore :

ILE n_ma.::.T.fﬂFa

T+ is recomuended to extend the tension steel over the whole lenzth

of the span and to anchor it well at the supports. Filz. XI.l2

For loads hung at the bottom, wvertical reinforcements carrying

the full reaction are to be introduced for the full height H over &

lE.":gth of 0.7 L .

Goncentrated Loads :

Deep beams subject to concentrated loads may be calculated in
the same way as those subject to uniform loads introducing the
corresponding values of ¥, + The tension can also be directly deta“—

mined from the triangle of forces shown in Tigure ¥I.13.

Continuous Deep Beams @

It has been stated before that connecting moments in deap con-

tinuous beams are smaller, while field moments are bigger than those
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of ordinary slender continucus beams. In order %o make a Bimplﬂ.,
sufficiently safe, design taking this fact in consideration one may
caleulate the bending moments in the usual way according to the thee-
ry of elasticity as applied to normal slender beams and, +o increase
Yoy ab the supports and decrease it at the center lines in such a

way as to give results conforming with the data extracted from the

experiments in the following manner :

Yop = O5H for ELL and Top =0.5L for H>L
The tension T being equal to g = then
T
CT
for uniform load and H €L , we get @
At middle of outer spans i Th = 0.18 pL
At middle of inner spans : T, =013 pL

At center line of inner support of

puter spaa T, =0.25 pL
At center line of other inner
supports ’.I's z 0.20 p L
The steel reinforcement is given by A, =T /O,

It is recommended to extend the full ampunt of the tension
stesl at the middle of the spans to the supports § half the tension
steel required at the cehter 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 egqual to 0.3 L on each side of the cen-

ter line of the supports as shown in figure XI.14 .

Loads hung &t the lower surface of a deep continuous beam

can be treated in the same way as given before for simple beams ,

It is however essential to note that the governing design
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eriterion for continuous deep beams is the stress conditions in the

support regions ( sﬁppnrt reaction & principal compressive stresses),
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Fig. XI-14

while for the reinforcements - partisularly for the tension chord -
constructive requirements ( crack limitation & anchorasze) are gover-
ning rather than the statical ones, Therefore no great accuracy is
necessary for the design of chord reinforcement because on the one
hand the cross section of the required steel area is anyhow szall &
on the other hand the opening of wide cracks has to be prevented over
a high tensile zone., Thus it 1s sufficient in most cases to calcula-

te the required tension reinforcements from the approximate formulae

given before.

A danger of shear failure, which had to be resisted by stirrups
or bentup bars, does not exist in case of girders with loading &t top
edge; a light orthogonal reinforcement mesh of vertical and horizontal

stirrups, therefore, suffices. In cases of indirect loading or of

hanging loads, an additional web reinforcement may be essential.
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£1.2 DESIGN OF PYRAMID ROQFS :

Pyramid roofs® give in many cases a convenient solution for

the cover of rectangular containers and pump houses.

Under the effect of vertical loads, a pyramid roof as shown
in figure XI.15 is subject to inclined meridian forces Tl acting along
the triangular sides of the pyramid, and horizontal cross forces TE'

Bath Tl and TE are compression,

In addition, the triangular plane surfiaces of the pyramid are

subject to bénding moments both in the inelined sand horizontal direc-

ticn=.

a}) The Meridian Force :

The value of the meridian force T, at any internediate depth
v from the vertex 0 in a pyramid whose sides make an angle @ with the
vertical is obtained by equating the vertical components of the meri-

dian forces T, to the vertical loads of the portion above,

_Hence, if the pyramid weighs g per unit of area, the weight
of the triangular portion above a b is given by ( Fig. XI.16 ).

= Terisngton " Pyramid Boofs "
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g1y
in which :

| =2 y tan 5

Y=y /cosa

|

iz the height of triangular inclined

surface between © and a b or b e .suvu...
The vertical component of the meridian force T, along one

side is given by :

Tl « | « CO8 @

Therefore i

ﬁgu;.y:TlJ_cuan or
% gy/cos o= Ty cos @ and
Tlnjégarfcaseu or T1=g1.r’ﬂ-sina. COS5 a

These expressions give the magnitude of the meridian foree per
unit width at any intermediate level due to dead loads g per unit

area.
For a superimposed load per unit horizontal area, we get :
p!Ejii{:Tlcoau or

Tl pl/ % cosa

b) The Horizontal ust i

The horizontal thrust T, exists 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 abec d at a
depth y from the vertex and the other, e f gh at a depth y + dy
from the vertex. (Pig. XI.17).
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ab =1
efal

=2(y + dy) tana

Fig. XI-17

The horizontal component of T, , which is T, &ina , causes
outward thrust on the elemental portion ds , and the horizontal com-
ponent of the supporting thrust TJ. + d '1‘1 causes ; !Lm;ard thrust .
Tha outward force per strip ds = Tl Bin 7 |

Tl ging , & y tan

but Tl =BEY¥

2 coa
then the outward forde per strip= =L , -E—i-'—g—:'— . 2% tan &
2 cos—a ,

The inward force due to Ty + dT, 'per strip ds
= {'1‘1 + d'I'lJ' gine |

= (T, +dTy) sine 2 (y + dy) tana

The net result of these two forces is an inward thrust over the width
da. This is resisted by two equal horizontal reactions in the planes
at right aﬂgl&g.. ];.»at the 'llnagnitﬂ.lde of tﬁis_ r&sultant-r_t:-.antiun be TE
per unit width of strip. The horizontal compression induced in the

adjacent planes is therefore :

T, ds = (T, +dT,) eineg (;,r+d_r.y] tan a = Tlsina.yta.uﬂl- or
T, ds .
=d (T, sina, y tana)
cos @
For a dead load 5,.*"::12 T, = —E—E—



then
T.E a - in
——.(_E.L{'yuin:tuzj but tan g= 2288
coB a dy 2 cos ' cosa
then
T
—2 _4 (& ;2 tav, and
cos a dy 2 co8 g
L, = B 2y tan®, or
2 "
'['2 = BEY tan" g or 'Izt]igl_tﬂﬂl

These expressions give the magnitude of the cross horizontal compres—
sion 1_'3 at any depth y <from the vertex due to dead loads g per
unit area.

For & superimposed load p per unit horizontal area, we have:

‘1'._,_- -2l - but | =2 y tan a then
4 coB &

p. cR2ytana - py tana

Tk 4 cos @ ' 2 coaa

Therefore

v

—2. -4 (RXten? o ginc, tana) or

eoBa dy 2 coaa
da 2

2, =L (%ps® tan®a. sina) i.e.
dy

1-2 =pytmzu « 8in @ or IEI=jipl tan @ gina

¢) The bending Moments :

The bending moments in the different surfaces of a pyramid depend
on the actual proportions of each triangle forming a panel as they
influence the manner in which the panels bend,

In an equilateral triangle the bending effect is symmetrical and
analogous to the conditions existing in a square panel.
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In an acute-angled triangle, as would occur in a sharply poin-
ted pyramid, the most nr the bending is taken horizontally from
ridged to ridze i.e. Em.alnguua to one way slabs in the horizontal
direction.
A%t the opposite extreme 1s the case of a panel of an obtuse an-
gled triangle in which the base is very long in comparison with the

Bides. In this case, the most of the bending is taken in the aloping
directicn of the slab.

It will ha noted that the moments compared in these three cases
are those that occur horizontally and in the sloping dirsction of the
slab. Actually in any triangular panel, the distribution of maximum
moments i3 undoubtedly across the corners .np- indicated in figure
II.18 aparticularlyin triangular panels which approximate to equi-
lateral pr;:pnrtinns. From the point of view of the moments, therefore,
the reinforcements might more resonably be disposed along the diagﬂo—
nals shown in figure (a).

f:-.

A

“i g

R |
) LN
la) (p)

However, it is generally more convenient te reinforce the slab
in two directions at right angles, that is, horizontally and up and
down the sleb as indicated in figure (b). Hence, it is necessary to
estimate the moments and direct thrusts in these two directions at the

point of maximum deflection, which is approximately situated at the

ceanter of pressure”.

The exact mathematical analysis of bending mozents in triangu-
lar slaba is too complicated for practical design, but a fairly elo-
se estimate of the «..2ctive span may be made with s *flcient accuracy.
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For the purpose of the calculation this effective gpan may be taken
as the diameter of the inscribed cirecle which touches all the sides

figure XI.19 and for convenience the center of this circle is refer-

red to as the " center of pressure

(b} ted

Te find the bendinz moments to be allowed for, it is convenient

to consider three condifticns :

1) A panel approximatinz to an equilateral triangle,
2) A panel with an obtuse angle at the vertex,

3) A panel with an acute angle at the wvertex.

Cese I ¢

The conditions at the supports are an indeterminate fixity of
the slab at the lower edze along the supporting beam and continuity
in the horizontal direction along the ridges forming the sile supports.
Comparing these conditions with a square slab spanning in two direc—
tions at right angles, it is a fundamental law that if two opposite
edges are mntil.nunu;a supports and he other two edges are only partly
fixed, the larger moment is taken in the direction of greater fixity.
From this analogy, the moment in the horizontal direction will tend
to be greater than the moment in the sloping direction, For a panel
approximating to an equilateral triangle, the inli_owing moments ﬁay
be taken to cover own weight and the effects of super imposzed loading
including wind, whj;ch actually causes a thrust on the wind ward side

and a suction on the leeward side.
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In the horiscatal directien, Lin the span and over the ridges:

EE
H=4+wslna —
15
In the sloping direction i
2
= Wﬂinﬂ]}—
13

in which W=g + D

Cosa 2 12

Where a panel has an obiuse angle ab the vertex, practically
all the bendingz is taken in the sloping direction. The following
bending moment may therefors be taken to cover effects of superimpo-

sed loading and own weight i

2
b W Bind E—
10

ir, the span and over the ridges.

In the horizontal direction, disitribution steel, egqual to

about 20 % of the main reinforcement is required.

Case T 1
In the other extreme case, where & panel has a particularly
acute ancle at the vertr, practically all the moment is taken in the

horizontal direction and

2
M=+wsina 1

in the span and over the ridges.

In the sloping direction, distribution steel, egqual to about
20% of the main reinforcement is reguired.
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d) Forces at Bottom Edgze :

The lower edze of the pyramid is subject to a vertical reacticn
V per meter equal %o :

V=g il +15 L
2 4

and a horizontal thrust H giving tension in each of the lower edges
egqual to T where

TnH—L
2

in which
H=71T ftan &

For a dead load g, we get :

L]
T:LL- :L"":an.lt:.'.E = gL ’t:emr.tE
2 2 2 2
Bus Y! = —H then ,
2 sine
IT=.ll-l£'—1-‘f_--""‘5-1:_11.:1IIa 1IEI
4 gilna cos oz 2
S
T =
B cos a

and for a superimposed load p, we get :

T = H m?'tﬂ.ﬂﬂE s_g:l-'z-l ta]lﬂ':'{ i.\.
2 2 4 2
2
T = L s5in a
~ 8 cosa

Horizontal bending is also induced along the lower edges, and

the magnitude of the moments is @
g 12

Ip the span |
24
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1.2
Of CoB8 @

2
ard at the coroers M = EIE- or
2

1

48 gos @

( g+ p sin a)

H=

{ g+peseina)

It is however possible to consider each side of the pyramid as
s deep beam subject to a load equal to tae maximum meridlian force at

the base of the pyramid. The stesl at the bottom edgze should be suffi-

cient to resist the temsion of the deep beam T = 1%%u
' T

dus to the reaction of the load on the two sides normal- to that under

consideraticn and given by T = EEE

plus the tension

e) Example 1

It is requirad to cover a tank as that shown in figure VII.30 by

a pyramid roeof of the form shown in figure X1.20
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Data @

Base L = 11.00 m Height ¥ = 1.20 m.

Thickness of pyramid slab t =10 cms.

Total dead + Superimposed loads w = 350 h:g,a’ﬁuE surface

Solution :

Length OF = ¥' = ¥1.2%2 + 5,52 = J/31.69 = 5.63 ms

213, tan n= 222 =4 58

]

gin_a - = 978, cusu:i‘-'ﬁw

5.63 5.63 1.2
Length of ridge =04A-= ]/5.552 # 5.5 = ¥51.9% =7.85 ms
.ﬁ.__'é = .‘L_-E = 5.5 n i_"_._ = tﬂ.ﬂﬂ
OF
0OF =0A-AF =7.85=5,5 = 2.35 os
tan p = 2B - 2.2 = 0.978
It 583
Therefore :
B = D/2 =0F tan f = 2,35 x 0.978 = 2.30 ns i.e.
D = 4,6 ms and
the heizht ' = 563 - 2.30 = 3,33 z= 1.8,

the ﬁaig,ht of the wertax of the pyranid f.I‘ﬂE the center of pressure i
¥y =y' cosas 3,33 x 0,213 = 0.71 ms

The average maridian force I'l across section a b :
L {"f .
L ,ﬁ+" EHM = 2740  kg/m
1 cos” a 0.213
The bending moment in the ineljned and horizontal diracticns at sec-
tion a b :
p° 4.6°
M =wsin ayr =350 x0.978 x 5§z~ =53C kg/m

The horizontal cross compression force TE at section a b

T, =wy tan® @ =350 x 0,71 x 4.58° = 5220 ‘ke/m

'I’E pan further be caleulated from tha relation i
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TE =%w | tan a

knowing that | /L = y'/¥' then | =11 x2:22 g5 and
.63

we get i

T, = % X 350 X 6.5 X #.85 = 5220 kgz/m

The max. meridian force at A B

ms.tT]_:}i w Y =% 0 x 1.2 = 4520 kg/m

cos -:c 0.215%

The max. horizontal cross compressive force TE at ssction A B :
max T, =%wlLtana= % x 350 % 11 x 4.85 = 8300 ks/m

Toe wertical load on the lower horlizontal beam ¢

VvV =hw1 = % x 350 x 5.63 = 985 kg/m

The horizontal load. / m @
H =Vten @ = 985x 4,58 = 4510 kg/m

ika beam at the bottom of the pyramid is supported by vertical posts
arranzed at the four corners and at the third points of each side
a~d horizontal diagonal ties arranzed at the third points as shown

in figure XI.20. The max, bending moment in the vecrtical beam :

dre =

1 L .2 L e 1l 42
I = S T [ =) = = x 985 ( = ) = 1100 kgm
. 33 3 12 3

The load per post
F=VL/3

2600  kgs

985 x 11/3
The max, bending moment in the horizontal beam 3

1 L 2 1 11.2
m = H = = = X 4510 ) = 5050 kgm
Hmax 12 . 3 ! 12 {5

The tensicn in the outside panels of the horizontal beam 3
P=kHE (L) -gxasoxlil = 8270 kgs
The tension in}the diagonal tie :
= 8 (2 ::1:""1451&:3 xy2 = 23400 kee
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The tension in the intermediate panel of the horizontal beam :
T =3 x 8270 = 25000 kgs.

It can be gseen from the previous investigation that the slab of
the pyramid is subjected to mak. horizontal compressive strssses at
its base while the bottom edge beam is subjected to tensile =treszes.
The corresponding difference of strain will cause shearing forces at
the Jjoint between the pyramid slab and the edge beam, and banding
morents of the sense shown in figure IV.25 will be developed in the
ingclined direction of the slab. It is therefore recommended in flat
pyracid roofs of relatively blg dimensions to increase the thickness
of the slab at its bottom edze and to reinforece it with top reinfor-

cements of the order of the main stesl waed in the pyramid slab,

XI.5. TEUPERATURY STRESSES 1IN SILO WATLS

If the temperature of the storad material ianside a silo-cell
is lacreased, the walls are subjzct +to teaperature si-esses. Assume
that the temperature is T, in the inmner face,
TE in the outer face, and that tha Sexperature
decrEESEslunifGTMly from inner to outer face,
Ty = T, being decoted as AT. Figure XI.21
shows a segment of a circular silo wall in two

positicns, one before and or- after a uniform

incrzase in terperature. The wriginal length of

the are of the wall has been increassd, but ac Fig. XI-21

inorease that is uniform throushout will'nﬁt
create any stresses so long as the ring is supposed to be fres azd
unrestrained at its edgzes. It is the terperature difrerential nniy,
AT, which crgates stresses,

The inner fibers being hotter tend to expand mﬁrq_ than the
outer fibers, so i1f the segment is cut loose from the adjacent por-
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tions of the wall, point A in figure XI.22 will move to A', B will
move to B', and section A B, which repre-

sents the stressless condition dus to a .

uniform temperature change throughout, will _"_f""f"';'J‘A
move to a new position A' B'. Actually the
movenents from A to A' and B to B'" are £

prevented since the circle must remain a

circle and stresses will be created that _r . V) ’;’
are proportional to the horizontal distan- maidle
ces between A B and A' B! -

It is clear that A A' = B B' = move- P, Rl
ment due to a temperatures change of AT/2 or when a is the coefficient
of expansion, that A A' = B Bf =%‘- AT ¢ per unit length of arc
and

6 o AA' _ a. &l
AT T

In & homogeneous section, the mome:nt M required to produce an

anzle change 6 in an element of wunit lengti may be written as

M =EI®€
Eliminating ©& glves
' y o EIla.AT
t

The stpesses in the extreme fibers created by M are :

g =M. % .1/ 8, AT
" 2

The stress distribution across the cross-section is as indicated
in figure XI,22, The stresses are numerically equal at the two faces
but have opposite signs. Note that 1:]::& equation a,ppiiea to uncracked
sections only, and that this procedure of stress calculation is to be
considered merely as a method by which the problem can be apprcnched.r

The veriables E and I in the equations are uncertain guantitisc
E may wvary from 100 000 +o 300 000 l:s.-r’unz , and I may also wvary
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considerably because of deviations from the assumption of linear re-
lation between stress and strain, Finally, if the concrete cracks, M
can no lonzer be set ecual to E I 6 , nor O egual %o % a & . a8 a
result, the equation U =1/2 . E a. AT 4is to be regarded as marely

indicative rather than formally correct.

The value of & may be taken C.00001 and for the purpess of

this problem one may cacse = = 100 000 kg/ca> . so that B a= 100 000 x

3
0.00001 = 1. Knowing furthes that I = 100 'f;r we get @

2
M= EEQ_EI_L_JEE in kg cms when t is in oms and
2
Me t2 . AT/12 '
o in kg zs. when % is in cms and
o= AT/2 in kgs/cn®

The value of A T iz the difference between thz temperature in

the two surfaces of the concrete which may be
conputed from the teaperatures of the stored

material and the outside air. Jhen the flow of ¢
heat iz uniform from t2s inside to the outside L7
of the wall section in figure XI.23, the teo— dr]-_-r\ Tr
perature difference, A® =T, - T, , is smaller " —-7:-
than the difference Ti - Tn , between the in- B 5
side liguid and the outside air.
Standard text books glve Fig. XI-23

AT ='[Ti - Tﬂ} "ﬁ

1/
t t

o
"-"'1 ] :La sss = o I el i ms‘-llatins HWE

= 0.05 for cork, O.40 for brick walls, 0.6 for air.. etc.

% = coefficient of conductivity of gravel concrete = 0.67

E = autaidu gurface coefficient = 10
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t = tanlckness of reinforced concrete wall in meters

tl 5 ta ses = ¢ n insulating layers in meters.

Thus for an uninsulated reinforced concrete wall

t
ﬂT:{Ti-Tﬂ:lger-={T—-T] L
4 o + 0,08
0.57 *I0
Assuming t = 0.25 m8, then

AT = 0.8 (T, -1 )

If the wall wer: insulatad by a 12 ¢zs brick

wall arranzed as shown in figure XI.24, we get

i_08.25 0.0 0O.12 1 _ 0.570
A 0,67 0.80 0.40 10
T, = T
AT = == 2, 3° T S 0.557 ( T, - T.)
Glﬁ? QIE? ¥
If the air void wer: replaced by 5 ems cori,
we get 3 Fig. XI-24

1_0.25 ,0.05 032, 1 _ g3
A 0,87 0.05 0.40 10 '

I, =T
ar = 220 922 . 025 (1 -1, )
1.503 0,57

Consider a ecircular silo wall 25 e¢ms thick storing a material
with a maximum temperature of 50°C while the temperature of the out-

gide air is 20°C, then »
AT = 0.8 (50 =20) = 24°

The cuirEEpunding bending moment due to this temperature change is :
M = t° AT /12 = 25° x 24/12 = 1250 kgm

While the temperature stressea are

¢ = % AT/ 2 =+ 12 kg/em"
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These stresses are tension in the outside and compression in the insi-
das face, If the uniformly distributed ring tensien is 15 ks,r’::mz 1 the

combined stress will be

Qutside fiber 15 + 12 = 27 kg.f‘cnz {(tension)
Inside fiber 15 -12 = 3 kg/en® (tension)

In reality, toeo much significance should not be attached %o the
temparaturs 3t¥ess computed from the eguation derwed. The stress equa-
tion is developed from the strain equation A A' = 1/2 a AT, based on
the assumption that stress is proportional ‘to strain. This assumotion
is rather inaccurate for the case under discussion. The inaccuracy
may be rectified to some extend by using a relatively low value for E.,
such es E, = 100 000 ka/cme which has been used.

Az eomsuted in the example, a temperature differential of 24°C
gives a stress of 12 Rg,.r’cna in the extreme fiber. This is probably mo-
re than the conerete can take in addition te the regular ring tension
stress without cracking on the colder surface. The tempe rature stress
may bo reduced by means of insulation, which serves to descrease the
temperature 4iff arenﬁial, or additional horizontal reinforcement may
be provided closer to the colder surfiace. A proceedure will be illus-
trated for determination of temperature steel. It is not baseld upon a
rigorous mathematical analysis but will be helpful as a gulde and as
an aid to engineering judgement.

In the given example, the area of horizontal steel at the col-
der face computed as for a cracked scction i1s given by the relation :

Ag = Wiygn O _
For Fop » E d, where d = the theorstical depth of the section and

0, = 1400 kg/ca® , then.
13 = M/1200 4
For ¥ in kgm end 4 in ms, A, will be in en® . Accordingly
A, = 1250 / 1200 x 0,22 = 4.75 on®
This area is in addition to the regular ring steel at the outer face

of the wall.



APPENDIX

Tables of Trigemomstric mnd Byperbolis
Fanstions,
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- | sin x |¢os x| sduh x feosh x| | = |sinx|cos x | sinh X |eosh x
‘o |o 1 0 1 0.20(C.129 | 0.980 | 0.2013 {1.0201
i o012 | 0,001 1.000| 0.0000 |1.0000| |0.21]|0.200 | 0.978 | 0.2116 |1.0221
002 | v.ca2 | 1.000| 0.0020 | 1.0000| |0.22|0.218 | 0.976 | 0.2216 |1.0283
.003 | 6.003 | 24000 | 0.0030 | 1.0000| |3.23|0.228 | 0.97% | 0.2320 | 1.(265
604 | 0,008 [ 1.000| 0.0040 | 1.0c00| |0.24[0.238 | 0,971 | 0.2423 | 1.0289
005 { 0.005 | 1.000| 0.0050 | 1,0000| |0.25[0.247 | 0,969 | 0.2526 | 1.0%1%
505 | ©.006 [ 1.000 0.0060 | 1.c000| [0.26(0.257 | 0.956 | 0.2629 | 1.0340
.007 | 0.007 | 1.000 | 0.0070 | 1.0000| |0.27)|0.257 | 0.964 |.0.2733 [ 1.0367 |
.uea | v.008 | 1.000| 0.0000 | 1.0000] |0.28)|0.276 | 0.961 | 0.2837 | 1.0395
.cco | 0.009 | L.000} 0.0050 | 1.0000| |0.29|0.206 | 0.958 | 0.2941 | 1.042%
010 | 6.010 | 3.000| 0.0100 | 1.0000| |0.20{0.296 | 0.955 | 0.3085 | 1.0853
.on | e.011 | 1.000| 0.0120 | 1.0001| [0.21[0.305 | 0.952 | 0.3150°| 1,060
1.012| 0,012 | 2.000| v.0220 | 1.0001] |0.32{0.315 | 0.949 | 0.3255 | 1.0516
o121 0.013 | 1.000{ €.0130 | 1.0001] |0.35|u.324 | 0.948 | 0.3360 | 1.0550
614 | 0.01% |1.000| 0.014C | 1.0001 | | 0.3%{0.33% | 0.943 | 0.3466 |1.0584
.015 | 0015 | 1.000| 0.0150 | 1.0001| |0.35/0.343 | 0,939 | C.3572°| 1.0619
.06 | 0,016 | 1.000( 0,01G0 | 1.0001| |C.36|0:352 | G.936 | 0.3678 | 2.0555|
017 | 0.017 | 1.000| 0.0170 | 1.0001! |G.37}0.362 | 0.932 | 0.3785 | 1.0692
.C18| 0,018 | 1,000 0.0180 |1.0002| |C.38|0.371 | 0.929 | ©.3852 | 1.0731
.29 | 0,019 | 1.000| 0,019¢ | 1.0002| |0.39]0.380 ['0.925 | 0.4000 | 1.0770
.620| 0.020 | 2.000| 0.0200 | 1.0002| |0.40{0.389 | 0.921 | 0.8106 | 1.0811
,030 | 0.020 | 1.000| ©.0300 | 1.c004| |0.41]0.399 | 0.927 | 0.s216 | 1.0852
040 | 0,040 | 0,999 | 0.0400 | 1.0008| | 0.42{0.408 | 0.913 | 0.4325 | 1.0895
,050 | 0.050 | 0,999 | 0.0500 | 1.001%| |0.43|0.417 [ 0.909 | 0.4434 | 1.0939
: 0.4410,426 | 0,905 | 0.4543 | 1.092%
\060 | 0,060 | 0,996 | 0,0600|2.0018| [0.45|0.,835 | 0,900 | 0,465 | 1.1030
070 | 0,070 | 0.998| 0,0701 | 1.0024| | 0,460,404 | 0,896 | 0.4784 | 1.1077
.080 | O.C80 | 0,957 | 0.08C1 | 1.0032 0,87 ﬂa.-lr_ﬁﬁ 0,892 0.887% | 1.11=5
090 | 0.090 | 0.9%6 | 0.0901 | 1.0040| {0.48|0.4€2 | 0,887 | 0.4986 |1.1174
| 0,490,871 | 0,882 | 0,509 | 1.1225
»100| 0,100 | 0,995 | 02002 | 1,0050| |0.50|C.473 | c.878 | 0.5211 |1.1276
.110 | 0,120 | 6.99% | 0,132 | Lwosl| |0.52|0.482 | 0.873 | 0.5328 |1.1329
»120 | 0,120 | 0,993 | ©.1205 | 1.c072| |0.52|0.497 | 0.888 | 0,5438 |1.1383
132G | 0,130 | 0,992 | 0,1304° 1,0085 | | 0,53{0.505 | 0.863 | 0.5552 | 1.1438
+240 | 0,240 | 0,990 0.1405 | 1.0098] | ¢.54|6.514 | 0.858 | 0.56€6 |1.149%
+150| 0,149 | 0,989 0.1506 | 1.0113| | u.55|0.523 | 0.855 | 0.5782 | 1,1551
»160| 0,159 | c,987 | 0.1607 | 1.0120| | 0.56{0.531 | C.B4T | 0.5807 | 1.1603
176 0,169 | 0.986| 0.1708 | 1,0045] | 0.57]c.540 | 0.852 | 0.6C1s | 1,186%
+180 | 0,179 | 0,985 | 0,1810 | 1,0162] | 0.58]{0.548 | 0.B37 | 0.6121 |1.730
120 ¢.129 | 0.982| 0.1912 | 1,0181| |0.54] 0556 | 0.631 | ©.E228 | 1.17%2




s

x |sinxj¢os x(oinh x|cosbx|{| x |zinx|ces x|&sinh x| cosh x
0.6010.565 | 0.825 | 0.6385 | 1.1855 | | 1.<0|v.0n2 | 0,580 | 1.17
: e : 17521 1. 1
0.61{0.573 | 9.820°} 0.6405 | 1,1819 | | 1.C1|0.247 | 0.5%2 1.1:3-.:-;- ;,?;,i;
0.62)0,581 | 0,014 0.6605 | 1.1903 | | 1,520,852 | 0.525 | 1.2063 | 1.5669 |
0,650,589 | G008 | 0,575 | 1,2051 | | 1.0510.857 | 0,515 1.2220| 1.5750
ﬂg:ﬂ-. 0,597 | 0,202 | 0.6045 | 1.2119 1.04 0,552 | G.505 | 1.2579 1 1,5913
0.65]0.605 | 0.796 | 0.6966 | 1.2188 | |1.05]0.067 | 0.498 | 1.2539 | 1.6038
0.66|C.613 | 04790 | 0.7090 { 122586 | | 1.CG |C.372 6,489 | 1.2900 | 1.6164
0.67]0.621.] 0.784 | 0.7213 | 1.2330 | | 1.07|0.877 | 0,480 | 1.2062 | 1.6292
u.ga? 0.637 | 0,772 | 0.7461 | 1,2476 | | 1,090,657 0.483 | 1.3190 | 1.3552
0.70|0.644 | 0,765 | 0.7565 | 1.2552 | | 1.20|0.891 | O.454 | 1,335G | 1.6685
0.,71|0.652 | 0.758 | 0.7712 | 1.2628 | | 1.11|0,896 | G.445 | 1.3524 | 1.6320
0.7510.667 | 0.785 | 0.7966 |1.2785 | [ 1.13]0.906 | 0,427 | 1.3063 | L7093
0,74 |0.678 | 0.739 | 0.8098 |1.2865 | | 1,140,909 | 0.418 | 1.4035 | 1.7233
0.75|0.682 | 0,732 | 0.8223 | 1,2987 | [ 1,150,913 | 0,409 | 1.42087 L7374
0:76|0.689 | 0.725 | 0.8353 | 1.303 1.16 |0.917 | 0.399 | 1.4382 1.7517
0.77{0.696 | 0.718 | 0.8404 | 1.3124 | [2.17]0.921 | 0,390 | 1.4558 | 1.7662
u;?ﬂ ﬂ.?ﬂ} ﬂi?u ﬂnﬁﬁls 1-51?? lllﬂ 0.925 nl}&l 1.#?35_1-?3'}!1
= ﬂ'ﬁ uim ulm u-ﬂ?ﬂ-a 1|EEE l-lﬁ ﬂ-gzﬂ ﬂlm l.‘iﬂlﬁ- -I-l .1.5&
0,8010.717 | 0.697 | 0.0881 | 1.3574 | |1.20(0.932 | 0.362  1.5095 1.2107
1 0.81l0,724 | 0.690 [0.9015 | 1.3464 | | 1.210.936 | 0355 1.5276 | 1.8258
6,32{0.731 | 0.682 | 0.9150 | 1.3555 | | 1,22|0.933 | 0.08% 1,5660 | 18412
D-a,?.l GJ?H g‘tE?E 'EI'-BEEG l-ﬁ? 1123 DIH.’ u-jHI 1155"‘5 115555
0.8%| 0,785 | 0.668 | 0.9423 [ 1.3780 | | 1,240,545 0.325 | 1.5831 | 1.8725
0.85/0.751 | 0.660 | 6.9561 | 1.3835 | |1.25(0.9%9 | 0,315 | 1,6019 | 1.8
0.86|0.758 | 0.652 | 09760 | 1.3932 1.26]0.952 | 0.306 | 1,6209 | 1,9045
0.8710,768 | 0,685 0:9840 | 1,4029 | 1,270,955 | 0,236 1,6400 | 1,92C3
‘0.88|c.772 | 0.637 | 0.9981 [1.4228 | |1,20]0.958 0,287 | 1,6593 | 1.9373
0,850,777 | 0,630 | 1,0122 | 1.4229 | [1:2510.961 | 0,277 1.7688 | 1.9540
0.90]0.783 | 0,621 | 1.0265 | 14331 | [1.30]0,964 | 0,265, 1.853% 1,9709
0.9110.790 | 0,614 | 1,0809 | 1,434 | [1431}0.956 G.258 | 1,7182 | 1.9880
0.9210.796 | 0.606 |.1.055% | 14539 | [1.32/0.969 | 0,288 1.7381 | 2,0055
0.93(0,802 | 0,598 | 1.0700 | 1,4645 | (14330971 €.239 | 1.7583 sgain
U,5%|0.808 | 0,590 | 1,0847 | 14753 | | 1o34 0,974 | 0,229 | 1,7786 | 2,040
0,95|0.813 | 0,582 11,0995 | 1,4862 | | 1,230,976 | 0,219 | 1.7992 2.0583
0.96!0.819 | 0,578 | 1.1188 | 1,4973 | |1.36]0.978 | 0,209 | 1,829 e
0.971c.825 | 0,585 | 1,1295 | 1,5085 | | 1.37C.880 04199 | 38806 z.uiz
0.98/0.831 | 0,557 | 1.1046 {1,5200 | |1.3810,962 | 0.1 L8617 | 2,1 0
0,99/0,836 | 0.549 11,1598 11,5318 | |1.39]0.90% 0,180 | 1.2829 | 2.1320 |

i

[ ]



356

Seg (PR sinh x| cosh = = |sinx|o0s x| sinh x cﬁsé'z
1.8010.9% | =.227 | 2.94822 | 5.1075:
0.605 | 04170 | 1.9043 ] 2.1509 | | L € -

i:i ﬂ_;ag o.260 | 1.9259 | 2.2700 | |1.610.972 | -.237 | 2.9734 | 3.13%0
1.62 1 0.985 | 0,150 | 1.9477 | 2,1894 | | 1.82{0.939 | -.247 | 3.0049 | 3.1669:
1,45 | 045935 | 0,121 | 2.0143 | 2.2488 11.85|0.961 | -.276 | 3.1013 3.2535
| 2,66 0,096 | C.121 | 2.9369 | 2.2691 | | 1.86/0.95¢ | -.235 | 3.1240 | 5.2897
' y.67 | 6,895 0.11¢[| 2.6594-| 2.2896 | | 1.07|0.956 | -.295 | 3.16%1 | %.3212
1.48 | 0.996 | 0.091 | 2.0626 | 2.3103 | | 1.88/0.953 } -.30% .‘-:*Eaﬂsi.':‘uﬁi-ﬂ_
1.49 | 0.¢37 | 0.081 | 2.105% 2,3312 ) |.1.89|0.950 -_.Elu 3.2342 | 3.3852
1.50 | c.998 | 0.072 2.1293 | 2.3524 | | 1.90|0.946 | =323 | 3.2682 ?.41??
1.€1 | ©.929 | 0.061 | 2.1529 2:3738 | | 1.91)0.543 | =.333 | 3.3025 | 5.4506
| 1,52 0.999 | .051 { 2.1768 | 2,3955 | | 1.92|0.980 | -.342 | 3.3372 | 3.4338
' 1.53 | 0.999 | 0.041 | 2.20C8 | 2.4174 | | 1.93|C.936 | -.352 | 3.3722 | 3.5173
| 2,56 | 1,000 1 C.031 | 2.2251"| 2.4395 | | 1.94|V.533 | -.361 | 3.4075 | 5.5512
| 1.55 | 1.000 | 0.021 | 2.2496 | 2.4519 | | 1.95/0.929 | ~.370 | 3.8432 | 5.5255
!1.55.1.5.15‘3 c.-::-ula.a?u-; Efu&lﬁ 1..5!_5 0.925 | =379 | 3.4792 | 5.6201
|1.5? 1,000 | 0,001 [ 2.2993 | 2.5074 | | 1.57(C.921 | -.389 | 3.5156 | 5.6551
1.56 | 1.u00 | =.00% | 2,3245 | 2.5305 | | 1.98|0.917 | -.3599 | 3.5523 | 5.5904
| 2.591 1.000 -.nlz-l.*_:.}ugre 2.5538 | 1 1.99(0.01F | -, 5.5894 | 3.72€1
| 1,50 1,600 | ~.029 1 2.5755 | 2.5775 | | 2.00|0.909 | -.416 | 3.6269 | 3.7622
' 1611 0,892 |-.029 | 2.4015 | 2,6014 | |.2.01(C.905 | -.425 | 3.6647 | 3.7986
| 1.62 ] 0.959 | ~.087 | 2.4276 | 2,6255 | | 2.02/0.901 '~.834 | 3.7028 | 3.8335
| L.63 ) L.608 | =059 | 2.4540 | 2.6899 | | 2.03[0.607 | ~.443 | 3.7814 | 3.8727
e84 | C.59C ! -.069 | 2.5806 | 2.6746 | | £.04|0.892 | -,452 | 3.7803 | 3.9203
1.65 | 0997 | =.079 | 2.5075 | 2.6995 | | 2.05(0.887 | -,461 | 5.8195 | 3,3483
1465 | £.335 | -.089 | 2.5346 | 2.7247 | | 2.06|0.883 | -.470 3.8593 | 3.9876
2467 | €995 | -.099 | 2.5520 | 2.7502 | | 2.07/0,078 | -.479 | 3.8993 |.4.0255
1,681 0.004 | ~1209 | 2,5896 | 2.7760 | | 2.08/0.873 | -,588 | 3,9398 | .0647
L-E? ﬂiEQ-ﬁ, "1-1-19 E-El?ﬁ ﬂqﬁt‘zﬂ E.-m ﬂ.ﬂ-ﬁﬂ .'l".PEE '319% -ﬂ--lﬂ"'ri
1-?”‘ D.B‘?E -.HEIE-ﬂﬁﬁ z-mﬂﬁ E-lu ﬁ-ﬂﬁ} --505 h"ﬂﬂg #'114}
1.71 1 €.960 | =.139 | 2.6730 | 2.6549 | | 2,11|C.558 | -.513 | 4.0635 | 4.1847
| 1:721 0,985 | =.149 | 2,7027 | 2,8818 | | 2,12/0.853 | -.522 | 4.1056 | 4.2255
{1-?3 ©.997 | =155 | 2.72171 2.9090 | | 2,13|0.048 | -,531 { 4,2480 | 4,2268
178 | €665 | ~.268 | 2.7609 | 2,9364 | | 2,14[0.842 | ~.54G | 5.1909 | 4.3088
175 | v.ges | -.278 | 2.7904 | 2,9642 | | 2.15]0.837 | ~.587 | &.2382 | 4,3507
1.76| c.982 | ~.183 | 2.8202 | 2,9922 | | 2.16|c.830 -.556 | 4#.2775 | #,3932
1.?'3 0.980 | ~.198 | 2.8503 | 3.0206 | | 2.17|0,826 | -.56 | 4,3220 4 4362
11.-5.. 0.978 | ~,208 | 2.8806 | 3,0892 | | 2,18{0.820 | -,572 | 4,3666 | 4.4796
L-:?‘J C.276 | 217 | 2,9112 | 5.0782 | | 2.19|0.481a -.580 | 4.4116 | 4.5235




sy

w sin z |eos mijsinkh Z{ 3osh =z | x . Sin X cos = .;_-,_m % | cosh x
2,20 | Uetd9 | =o305 168571 | 45679 | |2.60 § C.51G | =.B57 : SaTROC
2.21 | .03 | =507 [4.5030 | #.6127 | |246 | Cu507 | -.862 | 5.7528 G.B383 |
2.22 | 0.797 | =.605|4.54548 | £.5580 | 12.62 | 0.458 | -.067 | 65,8315 G.9CL3
2.25 | C+791 | =.61314.5952 | 4,7C57 | |2.63 | 0.420 | -.872 | 6,9008 | &,9726 '
2.26 | 0.784 | —.6204.6834 | 3.7899 | |2.64 | 0.481 | -.877 | 6.2705 | 7.cu23 |

2.25 | G.778 | =.628|4.6%12 ; 8.7966 | | 2.65 | 0.472 | -.882 | 7.0817 -;,;_1_3[
2.26 | 0.771 | =.636|8.7395 | 8.0437 | | 2.66 | 0.463 | -.B36 | 7.1132 | 7.1831 |-
2.27 | 0.765 | =.Gus }4.7880 | 4.8914 | {2.67 | Cu454 | ~.801 | 7.1854 | 7,2555 |
2.28 | 0.759 | =.651}4.8372 | 4.9395 | |2.68 | C.485 | -.B95 | 7.2583 | 7.3258
2.29 | 0.752 | =.6594.5868 | 4.9881 | 12.69 | 0.436 | -.900 | 7.3319 | 7.5440

2430 | 0.748 | =.666(4.9370 | 5.0372 | | 2.70 | U.827 | -.5C4 | 7.4063 | 7.4735 |
2,31 | 0,730 | =.674|4,9876 | 5.0868 | | 2.71 | C.41E | -.908 | 7.4814 | 7.5479
E.:}E l;l.'}'ﬁ.‘-'l. -.68115.0387 | 5.1370 | | 2.72 | 0.805 | -.912 | 7.5572 | 7.0e31
(2.33 | 0,725 | ~.608]5.0203 | 5.1B76 | | 2.73 | 0.40C | -.917 | 7.6338 | 7.60%0

2.34 | 0.719 | -.696 5,'1424 5.2388 | {2.74 | 0.391 | ~.920 | 7.711z | 7.7758

2.35 ) 0.712 | -=.703|5.1951 | 5.2905 | | 2.75 | C.382 | =.924 | 7.78%% | 7.8535
2.36 | 0.70% | -.710|5.2483 | 5.3827 [ | 2.76 | C.372 | -.528 | 7.8685 | 7.9316
2.37 | 0.697 | =.717,5.3020 | 5.395% | | 2.77 | 0.363 | -.932| 7.9480 | 8.0106
2,38 | 0.690 | =.72415.3562 | 5.8487 | | 2.70 | 0.354 | -.935| 2.0285 | B.09C5
2.39 1 0.683 | —.731{5.4100 | 5.5026 | | 2.79 } 0.544 | =.9%9 | £8.1098 | 8.1712

2.40 | 0,576 | =.737|5.8662 | 5.5570 | | 2.00 | 0.335 | -.9a2| B.191¢ | 8,527
2.41| U.668 | =.78515.5221 | 5.6119 | | 2.01 0,226} -.988 | 8.2789 | B.3351
2.8Z | 0.661 | =.751}5.5765 § 5.G674 | | 2.82 | 0.316 | —.549 | 8.3586 | 8.4182
2.83 | C.653 | =.75715.655% | 5.7235 | | 2.83 | G.207 | =.u52] 8.8432 84,5022
2.44 | 0.645 | -.70a|5.6920 | 5.7801 | | 2.84 | 0.257 | -.955 | 8.5207 | 8.3871

2.45 | 0.638 | -.770}5.7510 }. 5.8373 | | 2.85 | 0.2C38 | -.§58 | £.6150 | 3.6728
2.86 | 0.636 | =.777}5.8097 | 5.8951 | | 2.85 } 0.278 | -.961 | B.7u2l | B.7594 |
2.47 | 0,622 | —.70315.8609 | 5.9535 | | 2.67 | 0.2C8 | -.963| 8.7902 | 8.5469
2.8 | v.618 | -.789}5.9200 | 6.0125 | | 2.88 [ 0,259 | -,966 | B.8791 | 8.9352
2.49 | 0.606 | —.795}5.9892 } 6.0721 | | 2.89 § 0.249 | -.969| 8.9689 } 9.024

2.50 | 9.099 | =,801}5.0502 | 6,1325 | (2.9 | £.239 | =972 §.05%6 31145
2.51 | 4.590 | =.507)5.1110 ! 6.1931 | | 2,907} 0.230 | =473 9,1512 | 9.2056
'252 0.582 | -.B135.1741 | £.2545 2.92”;&.22& —. 76 | 9.2037 | 5.2976
2.53 | 0.574 | -.819]€.2369 | 6.3166 | | .95 | C.200 | -.978| 93271 | 9.3905
2.54 | C.566 | ~.B24|G. 300N | 6.3793 | | 2.9% | 0.200 ~.980 | 9.4315 | 9.434%

2.55 | 0.558 | =.830c. 3645 | G.a426 | |2.95 | 0.190 | ~.982 | 9.5268 9.5792 |
2.56 | 0,549 | =,B3616.4293 6.5066 | [ 2.95 ) 0,131 | =% 9.6231 y.5749
2.57 | c.581 | .81 |6.8986 | c.o722 | [2.97 | 0.171 | -.983 9.72u5 | 9.7718
2.58 | 0.533 | -.B46(6.56u7 | 6.6365 | | 2.98 | 0.181 | -.507 9.8142 nﬂfnj
2.55 | 0.528 | -.052/5.6278 | 6.0uza | |2.99 | 0151 | -.989 | 9.9177 | 9,550 |

Al
=3

-




= lginx|coa x| sichx | cosh X I |gilcx|=os x| alnh x| cosk T
3,000,181 | =.990 | 20.018 | 20.088 | [ 3.40(-.256 | -.957 | 18.965 | 28.999
| 300200232 | =951 | 20.129 | 10,2657 | 382 f-.265 | ~.964 f 15.12¢ | 25,209 |
'_:'.,.':.2 GJl21 | =-.995 | 10,221 | 10.270 Jene=.TTD | =552 15-25'3 15.301
| 3.03(0.102 | =934 | 10.325 | 10.373 || 3+45|—-285 | =.959 | 15.422 | 15.455
| 5.08|0.201 | =4995 | 10429 | 104477 | | 3.84{=.29% | ~.956 | 15.577 | 15.610
2,05|0.0092 | =996 | 10.534 | 10.5B1 | [ 3.85)=.304 | =.953 | 15.734 | 15.755
5.05]0.082 | =997 | 10.640 | 104657 {| 2.46]=.313 | -.950] 15.895{ 15.32%
5,07(0.072 1 =o997 | 20.748 | 10.794 | | 3.47|=.323 | -.947 | 16.053 | 16.08%
3.03|0.062 | =.998 | 10.856 | 10.902 | | 3.48|=.332 | =.543 | 16.215 | 16.255
5.02{0.052 | =4999 | 10.966 | 11.011 | | 3.49|-.341 [ =.930 | 16.378 | 16.408
5.10/0.082 | =.599 | 11,076 | 11.122 | | 3.56(~.35L | -.937 | 16.543 | 16.573 |
3.11{0.032 | =1.00 | 11,188 | 11.233 | | 3.51]-.360 | =.933 | 16.702 | 16.739
3.12|0.022 | =1.00 | 11,301 | 11.345 | | 3.52|~.369 | -.930 16.877 | 16.907
3.13|0.012 | =1.00 | 11.415 | 11.459 | |3.53|=.379 | -.926 | 17.087 ; 17.077
3.14{0.002 | #1.00 | 11.53C | 11.574 | | 3.54|~.3881 =.0922 | 17,219 | 17.248
3.15{=.008 | «1.00 | 11.647 | 11.690 | | 3,55|=.397 | -.018 | 17.392 | 17.421
3.16|=.018 | =1.00 | 11.764% . 11.807 | | 3.56{=.406 | =.914 | 17.567 17.596
3.17|-.028 | ~1.00 | 11.883 | 11.925 | | 3.57|=.415 | =.910 | 17.744 | 17.772
3.16|=.0%8 | =.999 | 12.003 | 12.044 | | 3.50(=.426 | -.905 | 17.923 | 17.951
5,10 =048 | ~.999 | 12.124 | 12,165 || 3.50|=.434 | -. 18,103 | 18.131
3.20|=.C56 | =998 | 12.246 | 12,287 3.60 -.ﬂj -.897 | 18.286 | 18.7%13 |-
3.21/-.068 | -.998 | 12.259 | 12.510 | | 3.61|-.852 |.=.892 | 18.470 | 18,497
3.22| =078 | =997 | 12,494 | 12,534 | |3.62! -.860 | -4888 | 18.655'| 18.682
2.23|-.088 | -.996 | 12.620 | 12.650 | | 3.63|-.469 | -.883 | 18.853 | 18.870
3.26|=,098 } =.995 | 12.747 | 12.785. | |3.64|-.473 | -.878 j_g,pﬂ 19.059
3.25(=.108 | =995 | 12.576 | 12,915 | | 3.65|-.487 | ~.B74 | 19.224 | 19.250
5+28]|=y118 | =993 | 13.006 | 13.048 || 3.66|=,495.| ~,BE9 | 19.512 | 19,444
3427|=4128 | =.992 | 13.138 | 13.175 | | 3.67|~.502 | -.864 | 19.613 | 19.639
3e28|=.128 | =990 | 13.269 | 13.307.| | 3.681-.513 +.859 | 19.311 | 19.836
2+29|=.148 | ~.989 | 13,403 | 13.840 [ |3.69(~.521 | -,853 | 20.010 | 20,035
3:30|=,158 | -.288 | 13,548 | 13.575 | | 3.70|=.530 | -.e88 | 20,211 | 20.235 ]
§3:311~.268 | =.986 | 13.674 | 13,711 | |3.71|~:538 | -.843 | 20,024 | 20,439 |
3.32|=.178 | -.984 | 13.812 | 13.848 | | 3372|~.547 | ~.B%7 | 20.620 | 20.644
3.33|=.187 | -.982 | 13,951 | 13.987 | | 3.73)<.555 | -.832 | 20.82B | 20.852
o2 |=197 | =380 |- 18,092 | 18.127 | [3.78]-.563 | -.826 | 210,037 | 21,04
343510207 | -,978 | 14,234 | 14.269 | |3.75]-.572 | -.821 | 21,209 | 21,292
20281=.217 | -.976 1 14,377 | 18.812 | |5.76{~.580 | -.805 | 21,463 | 21,488
7037 |=+226 | ~,97%1 18,522 | 14,557 | |3,97|-.588 | ~.809 | 21.679 | 21.702 |
5:39)-.23¢ =+3721 14,658 | 14.702 | 13,78 |~.596 | -.803 | 21.897 | 22,919
{3+33=286 | -.960 ; 14.816 | 18,850 | |3.75)|=.608 | =797 | z2.117 | =.1a0
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