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Introduection

THE problem of designing reinforced concrete tanks is faced
in many industrial and water supply fields,as tanks are needed
for sludge digestion,storage,distribution ,or filtration. Each
cagse has its problems. The digestion tank,for example, undergoes
the effect of its chemical contents; gas holders may suffer from
corrosion,and so on. But,as a2ll these tanks are of reinforced
concrete,the general method of design is basically the same for
all.

This thesis has been intended to expound the theory and
practice pertaining to the design of reinforced concrete circular
water tanks, with an eye to the exposition of the method of
superposition in analysis and design, and considering the tanks
as structures obeying the general theory of shells with bending.

FProm the method to be explained it should become easy to
handle the problem of superposing any other effect,that does not
exist in the case of water tanks, on those effects already
existing in these tanks. To design containers of hot liquids,
for instance, the extra stresses due to the temperature gradient
are superposed on the stresses already assumed to exist in the
structure due to pre-existing conditions.

As earthquakes have caused a lot of damage to water tanks,
especially elevated ones,the method of calculating stresses due
to earthquakes has been explained, and the way to superimpose
them on other stresses has been clarified. Formulae for calcul-
ation of earthouake stresses have heen derived and exnressed in
a clogsed form. Other formulae that are needed have been also
derived for different boundary conditlons at the roof/wall and

the wall/floor connections.
Where soil comes into the picture, the classical theory

of Winkler-Zimmerman has been applied,with the assumption that
the foundation is elastic.
This present work of analysics and design is given here

in three sections:

I. Analysis & Design of an Elevated Reinforced Concrete
Circular Water Tank,

II. Analysis & Design of a Ground-supported Reinforced
Concrete Circular Water Tenk.

I1I, Analysis & Design of an Underground Reinforced
Concrete Circular Water Tank.

A special Appendix has been prepared for reference ,
giving the derivation of some of the formulae and equations
that have been used in the text.
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(1)

ANALYSIS & DESIGN OF AN ELEVATED REINFORCED
CONCRETE CIRCULAR WATER TANK .

(A)
(i) Economical Analysis:-

It is not easy to get at the optimum solution for the
problem of determination of the economical dimensions of
the tank because of the many jntercommecting factors
affecting this solution. However,the following approach
cen be used to chdose dimensions within satisfactorily
economical limits.

Let @ - 5
Vv = volume of the tank, cu.ft. = TD H/4
Cy = unit cost of the wall, T.L./sq.ft.
C, = unit cost of the roof, T.L./sq.ft.
Cy = unit cost of the floor, T.L./sg.ft. - excluding
the cost of the circular girder.
H height of the tank, ft.
D diameter of the tank, ft.
A, = area of the wall,sq.ft. = T DH

ares of the roof,sq.ft. =7D./4
area of the floor,sq.ft. =7D /4
t is

A.'.C'. ES Ar.Cr - Af on

S(aV/D).Cy 4 (TD2/4)(Cp + Cg).
Differentiating w!th respect to D givega

&€ - -(av/0%).C, + (7D/2)(Cyp + Cg)
If this is set equal %o zero,it will give the optimum

diameter P ast
3
D= 2\/f7 YuCo
(Cr + Cf)

e Total 0

a P
o

e
o un L

(ii) Design:

Choosing the case in which the relation between
Cys Cpy and Cp is given by the equality
Q. sl +Cf
the optimunm diamefer wiil be:

D:\; a! .
i )

Let the required cepacity of the tank be equal to 50,000
_gallons; or V = 6TN0 cu.fte. _
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: 2
P \7._8_§Fﬁlna = 25.8 ft. -- say 26 ft.

.'- H - 1?.6 fto ’
Add 1.4 £t. for clearance thus making H = 14 ft.

(B)
The Roof Slabd
(1) Analysis:
The solution for the problem of 2 uniformly loaded
plate(etrcular plate) with clamped edges is given* asg:

A - 1% [gz(l A I O v)]
= (/16) [0 + v) - (1 + 30 ]

Mt =
where:
a = radins of the plate, ( r = distance from centre),
v = Poigson's ratio,
a = intensity of the uniformly distributed load,
i, = bending moment per unit length,acting in the
radial direction, and ~
v My = bending moment per unit length,acting in the
circumferential direction.
(ii)Design:

"
Let the slab thickness be = 6
Hence, weight of roof slab =(0.5)x 150
Assume snow load is
Total lo2d on sleb is

Oah Tt

75 1b./sq.ft.
5 1b./8q.ft.

80 1b./sq.ft.

At the‘edge of tre slab the moment is:

(®),, . =-08?/8 = =- 1690 ft-1b.ver ft. of periphery.

Let the uniform thickness of the wall be - 9" = 0.75 f%.
For the wall 3§ B2 /Dh = (18)%/26x0.75 = 10

P gstiffness of the wall = 1.010 Eh3/H *E 2
where the coefficient k = 1.010 corresponds to H /Dh = 10.
The stiffness of the circu%ar glab ig**¥*;:

. = 0,104 En’/a

Relative stiffness of the wall = 1.710 x (9)3/14 = H95
Relative stiffness of the slab. = N0.104 x (6)}13 = \ B 4

These stiffnesses determine the distributing factors as:
0.03% for the slab; 0.97 for the wall.

(*) "“Theory Of Plates & Shells",3.Timoshenko;McGraw-Hill Book -
Company,Inc., 1959, n.5%. . ,
(**) From Table XVIII of the pamphlet "Circular Concrete Tanks
‘ Without Prestressing’-issued by the Portlend Cement ;
| Association. (***)Table XIX, same reference.
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FPig. 1 - Variation of radial and tangential
1e4o

moments in the roof slab.of the

elevated tank.

Centre

Tangential

Moments +

Radial Moments

: per foot of width 1070 {t b/

W Pig, 2 - Variation of radiel and tangentiai

moments in the floor slab of the

elevated tank,

yadial momeats F Centre

i H
deﬁg( ™Tome it '!v fcjnws( =

¥
L

le\jt-!'-' da {

T oments \

I 16200 b
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KEGATIVE REIFPCRCEMEVT:

Maximum nefative M - -1640 ft.1b per fi.
M 1640 x 12
A = - = & 0,050 g0 ¢ AT
s " fgid 20,07 x 0.875 x 4.5

usE # 4"@ 9.5'' o0.c.
12
9.5

T™hie reinforcement is plzced in the top of the slab and

S

the outside at the wall of the wall/roof connection.

y - | A o T e
i 905 - Q'S
$

aay 104 bars of # 4

Totz1l no. reanired - 10% bars.

By referring to Fig, 1 ( dashed line ) 2
4 x 104 = 57 bvars, are discontinued at:
n.16a + 12 diameters = N,16 x 13 + 12 X N.5/12 = 2,587
Say et 2'7" from the inner side of the wall.
T™e other 52 bars are discontinued at a distance of:
n.38a + 12 dismeters = 0.38 x 13 + 12 X N5/12 = 5.44%,

Say at 5' 6" from the inner side of the wall. 1

A1]1 above bers are placed radislly. |
POSITIVE REINFORFENENT:

The largest number of radial bers for positive moments
ig between N.%a ~ N.4a where the dashed lire hzg its maximum

value. A% point N.4s the radial moment/ft = £°0 ft-1b/ft.
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and the length of the concentric circle through 0.4a is:

sq( D.ha ) = 32.7°

At point N.da

hails B0y
LR AT 20,000 x N.ATS x 5

sHogx 620 x 12
2. .78 sg, ins

Here d= 5"
yer 14 #1% piving Ag = 2.8.

Thege bars are arranged as shown below.(Fig 3)

Y. bar

N Upper \ayer ~ 4 bars

\_/ 2 _bars
Total T #a7

Fig. 3

Placed in two layers
min. spzcing a2t center
1 n
S AL ig approx. "«
layer y
lLength of each Bar is

b R R0 Lo

Ring bers ahould be nlaced in accordance with the tangential
moment curve in Fig.'l. vaximum area of steel is required
near the centee and 1is:

R - 1707 % 12 = N.166 Sg. in.
.34 - 2D0n0 x10,1851X 4.5

ISE f#f#@ S 1 ( giving Ag'= 0.7 29« in.)
Arezs of ring bars decrease gredually from the centre
toward wmoint ( N.G%a ). Inside thie point the bars are all

in the bottom, outside it bars are in the ton. Lape are
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PLATE 1 : Reinforcing steel of the roof slab of

the elevated tank.

52— t‘”4"S @ 189 o.c.
/enﬂ“= 51[" {h’m wall wside —T

52 PAP D 18.9 o o the edge.
(tnﬁﬂ °f eacl = 2 '7" j‘",,, wald caSide

Plate = sjmm:‘irica\
ek G

.ﬁ_u é‘gg are hooked

3 gt
@ botlom
(low‘lr 3
(Asfr) A
/ \
; .
/ X
/ % i \”
i e \
i
: \\ ‘.
r q e
\ ——
y
; .
|
D | 2 f
’ ' 3. %4% W4
RN ¢ D to?
Y X
@ bottem T,
(wpper layer) 3
y P __inner side of the wall
9-"4% D14 ek ! |
/D bdmm @- 4
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epliced according to ACI ( 1956 ) Code requirements.
amallest ring bar will have a radius of 14%
Por renuirements see PLATE T.

DESICY QF STERL LADDER
steps

These/#ill be fixed in the well for the inside and outside

atairs. Teking the load on a step = 160 1b. it acts 2s a
cantilever. ILet ite projection = 4* and length = 2 Tt.

One nrojecting bar carries 817 1b. at its end.

1
Mmax. « 80 x + = A0 ft-1b.

TRl
= A0 x 1?2 = 480 1b~in. ‘Thl

4 FrrhPny FABAS-
Z - P\E - Ogdgn = ﬂ"\'.‘./] 1]’?. Z”
6 20 .0Non dimensions 0}
for a circnlsr section. one Step
Tia. 4
% w1 = 1‘4 = I‘z’ = 0,724
C A(r) 4
00 S22 SO0y O A L AR
r o= 031"
USE #‘59’S giving crea A, = 5 S TR ) RS o B
There will be a spacing of 1% ft.
* TR S pnl SR L
e Tt ? 3 3
R A Rl
A
i : 8
'qnax = VQ - 'S . ?Q . ey AV e _4\'.. .._.L
2 % 2¢ = {4 4 ':5”09 3 A

Nij-
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A G Dl = 344 psi 13000 psi 0.K.
it 7 T 5

Por inside and outs:de ladders USE two vertics]l rods (welded

4

at conneot:on with projecting vortions) of #5 having a

1ength of 14' each. The ladder will extend along a column(with
steps embedded in it)up to the surface of the ground.

DECICh OF THE MANHOLE: - 925
li-p*h('

Dlmensions are- 20 x-2°

Aoproximeste design: Teke strip
AB whose length is about 14"

and it is 1 ft. wide,

Load on too is qzB0 1b/sq. Tt. 5% 7
length= ¢ f \
F\b- 5 _‘R'-in*’(ttmt‘*. i‘g e wmankele

M = 1960 ft-1b.

P B R . 0 4 1 = 0.269 in°. 1
fg 38 . 20,000 x 0.875 x 5 \

USE 1 *tSé giving As = 0.31 in?,‘its length is 2 x 3 = 6'
By the same aprroximation use 1 #59‘111 the two other narl- |
lel sides and ?:”54'bars at the corner of the manhole @ 3"

0.¢. @ the bottom.

|
|
DESIGH OF THE COVER OF TUE MANHOLE: R > |

% &J/ 3}/; {/; |
This could be de?iﬁned according e S

n o

to the exact theory of vlates;

but for such a small »late on T »

apnroximste design is rreferable.

"——WIN —’F—MINT-*F-:!N'—*
o5}

Trom exact theory: ,f L /
S e ry s N.,0D4TY qa?. J ‘K i 1
\ _Had , !

in both o\\rut'm ‘

Fua.6 - ‘KC\-\{'oru-\u-.t of the caver

o e arniiale *
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( this is for v = 0.3 ) if it is changed to v = N0.”7 we get:
My = My = 0.0442 aa?

= 0.0442 (80)(2)?

= 7.07 £ft-1b.

which ig very small.

Hence USE 2 - #37 in each direction at the bottom of the

cover.

(C) ANALYSIS OF THE WALL OF THE TANK:
(1) Anelysis of the fixed base/free top condition:
Given a circular tank of constant wall thicknessf the

water(or 1iquid) pressure at any depth will be:(see Fy. %)

2a
Z- -Y(d-x) ..QOOOI..( | ) T
This pressure will be carried by horigzontal h dd
0
ring action,and by vertical bending action. Fig. ¥

wide
Taking a ope-unit/vertical strip of the wall,we have:

'n.ﬁ_} o R g Kibilig shibonmarn 'l 3]
where Zy,Zy are the portions of the liquid pressure which are
supported by vertical action,and ring action,respectively.
For a horizontal strip of unit depth,the ring tension is
constant at a given depth and is equal to:
Ny= ZHe 2
. Horizontal tensile stress is:

and radial strains will be:
£gq ® ‘}/E = Zn.l/Bh
Hence,the outward radial deflection will be :
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L

F Rl A e Bgoat/Eh
A 2y = ERRS.W) ~ 4;
From equation R

D.H 3Bt = Tomie M8 semeee(300)

|
* Q
{

This equation is similar to that of a beem on elastic foundation
EI._df*&kv-_-Z
; 4
whose solution 1ncl%§es the term = \/ k/AEI

where Xk is the modulus of the foundation.
In the case at hand,the case of the wall of the circular tank ,
the term corresponding to(k) is:

o = VTR - BTV R

Then,from eq.( 3 ),we have:

gﬁ! ' A(f.w - z/D = =7T(d-x)/D
(**

The final solu%%on of this equation is given ) for the case of

a free ton and rigidly fixed bottom (assuming that h{éla ,and

h.zgld),as:
w —7¢d{}-.~,_e(px)—(b- )f(ﬂ@]

Then,ring tension wi]] be:

Ny 'z - Eko —'Tad[“ —6(px) ("pg)f@ ]

and the moment in the wall will be:

Mx _-Dolw v 7’4.0“« [_g"((,x) _‘_(1_ _L 9(/9;/)]

dx* \Jn.(/‘vv’
In the above expressions the following notatlon wag used:
A x

B B e fet cos Ax

g(()x) - o sin p x.
(The values of these functions are tabulated,for different valuea‘
of ({ax) in Timoshenko's "Theory of Plates & Sh@]ln",and in

Heteneyi's "Reams of Elastlc Feundation" ).

The shear at any point on the wall 18 obtained by differentia=

>N b UYL RS L T
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£
i

adh
N
(l———( Be cosfr — &OP%)]

s m%z:‘?ﬁ—{ P (pr - QPd.g(Px)j

where @ - Bx ]
; PLRR i e .( sinf3x & cos fx)

(ii) Anzlysis of the hinged base/free top condition:

The actual condition of the bottom of the wall is,in fact,
not absolutely rigid; it may lie somewhere between the rigid
end and the hinged ené conditions. Therefore expressions for
the well with hinged end are developed below.

The solution of the free top/fixed boftom case results in

the expression?

w = e—(3x. .cos/3x + C4.sin/3x) IR R x)azlﬁh
The constants C, and C, where determined by apolying the
boundary conditions: '

w = 0O at the top

dw = 0 at the base

ax
The result is that given on page( 12 ).

But in the hinged base/free top case the two boundary

conditions are:

G R M R R Y4 .a%/En

a /Eh

]
2

Ya.
2
(2) (MX) $oLor f%;’j =0

Si_.g. [@C e (CcaP)Hsn(bx 3€ (—P:...Px»t[’mfar) [’Ce@a/!x-up) +
| G (——[35 pr-pe

At x = O we have,:

= i 2 ?.C - 0 |
v fi, |
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Gviow m O e’lgx. cos/3x - J(a - x)a2/En
= 2%%2. e-'ﬂx.cos/gx i 77 Lo x)aQ/Eh
R~ P -’Yg}_,_a,_?_il-z-ﬁ([zx)]
Eh d
Therefore:
Ng=z = ERew = B Ya.di 1 - % -6 (PAX)S

And the moment will be:

M AR T AR
. i Vl/(l -v°) P
anas
Q e a h - ( {3 X)
Whprex Vio€1- v2) qy

PY(px) = g% cosAx - sin/3x).

(iii) Ana1y51s of the effect of moment at the top of the wall:
Contlﬂu1+y at the wall/roof connection cauges a momen
whose effect should be supernosed on other effects,

As the actusl condition of the tank is such th=t the bott
is Hinped rather then fixed,only the effect of & moment at thoﬂ
top with the farther end hinged will be supernosed on the preva
jously discussed effects on the wall.,

The exnressions for deflection,moment,and gshear on a bean
on elastic foundation is given for the case of a concentrated

S

moment (No) at one end with the other end hinged as

2
aM, N cosh M sinAX Sin Ak — cos i sivhdx sind

R PR W s SR

i Mo Kwn{ cot A Coth AKX v cos ) coshAx c.as;A?C,l
cosi Al ~ cos*AL :

Qg —1M° A e [cosk” (COS)X S:y\\Jst + S.‘v\)?t CoSh;\z’) +
cosW Al — cos® AL : :
CoS )\I.(sﬂv\\)\x CosAX 4 cosh Ax Sa“',\x)] "

(#) "Beams on Elastic Foundation® ,by Hetenyi,nb. 61-62
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In these equations //7M° i

=V k/4EI \ ) }

x ~* |

where (k) is the foundation modulus. t;:;~——jy——::::3 |
: .8

For the case of 2 plate this will be |
(*) |

N = 63 = i/ (1vo)/alhe e sk A
Hence,the value of (k) to be uged in the case of the plate is:

PR 1616 S0 Y AL R R T

In applying the zbove equations note that (x) is measured from !
: |

the top of the wall,(x') from the bottom ,(sec Fis.8).

The hoop tension can be developed from the exnression for

defleetion,where

N(p o s L.hOw “

a 2£ / 5 g ‘;
B 2Modl cosh 20 Sink A% 50 Ax = cos Al Sk Ax siw Ax “
a gt Cosh® M — cos’ A4

Using the above equations,( 4 ),end( 5§ ),it can be shown that:

] aMoRa _coshM stdafsinhx —cosdlsinbdxsindsd
v (1-v2) cosh? Al = cos?)d

Attention should be drawn here to the fact that these equations f

are based on the sgsumption that the outward deflection is w
pogitive.
(iv) Analysis of the effect of water surging due to earthquake:
As ar earthouake takes place water inside the tank will
move,and additional. stresses will develor in the wall because of
surging which causes oscillatory increases and decreases in the
hydrostatic pressure. The memmer in which the pressure varies
ander these circumstances is rather complicated. Therefore an

assumption is made here, thet the resulting water pressure will

(*) "Theory of Pl?fes & Shells",by S.Timoshenko & S. Woinawskx
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.:cases are 00nsjﬁerﬁﬂ hernz

be uniform along the height of the tank.

Considering only the ¢asé of the tank as 2 shell with e

fixed base and hinged‘top, and having an inner uniform prensuréxﬁ?‘
v TR ’
‘and referring to the equation
'%E! SRRSO T S R
the particular solution for this case will bes
A e R e
The general golution of eq.( © ) 1mi

6 )(*)

w = epx.(cl.cospx + 2.sin px) 4 i «(Cz.cosp3x
+ 04.sin(31) + £(x).
Here f(x) is as ghown above, By chanring the exponential tuncﬁ
in the expression for (w) according to the identitys:
cosh x 4 sinh x = a* i
and letting the.constanta be as fol]ows- i A
O G2 8 €y o Oy - B B3 By B0, W0y o G By
we f&nally getly _
W B ,(pa?/gh)§ Gl,ainf3x.siuh/3x $ Oy.8in X, 008K 3% _
} Cg.co8[ X, sinhp 3 042 4.0«33[’3%.»%!‘ {ax. i g (7}
Ir thb oriein of nanrdzpataa ip ghogen at the miapaint oF th@
height of the wall, (¥) will be an even funstion of (x)y ﬁﬁﬁéﬂ‘;
‘ w0y s Dy : |
The z‘_ema;l‘nin?; ajnnnwu"t,g san be Asteriined bi setiefying the
edpe ‘econditiona, ‘ A
For the fixity at the enée in earthquake fnelysls i*g

(%) opicit. p. 468, €q.(276).
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(a) Top & Bottom Hinged:

This condition 18 solved in the literature' ’jthe final
equations representing the deflection,moment,and hoop tension
in.a she}l shinged at both ends and subjected to an inner uniform

pressure,are{after some modification):

v = ~p.2°d1- 2 sinsinhy .(sin px.sink px)
Eh cos2% + cosh2«

- 2¢0g = ,coshex  .(cos 3x.cosh x)j
cogs?2 X+ cogh2« f3 (3

M. = B ginx,.ginh« .(cosh px.cos 3X)
" ?[ cos?2« ¥ cosh2« P P

- cog %X, coshx (sinpx.sinh@ x)]

cos2x ¢ cosh?&
N = p.ay 1 - 2sinc«,ginh« .(sin 3x.8inh nx)
- z cos?x ¥ cosh?2¥ {3 {3

- _2coaHK,coshx . (cos{3x.coshe x)g

cog2« ¥ cosh?u
Q = - Py _sino,ginhx .(sinh Bx.cos 3x - coshpfx.sinp
X p% cos?x 4 cosh2X P P Fx ’q

\

- cog ¥ ,coghet .(sin (3 x.coshp x 4 cos (Bx.sinh Px)}

cog2 o« § cosh2x ‘

where = {3d/2 |

(b) Top & Bottom Fixed: | ‘
Referring to eq.( 7 )page(/6),ve see that the constants

C1 and C, should satisfy the two conditions:

e b S )X- a/2 =0

(i1) ( dw ) =0
dx x=4/2
Now:(sinee Cz2=C3=0), -
(s w 2- ;-)rw.z JEh § Cl.sin x.8inh x # C4.cos Xx.cosh x

, )
From the first boundary condition ongobtains:

P 2
C1(sing.sinhe) # C4(coso<.cosho() S Gp.efEh e ea(1)
From the ‘gecond bourndery condition one obtains: _ '

Cy (cosasinhed sinwcoshe) # C4(cosxsinhe«= sin«<ecoshe) = 0.C%

"(®)  op.cit. pp. AT6 - 47T



RN M -1 (o A AT i L NE
ROBERT COLLEGE GRADUATE SCHOOL PAGE 18
BEBEK , ISTANBUL '

in Fig.( 9 ) and to the right,

Solving equations (i) and (ii) we get:

PRI 2 & of = o oL
ginh « ,cosho $ sin L ,cosx

04 = % 2 [l in o< o ‘
sinh < ,coshx 4 ginx .cosX 1

Substituting the values of Cy and C, into eq.( B ),we get:

W P 20 (cosu SinhX — Sinetcoshet 5in 3% SnhfBx
4Dt ? Sinlel Coshal + Sinat Cosel P P

(c.osds-&ot +3ino coshat )mlay CoSL/}x}

Sinhat coshea 4+ Sin Cosx

+ P [cosol Sinh® —Sinax Coshol hfBx
> 2P2 Z\S“\W coshal 4 Siwl cosa ]C05/3'¥ iah P

-+ ( CosX Sinhat + Sinax coshx ) s, :
Siuh® cosh® 4 3in coso by S"‘"P"

+’Pa. 1 + (C.’d slb\kd - ol COS\!\“ " :
SR o8 Lol 4 Sinal Cosol )Sh\ P‘x s.nkj!x

CosX Simlal -+ Sinol ceshol
{Sh\kuu,kx P 3 s:_\“z’o( )mspx Casl./iy

[ Sin& cosh ot ) Sin i cosh P

=
i

=2
"

+
P LN St cashol + Sinal casx

+
+ [Py ko o) i b

It remains now to develop a method fo determine the
value of the pressure (p) aporoximately for use in design.
Supposing that the earthouake I

moves the water in the tank in a

direction perpendicular to AB

P A i) (e A

the left portion will undergo 6

stresses of opposite simm to ™

those develoved in the right -~
F‘SS—T"‘essm on the tank wall
half. ’ due to waler Suroying.

Divide the esrc AB into nortions whose proiections on the

diameter AB are equal. Caleulation is presented here for five

ecual parts. The mass in each portion (taking & unit depth of

water in the tank) cen be determined by calculeting the area %o ‘

which it corresponde. For the eleveted tank the following

‘caleulations are presented: l
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Area of segment mnB = %R2.( @ - sin € )

sin © - DL 18T 9 (%) et 81
.. mass of water in this segment = 1 x 62 ,4 ‘ 1(13)%(1.81-0. 787{’
= ‘5400/8
.'« Pressure on arc’ﬁg is:
p «F = {5400 0 = 46 1b/£%5
A (1)(13)(1.81/2

Similar calculations give the following results:

Pressure on are 98 = 131 1b/=q.ft.

Pressure on arc qt = 172 1b/sq.ft.
These values are apnroximate;in fact,if we take a narrow strip ‘
at the middle with width = 1 unit and depth = 1 unit , the maaa7i

v,:l
S
Q

of water will be

k
¥
&

moe Yl 2 ix 26 XGRS T
_ :

. Pressure = m.a/A = 1 x 1 x 26 x 62,4 x0.1 = 162 #/sq.rfo‘
p R “

The velue 162#/sq.ft. is the maximum value of the surge nressure!

and it may occur at any point on this circumference,depending qu

: ok
the orientation of the shake of the earthauake, : ;%

Comparing the value 162#/sq.ft. with the maximum hydrostat;%
pressure p = JH = 62.4 x 14 = B875#/sq.ft,we see that it is f
about 1/5 of it ,so one may think of neglecting it; in this |
work this value of surge voressure has been considered in
calculations.

This completes the analysis of the wall of the elevatedﬂ
tank. Tor the dimensions of the chosen tank,the following table
end figures have been prenared'for use in design. Tahles I VIS
together with the graphs plotted from them, gshow clearly the

superposition procedure and how it affects the final design of
: t

the wall of the tank.
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Table IC - Table VAT
Point on ‘ Point on " 1 N |
Ay 70“\“/“"/& l%E/{t J‘ ﬁiz" the walliy y /g ! /| /g
1.0d |+1640|+685] 0 Lod | o0  |4tot00] 0
i | -
0-9d ‘+5os +523 i+244o| 0.94 | 0 |+10100f O
0-8d +2()25+283 +227o 0-841 o  [+l0f0®} @
| 0.7d +3.6 t+ 25 +970' O.-7d | —12.6 | +10500| + (3.7
| ' :
0.64 l.-llo +o.ri+550i 0.64d -:)'-.IT-8 +10550| 4 23-8
! | | | | : ‘
0.5d|-86 |-285 488 | 0:5d |4+65 [410600| 4447 %
O.4dl—-4—l }-—26-5%——84— ; 0.‘4’J + 138 |+10100 +5’3,;u,:_,.:£;
' L Wik it & s -
0.34|~27-5|~ 285194 | 0. 3415208 Legrso| 528
BePA LA L 5'5:-75.5’ 0.2d1+169 {+60i8|— 103
0 ldw-i-l-B 0 ~36.8 0.1d|-158 +2330” _.335=
", g T BN 1 0d |=loi0| o |-850D  _\
able IT s Effect °S; fop moment Table MAT : Effect fwdbu- ‘Sur-_gg
i N\‘&’ Ne o W R, Ne -

((,\t\fu.\:ul ““k) ( Grmd Bw *‘A k) .
14 v
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T able TIT

Comloined effecks of hydrestabn Pressure
and Moment D tp of elevated bank , om M&, Ny

( Fixed Bothow)

Point ™ (f£-1)/f Q- (w) /A Ny Gb)/f
t:: Table I iTable M|y ) (Tasle I [Table T | o) [TableI|TapieX g

wall iriyed Fixed Fized

Y. 0d 1< 9 le1640) 41631 |~ 3 14685 (5682|089 0 19
0-9d |— IT | +608|+53 |- 6 [+523|+5IT |+1140 |+2440+3580
0-8d |~ 23 [4202.5|+179.5 | - 2 |+283 |+281 [+2460 |+2270 |+4730
0.7d |— 14 |+3.6 |-10-4 |+ 14 |+2-5 |+ 16-5|+3650{+970 [+4620
0.6d |+ 32 |—110 [|—T78 |+4T7 |+0.7T |+47-7|+4980 +530|+5510
0.5d |+145 |-86 [+59 |+95H |-28.5|+66-5|+6200 |+8B8 |+6288
0.4d |+308 |~ 41 |+267 |+12T7 |—26.5 |+ 100.5|+6960| -84 +687_6 '-"‘5’;:[;
0.3d |+487 |-27-5|+495.5| +84 |—28-5|+55.5[+6700|—19% |+6506 3
0.2d |+ 450 |- 13 |+448.7—160 |-5.5 |-1655|+5030|-76.5 |+495294
0.1d|—-185 |4+1.8 |-i83.2|-745 | O |-T745 |+2090|-36.8|+20553

O d ,éoso. 0 |-2080|-1740|+1.3 |-1738| 0 0 )
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Table

B

Combined eﬁuts of \msd.v‘os*: atte “?\’155\&\'{

and mement @ top of elevated *’«*k , M Q, Ve
( A WA B ittom) 2

Point M fet /g QR ow/g Ny b/
thg o [Fieeel| Tge Totat [Tab1ed Tabie rota R HAT] abIe frota
l.od —.’: +1640 |+ 1637 |- Z +685 |+681 ~'3o 0 -30
0.9d|~-1l |+608|+597|- T |+523|+516 +.Hl5’+24+o +555§_
0-8d|-23 |+20251+179:5 ~ 9 |+283 |+274|+2280[+2270 +4550
0-Td|-34 |+3.6|-30-4|— 4 [+2.5 A +3520|+ 370 |+4490 ‘
0.6d|-27 |=110 |=137 |+19 |+0-7 |+I9-7 +48"80 + 530 |+ 5410
0.5d {+33 |-86 |- 53 |+70 |-28-5|+4I-5|+6300|+ 88 |+6388
O.4d [+170 —-;: +129 |+142 |-26-5|+115.5|+7600| -84 |+7516
0:3d |+427 _27.; +399.5/ 4211 |—-28-5|+182-5 +8r300 — 194 |+8l106
0.-2d |+715 |—1-3 (+713.7|+1T2 |~ 5-5 |+166-5|+7700|— 765 |+7623.5
0.1d |+T770 | +1.8 +768.2|-1T7I o |—1TI +5o>oo —36.8 |+4963.2
0 | o [0 | 0 |-wve|riafionl b it
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Tahle X
Effect of waker Surqe on Hex :
wolls of Y elevated Tawle, ’
[ Point M fiw /f Q- w Ne w/f
_m
: t"\c, Fixzd Himged'F—iWc’d H‘Lnged Fikéd H'\-Hﬁec{
wall
1.0 d |~ 490 0 4400 |+210 |+14.T |+4200
0.9 d |-74.6|+144 |+178 |+28.7|+495 |+2750
.8 d | +71.2 1+ 431 w41 (= 39 |+ 1270 =100
0.7 d1+922| +73 |—9.2 | —40.8/+ 1880 +1880 i
0.6 d|+69.8|+27.5|_-15.2 |-24.3 |+2180|+ 1870
0.5 d|+584|+10.6] D 0 |+22B0|+1880
0.4 d|+69.8|+27-5|+15.2|+24.3|+2180| + 1870
0.3d(+92.2|+73 |+ 9.2 |+40.8|+1880/+1880
"0.2d! 4712 +13]- | ~4T7 | +35 |+1270|+2100
0.1d |-T74-6|+144 |—178 |-28.7| +495 | +2750 &
0 —490| O — 400 | —210 | + |4.7| +4200 |

e
b N aea oLl Tty
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Table ¥T

Combined effect of
b} “\M ad w&hr S\Argt ’d“ MIQ/ ”q
\k‘wdkx\“4dwdd foum k.

k’ad""’h e 'PreS‘S wire

/

Point

M

Pe-1v /0y

|

@1

/e

Ng

h/fe.

the
;waH

f

]

l <
Fixed | H'Lﬂged Fixed

Hi.‘ngzd

Fixed

H l'.-'nged

.0

+ ({41 | +1637

+1082

+ 89|

—

i 0,

L9 d

+ 516 |4+ T4
l

695

+544.7

+4075

+6305

——

+ 310

+328

+239

+ 6000

+ 6650

+251 ‘
i
I
|

e

+ 6500

+6370

i

+ (630

+ 7280

LT

+ 42

+ 8568

+8268

#337 | #1157

|+ 140

-

+ 9056

+. 9386 §

W Dot e

|
|

+223

+ 8386

+3998¢6

+520?+845i

+ 202

+6224

+9724

- 200

+2548

+ 7713

- 1258

+15

+4200

gosAzIC) OINIVERSITESI KUTUPHANESI
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(1)

Fig. 14

The Circular Girder
Analysis:

The girder is assumed to be fixed at the ends; the

redundants at these ends are determined here by means of
the method of consistent deformations,in which the concept

that “the redundent motion due to loeds plus the reduhdant]”i

is ap'plied .
motion due to redundants is equal to zerd‘ Thusg the

structure is divided into two separate structure:.?ig.@#

(a) with the loads,only,acting on the girder(as a cantil‘
b) (
and the otherfhas only redundants acting et its end. In

Pig.(15 ) let:

My & bending moment at any section due to loada,

To tors1onal moment at any section due to loads,

Ma' Mi : M = bending momentsdue,respectively,to a nnit

load in direction of X‘, Xy and X,. Here Xus Xb, xcﬁ‘”’

the numerical values of the redundants “ﬁa‘ Thar Fpa gh .

in Fig (15 )
Tao Tb’ e B torsional moments due to a unit 1oad in
direction of Xa’ Xb, and X,, respectively.
1 Fig. 5
(a)
9
A
| A
he
\\
RN
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Let,also:

1]

Sin displacement in direction of X, due to X = 1 unit,

San
Spas Obes etc. have similar definitions.

displacement in direction of X due o Xp = 1 wait,

Siar Ty bse = displacements in directions of I‘. Xy» and 1
respectively,due to loads.
Then, neglecting the effect of temperature,we have:

Total disvlecement in direction of X. due to redundants

1

Xae8aa + ZXpeéap + Xgedae v
Total displacement in direction of X, due to redundants =

Xg+%pa + Xpeobb * Xoedpe |
Total displacement in direction of X/ due to redundants

T

Xgedog + Xpedob + Kerdee |
Since the summation of redundant motions due to loadu an@
redundents is equal’to zero,we have: St ; |
Xafsa‘ - X'b.é‘b-l-XcJ‘c 4'3“ = 0
Xgedba * XpeObh * Xgsdpe * dpe = 0
Xgedoa * Xp-dob * Xeedeo * dco = ,p“‘A‘
Since the main effect on motion will be due the bendin&;unjj
torsional moments;the values of the displacements wlllsvbml;~

5;80 = \S My .M, 48+ ¥ o1, dn

o= WMy ds <+ Tb”o ds
5 gy
500 -~ S M .Mp 48+ f Te-To d8
é;aa - E;i an o+ Ggﬁ dg
‘g .S EI GJ {
g™ S My.My 48+ S TyeTy @8

1 it = ey

L PO b AR B A
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8 L S Mg.M, ds + 5 Ta.Tc dsf'
s ss( 2 ds + g(aba)’-’ ‘
. E GJ
e S W oods o+ S 12 as
B O
If xa = 1 ,then : |
M3.= 008(¢ "9) v Ta - 'u(?-a‘)o

My, = sin(® -96) o - Tym cos($ -8).
 io 4 Xc = 1 ,then

H = Rsing : » Tc - R(l-cos&) .

Y

From equations A,B the following rosults are ob

after integrating from(o)to (2¢) i RS
§ .. = B (244 sim2é) 4 A(2¢- sinz:i 1,

2EI

S up = A(2e-sin2e) + ‘R (244 atn2e).

‘Scc = .Bi("s niné_?_ ) i+ _35(3'1‘4!1!124#

i R S

= : (sin2¢ -2¢) + (351!14' choa
3 be -5%;‘3”4’(8 ?) _2%3
Jao = =f’q . (gin¢ - sin 4» - cos¢) - L(ag:m#-
E ¥
2

20 4 - 2cos? ) - _Biq._(ein 2= 2
Sco -_B__o (sm 245 cos?¢ - 2¢ = 2

El | "
Maxvzlell's law of reciprocel ‘relationship:

Accerding to
‘S ba = 5 ab
S.cg ‘-’-gac
gcb = g‘nc

. (*) See Appendix.
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(i1) Design

iteight of roof and floor slabs = 2(13)27(%)(150) = 79506’15.;

Batght of wall . 2M13)(0.75)(14)(150) .
129,000 1b.
Feight of girder itself = 2D 5 .55
27,500 1b. L

Total = 236,000 1b.

o PR
q = 000 = 2900 1b. per ft. of veriphery. =
| 2 513) ' -'ry f e
" Let section of the girder be 18" x 18" S S L
T = (1/12) W03 = (1/12)(18)* = 8,748 ind.
T = _bh (b2 4+ h?) o L & (18 x 18)(324 ¢ 308)
1 17 G g
= 17496 in4.
"" = 0.2 g 3 ‘v‘.“ ‘ ;
8 & = 0.,417E : M » omt
Ty N
GJ = 0.834ET s

« 27 30" o 0.3927 radians.

Substituting values of function of &
_into equatiom( C ) on vage (34) we get:

é - 3 8 = +

= } 2 g
TR | B ab = 0 gt g A
ne £l icr 278 53
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0gc = + 51.22 b=+ 9.82
| ~EI ¢ TEI
éao = = 1_6___-_9_6 q ‘ V ébo = = 6.58 a
Bl , EI
%0 = - 1330.5 q .
EI
Hence: : =
Xa(20.31) + 0 + Xo 51.22 = 176.26 q
ET ORI EI
0 + Xy 12,14 + X, _9.82 = 6.58 q
~ EI EI EI
Xgq 51,22 4+ Xp 9.82° + chiﬂ = 1330.5 q
| EI  EI EI EI

Xgq = - 22.35q
¥ 5.13q

N,
o
]

e
Q.
1]

chcould have beenydetermined-by the eq:

%o = aR # = q(13)(0.3977) = + 5.1q
Xp can also be determined from statics by taking moments
about the 1ine AB. Thus only the first equation obtained
above is necessary to solve for Xj. ‘
Nofe that X,(= Mpa) is not permendiculer to the cross-
section =2t é’anﬁ B; Xy (:-Tba) is also not acting in plane
of the‘cross?setinS'at A and B. X, has been choecen to be |

narallel to line AB, %y normal to it.

The moment at A -and B acting normzl to the section is:

xg  cos(25 30%) = - 22.35q ( 0.97388) = - 20.65q
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The torsion at A or B acting in vlsne of the section is:

Xp . sin(22°30") = - 3.52q(0.38268) = - 1.35q

o Mg = - 20.65 X 2900 = -6n,NNN ft-1b,

T = - 1.35 % 2990 = 3,900 ft-1b.
This torsion .is relieved by that which is oroduced by the'\
weight of tﬁe floor slab'resfing on the circular girﬁer.
‘mhe torsion effect of the D.L. of the floor is determined
‘mathematncally in what follows:
This avvroximsate method is
pased on congideration of 2
simpl& sunnortéd 8lab which
is formed by joining the
points ABCD shown in Fig.(!6)

The sides AD,BC are considered -

~simply supnorted, the curves

AB, DG are aoproximeted by . The floor slab res?ing
: ' on-the cirlecular girder
the lines AB and PC. and columms.ﬁy
(a) Teking ABCD with coordinates b/s
and boundary conditions as shown,(Faif) < .s
we can determine the slope at the 0 e =

edge AB asrfqllows:~ s
Let moment apnnlied at edge AB be

Hy = f(Em} o _%—f%;f15~4 L
Pige (|'F)
s ""Pl_‘[ Suppor fed Slqb RILIN \’YLO‘M-J
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“which causes a deflection surface w¥:

> sin_nUx

W = a’ a Ep (e tanhx_ cesh niy - miysinh muy)

a i ?TrzD mo=l m?COShQ’ n n a - a . a .

o s (9)
" Here a = AB, b = BC o
where Em is to be determined later.
O<m = _@mi’b
Pa
‘ = §in pmwx
g"’m - __a? Z a B nl.oc, tanho  sinh priy
- m m
2y 2D - el m?coshey a T a

- mfy. mi cosh myT _ mip sinh mh‘v}
a a a a ~ a

The slope at y = b/? will be:

9 o= sin mffix . ;
'"ny = al > a E . M{o(mtanham sinh miib
= z - ; a - 2a

oy Jy=b/? 27D m=i m° coshey

_ mibcosh _mib _ sinh mib
- 2a 2a 2a ) .

o sinhee
a a oy tanh _ -

—————

vl coshay,

ce  gin MIUX
E g

on. cit. o. 182.
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gw e __ 8 E sin mnx. 1. E o .tanhoin -y = tanhot }
’ay | yab/? MDD < W& m

(b) Laklng a uniformly loaded rectangular plate 31mp1y
supported at the four edges,and supporting a load q*(= dead

&)
weight of the floor slab) ,the deflection surface is ¢

_Ag a ZE <j - %@, tanh“ﬁ,i,2 .cosh 204, y/b

2 coshm
/m.-IJSm

]

+ *n . Zz .sinh 2oy i) sin nmx
Yy a

QCOSh% b

. b
ow 4q a’t =2 o o
5. é%__l_.sin DTX. ) - 2« o tanheq + 2
Ty D a0 > a oD , .
C ' - B b 2 coshet .
«8inh 2oy 2&*. ' : .
. . : hmy ¥ om .. 2y. cosh 2x y +(? m . sinh2o4,y
b 2 het, b b -5
T o cos b 5 2coshedy
D wg - Ag'a Z _%__s:.nm?fx Etanhe( ~ody = tanheg, j
9 y__b/g . ‘ = 1,3’5 ) o

(c) Let #= the final glope at the edges of the plate and
the circular glrder. From St. Venant's analysié the angle-
of twist per unlt 1ength is glvenxgs'
= ( 1/p087)(2/6)

where b, h are the width end height of the beam, respectlvely,
Pis a coefficient dependlng on the ratio (b/h),_T is the
torsional ﬁoment,and G is the modulus of rigidity of the
beanm. .

ig due to.ﬁhe accumulation of torsional effect from
the end of the beam in the direcfioh of the centre;'the

torsion in the middle is zero. Torsion at any point A/(Fq.lg)

is gﬁven by the equation:

NG references . 3 vpdvanced HMechanics Of Materials
éy)FrZECBfgﬁzlyeg James 0.35mith; second edition, 1052 New Vork

LN ﬂ"‘
J.O-"\T\ ”"Tnf & SO{”O I“Lc - tle {1
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_ = S\ My dx
where My is to be taken as that correspond:mg to (w ) (?1-9)

, . ? 2
M=z -D.( dw ¥+ v.97w, )

It can be shown that.

QW—‘}-: -;_.ZE.Slanrx

Dx jots o2 = |
Q.O TV[.Y - D . 9 wm . - 2 Em . SiIl lg_rr X
= a

Hence: o oo
Ty = fﬁ‘iy.dx ’_{(‘2 E,. sin mIx )dx
= Pl -
2/ .
IZ B . 2__.C08 mvxj (/\ \‘1
L 0
4- Z E . 2 (COSmrTS- cosmr)

mnmT . . a
where (S) is the absc:Lssa of any point :

x=

Fig. 8
between X = g and X = a/2. ‘

Knowing the torgion,the tvnshng angle can be determlned-
fi 7,.dx. 1/8bh7G |

e = f E JU - a .( cos_mix - cos mIr)dx ..l/ﬁthG
' : a -2
= (e sinmTx _ w1 1, .3
N [ E :«L-rr (& sinmT ywswj /,ebh 5
m-=|
z 2 N m S‘
Qb :ZE’W\M‘F[M\TS LE J(’.asm—rj /ﬁth
Taking only od lues of (m) ,we have
¢ = 2 Ea I o] - ﬁth - (o)
135 mt e
Equating ?g- me g Q ) and tzking odd values of(m):
| b/ Ey =t
: V I 2 A o m tan’\?‘“;— X pnt+ Tanhecam)
o By, = 29a = "5(

4'_D E{( ZD)("(ML b W? m—Fmm—tanh o pm &/ BbK G}
The above is summed up in the fact that the final shépe ‘of the

the plate on top of the circular girder is given. by the

edge of
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“oe Torsion at point A shown /is:

(ii) The moment at. the built in edge of a recﬁahgular plate with

angle of twist (%) in eq. ( 10 ) .

For numerical evaluation of the final approximate torsion

the following steps are taken:

(1) At the edge of the circular plate the moment is

'I - hend ' . a 8 .
T T'=a q / ’ (F."- ) A

. 2] ng/{xo .
7, =£de =fo (~q'2°/8) .a.d6

- =(q'.22/9) (eT180) iiviinieneaa (11D

two opnosite edges simply supvorted and the others fixed, is("):_
(N’ > 4€/0.2 Soy, MIX D(n\ — t&h\r\o(w(‘ +°(m_tAwL°(Q .
N - e o

J=b/2 r? m=ci3,5, ’Yﬂa o(m - tawkd.“ (q(w\'b\u.‘na(w\ —-\)

/]

The torsion at point A will be:

3/2 F{3.20 /_\
e A
(o]

T i 40X = ajz 174
2" L'Y & ’ Fia. 20
o 4%/ &l fa/zZ S M o pn ~{AKL°(..( |+ O(W\.tﬁkLo(b.\) 4 w13 20
7[3 0 m:115,.. Mq o(w\ - tﬂ‘*"\“w\ (O{M{.'A\.'-\"(n.\ - l)
T m-1,3 r?“* RS CNE PR

(iii) The moment at the end of = rectengular flexible plate is:
O '

M o= BEy. sin m7x (only odd velues are taken as
J FEDI RS i a E
1 4 ns with odd velues of m)
we will finolly heve to equate terms with oda values 0. m).
=

' 't ? tawko
. A yn bk Wa. — X —+ % ‘
M ' food S\Y\ -)ZT@_. ?f?zﬁ?-b ) 2 [ tﬁuLz"lm el — .tqua(“) — a
Y . 75 ( ' mEA LG
=13, ¥ - .
;. Torsion at point A is (Fis 24): Fig- 2l
‘(32; ‘ A | y ;j i
T3 - 0 . lﬂydxa/z o ' o , ‘ %/1
2 ‘Z/a / (S.‘v\ mrfx) _‘__% O(mbk«‘w(n — o, fanketm j
= T W (o ek, —wty - banlel )~ —
7f4 D ° N0 ,?ZD( m A on " K ) ’M'rr/]l)l\"(; »
29" | E LtalZoln, — e+ Taukotn |
= s ma ] o 2 . _ — o
w5 D s |y (atalia, — oy tankel, ) - AT
—— - 1)

(*) op.cit. p. 186 : _ -
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Steel for bending momen#:

Fig. (22) gives the bending moment along the girdpr

The value 34.7 q at the center can be obtained from

{
,

. 4.
statir-. } 3478 ' _ ' |
’ ‘ ' . 4=223
At the cenﬁﬁf; , $=0 , \\\\\\:;\l -
- . . v Fig. 22 ,
1- Longitudinal steél for torsion: ? |
' . : : 20.55?
Torsion2l moment = - 3442 ft.1b. :
(at the fixed end)
Relieving Torsion= 1166 ~do-
Pinal torsion 2% ‘
+he fixed end = 1976 f£t.1b. |
According to the Germen code (%) )
- 1
Jongitudinzl steel for torsiom is:(Fy 29 12
AS : (:l*.’? * S) / (2 bC dc fs)
: g
S = (14 % 14) / 2 = 14 iﬁj
Ag = (1076 ¥ _12) X 14 = 0.0423 sq.in é
-4 14
4 X 14 X20,00 2.
: 2x14x 1 ’ (one bar) S
i | H A
Ag = 4X 0.0473 = 0.,1692 sc.in. 4 14z, 2 |
' . Fq.23
2- Steel for bending moment: .
A = M/f.jd = 100,000 X 12 = 4.29 sn,in.
s - ot
20,000 XN.87% x 16
4,29 + N,1692 - 4.4°92 sa.in,
t'se 4 - 1.5" ¢ bars giving A, = 4.9 sa.in. |
Two of these brrs =zre discontinued at 2 distence of i

3150 on both sides of the center.

Lt the fixed edre:

u

S

Ao = M/Ta]
\ nD,NNN x N.8T5 x 16

Use  4- (15/16") # #iving Ay = 2,76 sq.in.

- 6Q,ﬂq0 X 10 = ?OS4 S”.in.‘

(*)  Journal of the tmerican Concrete Institute ,January 1964

- azn article by,Paul Zia . , D. 1
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-

Two of these are discontinued st 3" from each end.

Steel for torsional moment:

Accozdihg to the German code (*), shearing stress is:

= HMp/AD = 4.07 x (1976x12) = 16.5 / 264 psi.  (OK)
(18x18) x 18) 4 ’
Ay = Mp.t/2bgd.fy = (1976x12) £ = 0.00302 %
5%x14x14x20,000

_For loops of #4 bars : t = 0.196/0.00302 = 65"
But use a maximum spacing of 18" - 1.5' (The section actually
needs to be changed; but it is left here as it is tc show the

general prdcedure) 10.2/1.5 = 6.8 .o use 7 10635. See Fiq. 24

/3/ : v ' ‘ Fig. 24
t\ﬁ_" *
(o)
Ewd : 2133
(b ()
4 1 " ” o 1
2 2 4.6 44, 4
e 14 k I I L L L
—— Jﬂ—- } 1 - 1'-'-1—“ e
i B " —p—o——0 T
T s =
/ N
1 r” 4 6 "
18 4 ’4 18 17
"4 ‘
. L
| ) A // \\ 4‘-3’/
e -
-"L o 7E - 77 t+ -
. L g L. ¢ 3
YO yTaYT 74 I+ 127
. I 14
p 18—y 16—

Secteem A-A , Sechon B-0
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In torsional =nd moment calculétions the direct
effect of woater was not cdnsidéred since the shell Walmyand
the circular giider, both act as 2 deen beaﬁ{ where shears |
distribute themselves such that thé effect goes to‘the top

of the eight colnmns.

c) Desigm of walls: (See pp- 20-31)

(i) For hoop tension in the fixed edge condition, the
max. hoop tension is <+ 9956 1b., and‘it occurs at N.4 x‘l4’
= 5.6' from the ton.
In the hinged case the max. hoscn tension =‘+ 9986 1b.
and it occurs st 0.3 x 14 4.2' from the top.

Ay = Nmax./fs = _9986_ = 0.71 sg. in. per ft.
. 14,000

Use #5 #f @ 10.5" o.c. in each of two curtains giving a total

area of N,71 sq.in.

For top portion:

A = 665N
/ S 714000 :
.. Use #5 ## @ 15" o.c. in eaeh of two curtsins giving

N.475 sq.in.

"

AS = 0.49 sg.in.

For bottom porticn use same as for top portion.

These'bars are lzvped for a length of 40 diesmeters =40x0,675=25"
(The lzaps =2re tied with 16 geuge soft iron wire to keep the bars
from being disturbed on placing concrete.)

Max. tensile stress in the conerete ineluding the effect of

shrinkage is: £, = C Bg As + Tpay,
| L, ¥ nis (*)

= n.07% % 30 % 106 x 0.71 4 9986 = 149 psi. /300 pei. (0.1 )
T9x 12 # 10 x 0.71

(*) "Circular Concrete Tanks Without Prestrescing'-Portland
Cement Associeation, :
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(ii)  Por loments:

The max. nositive moment occurs at the top where
M = 4 1637 £1-1b (in the hinged case) - 1640 ft.-1b.
. continue the reinforcement =t ﬁhe'top of the ronf slebd
@ the wall / roof connectiony i.e. Use #4 ¢ @ 9.5" o.c. up to
0.7x 14 % 33,diameters. i 10 g» ’from the too.
Use same vreinforcement in the insidé curtain, with connection

extending into the bottom of +the roof slzb a distance of 2.

At the bot*tom of the wall M - 2570 Tt.-1b.

max.

This moment will be opvosed by thet resulting from
the dead weight of the floor sleb, and the weight of water
weight,

Weight of floor slab

6.5 x1x1x150=81 1b./sq.ft.
12

Yeight of water 1x1x14%6°.5=875 » = =©

Totaleesswez 956 » 0
Moment @'edge of floonr slab due to its weight & wt. of watér is:
M= -q.2°/8 = 956 (13)° = -20,200 ft.-1b./ft.
20,200 - 2570 = 17230 ft.-1b./f%.
This moment will be distributed between the wall and
- the floor slab accordiné 0o their stiffnesses.

Let thickness of the floor slab - £.5%

Relative stiffness of the wall = 1.010 x 592 = 52.5
" " v v glab = 0.104 x§6.§} =

337

S distributing factors are: ‘
yall = 57.5/(57.5 + 3.37) = 0.94
'.Q‘;ll'.;tl..l...r).06

Slab
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Moment distribution:

Wall : Floor
Distribution factor  0.94 0.06
FEM. | ' + 0 - 17630
Distributed M. - % 16,570 - % 1,060
Finel Moment. % 16,510 415,570

. at the bottom of the wall induced net moment = + 4023 £t.1b/Tt
Ag = M/fg3d =(16570 x 12)/(20,000 x 0.87% x 7.5) = 1.51 sq.in.
But by inserting a haunch of .6" x 6" at the bottom,
the amount of steel can be reduced‘td: ' ‘
Ag = (16,570)*x 12/20,000 x 04875(9 16.5 - 2) = 0.835 sq.in.
. Use #8 4@ 11 1/4vo.c. |
This reinforcement will extend also in the vertical
direction (in the wall) a distance of:
0;3 x 14 ¥+ 33 diameters = 6' from the botftom.
| Moment induced at the bottom of the wall duve to earth-
quake is: 51,300 1b.-ft./ft. (see column design.) |
| The ACI allows +n increase of 33 ¢ of allowable stresses
in case of earthquakes.
" The moment of + 51,300 £t.1b/ft. will be again distrib-

uted between the wall -nd floor slab according to their stif-

fnesses: .
—Wall _ __Floor
Distribution fécor: 0.94 ' N.N6
PEH ©=51,300. . 0.00
348,300 33000
- 300 ' 13000

Cbnsidering'the net induced moment at the wall we haves:
A = B/fgjd = 4°,300/(20,000 x 1.33 x 0.875 x 13.5) = 1.85 sq:in.
s

Use 20 4 0 6 % v
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Thisg reinforcement will extend vertically in the wall
a distence of 3', and also in the circular girder a distance
of 15". Whem it hapnens to be within the column area let it -

extend a distance of 2' inside the column.

D) Declan Of The Floor %]ab'

Due to the weight of the water and +he dead weight
of the floor slab, the moment at the edge will be :

1= -q a’/8 = - 20,200 ft.-1b./ft. (see before)

It has been already shown that a momert of & 1,060 f£4.1b
is been induced 2t the edge of the fl-or on‘distributiﬁg the
20,200 ft.—lb /ft. moment. TFrom the moment of 51,300 ft.-1b/ft.

esulflng from earthquale, the moment induced 2t the floor is
$ 3000 ft.-1b./ft. |
S 3000 4 1,060 = 4,060 ft.-1b./Tt. |
v 4,060/q2” = % 4,060/(956 x 13°) = & N.025,
This value will be added to the coefficients (%) of>Mr,'Mt
The result is given in schedule II. .
Final values of M, , M are»obtained s usual by malti-

t
- plying their final coe’flclen+ by ca = 956 x 13° = 162,000 °

Values of Mr,mt are plotted in Flg. (?2) vage 5.

Negetive reinforcement:

¥ax. negstive moment is - 162,000 f£t.-1b./ft. ‘
Ay = M/fgjd = 162,000 x 12/20,000 x N.A75 x 5 = 7.22 sa.in.
Use 1-3/16" # @ 6" (giving Ag = 2.2° so0.in.)

(*) Portland Cement Association Pamphlet, Table XII.
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SCHERPULE TT:

i’alnt '
momedye | 0-08{0-ta | 0.2a)0.3a| 0.42|0.5a|0.6a | 0.7a|0.8a}0.9a{1.0a

Ay Coelf-+.075) +.073|+. 067|+. 0574043 |+, p25i+.003 |-.023]|_.053 |~ .087|-. 125

‘Add 1 +.025

Final
c!ffp +.1 |[+098 [+.092 |+.082{+.068 |+.05 |+.028|+.002|~.028{—.062|—. 100

+0.025

Y

M'/_ft +16200[+15300 |+ 14800 |+13300 |+1(000 |4 B100 |+4530|4+3250|— 4530|~10000|— 16200

M‘/s,,g' 0 +1600 |[+2300|4+4000(+ 4400\ 4-4000|+2T00{+2300|~2600|—F000|-16200

MtCoc{F.-{—0.0'Iﬁ‘ +0.0T4|+0.071 | 4+0.066]|4-0.059]|+0.05| +0.039] 4-0.026 +0.0ll . 0.008—0-029

fdd)+ 0.025

> [t0.025

Final
%Z?F +.1 4.099 (+.096 |+.09) |+.08%+.075|+.064|+.05( |+ 036 |+.013] O

Me/pt 16 200| + 16000 |-+15508/+ 14708 +13600[+12100 | 4-[0400 +8200|+5800|+3100] O

Thié reinforcement is placed 2t the tov of the
slab and into the wall, Total number of bars regquired is:
2 (1%3)'x 12/6 - 16%.78 say 164 bars.

By referring to Pig. (2}, 82 of these bars are

discontinued ot a distance of :

N.14 a % 12 dizmeters = 7.14 x 13 ¢+ 12 x 1 102 = 1. 82 + 1.1075
= 2.9275, say at ?!' 11" from the ingide of +he wall.

The other 82 top bars are discortivued 2t a dist-
ance of 0.3 a + 12 diameters = 0,13 x 13 + 12 x 1015
= 3.9 + 1.1075, say at 5' from the inside of the wall.

Dogitive Reinforcement:

Reinforcement for positive maments is needed mostly
between points N.3a, 0.5a where the dashed line has its max.
vslue. At vpoint N.4a the radi-1 m~ment ver segment is + Adod i

ft.-1b./ft; and the length of the concertric circle through
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0-48- = 2 (n04-x 13)‘-‘ 32-7 ft.

.+ At point 0.4a:

fl

Ag = 32.7 x Wfgjd = 32.7 x 11,000 x 12/20,000 x 0.875 x 5

49.3 sq.in.
Use 39 - 1 7/16" #  (giving Ag = 51.9 sa.in.)
These bers will be arrenged =s follows:
There will be-eight radiel bérs in eéch»Quadiant; - the
whole being in twq layers crossing at the centef. According
to the dashed line in Pig. (2) nege 5, lergth of each bar,
which makes two brrs in the sled , will be 19-6". The bars
cre nlaced as showm in Fig. (25) with minimum srecing of 3

where they cross at the center.

———14 bars
~—4 bars
N4 bars
/4 bars

Total 16 - 17/16" &

Fig. 25

eazch ig 19' 6" long
Minimum sn=cing @

centre, where bars

cross, is 37,
The arrangement of 21l the steel ig rhowm in plete II1.

E~- Degien Of Columns:

The columns are to be designed for the following:

1- Dead load of the tank, =nd water ‘oead,
- Direct load on the columns resulting from the earthquzke

(or wind); this will be either comnrressicn or tension.
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Plate TC

Reinforecing steel for the floor slab
of the elevated tenk . :

/4 o
82 __}2, ?S eacl 4 Q, i ‘Frm weld rnsede.

" , :
8- 24 eals gl Loy from
h)n.u. -\.\-\.5:0!-(
OGN
|
]
I
/
/
) /
1
\ /
\ J
N 4
N
e
N
AN -
N ‘
~I .
_ X - — / woll wside
32— 17" &
s _ s, coct 0,"C 1o
S="40 19,47 " ey g
(;0»'{{:,:{ thiee 3 .

otlers D bottn )
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3 Flexural»stresses/resvTiing frem earthquake (or wind)
moments on the column.
For the case of fixzed footings, if n = the number of

columns (which =zre supnosed to be identical), the resisting mor-

ent will be equal to the sum of the 3

moments at the bases of the sevrzrazte

columns. The value of the latter is(*)

1’1._1‘: . hy = Fhl/Z
n 2

S Phy = F hy/2 ¥+ Vg ZE;L? | e e
' O

where Vr is the axial ioad due to

earthouake (or wind) in the outer-
most column. Se« Fig. 26 | - Fig. 26

" Yeight of the wall - 2 7(13) (0.75) x 14 x 150

178,000 1b.

Wt. of roof slab (137 x ¥ x 150) . = 40,000 1b.

"ow floor % 137 x 6.5/12 x 150 = 43,500 1b,

Wt. of Circular girder = 2m(13)(1.5)91.5) x15°% 927.5010 1b.

Total weight of empty tank (without columns
and foundation)

H

236,000 1b.

Weight of the water =T (13)°(14) x 62.7 = 465,000 1b.
Total weight without columns & found=tion = 704,000 1b.
S. Losd on one column = 88,000 1b.

When en eetthruake takes place, the heavy ton—tank»will
‘resist the m&tion ~t the foundstiony this entails 2 horizontal
force (F) at the middie of‘the tank, vhere: |
F = mé = 704,000/32.2 (0.1 x 3°,2) = 70,400 1b.
Totel moment @ the>1evél of the circular bean is;v
70,400 x 7 = 497,800 ft.-1b. »# %%:Eig? = 51,300 1b.-ft./ft. .

This is the value used Tor designing the end of the wall.’ !

(*)R.Concrete, Water Towers,Bunkers,Silos,& Gantries, W.5.Gray,
' Concrete Punblic-tinns Ltd.. London 18%3%. page }J%9,
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Applying eq.( 15 ) we get:

-2
70400 x 38.5 = 70400 x 20 + V.. 2(13) + 4(9.19)
' 2 13 :
where 1 = r.cos® = 1% x 0.7071 = 9.19 ft.
‘ r =13 ft, . '
31825 1b. - ‘
maximum direct load on the column due to earthquake. -

=

Shear per column = 70400/8 = 8800 1b.

| Moment on column = 8800 x 7 = 61600 ft.1b.
Choosing a section of column = 20" x.20" :

= (20/12)° x 30 x 150
= 12500 1b.

Weighf of one column
Total direct force on the bottom of each column is
S o= 88000 + 12500 = 100500 1b.
Assuming that the column is reinforced by 4- 1 1/4"g l
‘vertical bars,(i.e. Pg = 4.9/400 = 0.01225 ) the moment of inert~$
R :

ia of the transformed section is determined as follows:

(1/12)bh° = (1/12)20)* = 13333 ind
"(n-l)As.ygr = 9X4,9x(8)2. = 2820 ‘_in%
oI - 16155 1nt
"
The safe axial load will be: ‘ v / -3 ¢ﬂ“¢‘53’3
» | 8 - /] [
P o= Oolsf‘-Ag 4‘ Oc8 Asofs .
= 0.18x3000%400 ¥+ 0.8x4,9x20000 , - . :
= 294400 1b :>. 100500 1b Iéj
The nominal allowzable axial unit stress for
tied columns is given as: g;‘%«/’ﬁﬂ_, @ ¥,
Faz O¢8(Ou??5 fé 4 fsopg) '21’ /4-1” ..-'A‘
0.8(0.2°5x3000 $ 20000x0.01225 - .27

736 psi.
For 3000 psi concrete the allowable bending unit stress that

‘wbuld be permitted if bending stress only existed is: Fb'= 1350p5
The nominal axial stress f = axial lozd/area of member .
‘ & - (100500 4 31825)/400 - 330.8 psi.
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. The bending unit stress fy = bending moment/section modulus of
~ transformed section(uncracked)

Jo fp = 61600512 x10 = 458 psi.
' 16153
v For a safe design:

f./Fy % fb/Fb L1

3308 + _458 = 0.449 ¥ 0.339
736 1350 = 0.788 /1 (0.5)
Under the above conditions the combined stresses will be:
(i) 100500 % 31825 + 458 = % 756 psi.
: 444 - 160 npsi.
(ii) 100500 - 31825 4 458 = % 613 psi.
S 444 - 303 opsi.

where 444 so.in. is the equivalent area of the section of the
column = 400 4 (10 -1)x 4.9 = 444 sq.in. |
The above values of stresses are seen to be below allowables.

Shear on column is 3

v = \'s = .8800/(0.875x18x18) = 31 psi.
- 0.875 bd 5
As ties USE 3/8% @ @ 18". See F3 217
(F) _Degiem Of The Foundation

(i) Analysis:
The condition of stress resulting

in the case where the tank is not subjected

to wind or earthquake load,is that of a

ring under a symmetric case of loading T 23
Symmetric loading °§
‘as shown in Fig.( 28 ). rng  foundation.

If P(§) is the intensity of a load
Fg.24
at the section Y = f,/ thep for the case
of symmetric loading, P( ? ) will be an even

function of ( £) and the equations for the

deflection w(p), angle of twist A (),

Fy. 29
bending moment M, (¢),and twisting moment M,(p) will be given
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by the equations : 1/, '
w( YY) = __Z__[P(’é)c‘i?-%-_z;_____i'l .cosncp/P(f)cosn?d,;
g4
BCP)Y = o(/“t Z_”Bn.cosngp /"’171(3/539) cosnsds
M (9 = /%13{ 24 ‘Mxn.cosn ¢ . /P( §).cosn ¥ a5
M () = 4R i Mzn-sinn @ / P( §') cosn§ 5

/U."f V‘r—ldé

If the load is antisymmetrical, P(g) will be an odd funetion

of (£). In this case the expressions for deflections,angle of

twist,and moments W:Ll} ‘be:
w( @) = “A/Ei ZWS Y,.sinny. / P(%). -simn§dy
BCe) = o(/uw ;”Bn smn&p./ P(s).smn;df
M (¢) = AR 5> Mn.sinng A P(f) sinny 4§
M,(9) = - _ﬁ?%_gwm .cosne. f P(f) s:Lnn; d}‘
The following nomenclature aonlies to the above formulae:
‘o - E/Qni Z 1 1 r2) + A
B, - R pi ot m
1+ #n¢ : M
Mgp = Bp +n2.Y s My, = - __xn |
M = C/BI, ( C = C—J = torsional rigigity of the beam)
P( '5’) = force(distributed or concentrated. '
R - radius of the circular foundation(beam)
IX = moment of inertia of beam cross-section @'the,x-—axis.
% = BI/R | |
A 2 wYEL
k = elastic modulus of the foundation
| E - Young$ modulus of the bean.
It should be noted that the velue of(k) which is usually given
in tables is the subgrade modulus measured for the case of 1 sg

id

(*) "Deflection of Circular Beams Resting on Elastic Foundations °
Obtained be Methods of Harmonic Analysis'"-by Enrico Volterra;
Journal of Applied Mechanics,dune 1853,pp. 227 - 232. ‘

[
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bearing plate. This value should be changed if the width of the
foundation is different from 1 ft. If the beam is (b)) ft. wide,
(*)

the correspondlng modulus of foundation will be :

¢ vy

(ii) Design:

'Radius of the ring foundation is '

| "R = (26 % 2x0.75)/2 = 13.75 ft;
'Uﬁdéf a symmetric loading the'period of the harmonic expressions
is8(8) since wve have‘8 symmétrically'placed 1oads. Hence fhe

expressions for deflection,angle of twist,and moments will be:

w(¢) = 47 + sIR ; Y Cosn Cosr\(.u 30)
. - mRk o XME LF 24
fCe) = _ﬁ/%l)— z B nCosM@ cos (22° 35)

"

. i =g, /‘,24
MX( Wy ) ) skP i M CoSnyY Cos 7\(22 30 )
M,( ) 72;? :;é M,, Sinng casn(23 30)

M e
Only the flrst‘three terms in- the above series will be cons1d°red

1

in celculations. » v
Choosing a section of BO"XBO" for the ring, the following
values a2re obtained: | | '
I, = 6.75 x 104 in

J polar moment_of ilertla

35.6275 x 102 in#

“e

6§ = 11.95 x 10™° 1v.in?

torsional rigidity,

B o= n.59 o = 12.27% x 10° 1b.in.
(*-y-) .
k = 200 1b/1n?/1n.
ookt = k(b2 = 200 (304 1)° = 53.38 1n./in’
2b 2x%30 ) ’

The final resultsbf the calculations are shovn in terms of P, the

{#) See Terzaghi and Peck's " Soil Mechanlcs In En~1n°er1ng
Practice",vn.

(**)See "Theory Of Plates & Shells",by S.Tlmoshenko and S, 2
Woinowsky-Krieger, McGraw-Hill Book Company,Inc. Second G
Edition 1959, p. 259. : .
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load of one coiilmn, in Table { IX ),

| ~ Table( IX )
Symmetric case of loading . :
X% Cwiinches) | B (radians)y| ™y (in-1lb) | My (in-1Ib)
0%  10.000,012, 052 P+ 140.352x152F ~3.394,572 P O
> 0.000,012,056P |+ 2. 751 x10°A—2.698,513 P |+0.276,882 P
Q
10 0.000,0/2,061P|+37.169 X 107°A . 657,137 P j+o.4-87,575 =
3% . ’ - —
15 0.000,0i2,067 P|l—61.18T X 10 “p +0.047,698F |+0.523 423 P
U
20 0. D00 012,069 P_-(55.124~.x16’2 F’+5,7/;)748 P (+0.278,198P
22-50 ~12 '

0.000,012,0T4 P|—168.-967X10" Pl+6.718, 914 P O

The load P is determined as follows:(for symmetric loading):

Load OnaCO:lumn =..00.'1......‘....00....0 100500 1b.

2
weight of the foundation = 27(13.75)(30/12) =_ 10120 1b.
, 8/150
'o.- P : 2 5060 08P et 0 0L EPtsasE T IE LBt ser e 110620 lbc

Using this velue of P, Table ( X ) is obtzined:

| Teble ( X)) ~
: ; &vmrgetric Case. of Toading : _

P w (inches) B (radians) "My (in-15) | M, (in-1b)
0% | 133341 +155.92x107 | 375, 550 0
5° [-33363 4+ 124.72x1077 :._298,'500 i-x— 35) 630
100 | 1.33418 |4+ 42-23x1077]-183 ,300 |+ 53 940

: 1‘3O 1 1-33485 —67.68x 1077 ‘+ 5,280 |+ 57.900
5% | 133507 —171-59 X 10°T|+613,830 |+30,775
22.5° | 1.335 62 —186.91 X 10™" |+ 743 250p 0

- The variation ’of My ,¥, along the portion be%ween any two
columns is plotted in Pig.( 30 ).
 Ina similér mahnei' the antisymmetric case of loading is
analysed jhowever ,in. this case,the Pourier expressions have to be

taken. for all o,é‘Id values of n. These expressions will .be':f

ES TN E S A S LT LT

-
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(a)

(b)

Fig. 30 : (a) Variation of bending moment along the ring
’ foundation in the symmetric case.
(p) Variation of twisting moment along the ring

- foundation in the symmetric case.
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w(y) = éggg'i¢ﬁ,7;5“3@ &nnuz'ﬁQ‘
pled = 7355%_§;x; By, Stang Siam(22° 30)

MX(‘f’) = —%%LZIL’_, My, Sinnyg Sv‘-v“*\(ﬂ"_ 3'0’)‘
M, (¢) =~ -—%%Li | Mz“ Cosng Sin u.( 22° 30 )

~ The value of P which has to be used in the above expressions is
P = 100500 ¥ 31825 = 132325 1b.
Using this value Table ( XL ) was obtained.

- Table ( XTI )
Antisymmetric Case of Lo=2ding

p Hy (in.1b.) i Ty (in.10.)
00 0 [+ 2188390
50,5 |+ 2386000 + 29900
45° . |+ 1656580 - 1429900
67.5° e 4596840 [ 36880
90° - 2534950 | 0

The values 61‘ the .beng-lging and twisting moments are

plotted in Fig. ( 31 ). |
By referring to Tebles ( X ),( XI) and Fig.s ( 30 ) &( 31 ]
it is seen that the maximum positive moments and mex. negative

moments occur in the case of antisymmetric loading. These values

. Ie) 5//.1
will be used in designing the ring foundation. Jloge & 70
. W
© STEEL FOR TWISTING MOMENT | AT
Max. twisting moment = 21883%30 in.lb.. A et
Ay = D % - 2188390 %
= 0.085 % B
| ' ‘ I L
For 3/4% ¢ hoovs , t = 0.4418/0,085 = 5.19" - 4« b o227 44
’ Fis. 32

. USE 3/4" @ hoops @ 5" o.c. (Fig. 32)

1

The area of the longitudinal reinforcement at each corner w%ll'

be: g =M, S - pisesonx (22 #22)/2 . g geg iy,
2.bc.dc.fs- 2x22x22x20000%x1..33
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Fi;gt

31
(2)

(v)

(a)

Variation of bending moment along the

ring foundation in the antisymmetric case.

~Variation of twisting moment along the

ring foundation in the antisymmetric case.

L]
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STEEL FOR BENDING HOMENTS
1. Positive moment- its max. occurs @ (= 22930 or the mid
point between any two Uolumn bases. ,
Ay = Wfg.i.d = 2386000/(20000x1.33x0. B75%26) = 0.%96
A% the base of a column area of steel is
Ag = 1656580/(20000 x 1.33 x 0.875 x 26) = 0.274 in.2

2. Negative moment:

At 2 column base area of steel is

1)

D

.

I
{~d
Ne
)

fo]

-

V)

A

s 125%4950/(20000 x 1.33 x 0.875 x 20)

u

At midpoint:

= 4596840/(20000 x 1.33 x 0.875 x 26) = 1.34 in.?

dle

in.

Combining the effects of torsionsl and bending moments s

the reinforcement will be as follows:

At the base of z column:

2

Positive steel = 0.274 in.“ $ 2(1.869) bars,

. USE 2- 19" ¢ at corners, and 2- 7/16" ¢ in between. .

16
Negative steel = 0.418 1n.2 ¥ 2(1.869)bars,

S USE 2-19 " @ at corners, and o 3" @ in betmeen.
16
At the midnoint between the bases of two co]umne.

positive steel = 0.396 + 2(1.869)bars

V\u;o.hw Steed = 134 + 2(1:869) bars

. USE 2-19 " g at corners, and 3- 3/4" & in between.
16

- ..A Oun.ws Y 2-1 4
CUse 2-'%'? AL

Léngth of positive and negative reinforcement at the base of a

column will be 7 ft., 3.5ft. on each side of the centre.

Details of the reinforcement are shown in Fig. ( 33 )

I

Fl‘ﬂ. 33 ,2— ¢ = -
’a Cth-tﬂ T‘,—h—u

1//

7 _ LT
T 1

Section uwder a Cb(qh.\h Sectiom @ midpaint betuween colimn
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7 (1D
ANALYSIS & DESIGN OF A GRQUND;SUPPORTED
REINFORCED‘CONCRETEFCIRCULAR‘WATER TANK
' ._..'_**.._..l | |
(4)
(i) Economical Analysis:-
Using the same notation on page(2),we haﬁe:

v oApCr

Total cost  C = Ay.C,

=@ D._4y_.C_ + TDZ.Cp
T(DZ’ W 4
20 =0z - 4.0, % A O

joh

‘. The ontimum diameter will be
3 '
D = 2. \/ V'CW /’I'(Cf

(ii) Let the required capacity of the tank be 250000 gallons,or

33500 cu.ft. Assuming the relation between C,1Cp is given by

the.equality: Cy = ZCf
then ’ D = 2. 3v’c,. 2V
" D - 2.3 2% 33B00/F = 55.4 ft.

33500/(®)(57/2)° = 13.1 ft.
Adding 0.9 ft for clearance makes H = 14 ft.

Let it be 57 ft. Then H

(B)
DESIGN OF WALL
Since the height of this tank is the same as thet of the .
elevated one;the étresses developed in the.tank will be exactly
as those determined for thekcasé of free top/fixed bottom, and
for ffee top/hinged bottom since we do not knowlexactly how the
-subgrade'is~g01ng tb behave. The results for hinged and fixed

lbottom cases are given in Table I and plotted on Pig,. ( 10 Y.
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The effect of water‘Surging during an earthauake is to be
SUperDosed on the hydrostatic effect of wafer;but the mass of
water in this'case is much larger than that in tﬁe elevatéd oné.
Furthermpre,hére we have to consider the case of a free top/fixed
bottom wall, subjected to an inner pressure which is assuméd io
be nuniform;this pressure is that resulting from water surging.
Pollowing is the development‘of the solution to the efféct of -
‘water surging during an earthquake.

Solution:

‘ In the general solution for tﬁe shell problem,viz.
W o= Clsin/?x.sinhpx 4 Czsinfx.coshpx + C3cospx.sinhpx
& C4cosgx.coshpx Yy f(x).
the particular solution f(x) results from solving the equation:

4 4
dw % 4 (}\’I = 2 = = p/D
axt ' D

This is the case because a uniform outward pressure (-p) is
assumed to exist in the case of earth-shalking. The particular

‘solution will be: 4 P
' wy = =p/4 D - ~-pa”/Eh

The four conditions to solve for the/fbur unknowns 01,02,03,C4 ar
2
(1) (Mgg = 0 = -pa /Eh ¥+ C,

.. 04 - paz/Eﬁ e 2 s s o800 (i)

(2) |&wm = 0 = {Ci(pcos@x sinhpx +@sinpxcoshrx) ¥
dX)an.

Cg(pcospx.ooshfx +psinrx.sinhFx) + Cx( —psinpx.sinhfx X

,?cosfx.coshgx)-+ 04('—psinrx.coshfx 3 cospx.sinhrx')x 0
’ : ' X=

... 02 + 03 = O cn‘co-o.-o-o-.oooo’oooc (ii)

. 5 .
' e - d = 0
(3 [M]x=a D __.xzv_] e

- Xég% = oF . | 61@(-PSian.sinh¢k + pcospx.coshgx
+ rcg§px§§gshfx + Psinfx.sinhpx) + C2(3(-(3sinéx.cosh@x| ”
'+ Pcosfx.sinhfx ¥ Pcospx.sinhpx ¥ Psinpx.coshex) ¥C3P(ch@‘
sinhex -Psinpx.coshpx —psinpx.cos@ﬁx —Fsinpxcos€x+pcostsl
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-

+ CAP( —Fcospx;coshgx —psin@x.sinhéx -Csinpx.sinhFx } sos?xcbshpx)
s, Cicospd.coshPd % Cgcost.sinhfd - C3sian.coshfd
- C4sinfd sinhgd = PP @ 5 £ B
(@) (0], = (mx)x o= 0
o iC (- ﬁ31npx coshpx }fcosfx. 51nhfx) + Co(- ?qln?k.SthFX-+
pcospx.cosh px) —03(Pcosﬁx.eoshex +-31nﬁx.51nh€x)
- 04(@coé?x -sinhpx '+ psinpx. coshpx)} 0 = 0
S C1(~ 51ngd.cosh?d % cos@d .sinhd) + Co(- 31n?651nhgd 1
cos?d,coshgd) - C3(cospd.coshpd + singd.sinhgd) -
Cy(cospd.sinhpd + sinpd.coshfd) = 0 ......ov. (iV)
From equations i, ii‘iii we get: | v |
Cl(cost coshfd}-CQ(coscd sinth + singd. cosb@d)
- gﬁ,(51n?d .sinhfd) = 0 ........ (7)
From equatlons 1, ii,iv we get:
Cl(— sinfd.coshpd + cos?d .sinhpd) + 02(2005Cd cosh@d)
- g_*(cos?d 51nhﬁd4+-51n?d coshpd) =0 «eoveees (vi)

Eh ‘
From the above equatlons the constehts are determined:
‘ 2
C;1 = - (Da ). cos P%>51nh/3d + ,sin ﬁd.cosh2Pd
’ , Eh  cospd + cosh Fd
C2 - - 03

(naz). 31nhP6450 shed + s1nPd cosed
Eh cos Pd-4— cosh pd

Using the values of these constants ,the closed exvressions for

the deflection,hoop tension,shear,and bending moment are obtained

It is to be noted here that the resultirg expressions are based

on the following ones,given in terms of (w):

. - - __hW
a .
42
X 3
QAx = Q__(MX) = - D, 7w
dx : dx3 !
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form '
Following are the final closed/expres31ons of the deflection,

hoop.ten31on,bend1ng moment,and shear in the wall of the tank

due to water surging duriﬁg an eafthqﬁake. it should be rememberec
here that the variable (i) is zero at the bottom of the tank ,
end is equal to d,the depth of the tank,at the top of the wall.

W= - D—E %.1 +— coszﬁd s1nh%ﬁd¥ olngﬁd cosh?6d. sinfxsinh(:
Eh ﬂd T
- Pd.coghtd inpd eelnPX coshpx -

‘ cospk.sinﬁ?i)ﬁg’étst.cosg?x } ,
Ny= pa 3 1+ §o§2ﬁg.§;'gh2gd 1 gin‘?éd,cogh‘?gd.sin?x.sinh{?x
cos fd A8 cosh™3d

- sjnhfd.goghﬁd sinPd.cosPd (s1n?xcosh?x-cos€xs1nh84
'~ cos ﬁd 4—cosh2Fd

- cos@x coshpxj

m&: D, coszﬁd 51nh2ﬁd + 51n%ﬁd coqhzﬂd (cosfx.coshfx)

2ﬁ2 cosZPd + cosh pd

- ginhfd. coshFd% ginf®d.cos8d. (cos?xsinhgx}sin?xcosth)
cos“pd + coshad

%-.31hpx 51nhyx}

Qxai D ?coqzﬁd sinhgﬁd 1 31n2ﬂd cosh‘ﬁd (cospa.51nhgx -
o 2p 0082 cgsh Qd ,
sincx coshgx) - 5 inhadco § 8d % g1nEd,ooan .
cos,zd + coshzﬁd

(QCosfx.coshFx) %‘cost.sinth $ singx.coshex%

Values of M N , and Q are calculated at the tenth points of the

height of the wall,and are recorded in Table VII q‘zo

Procedurp of the wall design is the same as thet of the
elevated tankj;hence,the actual desigm of the wall is omitted to
avoid repgtition.

and

The combined effects of water surgefhydrostatic pressure are:

given in Table VIII (p. 66) for beth cases:hlnged,and flxed"'

bottqm.
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Table VIII .

Combined effects of hydrostatic pressure and water surge
on the wall of the ground-supported tank.

Point Ahnfbﬂ/# Q@ "wy%; N?v o/t
oL : : . - .
the Bottom | Bo ttom .
wall |Fixed |Hinged|Fixed |Hinged|Fixed |Hinged
1.04 - 9 ~3—. - 3 |— 4 {41008l 10070
0.9; 07 |- U |- 6 |= T |+l240+112I5
0-8d{—23 |-23 |- 2 |- 9 +12560|+12380
0.74 ~27 |- 47 é+28 + 10 |4+ (4150|+ 14020
0-6d|+50 |-9 + 71 +43 1—!—15530 +|5430
O-ESA‘-#QIO +38 |t140 | +115  |+16800 16900
O.-4d |+446 |+308 |+186 |+201 [4+17060 + 17700
0-3d +633 +633 112 | +239 |+15460 +17050 |
0.24_-5'6!3 +884 | — 263 |+ 69 + (104013710
0-1d-|-343 |+612 |-1140 |—565 |+aazo +733o
0 -3090(—1010 ~2’5'90' - 1900 ‘0 O
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’ Design of The Floor Slabdb

(A) Analysis:

The floor of the tank 1s subaected at its circumference wvo
a unlformly dlstrlbuted 1oad (P ) per unlt run,due to the weight
of the wall,,and’to,a moment (MO) per unit run,due to hydrostatlc
pressure; In’anaiysis two analogoﬁs cases are discussed here:
(1) The case of a circular slab with a"unifbrmly_distributed‘\
load PO per unit run: ‘ |

- The equation of the deflection curve of +the plate in

(*)

this case is .
R _ Wy = Cl.Zi(v7r) + CZ.ZZ(fqr)'
where Y\;"%/ k,/D ‘

o , . 1w /
C; = I A Z (ma) + Fa L, (1)
e o T8 Z e — Z[ () o)+ L2222 () + 2, (ma)]
¢, = ~_B7 . 20 + 22 -‘Z<7a)

ke ZOWZ/(%9 - % (na)zz (na) + L2 £2{2%79) +Z;*£°7a)]

and ZI’ X etc. are the Bessel functions whose values can be

obtained from'tables( if qla L6 ; If a > 6 the following

asymptotic values of these functions can be used to evaluate

them:
ZI(X) - 4 Acos0 y 22 = - sino—
Z1'(x) = % o(cos 0~ sin_O‘)/V2_
Z,'(x) = - K(coso ¥ sine)/V 2

where (x) is the argument of the functions,snd
- xAN 2 -T/8 ;  x=(IAM2Tx ).e

(ii) The case of a circular sleb ,of,radius a, which is loaded

V2

by a moment Mg “per unit length of the periphery.
In this case the deflection is:

VL D.2,(nr) + D .29(71»)
TEAMESD) Hp+en981 g "Be ms ..." DD, % 107,
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where 5 | M 572 Z, (a)
| YR 25 Ma) — T () Ly (qa) + ’;7” [ 27 (na) + z’z(m)]
D, =z _Mexmf,  Zi ()

ke 7 (fqa)Zz (1) z'a,a)y(ya) + 122 v[ ) +zﬂm)]

‘Knowing that

Mr = -n(w ¥ x-?“’)

. R ’BT
' T NCER Yl

and utlllzlng the properties. of Bes&i funetions,it can be shown

that:

-D(D§ [ (Cl-Cz)cos 7~ (Cq + Cz)sino-:\.(y_ Ry
T
- C .8in6 % CZ.COSO")

-ch%- (Cl-Cg)cosrr— (Cl*Cz)sin.rg(_l. - )N 2
' r 7T

Mo

1

m,c

_'— v.(Cl.31n6“+ C..cos80°)

2 .
The sane résults’apply.for (wz) after replacing Cy and 02 by Dy
and D,,respectively. | |

Asr —>0 it becomes more convenient to evaluate Mr,mt

by using the asymptotic values of the Z-functions:

ZI(")I‘) = % l ,‘ ZQ(’? r) = = 7%-1‘2/4
Zl'(ﬁr) = - Oz.r /16 2'(Ozr) = =-7Mr/2
Thus ,QZWZ ‘: - %Cl. .,7,1'2 - 02/2 » _
vz ’
v 3 3
,}WI -4 - C ' P of - C ° I‘/2
) = 437%4(714 2)7{/2' .
P ‘-'? :' . . v s an
(TL»O ' 2 K '

(Mt)pag = F DeCoe(+ v )/2

Similar expressions hold for (w2) by using D. and D2 for Cl,C

1 2°
(B) Design: .
Assuming that the slab thickness - 12 in., the following

values will be used in calculations:

P, = 0.75 x 14 x 150 = 1580 1b/ft of periphery

; | |
Ktz (b ] } = 200 i 58 %1 }2 - 50 1b/in’.
° 0} T o 2%58 ,
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C; = 0.000025 Csy - 0.000017
Dy = 0.000239 Do = - 0.0N0091

Caléulations of the moments at the tenthvpoinfs of the radius of
floor slab are recorded in Table ( XI ) and plotted in figures
(34) and ( 35). The effects of M, and P, are superposed and

plotted in Fig. (¢ 35 ). o

It'is seen from these graphs that most of theAmoments are

‘effective.neér the edge of the slab,and that the maximum value
of the bending moment is not at %he edge, but at some short
distance from the edge. This will draw the attention to the
idea of thickening the f1oor slab near the end so as to réduce
the Steellneeded there. |

| The moments-given in Table ( 231‘) canlbe used to determine
the réQuired area of‘stéel in the same manner that the roof and
floor slabs of the elevated tank were designed. Again,to avoid

‘pepbtition,this detail will not be included here,

- TABLE X1
Poirt My ) , - My
Due to Pe Due to Mo by Due to_ Yo Dus to Mo Z

o - 640 - 500 — 1140 - 130 - 95 - 225
ola | ~ 475 ~ 450 | - 925 - 200 — o - 310
05a - 8oo - 10 - Btlo- - 300 0 - 300
030 —~ 1050 - 3J300© - {350 - 400 - 50 — 450
o.4a| + 3000 - 1600 + 2400 -+}ooo - 1600 — oo
o.5a | + 1250 4+ 24000 | £ 25250 + 30 + 8000 + 8090
6ga |t 60 + 2800 |+ 2860 + 1200 + 3440 +-4g40
o.ya | t13250 - F2000 |+ 58750 + 3150 | _ 90000 | _ [6850
9-3a +19140 -200420 -ig1 280 + 3200 ~ 32000 —- 26800
0"% _ 45100 | 160000 |_905 100 - 6o | — 40000 | _ 420069’
faa | = 18800 |-406575 |-425375 | - 9240 | —j03700 | — (05940




THESIS

ROBERT COLLEGE GRADUATE SCHOOL

: | PAGE 7()
BEBEK , ISTANBUL . ‘ :
3000
2000
Y000 1000
0
~ _
—-—r S W
'.d_— o ) \_/// = :
g £
=z NG
— 1 . "
U
3
\_ M\" d.u.( tD ?9 . w
gooo ) 1900
|
IQ_OQO Fige 34’ 2000
Variation of radial and tangential moments
along tre radius of the floor slab of the
ground-suprorted tank. These are the
27000
’ moments due to (P ).
)
36000
45000
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3
>
i X o
>
§ C&y\t"e
- resultanﬁ M,
199,000
M, due to Mo
200,000 4
g
Variation of radial and tangentisl moments
due to (I\.ioy) along the radius of r‘bhe. floor
slab of the ground—-supported tank; and the
300,000 | resultant moments due to the joint effect
of (M,) and (P,

409,000
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(i
ANALYSIS & DESIGN OF AN UNDERGROUND
RETNFORCED CONCRETE CIRCULAR WATER
TANK . | .

-—¥

The analysis of this type of tanks is based to a great extent
on the same line of analysis‘followed in the cases of the
elevated and ground-supvorted tanks. Similarities and differen-
ces between the undergrbund fanks and the other two typeé‘are
cited below as a guide in analysis and design.

(1) The economical analysis is equally anplicable to all of

the thfee types. ' |

(2) The anélysis_of a moment at the tdp of the wall of the
elevated tank is applicable to»thé undergrqund one. In the former.
the moment at the wall/roof connection resulted from the Wéight
of the roof plus snow ioad. In the 1atter,the same situation
arises if the wall/roof connection is continuous,but;this time,
“the supernosea load on top of the floor:should be considered; it
may be the surdharge of =2 highway or é goil fill,for example.

(%) The analysis for earthquake stresses appnlied in the first
two cases 1s also applicable to the third. The analysis for a
fixed bdttom/fixed top,which may be needed here, is already |
dealt with in the eie?ated tank design.

(4) tresses resulting from hydrostatic vressure are the same
in the elevated and the underground tanks if the 1atﬁer.has a
continuous wall/roof connection in particular-(as a matter of
fact,this boundary céndition will not have 3 serious effect on ‘{

the resultihg stresses.if the wall is deep enough. ‘ e
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applied load.

(5) The analysis of the floor of the underground tenk resembles
that of the ground-supported onejand the design of both
resembles that of the roof and floor slabs of the elevated tank.,
However, if the underground tank is too wide columns will be
needed to the support the rqof. In case one column is used in
the middle of the glab,the moments can be determined from the
deflection formula: | |

v = (Py/4 wl D). Za(qlr)
v'here P 1s the load of the column, 3(wzr) igs 2 Bessel function

whose asymptotic value,ls.

1+ as X -> 0 ,
2y svarmgr . (e T )sin( i+ )
| iz 5

as K e O
These zsymptotic values are often applicable since the middle
load P, causes a dishing effect in such a manner that the

deflection is‘usually confined to the near vicinity of the

(6) The underground tenk exhibits a new feature that was not

encountered on analysing the elevated and ground-suvbported tenks

I+t is that a svecial care is needed in analysis cf the wall

which has to supnort the surrounding soil pressure,esvecially

‘when the tank is empty. This active soil pressure is given by

the formula:

Py = 1VH%. 1 - sin @ . cosi
14 sin
where: -PR - the resultant pressure on the wall,

Y
"

unlt welrbt of the soil,

H

height of the wall,
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2

i. angle of slope of the back £ill, and

- ¢

Stresses resulting from active soil pressure should be taken by

i

angle of internal friction fér the seil.

-

properly placed steel depending on the intensity of the pressure.

(7) Another feature of the undergrouna tanks is ye{ to be
considered,viz. considerétion of the stability of the tank in
wet grouﬁd. The upward pressure of the grouna watef:may be high
enough to 1ift or tilt the tank,especislly when it is empty.

In stabilify analysis the upward pressure is assumed to be
uniform,and it has to be less than the total weighf of the tank.
If it happens that the upward pressure exceeds the total down-
ward,force(wéight),thé ténk hés tb be made heevier by building
an additional toe at the edges,or by constructing batters on

the sides of the wall, ‘ ~ ' |
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CONCIUSION,

It’shopld become clear from such a work of analjsis that the
nathemetical apoproach to problems of design is rather lengthy and
is often complicated,and not superior tovapproximate methods of
degign. This was cléar in the case of‘the‘relieving}torsion
whose value wes rather small and could have been neglected after
makihg some justified assunptions as to the behaviour of the
circular girder with respeét to the floor slab., Héwever, this
approéch‘is often useful,and sometimes necessary,’in explaining
the way forces behave in the tenk structure,and.ih apolying the
me%hods of elasticity to engineering structures. The method of

superposition has been sufficiently clarified by the formulae

| derived for the different factors that bring about stresses in

the tank,‘especially those due 1o earthquake and wind effects.
The’elevatéd tank design shows that it is much better to

build a steel one rather Fhaﬁ a concrete tank if the size of the

tank is considerably huge,hence more rigid than others. Such

huge concrete tanks bring about problems regarding the size of

the columns and the supporting foundatién. Whereas concrete tanks

are not allowed to deflect, steel tanks are allowed to have -

about 15 inches of deflection et the top of the tank. This

flexibility in structure is sometimes more recommended than

rigidity,although many support the opposite view. The steel tank
tower may have ties with springs connecting ovoposite columns
together,so that one tie isg stretched while the other is relaxed

during en earthqualke. This device helps in getiting 2t a2 consider-

~ably flexible and slender structure in which aesthetic considers

ationg sre satisfisd,unlike the case with a very rigid and -

nasgive sitruciture.

e A wrer

|
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Thus it is recommendedathat concrete tanks be built if they

are ground-supnorted or below ground. In case a tank is ground-

supported, the sméller the diameter,the more economical it is as
compared to a2 similar rectangular‘fank. As the ground-sappnorted
tank gets larger,it will be better to have it rectangulaf rather
than circular, and design will then be of vertical slabg subjeci-
ed to hydrostatic,or any,pressure with sides fixed or hinged.

The floor of the ground—supported tank exhibits the fact
that its edges are subjected to huge moments which have their
maximum value at some distance from the edge. These moments can
he partly offset by building a toe at the edge,thusfhelping the
floor/wéll connection in supvorting the applied moments. | '

The variation of the moments in this floor slab shows

that,as the tank gets wider,the momental effect on the centre

decreaseg; this leads to the idea of designiﬁg the floor,espec~-
ially in the middle,by using one or two steel meshes instead of
placing the bars radially as in floors with small diameters.
Furthermore,this momental variation suggests that the vicinity
of the edgés of the slab be thickened more than the middle so

as to ?rovide a higher.effective depth,and,consesuently, a lower

steel percentage.

e BT R
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APPENDIX

Derivation of the formulae frr determin=fion of

the redundzsnts in the circulesr girder of the elevated tank:

4—' 510. -
M, = cos ((f),.g) | I R
T, = sin (¢-8) |
ds = Rdé
g 4 N 2
aa = Ma-J5~{~ T dS
o I GJ
2 Z‘P
= j 3 cos (¢ (9)419 + V("Sm (¢ t9)a’f9
- EIS, [1+cos2(9~ 9)]49 29
’ + R\ L [|— cms2(p~-6){do
GI§2 [ J
o 34 2¢ 2 -2
- —_— E_ fe] ' — 8 B___ BAK’ o 2 - CL@
55t S‘o{@ +2EIJC52(¢ 9)d_ +ZC~I Oj-p{ B ces (p-0)
B 7] ]
- 29
= 2R¢ 2RO R. - R cos 2 (0~ 0)do
ST ¢ ZeT +(ZEI 261>g cos 2($-6)
]
2p 29
Now : JCOS 2(@-9) d8 = (—L Cos ZC? s 20 — 5‘~5H’k2¢£’3525j
) ) )

= r ;)(2,5(»12?(’,0520)._ SmZ(? 2, oa 2¢..‘I)+5'm.24’] :%[2,514«. 2-?]

= 5£'m2gb

oL gaq = m (24) - SH’LZ@) -+ R (2cp_.- SU’\,ZCP/

AT RN OR Y MR A SIS AT 8 R

SIS S IR AR AU gt AT 06 vt 90 20 RS 0 s S sl T T S B o L

i 2k

st 4 s A S 1 4 A B e L Lo i
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My = sin (¢~ )
T, = Cos(cp e)
ds = Rd6

5;5;_—_ SN\L ds 4‘{_&‘615

W

| 2¢ o
Ssm (4: 8)&6 + ?S‘Cosz(¢—a)o{9~

Frro'w.\' Ehe Sme,fa.f'\t)/ ba’twa,an the GJXF"ESbLOhs)‘

gu, (24"_5‘“ 2‘?)—!',_, (2({)4— sm2¢)
3. J;c L | _MC;.R'si'n9| A

TC = R(‘—-COSG)

d.S:; Rdg |

XCC «:-? ds—!—g

24 5
Stnéci@ + R S(;_mw)a{e

_ R o_ sindd ]l + R [3 ——25Ln2cp+ sin4¢ ]
.(glc E?[qb _LLL"““{)J GIfZP 5

4. gab = M/’ as - j Ta 'C ds
= R gcos(w) sin (¢-2) 48 = R ( cos($-8) sin(f-6) 40

4

This tesultsin: o
, = 2(R_ R\ ‘S'L“l‘ls 05 ['605247 N +sing] = O
ab El &7/ =




THESIS |
ROBERT COLLEGE GRADUATE SCHOOL ’ PAGE ’79
BEBEK.ISTANBUL )

2¢

_SMaM 5_4,}17;‘45

o

()
)
o
!

25
24
_F_z__, 5me Cos( —-—5)0{6’—— R §Sm(¢> B)((——cw.»@)d@

EI

o

i

BRY o o
Now §5(n9 Cos(¢ a) 4o = 12_;_5‘@ (2¢+_sl,n2zp}

o

‘ar\ol S sm(cp 6)((«6056)0(9 sLV\q)(smlcp-—zqr)

S _ R’ 5m¢(2¢+5m2¢)+ R 5(n<f>(24>r—-5ir\2¢>
5. "g\bc = f My Me ds  + S o Te ds
. TEL 5 GJ
T 24 L
g My Me o :gjg cin (4-8) sin 6d6
EL EL 3 .
= R Coscp(sinzc?»zq))
2E1 |
26 2¢
Tch ds = _&i Cos(cj) e)U—Cosé)de
/ G1 - ) |
= chsw 0)do ,S @seca_s@ 6)do
GJ g
* ' ’ QC'( 8)do = ¢ cos@ 4sing cos'¢p
jaos((ﬁ_@)d@ — 25Ln<f> ')fc:)s 6s (§- = ; |

-]

2FI

o 24 - ,
Hence T, Te [3%4)»247 Cosgb.—smqb COSZZZDJ

J 1 ZG.T
ybc ::_8,2 coSt?[Sin 2?~2¢J+ZF§I [3 SinC?.—ZCPco547A§iv§‘¢>cO§2§—.
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