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1 STATENS GEOTEKNISKA INSTITUT 

SUMMARY 

Recently shell footings have been widely used in many 

countries all over the world. Among the shells which have 

come into wider use as footings is the shallow cylindrical 

shell because of its geometric simplicity, versatility in 

use and structural efficiency. The use of this kind of 

shell footings might lead to saving of about 40-60% 

concrete volume and 30-50% steel reinforcement comparing 

with plate footings. In the present paper a general solution 

for the problem of a shallow cylindrical shell footing 

subjected to arbitrarily distributed loads on the surface 

and the edges of the shell on elastic foundation, is 

reviewed. An example in calculation of a shell footing 

and a comparison between the economy of the shell footing 

and that of a plate footing are offered. This is one of 

the results from the studies on some kinds of shell foot

ings at the Institute for Building Science and Technology 

(IBST) in Hanoi, Vietnam. 
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3 STATEN$ GEOTEKNISKA INSTITUT 

SYMBOLS 

a*,b*,c* = constants, see expression ( 9) 

aj,bj(j=1,2) = constants, see ( 1 8) 

b = width of the shell 

C = Eh 

Ck(k=178) = constants, see ( 1 5) 

Eh 3 

D = 

E = Young's modulus of the shell material 

lb 3 

= a constant, see (23)12 , 

= lb, area of the shell in plan 

f = height of arch of the shell 

h = thickness of the shell 

= F1 , imaginary unit 

k = coefficient of subgrade reaction 

l = length of the shell 

= constants, see (23) 

m = solutions of equation (13) 

fJ = external distributed moments on the shell 
edges, Fig 2 

= internal moments in the shell, see Fig 3 

= internal axial forces in the shell, see 
Fig 3 

p = contact pressure 
p = external distributed vertical loads on the 

shell edges, Fig 2 

q = external vertical pressure on the shell 
surface 

= internal shear forces in the shell, see 
Fig 3 

R = radius of curvature of cylindrical shells 

= principle radiuses of curvature of a general 
shell 

s = internal tangent forces in the shell, see 
Fig 3 

u,v,w,l/J = linear and angular displacement components 
of the shell, see Fig 3 

uo,Vo,Wo,l/Jo = the complementary functions 

U1,V1,W1,l/J1 = the particular integral 

w* = vertical displacement of the shell considered 
as an absolutely rigid body 

= constant, see (22) 
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4 STATEN$ GEOTEKNISKA INSTITUT 

x,y,z = rectilinear coordinates 

Z = external normal load on cylindrical shells 
or vertical load on shallow cylindrical 
shells 

cto, So = constants, see (14) 

aj, Sj = constants, see (15) 

yj,oj = constants, see (14a) 

~j,nj,x = constants, see Table 1 

61,63 = constants, see (23) 

CTx,CTy,Txy = normal and tanget stresses in the shell 

'Zpk = total vertical force of external forces 
on the shell 

= total moments of external forces on the shell 
against axes and 

= functions, see (16) 
3 2 3 2 

= ax-z + a-jj'Z' Laplace operator 

= v2.v2 
\) = Poisson's coefficient of the shell material 
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5 STATENS GEOTEKNISKA INSTITUT 

1. INTRODUCTION 

Raft foundations have been widely used in civil and indus

trial construction. The most common use of raft foundations 

is on soils of low bearing capacity, where the foundation 

pressure must be spread over as wide an area as possible. 

They are also used for foundations on soils of varying 

compressibility where the partial rigidity given by the 

stiff slab and the beam construction is utilized to bridge 

over areas of more compressible soil, and thus differential 

settlement of the foundation slab is minimized. In the 

geotechnical engineering field the term "raft foundations" 

often means flat raft foundations. But from the beginning 

of the 50's decade when the first shell footing was used 

some kinds of shells have been used as spatial raft foun

dations, among which are folded plate, circular cylinder, 

parabolic cylinder ... One of the most typical cases is the 

folded plate foundation of a 26-storey building in La Habana 

(Cuba), Martin & Ruiz (1959). In the present paper shallow 

circular cylindrical shell footings are reviewed and they 

are shortly called shallow cylindrical footings. 

Shallow cylindrical footings have been used in many countries. 

They can be used as foundations of buildings, bottoms of 

oil tanks or even as retaining walls, Fig 1. Depending on 

the type of the superstructure they can be multi-cylindri

cal shells or single shells. Compared with flat raft foun

dation, sloping cylindrical footings have some advantages 

as follows: 

• under external loading, the main forces in a shell are 

axial (tensile or compressive) forces, but not shear 

forces or bending moments as in a flat plate. The material 

of the shell is therefore put into full use and the 

thickness and the steel percentage of the shell can be 

reduced. 

• with the same area in plan, shell footings have a larger 

surface area than plate foundation, thus the contact 

pressure on the soil can be reduced. 
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Fig 1. Applications of shallow c y lindrical footings. 

a) brick shell footing b) building foundation 
c) bottom of tank d) retaining walls, 
e) factory foundations 
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In India when a factory named "The East" was to be built 

near Calcuta City on weak soils, some foundation methods 

were discussed. For economical purpose, a multi-cylindrical 

shell footing was chosen because its cost was only 72% 

of a flat raft foundation and 55% of a piled foundation, 

The Indian Concrete J. Aug. 1961. 

In Soviet Union, shallow cylindrical shell footings have 

been commonly used for transmission line towers in boggy 

areas. This kind of shell was also used for some retaining 

walls in the Uran area, Tetior (1975). About the economy 

of shallow cylindrical shell footings some authors such as 

Havelka ) , Tetior (1966) considered that about 50-60% 

conrete volume and 30-50% steel reinforcement can be saved 

comparing with flat plates. From a calculated example we 

have similar conclusions. 

In design, the problem of a shallow cylindrical shell on 

elastic foundation need to be solved. And in many cases 

simplified methods have been used. The two most common 

methods are: 

1. Making a calculation on a band of shell with a unit 

width. In this case the problem turns to a two-dimension 

problem. The method will be suitable for long shells. 

For example, for long shallow cylindrical shells sub

jected to axial symmetrical load, Kraszuk and Chaplinskig 

(1971) accepted some simplified assumptions~ 

a. on the neutral surface the stress acting in the 

transversal of the shell is constant, ay = -a 

b. in the longitudinal direction, ax = 0 and Txy - 0 

2. With the assumption that the contact pressure is a 

uniform load on the shell. Shell foundations will be 

calculated like shell roofs with a uniform load: 

q = 'Z~k 

SGI nr 196 Klintland Grafiska, Linkoping 1981 



8 STATEN$ GEOTEKNISKA INSTITUT 

in which 

q = uniform load on the shell 

Epk = total force of the external vertical loads 

F = area of the shell in plan 

These simplified methods can be used in design in some 

cases but a more accurate solution will be necessary, 

especially in design of larger foundations. In the present 

paper a general solution for the problem of a shallow 

cylindrical shell on elastic foundation subjected to arbi

trarily distributed loads on the surface and the edges of 

the shell is introduced. 

2. ESSENTIAL ASSUMPTIONS AND GENERAL DIFFERENTIAL 

EQUATIONS 

2. 1 Essential assumptions 

The shell, Fig 2, is circular cylindrical, i.e. R1 = 00 ,

i R.R 2 =canst= R, and shallow,i.e. f ~ The thickness 

of the shell is constant, h = canst. The shell is elastic, 

homogeneous and isotropic. 

The soil is considered as a Winkler's base. Since the shell 

is shallow the contact pressure can be considered only in 

the vertical direction and we have the relationship between 

the vertical displacement of the shell and the contact 

pressure as follows: 

p = k~w 

in which 

p = the contact pressure 

w = the vertical displacement of the shell 

k = subgrade reaction coefficient 

The external loads acting on the shell, except for the 

contact pressure, can be: 

SGI nr 196 Klintland Grafiska, Linkoping 1981 
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- arbitrarily distributed vertical loads on the surface 

of the shell 

- arbitrarily distributed vertical loads (or moments) on 

the edges of the shell, Fig 2. 

2.2 General differential equations 

From the theory of thin elastic shells, the system of 

general differential equations for a circular cylindrical 

shell subjected to the normal load Z, considering the 

Poissson's coefficient of the shell material v - O, is: 

= 0 

c32 i ,,2 ,,2 1 '"'w1 U + ( + 0) +- = 0 ( 1 ) 0 02 c3xc3y 2 ax-Z- -cfy7 V R c3y 

1 av z 
R c3y C 

in which 

C = Eh 

Eh 3 

D = 

E = Young's modulus of the shell material 

h = thickness of shell 

R = radius of curvature of the shell 

u,v,w = displacements of the shell in three directions 

x, y, z, see Fig 3 

a2 
= + ay 2 , Laplace operator

X 

From (1), neglecting infinitesimal values and after some 

changes, we can have an eight order linear partial differ

ential equation of the unknown w: 

( 2)D r~ = -
1
- 1/ 4 zEh ax Eh 

and two equations connecting u, v with w: 

1 c3 3w
V4u - -

R axay2 
( 3)

2 c33 w
V4v = 

R ax 2ay 
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The system of the two equations (2) and (3) which was in

troduced by Donnel for circular cylindrical shells is 

suitable for shallow circular cylindrical shells, Rekash 

(1975). This system can also be introduced directly from 

the theory of shallow shells, Nazarov (1966). 

Accepting the Winkler's approach we have: 

z = q - p = q - kw 
( 4) 

in which 

z = total distributed vertical load on the shell surface 

q = external vertical pressure on the shell surface 

p = contact pressure 

Replacing (4) into (2), we have: 

(_12_ Vs~ Vi;+ _l 
R2 ~xi; 4)W = _1_ Vi;q ( 5)

Eh Eh o Eh 

The equation (5) is the general partial differential 

equation of a shallow cylindrical shell on elastic foun

dation. 

Internal forces and other displacement components of the 

shell will be determined by the formulae known in the 

theory of elastic shell, Konkunov (1972): 

82
M1 = -D w 

ax2 
2lw

M2 =-D -

~~ M =-D --a xay 

N1 = Eh.£il. 
ox 

Eh ( av + ~)N2 = 
ay R 

( 6)oM 8M1Ql = + 
ay oX 

oM 8M2Q2 = + 
ax a Y 

s = 2 
1 Eh ( ou + av) 

ay ax 
V aw

<j) = R ay 
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in which 

M1,M2,M,N 1 , 
N2,Q 1 ,Q 2 ,S = internal forces described in Fig 3 

~ = angular displacement of the tangent line 

to the cross-section of the shell 

3. GENERAL SOLUTION FOR THE PROBLEM OF A SHALLOW 

CYLINDRICAL SHELL ON ELASTIC FOUNDATION 

The general solution of equation (5) consists of two parts, 

the complementary function and the particular integral: 

( 7) 

in which 

w = the general solution of ( 5) 

Wo = the complementary function, which is the solution 

of ( 5) with the right-hand side of this equation 

equal to zero 

W1 = a particular integral of (5) 

In analyses of shells on elastic foundations it is diffi

cult to satisfy the boundary conditions because of the 

settlements of shells under loading. In order to make it 

easier, the following algorithm is used: The vertical dis

placement of the shell is divided into two parts - the 

displacement of the shell which is considered as an absol

utely rigid body w*, and the rest displacement, Fig 4. 

Then the general solution of (5) can be rewritten: 

W = * W + Wo + W1 ( 8) 

To determine the value of w*, the static equilibrium 

equations are used. Because w* is a linear function of 

x, y then 

w* = a *x+ b *y + c * ( 9) 

in which 

a*,b*,c* = arbitrary constants 

SGI nr 196 Klintland Grafiska, Link6ping 1981 
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Fig 3. Internal forces and moments. Direction of 
axes and displacements. 

Fig 4. Vertical displacement. 
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We have 3 equations for determining the values of a*, b*, 

c* as follows: 

I = J Jk (w*+wa +w1) dFPk 
F 

I Mkx = Jfk(w*+wa+w1)Y dF ( 1 0) 
F 

I = Jfk(w*+wa+w1)X dFMky F 

in which 

Ipk = total vertical force of external forces on the 

shell 

IMkx,IMky = total moments of external forces on the shell 

alternatively against axes x and y 

F = area of the shell in plan 

w0 and w1 are still the complementary function and the 

particular integral alternatively of (5) but with the 

boundary condition w = 0. For simplicity they will be 

called w0 and w1 in the following, see Fig 4. For all bound

ary conditions, eq. (5) can be solved in the following way: 

with w1 , the boundary conditions need to be satisfied only 

on the curved boundaries of the shell (x = constn) but not 

on the straight boundaries (y = constn); with w0 , the 

boundary conditions need to be satisfied on the curved 

boundaries too, but together with w1 , i.e. the value of the 

sum w1 + w0 , the boundary conditions must be satisfied on 

the straight boundaries. 

3. 1 The complementary function W 0 

Let us first consider the complementary function, which 

is the solution of (5) with the right-hand side of this 

equation equal to zero, i.e.: 

D k 1 0 
~4 

( 'i/8+__n4+ ) = 0
Eh Eh v '¥ ax 4 w ( 1 1 ) 

An obvious solution of this equation is of the form: 

mv 
e - R cos),_ -X 

R 

SGI nr 196 Klintland Grafiska, Linkoping 1981 



15 STATENS GEOTEKNISKA INSTITUT 

in which 

A= nTTR-i-

When n is taken as unity, we have 

w = C e~ cos TIX 
( 1 2)

k T 

The value of w with other values of n will be very small 

then can be neglected in the calculation, Gibson (1968) 

and Konkunov (1972). Ck is an arbitrary constant which, 

since the equation is of the eight order, will have in 

general eight arbitrary values. These values will eventually 

be determined by eight boundary conditions, four at each 

edge of the shell. It remains now to determine m by sub

stituting the solution for w of eq. ( 1 2) in the eq. (11) . 

This results in the following characteristic equation which 

may be solved form: 

(m 2 - A2) 4 + 2 f3 o (m 2 - A2 ) 2 + a o A4 = 0 ( 1 3) 

in which 

kR 4 EhR 2 

2 f3 0 = r Cl O = 
D D ( 1 4) 

Equation (13) will yield eight solutions form which are 

of the form: 

m = ± y. ± io. (j=1,2) 
lr2•••r8 J J ( 1 4a) 

in which 

i = 1=1, imaginary unit 

y . 6- = positive constants 
j , j 

In order to solve the problem only in the real number 

field since w is a real value, the Euler formula is used 

and we have: 

SGI nr 196 Klintland Grafiska, Linkoping 1981 
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in which 

cS • 

f3 = _J_ (j=1,2)j R 

Considering that the influence of one edge of the shell 

to the other is small, we have C5 = C6 = C7 = C8 -o. In 

this case the solution is correct for each edge separately. 

And if we have: 

_ -a1y
cp 1 - e cosf3 1y 

= e -a1yc/lz sinf31Y 

-a Y ( 1 6)cp 3 = e z cosf32y 

-a y= e zcpl; sinf3 2Y 

the solution (15) thus can be shortly rewritten: 

( 1 7) 

For convenience, all internal forces, moments in the shell 

and all displacement components of the shell will be 

determined from the same formula as follows: 

wk = Fk [c/l1 (C1a1+C2b1)+c/J2~C1b1+C2a1)+ ( 1 8) 

-I TIX cp 3 (C3a2 +Ct;b2) +cp t; (-C3b2 +Ct;az) J xcosT 

in which 

a 1 ,a 2 ,b 1 ,b 2 ,Fk = constants which are precalculated for all 

internal force, moment and displacement 

components, see Table 1 

For example, for w, from Table 1 we have a 1 =a 2 = 1, 

b1 = b2 = 1, Fk = 1. In this case formula (18) returns to 

the solution (17) exactly. 

SGI nr 196 Klintland Grafiska, Linkoping 1981 
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Table 1. 

Constants Fk, a 1, 

wk Fk 

w 1 

A 2 
M1 D R2 

1
M2 -D -

R 

A AXM D tanR2 R 

A AX
Q1 D p tan R 

1Q2 D R2 

V 1 

1 AX u tanX R 

1
N1 Eh -R 

1N2 Eh -R 

Eh AXtan s 2AR R 

1 
1/J -R 

in which 

a 2 , b 1, bz for formula (18). 

a. (j=1,2) b. (j=1,2)
l l 

1 0 

1 0 

S, -2 y.8.
J J J 

-y. 8. 
J J 

[; ~ 
J 

- A~ 
J 

-2y.8.
J J 

2 
-(A 2+r;.-28j)y.

J J 
2 2 .(A -[;.-2y.)8J

J J 

y 
n·J 

X 
8 .J 
~xJ 

A2 A2ill (2- -)-2 2x8jyj (2- -)
nj n. n· n.JJ J 

X A2 A22X8jYj (2-(2- -)-2 -)
n. n. n. n.

J J J J 

1-x 0 

2 y.(1-x) -2 8 . <1-x)
J J 

8·Yjx + y. ~ -8. 
n- J n· JJ J 

2 2[; . = - 8 .Y·J J J 
n• = y, 2 + (), 2 

JJ R2kJ 
X = 1 + -1-
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STATENS GEOTEKNISKA INSTITUT 1G 

3.2 Determination of the particular integral 

A particular integral of equation (5) is now to be deter

mined, depending upon the type of loading to which the 

shell is subjected. For simplicity the shell will be 

loaded with uniformly distributed load q. In this case, 

the particular integral will have the following form: 

( 1 9) 

And the load must be put in the form of a Fourier series: 

~ y ,_xq(x,y) = L, q cos - cos /1. ( 2 0)
n n R R 

in which 

nTIR;\ = -r 
n = positive integer 

z = length of the shell 

R = radius of curvature of the shell 

In the limit, as n tends to infinity, it may be shown that 

this series sums to the required uniform value q. However, 

only the first term of the Fourier series will be utilized 

as this is dominant. Therefore with n = 1 the loading 

term becomes: 

4 TIX
q(x,y) = - TI q cos cosy_

R 
(21 ) 

in which 

q = value of the uniform loading 

Then the particular integral becomes: 

V TIX (22)
cos R cos T 

Substituting (22) and (21) into (5), we have an equation 

for determination of w1 1. 

SGI nr 196 Klintland Grafiska, Linkoping 1981 
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3.3 Determination of w* 

It remains now to determine the value of w*. As mentioned 

above, w* has the following form: 

w* = a!'x + b*y + c* 

in which 

a*,b*,c* = arbitrary constants which can be determined by 

equation (10) 

If the load is symmetrical to the axis y, it is easy to 

have b* = O. After some simple changes, we finally obtain 

the following expressions: 

~a* = F 
( 2 3) 

lb._c* = 
Eyy 

in which 

F = Lb- area of the shell in plan 

lb 3 

Eyy = TI 
R 1 1 1 

61 = 4 W1 l sin - Li+ k Z::PkTT 2R 

!:::. 3 = k 
1 

Z::Mkx - L3 

r 1Li = Li + Li 

L3 = L3 r + L3 1 

the indexes "r, l" mean the right and the left edge of 

the shell. 

With a load which is symmetrical to the axis x, we have: 

1 ff r,lLi 
r = Li = F Wo dF 

r 1 r,lL3 = L3 =ff 
F Wo ydF (24) 

SGI nr 196 Klintland Grafiska, Linkbping 1981 



20 STATENS GEOTEKNISKA INSTITUT 

This means that the influences from the two straight boun

daries of the shell are equal, and the value of w0 is 

r 1 
Wo = Wo + Wo (25) 

At last, some constants need to be determined. In the 

simplest case, with a uniform load, we need to determine 

seven constants: c 1 , c 2 , c 3 , C4 for wo, w11 for W1 and 

a*, c* for w*. For determination of the seven unknowns 

we have a system of seven linear algebraical equations 

which consists of: 

- four equations from the boundary conditions on the 
bstraight boundaries (y = ~ 2 ). Let us assume the shell 

to be clamped at the straight boundaries. Hence we have 

four equations: 

Wo + W1 = 0 
(26)

Wo + U1 = 0 

Vo + V1 = 0 

1/J 0 + ijJ 1 = 0 

Note that the value of w0 , u 0 , Vo, 1/Jo must consist of 

the influence from the two edges as shown in (25). 

- one equation for determination of w1 as shown in section 

3-2 above 

- two equations (23) for determination of w* 

In the general case with arbitrary loads, the number of 

unknowns will be greater. 

4. EXAMPLE 

The calculation is given for a single shallow cylindrical 

shell on elastic foundation with the following data: 

b = 8.0 m, l = 20.0 m, R = 9.16 m, h = 10 cm. The shell is 

made of concrete with E = 5.0 x 10 6 kN/cm 2 , allowable 

compressive stress when bending Ru= 1000 kN/cm 2
, allowable 

compressive stress in pure compression Ru= 800 kN/cm 2 , 

steel bars with allowable tensile stress Ra= 21000 kN/cm 2 • 

SGI nr 196 Klintland Grafiska, Linkoping 1981 
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b =8.0 M 
I = 20 M 
R=9.16 M 
h = 0 .1 m 
k = 20 kN/cm3 

P= 200 kN/cm 
q = 2.4 .10

-1 
kN/cm

2 

b 

Fig 5. Example 
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The coefficient of subgrade reaction k = 20 kN/cm 3 • The 

shell is subjected to symmetrical loads: a uniform pressure 

q = 2.4 x 10- 1 kN/cm 2 on the surface and a uniformly dis

tributed load P = 200 kN/cm on the edges (straight boun

daries), see Fig 5. 

Some results from the calculation: w, M2 , Q2 and N at the 

cross section x = 0 are shown in Fig 6. From the diagram 

in Fig 6a we can see that the vertical displacement of the 

shell w has a maximum value at its edges (y = y 0 
+ 

) and re-

duces into the centre. The minimum values appear near the 

middle between the centre and the edge.y = y 0 • In fact, 

when loading the shell to failure, plastic hinges appeared 
+ -at y =Yo and y =Yo• The figure shows that the behaviour 

of a shallow cylindrical shell - footing is similar to that 

of a shell - roof of the same type. This can also be seen 

in Fig 6b where the moment M 2 has its maximum value at the 

edge of the shell and reduces very quickly into the centre. 

Therefore, bending reinforcement steel is needed only in 

the edge area. The value of the shear force Q2 is small 

over the whole shell, then it can be neglected in design. 

The main internal forces in the shell are the axial. forces 

N 1 and N 2. 

From calculations based on the method described in this 

paper a shell footing was designed according to the 

Vietnamese Building Code for design reinforced concrete 

structure and for foundation design. A plate footing was 

also designed with the same loading and soil conditions. 

The thickness of the plate was chosen to 25 cm. The com

parison between the volume of material used for the two 

cases showed that the use of the shell footing can save 

59% concrete volume and 38% steel reinforcement, see Table 

2. Besides this, the relative deflection in the centre of 

the foundation (compared with the edge) in the shell 

footing is 0.12 mm while that in the plate footing is 

0.33 mm, i.e. the rigidity of the shell footing is larger. 

For having the same rigidity with the shell footing, the 

plate must have a thickness of 35 cm. 

SGI nr 196 Klintland Grafiska, Linkoping 1981 
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-3 
Wx 10 cm 

c.q_ M2 , kN cm/cm 
co 
+ 

kN / cm0 20 
c5 

N2 kN/cm 

Fig 6. Results from calculation of the example in Fig 5. 
a. vertical displacement, b. bending moment M2, 
c. shear force Q2, d. axial force N2. 
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Table 2. 

thickness of concrete, steel, relative deflection 
footing, in in m 3 in kg at the centre of 
cm footing, in mm 

shell footing 10 16.6 926 0.12 

plate 25 40.0 1504 0.33 

5. CONCLUSIONS 

5.1 Reasons for using shallow cylindrical shell footings 

Like other kinds of shell footings the reasons for using 

sloping cylindrical shell footings are as follows: 

- The shell structure is the most rational one, which can 

be subjected to large loads with the minimum volume of 

material. This was explained in Section 1. 

- For construction of shells, high strength material can 

be used without any loss of stability. 

- Because of the reduction of the material volume used for 

foundation, and therefore the weight of foundation re

duces, the bearing capacity of soil devote mainly for 

the load of superstructure. This is very important, 

especially for larger structures. 

- The shell foundation provides a rigid foundation which 

is suitable for any stable or unstable soil condition 

and for any seasonal variation in founding conditions. 

It is particularly suitable for an unstable profile of 

such a depth that other foundation systems are uneconomic. 

Like conical and hyperbolic paraboloidal shell footings, 

shallow cylindrical shell footings have come into wider 

use in foundation engineering, thanks to its geometric 

simplicity, versatility in use and structural efficiency. 
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The use of sloping cylindrical shell footings leads to 

saving of about 40-60% of concrete volume and 30-50% steel 

reinforcement in comparison with plate footings. 

5.2 Applications 

Depending on the type of superstructures, a single or multi

cylindrical shell can be used as: 

- foundation of building of different structure kinds such 

as: frame structure, large panel structure or brick 

masonry. 

- foundation for transmission line towers 

- bottom for oil tanks 

- retaining walls. 

5.3 Calculation methods 

In design, the method introduced in this paper can be used 

for calculation of a shallow cylindrical shell on elastic 

foundation subjected to arbitrary load on the surface or 

on the edges of the shell. But in some cases, for simplicity, 

some simplified methods as described in Section 1 can also 

be used, especially in design of foundations for small 

constructions. 

Methods for prediction of settlements and calculation of 

bearing capacity of soil under rectangular plate footings 

can be used for sloping cylindrical shell footings which 

have the same area in plan without any considerable mistake, 

Tetior (1975). 
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