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Seismic analysis of circular foundation plates of variable thickness

E.B.Koreneva
Moscow Civil Engineering Institute, Russia

ABSTRACT: The paper considers a seismic analysis of circular and an-
nular plates of variable thickness resting on an elastic foundation. The
plates are connected with a cone or a cylindrical shell. The results are

obtained in closed form,

The paper concerns seismic analysis
of foundation plates of such high
rise structures as television and
water towers, chimneys, tanks.The
foundation slabs of such structur-
es are considered as circular or
annular plates with varying thick—
ness, resting on an elastic sub-
grade., In the seismic design the
consideration of antisymmetric load
ing PH=P4wnB 1is of great im~
portance, The similar analysis of
circular plates of variable thick-
ness is very poorly developed in
literature, The present work obta-
ins rigorous solutions of these
problems. The results are conveni-
ent and comparatively simple for
computation.

This paper investigates circular
foundation plates consisting of
two parts. The central part bears
cylinder or cone shell; this part
is continuous and circular. It is
considered as a rigid circular
punch on an elastic foundation.The
central part bounded with flexible
ring plate of nonuniform thickness

resting on an elastic subgrade, The
paper utilizes the Winkler model of
an elastic subgrade. This work deals
with elastic analysis of above-men-—
tioned foundation plates, according
the conception of the seismic design
for small and frequent earthqua -
kes /1 /.

The present work considers in de-

+tail an annular isotropic plate rest

ing on an elastic Winkler foundation.
The variation of the plate thickness
can be represented by the law:

"1=L'\0m3 ,OC“—'—%‘;; (i)

where ho,zv - constants.
Antisymmetric bending of a plate of
nonuniform thickness on an elastic
foundation with modulus is govern-
ed by the differential equation:
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where ,QM - flexural rigidity of a

plate, y -~ Poisson's ratio,uf—
deflection, ( =~ modulus of subgra-
de,

Let us take the deflection in the
following form:

w(7,8)=w(z)n b (3

Using (3) and (1), equation (2)
becomes:
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This is Euler equation. Introduc -
ing a new variable 2 , defined by
oc=e?, (4) reduces to the differen~
tial equation with constant coef-
ficients.

The deflection of the plate is
given by:

W= B AT hA, oc°‘3+A *™).anb,

4,52 Ve,

constants A“Az) A3 and A,_, are
found from the boundary conditions.
We note that o(i- Ca ot = = oly.
Analysing the influence of the lo-
ading by forces and moments dis-—
tributed along the circumferences,
we have to determine Cauchy func-
tions zi(a;x)ozz@:x)) 23 (a';m)/
‘Z,Q(a;oc) , which properties
were discussed in / 2,3 /.
We calculate Wronkian for the so-~
lutions ( 5 ) and it's cofactors.
Using the properties of Wander -
mond's determinant and Kramer's
functions, we obtain:
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The deflected surface of the plate
which is free from any loading

when 5¢> @ is govérned, using (11),
by the equation:

wlatf)=ug(a)din®= (U 2, (o0; 29+
+02, 'Zi(ao;ag - 3%5 2, (a0, 25)-
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where @, is the radius of the inner
boundary; w;,«I,,M,,, Qo -~ the
deflection, the slope, the ‘bending
moment and the shearing force when
w:a,d.

Now the paper considers the seismic
analysis of the annular plate with
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thickness variation ( 1 ) connected
with absolutely rigid central part
( fige1 ). The similar problem take
place in the design of bottom slabs
of cylindrical tanks.,

figure 1

1 central absolutely rigid part, lo-
aded by an available load, reducing
0 a principal moment; it is consi-~
dered as a rigid punch on an elas-
tic foundation.

2 annular flexible plate of nonuni-
form thickness resting on an elas-
tic foundation.
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Figure 2

Using the notatiom P4 and [} as
forces of interaction of circular
punch and rigid plate. These forces
are distributed accordingly along
the outer boundary of the punch and
inner boundary of the plate corres-
ponding to the laws: Main® ana

Q ¢in® '( fig.2 ); om is the
principal moment, n - the intensi-
ty of the reaction of the subgrade.
For the consideration of interaction

of parts 1 and 2 let us write the
equations of the method of forces:

MgH+Q542+A{p:D)
M 521+Q§21+A2P: 0

(3)

where Mand Q bouﬁdary monment and
force (=0 -4 —Ol}i-)

2 000 [
coefficients 6h) d;, — according-
ly slope and deflection of inmer
edge of the ring plate subjected to
the action of unit moments distri -
buted along the inner boundary
4-4inb; 5‘2,522 ~ slope and def-
lection of inner edge of the plate
subjected to the action of unit
loads distributed along the inner
boundary of the plate {-dmB . We
can calculate these values using
(1), (12). And A, = WD5F -
slope and deflection of circular
punch, The intensity @Q is calcu-
lating from the conditions of equi~
libriums

S M=m+Q 203+ Mba+ La%, . @)

Numerical example
This example analyses briefly the
flexible annular plate with thick-
ness variation (1) resting on an
elastic foundation. The inner boun-~
dary o=1 is free, the outer one
4=5 is clamped.
The following two problems are to
be considered:
1) inner boundary loaded by moments
M=Mpain8 , My=4;
2) inner boundary loaded by forces
Q=Q,¢n0, Q=1
Satisfying the boundary conditions,
magnitudes (J, and 30 can be com—
puted, Then we can determine the
full stressed and strained state.
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figure 3

Figure 3 shows the deflections-ﬁ%%,
slopes ’ bending moments M'z,
and Mg~ ¢ It is possible to calcu-
late shearing forces Qq_ and QO .
Problem 2 was solved in the simi-
lar way.
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