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Proceedings: First International Conference on Recent Advances in Geotechnical Earthquake Engineering and Soil
Dynamics, April 26 - May 3, 1981, St. Louis, Missouri

Dynamic Response of Rigid Circular Footings

Shenbaga R. Kaniraj

Department of Civil Engineering, Indian Institute of Technology, New Delhi, India

SYNOPSIS

In a simplified apoproach to the rigorous elastic half-space apwproach for the behaviour of

a rigid circular surface footing acted upon by & dynamic excitation force, the elastic half-space

model is replaced by an eguivalent lumped parameter system,
the equivalent damping factor (D) are expressed in terms of dimensionless mass ratio (B).
in the value of B thus afiects thwe dynamic response oif the footinge.

The ecuivalent spring coustant (K) and
A chiange

The paner explains a procedure

to quantify this variation fLor vertical uecde of vibration.

DYN#AMIC RSPONSE OF FOOTIHNGS

4 chamge in the radius of the footing or its
mass or a change both in the mass and radius of
the footing atfects the value of B. 7The pheno-
nenon 1is studiea here by varying the radius and
the nass ot tne footing, separately., Using the
principle of superposition tne apgoroach could
be used when the change occurs both in the mass
and radius. Considering two footings, say 1

and 2 with radius and mass of rq and my and r,

and m, respectively, the following four cases

have been investigated.

CallE=A: Constant force excitation and the mess
of the system is constant (rl # ry; my=m,)

CASE-B: Rotating mass excitation and mass of
the system is constant (r; # Ty1 my = m, )

CAHASE=C: Constant
is constant (r1 =

force excitation and radius
r, :+ m # m2)

nass excitation and radius
r m
p 1 omy # my)

CASE=D: Rotating
is constant (rl =

RESULTS

Expressions for ratio of amplitude of displace-
ment and that orf resonant ifrequency of footing

2 to tnat or 1 have been developned using aporo-
priate results reported in literature (Richart

et al, 1970). Table 1 presents the results,

In tne Equations 1 to 9 of Table 1,

A = amplitude of displacencnt at operating
frequency

amplitude of displacement at resonance
mass ratio oif footing

resonant frequency of footing

D= natural frequency of footing
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Subscriipt 1 or 2 indicates tie footing {(either
1 or 2) for which these guantities are given.

For C.5E=

ot “zm2/hzml
Bguation 1 suggests the followiny generalised
relationship for any corbination of le and B,

nurericsl evalucotion of the veriation

with B_,/8, (ulere B, > 3,,) using

Apio/ o = 0006 (B,5/B,q) + 0434 (10)

vhere B,,/B,y = 1

I PRI R
PO U iue=is

mec
BzZ/le (vwherc Bz2,>/Dzl) reduces to a sincle

the variation of W ”A%vl with

line, The effcct o chanwe in nao8 ratio on
reosonant {recuency is not as rweh sicnislicant os
it is in the case of resona~nt disnlacenent, In

Fisures 1 and 2 are shown the coi:.orison of the
theorctically predicted ratlos of resonant digse-
placenents and frequencics with those of measu-
red values (Novak 1970, ananda=lxrisinnsn armd
Krishnaswamy 1973, 3ridheran and Renan 1977),
The theorectical pradictions are good in the case
of resonant disolacercnts but not as nauch so in
tihe case of resonant trequoncics. Lxperincents
show (Sridnaran and Renan, 1977) little danping
compared to Lysuner's theoretical value., Hence,
direct use of elastic nhalfe-s.ace model will pre-
dict hichwer displacements, Thnis limitation can
be overcome now by considering the ratio of
displacerents,

COHCLUSICNS

4 oset of nwtiwematical relationships to quantify
the vorietion in th.e dynamic resp;onse of foot-—
ings have been developed, The theoretical
qgquantification agrees very well in tie ceose of
resonant disolacements than in the case of
resonant frequencies,



TABLE 1
CALSE=A
Az 473 Bgy — 018
5. =X o518 (1)
zml z2 *
2
hyo - x1/3 -_(‘1 - ¥Y)® 4+ 0,7225 Y/le )’-;; (2)
Ba1 (1=x¥/2)% 4 o.7225 w138,
W2 ! (B22 - 0.36125f2 (3)
i X2/3 B,y = 0.36125
CASLE =D
Azmz le - 0'18}<
= X (g——ug)” (4)
“zml 22 .
A
,Ez = Sane as equation 2
P2y
z1
Wz 2 /3 (le - 0.36125 ;s 5
- =3
Wz 1 BZZ - 0.36125
CASE-C
H
sz% = Same as Zguation 4
zml
. 2
?22 ¢ (1 = Y¥)° + 0.7225 ¥/B,, )?z (6)
fz1 (1 -x1)2 4+ 0.7225 X ¥/B,,
L TS
Ozl z1 .
CasE-D
“lenz =( le Ld 0118 )’li (u)
Azml B, = 0.18
A
TEE = Sane as Eqguation 6
Py 1
- . 5
Smgz | Bay T 03012, (o)
Wizl Bypy = 03012
Note: X = B, /B, * Y = (“’/ninzl)2
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