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SYNOPSIS

This paper describes a theoretical investigation of the influence of
radiation damping on ground response during earthquake. A method of analysis was
developed for seismic response of foundations underlain by deformable bedrock.
The method was used to study the influence of "RADIATION DAMPING™ on foundation
response. It was found that the old fashioned way of treatment of the effect of
radiation damping by the introduction of some additional damping in each mode of
rigid base solution, where the fundamental period of the overburden is not equal
to the predoainant period of the bedrock motion, may lead to misleading results.
Under these conditions the up-to-date method, which is the developed =method,
should be used.

INTRODUCTION

Seismic response of 20il deposits resting upen a rock formation depends on
the engineering characteristics of the underlying materials. A stiff bedrock
interface will reflect a considerable proportion of the seisaic energy that would
norsally be radisted away from the socil deposit, in effect in moat cases
producing a different response from a soft bedrock. Response study of these
deposits is of great importance in seismic designs. Therefore, it is essential to
investigate the influence of bedrock characteriatics on response of such
deposits. Several contributions have throuwn light on the subject. (Refs.l to 9).

RADIATION DAMPING RATIO

If a s0il deposit rests on the rigid rock the damping, under earthquake
loading, is mainly due to viscous and/or hysteresis resistance of the so0il to
rapid deformation. At the present time the hysteresis concept has commonly been
accepted in practice. If a soil deposit rests on the soft rock, the damping has a
second component which accounts for loss of energy back intc the underlying rock.
The intensity of this damping effect is expressed by RADIATION DANPING RATIO

" .,", defined as
Y Se f2 (of soil)

‘)" T &M
Sr [2 (of rock)
In equation (1) Sg and Sy are the sheer wave velocities of the overburden
and bedrock. /% and /3 are the mass densities of the soil and the bedrock. This
ratio has no relation to the other soil constants and is obtained from soil and

bedrock parameters. Hence the value of "y,“ can be computed by means of the above
equation.
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The amount of energy radiated back into the bedrock at time "t" is related
inversely to the velocity with which the base of the depoait moves at time "t" ag

well as the velocity of input motion.

FIELD EVIDENCE

Medvedev (1965) has confirmed the importance of Radiatio Damping Ration in
the field and has concluded that the smaller the radiation damping ratio, the
more severe the expected degree of shaking during an earthquake.

ANALYTICAL MODEL AND RESULTS

The current research has led to a new design method based on actual earthquake
bedrock movements, recorded by strong ground motion instrumenta, real foundation
materials and a new procedure for modelling a transmitting boundary. The original
soclution of this new theory, together with its accompanying computer programme
was used in this study.

The influence of radiation damping ratio on ground response and its
comparison with hysteretic damping ratioc was studied through analysing a number
of idealised layers for the following cases:

CASE 1: Fundamental period of the overburden is equal to the predominant
period of the bedrock motion.

CASE 2: Fundamental period of the overburden is different from the
predorinant period of the bedrock motion.

It is believed that it is only through the following analysis, helped by
efficient monitoring, that a better insight into the "Radiation Deamping”
phenomenon, which would be of interest to practising engineers, could be
achieved.

CASE 1

To show the influence of bedrock characteristics on response of soil
deposita to earthquake shocks, for this particular case, analyses were performed
on a 45m thick deposit of dense sand underlain by bedrock with shear wave
velocities of 00 (completely rigid), 3000, 1500 and 1000 m/sec., subjected at the
bedrock level to Parkfield-2 with predominent period of 0.6 second, which
corresponds to fundamental period of the deposit 0.6 sec. A hysteretic damping
ratio of 0.02 waes assigned to all modea of the deposit.

Table 1 shows coaparison of maximum accelaration, velocity and displacement
developed at the surface of the deposit underlain by above said bedrocka. Based
on the results obtained for soil deposits having rock formation with shear wave
velocities of 3000, 1500 and 1000 m/sec., maximum surface accelerations vary by
32.6%, S0% and S9.6X respectivily, compared to that of the deposit on infinitely
rigid base. Similar conclusions may be drawn concerning the maximum amplitude of
ground surface velocities and displacements with variations of 23.81%, 39.44x%,
49.72% and 7.56%x, 10.03%, 12.24X respectively. The results clearly indicate that
amplitude of maximum accelerations are more sensitive to changes in bedrock
formation characteristics than the peak velocities and displacements. The
influence of bedrock characteristice on frequency characteristica of surface
motions were also studies. The resulta clearly indicate that under CASE 1,
frequency characteriastics of output motion, are not affected to the extend to be
reflected in acceleration response aspectrum, whether the shear wave velocity of
the underlying bedrock is 3000, 1500, 1000 or €0 m/sec..
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The computed values for strength of earthquake motion ™S" (Refs. 10 & 11) are
given in the last column of Table 1. The results illustrate that the energy
available for damage to buildings located on the deposit where underlying rock
formation has & shesr wave velocity of @D is 7.6 times more that that of 1000
m/sec., 5.4 times more than that having a shear wave velocity of 1500 a/sec. and,
finally, 3.2 times more that that having & shesr wave velocity of 3000 m/sec..

In order further to consclidate the above conclusions, response of a 75m
deposit of loose gravel with bedrock shear wave velocities of S000, 2500, 1666,
1250 and 1000 m/sec. subjected to Parkfield-2 at the bedrock level at their
comparison with the values obtained when underlying rock formation has shear wave
velocity of infinity (completely rigid) are shown in Table 2. The results of this
set of calculations clearly confirz the observed features reported in the
previous set of calculations.

To illustrate the influence of stiffneses of the bedrock on acceleration
amplification spectra Fig.l has been included. Fig.l shows a family of
acceleration amplification spectrum for different values of radiation damping
ratios. It is observed that the softer the bedrock, the smaller is the
amplification, especially at short and intermediate periods. It is also observed
that the reduction is amplitudes of amplification spectra at rescnance periods
are not a linear function of radiation damping ratio.

It is hereby declared that:-

a) The frequency characteristics of surface motions are very slightly
influenced by the bedrock characteristics.

b) The amplitude of pulses of surface motions are considerably affected by
characteristics of bedrock. In general, a stiffer bedrock develops
higher peaks in acceleration, velocity and displacement distribution
pattern. The magnitude of the influence on maximum ground surface
acceleration is maximized in the case considered i.e. (Case 1).

c) The energy available for damage is highly dependent on the
characteristics of bedrock formation.

d) The softer the bedrock the smaller is the acceleration amplification,
especially near the natural periods of the overburden.

CASE 2

In most cases the predominent period of bedrock motion is not equal to the
fundamental period of the s0il deposit. Table 3 show maximum values of response
of six SOm deposit of soft clay with fundamental periods of 1.33 sec. underlain
by bedrock having different stiffness characteristics, and their comparison with
the case when underlying bedrock is completely rigid, the deposits were subjected
to their bedrock level to Parkfield-8 NSOE, with a predominent peried of 0.15
second and maximum acceleration of 0.28 g. From Table 3 it may be seen that
maximum acceleration, velocity and diasplacement are 31.03%, 15.53% and 14.04%
greater for a site having a completely rigid bedrock (S rock=@®) than a soft rock
(S rock=750 m/sec., reflecting the major influence of bedrock characteristics on
the developed asurface motions.

Referring again to Table 3 it is noted that maximum accelerations developed
at the surface of the deposit with six different characteristics are less than
thoase reported in Tables 1 and 2, stressing the fact that under the condition
that the fundamental period of the overburden is not equal to the predorinent
period of the bedrock motion, the condition of resonance is violated, thus
reducing the effect of bedrock stiffness on computed raximum surface
accelerations. It may be noted that the influence of radiation damping ratio on
computed maximum surface displacements are considerably more.
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To show that frequency characteriatics of surface motions are affected by the
stiffness of bedrock formation Fig.2 has been included, which represents computed
surface acceleration spectrua in normalized form. Considerable differences in
frequency patterns of the motions developed on the surface of soils overlying
different bedrock formations exists. Great differences in the amptitude of
spectral values are alsc observed.

The damage potential of the sites having different bedrock characteristics
are compared in terms of strength "S"™ (Refs.l10 & 11) are given in the last colomn
of Teble 3. From results, it can be concluded that the deposit underlain by
infinitely rigid bedrock (W =0.0) is 2.33 times more damaging that that underlain
by a soft rock (Y=0.2).

Further compariscns of response of the soft clay subjected at the bedrock
level to Parkfield-5 NSW, with predominent period of 0.3 secondare summarized in
Table 4. The =maximum valves of developed accelerations, velocities and
displacements and their comparison with the case when the underlying bedrock is
completely rigid (S rock=e9) and the amount of energy available for damage at the
surface.

It may be noted that the sites subjected to Parkfield-S NSW have developed
greater response values, although the peak value of acceleration time history of
Parfield-S N5W is 0,02g. less than Parkfield-8 NSOE. This is because the
predominent period of Parkfield-5 0.3 sec. is =much closer to the fundamental
periocds of the deposita than that of Parfield-8 0.15 sec. The influence of
radiation damping ratio on maximum surface acceleration for both cases ia given
in columns three of tables 3 and 4. The results clearly illustrate that radiation
damping ratioc has more influence on suppressing the response for the latter case
than the former, indicating that radiation damping ratic is leass effective in the
first few higher modes of vibrations which contribute more to the developed
response in the former case. Fig.2 show computed surface normalized acceleration
spectrum for the latter case. From the results, it is readily apparent that at
perioda close to the periods of first and second modes of vibration, i.e. 1.33
sec. and 0.44 sec., frequency characteristics of the motions vary at the six
sites. Differences in amplitudes of apectral values are observed, which are
considerably great near the resonant periodas of the deposit, emphasising the
importance of radiation damping ratioc on the developed response near the rescnant
periods of the overburden.

It is hereby declared that:-

a) The computed surface time histories of a soil deposit, in amplitude and
frequency content, is influenced by radiation damping ratio. The extent
of influence is considerably more on response amplitudes.

b) Strength of an earthquake motion at a given site, in terms of total
energy which would be supplied to atructures located on the aite, is
considerably dependent on the stiffness characteristics of bedrock
aotion.

c)> The shapes of the computed surface response spectra curves are directly
tied in with the deformability of bedrock formation.

CONCLUSIONS

The results illustrate clearly that the deformability of the bedrock
formation has an important effect on the seismic response characteristica of the
80il deposits. Consequently, the usual assumption that the overburden rests on an
infinitelty rigid bedrock formation should be discarded. The influence of bedrock
formation on response was studies in terms of radiation damping ratio. It was
shown thet the radiation damping ratio in moat cases influences £frequency
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characteristics end amplitudes of moticns. A higher radiation demping ratic was
found, in general, to develop 2 smaller response with completely different
frequency characteristics. The frequency characteristice of the motions was found
to be unaffected only under the special condition that the fundamental period of
the deposit is equal to the predominent period of the bedrock motion. Under this
condition, the influence of bedrock formation characteristics on computed
response is maximized and amplitudes of notions are affected comsiderably. It was
only under this aspecial condition that equivalence between the radiation and
hysteretic damping ratios could be established.

The results alsc emphasise the need to determine the stiffneas
characteristics of bedrock formation in planning investigation programmes of secil
and rock conditions. In defining the location of bedrock interface errors
associated with this parameter should be accounted for in the responae
calculations. Choice of method of analysis should be based on every situation. If
the soil conditicns are clear and simple, for instance, if the site for a
structure is located above a continuocus layer of soft clay with well defined
upper and lower boundaries underlein by a very deep formation of shale, errors
due to using a one-dimensional model rather than a three-dimensional nmodel in
response analysis can hardly exceed twenty percent.
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