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SYNOPSIS: The influence of ground conditions upon the seismic input and structural response has been 
studied in detail. The fundamental fact in structural response is the relationship between the so- 

called "resonance" period of the earthquake and the fundamental period of the structure. The resonan 

ce period of the earthquake depends mainly upon ground conditions (fig. 2 & 4). A soft deep ground - 

increases the duration of the earthquake (fig. 3) and this is, frequently, the reason for an increa

sed damage.
The seismic behaviour of the 100 m high Giralda, an arab minaret ended in Seville in 1198, has been 

studied. For an acceptable modelling, the foundation soil should be included in the FE discretiza - 

tion of the structure. In this way displacements increase, but stresses decrease.

1 INTRODUCTION

A set of selected parameters of 2,000 earthqua

kes and 5,000 records have been stored in magne 

tic support, to form the basis of a seismic 

risk study whose preliminary results have been 
described elsewhere (Justo et al. 1977 and 1978, 

Jaramillo, 1983, Justo & Jaramillo, 1984).

To study the influence of ground conditions in 

the design input, the types of ground indicated 

in table 1 have been considered.

First ground types 1 to 4, from harder to softer, 

where distinguished. When more accelerograms and 

more data about stations were available type 1 

was subdivided into types 5 and 6.

In this paper only the influence of ground condi^ 

tions on the different parameters that "define" 
an accelerogram will be studied.

2 BACKGROUND

Justo (1974) and Seed & Idriss (1982) have sum

marized the influence of ground conditions on - 

the behaviour of structures subject to an earth

quake.

As a rule the largest damage is produced in soft 

ground, and the smallest in hard ground. This is 

obvious when liquefaction is produced in satura

ted non-cohesive soils.

In deep soft ground tall buildings suffer more - 
than low ones.

In other cases, it seems that damage is the lar

gest wh?n the "resonance period of the earthqua

ke" approaches the fundamental period of the 

structure. As we shall see later, the so-called 
resonance period of the earthquake is much rela
ted to ground conditions. This resonance effect 

is the reason why in some cases low buildings - 
suffer more in firm than in soft ground.
Westermo & Trifunac (1978) found that duration - 

increases with the depth of sediments.

Trifunac & Lee (1978 and 1985 a&b) studied the 

dependence of Fourier amplitude spectra and pseu 

do relative spectra respectively upon the depth 
of sediments or softness of the site. They found 

that the amplitude of the spectra increases some 

what with these parameters for periods from 0.3 

or 8 seconds. For other periods the dependence - 

is either small or negative.
Repetto et al. (1980) have found that dense to - 

very dense gravel behaves like rock. In Lima the 

maximum ground acceleration for a given earthqua 

ke is larger in areas of thick firm sediments 

than on rock-like gravel, although this is not - 
true elsewhere (v. Seed & Idriss 1982). The spec 

tral ratio is larger for T>0.15 s in areas of 

thick firm sediments. Both results explain why - 

damage, in Lima, is much larger in areas of thick 

firm sediments.

Seed and Idriss (1982) find that for periods 

>0.5 s the spectral ratio (v. section 3) increa

ses with ground softness.

3 INFLUENCE OF GROUND CONDITIONS UPON DIFFERENT 

PARAMETERS DEFINING THE SEISMIC INPUT

The following results are obtained from our stu

dy.
Figure 1 shows the probability of exceeding each 

horizontal peak acceleration. There is a diffe - 

rent curve for every ground type.

The abcissa scale C depends upon modified Merca-

lli Intensity according to table 2.

We see that for a given seismic risk the peak ho 
rizontal acceleration increases with ground hard 
ness, specially from ground type 4 to ground ty
pe 2. The same is true for the vertical accéléra

Table 1. Ground types

Ground

type
Description

1 Rock
2 Hard soil or pleistocene

3 Soil of medium consistency or alluvium

4 Deep, very soft soil

5 Hard rock

6 Soft rock
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Figure 1. Probability of exceeding each peak ac 

celeration

Table 2. C (fig. 1) as a function of Kill

tion (v. Jaramillo 1983).

The resonance period for acceleration is the pe 

riod that corresponds to the maximum of the ac

celeration spectrum. Although there is some de

pendence upon damping ratio this dependence is 

small (v. Jaramillo 1983).
Figure 2 shows the probability of exceeding 
each resonance period of horizontal acceleration 

There is a different curve for every ground type. 

We see that for a given probability the resonan 
ce period for horizontal acceleration increases 

with ground "softness", specially from ground - 
type 3 to 4. It also increases with distance to 

the fault (v. Justo et al. 1977). Similar re - 

suits are reached by Seed and Idriss (1982). 

Duration has been defined according to Trifunac

& Brady (1975).

Figure 3 shows the probability of exceeding 

each duration of horizontal acceleration. There 

is a different curve for every ground type. For 
a given seismic risk, the duration of horizontal 

acceleration increases with ground "softness" as 

it happens with resonance period. Duration de - 

creases also, somewhat, as MMI increases (v. Ja 

ramillo 1983).

The resonance period of velocity is defined as

Figure 2. Probability of exceeding each resonan

ce period of horizontal acceleration

Figure 3. Probability of exceeding each duration 
of horizontal acceleration

the one of acceleration, but respect to the re

lative velocity spectrum. Figure 4 shows the pro 

bability of exceeding each resonance period of - 

horizontal velocity. For a given probability 
this resonance period increases with the ground 

"softness". It also increases with damping ratio 
(v. Jaramillo 1983) .
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Figure 4. Probability of exceeding each resonan 
ce period of horizontal velocity

We see that the resonance period of velocity is 
much larger than the one of acceleration. Depen 

ding upon its fundamental period, a structure - 
will be more affected by the frequence contents 

that appear in the acceleration or in the velo

city diagram.

For vertical resonance periods of acceleration 

and velocity, and duration, the same trend is 

observed, although the dependence is less pro

nounced.

The spectral ratios for horizontal acceleration

(SA/a ) and relative velocity (SV/v ) are - 
max max

nearly independent of ground type. On the other

hand for vertical acceleration the ratio gene -
rally decreases with ground softness.

Most of this is consistent with the background

contained under section 2:

For a given Intensity, that is to say a given - 

damage, a larger peak acceleration is required 
in hard than in soft ground (fig. 1).

A deep, soft ground has a larger resonance pe - 

riod than a hard ground (fig. 2 & 4), and so 

affects more tall buildings.
For a given earthquake the duration in soft 

ground will be larger (fig. 3), and damage, ge

nerally, larger also.

The influence of ground type in the regression 

of peak ground acceleration as a function of 

Magnitude and distance to the fault is small (v 

Justo et al. 1978, Seed & Idriss 1982, Jarami - 
llo 1983), as indicated in figure 5.

4 DYNAMIC STUDY OF OLD MONUMENTS

Our seismic risk study leads to several design 

accelerograms, deduced from a catalog of real 

accelerograms through some changes of scale.

So as to test the suitability of the selected 

accelerograms, some old monuments of Seville, 

whose behaviour during historical earthquakes is 

known, will be subject to the design accelero - 
gram.
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Figure 5. Attenuation of peak horizontal accele

ration for different soils at the site

Up to know three old, world-famous monuments of 

Seville have been subject to a dynamic study: - 

two arab towers of the XII and XIII centuries - 

and the cathedral, started at the beginning of 
the XV century.

One of the arab towers is the Giralda, a minaret 
100 m high and ended in 1198. Two dynamic stu - 

dies have been carried out: one considering the 

tower fixed on the ground surface, the second - 

discretizing a block of foundation soil below - 

the base of the tower (fig. 6). In this second 

case the displacements are larger and the stres
ses smaller. To have a realistic model of the - 
tower this second procedure should be followed.

5 CONCLUSIONS

The "resonance" period of an earthquake increa

ses with the softness and depth of the ground - 
at the site (fig. 2 and 4). The behaviour of a 

structure is much dependent upon the relation

ship between the resonance period of the earth

quake and the fundamental period of the structu 

re.

During also increases with ground softness (fig 
3) and this explains the damage that often is - 

produced in soft deep soil.

So as to model a structure for dynamic study, - 

it is important to introduce the deformations - 

of the ground at the foundation.
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