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SUMMARY

The most damaging ground motions that might act upon a given structure
on a known site, during a stablished lifetime, for an accepted probabilistic
risk, are estimated.

A master file has been created in a magnetic disc with 2.000 earthquakes
and 5.000 records.

First the parameters of the most damaging ground motions, mainly peak
acceleration (velocity or displacement), resonance period and peak spectral
ratio, are estimated by probabilistic methods. Then, some records are selected.
Through controlled scale changes, these records are adapted to the parameters
previously calculated.

The method has been applied to some buildings in Seville.

INTRODUCTION

A method has been established to estimate the most damaging ground motion
that might occur at a given site, for an accepted probabilistic risk, during a
given lifetime of a structure.

The method has been outlined through several papers and scientific works
(Ref. 1 to 4). By now it has been completely developed (Ref. 4), which justi-
fies the present paper.

The method 1s based upon the use of real records instead of simulated
ones (v. Ref. 3, 5 &6). A master file, accesible from different computer
programs, has been created in magnetic support with 2.000 earthquakes and
5.000 records.

A record has been defined by a few parameters: maximum ground accelera-
tion, velocity and displacement, duration,and peak spectral ratio for pseudo-
acceleration and relative velocity (Ref. 3).

Statistical multiple regressions have been derived to estimate these
parameters, with a standard error as small as possible, from ground conditions
and the usual output of seismic risk studies: Intensity, Magnitude, fault
distance, focal-depth and type of source mechanism. As this phase has been
treated in previous papers will not be discussed here (v. Ref. 4).

In this paper the second phase: selection and transformation of the most
damaging records will be presented.

INTERDEPENDENCE BETWEEN PARAMETERS AND SCALE CHANGES

The selection of the most damaging ground motion is based mainly in three
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parameters: peak acceleration, resonance period and spectral rat%o, which are,
fortunately, independent (Ref. 4). This allows them to be determined separa-
tely.
On the other hand duration increases when acceleration decreases. The
statistical relationship between duration and resonance period is not linear,
and the same applies to the regression of maximum velocity with peak accele-
ration and resonance period. For this reason changes in the scales of accele-
ration and time are allowed, but within established boundaries (Ref. 4), spe-
cially when a plastic calculation is to be made.

GENERAL CRITERIA

The first criterion of selection is the soil type upon which the structu-
re is placed. Six soil types have been considered (Ref. 2). Only records cor-
responding to the same soil type of the structure are considered.

According to the fundamental period of the structure a method based upon
acceleration, velocity or displacement is followed.

Depending to its characteristics, a structure may be more affected by
high, medium or low frequency vibrations. These vibrations appear as predomi-
nant in the acceleration, velocity or displacement diagrams, respectively.

A comparison between the fundamental period of the structures and the
resonance periods of the records for acceleration, velocity and displacement
will decide whether we follow a method based upon acceleration, velocities or
displacements.

DETERMINATION OF THE DESIGN INPUTS

For the determination of the seismic input, we start from two points:

a) A study of seismic risk for the site and soil type.

b) Fundamental period and damping ratio of the structure.

A ground motion will be damaging if the acceleration is high enough, in-
dependently of the values of resonance period and spectral ratio (Ref. 4). On
the other hand, a motion with a smaller peak acceleration may be damaging if
the spectral ratio is high and the resonance period approaches the fundamen-
tal period of the structure. Based upon this we employ the following formula
for the determination of the total risk:

P = P(ap) + P(agp) - P(T,) . P(Rgy) (1)
where:

P = Probability of having a seismic input more damaging than any of the
selected ones.

P(aj) = Probability of having, during a lifetime t of the structure, a seis-
mic input with a peak acceleration (velocity or displacement) > ay
(v. fig. 1).

P(a1p)= Idem between a, and a (al > az).

P(Ty) = Probability that the resomance period of seismic input, T,., be between
Tmin and Tmax, where Tpipn < Ty < Tpay, and T; is the fundamental pe-
riod of the structure. P(Ty) is obtained from Student distribution
for different values of Ty.

P(Rg1)= ingabiiity that the peak spectral ratio of the seismic input bes Rg1
t1g. .

The total risk P is strongly influenced by social-economic factors.
Following the report ATC-3 (Ref. 7), we define the following levels:

a) Damage level. Corresponds to inputs having a 39% risk of being excee-
ded during the lifetime of the structure.
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b) Collapse level, with a risk of 10%.
The boundary (design) inputs, not exceeding these risks, may be classi-
fied in four groups:

L. apmax = aj Ty = Tpin Rg as large as possible

2. amax = 41 Ty = max " 1 " 1" 1"

3. amax = a2 Tr = Tl " " 1 " 1

4. Amax = 2] Ty = Tl RS < Rsl

The peak spectral ratio, Rg], must obey the equation:

al Rg] = a2 Rgmax (2)

where Rgmax 1s the maximum peak spectral ratio for the soil type and damping
ratio of the structure.

Equation 2 assures that the elastic response for the first mode of the -~
structure is similar for the records of groups 3 and 4.

Tpmin and Tpax are found through iterations, so that the elastic first
mode response of the four groups of inputs be similar. Otherwise in the P (%)
of inputs not allowed for design, we would have records less damaging than
the allowed ones.

The step by step procedure is as follows:

l. P is stablished as stated above. P(aj) is stablished, by trial, with
the criterion that the response be as low as possible. For a given value of
P(ay), ay is obtained as will be indicated in the next paragraph (v. fig. 1).
In this way we eliminate all inputs having an acceleration larger than aj,
independently of resonance period and peak spectral ratio.

2. A value of Rgj is assumed and the corresponding value of P(Rgy) is
found (v. fig. 3). Tmi and T ... are assumed and P(Ty) is found. By means of
equation 1, P(ajj), ang hence aj are found. Through iterations, Rgj is found
so that it will fit equation 2. In this way we equal the response of groups
3 and 4 of inputs.

All this is done through a computer program that uses as inputs P, P(ap),
Tmin and Tpay, and as outputs aj, aj and Rgy-

3. Tnin and Tyax are found next from response spectra as indicated be-
Low:

a) A pair of values of Tpip and Tpyy and the corresponding Rg; are
taken. Starting with the allowable spectrum with maximum peak spectral ratio,
we considerer the interval defined by the abcissae TyxT,/Tpax and TixT./Tpin-
We must check that, outside this interval, in all spectra, nowhere is R*R,j,
where R is the spectral ratio. If somewhere is R*Rg), we change Tpax or Tpin
80 as to avoid this, and initiate a) again.

b) We end when we have found allowable spectra in which, outside the
interval indicated in a), the maximum R is somewhat smaller or equal to Rgj.
The corresponding records will be selected for groups 2 and 1 respectively.
In this way we assume that the maximum response of groups 1 and 2 (for the
first mode) is similar to the one of group 4.

If we are using an elastic method of calculation, and so scale changes
are not important, we may use an envelope of spectra.

The selected records will be those that better fit the previous conditions,
and whose scale changes are allowable for the calculation method employed.
Duration might also be included in the selection of records, when a plastic
calculations is to be made.

APPLICATION TO THE BUILDING OF THE FACULTY OF ARCHITECTURE OF SEVILLE
As an example, we have applied the method to this building.

The foundation ground is type 3 (soil of medium consistency).
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Table I shows the average horizon-
tal resonance period (Ty) for accelera-~
tion and velocity in soil type 3 and
average medium period (T) for displace-
ment, and the corresponding standard
errors.

Table I

Average period (Tr) and standard
error (S.E.) for acceleration, veloci-
ty and displacement in soil type 3.

log Ty (s) S.E.

Acceleration log 0.29 0.20
Velocity log 1.66 0.39
Displacement log 5.3 0.21

As the indicated building is al-
ready built, its dynamic characteris-
tics under ambient vibrations were mea-
sured and compared with the ones obtai-
ned from the Spanish Norm (table II).

Table II
Measured and calculated period (s)
of building.

Mode Measured Calculated
lst 0.412 0.439
2nd 0.142 0.146
3rd 0.08 0.09

Comparing tables I and II, it is clear that, in this

celerations is required.

Seismic risk study

We start from a seismic risk study of Intensities in Seville (Ref., 8).
From the return period, T4, for every Intensity, the
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@ max(@)

ving in t years, an earthquake, at the site of I > Ii is:

1

P(I3) =1~ (1 - T )t
]

The lifetime of this building is fixed in 50 years. The values of P are

indicated in table III:

Table III
Probability of having an Intemsity > Ii
I, Tg P(I)
(years) %
2 VIII 225 19.96
2 VII 50 28.43
2 VI 27 84.84
2V 10 99.48
> IV 6 99.98

It is assuged that the probability of having 1> IX is negligible.
The probability of having an Intensity, I, will be:
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p(I) = P(I3) - B(I; + 1) ()
where Iy & L < I +1 (5)

The probability of having an acceleration > a will be:

LI

P(a) = 2 ?(a/1) . p(D) (6)
where P(a/I) is the probability of having an acceleration > a given that In-
tensity is L, and is shown, for every soil type, on a world-wide basis, in
table IV.

P(a) is shown in figure 1.

In equation L, P(ajp) is obtained by difference from figure 1, and the
same applies to P(Tp) respect to figure 2. P(Rgy) is obtained from figure 3.

Following the method indicated in this paper we obtain the results of
table V:

Table V
Parameters of inputs obtained for the building

ay(a) a,(g) Tnin(s) Tnax (s) Rsmax Rs1

Collapse level 0.39 0.142 0.229 0.742 10.4 3.8
Damage level 0.13 0.032 0.216 0.783 10.4 2.5

Selected registers are indicated in table VI.
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Table VI
Selected registers

Level Groups Site Earthq. amax Tr Rg
date (g) (s)

1 &2 Carbon dam 9-II-71 0.069 0.25 2.55

Damage 3 Honokaa 29~-XI-75 0.046 0.15 10.4
4 Ferndale, City Hall 10-XII-67 0.278 0.18 2.56

1 & 2  Managua Esso | 23-XII-72  0.34  0.36 3.8

Collapse 3 Honokaa 29~XI-75 0.046 0.15 10.4
4 L.A. 533, S. Fremont 9-1I-71 0.256 0.23 3.65

The scale of the records corresponding to the collapse level has been

changed to adapt them to the parameters of table V,and they have been reprodu-
ced in figure 4.

A dynamic elastic calculation has been carried out. The results have

been compared with the ones obtained with the Spanish and the American UBC
Norms. As a rule the dynamic analysis give results somewhat less than obtai-
ned with pseudo-static methods.
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