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CONSTRUCTION OF SITE DEPENDENT DESIGN SPECTRA

N. Mostaghel* and G. Ahmadi**

ABSTRACT

A method for ceonstruction of smooth site dependent design
response spectra is proposed. The simplified procedure for
obtaining the site dependent spectra is described. Some
comparisons with the response spectra of actual earthquakes
are carried out and good agreements are observed.

Comparison with the Newmark's spectra and the Regulatory
Guide 1.60 spectra are also presented.

1. INTRODUCTION of the site independent spectra are
pointed out.
An excellent review of the methods

for constructing design response spectra 2. PROCEDURE FOR CONSTRUCTION OF SITE
is provided by Werner (1). Site independ- DEPENDENT SPECTRA
ent spectra were first introduced by Housner
(2) in the late fifties. Since then In (18) based on several mathematical
several other site independent spectra have bounds developed on the magnitude of the
been developed such as those of Newmark- response spectra in various frequency
Hall (3), Mohraz-Hall-Newmark (4) and ranges and estimation of several relevant
Newmark-Blume-Kapur (5), which are the parameters, a method for the determination
basis for the current R.G. 1.60 (6). of the site dependent spectra for a site
with given site period and peak ground

The studies of Hayashi et al (7), acceleration is established. Here, a
Seed et al (8) and Mohraz (9) show that simplified procedure for construction of the
the soil conditions at a site affect the site dependent spectra as developed in (18)
shape of the response spectra significantly. is presented.
In order to consider the local soil ’
condition, an ensemble of spectra from the According to (18) a site dependent
records obtained at stations whose smooth spectra as shown in figure 1 is
seismological, geological and local soil completely specified if the cocrdinates
characteristics nearly represent those of of seven points ABCDEFG are known.
the site are selected. Then, ensemble
mean and mean plus standard deviation Suppose Tv is the predominant site
spectra are constructed. The investiga-

period and a 1is the peak ground accelera-
tion. The natural periods of various
control points then are given by

tions of (7-9) show that the normalized
spectral values for a firm deposit are, in
general, lower than those for a soft
deposit in the high period region of the

spectra and vice versa for the low period Ta = Tur

region of the spectra. In an alternative T = 4T

technique which is known as "site response B v’

analysis" (1), an ensemble of represent- T = T /3

ative subsurface motions are selected and c v/ T

fed to certain mathematical models of the T =3 T, = 12/T

site soil deposits and the output is D B v’

statistically analyzed to obtain response T = 30

spectra (10-17). E ’
Recently, Mostaghel and Ahmadi (18) Ty = T,/10,

developed a technique for construction of T = 0.03 (1)

smooth site dependent design spectra which G U

only requires the knowledge of the
characteristic site period and the peak

ground acceleration All the natural periods are in seconds.

The amplitudes of the response spectra at

In this work a simplified procedure various control points are then given by

for construction of the site dependent s (£, T.) = (iEX) N(1 - e 100 E)% " (2)
smooth spectra as developed in (18) is v'?' TA 27
presented. Some comparisons with the 2a -100 £.%
spectra of actual earthquake records are s_(&, TB) = (%) N(1 - e Y, (3)
carried out and good agreements are v T v
observed. Also comparisons are made with s (g, T.) = (aTV) N (4)
the Newmark spectra (19) and the Regulatory v'?' °C T 3
Guide 1.60 spectra (6), and the deficiencies T N

s_(g&, TD) = (EEM) 3 (5)
*Professor, Department of Civil Engineering, v 2m !
Utah University, Salt Lake City, Utah 34112,
U.S.A. where & 1is the damping coefficient, and
**Visiting Professor, Department of Mechanical the parameter N 1is defined by
Engineering, The University of Calgary, 0.2 %
Calgary, Alberta T2N 1N4, Canada. N = (1L +28) (T¢g) for g >0.005. (6)
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The values of N and N(1 - e—lOO F’)}i
for various values of damping coefficients
are listed in table I. (A comprehensive
derivation and discussion of equations

(1) - (6) is provided in (18)).

Table I Values of parameters for several
values. of damping coefficients

£ s N N(L - e 100 &y
0.5 6.388 4.007

1 4.562 3.627

2 3.289 3.058

5 2.200 2.193
10 1.697 1.697
20 1.400 1.40

It is clear that when the amplitudes of
the response spectra of points A, B, C
and D are known, the rest of the spectral
curve can be completed trivially. The
line DE is a constant displacement line,
and the line CF is a constant accelera-
tion line. Point G has an acceleration
response equal to that of the ground.

In figure 1, the smooth site dependent
response spectra are plotted for a ground
acceleration of 0.3g and a site period of
Tv = .66 sec for several values of damping
coefficients. It may be noted that for
damping larger than 2% critical, points A,
C and F are along the same straight line;
similarly points B, D and E are along a
straight line.

Figure 2 shows the site dependent
spectra for peak ground acceleration of
0.3g, damping coefficient of 0.5% and
predominant site periods of 1.5, 1 and
0.5 seconds. The natural period 1.5 sec.
corresponds to a relatively soft site,
and 0.5 sec. corresponds to a relatively
rigid site. From figure 2, it is observed
that for high period range, the spectra
corresponding to a soft site have higher
amplitudes as compared to the response
spectra of a rigid site. The situation
is reversed in the low period range where
the response spectra of a rigid site
become larger than that of the soft site.
These observations are in full agreement
with the results of Seed et al (8).

3. COMPARISIONS WITH OTHER SPECTRA

In figures 3-8 site dependent smooth
spectra are superimposed on the plots of
spectra for actual earthquake records.
These plots are taken directly from the
Cal-Tech report (20) and the predominant
site periods are estimated directly from
these plots; (i.e. the site period is
taken to be equal to the period which
corresponds to the peak undamped response).
The presently proposed smooth site
dependent spectra are then constructed in
accordance to the technique described
in the previous section. The records
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considered here do show varieties in the

peak ground acceleration and site periods
(see Table 2). It should be noted here

that the minimum damping coefficient for

the proposed method is 0.5% while for the
Cal-Tech plots this value is zero.

In all the figures 3-8, the predicted
smooth site dependent spectra provides
relatively reasonable bounds on the
corresponding actual response spectra
curves. In certain cases and for some
frequency ranges, the predicted response
spectra over estimate the actual ones.

For instance, the proposed spectra of
Parkfield earthquake of 1966 as shown in
figure 7, are over-conservative for the
large natural period range. Such over
estimations which is on the conservative
side is, of course, expected from the
nature of smooth design spectra which are
supposed to give the maximum response under
any earthquake ground motions.

In figures 9 and 10 smooth site depend-
ent spectra are compared with the Newmark
spectra for damping coefficients of 0.5%
and 5%. In each case three site periods
of 0.5, 1 and 1.5 seconds corresponding
to relatively rigid, intermediate and
relatively flexible sites are considered.

It is observed that in certain period ranges
the Newmark spectra is too conservative
while in other period ranges it under
estimates the spectra. From figure 9,

it is observed that for flexible sites and
small damping coefficients, the Newmark
spectra underestimates the response spectra
for all natural periods.

Similar comparisons are carried out
with the Regulatory Guide 1.60 design
response spectra in figures 11 and 12 for
damping coefficients of 0.5% and 5%.

The conservativeness and under estimation
of the R.G. 1.60 response spectra in
various period ranges are apparent from
figures 11 and 12.

4. FURTHER REMARKS

A simplified procedure for the
construction of smooth site dependent
spectra based on the knowledge of the
peak ground acceleration and the predomi-
nant site period is presented here. Some
comparisons with actual spectra are also
made and good agreements are observed.
Furthermore, the smooth site dependent
spectra for some relatively rigid, inter-
mediate and relatively flexible sites are
constructed and compared with the Newmark
and R.G. 1.60 spectra and the possible
deficiencies of these site independent
design response spectra are pointed out.
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Fig. 1 Smooth Spectra for a=0.3g, Tv = 0.66 sec
and 0.5, 2, 5, 10, 20% damping.
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Fig. 2 Smooth Spectra for Different Sites
a = 0.3g and 0.5% damping.
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Fig. 3 Smooth and Actual Spectra
Kern County, California Earthquake.
July 21, 1952: 0.5, 2, 5, 10, 20% damping
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Fig. 4 Smooth and Actual Spectra
Eureka Earthquake
Dec 21, 1954: 0.5, 2, 5, 10, 20% damping.
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Fig. 5 Smooth and Actual Spectra
San Fernando Earthquake, .
Feb 9, 1971: 0.5, 2, 5, 10, 20% damping
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Fig. 6 Smooth and Actual Spectra
Imperial Valley Earthquake,
May 18, 1940: 0.5, 2, 5, 10, 20% damping.
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Fig. 8 Smooth and Actual Spectra
San Francisco Earthquake,

Smooth and Actual Spectra
Parkfield, California Earthquake,

Fig. 7

June 27, 1966: 0.5, 2, 5, 10, 20% damping
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Fig. 9 Comparison with Newmark Spectra
for a=0.3g -§=0.5% and differing
values of sifé periods, Tv.

———— Newmark (1976)
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value of site periods, Tv.

———— Regulatory Guide 1.60
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