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STNOPSIS

Response spectrum technique for aseismic design of
structures is widely used but a theoretical approach to the
definition of the real shape of response curve meets with
difficulties, because spectral densities of separate realiza—
tions are random functions whick can not represent the seismic
process on the whole. In this paper a probabilistic approach
is presented to the derivation of the upper estimate of res -
ponse spectra for design purposes. If an additional informa -
tion about predominant earthquake frequency in a given site
is available, regional response curves can be plotted, lea -
ding to more precise and more economic design. Some examples

of such curves are given.

Thé researches [ 1} show that a steady upper estimate
of ‘seismic acceleration spectfum gives the envelope bf spec—
- tral density functions i.e. the curve passing through the
points of their maxima. '

On the base of exponential-cosine approximation of auto-
correlation funotions of accelerograms a semi-empirical for -
mula for the envelope of normalized spectral density funo -
tions had been obtained [1] . ‘

Ky 2(028W3+1.62)%+0.27) +0.572)
(W)= 5 (1)
(1.98W2%+0224)+0.4¢)* - 3. 84 WY
Seismic response spectrum of an undamped system can be

defined from the relation

| S, (iw)f =] S (iw)] (2)

1) V.T. Rasskazovsky — Sc.D., Manager of a Laboratory, Re—
search Institute of Mechanics and
Barthquake Engineering,Tashkent,UzSSR.

1350



where /jV?a»/- input amplitude spectrum ~ can be approximate-—
ly expressed by spectral density function S (w?)

| Sciw)| =V t,S(w?) (3)

ta - thé duration of process.

The dynamic coefficient /5 is the ratio of the maximum
absolute acceleration of the system to the maximum absolute
acceleration of the ground

0! Sx/ ma

3y means of numerical analysis the mathematical expec—
tation of the ratio of the maximum absolute acceleration
/Wo /max to the standard of accelerogram had been found to
be equal to 4,4 [1 ],

From ( 1 ), taking into account ( 2,3 and 4 ), the fol-
lowing expression for the boeffioient/ﬁ had been derived,
which has ‘the sense of the envelope of values of /6 corres-
ponding to a set of realizations '

~

0.28w3+ 1-62W*+ 0270+ 0.512
/80 (w)= 7'07“)/( 1.980%+ 0224 + 0.64)% ~3.8 4% { 5 )

An empirical relation of the maximum selsmic response
and the damping ratio of the system had been found by avera-
ging the corresponding data of many real, as well as of
Deg. Hudson’s eight simulated accelerograms [2] , What led
to the following approximate expression

/828 max <7
%(7"’0(’)__ /Sx(o)/max :a—ff . (6)

S (J —~ seismic response of a system with logarithmic de-
crement of damping J ( damping ratio A = 5'27/).

Sx (0)—- seismic response of an undamped system.
The constants are given in the table below
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For damped systems
B(w; )= K(T,3) g, () C7)
Curves of Jﬂ[&ﬁ&? are plotted on Fig. 1 for three values
of J: 0.15; 0.30 and 0.5. The design curve of f of the
USSR building code is given for comparison as well as C
curve which 1s the USA building code coefficient C  [3]
reduced to eight degree earthquake intensity of USSR scale:

A A -
C' _—.-C:0.05=(3|/ 7—) 7
The formula ( 7 ) corresponds to the complete absence
of information of earthquake properties in a given region,

i.e, to the assumption of equal probability of earthquakes
with different frequency charaoteristios and intensities.

If an additional information of the probability of Rif-
ferent kinds of earthquakes be available the formula ( 7 )
must be changed so as to decrease the design dynamioc coeffi-
clent for the earthquakes of small probability. Let us con-
sider the case of a given probability density function of
spectral density maxima of regional earthquakes within the
frequency range. "

It is obvious that the design response value can not be
proportional to the probability because of a great danger of
buildings collapse in case of earthquake of small or zero
probability.

On the other hand the small probability must be taken
into account by corresponding reduction of seismic protection
witihin safe limits.

Many observatlions lead to the conclusion that if the
seismic protection of a building is one degree less than
the intensity of the occured earthquake, the building does
not fall and can be restored by the application of the well
‘known techalque ( one degree of intensity means a two-fold
‘reduction of design seismic load ).

e From this consideration the following method had been
‘adopted. Let the walue of the probability density of earth-
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quake with frequency parameter /2 be /{/é')( i.e, of earthg\uake
having spectral density maxiu:um at t}le period =27 /9 e
A complexﬂfunction 50[{(/3 )]:-y(/?) is infroduoed, sgch
that 5(/8)--/ for the maximum value of /(/6) and g(/e)zo.é‘
for zero value of f//d) . ThenA the design spectrum of can
be taken propertional to i(ﬁ).

/(aﬁ/)zy(,e),@(w;JJ (8)
Two examples of regional dynamic coefficients /9 are

shown on Fig. 2 and 3. A truncated normal probability distri-
bution for f('7)1is adopted with maximum value at

on the Fig. 2 and /,=069 on Fig. 3. The distribution stan-
dard O 1is defined from the condition that the probability
density decreases two~fold at T=2 7;.

A
The function j(/S) is taken as

f/f;) =05 [1+exp(1- j:;’f;‘)]
ﬁ.
Graphs are plotted in coordinates ( 7:2.7.‘/;, /6 ).

The design curve of /5 in USSR building code
does not encompass all possible kinds of earthquakes in low-
frequency range and sufficiently conforms with the regional
graph 7 =0.34 «

0 A

USA building code coefficient € 1is almost similar in
shape to the general dynamic coefficient curve but its level
is essentially lower.

The procedure above may vary accordingly to the additi-
onal information about regional earthquake properties.

The graphs on Flg. 1 can serve as an upper estimate of
seismic response at design level of intensity. Fige. 2 and 3
show that even a minimum information about the properties of
earthquakes leads to the essential change of the design res
ponse curve and affords the possibility of more economlic de-
sign. The three graphs relative to different damping ratios
of systems enable more precise definition of seismic loads.
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Tie lable
d . a ., €& . < .
0.I5  0.75 0.40 2.32
0.30 0.65 0.47 2,10
0.5 0.52 0.41 2,60
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Fig. 1. General Response Curves.
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" Fig.3. Regional Response Curves, T;= 0,6 3.
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