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Moditied response spectrum approach for multiply-
supported secondary systems
A. Saudy', A. Ghobarah", and T.S. Aziz"

ABSTRACT

An alternative technique has been developed to evaluate the ordinates of the Cross Cross Floor
gpectra (CCFS). The technique properly accounts for the dynamic interaction, tuning and non-classical
amping characters of the combined Primary-Secondary (P-S) systems. The approach can estimate the
ponse of the tuned, non-classically damped P-S systems more accurately. In the analysis, two
lators are attached to the primary system in the course of evaluating the ordinates rather than
attaching only one oscillator to the primary system as was previously suggested. A model for the
~ombined P-S systems IS analyzed by the original and the proposed techniques. The results are compared
with the response values obtained using coupled dynamic analysis. The proposed technique proved to be
more accurate in estimating the peak response of the secondary system, specially in cases of tuned, non-

~lassically damped P-S systems.
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INTRODUCTION

\n industrial facilities and nuclear power plants, relatively light structures are normally attached to
heavier ones. Normally, the lighter structures are considered as secondary systems to the supporting
structures which are the primary systems. The secondary systems are generally attached to the primary
anes at several attachment points. The seismic behaviour of multiply supported Multi-Degree-Of-Freedom
(MDOF) secondary systems has received considerable attention due to the vital role such systems play
n regard to safety. To investigate the seismic behaviour of multiply supported secondary systems two
aspects need to be addressed. Firstly, the dynamic characteristics of the combined primary-secondary (P-

S) system have to be accounted for. These characteristics include : dynamic interaction, tuning, non-
rent support accelerations, the

classical damping and spatial coupling. Secondly, In addition to the diffe
attachment points normally undergo differential support motions. This, In turn, will lead to increased

stresses in the secondary system.

MDOF multiply supported
heory, the exact response
coupled dynamic analysis
led dynamic analysis,

In general, the different approaches adopted in the seismic analysis of

secondary systems can be classified as coupled and uncoupled analyses. Int
of a general secondary system can be obtained by using standard methods of

for the combined P-S system. Due to many practical difficulties in carrying out a coup
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STATEMENT OF THE PROBLEM

combined pP-S system subjected to Dase excitation |
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Based on the principles of random vibration and stochastic analysis, the CCFS ann: s
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developed by Asfura and Der Kiuregian (1986). In their work, they employed the ides ~f
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fictitious oscillators that have two frequencies of those of the secondary system: ie. o an~
support points (floors) of the primary system; i.e. K and L, Fig. 2. Accordingly, modal comp ..
were suggested to predict responses at the r' " degree of freedom of the secondary svstom i
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. the input ground response spectrum, and
_the modal properties of the primary system.

The_ problem coula pe stated here as : how to evaluate such ordinates so that the dynamic
characteristics of the combined P-S system could be properly accounted for?

In the orig?nai approach, a technique was suggested to evaluate the ordinates of the CCFS which
interaction and tuning effects. A mass value has been assigned 1o each oscillator. The

alculated to bring about a shift in the nearest frequency of the primary system similar to
lly takes place in the combined P-S system. Thus, according to a formula which is based
(lgusa et al, 1983), the mass values for the different oscillators are determined

depending OnN the attachment point of each oscillator. Suppose that "N" is the number of degrees of
rreedom of the primary system, "n" is the number of degrees of freedom of the secondary system and 'n_
is the number of the attachment points supporting the secondary system. Thus, in order to evaluate aa
CCFS ordinate, an (N +2) DOF system, as that shown in Fig. 2, is studied. The (N+2) DOF system was
replaced n the original approach by two (N + 1) DOF systems, Fig. 4. Accordingly, (nxn ) different systems
are analyzed. Each of these systems consists of the original primary system and an oscillator representing
one of the secondary system modes. Thus, each system is an (N+1) DOF system. The effect of the non-
~lassical damping character has been approximately accounted for based on another tuning formuia,
(Igusa et al, 1983). Finally, a modal combination rule for evaluating the CCFS ordinates Sy (.8 iw i'E i)
is developed. In this rule, a correlation coefficient, (Der Kiureghian, 1980), that accounts for the Cross

nodal correlation between the two (N +1) DOF systems is employed.

account for the
mass value Is C
that which actua
on a tuning criterion,

esults in case of detuned secondary

f tuned secondary systems, the CCFS
in the tuned, non-classical cases,

to account properly for the

i+ was observed that the CCFS approach gives accurate r
systems whether the damping is classical or non-classical. In case O
approach overestimates the response. The error IS greatly increased

(Asfura et al, 1986). A more accurate technique has to be developed in order

compound effect of tuning and non-classical damping.

ALTERNATIVE TECHNIQUE FOR EVALUATING CCFS ORDINATES

ing the original technique 1O

it is believed that the major sources of erro
at dynamic interaction in Case

analyze tuned P-S systems could be attributed to 1 | _
of tuning. Although, the interaction effect is approximated Dy assigning mass values 10 the oscillator in

each (N+1) DOF system, it IS believed that, still in cases of tuned P-S systems, that effect is not
considered properly. The alternative technique presented here IS based on the fact that the (N+2) DOF
system that has two oscillators with equal frequency can not be replaced with twWo similar (N+1) DOF
systems. It is clear that the dynamic interaction hetween the two oscillators themselves IS completgly
neglected if the technique of the (N+1) DOF system Is followed. Moreover, the multiple tuning situatlpn
which arises due to coincidence of frequencies of the two oscillators and one (or more) of the frequencies
of the primary system has also been ignored. To account for those neglected effects, the original (N+2)
DOF system rather than the two (N +1) DOF systems has to be adopted in evaluating the CCFS ordinates.

To account for both the interaction and tuning eftects, the idea of assigning equiv |
¢ two oscillator with detuned frequenc

to the oscillators is again adopted. For the case O _ | .
the that of a corresponding oscillator in an

is assigned to each oscillator. Each mass value is equal to :
(N+1) DOF system. It has to be mentioned that this (N+1) DOF system is composed of the primary
: lyzed (N+2) DOF

alent mass values
es, a mass value

s with tuned frequencies, each ma
factor (a) Is int

d the multiple tuning between the

system. For the case of two oscillator
corresponding (N + 1) DOF system with a reduction factor (). The

the tuning effect between the two oscillators an
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| s the predicted peak responses. in other words. using the (N +2) technique
In the mean time, the detuned cases
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-eduction factor (a) of approximately 0.75 is essential to get accurate predictions of the
(N + 2) technique. The percentages of error in those cases are comparable to those

s analyzed by the (N+1) technique.

CONCLUSIONS

A modified CCFS approach that accounts for the dynamic interaction, tuning and non-classical
dJamping was presented. An altgmative tgc_hnique fqr eve_aluating the ordinates of the cross cross floor
spectra has been develo;)ed.'Whll.e the original techmqge is based on analyzing a number of (N+1) DOF
systems, the proposed technique IS based on the analysis of a number of (N +2) DOF systems. Neglecting
the tuning hetween the tWO oscillators themselves and the multiple tuning situation between the two

imary system were found to be the major sources of error in estimating the response

oscillators and ‘
lassically damped combined P-S systems. The estimated peak responses of the tuned, non-
systems have been greatly improved by using a reduction factor (a) applied to the
ed to the two oscillators when they have equa | ;
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