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SUMMARY - A stochastic approach based on the response
spectrum superposition technique has been used to investigate
the dynamic eccentricity values for different stories of a linear
multisoried shear building. It has been shown that for such a
building with centres of floor masses lying on a vertical axis,
these eccentricity values may be conveniently estimated via the
use of an «equivalent» single story model along with the torsion-
ally uncoupled model of the building. In a detailed linear anal-
ysis of single storv models, parametric dependence of the dy-
namic amplification of eccentricity has been considered, and it
has been shown that the codal provisions for torsional moments
may need to be thoroughly revised for more conservatism and
rationality in the design of a critical or business-intensive facil-
ity.

1. Introduction

Buildings are usually associated with significant
coupling between translational and torsional vibrations
due to the centres of mass and stiffness at any floor not
coinciding with each other. Quantitatively, this nonco-
incidence is expressed in terms of the static eccentricity
i.e. the distance between the centre of mass and centre
of stiffness. The coupling between the translational and
torsional modes causes the building to have torsional
vibrations even when earthquake excitation is in the
form of a uniform base translation, and may be a main
cause for damage in buildings [Chandler (1986)]. Sev-
eral studies in the past have been directed towards lin-
ear earthquake analysis of fixed-base, torsionally cou-
pled buildings. These include deterministic studies by
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Penzien (1969), Gibson et al. (1972), Douglas and
Trabert (1973), Kan and Chopra (1977), Rutenberg et
al. (1978), Hejal and Chopra (1989), Maheri et al.
(1991), and stochastic studies by Kung and Pecknold
(1984), Rady (1989), Hutchinson et al. (1991), Agarwal
and Gupta (1995). Most of these studies have been
based on the response spectrum superposition tech-
nique. Since it was shown by Kan and Chopra (1977)
that the dynamic response of an asymmetric multisto-
ried building can be obtained by an analysis of the
corresponding uncoupled structure together with that of
a single-story torsionally coupled system in case of a
special class of buildings, most of the subsequent stud-
ies were focussed on understanding the behavior of sin-
gle-story coupled systems under the seismic excitation.
Further, for the convenience of design engineers, ap-
proaches based on equivalent static load classification
were adopted by various codes all over the world. The
concept of dynamic eccentricity and associated dynam-
ic amplification of eccentricity for incorporating the
torsional effects in buildings thus became popular, and
several studies e.g., those by Tso and Dempsey (1980),
Tso and Meng (1982), Tsicnias and Hutchinson (1982),
Hutchinson and Chandler (1986), Chandler and Hutch-
inson (1986, 1988), Tso and Zhu (1992), Rutenberg
(1992), Duan and Chandler (1993), Correnza et al.
(1994) for the inelastic behavior, were carried out to
improve the codal provisions on dynamic eccentricity.
Most of these studies used the single-story models with
the eccentricities (between the centres of mass and
stiffness at the floor level) being perpendicular to the
direction of the earthquake excitation, assuming that the
results of these single-story models could directly be
used in case of the multistoried buildings.

In this paper, dynamic amplification of eccentricity
in the asymmetrical buildings-has been studied by us-
ing the stochastic approach proposed by Agarwal and
Gupta (1995) for the linear analysis of such structures.
This approach can estimate the response peaks of all
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orders i.e. second largest peak, third largest peak,
fourth largest peak etc., apart from the largest peak,
with the given level of confidence and thus it will be
particularly useful in having an idea of the number of
excursions a building designed as per the codes may
have to undego during the strong ground motion. Using
the results of this approach for the expected values of
largest response peaks in an example building, it has
been seen whether a single-story model can be used to
approximate the dependence of dynamic amplification
factor on static eccentricity in the case of a typical sto-
ry of a torsionally coupled multistoried building. Fur-
ther, critical cases have been identified from a paramet-
ric study of this simple model and for these, the code
provisions have been critically reviewed, particularly
with reference to the dymamic amplification factors
corresponding to the higher order peaks.

2. Dynamic Amplification of Eccentricity

Various building codes in the world account for dy-
namic torsional coupling in the seismic response of
asymmetric buildings by considering the design story
torque, T, as

Td=Te+Ta (l)

where, 7, is the story torque due to the static eccentric-
ity, and T, is the additional torque considered to ac-
count for the effects of accidental eccentricity. Thus,
even the symmetric buildings are designed for the ap-
plication of torsional moments, besides the lateral
loads, at each story. The design torque, T, at each story
is obtained by multiplying the story shear with a quan-
tity termed as design eccentricity, e where

e=e¢,;+ e, 2)

Here, the first part, e, is called dynamic eccentricity
and it is defined as the distance measured horizontally
from the centre of stiffness to the point at which the
shear obtained from the uncoupled dynamic analysis
should act in order to give rise to the same torque
about the centre of stiffness as that determined by the
dynamic analysis for the torsionally coupled system.
The dynamic eccentricity is a function of story eccen-
tricity which is defined as the horizontal distance be-
tween the centre of stiffness at the story and the result-
ant of all lateral forces above the story being consid-
ered [see Tso (1990), Jiang et al. (1993)]. When the
mass distribution is identical at each floor level of the
building, the story eccentricity becomes the horizontal
distance between the centre of mass at any floor and
the centre of stiffness at the story being considered.
The second part, ¢,, commonly refered to as accidental
eccentricity, accounts for other factors such as torsional
component of ground motion and the unforeseen differ-
ences between the actual and computed static eccentric-
ities. The accidental eccentricity is expressed as a func-
tion of the plan dimensions of the building. This has
been ignored in the present investigation in order to
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Fig. 1 — Multi-Degree-of-Freedom System for Torsionally Coupled
Buildings.

emphasize the parametric variation of dynamic eccen-
tricity alone.

The formulation proposed by Agarwal and Gupta
(1995) for the linear stochastic response of a torsionally
coupled multistoried building to earthquake excitation
in X-direction (see Fig. 1) will be used here to obtain
the expected values of the torque response peaks at
various story levels. In this approach, the root-mean-
square (r.m.s.) value of the response function is evalu-
ated by taking the SRSS (square-root-of-sum-of-
squares) combination of the r.m.s. values of the re-
sponse function in various modes. It is obtained by
scaling down the largest peak value of the response
function in that mode (as obtained from the response
spectrum characterization of the ground motion and
appropriately modified for the interaction with other
modes) with the help of peak factor in that mode.
These peak factors, often assumed to be constant values
in stochastic analyses, are estimated from the moments
of the energy spectrum of the response function in each
mode with the response process being assumed station-
ary. Once the r.m.s. value of the response function is
determined by the SRSS combination, it is then multi-
plied with the peak factor corresponding to the desired
order of peak and desired level of confidence to give
the response peak value. The idealized n-story model as
shown in Fig. 1 consists of rigid floor decks which are
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supported on massless, axially inextensible columns
and shear walls. The principal axes of resistance for all
the story levels are assumed to be parallel to the X and
Y-axes. The centres of mass of the floors are assumed
to lie on the Z-axis, whereas the centres of stiffness of
the stories lie on different vertical axes, with static
eccentricities, ey ; and ey ; respectively along the X and
Y-axes for the ith story.

Let the expected value of the largest torque peak,
acting about the centre of stiffness, at the ith story be
denoted as Ty ;, i=1, 2 ... n. If Sy ; is the expected
value of the largest story shear, in X-direction, at the
ith story obtained by ignoring the torsional coupling
(i.e. by taking eccentricities, ey ;=0, ey ;=0,i=1, 2,
..., n), the dynamic eccentricity, e, ; at the ith story
becomes

€4 = SXO.i . 3)

The dynamic eccentricity is generally expressed as a
dimensionless quantity, called as dynamic eccentricity
ratio, e, ;, and is given by

€4,
Cari =~ 4)

where, r; is the radius of gyration of the ith floor about
its centre of mass. The dynamic amplification of eccen-
tricity, y; (henceforth to be called as amplification fac-
tor) at the ith story will thus be given by

_ Eui
Y= e, &)

where e, (= ey /r;) is the static eccentricity ratio.

3. «<Equivalent» Single Story Model

The concept of «equivalent» single story model used
to simplify the coupled analysis of asymmetric build-
ings [Kan and Chopra (1977)] will be examined here
for estimating the stochastic story torque through dy-
namic amplification factor. To study the variation of
this factor in multistoried building, an 8-story, fixed-
base building has been considered here. The building of
3.75 m. The critical damping ratio has been assumed
equal to 0.05 in all the modes. The mass and stiffness
properties of the building are shown in Table 1. The
torsional stiffnesses of various stories are computed by
neglecting the contributions of the torsional stiffnesses
of the various supporting structural elements about their
own longitudinal axes. The natural frequencies of the
corresponding torsionally uncoupled model in transla-
tional and torsional modes are shown in Table 2. It
may be observed from this table that the story stiffness-
es have been so adjusted that the uncoupled torsional
and translational frequencies (along X-axis) are equal in
each mode. To provide the base excitation to the build-
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Table 1 - Properties of Example Multistoried Building

Floor Mass  Radius of Story Stiffnesses
Level, i m; Gyration, r; K X.i KY, ; Ke,i
1 0.60m r 0.600k 0.793k 0.600kr2
2 0.66m r 0.657k 0.869% 0.657kr?
3 0.72m ’ 0.714k 0.944k 0.714kr2
4 0.77m r 0.771k 1.020k 0.771kr?
5 0.83m r 0.821k 1.086k 0.821kr2
6 0.87m r 0.886k 1171k 0.886kr2
7 0.94m p 0.943k 1.247k 0.943k2
8 1.00m ’ 1.000k 1.323k 1.000k2

m=.73272 X 105 kg, k=1 X 108 N/m, r=9.242 m.

Table 2 ~ Natural Frequencies of Torsionally Uncoupled Model

Mode# wy wy wg
(rad/sec) (rad/sec) (rad/sec)
1 7.570 8.680 1.570
2 20.17 23.19 20.17
3 32.51 37.39 32.51
4 43.82 50.39 43.82
5 53.67 61.73 53.67
6 61.72 70.97 61.72
7 67.67 77.82 67.67
8 71.35 82.05 71.35

ing in X-direction. Fourier and response spectra for the
recorded ground motion during the Imperial Valley
Earthquake, May 18, 1940, at El Centro have been
considered with the response duration being assumed to
be equal to the stationary time duration of input excita-
tion as given by Trifunac and Brady (1975).

To see how the story to story variation of static ec-
centricity affects the amplification factors, 7y; in the
example building, five different cases have been con-
sidered:

Case I: Constant eccentricity ratio, e, ;=0.1 from
top to bottom story.

Case II: Step variation with e, ;=0.1 fori=1, 2, 3,
4,and e, ;=04 fori=S5, 6,7, 8.

Case III: Step variation with e, ;=0.1 fori=1, 2, 3,
4, and e, ;=0.025 fori=5,6, 7, 8.

Case 1V: Linear variatton of e, ;= 0.1 at top to 0.025
at the bottom story.

Case V: Linear variation of e, ; from 0.4 at bottom
to 0.1 at the top story.

It may be noted that in all the above five cases here,
value e, ; has been kept constant at 0.1 for the top story
with i = 1. Further, the eccentricity in the direction of
earthquake excitation, ey ; is taken same as that in the
perpendicular direction, ey ; at all the stories.

Fig. 2 shows the variations of dynamic amplification
of eccentricity for the above cases. It is observed that
the dynamic amplification of eccentricity at the top sto-
ry (i = 1) is not significantly affected by the patterns of
story eccentricity variations in various example cases.
Moreover, 7y; consistently decreases or increases with
the increase or decrease in e, ; and remains constant in
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Fig. 2 - Effect of Story Variation of Eccentricity on Amplification Fac-
tor.

the case of same eccentricity ratio (see the curve for
Case I) at different stories. This shows that the dynam-
ic amplification of eccentricity in a given story depends
little on the eccentricities in the other stories. It is rath-
er strongly correlated with the static eccentricity ratio
at that story level. Further, since the variation of dy-
namic eccentricity ratio is not linear in Cases IV and V
despite the linear variation in the static eccentricity
ratio, 7; appears to vary nonlinearly with the variation
in the eccentricity ratio. These observations suggest the
possibility of estimating the dynamic eccentricity ratio
at any story of a multistoried building from its static
eccentricity ratio, once the relationship between the
amplification factor and the static eccentricity ratio is
known apriori. If this relationship is almost same for all
the stories, it may even be sufficient to obtain a single
«representative» curve between the amplification factor
and the eccentricity ratio for the entire building. We
will now consider an «equivalent» single story model
to investigate this possibility and see whether the par-
allel result between vy and e, for this sample model can
adequately represent the relationship between the am-
plification factor, 7; and eccentricity ratio, e, ; for all
the stories of a multistoried building. Let the multisto-
ried building for this purpose be taken same as the
example 8-story building above with same eccentricity
ratio, e, ;= e, in all the stories. In the corresponding
torsionally uncoupled multistoried model, let wy , be
the fundamental translation frequency of vibration in
the X-direction, w, , be the fundamental frequency in
the Y-direction, and wy, be the fundamental frequency
in torsional vibrations. The single story system is now
considered to have the same natural translational and
torsional frequencies i.e. wy |, wy | and w, , respective-
ly. Thus, this system has the following properties:

1) translational stiffness in X-direction,

Ky = mwy 2= 4.2 X 10% N/m
i) translational stiffness in Y-direction,
Ky = mwy_|2 = 552 X 106 N/m
iii) torsional stiffness about the centre of mass,

Ky = mwy,2r* =358.7 X 10 N-m/rad
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Fig. 3 - Comparison of Amplification Factors for Single Story Model
and Multistoried Building.

where m and r have arbitrarily been taken as 73272 kg
and 9.242 m.

The dynamic amplification of eccentricity, y in the
above single story model is compared with that in the
multistoried model, for the static eccentricity ratio, ey/
r = e, varying from 0.05 to 0.4 as shown in Fig. 3. The
results for the multistoried building in this figure have
been obtained by averaging the dynamic amplification
factors for all the stories since this factor varies little
from story to story in the case of uniform eccentricity
ratio. It is seen that the two curves are in excellent
agreement over the range of eccentricity ratios consid-
ered. Also, these results are in conformity with the ob-
served values of amplification factor, v; in Fig. 2 (for
different eccentricities at any story level). It may be
noted that in the single story model and multistoried
building here, the eccentricities in the perpendicular
direction have been taken same as those in the direction
of the excitation, i.e. ey=eyand ey ;=ey ;, i = 1,2, ..,
n. If this is not the case, but ey ; # 0, and ex ; and ey ; in
the multistoried building have the same ratio from story
to story, this agreement will be maintained provided ey
and ey in the «equivalent» model also have the same
ratio. However, if these eccentricities are arbitrarily dif-
ferent from each other, ey in the «equivalent» model

1 .
may still be approximated as ;):}':,(ex_i/ey_,) times ey.

It will be shown in the parametric dependence of the
amplification factor for a single story model that for a
given e,/r, the amplification factor will depend little on
the variation in the ratio of the two eccentricities, partic-
ularly for the small to moderate values of e,/r, and
therefore, the averaging over all the stories as above
should cause small errors in the usually found regular
buildings. This scheme may not work in the case of
mono-symmetric buildings with ey ; = 0 for all stories as
shown by Chandler et al. (1993). In that case, the single
story models may actually give lower estimates of the
amplification factors.

It follows from the above discussion that to obtain
the «representative» curve (representing the relation
between vy and e, as in Fig. 3) in a multistoried build-
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ing, it may be sufficient to analyze a single story build-
ing with the same fundamental frequencies, wy |, wy |,
and w, |, as in the case of the torsionally uncoupled
model of the given multistoried building, and with an
«averaged» eccentricity in the X-direction. Once an
appropriate curve is obtained, it becomes possible to
estimate the story torque at the ith story of the given
multistoried building by reading vy, for ey ;/r; in that
story from the curve and then multiplying this with the
X-shear in the uncoupled model of the building. This
concept of using an «equivalent» single story model to
represent the dynamic amplification of eccentricity in
any story of a torsionally coupled building works, with-
out using the higher frequenciens of the uncoupled
model, particularly when the ratios of the torsional to
X-translational frequencies in all modes of the uncou-
pled model are almost same. In that case, same vy ver-
sus e,/r curve is obtained from the «equivalent» story
model when its translational and torsional frequencies
are taken same as those in a higher mode of the uncou-
pled model. Such cases are commonly found in the
multistoried building, and then this may form a much
simpler alternative to using many single story models
as suggested by Kan and Chopra (1977) for the analy-
sis of coupled systems. More extensive investigations
will however be necessary to verify the validity of this
approach in case of a wide range of multistoried build-
ings.

4. Parametric Dependence of Amplification Factor

It has been seen in the preceding section that by
analyzing a coupled «equivalent» single story model, it
is possible to obtain useful information regarding dy-
namic eccentricity in any story of the coupled multisto-
ried building. Understanding the bahaviour of various
single story systems for various parameters is thus use-
ful for a proper understanding of the effects of cou-
pling on the response of asymmetric buildings. Single
story models will now be considered to study the de-
pendence of dynamic amplification of eccentricity i.e.
v on the following parameters: i) earthquake excitation,
ii) uncoupled frequency ratio, wywy and iii) eccentric-
ity ratio in X-direction, ey/r. The results and inferenc-
es obtained in this study will indirectly be applicable to
the multistoried buildings.

i) Earthquake Exitation

The variation of y for the same example single story
model as considered above is shown in Fig. 4 for the
two additional base excitations (in addition to the Im-
perial Valley Earthquake): a) N85E Component of
California Earthquake, June 27, 1966, recorded at Park-
field; and b) Mexico Earthquake, 1985, synthetically
generated for Mexico City Site [see Gupta and Trifunac
(1990)]. It is seen from the figure that though the am-
plification factors for the Imperial Valley earthquake
are slightty lower compared to those for the other two
earthquakes, in can be assumed that characteristics of
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the input excitation have negligible effect on the de-
pendence of y on eccentricity ratio, e,/r.

ii) Uncoupled Frequency Ratio

The dependence of amplification factor, vy variation
with eccentricity ratio, e,/r on wywy is shown in Fig. 5
by varying the uncoupled frequency ratio, wy/wy in the
example single story building beyond the already con-
sidered value of 1.0, and by also considering w,/
wy=0.7, 0.9, 1.1, 1.3. It is observed that at small to
moderate eccentricity ratios (e,/r < 0.18), the amplifica-
tion factor is greater for the closer translational and
torsional frequencies with the maximum occuring when
these are equal. At higher eccentricity ratios, however,
amplification factor becomes rather independent of the
uncoupled frequency ratio and then, its value is close to
1.0. These observatios are more obvious in Fig. 6
which shows the variation of y with the uncoupled fre-
quency ratio for different values of eccentricity ratio. It
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can be seen that the curves for small eccentricity ratios
i.e. e,/r =0.05 and 0.1, have distinct peaks in the vicin-
ity of wy/wy = 1.0, and for larger eccentricities, there is
little effect of the uncoupled frequency ratio. Moreover,
for all the eccentricity ratios, the effect of uncoupled
frequency ratio on y becomes negligible as these fre-
quencies grow apart. Then it may be possible to ap-
proximate vy by functions of e,/r only. These results are
in agreement with those of the earlier works, e.g., those
by Tsicnias and Hutchinson (1981), Kung and Pecknold
(1984), Chandler and Hutchinson (1986) and Rady and
Hutchinson (1988).

iii) Eccentricity Ratio in X-direction

The effects of eccentricity ratio, ey, (= ex/r), on the
amplification factor have been shown in Fig. 7 by con-
sidering the example single story building for the ec-
centricity ratio e, (= e,/r) =0.05, 0.1, 0.2 and 0.4. Each
curve shows the variation of dynamic amplification of
eccentricity with the eccentricity ratio ey, as a fraction
of ey,. It appears that the amplification factor, y varies
little with the eccentricity in the direction of excitation,
particularly for the small to moderate values of e,,.
Also, it becomes maximum in the case of zero value of
ey, for all the considered values of e,,. This is the rea-
son why the earlier researchers, e.g. Chandler et al.
(1993), focussed on the study of amplification factors
in case of mono-symmetric buildings.

5. Comparison with Code Provisions

As shown above, the amplification factor is maxi-
mum when the static eccentricity occurs only in the
perpendicular direction of excitation and its component
in the direction of excitation is zero. To critically ex-
amine the seismic code provisions, therefore, the exam-
ple single story model has been considered with eccen-
tricity only in the perpendicular direction of excitation,
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and its results on the dynamic amplification factor for
different wy/wy ratios have been compared with those
recommended by the Indian Standard code (IS: 1893-
1894) as shown in Fig. 8. The code uniformly recom-
mends the dynamic eccentricity as 1.5 times the com-
puted static eccentricity, irrespective of the uncoupled
frequency ratio and eccentricity ratio level in the build-
ing. The figure clearly indicates that for all the values
of wywy considered in the range of 0.7-1.3, the codal
provisions of the dynamic amplification of eccentricity
are much smaller particularly for the low eccentricity
ratios. In fact, if the torsional frequencies are very
close to the translational frequencies in a multistoried
building, the dynamic eccentricity ratios may be as
much as five times those recommended by the code.
For large values of the eccentricity ratios, however, the
codal provisions are only slightly on the unsafe side.
The underestimation of dynamic amplification as
implied in the codal provisions is considered acceptable
because the codal provisions are usually aimed at pre-
venting the total collapse of the most critical earthquake.
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The code-designed buildings are expected to posess suf-
ficient ductility so as to undergo large inelastic deforma-
tions without collapse. Several studies e.g., those by
Chandler and Duan (1991), Chopra and Goel (1991),
Tso and Zhu (1992), Rutenberg (1992), Duan and Chan-
dler (1993), Correnza et al. (1994) etc. have extensively
studied the inelastic response of code-designed asym-
metric buildings and have shown the adequacy of lower
dynamic amplification factors that those obtained from
the linear analyses. However, in modern technologically
developed societies, the indirect losses due to loss of
working space and interruption of work may far exceed
the direct losses due to structural and non-structural
damage during a severe earthquake. In fact, the indirect
losses can exceed many times the replacement value of
the whole building [Jordanovski et al. (1992)]. Hence, in
the long run, it is considered cheaper to invest in higher
strength than the code-specified levels at the time of
constructing a new building. Keeping these considera-
tions in view, it may be preferred to allow «not too far»
inelastic excursions of the response beyond the linear
levels. For such cases of limited inelastic action, it has
been shown by Goel and Chopra (1991) that the dynam-
ic amplification factors are likely to be close to those
based on the linear analyses. Also, the dependence of
these factors on the uncoupled frequency ratio and ec-
centricity ratio may be almost as strong as in the case of
linear systems. Thus, for the design of a business-inten-
sive or critical facility by using the codal provision, the
underestimation of dynamic amplification as discussed
above may not be acceptable.

To appreciate the underestimation of dynamic ampli-
fication by the code more clearly in case of buildings
with limited inelastic action, the variation of amplifica-
tion factor with e,/r, has been shown in Fig. 9 for the
1st, 4th, 7th, 10th and 15th order peaks of torsional
moment response in the example single story model
(with w/wy = 1). The curves for the higher orders of
the respective orders with the «largest» peak amplitude
of the story shear in the uncoupled model, and not with
the peak shear values of respective orders. It is seen in
the figure that for the small to moderate eccentricity
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ratios, even the 15th order peak of the amplification
factor is larger than the values recommended by the
code. This points to the possibility of «too many excur-
sions» of the response of a building designed as per the
code beyond the design level. Even greater number of
these excursions may be experienced in case of long
duration ground motions and stiff structures, and thus,
the damage may be much higher than what is suggest-
ed by the extent to which the design level is exceeded
by the largest response peak [Basu and Gupta (1995)].
Thus, the codal provisions for the buildings of critical
importance should also account for the number of non-
linear excursions, apart from the largest to the yield
response ratio, for acceptable damage during each seis-
mic event.

The above conclusions have been obtained for the
Indian code but these are qualitatively true for all the
other seismic codes in the world also. These also indi-
cate the need of correlating the codal recommendations
with the number of inelastic excursions, apart from the
usually provided levels of ductility, in case of the
buildings designed to undergo substantial inelastic de-
formations. Therefore, inelastic analyses should be car-
ried out to give more detailed and realistic information
on this aspect of the code-based design procedures.

6. Conclusions

A stochastic approach has been used to study the
dynamic amplification of eccentricity due to torsional
coupling by determining the dynamic eccentricities
based on the expected first order peak amplitudes of
story torques and shears. On the basis of this, it has
been found that the dynamic amplification values of
eccentricity may be estimated at different story levels
of a torsionally coupled multistoried building by ana-
lyzing an «equivalent» single story model, in addition
to the torsionally uncoupled multistoried model of the
given building. As also shown earlier by several re-
searchers, these amplification factors are shown to be
strongly dependent on the ratio of uncoupled torstonal
frequency to the translational frequency and the eccen-
tricity ratio.

A comparison of the single story results with the
seismic code provisions has shown that the code sever-
ly underestimates the torsional moment in case of
buildings with limited inelastic action, particularly
when the eccentricity ratios of the building are small
and when the uncoupled frequency ratio of the building
is close to unity. Buildings may be designed to have
little inelastic deformations for limiting the indirect
losses after the critical earthquake. In such cases, when
the eccentricity ratio is moderate, say 0.2, the code
estimates may be as low as the 15th order peak of the
torsional response. These many exursions may lead to
substantial damages in violation of the «limited indirect
losses» philosophy. Hence, the codal provisions should
not only incorporate the dependence on the uncoupled
frequency ratio and eccentricity ratio, but should also
take the correlation between the damage and the
number of inelastic excursions into account.
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