ELASTO-PLASTIC RESPONSE OF IDnALIZED MULTI-STORY STEUCTURES

SUBJECTED TO A STRONG MOTION EARTHQUAXE

Joseph Penzien#

SYNCPSIS

Presented are the resulis of an analytical investigation involving
idealized multi~-story structures subjected t¢o the ground motion as
measured by the U. 5. Coast and Geodetic Survey during the May 1940
El Centro, Califomia, earthquake. Idealized elasto-plastic resistance-
deformation relationships are assumed for each structure. The basic
parameters varied in the investigation are the fundamental natural period
of vibration, ultimate or yield strength, and damping. A4l1 results are
presented in the form of graphs showing the maximum dynamic response of
each story in these structures during the simulated earthquake input
plotted against the fundamental period for various combinations of
ultimate strength and damping.

INTRODUCTION

The dynamic response of structures to strong motion earthquakes has
been an area of research receiving rmuch attention in recent years; thus,
the true dynamic behavior of structures during an earthquake has become
better understood, and as a result, the philosophy of design of structures
has changed appreciably.

The earlier theoretical investigations, based purely on elastic
behavior, indicated the dynamic lateral forces which developed in strue-
tures during an earthquake were considerably in excess of the static
lateral forces for which they were designed. However, it has been appar-
ent by observation that little or no damage may result to some such
structures during an earthquake of high intensity. This difference be-
tween the results of observation and the results of a purely elastic
analysis is due to the fact the resistance-deformation and damping charac-
teristics of the structure are not properly defined. For the conventional
structure, where its stiffness, strength, and damping properties are
greatly influenced by the existence of secondary structural elements such
as filler walls, partitions, stairwells, etc., and are also influenced by
foundation conditions, the above structural characteristics are extremely
difficult to define throughout the time history of an earthquake. How~
ever, considerable progress has been made by engineers and researchers in
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recent years in this direction, and as a result, the true behavior of
structures subjected to strong motion earthquakes is becoming more and
more amenable to theoreticgl analysis.

It is the purpose of this paper to present the results of a spectrum
analysis of idealized multi-story structures. This investigation is a
continﬁtion of the studies presented by the author in a previous
paper( # dealing with the spectrum analysis of a single mass system,

" Both s%gslies are similar to those presented by Alford, Housner, and

Martel except that varying degrees of plastic deformation are allowed
in the structural systems. The results show gquantitatively the importance
of plastic deformation in limiting the response of structural systems and
also show the importance of proper lateral load distribution in design.

IDEALIZED STRUCTURES

Two idealized six-story structural types were used in this general
investigation which have identical static and dynamic elastic properties
but differ in their strength characteristics.

A, Static and Dynamic Elastic Properties

The slastic properties of both structural types were established
by making the following assumptions:

(1) 411 story heights are equal,
(2) floor systems are infinitely rigid,

(3) the entire mass of the structure is concentrated equally
at each floor level,

(L) the lateral deformation of the structure is.a shear type of
distortion, i.e., all rigid floors remain parallel,

(5) the fundamental mode of vibration is triangular in shape,

(6) &l structural damping present has characteristics similar
to viscous damping, and

(7) no dynamic coupling due to damping exists between the vari-
cus modes of vibration,

Assumptions Nos. 1, 2, and 3 are illudtrated onthe diagrammatic
sketch of the structure shown in Fig. 1. From assumptions Nos. 2 and k,
it is evident that the total internal spring force acting on any single
floor mass depends only on the displacements of that particular floor and
the two adjacent floors located directly above and below,

Assumption No: 5 was made so that the characteristic inertia loading
of the first mode of vibration would be exactly similar to the inverted
triangular seismic loading recommended for this mass distribution by some
of the more modern building codes and which is considered more reslistic

¥iumbers in parentheses refer to bibliography numbers,

740



Elasto~Flastic Response of Ideslized Multi-Story Structures

than the more uniform type loading used in the past. This assumption
requires the story spring constants (k) to have the relative values shown
in Fig. 1, which are defined in terms of the firste~story spring constant
(k,)s A1l mode shapes and periods of vibration can now be evaluated angd
2reé shown in Fig. 2.

To satisfy assumptions Nos. 6 and 7, it is necessary that the rela-
tive magnitudes of the damping coefficients (c) be similar to the relative
magnitudes of the story spring constants. As shown in Fig. 1, it is con-
venient to express these coefficients in terms of the first-story damping
coefficient (cq), which can be evaluated in terms of the total mass of
the structure 2}{3 s the fundamental period of vibration (Tﬂ , and the
usual danping factor (A= C/Cc). :

B. Strength Characteristics

The strength characteristics of both structural types used in tle

analysis are based on an idealized elasto-plastic relationship for the
behavior of each story. This relationship assumes that deformation is
purely elastic up to some yield value beyond which it is purely plastic,
i.e., deformation continues with no change in resistance, Upon reversal
of the direction of deformation, the story becomes elastic immediately;
and when this reversed deformation is continuved sufficiently, pure plastic
deformation will again result, etc.

The differences between the two above-mentioned siructural types
are the relative magnitudes of shear (Q) at which yielding takes place in
the various stories, These relative yield or ultimate shear strengths
are shown in Fig. 3 for all stories of both structures along with the type
of loading required to initiate yielding in all stories simultaneonsly as
the amplitude of the loading is increased. Thus, the yield strengths of
all stories are defined in terms of the total weight of the structure
(Mg) and the variable parameter ©, which is defined as the yield magnitude
of the ratic of total base shear to total weight of the structure.

The inverted triangular type of loading associated with structural
type No. 1 was previously mentioned as the type recommended by some of
the more modern codes and therefore appeared to be the most logical choice
for this general investigation. However, based on the results of the
spectrum analysis for this type of structure, it appeared desirable to
extend the studies to siructural type No. 2. The loading shown for this
structural type has been recommended by the Seismology Committee of the
Structural Engineers Association of California and approved by the Board
of Directors of the Structural Engineers Association of California. This
recommendation concentrates 10 percent of the total load at the top of
the structure and distributes the remaining 90 percent in an inverted
triangular manner similar to that shown for structural type No. 1
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METHOD OF ANALYSIS

A. BEquations of Motion

is determine the dynamic response of an idealized structure to the
grouné metion of an earthquake, it is pecessary to solve the courled )
differential equations of motion of the masses. To set up these eguations,
consider first the equation of motion for any arbitrary floor mass (m,
as illustrated in Fig. h where the quantity u, represents the displacé-
ment of mass m, relative to its moving base, ui)t. represents the total
displacement of mass m. relative to a fixed reference position, u
represents the ground displacement, Q; represents the total shear force
developed in story i (not including damping), end c. represents the
vigscous damping coefficient for story i. The equation of motion of mass
m, can be written as follows:

m (B * (@ = Q) ey (o -8y ) mey g (B, - 8) =0 ()
However,

(u )y = ne by (2)
Therefore, Eq. 1 can be written as

mg By ¢ Qg = QL) ey (v -uy ) m ey g (B 4m0y) = emily (3)

This equation of motion shows that any analysis to determine the story
displacement u. can be carried out assuming a fixed base on the structure
and aprlying a forcing function to the mass equal to the negative product
of the mass tires the ground acceleration.

If the response of the structure is to be determined assuming elastic
behavior, the story resistance (Q, ) would simply be the product of the
story elastic spring constant (k,) times the story shear displacement
fag - uy ,_1). However, in this ifivestigation plastic deformation is being
permitted as illustrated by the idealized shear resistance~displacement
relationship shown in Fig. 5 for story i where the term U, is defined as
the ratic of the true shear displacement to the yield disflacemnt in
story i {Eq. L).

= -~
v, 2 ui - ui-l) )
i i-1l'y
From Eqe b, it follows that
(ui - ui-l) = (ui - ui-l)y Ui (5)

(b =y y) = (g -9y ) T (6)

The displacement of mass m; relative to its moving base can be expressed

742



Elasto~Flastic Response of Idealized Multi-Story Structures

as the algebraic sum of all story shear displacements below mass m. as
followss i

r=i

= {(u_-

uy r -1’y p (7

r=1

Thus, the acceleration of mass m, relative to its moving base becomes

r=i

4y = (ur"ur-l)y Uy . (8)

r=1

Substituting Egs. 6 and 8 into Eq. 3 gives after some rearrangement

my (ui- ui-l)y U, = -mi{ig + (Qi+1'Qi) -c (ui -ui—l)y Uy

r=ji-2

u,) U

(g =9 U g my =)

(u

*Cin pe1 "y Up v (9)

=0 1= 2,3,k =

It is necessary that the above general equation of motion (Eq. 9) be
written for each lumred mass in the structure, i.e., for all values of i
1n the range 1€ i®= n where n is the number of masses in the system.

Thus, one obtains m simultaneous differential equations which must be
solved to obtaln the time history of the dimensionless shear displacement
ratios U. For any specific structural type having known relative stiff-
nesses and damping coefficients and having a specified mass distribution,
€¢g+, Structural type Nos., 1 and 2 in Fig., 3, these equations will contain
an overall structural stiffness parameter [T7), an overall strength para=
meter (9), and the usual damping factor ( . These are the parameters
which have been varied in this general investigation for structural types
Nose 1 and 2,

B. Integration of Equations of Motion

Due to the complications imposed by allowing plastic deformation,
the n simultaneous equations of motion (Eg. 9) have been solved using a
step-by~step integration procedure. By this procedure the duratiom of
the earthquake is divided intg equal small intervals of time (C)e Assum-
ing the quantities U, U, and U are known for each story at the beginning
of any interval, these same quantities are determined at the end of that
interval using the so-called "mid-acceleration™ method as follows:

Let Uj,,, and Uiy, and Uj,, represent the known values of Ui ti and U
respectively at the beginning o? any time interval. The mid-interv
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vaiues of Uj and Uy (U and Uz, respectively) are determined for each
story {0<i'=<<n) by the simple relations

T = If . 10

Ty= Uy p* Ui,b ~Z"/z (10}
and

U, = Ui,b LI T)’z (11)

Knowing U; and Uy for each story i, the shear resistance terms Qi are
obtained asccording to the known idgalized elasto-plastic relationships
{Fig. 5}3 thus, the mid-values of Ui (%i) can be obtained using Eq. e
However, due to the nature of the l1ast term of Eq. 9, it is neces that
Lhese midgyaives be evaluated in the following conmsecutive order U3, Up,
U3 g = Un E]

Having a1l mid-values or U, s the magnitudes of Ui and Uz at the end
of the interval are determined i‘or each story using Egs. 12 amd 13,

respectively.
. s A4
Uy e Uiy * Ul /2 (12)
LA AN A < (13)

Knowing U, s and Ui,e for each story i# all values of Ui,e are determined
in a manne? similar to that above for Uj. The known end values of Uj ¢ »

i,e » and Uy o for all stories are now used as the beginning values for
the next time interval, Thus, the calculations proceed through all time
intervals in a similar manner. In starting the calculations at the first
time interval, the initial wvalues of Uy and ﬁi are considered equal to
zero for all s tories.

The above numerical step-by-step method of analysis was carried out
for this investigation on an IBM 7Ol digital computer. The computer
program was written so that one could obtain either the maxiwum dynamic
résponse, or the complete time history of response, for each floor.of a
sixestory structure during an earthquake input. However, because of the
computer printing time involwved, the complege time history of response
was obtained for one case only to aid in checking the computer programe

C. Ground Motion Used in Analysis

The ground ascceleration {fg (E<W Component) measured by the U.S.
Coast ani Geodetic Survey during the May 18, 1910, El Centro, California,

earthquake was used throughout this investigation. Fige. 7 shows this
ground acceleration plotted against time.

In carrying out the numerical intepration of BEqs. 9 using this ground
motion, a time interval equal to 0.01986 seconds was used.
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ANALYTICAL RESULTS

The maximum dynamic response of sach story of the structure during
the period of the earthquake was of primary concern in this iavestiga-
tion. Therefore, all results are presented by plotting a dimensionless
story displacement ratio against the fundamental elastic period of vibra-
tion of the structure for various combinations of damping and yield
strength. This dimensionless displacement ratio is defined as the ratio
of the maxirum dynamic story displacement occurring during the simulated
earthquake to the elastic displacement (for the corresponding story)
produced by a "1g" static lateral leoading. This "1g" lateral loading is
defined not as a uniform loading but as one or the other of the loadings
shown in Fi€. 3 for & = 1.0. It should be noted that these "lg" story
displacements, as us®d in the denominator of the above ratio, are purely
elastic, i.2., the structure is assumed to have infinite strength.
Therefore, the dimensionless strength parameter © affects only the maximum
dynamic story displacement in the numerator of this ratio. The reason for
defining this ratio im such a manner is so that the maximum dynamic
elasto~-plastic story displacements produced during the earthquake are
always compared to some fixed value as the strength parameter © is
changed. Using the notation as previously defined, this ratio is equal
to 8 (U,) __. The specific type of "lg" loading represented in the spectrum
analysi% §8%2 will be noted on all graphs by referring to its correspond-
ing structural type (Structure Nos. 1 or 2, Fig. 3)e

A1l basic results of the investigation are shown in Figs. 9-23. In
these Figs., the dimensionless strength parameter @ ranges ffom 0.05 to
1.00, the stiffness parameter Ty ranges from 0.6 to 2.4 seconds, and the
darping ratio A is generally equzl to 0.05; however, in some cases, zero
damping is used. The value of 0,05 was selected for this study as it
appears to be a reasonable damping factor ,based on experience, for many
multi-story structures.

The dashed curves appearing in Figs. 9-17 represent the response of
a single mass system to this same e?rghquake and have been taken directly
from the previously mentiomned paper(l’ by the author.

DISCUSSION OF RESULTS .

Elastic Response

The dynamic response curves shown in Fig. 9 for idealized structure
No. 1 (Fig. 3) represent purely elastic response since their ordinates
never exceed the strength parameter (@ = 1). Therefore, the structure
acts as a linear system, which can be analyzed using the mode superposi-
tion approach, i.e., the response due to any one of its natural modes of
vibration (Fig. 2) can be isolated and determined separately using a
generalized single mass system. The total structural response can thus be
obtained by adding algebraically the responses of the structure in all of
its various modes of vibration.

In correlating the elastic resronse data presented in Fige. 9 for
idealized structure No. 1 with the elastic response data for the single
story structure, it is convenient to use the characteristic loads and
corresponding story displacements of the unit loading shown in Fig. 8.
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Tols unit loadirg, which consists of a negative lateral force appliz?d to
each floor equal to the weight of that floor (myg), can be divided into the
characteristic loadings of the six modes of vibration as shown. Using
tnese static characteristic loadings, their corresponding elastic story
displacemsnts (4 = 4i-],g can be obtained in terms of the static elastic
story displacements {2 = uja.y), for the "igt loading representing
structure No. 1. These displaczments are given in the table of Fig. 8. )
It is significant to note that the first mode story displacements producéd
5y the unit static loading are equal to only 80,8 percent of the elastic
¢isrlacements produced by the "1g" loading (structure No. 1) , while the
unit Joad distlacement of a single mass structure is s of course, equal to
10C percent of the static elastic displacement.,

From Eq. 3, it is apparent the earthquake forcing function for this-
structure is egqual to the above unit static loading multiplied by the time
dependent ground acceleration (8g) expressed in g's. Therefore, the ratio
af the maximm dynamic displacement, produced during the sarthquake in
any rparticular story by any particular mode of vibtation, to the static
clastic story displacement for "lgh loading mgy be determined as follows:
First, obtain the dimensionless response ratio for the specified natural
mode of vibration from the spectral response curve for a single mass system
\dashed curve, Fig, §) using 2 period of vibration equal to that of the :
specified modes Then, multiply this ratio by the appropriate numerical
value given in the table of Fig, 8 for the corresponding story and mode of
vibration. Likewise, maximum response in each of the other modes may He
obtained in a similar manner,

To obtain the total maximum response of each story as represented by
the solid curves in Fig. 9 using mode superposition, one would have to
determine the entire +ime history of response for each mode of vibration
independently, sum these responses algebraically, and find the maximum
value of this sum during the period of the earthquakes This maximum sum
is, bowever, not the same a3 the sum of the maximm response ratios
det,ex.'minsd for each mode 3erarately, as the various modes of vibration do
not in general have their maximm responses occurring at the same instant
of time. Ihis latter Sum, therefore, is the upper limiting value of the
former assuming ideal phasing of the various modes, To illustrate this
difference, the latter sum is obtained subsequently for each story of th:

six~story structurs re resented in Fig, ’
of 2.0 seconds, P g+ 9 by a fundamental period (Tl)

(1) Using the period ratios given in Pig, 2, the periods of vibra=-
tion of a1l modes are found to be Ty = 2,00, Ty = 0,89, T3 = 0.52,
Ty = 0.38, T5 ~ 0,30, and T¢ = 0,25+

(2) For these periods, the maximm C response ratios as taken
fr:: the elastic response curve for a single mass system are
035, 0.80, 2.00, 2.70, 2.30, and 3.50, respectively,

(3} ¥altiplying these maximum response ratios by the story displace-

rents for corresponding modes as given in the table of Fi 8
Y SO
and summing their absolute values give 0,55, 0.6, 0,50, 0,5 P

746



Zlasto=FPlastic Respongs of ldealized Multi-Story Structures

Note: the values given in (3) above, based on maximum response of indivi-
dual modes, are somewhat higher than the maximum values of total response
(08, 0.37. 0.L1, 0.U5, 0.L7, and 0.78) given in Fig. 9. This difference
is in agreement with the above statement made to this effecte. It is
significant to note also that the variations of response from story to story
are similar in both cases. Thus, the correlation of the multi-story and
single story results of Fig. 9 are considered goods In view of these
remarks, it is apparent that for the case of zero damping the contribution

of higher modes of vibratign to the total structural response is
considerable.

The dynamic response curves shown in Fig. 10 for idealized structure
No. 1 also represént rurely elastic response except that viscous damping
of 5 percent has been introduced into the system. It is quite apparent
from these results that the relative contributions of higher modes to the
total maximum resronse is considerably less than for the undamped case
previously discussed. This decreass is to be expected as damping in the
system will greatly reduce the resonant type of response but will not
greatly affect the sudden transient responses. As a result, chances are
considerably less that the peak responses of the various modes will occur
at or near the same instant of time. Therefore, it is reasonable to ex-
pect the multi-story response curves of Fig, 10 to drop generally below
the single story response curve (A). As pointed out previously, the
response of this multi-story structure considering on’{y first mode response
would be 80.8 percent of that shown by the single story structure. This
would seem to indicate that for periods less than about 1.2 seconds, the

total multi~story response shown in Fig. 10 is Brimari due to the
first mode as the ordinates are approximately 80 percent of those for

curve A, However, for periods greater than 1.2, effects of higher modes
become apparent. ’

Elasto-Plastic Response

The curves in Fig. 11, for the case of no damping (A-O) and a
strength or yield parameter © = 0.20, represent almost entirely elasto-
plastic response. Since there is no damping of any kind in the system
until yield displacements are reached, the resonant type of response for
higher modes of vibration have a chance to build wp and thus contribute
appreciably to the maximum dynamic response. ¥For the structure represented
by this figure, the higher modes affect primarily the 6th, S5th, and 1lst
stories with the 6th story generally showing greatest response. This
behavior seems consistent with the results and explanation previously set
forth for the purely elastic cases

It is apparent from a comparison of Figs. 9 and 11 that plastic
deformations have a considerable damping effect as maximum story displace-
ments in Fig. 11 are in general much less than. those in Fige. 9 even though
the strength of the structure has been greatly reduced,

Figs. 12, 13, 1L, and 15 present the resronse data for idealized
structure No. 1 having an assumed damping factor of 5 pereent and having
strength ratios (6) of 0.30, 0.15, 0.10, and 0,05, respectively. The
multi-story response curves in these Figs. are generally beZ.Low_the single
story curves which, as previousl{ pointed out, is characteristic also of
the purely elastic case (Fig. 10).
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For very weak structures, large variations are noted in Figs. 12- 15
for the maximum displacements of the various stories. The larger displace<
ments develop in the stories which show similar large displacements for the
P“I‘31Y_elastic case (Fig, 10), Since it becomes increasingly difficult
to rationalize overall structural behavior as more and mors rlastic
deformation is permitted, any attempt to explain these variations using
the usual elastic normel modes of vibration would be meaningless,

Since the response of structure No. 1 as previously discussed
generally shows the éth story to be most critical, it seemed desirable to
extend the general investigation to structural tyre No. 2 (Fige 3)s This
type, as shown in the table of Fig. 3, has added strength in the upper
stories with the &th floor having the largest percentage increase,

Figs. 16 and 17 show the response of structure No. 2 for 6 values of
010 and 0,05, respectively. These results are quite similar to those for
structure No. 1 (Figs. 1l and 15) with one noticeable difference. The
6th floor response has been greatly reduced while the 1st floor response
has increased somevwhate. This shows that when any one story is strengthened
to reduce its plastic deformation, greater plastic deformatinn is likely
to occur elsewhere to enable the structure $o absorb the energy transmitted
into the system by the earthquake. Ihis behavior also illustrates the
desirability of having shear strengths in each story which increase with
plastic deformation rather thall remain constant as assumed for the idealized
relationshir shown in Fig. 5s Zven though this rate of increase with
deformation is relatively small, such a bi-linear resistance-displacement
relationship would force the story displacements to be reasonably uniform,
i.es, the energy would be more uniformly absorbed in the structure. On
the other hand, if any one story should have decreasing strength with
deformaticn, it is likely the energy transmitted to the structure by the
earthquake will localize in this particular story, which may result in
ultimate failure.

All response curves for structure Ko. 1 are presented for each story
separately in figures ( Figs. 18 -~ 23) for values of © ranging from O. 60
to 0.05. By comparing the curves in each of these figures, one can more
easily see the effectiveness with which plastic deformation damps the
structural system. As the strength parameter (8) is decreased, the maxi-
mam dynamic response also decreases until 8 reaches some optimum value at
which point a further decrease in € results in an increase of maximum
response. The multi-story results present?d herein are generally similar
in this respect to the single mass studies 1) which show this optimum
value of © to be approximately equal to 0.3, 0s2, and 0.1 at periods of
0«3, 0.6, and 0.9 seconds, respectively. For periods greater than 0.9
seconds, the optimum value of © is generally about O¢l or somewhat less.
After observing these spectrum results and the ground motion shown in
Fige 7, it would seem that the optimum @ for any period of vibration is
approximately equal to the amplitude (expeessed as a fraction of gravity)
of the component of ground acceleration having this same period. There-
fore, for increasing values of © greater than this optimum value, the
maximum dynamic response is due mere and more to a resonant condition
which builds up over an aprvreciable increment of timejy whereas, for de-
creasing € values less thah this optimum, the maximum response seems to
be affected more and more by the transient resronse resulting from sepa-
rate single ground acceleration pulses.
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A general interpretation of the results presented herein would indicate
that a stiff structure, i.e., pericds up to arrroximately 8 seconds for
the El Centro egrthquake, must be strengthened considerably over the more
flexible structures in order to limit the dynamic resronse. This usually
is the case as the stiffer structures are generally inherently stronger,
The usual type building has filler walls, partitions, stairwells, e'zc »
which ccnsiderably strengthen the structure for small displacements 35,
However, since these elements alsc stiffen the structure greatly, one should
use this increased stiffness in interpreting any dynamic response data,
While the resistance-deformation characteristics of such structures may
not be similar to the idealized case used hereinj nevertheless, in general
the effect of forcing the structure to deform beyond its ultimate capacity
results in appreciable damping which limits the dynamic response. For
the so-called "modern type" structure where the structural frame is not
assisted by the secondary elements mentioned above, a damping factor of
5 percent as used in this investigation seems reasonable.

It is reminded that the dynmamic response values presented herein are
maximum values occurring during the period of tte earthquake and are not
final valwes., The permanent plastic deformations remaining at the end
of the earthquake period are in general considerably less than those indi-
cated in Figs. 9 - 23. lherefore, the maximum response values presented
may be considered as upper limits onlye

GENERAL CONCLUSIONS

Based on the results of this investigation using the El Centro
Earthquake of May 1940, the following general conclusions are deduced:

(1) Buildings designed under present day code requirements
depend a great deal on damping to limit their dynamic
response during the period of a strong motion earthquakee
Since much of this damping is provided by plastic deforma-
tions, it is important that structures be designed to
withstand large displacements without ultimate collapse.

(2) The maximum dynamic elasto-plastic resyonse of a
structure decreases with a decrease in lateral yield
strength until this strength reaches some optimum value
at which point a further decrease in strength results
in an increase in dynamic response.

(3) The optimum lateral strength in limiting the maximum
dynamic response is of the order of o1 gravity or less
for tall flexible buildings which have long periods of
vibration and is of the order of o2 gravity for low
stiff buildings which have short periods of vibration.

(4) Bigher modes of Vibration cortribute arpreciably to the
elastic response of multi-story structures subjected to
earthquakes and may also contribute arrreciably to
response when limited plastic deformations are per-
mitted; thus, proper lateral load distribution for
design purposes should be carefully considered.

(5) To insure a more uniform distribution of plastic de-
formation in multi-story structures, it is desirable
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to provide structural resistance which incresases with
plastic deformation over some limited range.

{(6) The additional damping obtained from inelastic deformations,
along with the increased strength and stiffness provided
by secondary components such as walls, rartitions, stair-
wells, etc., are primerily responsible for the apparent
ability of many existing structures to withstand strong-
mobion earthguakess

Conclusions 2 and 3 are based on the May 19L0 E1 Centrd Earthquake
and therefore may not necessarily show this same behavior for another
earthquake of somewhalt different characteristics,
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