DYNAMIC ANALYSIS OF TALL STRUCTURES
SUBJECTED TO EARTHQUAKE MOTION

by
MIHATL T¥RIM X’

- Introduction

The central problem regarding the destroying actiom of
earthquakes 1s reduced lastly to the determination of seis-~
mic solicitations to which buildings are subjected. The know-
ledge of seismic forces allows a rational, antiseismic pro-
jection of each construction type.

In Roumania which i3 a country subjected to intense
earthquakes, such problems have presented espacially during
last years, a special importance. Because of a lack of pre-
occupation in this direction in the past, the strong sarth-
quake of november,lo-th, 1940 /2/ has caused almoat in the
whole country huge damages.

In this study we intend to state an expeditious compu-
tation method concerning the appreciation of fisplacements,
velocities, accelerations or imertial forces which develop
within the resistance structure of a high building after a
seismic disturbance.

On the basis of the proposed computation method is the
eriterior of structure rigidity which plays a principal role
with regard to the modification of the dynamic response/18/,
/29/. Ve may assert that the rigidity of a building leads
its behavioui when subjected to the solicitations of an
earthquake. “his rigidity has a dynamic and total character,
depending on the direction in which acts the seismic wave.

herefors, of dynamic point of view, the rigidity of a buil-
8ing may be completely precised by means of the fundamental
vibration period or frsquency for which we propose, in this
paper, several direct computation expressions.

For the practical computation of seismic forces of grea-
test imporﬁance is the determination of the dyfamic structure
response. “he dynamic response of a structure ‘relative dis-
placement with reference to the groundi relative velocity,
absolute acceleration, inertial force or basis shear force)
actioned by loads csused by earthquakes, results principially
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from the condition of realizing a general dynamic equili-
brum betwssn the static~dynamic characteristics of the
structure and the dynamic properties of the seismic wave
and the medium through which the latter propagates.

In the following lines we shall refer to the dynamic
bshavicur of elastic multistory structures, in order to
state: the static dynamic characteristics of the structure

amma OF The proper vibration-frequencies or -periods,to-—
‘l(?glity of the ﬁormal oscillation modes, critical damping
factors, value and distribution of mass on the building
hight) and the amic properties of thse seismic wave and
of the medium E‘%u 1) wEEcE it propagates (absorbtion ener-
&y, spectrum intensity, magnitude, p ¢-mechanical pro-
perties of soil, a.8.0.)

The study of these problems allows to determine the
variation of the spectrum seismic coefficients, i.d.of the
relationship between the seismic coefficlents of calcula-
tion and the rigidity of building expressed by the period.
The computation of seismic forces, based upon this procee-

receives a scientifical basis, as compared to the ar-
bitrary methods of the unique seismic coefficients refer
to the modified Mercalli scale) which are independent of
the intrinsical features of the structure.

II. DYNAMIC RESPONSE OF ELASTIC STRUCTURES SUBJECTED
TO SEISMIC DTSTURBANCES

In the common antiseismic computation we comsidex
that the solicitation produced by a seismic wave appears
as an grbitrary motion which acts at the base of the buill-

« “he velocities and accelerations which take place
within the structure elements depend upon the dispacement
which of analytical point of view is considered as being
solicited by structure.

Supposing that function Zo(t) is mathematically preci-
sed, it is necessary to determine %ha dynamic response of
structure for these disturbances. lherefore, in the follo-
wing lines we will study, only succintly, the forced oscil-
lations of an elastic structure like that im fig.l, with n
dsgrees of freedom (taking into account also the damping),
when its grpund is subjected to an arbitrary displacement
Zo(t) corresponding to the seismic motion,

The motion equation of type d'Alembert, corresponding
to point k of the given system, may be written as:

R YACTY A H \ -
Mk [ z.tz J *Pk dd%h( )+Zkkaj'(t)= 0 (11-1)
™
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in which ;

Pk_ -~ is the damping coefficient proportional
to the velocity conformably to Voigt's
hypothesis.

K.~ represents the rigidity of point k of the
¥ system. *t is defined as the force which
must be applied in point k, so that point

J might displace with an unit Zf 1

The equation(II-l) may be also written as :
n

Mka(t)* PkZh(t) *Z Khij(t) =" Mk Zo(t) (I1-2)
J=
If such equations are writtem for all masses of elas-
tic structure, ome obtains an equation-sisten of order n,
identic with that of the forced oscillations due to the
disturbing forces of type -HkZo(t)

For the above equation, solutions are obtained b;
means of the method of the varliable separation relative
to the own functions of the system :

Ly ® =ZZH‘P¢“’ (112

1=t

where:

(ID, - is a time fumction, corresponding to each
v  vibration mode i, of the type o¢f a gene-
ralized coordination. This function pre-
cises the deformation of the elastic sys-
tenm in time.

l‘aking into account the orthogonality property of the
own Yibration forms

n
thzmzkfo (LD (1I-4)
and assuming that *"

B |
o= ka-ﬁ (constant)

is obtained a system of n independent equations reliastive
to the normal modes of vibrations.

For the i mode, results the equation :

imz;[cﬁ wr2e oo} ch(t)}-z MpZo® 7w — (I1-5)
Ket Rt

4 of the £ value we will introduce the criti-
cal di:;m factor ¥; which results from the logarithmic
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decrement of dawping,
é;' = 211'\7;_-.: (S-’}_ =EHF_
from which W
€=y;W; (1II-6)

Taking into account (II-6) and V 4 — ¥ ={ ,by integra-
ting the equation(II-5) we obtain:

t
d} (t)=- %jzo(z) e’*w" R sinw; (t-z)dt (I1-7)
L v

(-4

where: - kazh
I

In order to sinthesizo the expressions that will re-
sult, a new notation is introduced; calling form coeffi-

clent the expression

Ay =CiZri (11-8)

By mesns of the relation (II-3) for the i vibration
mode ,results:

dispdlacenents

.rt. - (£
Lpl)= —%f-gZ,(c) g Ve &) sinw; (t-7)dT (I1-9)
v Jje
ve locities
+
. .o -¥;0); t- -
Z-k(t) = Oy JZ,LT)e viei (E-) cosW; (t-1)dT (II-1l0)
acece leraéion,s
~ 't' -*wc‘(t‘Z) . (II-ll)
Zp®)=0iay, \Z, tv)e . sinw; (t-0dT
inertial forces
t
= -9,‘(0,‘(t"1) . (11—12
Fh(t)= M-g(o;aﬁjzo(z)e . sinw; (t-1)&T )
fundamental shear force
00; (£-2) (11-13)

n t
=%

Fo- Z Mkw.- Oy S Z@e Jsin w; (&-0dT

For the seismic motion has an arbitrary propagation
direction, and it may act in every direction and sense,we
have neglected the sign in the above mentioned expressionms.
We stress that the accurate demonstration of these expres-
sions forms the object of.this papex/19/.

The total values of displacements,velocities,accelera~
tions,inertia forces or of the fundamental shear force in
point k, are obtained 9y summing the expresaioms (II-9),
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(II=10), (II-1l), (II1=-12) and (II-13) relative tc i (i=

,20 se R

The knowledge of these exprsssions allows to perform
the computetions corresponding to that vibration mode we
ars intereated in.

The form of the above mentioned relations allows %o
put into svidence the analytic separation of the static-
dynamic characteristics of structure smd the dynsmic pro-
perties of earthquakes /8/,/16/,/17/.

hichPrincipially we may write the following squation in
w
Rrt= Ry Rex (II-14)

Rh&)" represents the dynamic response of
structure corresponding to point k
due to seismic disturbances. -

RH- represents the influence of the static-
dynamic charszberistics, specific for
each type of structure,on the behaviour
of the building,

in which

y~ Tepresents the influence of the dynamic
properties of the seismic wave and of
the medius through which the latter
propagates, on the behaviour of the
building.

We shall stress that this problem can be formuleted
in various manpers depending upon the way in which is ag-
similated the motion of the ground Z, (i), In general,only
the appreciation of the influence of the dynaamic proper-
ties of an sarthquake may separate - principially - the
different dynamic computation methods of seismic forces.

III. APPRECIATION OF THE OWR VIBRATION FREQUENCIES

Within the static-dynamic characteristics Rm:
the pericds or the own frequencies play an extremely im-
portant role. The accurate computation of these values
from mathematical point of view, for structures with se-
veral fresdom degrees,constitutes a difficult and labo-

rious problem.

The cannonical system of equations corresponding to
the free,undazmped vibrations ¢f an elastic structure may
be obtained by applying the classic solving-msthods koown
in the structure mschanics.

The totality of the own vibration frequencies is ob-
tained by the annulation of the matrix, characteristic
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for the camnnonical-linear and homogenous system thus ob-

tained : \A_)\ B ]: =0 (III-1)

In the technical litterature, specific for the anti-
seismic cemputation,has been elaborated a whole series of
more or less accurabts methods foxA' the estimation of the
proper oscillation frequencies. £11 these methods, tased
generally on the principles of theorstic mechanics,belong
to the following researchers : Bermstein, Dunkerle 1Gold-
berg, Holzer, Korchinsky, Hewmark, Nieto Pgrteri tz,
Rayleigh, Rosenblueth, Salvadori, vianello-Stodo 8, Zdavriev

BeBe0o

Avoiding the solution of an eguation of superior de-
gres resulting from thes development of the (ITII-1l) condi-
tion, without losing the accuracy of the obtained values,
we shall present the ways by which one can get a simple
and easy appliable expression for the fundamental oscilla-
tion frequency ( G4+ ). We propose too, an approximate
formula for the estimation of the proper frequencies of

upper degree ( CJ; ).

The definition of the (J; expression was performed
by the delimitation of the interval within the limits of
which it is involved, by lower and upper values. The ex~
pressions of these 11nit—values were obtained by means of
energetic computation criteria.

With regard to the dynamic calculation of buildings
formed of elastic frames using energetic principles,there
are relatively few studies in the reference litterature.
Among these we mention especially the works /1/,/3/,/4/,

/§/ 8Os
. 1, Gensral computation hypothesis

Considering that upon the building are acting distur-
bant loads of seismic type at the level of the foundation,
following computation hypothesis can be introduced:

-~ the masses of the building are considered as being
concentrated at the level of each story;

- in the first phase the building is considered as
being founded on a stiff ground;

~ the escillations of the building are due only to
the bending of the columns, the axial deformations
of the latter being neglected;

- tli:noscilhtions are horizontal and completely
P 3

- the resistance skeleton of the building consists
of elastic frames with beams of infinite rigidity
and elastic columns.

The last hypothesis is practically acceptable, espe-
clally in the case of common buildings of medium height.It
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appears in a series of studies,from which soms have bean

mentioned in the bibli i hare b
RO i A et

In the amic study, the buildings comsisting of such
frames are called shear buildings.

2¢ Dotermination of the lower-limit of the fundasmental
frequency (),
The lower limit of the fundamental frequency (J, was

obtained by applying Dunkerley's procedure by means of
vhich wes written the relation

A (11I-2)
X (‘\)L
@, =—1

CEa (I11-3)
2

In this expression “w represents the exact value
of the proper vibration frequenci of the system shown in
£ig.2,10aded, this time, with gnly a single mass [T (/9
at the level of each story k. ~herefore, the frame in Iig.
2 will ne decomposed into k systems with one degree of
freedom (f£ig.3) to each corresponding a frequency (Jy
which is to be accurately cemputed.

For the system in fig.2 with a single degree of free-—
dom, the frequz:cy is obtained by using the d'Alembert
type equation 2 4

f? (III-4)
= k
in which Z3 1is the displacement of point k on the hori-
zontal whnnkthe system is subjected only to the lateral
Q; foxce.

According to fig.3 it can ,‘ge written 1
7-1,' Zq* 7:*"‘*Zk=éZj
Considering that , 3

in which

~ @il

1;,-2; 12n1£l}

results fina x
—_— \ (111-5)

A% Lo X Z 7.7'
L ar”
where Z . Wolg
: " “t2mE L,

Substituting the oxprouion(III-s) in (I1I-4) and
coming back to (III~3) 1t results :
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J
It is sasy to Be6 that the denominator of the rela-

tion (III-6) represents the static displacement 7' of the
systea showe in fig.2 1cad5d w}th all Q, loads; that is

s7
Ly =27, ;"(k; 9 (I11=7)
Based on the above dats. formuls (III-6) can be
written: 9—
W, = ‘/;‘;—r (I1I-8)

This formuia identical to Geliger's formula is known
from the precise computabion of the system with a single
degree of freedom and it is sometimes recommendegd for an
approximete use in systems with several degrees of freedom.

In conclusion, the lower limit value of the fundamen-
tal vibratiom frequency for frames of the type shown in fig.

2 will be :
™) =§ ,g__ (I11-9)
LML
in whiech
? - 12m {(I1I-1c)
L 0(1qf+a2(q4+72)*'"*“’1(7'1*52""'*?"

Consequently, the eaquation established for the lower

limit o un enta TEGLOR 1Yrequenc COYXTEeSspon
0 8las structures 88 in 2 4 entlcal Go
oT'8 LOIMU pile © Bameé Case.

3. Determination of the upper limit of the fundsmental
Tequency (.,
The determination of the upper limit was done by Ray-

leigh's method concerning the principle of energy conserva-
tion in ideal elastic structures.

The values of the proper oscillation frequency corres-
ponding te i mode is optainod with the help of equation:

" 2 QuZp | (III-11)

Z ) 1<=ka -k(b)

1 Zx(Y represents the real -elongations of the system
in the normal mode i, the frequency value obtained by means
of formula (III-1l) an exact one. But, because the 7z )
varistion is not known a prieri, in most cases it is estima-
ted according to the nature and particularities of the stu-
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died problem.In the following lines is considered only the
fundamental vibration frequency.

Referring to fig.2, during oscillations corresponding
to the first normal mode, the dynamic deformation of the
Zp(t) system looks like that represented in ths curve g.
Because the variation of this curve can't be knowa a priori,
it will be estimgted in functlion of the real phenomenon,in
two mannerst

othesis A: The dynamic deformation Zz¢¢/(curve ¢
in fis.si coincides with the static deformation of the 37
system ( curve a, fig.2) &

othesis B: The dynsmic deformstion is assimilated
to a %gear variation (curve b, fig.2)

Hypothesis A
For the computation of the displacements on the hori-
zontal of the structure in fig.2, subjected to tue action
of static applied (. forces, was deduced the following
equation, given here in it% flnal form :

”

7 LS upe et o

= rs7
Performing the corresponding transformstions and con-
sidering (II1I-11),(III-12) one obtains the expressiocn of
the uppsr limit of the first circular oscillation frequen-
¢y, ressembling, in form, to (IXI-9)

£l -
wu‘?f m (I11-13)
where L3 n
€, =\ fm 2’2 = (III-14)
n 7 2
’ é[;% ,,Z;“r}
Hypothesis B

The variation of displacements of the structure on the
horizontal was deduced as :

&
st ] . III-1
Zk. = ZI’I f, / )] ( 5)
ST J
in which Zn represents the meximum displacement of the

story n when structure is solicitsd by all the (Jx loads.
The displacement is computed by meams of formula (III-7)

Considering the practical case when the floors are
disposed at equel distance (1, =A,----=4 abhd L=nk )
one obtains the following expression for the upper limit
of the fundamental frequency :
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@, = ?U\’ﬂ—s% (I11-16)
in which

Z -\l _ o (111-17)
B V (znﬂ)[a,q;uz (3,29, )+ (G +Gye--+ qﬂ]
4, Delimitstion of the existence interval of wex. value
Agccording to parsgraphs 2 and 3 results :
(&)L < C\)ex. < ((A)U b E:)U)

As noticed in their expressions, all § coefficients
ars only functions of the relative static-geometric chsras-
teristics of the structure.

By firet referring to formulss (II1I-9) amnd (III-13) one
obtains
Wy ~ W, (v =>1)

end tharefore ?U
Vi ""ﬁ‘ (1I11-18)

Considering now (III-9) and (II1-16) we have ;

G S-C‘Q >1)
and thus ; Wo= 7% (7>1)

= _Ei_’_ 3n
7% \Zner (111-19)

In fig.4 are represented the (") functions for the
real situations sncountered in practice. In the same figure
is given alsc the variation of the interwal v as 8
functior of the number of stories, n .

_The differences between (. and (Jy as compared to
Wy Bay be computed in percentages as follows:

The percentage differences between wu,(s., and W,
can also be obtained relative to 3

E: %—UES,_(Q_L 100y = (P-1).100%

E=v—-QW &';'_w 100% ~ () =1). 100Y%,

Due to the fact that £ depends only of the number
of stories, it was possible te tabulate it /16/. A limit
BaYy be observed of the difference between U, and Wy
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for buildings having a number
of at > Lo
gﬁﬁs%}" %g: obtains n-F-4 1,8, wgizl;ifiwgy biggn;?;;%
Sons er case of 3 system with a slngle degres of ‘res-

5+ Consideration upon the setilement of $oe foundatico
8044

In cass of a foundation restimg on &l T 8
owing o the settlement, the buildimg roows ;g;giinaii;ia
(tie 5>about an horizontal sxis passing through point 0

decording to €ig.5 the displscement in the direction
ofv the bemn%cnnsidared squal $o the horizontal component
of displscement wheu the vertical component is neglanted)

will be
ZkﬁZ:cT_’_ Z;Rﬁﬁs izgz.@c}
in which | .
77 8) 15
Jd

represents the displacement at the lewel of sach stoery,dus
to the rocking of the building about the O axis. In %
equation it was admitted that 3¢ =& because the o
apngle is sufficiently small,

In this case QIII-IZ),{ andﬂ(III-l#) becone

Ze-tB) 1+ Z,Z%Za, (1I1-21)

Jst T* e
and the formula (I;I-ls) %

k
Tu 03 by Zo 0 [ 2 X o
j=f e d bkl

The limits of the fundamental frequency (0 are ob-
tained similairly to the previocus computations.

The value of & angle may be determined theoretisally

in function of ths pamic cosfficient of the slastic . nom
uniform conpressiondg? the ground or according %o I.Bi. ;
in fugction of the reactive elastic aoment of the soil.

Extre interest opinions in connsction with
this probl::lzro found ﬁsthg worke /9/,/24/,/25/,/28/ ase.

€. Ersssiou groposad for the direct computatiocn
o proper ireguenclss

Based on the equations of the lowsr imit ( WL

d
1imit ( G, ),tbe fundamental frequency an
g?tgp::Mr pmgiouau solutions /11-19/ we may do zcnwm

remsarks
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a) The hypothesis of beams of infinite rigidity ia sa~—
tisfactory for multistory fremes whose relation between the
building height () and the base length (B) is smaller than
or equal to 5/27/ i.e. E/B £ 5. We may consider that by
this hypothesis the whole rigidity of the structure increa-
sing, ws gpproach the realit{ because the separating walls
{non-portant) and sven the floors comtribute to increase
the rigidity of the building on an horizontal &irection.
For the framss in which the relationship EIL EI 1 >2
and the number of columns increases, this b bes%8 ﬂﬂ?
be considered as practically acceptable.

b) The %, and S. coefficients are ressembling each
other and for common c¢ases,they approach the value T,
which is characteristic for the fundamental frsquency,cal-
culated by means of accurate analytic methods:

. % JEL
ex” ?ex ML
¢) Generally,for common structurss: e,< T,< ¥
and for those of pronounced rigidity fz, <7 Y
éx §u< zu - -

d) For buildings having about 8 stories, the ‘[::oeffi—
cients may be used, directly or a little reduced with
1-5% according to the number of ths stories.

2)¥or buildings with lo or more storiss, one may use
an average between ¥, amnd I, , or between ¥
and §,  because when the number of stories increases, the &
error decreases, the exact value of frequency approaching
the lower limit, .

£) In ordsr to determine a simple formula for the
computation of the fundamental frequency ( @W; ) as
nearer as possibie To That resulting wﬁgn applying the
exact analytical methods, taking into account the previous

observations and on basis of a series of numerical calcula-
tions, it was proposed the following formula:

_ - 9
W, =W, 75 (I1I-23)

in which U} is a correction coefficient, arbitrary
reduced from v /16/, /17/.

Considering /III~9/ and noting the product "5, with
$1 the calculation formula for the fundamental fréLguencz
will be: EL

=€, TN
Ihe fundamentsal pericd ( T, of vibration being:
\/Molf

T=§1"-£II Lo,
1 w“ ?1 EIQ
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in which

5 -p- ;
4 \/ 0(4‘1‘*' (Xz(q’f gz)* S A (gf*gzi.-“*qﬂ) (III-QE)

and ¥ is a coefficient the variation of which is gi
in fig.6 in function of the number of stories. shven

Formula (III-24) gives spproximations of relati
to thosé values obtalned by exact methods. Ralagve tf;}r::
sults the error Te- §, €x

€, =2t o0y
Sex
g) For the approximate computation of the circular
freguencies of %h order ( (J; ) we propose the 7ollo-
wing relavion which glves values mors accurate To the resl

ones than other similar expressiocns

Gi=143iw, (i=23.) (I11-27)

The oscillation periods will be
T - _?_E:_‘f-_L 7'7_ (111-28)

i (A)i l&), 130

L) Within the mentioned hypothesis, the expressions
established in this paper may be considered (owing to their
simple aspect and easy application) as being on the line
of the formulations obtailned in different works or aven a
little ahesd of some of them.

T, TANIGUCHI : "General Principles T,= (0,07 £ 0,09) 1
of Aseismic Constructions" Tokyo,

1934
U,S.Coast and Geodetic Survey : '.rl.—. o,1n
"ﬁarﬁiuﬁe Invas't'%aﬁons ﬁ
Cdlifornia", 1934~1935 ' H
~ JOINT COMMITTEE of the SAN FRAN~- le 0509 o
T eTal Forces o \{E-

uakes and Wind¥ Proc.ASCE,
April 1951, vol.77, separate 66

E.P.UIRICH and D.S,CARDER : T,= 0,0193 H
"ibrations O0f Structures" Proc.
of the Symposium on the Earth-
quake Blast Bffects om Struc-
tures " Los Angeles,Calif.1952

I.1.KORCHINSKY: "Oscillations of Tf—. T i =
m ngs" ( in Russian ), "Z”l

X=i

4
oGe ADORI: "Earthquake Stres- Ty=—
:eg SIALE §anr' B:uilding" Proc.ASCE, i K
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R.G.MERRITT and G.W.HUUSNER x DM
®E¥Tect of Foundation Compliance T=—Fx B4
on Barthguake Stresses in Multi- QHCZEIE) n}{
story Buildings" Bull.SSA,vol.44,
no,.4,0ct.1954

EMILIC ROSENBLUETH:"Estructuras & .

Prueba de temblores cimentadas so- | = [0.09+0.0](n+1)
bre terreno firme" Inginiercs Civi-

les Ascciadas (ICA) nc.l7,Mexico,

1954
1]
in which Represents ths average value of the
" e K‘“::{‘ ZKjlj elastic conetant between two sto-~
Fed ries

41l presented formulae have been adapted to the MEKS
system,

i) In the case of budldings formed of frames the shape
of which varies on the vertical and having at the same le-
vel the inertisl moments of the colummns of definite values,
formula (III-24) may be also used but obly if introducing
the average rigidity of each story.

1
k, =i Zk,j (III-29)
We have used the notation :']

Irj‘krjla ~ inertisl moment of the column on the
r line and j columm

Expression (III-29) resulted from the equivalency - of

rigidity viewpoint -~ between every frame type and that re~
presented in fig.2.

The proposed formulas are applicable also to trussed
Do *

J) The exemplification of the proposed formulas is
done on some frame types the characteristics of which are
given in table 1. Table 2 contains the obtained results.

IVe HNORMAL VIBRATION MODES

Once the frequencies of rree oscillations being known,
the relative displacements 7z, corresponding to each mode
may be calculated using the cannonical homogenous systes
of equations. Usually one chooses the initial value Z. =7

according to which are resulting the other ordinatas of
the respsctive mods.

An important problem is the determination of the coef-
ficients of this camnonical equation system.
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The equation corresponding to the ds
in the vibration mods, hg.a the fora gres of fresdom k

*
Lhzﬁ'-rkkz zi*"'+.b'khzhi+l’kj ji+"'Lanni'o (Iv=1)

where
bkj = repréesents the dynsmic reaction in k
7 relation when to j - relation was im-
. presaed an unitary, pulsatory displa-
be . bcement. 2
We will give dsronciy the 1
W reg expressions of the -
ficients involved within %ho oquﬁiona of type (I‘?’f‘-li)"‘:er
Their calculation is very simple and based on elements al-~
ready known from the calculation of the proper frequenciss.

. __A
k-, k ? .bkﬂ,h‘ c;h;k" (A°= 12!{3!5-[0) (IV“Z)

Rtk 3
I"ld:."" - (Prax+Preuk)
Baged on the reciprocity of the mechanic work,results
bkj = bix and consequently :

-bk«,'k: bkfk—ﬂ ; ]7?191, k L'k,kﬂ (1v-3)

Because the proper frequencies and mainly the upper
ones are aspproximately determined, it follows naturally
that for the calculation of the proper forms the system
will not be absolutely verified. Therefore, the proper
forms had to be corrected taking into account the orthe-

gona%ity properties (II-4) in order to satisfy the (Iv=1)
systiéen.

V. THE INFLUENCE OF DAMPING

Agcording to expressions(II-9),(II-lo) (1I-11),(11-12),
(II-13) to the little increases of the oritical damping
factor corresponds a sensible decrease of the dynsmic res-
ponse of the structurs. Therefors, the inertia forces will
depend both upon the paterial of the building and of the
adapted static and comstructive system.

Important researches of a great practical value have
been performed recently by L.S.Jacobsei/27/ at Staanford
University. Most of the researchers of different countries
consider that for the common buildings of concrete,the
oritical factor of damping has the value ©o,1. Housner,
Hudson, Medvedev,Napetvaridze ,Rosenblueth,Sorotkin and
other numerous japanese investigators have an important
contribution in this problem.

VI. SPECTRUM SEISMIC COEFFICIENTS

In order to simplify the practic computation of ssismic
forces, expression(II-12) was synthesized in the following
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represents the seismic spectrum coefficient of calculation.
Th};s coefficient varies with the period of the bulilding
and depends both on the intensity of earthquake and the

pature of soil.

0 (82
ssina{t-0de  (VI-2)

Iz order to estimate the {{T) coefficient it is ne-
cessary to know the value of the integral appearing in the
expresaion (VI-2) usually called the velocity spectrum (Sv)'
On the basis of real records of accelerations end of an
adequat calculation by mesans of the analogous elsctronic
calculator /8/ in the Institutes of Cslifornia the inves-
tigators have succeeded to estimate the influence of earth-
quekes on buildings. Therefore, knowing the standard ve lo-
cities spectrum the ((7;) coefficient may be defined as :

: J
£ () =K
7
in which K is a coefficient which tramsforms the theoreti-
cal spectrumr inte a design spectrum.

In Soviet Union, the value of that integral was deter-
mined starting from & function of the Z,(¢) displacements,
which has resulted from an adeaguate interpretation of the
seismographs recorded during different earthquakes/23/.This
function assimilates the sdil motion due to seismic action
by summing a range of harmonic curves already known. The
results arrived at, form the basis of the sovietic calculation
norms in selsmic region, SN-8, 1957.

But, we had to note that indifferently of the adopted
method, the selsmic coefficient C((7,) has an hyperbo-
%ic variation in M.A.Blot's snd E.C.Robinson's sense, of

orm:

Cay=-X (VI-3)
T;
This variation is explainable because we know that the more
flexible the buildings, the less reduced the seismic coef-
ficiants, whils the period T increases. It is also known,
that of technical grounds, the seismic coefficients had to
be limited both upper and lower limit. They depend also of

the seismic zone, the nature of the soil through which pas-—
ses The seismic wave an§ E;B% Tg’ﬁ@—mc@nica% gmﬁergies
0 oun on-goll, by the phenomenon o nteraction

ween 801l and bu ng.
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If these problems are solved, the s ect ‘
?ﬁically tracsed, wi‘gh the only re’serve %hatr’ih:z agoggfigz:;ts
ts, the upper (Y(T;) and the lower C*(7;) correspond
to security conditions, The respective figures may be pre*
cised also when studying the damages or destructions ag the

important buildings on probabilities basis,

The X coefficient has to res
: pond to all the -
blems. For a certain seismic zone, the spectrum 8e§_§m§_§occ-
efficients may vary as inm fig.7.

We have also to state the intervals in which sre situ-
ated the various building types of rigldity viewpoint, i.e.

- rigid buildings 0 <T<T,
- semirigid buildings 7,<7< 7z
- flexible buildings <T

In general P,= (0,25 + 0,45) sec, and T.=(o =~ 1,0)88cC,
The determinationlof al’:solute’values is mpo§s§.b135and ‘Ehe)re-
fore these figures continue to be only informative.

We have to stress that the & parameter takes account
of the soil through which passes the seismic wave.lt may be
increased in the casg of weak soils ( &' ) or reduced fer
solid soils.{ o o

The response spectrum plotted imn fig.7 is a typic one;
its practical spdlcation deiending upon the accuratness
witk which ars determined all the fsctors we have menticned.

If this procedure is considered as a computation basis,
the problem has an evident dynamic character and the buil-
ding presents a precise individuality because it has a re-
presentative : the period. :

The californian recommandstion of 1951, 1956, 1958 and
the sovietic ones in 1957 have handled a dynamic conception
concerning the appreciation of seismic loads. Although it
can't be spoken of a perfection, these prescriptions repre-
sent the most important spplicative performances obtained
up-~to-day in the engineering seismclogy.

A similsr conception will form - probably - the basis
of the recommandation in Mexico.

For Roumania, the author of this paper has proposed in
1959/18/ a similar proceeding concerning the estimation of
seismic loads. The only reserve of this propesal consists
in the fact that the o  apprecilation was a more empiric
one, becauge of the lack of records and computers ne cessary
for the interpretation of these racords. We mention tt}att
all the figures presented in this standardization proaecti_
of seismic forces may be justified of theoretic and praci .
cal viewpoint at the level of the most modsern investigations,
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perforged in this ssnse.

On this occasion are imtroduced isospectral curves for
the sstimation of the seismic coefficients which may charac—
terise & zone of equal seismic inbtensity. Thus, the modified
Mepoalli-scale was given up because of its subjective cha-
racter,

¥II. CORCLUSIORS

The formulae established for the determination of pe-
riocds, give a picture of the influence of ths static-gsome-
tricai characteriastics of structures upon the proper fre-
quency, with help of the F <cosfficients. By using these
formulae, is done a great economy of time and the sontrol
of the reaulits is alwsys sscertasined.

The trial exposed in this paper like other emalytical
trialz, remalisn still informative in spite of the exactness
of the mathematic apparatus used. This is due to the fact
that the earth motion after the earthguakes is extremely
coxplicated having amplitudes, periods, accelerations and
acting-directions very veriable in time. it results as an
izminent necessity a combinstion between the theorstical
data and the experimental omes.

But 1t is kmown that the antiseismic security of buil-
dirgs is not only a problem of calculation, but mainly of

congeption.

Without & precise knowledge - of physical viewpoint-—
of the destroying action of earthquakes and of the total be-
haviour of a building to earth motion, it will be difficult
to assume that only by an abile manipulation of some mathe-—
matic developments it will be possible to conceive snd to
project a building resisting to sarthquake,-

NOMENCLATURE
Qy; - form coefficient precising the dynamic
response in point s corresponding

to the normal vibration modes;
C(T,-) - spsctrum seismic coefficient;
E ~ Young's modulus of elasticity;

ka - seismic force acting at k level corres-
ponding to i vibration modulus;

9 - gravity acceleration;

L - index precising the order of normal modes
of circulsr frequencies and of the proper

vibration periods,
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Ij“]?jlo = insrtias moment of beams at J stci;

L

~ arbitrary inertia moment relative to
which are reported the inertia moments
of columns by means of ké coefficient;

= current points designing tho position
of stories, and of the masses xj ,l(kand

lr.
- helght between floor 4 and Jj=1

- arbltrary length relative to which are
reported the distances between the sto-
ries by means of the }; coefficient;

- number of the columns at the ground
floor;

-~ mass of the building load at the k-~level;

- pumber of the fixation points of masses
egqual to the number of stories and the
munber of the degrees of freedom of the
buildings

Q{ %Q, - gravity load concentrated at k level ;

- arbitrary grevity losd, relstive to
which are reported the othsr lcads by
means of the coefficient;

- proper vibration period of buildimg cor-
responding to the normal mode i of vi-
brations

-~ displacement of k point corresponding to
the norsal mode I ;

Zh(t) - real displacement of point k on the di-

?L’?u» 4 -

rection of oscillations (hoTizontal);

adimensional factors which characterise
the lower limit, the upper limit respec-
tively the proposed value of the funda-
mertal vibration frequency;

Wy 0,0~ fundapental frequency, lower limit,

&,
P
?’f k;

upper limit and the proposed onej

- eircular vibration frequency correspon-
ding to/ the normal modey.

5 %Ry
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