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1. Assuming that huildings behave under seismic accelerations as 
vertical clamped liars, that the accelerations are onlv horizontal and 
of a translatory character, we can put for the seismic charges q: 

t u 
d t ~ d t 2 3 t 

the meaning of simbols being as follows: 

p the mean density of the building 

S its mean transverse section 

u its deformation ( fig. 1) 

XB horizontal ground displacement at the 

place B where the building is champed 

t time, and 

E' a damping coefficient of the huildings. 

g2 Y 
rPherefore ry, due to a ground acceleration — can he deter-

a ( s 

mined if we know the expression of u. 

To get u tliree different assumptions may he considered: a) the 
deformations are principally due to shear; b) they are principally due 
to flexure; and c) they are due to both causes. Tliis paper deals only 
with assumptions a) and b). 

a) In tliis case, as is well known, u is given by the differential 
equation : 

— = f e — + 2 £ l — + fe^LJL [2] 
3 r dt" St dt 
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P £ 
(where fc= —- ; £,= -—; fi rigidity modulus) with the following boun-

^ o . S 

dary eonditions 

u = O when z = O 

3 IÌ 
L 3 ] 

= O when z = l 
3 z 

b) Deformation u is in this case given by : 

S4 u 3" u „ 3 u 3S X„ 
= c \-2 e., c [4 ] 

3 z4 dt" ~ 31 3 

P S e' 
where c = -1 : e„ = — , E = elastieity modulus and J moment 

E J • E J 

of inertia of S refered to the neutral axis of the building. Tlie Itoun 
dary eonditions now are : 

3 u „ 
u = 0 : — = 0 when z — O 

3 z 

" n 9 3 " n 1 i = 0 ; = 0 when z — L 
3 s2 3 sa 

Assuming that building are at rest until seismie aceelerations 
begins, we bave in addition, that equations [2] and [4] must satisfy 
the initial eonditions 

u = 0 , — = 0 wh n t = 0 [5] 
3 t 

2. — Equations [2] and [4] bave the forni 

3" u 
= ~r(z) [6] 

3 zn 

If we admit that the second member is a eontinuous function 
of 2 in the interval 0 < z < / (1 height of the building) then, ac-
cordine to the theory of Green's functions, we may put the solu-
tion of [6| and therefore the solutions of [2] and [4] too, in the 
forni ( !) (2 ) : 

i 

u = I K(z, Qr (Q d l [7 ] 
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K(z, £ ) being Green's function of the equation 

S 2 " 

As n is an even nuinber and the boundary eqiiations are honioge-
neous, Green's K function should be symetrical with respect to z and £. 
On the other band K(z, ^ ) may lie considered as a kernel of the inte-
grai equation of second kind 

i 

v ( z )=X I K M v t o d Z 

o 

From tliis, and from [7] it follows that the solution of [6] is 

a function represented according to the source r(£ | by means of 
the symetrical kernel K. By Hilberts expansions theorem (3) it can, 
consequently be expanded in an uniformi)' convergent series of 
eigenfunctions tMzi of this kernel. 

There fore we may write 

u J % , v ,(2) [8] 
j=i 

Vj(z) being such eigenfunctions, and ps coefficients independent of z. 
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As u is a function of t, we can differentiate the expression [7] with 
respect to tliis variahle. We tlien gct expressions similar to [7] ; front 
this it follows that the two derivates my also Ite expanded in uni-
forni ly convergent series of v(z). 

3- u 
By integration of the series representing with respect lo t. 

3 a d 
we obtain another representing — , and by integration of tliis wc 

3 l obtain another representing li. 

This, as well as the fact that u is given by [81, allows us to 
write : 

3 " , 3- ti i = x „ 
— = 2 p'i (t V; (Z)' — = 2 P{' V; {I ) [9] 

d t j=i 3 f j=i 

Substituting this in [2] and [4] we obtain: 

M 3 zn j=i 3 ts 

where M = k e = —— when n — 2 
k 
£„ 

M =— c £ = —— when n — 4 
k 

Multiplying [10] by the factor v(zi, using the ortbogonality pro-
perties of the v (z), and considering that 

/ I i 

3" ii \ l i ' 3" v (z)\ 

3 : 

we easily obtain 

where: 

p" + 2 z p ' + u , - p = — p ? ~ S ^ - [ 1 1 ] 

3 r 

' i 

v(z)dz 
a .' O n X 
p=-7m ; w-= 

v°(z)dz M 

When applied to [8] , the initial eonditions require that 

p(t) = 0 p'(t) = 0 when t — O 
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From this and from [11] we draw the conclusion that each coeffi-
cient p represents the movement of a dynamic system initiallv at 

gS X 
rest, and forced by J3 — . Using Rayleigh's forinulae (4) (5) we 
can jiut: dt" 

[12] 

when 

T'=" 
2-1 

1/ 

3. — According to [1] , [9] and [11], it is evident that 

(]=pS 2 (p"+zzp')v(z)[ + 
dr 

= —o S u>sp + 

3 r I j, 81= 

As we shall prove in detail in a further paper to be published 
in the « Publicaciones del Observatorio Astronòmico de Eva Perón », 

j=*> J 
S pjVj(z) = 1 when 0 < z < l [13] 
j=' 

Consequently this simple expression for <y remains: 

oc 

g = - p S S ( w * p ® ( s ) ) j [14] 
j 

which shows that in order to obtain q. we bave to know the funct-
ion p(t). 

This function can be determined with the help of formulae [12], 

3" Y 
As — is an empirica! function. the integrai can he calculated only 

di-
numerically or mechanically. 

The first way was employed with a different aim. by A. Blake (6), 
>-onie years ago. Because of the work involved it is scarcely attrac-
tive. Use of the second way was recentIy iliade by Alford Housner 
and Martel ( ' I. These investigators, studying the seisinic action on 
huildings from another viewpoint determined integrals similar to 



1 8 6 S I M O N C E R S H A N I K 

those in [12], by means of the electrical analog computer of the Cali-
fornia Institute of Technology, for values of T = 2 n / w ranging frolli 
0.1 to 3.0 seconds and for values of E / co ranging from 0.0 to 0.4, 
using accelerograms of several strong earthquakes. Special attention 
was paid by tlieni to the maximum vaine X,„ of the integrai for eacli T. 
With their results, the)7 constructed curves of X„, as a function of T, 
which they called « spectrum » of the earthquakes. 

Having now this spectrum at our disposai, we tried to improve 
the empirical estimate of seismic charges, that is custoinary in engine-
ering, using values of Xm instead of the accurate values of the integrala 
written in [12], With this, and the assumptions that T ' = 2 7t/co we 
obtain instead of [14] 

q = — pSX^Xmpv(z)^ [15] 

Curves representing Xm are also complicated. But it is possible 
to aproximate them with simpler ones and try with these to obtain 
the sum pointed out in [14]. 

It is very interesting to note that, if we adopt for Xm the repre-
sentation given in fig. 2 (which can be obtained by snioothing the 
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true curves) then for huildings in which the maximum T is less 
tlian T*, we get from [15] that: 

2 TC X* . 
<I = —pS Xfìv(z) 

1+ 

or remembering [13 ] : 

2 ir X* 
<7 = — P o — 

T* 

We arrive thus to the remarkable conclusion that the seismic 
charge q should be Constant ali along the building; a fact that is 
customarily accepted among engineers, whithout demonstration. 

From ineasurements made in the U.S.A. ( s| we bave deduced that 

T = 0,02 l 

l = height of the huildings in metres 

T = in seconds 

According to the refered spectrum, T* is of the order of 0,6 
seconds. Consequently the assumption that q is Constant could be 
accurate for huildings less than 30 m height. For higher huildings 
it can be proved that q decreases with l. 

Observatorio Astronomico 
Eva Perón (formerly La Piata l, May 1954 

SUMMARY 

Deformations il i>f buildings due to the acceleration of earth-
quakes ar<' investigateti. Tuo suppositions are made: al the defor-
mations are principaliy due to sliear; and hi they are principally due 
to bending. 

In botli cases it is found that u may be expressed by an uni-
formly convergent series of eigenfunctions. 

Except for a variable factor, the Fourier coefiicients of these 
series are the same as the values X obtained recently by Alford 
Housner and Martel, by means of the electrieal analog computer of 
the California Institute of Technology. 
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Using mean values of what they cali the spectrum of earthquakes, 
it is fornici that the seismic charge is Constant on huildings less than 
30 m heiglit. On huildings higher tlian 30 m it becomes decreasing 
with heiglit. 

RIASSUNTO 

Vengono studiate le deformazioni di e d i f i c i , dovute all'accelera-
zione determinata da terremoti. Vengono fatte due ipotesi: al le defor-
mazioni sono principalmente dovute a forze tangenziali; b) esse sono 
principalmente legate alla flessione. 

In entrambi i casi, si prova che esse possono venir espresse me-
diante una serie uniformemente convergente di autofunzioni. 

Fatta eccezione di un fattore variabile, i coefficienti di Fourier 
di questa serie sono gli stessi che figurano nei valori ottenuti da Alford 
Housner e Marte1 in ricerche su argomenti analoghi condotti' presso 
il « California Institute of Technology ». 

Facendo uso dei valori medi del cos'i detto sjx'ttro dei terremoti, 
l'Autore trova che la carica sismica su edifici di altezza minore di 
30 metri è costante, mentre tende a diminuire per altezze maggiori. 
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