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Abstract

The object of the paper is to present a mathematical method of in-
vestigating the interaction between ground and structures during earth-
quakes.

The disturbance phenomenon of the ground motion due to the presence
of the structure has been observed during actuval earthquakes and taken
into account theoretically on the basis of several simplifying assump-
tions.

In the present paper, the interaction phenomenon is mathematically
reduced, starting from some data of structural dynamics and dynamic seis-
mology, and from some currently adopted assumptions, to a system of
Volterra integral equations.

The phenomencn is then discussed. Methods of approach of the equa-
tions are presented. A qualitative expression of the correction of the
response spectrum is given. Stochastic aspects of the interaction pheno-
menon establishing the relations between the correlative functions of
undisturbed and disturbed motions (taken into account like vectorial
random functions) are investigated. The assumption on the instantansous
foundation compliance, on which structural analysis is often based, is
discussed. Investigation of the interaction by means of stationary mono-
chromatic forced vibrations is presented.

1) Introduction

The seismic action on structures is caused by the motion of the
foundations, due to the seismic ground motion. If the dynamic displace-
ments of the foundations are known, we could, theoretically, compute,
based on the current assumptions, the seismic response of the structure.

The seismic motion of the foundations differs from that of the free
ground, as recorded by an ideal seismograph, because the inertia and the
rigidity of the structure and foundation lead to a disturbance in the
ground motion. This disturbance is one of the phenomena that explain, at
present, the influence of ground properties on structural response. The
observation of earthquake effects established the evidence of the dis-
turbance phenomenon, but its importance became cbvious after the analysis
of the 1952 Arvin-Tehachapi earthquake records, (6], when reductions uwp
to 40 % of the response spectrum ordinates computed on the basis of
accelerograms recordsd in the basement of a rigid building were estab-
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8 rigid oody bound %o the elastic semispase, subjected Yo arbitrary verii-
cal seimzic motdon, based oo W resulis of Lambls problem, reducing the
phancmencn 4o an inwsgrodiffersniisl Volierra equation. Usparting from I.
Toriwmids study {mede avallabie for praciical purposss by assuming linear
stress distrilution on the contsct avea), Y. Sato and R. Yamaguchi {12]
investigated the response of a rigid ¢ylinder bound o the alastic semi-
space, loaded dynamically by wonochromatic, veritical or horizonital, seise
mic waves. They sbbtaired diagrams of prectical use for the motion
amplitude a8 fupctlon of adimensicnal parameters, establishing thresholds
as those of resonancs, and the Ilimits between which the seismic ground
motion becomes ampiilied or diminished for the cylinder.

In the present paper some equations will be introduced, which permit
the determiraiion, based on currently admitted assumptions, of the inter-
actimn foress betwsen ground md strucinres, taking into account the
disturbance intraduced inte the ssismic ground motion. The proposed
sethod permite ioe investigation of structurss, the connection to the
%gud of which can be reduced to an arbitrary, finite, pumber of degrees

2} Ihe equations of continuwity

2.1} Assumptions

 In order to investigate mathematically the ground-structure inter-
action problem, the following properties will be assumed:

scribed by a linear rheclogical law, the seismic motion being not so

violent as to produce plastic strains or arvation between foundatdi
and gromd (physical linearity), e e .
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2.2) Elemenis of strugtural dynamies and dynamic seismclcgy

The equations of continuity will be obtained taking inte sccount a
ganeral nanner of expressing the dynamd nents of a solid oody
while satisfying the above lipsariiy asswpbtions, ¥f Iovestigsted, dur-
ing the motion of the body, the dynamic wlacenendts on the direction of
a finite number, m, of degrees of fresdom, noted by indices a ,b ...,
can be expressed by the fobmula (W.B.: abd from 1 to m with respect to
indices & , b ;... when appearing twice in & moncme),

In ezpression {1} following nobations were used:
Xa(t): dynamie forses, acting on the directions =z, assumsd 4o be equal
o to zero on the negaiive semiavis and integrable;
ug(t): free displacenents on the directions a {assuming X_(£)=0 );
u:;:{t) 3 displacements on the directions a , disturbed by tBe action of
the forces X {t);
uab( t)sdynamic displacsment produced on the divection a by the instanta-
neous pulse, egual to the unity, acting on the direction b,

X, (t) = 5(t)where 3(t) is Dirac's function).

Sometimes, instead of expressing the disturbed displacements by (1),
the following expression may be found usefuls

4
4

y gy L © vy
(2} w {t) = L-a(t) ‘1"‘3‘0 uab

{tmz)ﬁb(z) dz

where Upap(t)is the dynamic displacement produced on the direction a by
the step function force acting on the direction b , X, (t) = &(t) (where
€(t) is the step function, &(t) = J58(z) dz ) and where the forces
%,(t) are assumed o be continucus, equal to zero on the negative semi~
axis, and o have an integrable derivalive.

Further on, the expression (1) will be preferved.

The expresasion (1) is applicable for computing the response of both
structure and ground,

In order to deduce the cquations cf the phenomenon of dynamic con~
tact between structure and ground, & section, as shown in fig.l, will be
imagired.

After sectioning, there exists no more conmection between structure
and ground. If we nmote the degrees of freedom of the section bya , b,
cewy (8,0y.c.=1...m), the expression (1) will be used for investigating
both the free structure and the enssmble groynd-foundation.
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In case of the structure, the expression (1) becomes

(3) w552y = W05t » SZ s, (t=2)X3(2) da

where the tensor s b(t) is a linear combination, easy to compute, of the
free structurzl vibrations, X5(t) representing the forces Xa(ti applied
to the structure, and uj(t) representing the displacements u,(t) of the
structure,

In case of the ground, the expression (1) becomes

(&) u:g(t) = u:g(t) +jz gab(t—z)xg(z) dz

where the tensor 8yp{t)can be, theoretically, computed taking into account
the wave propagation in the material semispace (based on Lamb's problem
and using, for example, the excellent results furnished by [14] ), X&(t)
represent the forcesX,(t)applied to the ground, and w8(t) represent the
displacements u,(t) of the ground. a

2.3) Deduction of the equationa of continuity

In the real case, there exists a contact between structure and
ground during the earthquake, and this phenomencn is expressed by the
condition of geometrical continuity

(5) uzg(t) - u:’(t) =0

Introducing expressions (3) and (4) into (5), the equations of con-
tinuity are obtained, which may be used for investigating motiumns of
underground origin (seismic waves, propagations of vibrations through
ground, etc.), or of overground origin (wind action, blast effects,
engine actions, etc.). Further on, it will be assumed that the dynamic
phenomenon is of a purely seismic o (ugS(t) = 0). Taking into
account the actio-reactio principle, X,(t)+X8(t) S0, the conditions of
continuity (5) lead to (see (3), (4)).

©) ude) = &

u
o ab

notizg wj(t) = w S(t), X_(¢) = x3() = x&(v),

(t—z)xb( z) dz,

uab(t) = sab(t) + gab(t)

The significancy of all the quantities intervening in (6) results
easily from the significance of the quantities of (3) and (4).

3) Discussion of the equations of contimity

3.1) General

The relations (6) represent the equations of contimmity of the pro-
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btlem and they constitute a linear system of Volterra integral equations
with respect to the unknown interaction forces X,(t). The phenomenon
thus described is a non-stationary one.

A detailed discussion of the nature of the solution of system (6)
could be accomplished only based on the analytical expression of the ten-
sorial nucleus u,,(t), expression which is generally very difficult to
obtain. However, it can be shown that the solution of the system is
unique. Therefore, it is sufficient to observe that there can be no sys-
tem of dynamic forces X,(t), not to produce a relative displacement
between ground and structure in the case of sectioning (mathematically
speaking, Volterra equations do not admit eigenvalues).

The system (6) is a Volterra system of the 1-st kind. If in the
zone of the sectioning as in Fig.l thexe appeared elements of the dynamic
pattern of massless-spring type, the system (6) would become a Volterra
system of the 2-nd kind. In the real case, every element possesses its
own mass and thus, the system (6) is adequate to the nature of the phe-
nomenon.

Formally, the solution of system (6) will be expressed by the formula
_t 0O
(1) %,(8) = [ R (£-2)80(2) az

which will be further discussed.

The physical significance of the tensorRap(t)is the following:
its terms represent the system of interaction forcesX,(t)that produces
a relative displacement uf(t)-uf(t)=t&(t)on the direction b and main-
tains fixed the relative position of the system on the other directions,
in the case of sectioning as in fig.l.

The disturbed, common motion of structure and ground on the direc-
tions a will be expressed by (see (4)),

3% ] t
(8) uli(s) = ud(e) - [& g, (t-2)X, (2) 2
The analysis of the dynamic strmctural response, based on the dis-
turbed seismic motion, could be obtained by the ald of either the inter-

action forces X,(t), as given by (7), or the disturbed displacements
u:(t) , as given by (8).

3.2) Methods of solving the system (6)

The free dynamic displacements n:(t) and the tensorial nucleus u,y(t)
once known, the system (6) can be solved. Among the methods to be em-
ployed, the most adequate appear the method of finite sums, the method of
operational calculus, and the iterative method. )

The method of finite sums algebrises the system (6), reducing it to
a triangular succession of algebraic linear systems, which can be solved
by recurrence, and offers the spproximate values ofXa(t)at a discrete
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succession of moments (assuming that the matrix of the -oefficlenis is
not a singular one at the imitial moment), If the momsntsty=0,...

=+
tr=tnn

.+ Atare taken into account, the system (6) is spproximated by the

suceesgion of systems

4t

(9) ud( 4t) = u, (SHX (F) at

ab b
Crs . - L Lt 2 2 3 2t
ua{ZAt} = L“ab( S )xbiz At) + uab(‘2 At/Xb( 3 )] At
) i,»
ol‘ 4 o
uaaz'.{kt} = u&b( {r-Sr%}At)Xb({s-%ﬁAt) At

i}

that admit the solution

At
(10) X (57 =

Xa
p:4
a

H

- -1

u h(—A—E) °( At) where uab(-%i-:)ubc(-%&) =5ac
-1
uab(

.
At

o

2
1 457 0 a1t
G at) = u (AY [2ae) - u, G anx (4Y at]
({r-3}at) = = (At [0 41)
AL = g g, () [ (r 4

1l,r-1
-}; ubc({r-sq—-}}At)Xc({s—-HAt)At]

The recursive solving (10) can be mechanised and is able to offer
numerical results of practical use.

The method of cperational calculus algebrises too the system (6) and

permits more extensive discussions on this subject.

The operational correspondence original-image by the Laplace-trans-
form will be moted by h(t)“=.£(p) (13].

The Volterra system (6) will have as operational image the algebraic

systen

(1) U@ = 2U, (0) X (p) shere uwO(t)

. Zlg(p)

. }_a(p)

Xa(t)'

[}

uab(t)' = .uab(P)

It is to be observed that all the originals intervening are equal to
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zero on the negative semiaxis,

The solution of the algsbeaic sysiem (110

- < PR EEYY . kY o) FRIRY FIIRY o~
.L2 {23 =“”_/g Lol (s amee s {7 ) fml o=,
) % 2 p ab iy L b«y ,,g,_,,_&\, ’”’E‘lb.‘/ Zé”ﬁ@‘“e' ﬁac
™ fen® Do
F & = - by
i~ ab\ i ovagfa;}ky}

justifies formally the adopiicon of zelation {7) for expressing the solie
tlon.

The opsrational L

% i@, &3 a By
(13) U(0) = UZe) = G 03, (o) Ulis
= . T ¢ kel s,
= V‘{ab(p/ Y @fc{?}%f‘-ﬁ@ﬁ: 2 le
. N0
= P (e) B, (o) Uie

wpers 5, (£)° = o ), (005 g, (27 = . G, (®)
If the series h&vxng the general termJ (p)J@ 155 \p)oewJ bxp)

Y o o — :"'1 5 -
converges umxformly(wnerejah(p)-cfac(pjfcb(p) aaafab(p)fbcip)—ﬁac).
the expression (13} of the disturbed motion can be written in the manner

= T o¢ S
(1) 2R = (5 + T o (P)+ T () Ty (3 + o JU(P)

The values of the 'bems oi‘ the temsor J, ub‘p) tend to gzero simitane-
ously with the ratio of the dities of structure to gg{onnd and, in the
limit case, the undisturbed, ug{t), and the disturbed, t) mota,ons,
coincide. This fact will appear more clearly later om, wh@n t’s:@ infiuence
of the disturbance eon the xesponse spectrum will be studied.

It becomes obvious, from (13) or (14}, thet, if the system of dynamic
displacements is continuous and derivable at the momsnt t =0, then the
correspondence betwecen the undisturbed znd, respectively, the disturbed
displacements, velocities and accelerations, will maintain itself, and S0
these relations are available alse in oxder o determine the disturbsd
accelerograms.

The iterative method i3 % bs used in this case nobt in the mamner
proposed by Neumasn for the investigation of integral equations, btut in a
manner specific to wwe problem. I the fivst approximation, the struc-
tural response will be computed wh®n subjected to the undisturbed motion,

ud(t). The approximation of order r will be obtained by coFuting
the structural response when subjected to the ground motion ‘u% (t) pro=-
duced (if sectioning as ian fig.l) by the interaction forees=-X; (¢ )eorre-
sponding to the approximation of ordey r-1 of the structural response
If the process converges, the response of the structure to the disturbed
ground motion will be obtained by adding the successive spproximations.
The operational image of the method is reduced to the application of
relation (14), which obtains thus an intuitive semse,
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3.3} Correction of the response spectrum

The seismic disturbed motion once computed by (8), the response
spectrum method becomes applicable, using the disturbed displacements
ui(t) as imput. For a more detaied discussion, it will be of use to
investigate the case of a one-degree-of-freedom system.

The free seismic vertical motion of the ground, u (t), given, the
equation of motion of the body drawn in fig.2a will have the form and,
respectively, the operational image (in case of homogeneous initial con-
ditions},

(15) o + x(u-u®) = 0 °=. mp2u+ Ku-u°) =0

with the gemeral solution given by one of the equivalent forms (when

GQD = :’E ) 2
(36) u =wf® sinw(t-z)u’(z) dz *=. U= ——= Y° = L 22 °
ﬁ N P L2,.P

u-w® = - [¥sinu(t-2)T0) az ‘=, U-U°

__2.2_u,°‘___1___p.a_1_. 20
2 24 T~ %p 2 2°F
P+ P+

In order to make obvious the disturbance, the pattern of fig.2b will
be substituted to that of fig.2a, where the ground is compliant and the
commection body-ground is represented by a support of linear dimension L.
4 section will be imagined like in fig.2c.

Tne tensors,, (t) will be replaced by the function a(t) , given by

b3 . 1
(27) s(t) = -%-)- + f%lt =. F(p) = ﬁ(—j? + -;12—_)

For the function g(t) , which particularises the tensor gab(t), a
qualitative, dimensional expression, will be adopted,

(8) g(v) = 2 [% £( %%):} = Yp) = -L%g(g Lp),

shere E(t)f(t) °*=. F(p)
the expression of £(t) being not determined.
The temor_’,;b(p)of (112.) will be replaced by the function
F(p) k
T = - = - = 2= F(L 1p),
Fo5 - pawzfﬁ; P

while the operational image of the disturbed ground
the interaction force X(t) *=. ¥(p) = K g 1 mtignuzt(lb;j)ected to
p2+(02 1l- j"(p; P P
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will become

(19) WE(p)

]

I (p) o 1 o
e - e e
[1 +7(p) +72(p)...]u°(p)
where the series is assumed to be uniformly convergent.

[

Obgiously, the images of the equivalent forms of the solution (16),
2Py o _ P )
U= or U-WU = - /2

02edf P2+l : (see 13)
will be replaced by
@0) uie) = 2 L w0~ [+ 5] U’ (@)
p2ee? 1= T(@) P2eid

The expressionk(zo) shows that the disturbance vanishes simultaneous-
ly with the ratio 7F. The anmalytical expression of F(p)given, the
effective computation of the corrected response spectrum becomes availabie.

The considerations apbové discussed remain valid in case of linear
frictions.

3¢4) Stochastic aspects of the interaction between ground and
structure

In the former paragraphs, the ground-structure interaction phenome-
non during an earthquake was dealt with from an exclusively deterministic
standpoint, assuming that in the practical valuation of earthquake effects
on buildings the response spectrum method will be used.

The actual tendency of applying the theory of stochastic processes in
investigating the effects of earthquakes upon structures may be adopted
too in the investigation of the ground-structure interaction, starting
from the equations (6), (1), (4].

If admitting the assumptions of 32.1), it is practically satisfac-
tory to know, for the vectors u,(t) andX, (t), now taken into account as
vectorial ramdom functions of a non-stationary stochastic process, the
correlative functions of orders 1 {mean) and 2(covariancy), (4}, (87.
These functions will be, respectively,

a
(21) ua(ti =f_m ua(t)w{ua(t); t} du (t) ‘=. uazpi

@
uaztl5ubzt25 = ff—m ua(tl)ub(ta)w{ua(tl),ub(tz);

£ty } du, (6))du, (8,) =2 U (o) %y (3,)
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st oo e S SO PETI vy ey
N Cedwix_(s)g v df () "= ¥ (B
3 w0 & . A ~ =
S r
TUTTTETTTY . F (e, 3E (1 0wWix ¢ X ()3
T mn e m g Ele d (e WX (80 X (8505
Y
LA Y ay /t ":e (’o 3y
ty oty X {8, 0dK 50 =e X (py ) % (0,

nility densities of the valucs of the

W

the 850Ch zaint, 3% is interesting to es%i?.blé.sh the
fanctions of the wndisturbed displace-
Cements 13?;4’ £}, and the interaction forses

e

teblishsd nzsed on the equations (6),

£

(I
[ e

~arstional images {11%+{14}. The 2-nd alterna-
it permits sirplification of the compuba-

Tns eguatisus of sontimudity (6) or iheir images (11), lead; in the
g1d of images, to the yelaviocps, [8]

oy gD I =
2y Y fed = 2 ’ah(p);&biﬁ

N S : =
i o= ‘}'? . ~ T y

setwsen the corvelative functions of u§(t) amd x_(t) .
The solution of the eguations {22) is, obviously, if considering (12),
Fom, 1 7. 2.,0
23 E 5] = S (2de UL (P

e pe—— 1 5 . . 2.2 ,,0 Yy, 0
fa(:’lﬂ %b§f2¢ b plpz’gaﬁ(pl)}gbd(pa)plpz &C(Pl)%d('?‘z}

deparving from {13), it is sasy o establish the relation between the
eoryelative functions of the umdisturbed and disturbed displacements:

(2) Ugle) = K, (53 B, (») UM

. ¥ » =
U 2 Unley) = K, (200 400 B, (0 ) B 5o (02) %2y ) UG(m,)
The relations {24) can e written in a form corresponding to (14), if
the Wa%rwfgb{pgﬁg}m{p}wﬂl be represented by series as in (14). ’

It f2llvws, from the former dissussions, tnat, if the interactien
problem bas once been investigated from the deterministic standpoint, it
w?‘i&lﬁ o8 8asy o compute the eifect of the disturbance upon the correla-
zum i‘mctm?a of the free displacementsuz(t) , or accelerations B3(t),
°7 e ald of the exact relations (24), or by that of series similar to
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vhose of (14), returning then Yo the field of the originals.

If necessar 3 the reletions (22}, (23), (24), are directly extensi-
bls to the case of higher order coryelative functions.

3.5} Position of ihe asswmbion on the insiantanecus linear
FTowmdation compliance

The anslysis carried ouwt in this psper lesds to the determination of
the disturbed grownd wmotlon, o be wsed as imput for the dypemical compu-
tation of the struchture.

Another procsdure sould ke wused for this ain, investigaiing the
structural response Lo the howndsry conditions

v'?'”t " Sy,
{25) m “’) %M"@ gab(th)xb(z) dz = ua(t)

The system (25) is equivalent o the system (), if the relations
(3) are taken into accommt.

The elememtary assmpbion on the instentanecus linear foundation
compliance, ag uesd in {9], substitotes to the exact boundary conditions
(25) the algebraic conditions

(26) u:(t) + Ga,bxb(t} = uz(t), @, = const.

which can be deduced from (25) if the expression g,,(t) = &, 8(¢) is
assumed .

Instead of the boundary conditions (25), similar to the rheological
law of a body with postaction, and which lead o energy dissipation into
the ground, thes elementary elastic conditions (26) lead %o no energy dis-
sipation.

3.6) Invesiigobion of the disturbapce by means of statiocnary
monncaromatic loreea vibrations

If the free dynmmie displacements va (t) of the structure are not
equal to zero, then the expression (13) of the disturbed ground motion
will change (in the field of images) into one of the expressions

7)) UE) = L (0B, (0 Uo%(e) + . () By (9D US (0}
= Fop(®) By () [UE @) = T,y (2) UG (p)]

P (2 By (2) UE(R) + [‘Yac‘“ fab(p)ﬁbc(p)]y’:s(m

From the expressions (27), it follows that the relation between the
mndisturbed and the disturbed seismic motions, expressed by the tensor
Far(p) B pelp) , may be investigated by means of motions of ground
origin or of structural origin, tdking into account one of the expres-

H

[
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28) (PR, (P UB(P) = YX(p) where U (p) = O

29) Fop(PIB (2 U (P) = U2%(p) - UNp) where AJE(p) =0

that means, elither by comparing the disturbed ground motiogx to the free
ground motion, or by comparing the disturbance introduced into the struc-
tural motion to the free structural motion. The second procedure may show
itself to be of a more practical use,

If 7 linearily independent vectors %gn(p) and the corresponding
vectors Uy, (p) (r=1...m) are known, the tensor Yap(P) By (p) may be
determined by solving, with respect to it, the system of equations

(30) L@ By (D UL(P) = WI(P) - Uk ()

ar

If a motion of ground origin would be used to this purpose, an alge-~
braic system, deduced nmot from (29), but from (28), would be substituted
to {3c).

4 stationary monochromatic input of the original of the relation (28),
o Ga+i(wt—?)
{31) uas(t} = e

leads to a stationary monochromatic output of the same relation,
D_+i(wt-¢-¢ )

(32) u:(t) =e 2 fa
making the tensor fab(p)ﬁ?bc(p)m be in this case a function of v,

X, (@) ~1 (w)
32) j;b(P)ﬁbc(P) =e ¢ Pae where cw= Imp

If the tensors X,c(®) and ¢, (@) are determined for each value
of W, the disturbed motion wX(t) can be expressed, taking into account
the direct and inverse integral transforms, by the formula

1 c+i @ @ -
6w = e [0 w [ S Ry 6P 08 g

vhere the tensor fab(p)ﬂbc(p) is expressed by means of (33).

’ The importance of studies as that of I. Toriuni, on which the er
{12} 1s based, becomes obvious for the case of an ar‘:)itrary ground I}r)xgion.

Besides the theoretical investigation of the tensor AN
, P)Rpe(P) b
computing the response to monochromatic stationary forces, :gpenme%c':bal Y
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methods, starting from (30), become of use. The tensor V()& pe(P) may
now be determined by accomplishing an m-fold recording of the motions
un.(t) (r=1...m)due to forces which would produce the m structural line-
aﬂly independent types of vibrations ugf.(t)and hence computing by means
of (30) the tensors Xap(w) and %, (W), The circular frequency ¢o of
the periodic forces must vary, theoretically, for each of the m experi-
ments, from 0 to .

The tensorJa;,(P) o (Plonce known for the case of a relatively
simple structure, can be computed for the case of a more complex struc-
ture, if only the type of foundations remains unchanged. For example, if
its values are known for the case of a rigid cylinder, they can be hence
deduced for the case of a stack.

If, in the case of a simple structure, the expression of this tensor
is

(35) Yo, (IR g (P) = A2, ()

the expression of the tensor ¥,,(P)will be, taking into account the re-
lations between the various temsors above discussed,

(36) ﬁab(P) = EAZi-l)(P) - CT;ac be(p)

The tensor ., (p)must be the same for two structures having the
same type of foundation, that means

G7) ﬂ:é-l)(p) —é\ac] f:b(p) = [’422-1)‘?’ 'Sac fcb(p)

and hence the following expression is obtained
(38) J"ab(p)ﬁbc(p) = A, (P

- -1
c P Foo®) Foe )+ AV @) R0 |

The expression (38) allows the determination of the disturbed motion
for the case of a complex structure, if the temsor (35) is known for a
simple structure, without solving again the whole interaction problem.
Numerical results for simple structures, as those of [12] are of practi-
cal use also for the case of complex structures. '

4) Conclusions

The disturbance phenomenon introduced by the presence of the struc-
ture into the seismic motion, observed in the seismographic records by
several specialists and taken into account in the structural computations,
or quantitatively valued, based on several simplifying assumptions, is
described, in a general manner, in the bounds of the former admitted
assumptions, by the equations of continuity (6), established in this
paper. When the continuous contact between ground and structure can be
approximated by a discrete one, then the problem can be approached too by
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t vt st tematically: the seismic interaction
of neighbouring structurss, tivough the matual propagation of the dis-
turbance producsd by each of the structures,

v of use, but adopting as
imput the 4l po ! %, it becomes obwious ithat
the vesponse spectrum method {when adopting as irput the undisturbed
motion) is rigorous in the limit cese when the ratio of rigidities of
gtructure to o ends %o zero, maintaining abt 2 given value the ratic

I appiying ©
teicing inte accoun
by means of wveeb

oronosed method, probsbilistic deviced can be used,
the fres modion 28 a stochastic process, investigatec

orial random funciions.

The assumpiion on the instantaneous foundation compliance is valid
in the practically impossible peculiar case of a massless ground (leading
to an infinite propagation velecity). In 2 more accurate analysis, the
boundary conditions {25} must be substituied o this elementary assump-
tion.

In investigating the interacticn phenomenon, 2 nucleus corresponding
to moncchromatic statlionary vaibrations may be used, instead of ihe origi-
nzl nucleus, correspopding to instantansous pulses, by using in the com-
putations the relation {34).

In the general expression of the equations (6), the analytical form
of the nucleus remained unprecised. This analytical awpression has not
vet teen generally obtained for the tensor gab{t) s excapt in some pecul-
iar cases which do not exheust practical preblems. The theoretical
2puroach, excessively laborious and based on too simple assumptions
{ordinarily, perfectly slastic vody), camnot, practically, avoid this
snorteoming, It follows, logically, taking inte account the actual pos-
sivilities, that the sxperimental determimation of the nucleus gap(t)
must be adopied, by recording the dynamic displacements of the foundations,
due to instantansous leading. A program of systematic experimental inves-
tigation in this sense can be accomplished by a research institute possess-
ing an adequate sxperimental basis.

Instead of using the equations {6) as a basis for the investigation
of the interaction phenomenon, their operational image may be taken into
account, avoiding in this marmer the necessity of determining the tensor

2;,(t) . Thus, the problem of determining this nucleusis replaced by
the problem, leading in many cases o less difficulties, of determining
the tensor ¥,,(p)%,.(p) by means of monochromatic forced vibrations.
A progyam of experjman%al investigations, accomplished this time no® upon
the ensemble grouwrd-foundation, as for the tensor gab(t) , but woen actual
structures, is now of use,
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A systematization of computing methods becomes necessary.

For the finite sums method, a mechanical amalyser and an investiga-
tion of the variation of the nucleus u,,(t)in the neighbourhood of the
oﬁ%in are necessary, in order to determine the admissible interval At
of (9).

For the operational calculus, it is necessary a rapid computer of
direct and inverse integral transforms for empirical functions.

For the iterative method it is necessary to investigate the conver-
gence of the correction series of (14).

~ The paper has been written in comection with the research activity
of the Bucharest Building Research Institute (IPQMC), Engineering Mechan-
ics Section.

The main ideas concerning the establishing of the equations of con-
tinuity were exposed at the Conference of Seismology held in Bucharest,
October 6 ~ 9 th, 1959,

During the preparation of the present paper, the autaor received
very useful bibliographical informations and suggestions from his col-
league G. Serbanescu.
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