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ABSTRACT

Numerical values for the functions which characterize the
dynamic response of rigid rectangular foundations excited by external
forces and moments, ana by horizontally incident SH- and Rayleigh
waves are presented. The rigid reétangular foundations aré assumed
to be massless and perfectly bonded to a uniform viscoelastic half-
space. The numerical results cover a wide frequency range and
foundations with different aspect ratios. The effects of Poisson's

ratio and hysteretic damping constant on the results are described.






INTRODUC TION

A complete analysis of the dynamic interaction between structures
and the soil under seismic excitation requires a detailed understanding
of the dynamic response of the foundation when excited by external forces
and different types of seismic waves. The response of foundations to external
forces also plays an important role in the design of machine foundations
and in the analys is. of soil-structure interaction under wind loads.

The response of rigid foundations éxcited by harmonic external
forces and moments can be characterized by the impedance or dynamic
stiffness matrix for the foundation, or, by its inverse, the compliance
or dynamic flexibility matrix, The impedance and compliance matrices
depend on the frequency of the excitation, the geometry of foundation and
the properties of the underlying soil deposit. The evaluation of the
impedance or compliance functions for rigid circular foundations and
two-dimensional strip footings has been the subject of numerous investi-
gations in the last 40 years. A complete list of references up to 1975
may be found in Ref, [1]. Inthe caseof circular and strip foundations the
resulting mixed boundary-value problem may be reduced by standard
techniques to the solution of Fredholm integral equations [2, 3, 4, 5].
For more complex foundation geometries the .problem has been approxi-
mately solved by defining an equivalent circular base, or by assuming
a certain stress distribution on the contact between the foundation and
the soil. This last approach has been used by Thomson and Kobori

to obtain the compliance functions for rectangular foundations [6].



In recent years.the authors have developed a method that permits
the evaluation of the impedance or compliance functions for flat rigid
foundations of arbitrary shape placed on the surface of an elastic half-
space [1, 7, 8]. The method is based on dividing the contact area between
the foundation and the soil into a number of sub-regions and in assuming
that the contact tractions within each area are uniform but of unknown
amplitude. Evaluating the displacements generated by the uniform trac-
tions in each of the sub-regions and invoking the displacement boundary
conditions leads to a discrete variational problem in terms of the unknown
‘tractions. Once the contact tractions have been obtained by solving the
variational problem, the total forces and moments acting on the foundation
may be computed, leading to the desired impedance matrix for the foun-
dation. This approach corresponds to an extension of the works of Lysmer
[9], in which the vertical compliance for a rigid circular foundation was
evaluated by considering several unifo‘rmly loaded concentric rings, and
of Elorduy et al [10], where the contact tractions within each sub-region
were replaced by concentrated loads.

With the recent development oi_:' an efficient technique to evaluate
the dynamic Green functions for layered viscoelastic media [11] the
procedure just described may be used to obtain the impedance functions
of flat rigid foundations of arbitrary shape supported on a multilayered
viscoelastic half-space. A first objecfive of this report is to present

tables of numerical values for the impedance functions of rigid massless



rectangular foundations perfectly bonded to a uniform viscoelastic
half-space. The results presented cover a wide frequency range for foun-
dations with various length to width ratios supported on soils characterized

by different Poisson's ratios and material damping constants.

Most studies of the interaction between structures and the soil
during earthquakes are based on the assumption of vertically incident
seismic waves. In the case of flét foundations this assumption introduces
significant simplifications in the analysis since the motion of the foun-
dation in absence of the superstructure can be easily obtained by considering
the total reflection of the plane vertically incident seismic waves on the
surface of the half-space. Although the common practice is based on
the assumption of vertically incident waves a number of theoretical consid-
eratiens as well as analyses of strong motion records [12, 13] indicate
that nonvertically incident waves, and, in particular, surface waves may
have an important contribution to the tofal motion recorded at a site,

Under such.circumstances, it becomes important to study the effects of
nonvertically incident waveé.

The second objective of this report is to present tables of numerical
values for the response of rigid massless rectangular foundations bonded
to a uniform elastic half-space and excited by horizontally incident shear
waves and surface Rayleigh waves. Results over a wide frequency range

are presented for waves impinging on rectangular foundations with different



length to width ratios from two orthogonal horizontal directions., The
response of a rigid massless foundation to an incident seismic wave is
designated here as foundation input motion since it plays the role of input
motioﬁ fbr the complete soil-structure interaction problem when the mass
of the foundation and the effects of the superstructure are taken into account,
In the case of nonvertically inéident waves the foundation input motion
includes translations and rotations as opposed to the case of vertically
incident waves in which t;he foundation input motion includes only translations.
While a large‘number of publications dealing with the dynamic
response of rigid foundations to external forces has appeared in the
literature comparetively few studies have been conducted on the related
problem of determining the response of rigid foundations to seismic
waves. A transient solution for the diffraction of an incident wave by
a smooth rigid strip in contact with an elastic half-space has been presented
by Flitman [14]. The corresponﬂing harmonic problem under bonded condi-
tions has been studied by Oien [15]. Luco [16], Trifunac [17], Wong [1],
Wong and Trifunac [18], Thau and Umek [19, 20] and Dravinski and Thau
[21, 22] have studied the response of two-dimensional rigid foundations
embedded in an elastic half-space and excited by plane seismic waves,
Kobori et al [23, 24] have analyzed the vibrations Qf a rigid circular foun-
dation subjected to nonvertically incident plane waves., Studies of the
torsional response of a rigid circular foundation, a hemispherical and

a semi-ellipsoidal foundation excited by obliquely incident SH waves has



been presented by Luco [25, 26] and by Apsel and Luco [27]. Tani et al
[28], Iguchi [29] and Scanlan [30] have obtained approximate values for

the response of rigid rectangular foundations to nonvertically incident
waves. Finally, the authors [1, 31, 32] have studied the motion of a rigid
rectangular foundation bonded to an elastic half-space and excited by
obliquely incident P, SV, SH and Rayleigh waves. The results obtained
indicate that nonvertically incident SH waves generate a marked torsional
response, while nonvertically incident P, SV and Rayleigh waves cause

a considerable amount of rocking of the foundation. In the case of flat
foundations, these components of motion are not excited by vertically
incident waves. Nonvertically incident waves also cause a marked reduc-
tion of the translational response at high frequencies.

The impedance functions and the foundation input motion for a
particular type of wave provide a complete characterization of the foun-
dation response [31], and, when used together with a model of the super-
structure, permit the detailed analysis of the interaction between the
structure and the soil for that particular type of seismic excitation [8, 33, 34].

The numerical results presented in this report have been obtained
by use of the computer program CLASSI (Continuum Linear Analysis of
Soil-structure Interaction [8]). This program has the capability of evaluating
the dynamic response of flat rigid foundations of arbitrary shape supported
on a multilayered viscoelastic half-space. Tables of impedance functions
for rectangular foundations supported on various types of layered media

will be presented in a subsequent report.



SYSTEM AND BASIC EQUATIONS

The system considered in this report is illustrated in Fig. 1.
It consists of a rigid massless rectangular foundation of length 2B and
width 2C (lel < B, |le <C, x5 = 0) bonded to a uniform isotropic
viscoelastic half-space (x3 < 0). The viscoelastic half-space is charac-
terized by the shear modulus G, density P, Poisson's ratio V¥ and hyster-
etic damping ratip §. Attenuation has been introduced in this case by
considering a complex shear modulus G* = G(l + 2i£) and by keeping the
Poisson's ratio V real.

It is convenient to consider first the case in which the foundation
is excited by external forces and moments in absence of seismic excita-
tion. The resultant of the ha.rmonch external forces acting on the founda-

tion may be represented by the vector (Fl’ F F3)e1wt, while the resultant

2
moment about the center of the rectangular founciation is represented by
(Ml, MZ’ M3)eiwt, w denoting the frequency of the harmonic excitation.
The response of the rigid massless foundation to these forces and moments

can be described by the motion (Ul, 8) U?,)eu'ot of the center of the foun-

2’
. . iwt . .
dation and by the rotation vector ((pl, (pz, tp3)e . The sign convention

of the different components is illustrated in Fig. 1.

The relationship between the external forces and the motion

of the foundation may be expressed in the form
{r} = [K]{U} (1)

where [K] is the foundation impedance matrix,
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Figure 1 Description of the System,



T
{F} = (F}» Fp, Fyu M,/L, M, /L, M,/L) (2)

is the vector of generalized forces, and

T .

is the vector of generalized displacements. The length of reference L is

defined here as the radius of a circular foundation of area equal to that

of the rectangular foundation, i.e.,

N

L = (4BC/m?2 , (4)

Because of the symmetry of the rectangular foundation, the

impedance matrix reduces in this case to the symmetric matrix

~ -
K11 0 0 0 K15 0
0 KZZ 0 K24 0 0
[K] = gL| © 0 K33 0 0 0 (5)
0 K42 0 K44 0 0
K51 0 0 0 K55 0
0 0
| 0 0 0 K6é_
where the coupling terms K_, =K.,_and K, =K The elements Kij

51 15 42 24°

of the impedance matrix are complex and depend on the length to width
ratio B/C of the foundation, 6n the Poisson's ratio ¥ and the damping
constant & for‘the soil, and, on the dimensionless frequency Ao = wL/B,
where B = (G/p)% is the shear wave velocity in the supporting medium.
Some of the most important cha.-racteristics of the impedance functions

for rectangular foundations are presented in the following section.



As to the response of rectangular foundations to seismic waves,
two types of seismic excitation are considered in this report. The first
type corresponds to horizontally propagating SH waves impinging on the
foundation with angle 8 as shown in Fig. 1. The free-field motion,

i.e., the motion of the soil in absence of the rigid foundation, is repre-

sented in this case by

a ), x,, 0) -Asinb
Uy (xys x5, 0} = A cos 6\ exp{iwft - (x1 cos 6 + %, sin 8)/81} , (6)
U3lEpr %50 0) 0

where A is the amplitude of the motion of the soil surface.

The second type of seismic excitation corresponds to a Rayleigh
surface wave impinging on the foundation along the direction defined by

the angle 6 as shown in Fig. 1. The free-field motion on the soil surface

for Rayleigh waves is given by

ul(xl’ Xz’ 0) RI‘ICOS e
U-z(xl, X5 0)) = RH sin ) exp{iw[t - (xlcos 6 + x, 8in 9)/CR]} , (7)
u3(x1, X5s 0) RV

where RH and RV are the amplitudes of the horizontal and vertical compo-
nents, and CR is the Rayleigh wave velocity. For a Poisson's ratio of

0.33, RV = -1 5651RH and CR = 0.9325B; while for a Poisson's ratio

of 0.45, R, = -1.7431iR__and C_ = 0.9498,

A% H R

For both types of seismic excitations, the presence of the rigid

foundation modifies the free-field motion by the addition of diffracted
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waves. The resulting motion of the rigid massless foundation in absence

of external forces is designated foundation input motion and includes, in
general, translations and rotations. The response of the foundation for

a particular type of seismic excitation, i.e., the foundation input motion
for that particular excitation, can be represented by the input motion vector

%

k _ %k sk
{u™} = (U], U, Uy

* * &
» L1, L9, 16p3) (8)
% * ¥ jwt .

where (Ul’ U, U3)e corresponds to the motion of the center of the

. * * ¥  lwt ‘ .
foundation and (fpl, <PZ, (03)e corresponds to the rotation vector. The
characteristics of the foundation input motion for horizontally incident
SH waves and Rayleigh waves are discussed in subsequent sections.

The evaluation of the impedance matrix and of the foundation
input motion for different types of seismic waves entail the solution
of a set of mixed boundary-value problems in elasticity. The method
of solution employed to obtain the results presented in this report has
been described briefly in the previous section. Detailed descriptions
may be found in Refs. [1, 7, 8]. Once the stiffness matrix and the foun-
dation input motion have been obtained, the force displacement relationship
for a massless rigid foundation subjected to both external forces and seismic

excitation can be written in the form
{r} = [K){U} - {U™} 9)

where {F} represents the generalized external forces, {U} the total motion
and {U*} the foundation input motion [31, 34]. The force-displacement
relationship for the foundation given by Eq. (9) constitutes one of the basic

elements necessary for a complete soil-structure analysis [33, 34].
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IMPEDANCE FUNC TIONS

The impedance functions for rectangular foundations with aspect
ratios B/C =1, 2, 3 and 4 have been computed for 21 values of the dimen-
sionless frequency Ao = WL/B in the range from 0. to IQ. The computations
have been performed for two values of the Poisson's ratioV = 1/3 and
0.45, and for three values of the hysteretic damping ratio £ = 0., 0.02 and
0.05. The real and imaginary parts of the results are presented in Tables
A.1.1.1 through A2.4.3. The tables are organized on the basis of three
integers I, J and K (Table A.I.J.K). Values of I =1 and 2 corresponds to
values of V = 1/3 and 0.45, respectively. Values of J =1, 2, 3 and 4
correspond to values of B/C =1, 2, 3 and 4, respectively. Finally, values
of K =1, 2 and 3 correspond to values of £ = 0., 0.02 and 0.05, respectively.

Some typical resﬁlts corresponding to the impedance functions
for a rectangular foundation with an aspect ratio B/C = 4 supported on an
elastic half-space (£ =0.) are shown in Figs. 2, 3 and 4, In these figures
the real and imaginary parts of the impedance functions are plotted versus
the dimensionless frequency A0 for two values of the Poisson's ratio (the
imaginary parts have been divided by Ao in the figures). The impedance
functions shown in Fig, 2 (Kll’ K

K51, K are those involved in

15 = 55)

coupled horizontal-rocking vibrations in the x1x3—vertica1 plane. Similarly,

the impedance functions shown in Fig. 3 are those involved in coupled hori-

zontal-rocking vibrations in the x -vertical plane. The results shown

273

in Fig. 4 correspond to the vertical (K_.) and torsional impedance func-

33

tions (K66) .
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The characteristics of the impedance functions for rectangular
foundations are very similar to those for circular foundations. To
describe these characteristics it is convenient to define the quantities
kzm = Resz (4, m =1, 5) as stiffness coefficients and o =

Im(KEm/Ao) (¢, m =1, 5) as damping coefficients. Some of the properties

of the impedance functions are : (1) the coupling terms K K51 and

15 -
K24 = K42 are much smaller than the remaining terms, (2) the stiffness
coefficients are more sensitive to the values of Poisson's ratio than the
damping coefficients, (3) the rocking and vertical stiffness coefficients
k44, k55 and k33 become negative as the frequency increases for soils with
, C

Poisson's ratios close to 0.5, (4) the damping terms cll’ c , C

227 733’ T44°

g5 and 66 tend to constant values as the frequency increases, (5) the

damping coefficients associated with rotations (c and c66) are very

44’ 55
small at low frequencies; and (6) the damping coefficients associated with
translations (cll, 5o c33) are not very dependent on frequency.

The effects of material damping on the impedance functions are
illustrated in Fig. 5. In this figure the real and imaginary parts of the
torsional impedance K66 for a square foundation (B/C = 1) supported on
a soil with a Péisson's ratio of 1/3 are plotted versus the dimensionless
frequency Ao for three values of the hysteretic damping constant £. As
shown in Fig. 5 the effect of material damping on the impedance functions

corresponds to a reduction of the stiffness coefficients at high frequencies

and to an increase of the damping coefficients at low frequencies.
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The effects of the length to width ratio B/C on the impedance
functions are illustrated in Fig. 6. In this figure the real and imaginary

parts of the horizontal impedance function K. . for rectangular foundations

11
with different aspect ratios B/C are plotted versus the dimensionless
frequency A0 for a perfectly elastic soil (£ = 0) with a Poisson's ratio

of 1/3. The hormalization introduced by Eqs. (4) and (5) is such that the
comparison between normalized impedance functions for the different foun-
dations is on an equal area basis. Figure 6 shows that if 1 < B/C < 4 the

effect of the aspect ratio on K. . is not very pronounced, while if B/C < 1

11

the effect becomes significant,
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FOUNDATION INPUT MOTION FOR SH-WAVES

The response of massless rigid rectaﬁgular foundations with
aspect ratios B/C =1, 2, 3 and 4 excited by horizontally incident SH-waves
have been computed for different values of the dimensionless frequency
Ao = WL/B in the range from 0 to 10 and for two values of the Poisson's
ratio V = 0.33 and 0.45. The computed response for two directions of
incidence, 6 = 0° and 0 = 900 (refer to Fig. 1), and for a perfectly elastic
medium (§ = 0) are presented in Tables B. 1.1 through B.2.4. The response
for SH-waves impinging on the foundation along the 8 = 0° direction for
soils with hysteretic damping constants £ = 0., 0.02 and 0.05 are presented
in Tables C. 1.1 through C.2.4. Both sets of tables are organized on the
basis of two integers I and J (e.g., Table B.I.J). Values of I =1 and 2
correspond to values of ¥V =0.33 (¥ =1/3 in Tables C.I1.J) and 0.45, respec-
tively, while values of J =1, 2, 3 and 4 correspond to aspect ratios
B/C =1, 2, 3 and 4, respectively. The results presented in the tables
have been normalized by the amplitude S of the free-field motion on the
soil surface in absence of the foundation (S = A for 8 = 0° and S = -A for
8 = 90°% where A is the amplitude introduced in Eq. (6)).

Some typical results corresponding to the foundation input motion
for a rectangular foundation with an aspect ratio of B/C = 4 supported on
a perfectly elastic half-space (§ = 0) and excited by horizontally incident
SH-waves impinging on the foundation along the directiions & =0° and

8 = 90° are shown in Figs. 7 and 8, respectively. In these figures the
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real and imaginary parts of the nonzero components of the response
normalized by thé amplitude of the free-field motion are plotted versus
the dimensionless frequency Ao for two values of Poisson's ratio.

The results shown in Fig. 7, indicate that the foundation response
for a horizontally incident SH-wave of amplitude S propagating along the
direction 6 = 0° consists of three components: (i) U;, translation
along the xz-axis, (ii) QDT, rotation about the xl-axis, and (iii) QD’;, torsion
about the vertical x3-axis. As shown in Fig. 7, the translational response
U:, which has the same amplitude as the free-field motion at low frequency,
experiences a drastic reduction in amplitude as the frequency increases.,
The results obtained also indicate that the rocking component of the
response (/.)’;< is very small as compared with the other components. The
torsional component of the response <p§ is quite significant particularly
for values of Ao in the neighborhood of 1.

For horizontally incident SH-waves propagating in the direction
8 = 90° the foundation response has again three nonzero components,

UT, (p: and ‘P:: as shown in Fig. 8. In this case, the amplitude of the
torsional response QO;: is considerably lower than that for 6 = 900 . For
both angles of incidence, the effects of Poisson's ratio on the response
are not significant,

The effects of the aspect ratio B/C on the response of the

foundation are illustrated in Figs. 9 and 10. The real part of the trans-

*

lational response U2

normalized by the amplitude S of the free-field
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motion for foundations with aspect ratios B/C =0.25, 1 and 4 are shown
in Fig. 9 versus the dimensionless frequency WB/B for SH-wave excitation
propagating in the direction 0 = 0°. The results shown indicate that the
translational response is essentially independent of the aspect ratio and
depends only on the length of the foundation in the direction of propagation.
This is not the case for the torsional component of the response which
depends markedly on the aspect ratio as shown in Fig. 10. The more
elongated the foundation in the direction of propagation, the higher the
torsional response. When B/C > 1, the tangential motion B«)’;< at the ends
x, = B of the foundation may have an amplitude similar to that of the
free-field motion.

Tani et al [28], Iguchi [29] and Scanlan [30] have proposed the use
of appropriate averages of the free-field motipn as approximations to the
foundation input motion. For the case of a rectangular foundation excited

. . . o . .
in the direction 6 = 0° these approximations are

* .
UZ/S = sin Bo/Bo (10)
5 3 sinBo cos Bo
B(p3/S = -i > > -3 (11)
1 +(C/B) Bo o

where Bo = WB/B. These approximations are compared in Figs. 9 and 10
with the more accurate values obtained in this report. Based on the
comparison, it seems that the approximate expressions may be suffi-

cient for preliminary analysis.
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Tables C. 1.1 through C.2.4 indicate that the effects of material
damping on the foundation input motion for SH-waves are very small at
low frequencies and that these effects increase with frequency.

The tables presented in this report correspond to the case of
horizontally incident SH-waves. The response of square foundations
to nonvertically incident SH-waves and to other types of internal waves

with different angles of incidence may be found in Ref. [31].
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FOUNDATION INPUT MOTION FOR RAYLEIGH WAVES

The response of rigid massless rectangular foundation with
different aspects ratios excited by harmonic Rayleigh waves have been
computed and the results have been summarized in Tables D. 1.1 through
D.2.4. The results presented in the tables include the response for
Rayleigh waves impinging on the foundation along the lines 6 = 0° and
8 = 90° as shown in Fig. 1. The results are normalized by RH the ampli-
tude of the horizontal component of the free-field motion associated with
the Rayleigh wave.

Some typical results for a foundation with an aspect ratio of

B/C =4 are illustrated in Figs. 11 and 12. The three nonzero components

*

*
of the response Ul’ U3

and <p: for a Rayliegh wave impinging on the foun-
dation along the direction 8 = 0° are shown in Fig. 11 as a function of the
dimensionless frequency Ao = WL/B. Inspection of Fig. 11 indicates

that the translational components of the response present a marked reduc-
tion in amplitude as tﬁe frequency increases. A second important charac-
teristic of the response is that a significant rocking component is generated.
The nonzero components of the response U:, U;: and ,oj for a Rayleigh

wave impinging on the foundation along the line 8 = 90° are shown in Fig. 12,
Again, the reduction in amplitude of translational components may be
observed as the frequency increases. The results presented in Figs, 11

and 12 indicate that the response is not strongly dependent on the value

of the Poisson's ratio.
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The effects of the aspect ratio B/C on the response to Rayleigh
waves are illustrated in Fig. 13. In this figure the normalized response
components UT/RH, U:/RH and Btp:/RH are plotted versus the dimen-
sionless frequency WB/B for the case of incidence along 8 =0°. The
results presented indicate that the aspect ratio of foundation has no marked
effect on the response, the important parameter corresponds to the length
of the foundation in the direction of propagation of the incident wave. It
must be emphasized that the rocking component of the response may

sk
induce vertical displacements B(p2 at the ends x_ = #B of the foundation

2
of amplitude twice as high as the amplitude of the horizontal component.
of the free-field motion.

The results presented in this report correspond to Rayleigh wave:
excitation impinging on the foundation in the directions 8 = 0° and 8 = 90°.
For other angles of incidence the response of the foundation involves all

of the translational and rotational components of motion. Values for the

response in the more general case may be found in Ref. [32].



31

1.5, T T T
ur
RM
V=033, 8:0
B/C=1/4
10 -=== B/C=1

cevenienes B/C=24 Us

Uy
f~ 28 7
9:=0°
V=033
§€=0
’o"o : l2 ls P
wB/p
0.5, T T T 3 T T T
L]
B®;
Ru V=033, 8:0
0 B/C=1/4
2 -——- B/C=1

-1.0

V=033, 6:=0

B/C=1/4

-—=—= B/C:=I

-1.5 weseneees B/C:4 T
- | 1
2% ; : y : s ! : ; 4
wB/B wB/B

Figure 13 Effect of Aspect Ratio B/C on the Foundation Input Motion for
Rayleigh Waves (§ =0, v =0,33, 6 =0°),



32

SUMMARY AND CONCLUSIONS

Numerical values for the functions which characterize the
steady-state response of rigid rectangular foundation excited by external
forces and moments, and by horizontally incident SH- and Rayleigh waves
have been presented. The results presented correspond to the case of a
massless rigid rectangular foundation prefectly bonded to the surface
of a uniform viscoelastic half-space. The dependence c;f the results on
the geometry of the foundation and on the Poisson's ratio and hysteretic
damping constant for the half-space have been described.

The results presented include the complete impedance matrix for
the foundation as well as the foundation input motions for horizontally
incident SH- and Rayleigh waves. It is expected that these results will
prove useful in the study of vibrations of machine foundations as wéll as
in the study of the response of structures excited by nonvertically inci-
dent waves. In particular, the results obtained indicate that the dynamic
response of a massless foundation excited by horizontally incident waves
differs both in magnitude and nature from the corresponding response
for vertically incident waves. Horizontally propagating SH-waves generate
a marked torsional response, while Rayleigh waves may cause a consider-
able amount of rocking of the foundation. Horizontally incident waves
also cause a notable reduction of the translational response for high
frequencies. These resqlts have important implications in the seismic

analysis and design structures.
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A. TABLES OF IMPEDANCE FUNCTIONS

(1) The tables of impedance functions are organized on the basis of three
integers (TABLE A.IL J.K):
I=1, 2 correspond to V =1/3, 0,45;
J=1, 2, 3, 4 correspond to B/C =1, 2, 3, 4;

K =1, 2, 3 correspond to £ = 0.00, 0.02, 0.05,

(2) The notation -398 + 0 - 159 - 1 denotes the complex number -0.398 - i0.0159,
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B. TABLES OF FOUNDATION INPUT MOTIONS FOR HORIZONTALLY
INCIDENT SH-WAVES (UNDAMPED CASE)

(1) The tables of input motions are organized on the basis of two integers
(TABLE B.I.J):
I1=1, 2 correspond to V=0.33, 0,45
J=1,2, 3, 4 correspond to B/C =1, 2, 3, 4

(2) The notation -104 - 1 661 + 0 denotes the complex number -0.0104 + i0.661,
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C. TABLES OF FOUNDATION INPUT MOTIONS FOR HORIZONTALLY
INCIDENT SH-WAVES (DAMPED CASE, 6 =0°)

(1) The tables are organized on the basis of two integers I and J.
(TABLE C.I.J):

I=1, 2 correspond toV =1/3, 0,45
J=1, 2, 3, 4 correspond to B/C =1, 2, 3, 4.

(2) The notation 637 + 0 372 - 1 denotes the complex number 0.637 +i0.0372.
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D. TABLES OF FOUNDATION INPUT MOTIONS FOR
RAYLEIGH WAVES (UNDAMPED CASE).

(1) The tables are organized on the basis of two integers I and J.
(TABLE D.I.J):

I =1, 2 correspond to ¥=0.33, 0.45
J=1,2, 3, 4 correspond to B/C =1, 2, 3, 4.

(2) The notation 637 + 0 372 - 1 denotes the complex number 0.637 + 10,0372,
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