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SYNOPSIG

fror the design of machine foundations, the resonant frequency or
5

\ .
riatural  frequency of  the foundation - wmoil system and the

\

a%plituwd 4& vibration must be ﬁatf@rmined, A number of empirical
wrpd theortical. methods are awvailable to detrmine the dynamic
rasponse of machine foundations. oult of these Two main approsches
tmkthia problemn have been followed. The firet appreoach is basedon
& Xlinaar elastik; weight less spring theomry ( BARKAN'S AFFROACK

) and second invelves dyramic response of a footing resting

on the swface of an elastic solid. Rased wpon theory, simplified
} ' '

Elastic half space analogs have been =t abl ished by
But 5uhafiurity of o appreach  over  the other is to  be
invistigated.

Ho to @ind>aut the suitability of exact method for analyeis
o /mamhine foundations comparison of both approsches is carried
mut‘with the hel? of computer programmes for conparison  =iu
practical cases have been studied twe of these are foundations,
for  low speed rotary machines and other are foundations,
Supporting  recprocating mémhineﬁn The conclusion of study is
that both meethod can be used for analvsis of machine foundation
because no remsrkable trends are sstablished in favour of any  of
the appreoach depending upon the reliablity of the data of soil

dynamic properties satisfying the formulation of the approaches.
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CHAPTER 1



1. INTRODUCTION

Machine foundatione which may be subjected to unbkalanced
dynamic forces and moments by the operation of machines,
tranemit dyrnamic loads to the soil below in addition to the
static loads due to combined weight of the machine and the
foundation. It is the consideration of the dynamic loads
that distinguishes a machine foundation from an ordinary
#muﬁdatinn and necessitates 5peciai design procedures. The
foundations for the machines must therefore be designed to
ensure stability under the combined effect of static and
dynamic loads. For stability machine foundation should meet
the %pllmwing regquirements—

For static lopads

i} The {foundation should be sate against shear failuwre.

ii) The foundation should not settle encessively.

For dynamic loads

1} There should be no resonance.

ii) The amplitudes of motion at the operating frequencies
should not exceed the permissible value.

iii) The desiagn should ke such that the natuwral foundation-
soil Systwm will mot be whole nusber multiple of the
cperating ¥requwﬁcy of the wmachine to aveid resonance at

i gher harmonics.



iv) Vibtration occasioned by the maching operation shouwld
not be annoving to person or we harmful to other precision
eaui pment or machines in the vicinity or to the adioining

structure.

Thus +for vibration response of the machine—foundation-—
i} Bystam,natﬁral freguency and the amplitude are the two
most ;mpmrtant parameters to be determined from analysis in
designing the foundation for any machine.

There are many type of machines and each may reguire a
typical type of maching foundation.For esxample,for twbines
frame type of foundation i more sulted to provide  ersgh
space to house its accessories. For a reciprocating
compressor  a simple block type will suffice. Generslly a
single block tyvpe is adopted for rveciprocating machines arnd
low gﬁéd rotary  machine. The basic form of reciprocating
machine consists of a piétﬁn, piston rod, conecting rod and
a crank.The gperation of the reciprocating machine or the
crank mechanism results in uanbalanced force both in the
direction of piston motion and perpendicular to it. The mag-
nitude and divection of forces and moments will depend wupon
the number of coylindere in the machines, their size, piston
displacements, and the direction of mowting. In low speed
rotary machines, the exciting Jforces i vertical and
horizontal direction gernerate due to unbalanced mass which
has  small eccentricity due to fact the axis of rotation and

e
£



anie of center of mass do oot coincide.

The natural freguency of foundation-soil-  system is
strongly influenced by the mass, depth of embeddment, stiff-
mess  and  danping property of =0il.d number of mathematical
model are available to analyse the machine {foundation soil
syvetem to abtain the natural $freguency and amplitude which

are used as design coriteria.

& rmumber of theoretical methods have been proposed  for
determination of dynamic response of foundation, resting on
the sol surface, Which are as {follows

&) empirical method by Fausw (19354)

by Binkler-Vioget model considered by Barkan (19 o)

¢y Elastic half space approach by Reissner{19346), Buinlan
L1957 and Sung {1933)

d) SBimplified elastic half space analogs develﬁped by
Heeih {12420, Lysmer {1765) and Righart Hall anrd
wWood (19700 .

g) Complaince-impedece function approach by Gazetas(19783)

TE@ approaches adopted by various investigators to
analyese the the embedded foundation can be classified into
following caltegories:

a)  Approximate methods.which considers the e#faqt ot the

s0il on the sides of the foolting separately and include ex-



tension of the elastic halt space method for the surface
footing {(Anandakrishna and Erishnaswamy, 19733Rarnov,1967;
Rerduge and Noval, 197237 and extension of the Barkan's ap-

proach by Frakash and Puri (1971,1972) .

b)) Rigorous methods, which include the finite element method
with or without special energy absorbing boundaries (0 Das-
gupta and Rao, 1978; and Lysmer, 1980), and the Boundary in-—

tegral approach.

Qut of these approaches there are two following main ap-
proaches  which are wsed frequently.The first involves the
Barkan’'s linear elastic weightless spring theory which as-
sumes that soil can be replaced by linesr ldentical welght-
less springs  and footing rests on the surface of  the
ground. The second approach is based on the dynamic.resﬁonﬁe

of a fooeting on the suwface of an elastic solid.

Srope of this study is to compare the elastic half space
analogs with linear elastic weightless spring approach  and

ta Find out  the superiority of ome method over the other

through some practical +ield Canee. In computing the
FESHONSE , the analytical procedures have somg  complest
formul ae, egpecially in case of combined sliding and

rocking. I+ - large mumber of cases are to be compared or to

be calculated for finding cut the response, the computer



pr gy &inmeEs of these approaches will provide help in
simplifying the computatﬁan procedure. 5o to compare  these
methods six cases of different machine foundations are being
considered in present work.Oot of these six cases, four
cases are of reciprocating machines and twoe are +from  low
speed rotary machines.After computing the responses in dif-
ferent modes of vibration depending upon the unbalanced ex-
citing forces compari sons are made between natural
freguencies and amplitudes in each case.ffter comparisons of
these approaches the conclusion is that both approaches  can
be wsed depending wpon the reliable data of dynamic. soil

properiy.
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e
2. LITERATURE REVIEW

In the past, machine 4Qundatibﬁa wet e freqguently
designed by thumb rule without any analysis of the expected
vibration amplitude. For instance, one such design rule
called for a machine foundation of a total wmight equal to
at least three to five times the weight of supported
maching{s) ., |

Following the pionesring edperimental studies carried
out by the German Degho in the garly 1230s,a number of fal-

lowing empirical analyses procedure were developed:

Tschebotarioff (1954) Obtained an approvimate correl a-—
tion between the contact area of the machine foundation and
a. variable that ha'termed the "reduced natural freguency ',
fors. The reduced natural freguency is defined as the product
of the natwal frequency and the square root of the contact

Pressure.
$e = Fp (W/AYL/R ceenes (2.1)

The correlation may be used to determine the natural
freguency (fa), in terms of the total weight of machine plus

foundation (W) and the contact area (M) Bince the natural



frequency of a machine- foundation-soil system depends upon
the rigidity of the s0il,it is insufficient to describe the
supporting =0ils simply as sands or plastic clave. It is for
this reason that Tschebotarioff's correlation is of rather

limited applicability.

Alpan (1961) made use of Tschebotariofd's data to
develop an expression  for natwral fregquency, the form of

which could also be developed theoretically.

i)

frp = ey 174 )

=& an e Vel

Wrow *

where
tn is natural freguerncy in cycles/smin.
W is the weight of machine and foundation in kaf
A is contact area in =

= 39,000 {for peats

A
i

= 49,000 for plastic clays
= GBZ,000 for sands

oy .

111,000 for sandstones.

H

Hertwig, Fruh and Lorenz (1933) developed the concept of
& mass of soill,sometimes called an apparent mass which
vibrates in  sympathy with an oscillating footing. I+ this

concept is incorporated into the erpression  for natural



frequency (WNn) of & mass spring system, the following is ob-—
tained for translational modes of vibration
Wea® = b/ {m + m' ) : naawe 23D
whera
b ie the appropriate spring constant
m is the mass of machine and foating

m’ is the apparent mass of s0il

Pauw (1954) developed an analysis considering that the
effective zone of soil beneath the vibrating footing is &
truncated pyramid extending to irnfinite depth.The plan shape
of this truncated pyramid at any depth z is rectangular with
sides (2o +2z) and (2d +« ) where Zc and 2d are the diinen—
sions m# the rectangular footing on which the machine rests.
For vertical vibrations the spring constant is determined as
the surface load divided by the corresponding elastic sur-
tace deflection of the pyramid. The apparent mass is
evaluated by equating the kinetic energy of the truncated
pyramid to the energy of a mass, the apparent mass, of spnil
vibrating with an amplitude erual to the suwrface

dieplacement.

Rao and Nagaraj (1960) have sugagested a elight variation
to pauw's method. The sprring constant k. is determined by
means of pauw’'s method. The soil participating in the vibra-—

tion is assumed to be that enclosed within the 7 lbf/ft.=

o



Fressure bulb where 7 1bf/Ft.% is the unit weight of the

spil.

Vertical Vibration

Reissner (1936) developed a solution for the evaluation
of the dynamic response of & vibrating center footing on
the surface of =o0il mass, assuming theat the =o0il mass could
be represents by an elastic halfd space,he developed an  ex-
pression  {for the vertical displacement {2) of the center of

a circular footing (radius ) under vertical force Fo

Fo
I = e (4 U, ) @np (iwt) ereaetZd)

Gr

where

Fa

amplitude of the externally applied feorce which

remains constant as the freguency w varies.

&G =  shear modulus of the slastic half space
& = W (P/g)
p = density of the half space material
f1 ,f2 = dimension less function of poission’'s Ratio and

2

freguency ratio)



Shekhter (1998), Sung (1953), Buinlan (1953) and Arnold,
Bycroft and Warburton (1955) ,extended the work of FReisener
who developed QHpré%BiDnS tor the center and average footing
dieplacement with three assumecd constant stress

distributions. These three stress distributions were

() Uniform, as assumed by Reissner

th)y Farabolic with zero stress &t circumference of the
footing

(c) HRigid base, the same as that obtained for puwrely static

loading of rigid footing.

It was found that the dynamic responses were different
for the three assumed stress distributions. | The maximum
amplitude increased and the resonant frequency decreased as
the load tends to become more concentrated near the center

wf footing.

Hsieh (1962) developed a solution for the vibration
Fesponse of a rigid circwlar footing on an elastic hal#
space, bazed upon the work of Reissner and frnold. Bycoroft
and Warburton first considered the vibration of a weight
less cvircular disk and then develmped the equation of motion
for a footing having & total mass m considering vertical

vibration.

10



mz + (BPIL/2 ¢2 FZ 2 + G+ F1 2 = Fg expliwt) on (2.5)

Which is identical in form to equation of motion for a

damped mass spring systein.

Awoiobi  and Grootenhuis (1965) and Robertson (1948)
presented & dynamic solution by mMEans of integral
equations. Awoioki ard GBrootenhui s solution has  been
presented for a zero value poission’'s ratio. For other value
of poissons ' ratio they have presented an  approximate solu-
tion which they acknowledge in satisfactory only for small
values of the freguency %actmr‘a the Foberteon solution is
i he form of a power series which in applicable for values

of the frequency factor,{a) less than unity.

Lysmer and Richart (1%266) have shown that the elastic
halft space model behaves similarly to a damped mass spring
system. They developed a equation of motion for vertical

vibration. From which it can be recognized that

damping coefficient c, = {3.4r2(E )2723/(1-v) .. {(2.6)
spring constant Ke = 4Gr/(1-v) o {Z2a7)

Barkan (1962) developed arother expression 4or the

spring Constant which is given by the following equation

13



e = QU A e a {Z2.8)

whier &

Cu is the coefficient of elastic uniform compression, A area

aof circular footing.

Horizomtal Sliding Vibration

Hall (1967) has demonstrated that if$ the motion ies
described by & mass spring dashpot analpogy, & solution in
approvimate agreement with the hal$ space solution may be

obtainead.

Arnold, Byocraft and Narburtnn (1935) and Bycraft (1954)
presented the solution for the horizontal transliation of a
rigid circular disk on an elastic halfd spaces. Based Wpon
these salution Heeish developed a sclution which he

edpressed in the form givern in eguation {2.9%)

Gladwell (1968) has developed a dynamic solution to  the
eguation of motion for a weightless rigid circular footing
resting on an elastic solid, in which the assumption of
stress distribution beneath the footing did not here to be

mode. The sclution was carried ocut by means of integral

fate
b



equations and has been presented in power series.

Bycrott (1906) has developed an expressions for the
spring constant for studing motion to be used with the
lumped parameter model. |

32 (1-2) Gr

e e s e e e e e e W20

it

e

(7-8v)

Barkan (1962) has also developed an expressions for

spring constant for sliding vibration as follows.

k. = Ch. o . 2,100

Where € is the coefficient of elastic uniform shear

Rarkan has found experimentally that the ratio of cu to
¢ that is,the coefficient uniform shear varies from 1,22 to

2,40 for design calculation he bhas tentatively suggests a

value of Z.

Rocking vibration

Arnold, Bycroft & Warburton (1985) & Bycroft (1956) have
developed is solution for the purely rocking vibrationm of
rigid circuwlar footing resting upon an elastic solid in

which assume at the stress distribution beneath the footing



in same as that produced by corresponding static moment they
have expressed angular amplitude of vibration & as fellows

2 2
M £+ fa

A= ( e >“2 IS

G ( 1+b'a® £2)2) +(b a® =)

b i the inertia ratio defined as b = I74r%, 1 ie mass mo-
ment of inertia of the footing with respect to anis of rota-
tion

f1 & f are function of poieson’s ratic and  fequency

factor aa.

Moore (1973) developed a numerical solution for all
values of polsson vatio which involves numerical integration
of the expressions given by Arnold Byoroft,% warbuwwton for

the angulear displacement .

Gladwell (1968) has developed & dynamic solution by mean
of integral eguations for the vibration of weightless oivr-

cular footing on the surface of an elastic solid

Hall (1967) has found agreement between the Bycroatt half
spate solution and sclution based upon the mass-spring dash-
pot analogy by dsing the static spring constant for a rigid

circular footing

14



8 G

}: P v e s s s s s et ' s 820120

3 Al-v)

Barkan{19462) has developed an expression for spring con-—

stant which he has expressed in the following form

K = C¢ la Ll (2.1
wher e
(Z¢i§ the coeffeient of elastic non uniform compression
Ia i the second moment area of the footing about the
arie of rotation
Rarkarn bhas {found experimentally that the ratio of the
coeffecient QF elastic nonuniform compression (€4 ) to  the
coetfecient of uniform compresasion (Cu ), variés from 1.02
to .73 with an average value of about 1.73. Richart Hall &
Woods (1970) and Tstoyich et al. {(1947) suggested that the

ratio of Cu to C¢can e assumed equal to 2.

TORESIONAL VIEBRATION

Reissner & Sagochi (1944) & Arnold Bycroft and Warburton
(195%5) have presented solution for the torsional vibration
of a rigid circular footing on an elastic halfd space,in
which they assumed,there was a linear variation in displace-

ment from the center to the cirumference of the footing this

1%



correspands te the assumption that the shear stresses varies
fiom ‘zera at the center to infinity at the circumference.
Reissner & sagochi (1244) have also developed az exupression
far the spring constant,which may' be used in  lumped

parameter model.

16
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Weissmann (1971) has modiftied the Felssner-Bagochi ap-
proach to torsional vibrations by taking slip betweern the
foundation and soil into account.He has developed eimpliéiedi
expressions for determination of resonant freguency and the

spring constant

Barkan(1962) developed the expression for spring con-

stant which is given by
o= CVJ e (2014
where Cy in the coefficient of elastic non uniform shear J

in the polar moment of inertia of contact area of circular

footing.

16



Counled Focking & sliding VMibration

Rarkan (1962}, who assumed that the foundation soil
could be characterized by the coeffecient of elastic non
uniform  shear,damping being ignore By sclving deferent
coupled equations of motion he developed following freguency

eguation

I¢(w¢2+ W= ) Wg= v 1o
wﬁ~ T L I N IR e 2150
j g T
where

w is the natuwral freguency of coupled Racking % sliding
vibration
lIo - mass moment of inertia of machine foundation with
respect to axis passing thirough center of gravity of Rase
constant area and at right angle to plane of vibration
we 15 natural freguency for puwrely solving vibration

We i® the natural freguency for purely rocking vibration

Hall {1967) EQIQQd the coupled rocking % sliding vibra-
tion response of & rigid circular footing on the surface of |
zoil where which ie idealized az an elastic hald space. Hall
developed a soclution in the form of fouwr  sisoultaneous

equationes.



EFFECY OF FOUNDATION EMBEDMENT

Kaldiian{l19469) predicted the effect of embedment on
the vertical vibration of circular footing using finite ele-—-
ment solution. He presented his sglution in terms of  the
ratio of the spring constant for vertical loading of & rigid
footing at the suwface. In part of this analysis the sides
ot the footing were assumed to adhere to tﬁe surrounding

sl

Lysmer and Kuhlemever (1269 carried out & dynamic
finite element analysis using an energy a&absorbing boundary
to chow the effect of embedment of & rigid civrcular footing

on the response to vertical vibration.

Novak (1970) demonstrated experimentally the effect of
embedment on the vertical & horizontal vibration response of
circul ar footing. The resulte contivrm gualitatively the

theoretically findings.

‘Novak and Berdugo (1972) presented an approximate
analytical solution for vertical vibration. Theilr approach
ie based upon Barnovs (1967) assumption that the scil under-
lying the base of the focting in an elastic halft space and
independent elastic lavers. Eupressions were developed +for

frequency dependent {(He) & freguency dependent damping

e



coeffecient (C.) as follows.

G H
b = Gr (1 + ———— e 3y ) .- (2018
G r
G G H
T (I o e e 3o ) aa A2 172
W ] r

G iz the shear modular of the =s0il beneath the footing
Ge i35 the shear modular of the back fill or soil layer
fo i mass density of the side layer soil

r iz the radius of footing

I

is the depth of embeddment of {footing

[
»
3
B

are functions of the dimensionless freguency

i
e
o
¥

» are function of the dimensionless freguency

Ananandkrishnan & krishnaswamy (1973} developed another
analytical solution for the effect of enbeddment on vertical
vibration response of footing. They uszed a lumped parameter
model  and  assumed that the force exerted on the vertical
mides of embedded footing could be represented by Coulomb
friction damping. The parameter used in the model are

damwing‘cme{¢icient Ce = 13.,8r{0G Yo, 23/ (1)

spring constant ke = 4Gr/ (1—v)

natwral frequency We = (ko /m)r7=

damping ratio cz/oo= QL4257 ((1-v) /40) 3 /=
damping force F = (0.3 ko H®PE ue +Caldlp
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where
Fo = coeffecient of earth presswe at rest
f = mass density of the soil
Jq = coeffecient of kinematic‘4ricticn

acceleration due to gravity

in}
H

Ca = adhesion

ip = resietive length of embedded focting

Ramiah et.al (1977) examined the effect of embeddment on
vertical vibration response of footings using the Mindlin's
sguations they developed eupressions for stiffness  at
various embeddment depths.

The level of agreement between observed resanant
Fréquency and amplitude and those predicted by the Ramiah et
@l. technigque in variable and more comparison are necessary
while the disagreement between the various theories
described above have yvelt to be resolved,the general trends
of the aeffect of embeddment in increasing resonant
freguency & decreasing amplitude clearly established. These
general have also been confirmed by experiment observation
#m  there of Guptaliv7Z), Erden % stoke (1973) saran et al.
(1784 .

Kaldjian (1971), evaluated the increase in torsional
stiffness ot circul ar foaoting &t various depths of
embeddmnent ,using an elastic finite element folution and as-

suming no slip on the contact surfaces.
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Novak and  Sachs{1973) have examined the case of tor-
sional wvibration of embedded faoting using similar assump-—
tion as those made by Novak and Rerdugoil?72) for vertical

vibration.

LAYERING AND NON HOMOGENEITY

Awciocbi (1972) has developed an approdimate solution for
the vertical vibration response of & circular footing on the
surface of an incompressible seil for  which the shear
modulus increases with depth with a zera value at the ground
murf &ce. He found that the 4ooting response was nearly the
same as a footing on an elastic half 5¢ac& with & shear
modulue  the same as  that of the non homogensous soil at

depth equal to the footing radius.

Johnson et al. (1975) and Chikanagappa {(1981) examined
the effects of layer thickness and embeddment depth on the
stiffnesse for various vibration modes using an finite ele-
ment solution and mindlin's equation respectively. He found
that the effects both decreasing layer thickness and in-
creasing depth of embeddment is to raise the stiffness.The

vertical vibration response of a circular focting on the

Bycroft (19548) and by Warburton {(1257)evaluated the sur-—

face of an elastic layer which is underlain by rigid base.

2%



They presented curves showing the effects of an  elastic
laver on the resonant freguency of the footing were

presented by Warburton for two values of poisson’s ratio.

Gazetas and Rosset (1979) have developed a solution for
he vertical vibration response of a strip €m0tiﬁg on the
surface of linearly hysteric,elastic soil layer overlying
rock.  The method is based orn & direct solution of the wave
equation in  twn of displacemente. the authors found that
the presence of a thin layer tends to increase the resonant

arid amplitude compared with the half space values.

Kagwa and Kraft (1981) examined the effect of soil
layering on vertical vibration response by parametric study,
in which the soil depeosite was idealized by & twe 1ayer

systemn, the bottom laver bheing treated as & halfd space.

Freizek et al. (1972) examined the response of embedded
strip footing to coupled rocking and sliding vibrations.
they used a lumped paramegter model to simulate the elastic
half space in which the footing is embedded. They {focund that
the resonant frequency ingdreases Eubﬁténtilly az  the depth
of emnbednent increases,approstimately  doubling  that for a
surtace foundation as the foundation becomes enbedded to a
depth  equal to one half  its width. Embedment also sig-

nificantly decreases the peak vibration amplitude,being



about one fourth the value for & surface footing when the

foundation is embedded to one half its width.

EBeredugo and Novak (1972)devel oped an approrimate
analytical solution for the coupled rocking and sliding
vibration response of embedded circular footings. They
developed expressions for frequency dependent stiffrnesses
ard damping coefficients  and atter making somé

simplifications.

Urlich and Kuhlemeyer (1973) developed & finite &lement
solution for the coupled rocking and sliding response of

foontings embedded in an elastic hald space .

lysmer (1978)illustrated the effect of side contact with
@mbedded footing. He found out that complete removal of side
contact of an emnbedded footing the resonance freguency in
toreional vibration decreases but  the a&plituda increases

significantly.

Bhaskaran nair {(1979) has developed an analytical method
for the evaluation of the torsional vibration response of an
enbedded footing. The considered the internal damping of the
s0il and assumed that a couwlomb frictional fore acted on the
contact surfaces of the footing the maﬁhematical model as-—

sumed in the analysis and the differential equation of mo-

)
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tion is.
1g0+cgd+(Ca/w) +hgbt MO= M cos wt ca (2.17)

Ci = internal damping coeffecient

Mea = Frictional moment

M = amplitude of excitinq monent

L. = horizontal moment arm of eccentric masses from ot

rotation

Arnqld,Bycroft and Warburton (1955) and Bycroft {(1956)
esamined the effect of lavering on the resonant freguency
o tmraimﬁal vitwations. They +ond that the presence of
rigid boundary underlying an elastic laver produces stif€f-
enning effect which in creases  the resonant freguency  and
lavers also ‘t@nds to in crease  the madimum  vibration

amplitude of the foocting.

Gazetas{1983) developed the concepts which is asscciated
with the definition, phyvsical interpretation and use of the
dyrnamic  impedance functions of foundations are elucidated
arnd the available analytical/rnumerical methods for  their
evaluation are discussed.broups of orucial dimensionless
problem parameters related to the soil profile and the foun-
dation geometry are identified and their effects on  the

response are studied., Resulis are presented in the form of
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simple formulae and dimensionless graphs for both the static
and dynamic parts of impedances,pertaining to swiace and
enbedded foundations having circular,srip,rectangular or ar-—
bitrary plan shape and supported by three types of idexlized
snil profiles: the hal%%paﬁé, the Etratumfover~bedrock and
the laver—over-halfespace. Consideration is given to the ef-
fects of inbhomogeneity, amisotropy  &and non- linearity of
sxil.  The various resulites are synthesized in a case study
referring  to the response of two rigid massive foundations,
and practical recomnendaticns are made onn how to  inedpern-—
sively predict the response of foundations supported by ac—

tual soil deposite.
DISCUSSION

Out of these methods, Bisplified Elastic Half Space
Aralogs and Bakan's approach based on Winkler-Vioget mathe-
matical model are very much popular for design and analysis
of machine foundation. I westeren countries elastic half
space approach is used for design while in Russia Rarkan's
appreach is popular. In India both approsches are freguently

.

used. but  superiority of one  approach aver the other is

debatable.

e
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CHAPTER 3



3. ANALYTICAL APFROACHES

3.1 _GENERAL

The comparison of different cases are carried out by the
fallwing approachess:
iY Elastic Half Space Approach

112 Linesr Elastic Weightless Spring Approach

In the elastic hald space method, analog hbhas  been
established(Richart et al. {1975 as spring dashpot system.

Both the sprimg and dashpot ceefficient are defined in terms

af the aiastia constantes of the foundation.

In limgar elastic weighhtless spring apﬁrmach, the
analyais may be carried out by & single eguivalent mass sup-—
ported by a perfactly elastic system - the soil being re—
placed by linear weightless spring. The damping of soil
foundation system bhas been neglected. Such a system has siws

degree of freedom and has thus siy natwral freguencies.
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3.2 _STEP BY STEF FORMULATION OF BOTH APPROACHES ACCORDING

T0 PROGRAMMES

%.2.1 Elastic half space approachs:

This approach is based on following assumptions:
1Y =oil mass is elastic, homogeneous and isotropic
2y footing is resting on soil suwface

3 Baze contact area of the {footing ie circular.

RBased on these assumption Following are the steps to

compute the responzes of the foundation.

iJEguivalent radius - Eguivalent vradius of rectangular
foundation can  be determined by egqualizing the area of the
foundation to eguivalent area of a circular footing in
translation mode. In rocking mode of wvibration,for eqguiv-
alent radius,the moment of inertia of given Jooting should

he same asthat of an eqguivalent circular footing.so

For translation

rc:)x = r.cay = rcn:e b ({_"/;\)1/2

For rocking vibration
Foe = (41,/n)179 or (41, /n)1/4
For torsional vibration

Fo = (2lg/n)2/e



ii) Determination of mass ratio, spring constant, and damp

ing factors—these value can be calculated by table 3.1

iii) Natural Frequencies and Amplitude of Vibration in Un-

coupled Modes

for vertical vibrations
natural freqguency
Whe = (Kp/m)2/2
damped amplitude

P = Fa/ ke U= {W/ Waw ) B2+ A2 0/ Win e ) B2 720

for torsional vibration
natwral {freguency
Wo = {ky /Myt 7=
damped amplitude

B o= M/ {hy DU= (Wb IB)R)+ {28, m/ 0, ) BI2723
4 y

iv) Natural Frequencies and Amplitude of Vibrations in

Coupled modes.

sliding natwal frequency

Weape = (Hy Atm) 272
racking natuwral freguency

Were = (H¢/Mma)1/9

Undamped coupled natuwral freguencies can be obtained by



Woa 22 = LW @ Ha a2t L Wng Pt Wnn®) =070 l? Waw®) 27231/ (27

Damped Amplitude due to moment M,

Ar = My DlWas®) T (2 W J B2 7R5 /(M # (WD) 5
Rocking damped amplitude due to moment My

A? = My [ (Wan®W2) 24 (2 W W) 21725 /(M #(W™) 5
where

#wP) = DL =wP oy (g B W 25 =R fyinse Wng) THAX® WagZip @

+4(%“““ w/ (wn¢3~w2) +%w"¢ W/ AW W) ) RJ2 R

Damped amplitude for motion occasioned by an applied force P
acting at the centre of gravity of the foundation may be
gbtained from equation

F= P,/ tin ﬁm B3 LM, \«zmtwtf.,?;-li.'»a M) Qw*{gﬁk4 Mmea) *77#

o SENENE
+LE£"(‘ miyira@ie@ijrra

Ao={F . L/ (Ma #W=) 3 W (W g =) 2725

Anplitude in Y-Z planeg can be find out similarly as in case

of X-Z plane.
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%.2.2 LINEAR ELASTIC WEIGHTLESS SPRING APPROACH
In linear elastic weightless spring approach the assump-

tion are as follows -

1. The foundation block is infinitely vrigid as compare
to the soil.

=, The soil underlying is weightless,

7. The soil can be simulated by linear elastic spring .

4, Damping in the =soil beneath a foundation may be
neglected.

=od

5. the foundation is resting on the suwrface of soil.

These assumptions make it possible to represent the f ouri—
dation soil with an equivalent masz-spring system in  which
the mass represents the foundation and maching and the
gpring represents the elasticity of the scil.For different
mode of vibration theresponse can be calculated from the

fellowing steps—

i) Uncoupled modes. Vertical oscillations and torsional
vibrations occur independently of any other vibration. The
matural frequencies and corresponding  amplitudes can be

determined with the help of following equations:



b)Y rocking natural freqguency
W b= [{Cgly - WL /Mmea32 7=
Where C and Co are coefficients of unifore shear and non-
uniform compression %Eapectively and approximatly equal to
0.5 times and 2 times the coefficrent of uni form

compression.

c)  coupled natuwral freguencies can be determined by fol-
lowing expression:
Wha 22 = Ewnua+wn¢2+_{(wn¢9+wnuﬁ)ﬂw4wn Ry B 2R LY
The amplitudes of vibration can be computed with the
following eqguationss:
fie= ((CraLﬁ+C¢InNLmMm w?) P+ (DALY MY 1/ H (w™)
and
Ao= TICLALIFY + (CeA — @ w?) My 178 (w®)
in which
fu= linear horizontal amplitude of the combined center
of gravity
ﬁgm the rotational amplitude in vadiane around the
centre of gravity.
Where

Flw™) = @ Mol B-R) AW pB-®)

The natural frequencies and amplitude of vibration
should be compared with operating speed and permissible

amplitudes, respectively, to chegue the foundation size



Vertical vibrations
&) natwal freguency
vin=={0. Afm)r/=2
where Cu is a coefficient of uniform compression and it
is determined by {following expressiong
Cu== (2,266 /{{1-v) (H)*7=2}
If area of the foundation is greater than 10 m2, Cu is

determined for area egual to 10 @m#,

h)-Undamp@d amplitude

fiz= P/ lm(vee@®—w®) 3

Torsional vibration
a) natural freqguencl es
viny® ((Cela) Mand*7#
Where C is the.cae&fecient of nonuni form shear and egual
to 0.7% times the coedfecient of uniform compression. -
) Undamped amplitude

A= My / Tl b ™)

ii1) Combined rocking and sliding
Sliding and rocking are coupled mode of vibration. The

natwral frequencies are determined as follows:

&) sliding natural freqgquency

Vs (CpA/m) 2/



selected is adeguate. the natwal fregquency of the founda-
tion soil system should be at least 320% away From  the
operating speed of the machine. the amplitude of vibration
should be smaller than the limiting values of amplitude
aspecified by manufacturer.

3.3 THE COMPUTER PROGRAMMES

!

The éragramme for linear elastic welghtless spring ap-—
praach cé}&ulates the undamped natuwral freguencies and  un-—
damped amplitudes of vibration of & rigid-block-type ¥Duﬁda~
tion far diff@rent modes of vibration. The damped amplitudes
can not be calculated by this approach because damping is
not considered by Barkan.But the elastic half space analogs
cmnaiderga‘ thé damping, <o the program for tﬁia approach
calculates not only the natwal frequencies and_ urdamped
amplitﬁdea but  alse the damped amplitudes of vibrations of
fmundatinn.

In co&puter prngrammes'there are ftouw following cases-

i) vertical vibrations along 7 axnis occasioned by a force Pe
ii) tmrg;onal vibrations about 2 axis occasioned by a
moment M.

iii)  tramslation along X axis and rotation abowt YV axis,
accasioned by & force P; and & moment M,

iv) translatian along ¥ axise and rotation about X axis,

csecasioned by & force Py and a moment M.



Fach case has two options in which each aoption calcu-
lates the undamped amplitude ard damped ampl itude
repectively.5¢, the elastic halt space analogs’ program and
the other program of Barkan’ e approach have eight and fouwr
options respectively. The input guantities used in the
programs are as following-

W= weight of the ftoundation block including weight of the
machine in tons

A= area of the foundation blaock in contact with the soil in

1= height of the combined centre of gravity of the machine
arnd the foundation above the base in m.
1..= maxvimum distance of the point where horizontal amplitude
is to be calculated from the axis of rocking and
messuwred parallel to Y-axis in m.

1,= mavimum diestance af the point where horizmntal ampl itude
i to beez caloculated from the axis of rocking and
measuwred parallel to Y-admis in M.

R= wmaximum horizontal digtance of the point from Z-axis
where horizontal amplitﬂde poeast oned by torsional

vibration i to bhe calocuwlated

&
]

dynamic shear modulus in t/m=

v= poisson’s ratio

i
X
|

moment of inertia of the area of the {foundation  about
arm adis passing through its centroid and parallel to X
axis in mo.

4
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I, = moment of inertia of the area of the foundation about
an  axis passing  through its centroid and parallel to V
anie in me.
1. = polar moment of inertia aboul Z-axis in m®.
Msc = BASES moment inertia of the foundation and machine about
an axis passing through combined centre of gravity and
parallel to ¥ axis in t-m/sec®,
Mmy= Mmass moiment inertia of the foundation and machine about
arn  axis passing throuwgh combined centre of gravity and
parallél to X akis in t-m/esec®,
Mmx= polar mass moment of inertia of the foundation about &
vertical axis passing throuagh its center of gravity (Z-
axig) in t-m/secs,

Fu= horizontal unbalanced force {(X—-auig) in tons

Py= horizontal unbalanced force (Y-axig) in tons

Pz= Vertical unbalanced force {(Ii—-axis) in tons

M= vertical moment causing rotation about X-axis in t-m
My= horizontal moment causing rotation about ¥ axis in t-m.
M= torsional moment about 7 axis.

= unit weight of soil in t/e™.

BPA= allowsable s0il pressure in t/om*

N= operating speed of machine in rgm

H= height of top of the foundation above the center of
gravity of the system.

The listing of the programmes is being presented in

AFPENDIX A and AFFENDIX E.
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CHAPTER 4



4. ANALYSIS OF DIFFERENT CASE STUDIES

Comparisons are made among the responses for different
modes of vibration, computed by linear weightless spring
theory and simplified elastic halt space analog. For thisg
purpose sid practical cases have been selected, in which
four cases belong to reciprocating machines and two cases
are covered from the category of rotary machines of low

speed. Btudy of these cases are azs follows:

4.1 CASE 1 (FOUNDATIOM OF A TWO-STAGE SINGLE CYLINDER
COMFRESBOR) :Fig 1 shows the both side views of the loading

diagram of machine foundation syastem.

(Rel. MasoR A.CIG80) ." Dymmamics In  Cwit ENSS "Amalysis AND DECIEN .

Technical data of this compressor are:

machine weights: conpressor 11.5 ton

motor 1.0 ton

driving gear 0.7 ton

total weight of machine 1Z.4 ton
Operating sﬁead of machine N = Z%0 pm

Fermissible amplitude of foundation Aprm = 0.2 &m

Generating forces and generating moment acting on the

X7

"
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foundation:

L]

vertical generating force acting upward -Pz —10,224 ton

vertical generating force acting downwerd Pz = 7.78 ton

i

horizontal generating force Fy 2.04 ton
moment in the plane XI +My = G.41 t-m
My = — .45 t-m

mament in the plarne YZ My = o+ FL,80 te-m

=My = - F.RO t-m

Rotational moment about the 7 adis Mz = - 1.467 t-m
+Mz = o+ 1,67 tem

Dynamic characteristics of the soil

type of soil gtiff,rich clay
dynamic shear modulus of the soil G = B4ZE7. 40 £/m2
allowable soil pressure OFa = 15 t/m2

Geometrical data used in the calculations

base area of the foundation o= 174 o2

12731 ton

i

weight of the foundation block W

the height of the combined center of,

it
b

I
0'&.
3

gravity from the bottom of the foundation L

The mass moment of inertia related to the orthogonal coor—
dinate systems passing through the common center of gravity
ot machine and foundation aresy

F26H.00 t-m—-sec?

i

mass moment of inertia about X anis Mmy

li

mase modment of inertia about ¥V oaxis Mmy 67,40 t-m-sec?

8



7 =

mams moment of inertia about 7 awis Mmz = 57.00 t—p—-sec?

4.1.1 Computation of natural frequencies in different modes
of vibration: frequencies computed from the programmes are
given in table-4.1 below:

S. NG Freguency linear elastic elastic half

weightleses spring approach space approach

(Hz) (Hz)
1 frm 15,288 : 13,301
o £ 13, 604 17.713%
= . 10, 810 12,070
4 Frpy 11,930 10,970
= Fra O=z2) 22,567 27,87
& frmi—z) 8,367 8. 4686
7 s 10,810 12.070
& F g C &.910 7 E20
5 C Fpaly-z) 22,937 I et
10 Fom ly=2) &. 042 b 6O
table 4.1

4.1.2 Computation of amplitudes in different modes of vibration:
amplitudes computed from the programmes are given in table—4.2

bel ow



5. No

amplitude

linear elastic

welghtless spring approach

{undamped )

elastic half

appraach

(damped)

€400 0070 BN U0 BHINS SOARS LIdkL 4044E bevhd $0004 U 0SSOSO S4nAO abrrS US0RN BIRNE BHURL BORMD BAASR SO0 BARLD BU0RK UOEEL A0IOH MUARL BIISY 4IA4D brbin Subin shbin bese brres bbens blans sseus Siieg BSed SILBH SARED FSe09 B4LES SIRS SOREY SH4 SHimm Seaes Sessa S bebes FHRce Se00s eeed S000E S0004 S084m Hoode vOren Seees seeee Ssbes Sese Srets Seres sarmt

i faz 0,073 min
2 Ay 4.58 #10~% yrad
K A 0. 030 (i
4 Figr 1.18 ¥10-5% rad
5 Ay 0,47 min
& Bz 1.54 #1094 rad

table 4.2

0, 095 mm

2. 3%10™¢  rad

(., 007 mim

1.41%10~% rag

0,198 i

1041079 rad

4.1.3 Computation of maximum amplitudes: Absolute maximum value

of amplitude caused by vertical force

givern in table 4.7 below

40
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linear elastic elastic hald

S.No amplitude weightless spring approach space approach
{undamped {damped)

i faH1 Oa054 iR 0.0318 mm

z avi 0. 080 mm 0. 1350 mm

= AHZ 0.739 min 0.379 o

4 AV2 G320 mm 0,250 mom

table 4.3

The comments are as follows:
1. The maximum value of amplitudes computed by Rarkan's approaach
and simplified elastic half space analogs are 0.73% mm and O.379
mm in vertical direction respectively which is caused by combined
action of force Fz and moment My. These amplitudes are more than
the permissible amplitude of 0.2 om.,prescrihed by the
manufacturer.50 this case needs a modified geometry of
foundation.

The maximum natural $requency calculated by Both approaches
are Ld,937 he and 20.433 Hz in goupled mode (Y-I plane), and min-
Tmum freguencies are &.91 H and 7.852 Heo which are close to the
operating frequency of machine (4.83H.), hence there is chance of

resonante.
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2. Table 4.1 shows that natural frequency computed by elastic
hald epace is lese than natwal frequency computed by Barkan's
approach in vertical mode of vibration by 137 and more in case of
torsional (Z—axis), and in coupled modes (Y- plane) by 30%,
10.8% and 9.38% respectively. Both approaches compute the same
natural freguencies in coupled sode when sliding in taking place

along % axis and Rocking occurs about Y-axis.

. Amplitude caloulated by &lastic half szpace is more than
RBarlkan's approach computations, in vertical mode by 304 and less
in torsional, translational (X & Y axis) and in Rocking mode ( X-
axis) by 4?,?829'7&n67l, 57.87% and 32.486% respectively (table

4,320

4.2 CASE 1 WITH MODIFIED GEOMETRY

Geometrical data used in the calculations

baze arex of the foundation o= 23,2 mZ
waight of the foundation block 2 = 102.0 ton

the height of the combined ﬁenter of

gravity from the bottom of the foundation L = 1.27 m

The mass moment of inertia related to the orthogonal ceoordinate
systens passing throwgh the common center of gravity of machine

and foundation are:

w
=
pae
i

4 3

g

mass moment of inertia about X Mmy = 26.7 t-m-secd



mass moment of inertia about Y adis Mmy = 40,63t -m-sec?

mass moment of inertia abhout Z axis Mmz = 44,60 t-m-secd

4.2.1 Computation of natural frequencies in different modes of
vibration: frequencies computed from the programmes are given in
table—~4.4 below
5.NO Freguency linear elastic elastic hal+f
weightlese spring approach space approach
(Hz) (Mz)
1 o 21.204 A 17.169

19.184 23,638

B3
e
3

<

= e 14.99 15.588

4 Frrgpy 22,29 19.79

= Fraa (—27 22,5910 7L OEs
é:‘ ‘fn;z“}i'"“z ) 13«7:‘31 1":-3:“ ?{.')2

7 f iy 14.99 15. 898
g Fraone 17.88 17.20
5 $aa ly—2) 27,805 27 AR
10 Frmly—2z) 12.541 2.694
table 4.4
4.2.2 Computation of amplitudes in different modes of vibration:
amplitudes computed from the programmes are given in table-4.35

below:

-
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linesar elastic elastic hal+f

4. No amplitude weightless spring approach aspace approach

{undamped ) (damped)
1 Az 0,05 nm 0.0769 am
2 Ay 2.7#10°S ra@ 1.6F%10~e rad
A A 0,010 fn 0. 006 min
4 Fgps F.5%10"6 rad Q. 3810 rad
o fy 0. 0568 mm 0.048 mm
& A . 2. 4%1074 rad 2.05#1079  rad

table 4.5

4.2.3 Camputation of maximum amplitudes: Absolute maximum value
of amplitude caused by vertical force and rocking moment are

given in table'A.&
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lirnear elastic elastic half

5. No amplitude weightless spring approach space approach
{undamped ) (damped)
i Al 0016 mm G 014 mim
2 AV O. 128 mm 0,104 mm
&) ATV 0.07% mm 0. 0086 mm
4 AVZ 0. 101 mm 0.128 mm
table- 4.6

The‘abservatimnﬁ are as follows.
1. The maximum natural frequency calculated by both appruéchea
are 27.505 Hz & 27.493 Hz and minimum freguencies are 12.541 &
17,694 Hz (table 4.4), which are not close to the operating
frequency (4.83 Hz). So now there in no chance of resonance.
The maximum amplitude computed by both approaches are 0.128
mm(tabhle 4.4) in different modes but these value are less than
permissible value of 0.2 mm.
“. From table 4.4 it is clear that frequencies calculated by
both approaches are nearly equal in coupled modes. But calcula-
tion shows negative variation of 19.02% in vertical mode and
positive variation of 27.2% in torsional mode in favour of elas-—

tic halt space approach.



7. The amplitude calculated by elastic half space method are
greater than the Rarkan’s approach computations in

vertical ,rocking (Y) and sliding meode (Y- direction) by 535.8%,24%
and &.24% respectively, and less in torsional (Z-axis), Rockingv

(X~ direction) and sliding mode (X—direction) by 93%, 40% and

15.64% respectively.

4.3 CASE 2: RAWMILL FAN FOUNDATION
(fek. RAMTAN.G. et al. C1a86)." PERFORMANCE STUPRY oOF T INDUITRI AL Fa-r

fooNDANDN S 8% ¢y mPOSIUM  oN  EARTHAUVACE ENE6 .

FIt 2 shows the vaw mill farn foundation in which the axes chosen
for aralysis are also marked. the foundation rests on a bed rock
at a depth of 3.795 m below the finished floor level.The
flexibility of the block and the stiffrness of the filled up soil
above the bed rock level have both been neglected, being of

secmﬁdary sianificance.
Tichnical data of this RAWMILL FAN FOUNDATION are:s
machine weights: fan = 8.0 ton

motor = 4.0 ton

shaft bearing = 7.5 ton

rotating part = 3.6 ton
operating speed of machine N = 1487 vrpm

! . . . . - -
ﬁ?rmlsﬁmble amplitude of foundation Aprm = 0.04-0.6 mm
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Generating forces and generating moment acting on the foundation:

i

vertical nenerating force acting downward Fa 0.57 tan
9

horizontal generating force Fu = Q.57 ton
moment in the plane X7 My = 2.1785 t-m

Dynamic characteristics of the'sail

dynamic shear modulus of the soil G = 11250 t/m3

allowable soil pressure GFA = 25 t/mZ

Geometrical data used in the calculations

i

hase area of the foundation A 18.087 m=
waight 0% the fmmndatimn\blmck

including the weight of machine W= 191.48 ton

the height of the combined center of,

i

gravity from the bottom of the foundation L= 3.078 m

The mase moment of inertia related to the orthogonal coardinate
systems passing through the common caenter of gravity of machine
and foundation is:

mass moment of inertia about Y axis C Mmx = B%.86 t-m-sec?

4.3.1 Computation of natural frequencies in different modes ot
vibration: frequencies computed from the programmes are given in

table-4.7 below
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. MO el ement linear elastic elastic haldf
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weightless spring approach space approach
(Hz ) (Hz)
1 L 146,780 14.462

2 L 11.86 134012

=~
£,

U
i

% Frgy 4,982
4 Fra Utz 50 Thb  n4. 776
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4.3.2 Computation of amplitudes in different modes of vibration:

amplitudes computed from the pfogrammes are given in table-4.89

bel ows
linear elastic elastic half
g. No slement weightless epring approach space approach
{undamped ) {(damped)
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1 fix - 3, 002 M 0O.001%4  mm
2 A OL.001Le mm 0.0068 nin
KA QP’ AT w10 rad 1.8%10-6 rad
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table 4.8



4.3.3 Computation of maximum amplitudes: dbsolute madimum value
of amplitude caused by vertical force and rocking moment are

given in table 4.9below

......._._..._.._....a._._-.....-—.n..-..—.—-—-—-»-..—-«....—...........'._..._..._._..M._.w....‘...............-—._...-........-.m._—-—‘—_w-__-——.«--_..__.___.‘.‘.__._.....

linear elastic e@lastic half
S.No plement weightless spring approach space approach
{undamped ) ‘ (damped)
i AHL 0. 00820 mm 0. 0047 mm
z avi O, 00825 mm 00,0120 mm

....,,.....n.........‘...........‘-......._........-......uu..-..........-.........m....‘.....m......--.m..—....«.a..m_.m....w..,._.._.wm-um.umm.mwmmmmﬂnmmn...«...........u-...—._.»...-.......

table 4.9
Ohsevations are as follows:

{. The maximum amplitude calculated by the Barkan’'s approaches
and linear elastic weightless spring theory are. 00825 mm and
L0172 mm respectively (table 4.9 ) which are less than the permis—

sible range of amplitude ie.0.04 mm to Guéry M Ma

The operating frequency of machine is 24,78 Hz. which is close to
the higher frequencies of the natural frequencies caloculated by
Barkan's approach (22,366 Hz) and Elastic Half Space approach

(24,746 Hz), (table 4.7), So this may produce large vibration but
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it has been already predicted that maximum amplitudes are less

than permissible amplitude.

=, Freguency in vertical mode computed by Elastic Half Space ap-
proach is less than the computation of first approach by 1%5.817%
frequency are more in coupled mode (Y-7 plane) case by 10.6 and

10.8 percent{table 4.7 ).

%, Amplitude calculated by Elastic Half Space approach are less
by 23% and 47.2% in case of vertical and Rocking mode but it is
more in case of sliding mode by 250% . Although the abszolute

valua of amplitudes are very small (table 4.8 ).

4.4 CASE 3: PREHEATER FAN FOUNDATION

CRel. (am ac in Care 2)
The preheater fan foundation is shown in Fig J,with the #,y,z-

axie marked in the figure.Bed rock is 3.30 @ below the finished
floor level. The monolithically cast foundation bBlack has been
considered to consist of three parte A, B, and C for the purpose

of analysis.
Technical data of this PREHEATER FAN FOUNDATION ares

machine weights: ‘ fan = 10.0 ton

motor = 10.9 ton

S0

24Go070
(ontrgt Chrom O i wouine

~swiy




shatt bearing

rotating part

i

i

3

operating speed of machine N =

g2.8 ton

L1 ton

&HO0  rpm

Fermissible amplitude of foundation Aprm = 0.08-0,12 mm

Benerating forces and generating moment acting on the foundation:

vertical generating force acting downward
rorizontal generating force

moment in the plane XZ

Dynamic characteristics of the soil

dynamic shear modulus of the s0il

allowable soil pressure

Geometrical data used in the calculations

hase area of the foundation

waight of the foundation block
including the weight of machine

the height of the combined center of,

gravity from the bottom of the foundation

5l

Pz
st

My

(RIS AN

L.

]

fi

13
it

i

.40 ton
0.40 ton

1.4672 t-m

11280 t/m=

i = O Tmmn=s
25 t/m*

21.02 m=2

270.66 ton

2.78 m



The mass moment of inertia related to the orthogonal coordinate
systems passing through the common center aof gravity of machine
and foundation ist

mass moment of inertia about Y axis Mmx = 100,885 t-mn-secZ

4.4.1 Computation of natural frequencies in different modes of
vibration: frequencies computed from the programmes are given in

table—~4,10 below

5.N0O el ement linear elastic elastic‘ha1¥

waightless spring approach epace approach

{(Hz) {(Hz)
i frvm 15.218 12,620
i | £ rse 10.76 i1.46
3 frgy 5 "’:’.4 - 5.707
4 fra (—2) R0, E28 21.986
5 Frz i) 4,916 5. 253
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table 4.10

4.1.2 Computation of amplitudes in different modes of vibration:
amplitudes computed from the programmes are given in table-4.11
below:

e
b i



.....__.,.....................-«-——--—.—--—-....—-—......W....__.._.._.,...__........_..._....................—._.-—........—......m.,——.——..—.-a-..—-»—a.....-_—_.-.._.-..—....___...,.

linear elastic glastic hal+

. No element weightless spring approach space approach
{undamped ) (damped)

i Az O, 0027 fnm 0. 0055 mm

2 Ax 0. 0083 mm 0. 055 mm

X ﬂ%, 1.55%107¢ rad 2. 2B8%10% rad

.,......_...__....._...u._...-._—._—.»—_n—uu-umm_u—_..«_._..—mmm.«_—......‘......_...-............_...........__...—..».—._....-_.....’..-..__...._-_...._._..._._,.._

4.4.3 Computation of maximum amplitudes: Absolute maximum value
of amplitude caused by vertical force and rocking moment are
given in 4.1%2

........‘m_-..m_.....—amu.._m.—_.-_—_-....__m..——«.—_..._....._...-«.....-......_...._m.-—u_....—m_«...—.....-*m.._—-.._.....—._...................»-.._......,._..................

linear elastic elastic hal+f
S. Mo glement weightless spring approach space approach
{undampead ) {damped)
i Al 0.00126 mm G.041 mm
2 vl 0. 00279 mm 0. 0079mm

tablie 4.12

Following are the obsevationss:

1
4



1. The maximum amplitude calculated by Barkan and Elastic Half
Space approaches are 0.0126mm % 0.041mm (table 4,12y, which ocour
in translational direction. These amplitudes are very much less
than the range of permizsible amplitude (0B to O.12 om).

The operating frequency of preheater fan foundation is 10 Hz and
the closest value to thie freguency is 12.629 Mz in vertical mode
which is computed by Elastic Half Space approach whereas Barkan's

approach computed this frequencies as 15,218 Hs (table 11).

n This case shows the same type of variations in natural
frequency as in case of Rawmill fan foundation.The frequency in
vartical mode computed by Elastic Half Space is less by 17.017%
and more in coupled mode by &.858% and 6.8L% respéctively. These
variations are very small and can be cmﬁsideréd as insignificant.
%, The variation in amplitude shows very different trend as com—
pare to the case of natural freguencies which coincide with the
previous case of Rawmill Fam Foundation. In each mode the
amplitudes calculated by Elastic Half Space approach excesds the
BRarkan's approach computations by 27.73%, 320%, and

47.,09%,respectivaely. Although the values are very small.

A.S CASE 4- COMPRESSOR FOUNDATION : (Ref: fvaKogh. S.C1981) " SeiL DYNAMKS

MEGRAW HILL - NEW KoRK.
Fig 4 shows the loading diagram and design diagram of the com-

preszor foundation.
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Technical data of this FOUNDATION are:

machine weights: L Compressor
motor
Total
operating speed of machine N

Permissible amplitude of foundation Aprm

1

0.0 ton

= X.5 ton

it

Generating forces and generating moment acting

vertical generating force acting downward F

horizontal generating force =

4

*

moment in the plane XIZ My

Dynamic characteristics of the soil

dynamic shear modulus of the soil G
allowable soil pressure OFa
Beometrical data used in the calculations
base area of the foundation A
weight of the ¥Oundatioﬁ block

including the weight of machine W
the height of the combined center of,
gravity from the bottom of the foundation L.

an

]

it

13,5 ton

HOG rpm'
0.2 mm
on the foundation:
4.24% ton
0.00  ton

4.58%9 t-m

3750 t/m=

8 t/m=

Z2&.4  m=

68.22 ton

.61 0w

The mass moment of inertia related to the orthogonal coordinate

n
AL



systemns passing through the common center of gravity of machine
and foundation is:

nass moment of inertia about Y axis Mmx = 22.054 t-m-sec?

4.5.1 Computation of natural frequencies in different modes of
vibration: freguencies computed from the programmes are given in0

table-4.173 belaw

G.NO element linear elastic elastic half
weightless spring approach space approach
(Hz) (Hz)

e oot e e Rt e sl it s e o sma 00 s G o 49008 108 0 B AR 414 BRPNT STV S90S o Tt 3 v RS e iae 4ovas st Suts 4R S b s R oS o SHH S 8D 0 G003 Lo S 0¥ AL PO et (e S 00 bt L S i S S

1 e 19,4613 15. 375
v F e 12.86 13, 96
3 frgy 28,07 2373
4 £pa Gi=z) ' 0. 152 25, 724
5 F oy (=) 3, 648 13. 608

...._..—..._._._......-——.—..--—.__.._._._...._........_......_........-........—-._...—....._.m...-m.....-m.........—_....»—»m-m.—.«...-—-..—.....-.—............_._...........-_........_.,.......

table 4.13
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4.5.2 Computation of amplitudes in different modes of vibration:

amplitudes computed from the programnmes are given in table-4.14

below:
linear elastic elastic haldf
5. o element weightless spring approach space approach
(undamped ) {(damped)
i Az QL0540 mm 0.0551 mm
2 Fir G.00Es mm 0.0075 mm
3 A?1 b, FORLO—S rad 7. 00%107% rad

table 4.14
4.5.3 Computation of maximum amplitudes: Ghsolute maximum value
of amplitude caused by vertical force and rocking moment are
given in 4.150 |

._-.m.........-.._......___.......,........—................_.....,....._,.._.._._...............-........—............‘.,................_..-......,...._...m......,....-._..w.—w_nnw_‘.mw.m.—n_._—-—wm“m..w

Lingar elastic‘ elastic half

8. No element weightless spring approach space approach
(undamped ) (damped)
) AHL 0.0543 mm 0,078 mm
2 AVL 0,018 mm Q.0170 mm

mw*l'wlﬂwmn‘uw—.Mm.wmmwummwwm--umﬁmmw-«a-‘nmn——--—--w—n»‘.m—_---ﬂ“w“—‘m-«—nmmwn—w—nﬁmmmmmm—wmmmm

table 4.18
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The comments and comparisons are as follows:

1. The operating frequency of machine ié 10 Hz. The closest
values computed by Barkan's approach and elastic half space ap-
proach are the 13.60 Hz and 13.648 Hz respectively which are the
lower frequencies of coupled mode.So0 it is clear that the natural
frequencies are not close to the operating freguency, hence there
is no possibility of resonance.

The maxioum amplitude calculated by both approach are .078
nm &% L0547 mm (vertical direction) which are very much less than
the permissible amplitude of 0.2 mm.

7.  The lower frequency of coupled méd@ calculated by both ap-—
proaches are approximately equal but Elastic Half Space approach
computation shows less value of freguencies in vertical and
coupled mode for higher freguency. S0 Barkan's computations
exceed by 21.6% and 17.21% in the two above m@ntimﬁed modes.

%, The Rocking (Y- direction) and vertical amplitudes computed
by both approach are nearly equal but there is positive dif-
ference of 14.7710% in sliding mode (X — direction ) in favaour of
Barkan s approach computation. But these variation in very small

and can be neglected.

£n
(23]



4.6 CASE S: FOUNDATION FOR A RECIPROCATING COMPRESSOR (fel! Pori.v.k. eb.al.
(1982} covNOANION LR M ALHIMNES : ArALYEIL AnD DESIGN " witLey sgRiB S.lH-Coco-'f-ea.h‘in:

Fig % (a and b) show the section and plan view of the reciprocat-

ing compressor foundation. The following data are supplied.

1. Machine data

operating speed of the compressor = 4035 vpm
weight of the compressor = 9 ton
height of the center of gravity of

compressor above its base = 0.5 m
operating speed of motor = 1470 rpm
weight of the motor = 2.0 ton
height of the center of the gravity of the motor= 0.3 m
bearing level of the compressor above its base = 0.3 m

UNBALANCED FORCES AND MOMENT DCCASIONED BY THE OFERATION

OF COMFRESSOR

Horizontal primary force = Py o= Py’ o= 0
Horizontal secondary force = Px" = Fy" = 0
Vertical primary force = Fz’ o= 0,165 ton
Vertical secondary force = P! o= 0,40 ton
Horizontal primary moment = Mz' = {ley £2M
Horizontal secondary momentm Mz" = O
Vertical prihary moment = M’ = 1.78 t-m
vertical secondary moment = Mx" = 0.43 L-m
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Fernissible amplitude

(peak to peak) = (. 025 mm

2. Spil Data

i

Dynamic shear modulus of soil 82076 t/m=

i

allowable soil pressure 25 L/ m=

z. Beometrical data used in the calculations

H
t

base area of the foundation Al 17.4 mZ

welight of the foundation bluck

>4

inciuding the weight of machine 141,524 ton
the height of the combined center of,

1.0299 m

Hi

gravity {from the bottom of the foundation L

The mass moment of inertia related to the orthogonal coordinate
syvetems passing through the common center of aravity of maﬁhina
and foundation are:

mass moment of inertia about X auis Mimye = &0,741&t-m—secs

3

§

mass moment of inertia about Z axis Minz 7. 71850 -m-sec?
4.4.1 Computation of natural frequencies in different modes of
vibration: freguencies computed from the programmes are given in

table—4.16 below
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1 frx
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linear elastic

weightless spring approach

{Hz )

26.94%

29,022

19,08

3 -y
EOT vl g W E

44,177

18,496

table 4.16

elastic hal+

space approach

{(Hz2)
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18.191

29.915

28.66

oy o]
AER.452

i

15.826

r

4.6.2 Computation of absolute maximum amplitude @ amplitudes com-

puted from the programmes aré given in table-4.17 below:

&l



linear elastic elastic hals

S.No element weightless spring approach sprace approach
fundamped ) (damped)

1 iz 0. Q083 min 0.001 mm

2 Ay 7.l ®107® rad bH.TRIO™®  rad

A y 0, 0006 i 0. 0084 i

4 éf‘ T 151077 rad 7.8%3077  rad

table 4.17
4.6.3% Computation of maximum amplitude:fbsclute maimum value of

amplitude caused by vertical force and rocking moment are given

in 4.18
linear elastic glastic half
. No element weightless spring approach space approach
{undamped ) {damped)
i AH2 Q. 00878 mm Q. 0028 mm
Z AVZE 0.002 mm ' 0.0057 mm

evess svese mees sesen seesn 40004 boste S4mct S44t0 S4008 besee SnibS S4ERS SH00D SO03e a0 SS4ek 0003 $E008 S4ste DRase Bacss HFPS 43044 SAs0e SILS SoAYS Seb4e S4BMY Adsed sbes HAAML $0dsa deves Mdsee senrd serab berbd obis BAALA COAAN SSIAL WAEIH MMASR SO0 GLMT SRS RS SUNNA BUNSH GISE) SOBID FISSL TIED TR TATES STMY B1093 Sinay pee dhscs seass Sebss besss

table—-4.1Q
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the Dbgervatimns'are as follows:

1. The lowest freguencies from both approach computation are
18,4946 Hz  and 15.826 Hz. And the operating frequency is 6.705 Hz
which is very less than the computed value of freguencies. To
there in no chance of resonance.

Maximum amplitude calcuwlation show the maximum value of amplitude

g v oy

are «002mm and 00337 respectively which are very far from the

~

permissible amplitode (O, Zmm) .

~

2. In vertical and in coupled mode matwal freguency calculated

by Barkan's approach are greater than the other approach com-

iy

putations by 32, 24.27 and 14.4 percent. but less in case of tor-

v,

sional mode by 3% which ds insignificant.

!
. The variations of amplitudes in case of vertical, sliding
(V- directiomn) and Rocking mode (X- direction) are positive in
case of elastic hald approach by 88%, 40% and 37% and negative in

torsional mode by 11.84%.

4.7 CASE &: FOUNDATION FOR A SIX CYLINDER DIESEL ENGINE ( Rel.maAserA.
Ci1g80) " DemamIte v vt BMGED AreLva S AND OGN Y usl 2,
The detailed figure of a 59400 HF six cylinder diesel engine is

shown in $ig &.

SITE: Upto depth of 4.0 m there is medium sand, with a layver of

sandy gravel below. The ground- water table is at a comsiderable

&3



depth and is consequently not dangerous from the point of view of
the propagation of vibration.The cocefficient of uniform
compression(Cu) of the soil is 8000 t/m®.Corresponding to this
value of Cu, the dynamic shear modulus § comes oubt equal to 7300

t/m=.

The operating speed of the machine g M= 128 rpm. The foundation
should therefore be desigred to have a natuwal frequency exceed-
ing once or even twice the operating spead. this is necessary be-
cause the second harmonic freguency of the mass forces is twice

as high as the operating speed.

Design data supplied by the manufacturer are:

machine welights: engine = 2&3.0 ton
generator = 84,00 fton
total = FA17.0 ton

Fermissible amplitude of foundation Aprm = 0.2 mm

Generating forces and generating moment acting on the foundation:

moment about Z-axis Mz = 2.0 tem
horizontal generating force Py 0.00 ton
mesnent in the plane X7 My = 4,589 t-m



Dynamic characteristics of the soil

dynamic shear modulus of the soil ' G = 7300 t/m*
allowable soil presswe QFA = 20 t/m*

Geometrical data used in the calculations

base area of the foundation A= 264 m*
weight of the foundation block

including the weight of machine W = &B.2Z ton

the height of the combined center of,

gravity from the bottom of the foundation L = W CY

The mass moment of inertia related to the orthogonal coordinate
syvetens passing through the common center of gravity of machine

and foundation ares

mass moment of inertia about ¥ axis M = 2480.0 t-m-sec?

mass monent of inertila about 7 axis Mmez = 22956.9 t-m-sec?

4.7.1 Computation of natural frequencies in different modes of

vibration: {freguencies computed from the programmes are given in

table~4.19 below

L4
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5. 80 el ement linear elastic elastic hal¥f
weightless spring approach space approach
(Hz) {Hz2)
1 fr 12.0%1 10.086%
Z £ e .31 b. &ED
. £rgy 14,86 | &. 490
4 Fova (li—z) 18,387 11304
% frain—z) 8. 650 %919
4.7.2 Computation of amplitudes in different modes of vibration:
amplitudes computed from the programmes are given in table—4,20
belows
linear elastic elastic half
8. Mo element weightless spring approach  space approach
' ¢
{undamped ) ' {damped)
1 Ry ERRES S ¥ lad rad L, Zw10-e  pad
2 (A7 0.0073 10 O, 00BE mimn

5 Aba 7.00%10"8  rad b.F0%10™8 rad
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table 4.20
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4.7.3 Computation of maximum amplitudes: Absclute maximum value
of amplitude caused by vertical force and rocking moment are
given in 4.21

e e et e e b s 4008 St S k. S e S0 1 2 st .+ s Sk 4S5 88 ik S0 4 S5 SRR S8n S 1A A AR R T S FSk ke BT Sk S e Gsa S Sk IS i 818 1S Sk Gl s G P T T S S e e e

linear elastic elastic half
8. No element weightless spring approach space approach
(undamped ) {damped)
t HHL 0., 00660 mm 0, 0085 qm
P AVl 0. 0Q%T76 mm Q.0 70 mm
table 4.21

Comparisons between the approaches for different modes of vibra-
tion are as followss
1. The maximum frequencies calculated by both approaches are
18,387 Hz and minimum frequencies are 8.650 Hz and $5.71% Hz. The
mparﬁ%ing freguency of machine 128 rpm or Z.08 Hz which in very
much less than compubted value of minimum freqguencies Hence these
is no poesibility of resonance.

The maximum amplitudes cvalculated by both approaches are 0066
mm and C017mm which is not close to the permissible limit of

amplitude (0.2 mm)d.
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7. The frequencies calculated by elastic half space approach are
less tham the calculations of Rarkan’'s approach in torsional (-

direction) and coupled mode (Y-Z plane) by 16.7%5%, 38.%% ard

Z1.87%.

4

. The amplitudes calculation shows positive variation of 39.78%
to 200% in favour of elastic half space approach in vertical and
oecking (Y-direction) mode. and negative variation of 26% in case

of sliding mode (i—divection).

4.7 Disscussion

The data presented above is reworked to obtain table 4.22 and
4.77% where relative difference(in perchantege) caloulated by
wlastic hald space approach with respect to Barkan's approach {for
frequencies and amplitudea,in different cases and comparisons are
made between computed amplitudes by both approaches with permis-—

sible amplitude respectively.

Undamped natural freguency due to vertical excitation , calou-
lated by elastic half space approach is less in wach case by
about from 19% to 3I2% in different cases with respect to Barkan's
approach. Similar variations are predicted in coupled modes of

vibration in ¥X-7 plane where

&8



higher and lower natural frequency of cauﬁled mode,in elastic
half space approach, are less with respect to Rarkan’s approach
by 0% to SRS and 0% toe 31L.57Y% vespectively.But in case of
coupled vibration (Y-Z plane), higher values of frequencies are
indicated by elastic half space in computing the higher and lower
natural frequencies of coupled mode.This increase varies from
L.58% ta 10.64% and 6.85% to 10.80% respectively.

FOR AMPFLITUDES, elastic half space appraach calculates more value
in vertical and rocking mode in each case with respect to
Barhan'a_apprmach ercept case 2, where Eﬁﬂvdeareaae is predicted
in vertical mode and the range of positive variations are 0% to
aa% and 0% to 200¥ respectively.

there is a variation of ~3% to —-49.78% in amplitudea,»calculated
by elastic half space approach in rorsional case with respect to
Rarkan's approach.Bo less values of toreional amplitude are cal-
culated by elastic half space approach as compare to Barkan’ s
approach. In case of sliding along ¥ , V direction and rocking
about X~direction,amplitudes vary from ~7&.677% to 40%, —57.87%4 to
wEOY and ~87.3% to 47.09% respectively. The comparisons aof ab-
solute maximum amplitude computed by both approaches with permis—

sible limit of amplitudes in ditferent cases is shown in table

Maximum amplitudes calcoulated in case 1, horizontal), 3 4, O
and & by elastic halfd space approach are much closer to the per-

missible amplitudes but in case of 1(mad) and Zivertical case)

b
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Barkan' ' ampfitudea are much closer to the permissible value. In
19647%, S.Frakash analyzed a case history of Reciprocating
Compressar, from this case history BRarkan's approach calculation
are much closer to the permissible amplitude.

Ge From these interpretation of results it iw clear that there is
no definite and remarkable trend to signify the the superiority
of one approach over the other. Both approaches have thelr own
merite and demerits. In western countries simplified elastic half
space analogs are used to design the machine foundation whereas
Barkan ' 's approach is used to analyze the machine foundations in
Fussix. Foundatione designed by these methods have been working
satisfactorily in the field. So any of the two. approaches can be

wsed to analyse the machine foundation.
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- sign indicates that less value

ig calculated in elastic haldf

space approach than the Rarkan's appr-oach.

+ sign indicates that in elastic

hald space approach more value

is calculated with respect to the Barkan's approach



table-4.23

CABES direction Rarban's Elastic Half Fermissible
approach gpace approach amplitudes
horizontal G 73%mm 0.37%mm

i Q. 2
vertical 0.5 mm G.29 mm

horizontal 0.075mm 0. Obbmim

i {mod) (. Zinm
vertical 0.128mm 0. 104mm
horizontal O, DOBZSmin 0.012mm

2 0. 040,056
wertical 0.0082 mm 0. 0037 mm £ -

horizontal QL0152 mm 0.041mm

vertical 0, 0028 mm 0. 0078mm T

horizontal 0. 018 mm QLOL7 aun

23 0w 2mm
vertical 0.0%33 mm 0.078 mm
horizontal 0, Q01 7 8mm Q. 0026mm

e _ 0. 01 25mm
vertical 0,002 mm 0. 003 7mm
horizontal O, 0066 o 0. 008bHmm

& 0, Zom
vertical <, QGOS7 Hmim Q.017 mmn

.........._...........u..m-u-u-..-_—-.-........--.-...'....-..........‘..‘...........—-.........—-.....-......—..........‘.._......‘...,...._......._...........-...-..._-........-............-......._...._.....

L e

In table 2.73 highlighted values signify that amplitudes are

closer to the permissible limit of amplitude.
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5. CONCLUSIONS

From the studies carried out for different cases no
precise, definite and remarbable frend can be established
for superiority of one approach  over the other. BRoth
approaches, elastic half space approach and linear elastic
welghtless spring approach, are used freguently to design
the machine foundation, In western countries elastic half
space approach is used whereas Pussians design the machine
foundation by Rarkan’'s approach.Fost-constrution behavior of
Machine foundations which are ﬂeaignad by these approaches
are satisfactory.5o these approaches can be u%éﬁ depending
upon the reliability of data of =il dynamic properitieg, i.e
dyrniamic shear modulus, cosfficient of wiform compression,

poisson’'s ratiodamping ratio eto.

SCOFE  OF FURTHER STUDY N

Several case studies should be carvied out for practi-
cal cases of machine foundations and a definite trend should
be developed to analyee the different maching foundations by

& particular approach.
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APPENDIX-A

COMPFUTER PROGRAM FOR DESIGN OF A BLOCE FOUNDATION FOR
DIFFERENT MODES OF VIBRATION USING ELASTIC HALF SPACE
ANALOG (RAJEEV)

ITMFLICIT REAL (A~Z)

INTEGER I

CHARADTER®14 FILOF )

paTA CABEL,CASEZ ;CABEZ ,CAREA/Q. 40, 0. 40/

DATA NGPl,NUPQ,N&Pa,NGPS,NGP&,N&P?,NGF%/

1 w0 00 40, 0./

DATR Y/IY '/

WRITE (%,%) "I/F Q/F-DATA/FILE NAME’

TUREAD (%, %) FILEQR

FORMAT (A14)

OFEN (UNIT=1 ,FILE="RI.DAT ', BTATUS="0LD ")
OFEN (UNIT=2,FILT="Ri.0UT’ ,8TATUS="NEW")
WRITE (#,%) ' 1/F PROBLEM TITLE (D)
READ (%, 604F) ATITLE(LD) ,I=1,120)
WRITE (2,668) (TITLE(ID) ,I=1,120
FORMAT L 1OX CTITLE= " J120R81,7 4/ 47720 %),/ 7)
FORMAT £ 1204061)
WRITE (#,%) ‘DO YOUW WANT CARE 1 {TRANSLATION-Z) 7

READ (%,214) 0
FORMAT (A1)
IF 0. EG.Y) CABE1=1.0
WRITE (%,%) DO YOU WANT CASE 2 (TORSIONAL-Z) 7
READ %, 914) 0
TF (0. EDLY) COSEZ=1.

CWRITE (%, %) 'DO YOU WANT CABE Z(TRANSLATION--X ,ROTATION-Y) 7'

READ (%, 914) 0

TF(0.EQ.Y) CABEZ=]

WRITE (%,%) DO YOU WANT CAGE 4 (TRANSLATION-Y , ROTATICON=-Y) 7
READ (%,914)0

TF(O.EG.Y) CABE4=1,

FRHEEREEERHEERFUE R R RER B RS R R RERHRERRBEELR R AR LEERRREEEEES

IFL{CAREL .. EG, 1) THEN

WETTE (%, %) ' #wns e mw ke kDABE L # b masrgwn’
NRITE(%g*)' DO YOU WANT THE UNDAMPED CABET!
READ (¢ ,914)0

CIF(OLEQ.YINOFL=1,0

WRITE (3,4 ° DO YOU - WANT THE DAMFED CaBEY’
READ (x%,514)1 0 '
TF 6L B, YIMOPE=L .0
END IF
IFACABEZ. EQ. 1) THEN
WRITE (%, #) " #5800 w26t CASED ¥ X6 &0 R tw g’
WRITE (%,%) ‘DO YOU WANT THE UNDAMFED CASET
READ =, 714)0
TF (UL ER.Y)NOFI=1.0
WRITE (%, %) ° DO YOU WANT THE DAMFED CaABET'
READ (¢, T14)0
TF (G, EC, YINOFA=1, 0
END IF
TF(CABED..EQ. 1) THEN
WRITE (%, %) ' #%3%e i i s UAGET w6k e ol o0’
WRITE (4% " DO YOU WANT THE UNDAMFED CRBEY
FEAD(%,214)Q
1F (0. EC Y) NOPS=1. 0
WRITE (6,5 ° DO YOU WANT THE DAMFED CABED’
READ (% ,5143 0
IF (G EG. Y)Y NOF&=1,0
END IF
TFLCAREA.EQL 1) THEN '
WERITE (3 ,3) " e a0 4046 00 08 B U GE Q9 460304040 4006 360 0 4048
NRIT&(%g%)' DG YOU WANT THE UNDAMPED CARE?'
READ(*,714) ¢
IF(Q.géuY)NQP7z1.0
WRITE (#,3%) ° DO YOU WAENT THE DAMPED CABRE?Y’
FEAD (x,5914)0
IF QL ER. Y NOFE=1.0



W
&

L]

1144

111z

L85

¢

¢

1177

5 EEETYFEEEREEEE
NRITE(Z.llﬂﬁ)
FORMAT L i..s?( LS %7y,
WRITE(®, %) "1/F A’
READ (&, %) &
Nﬁ??F(& ®¥3 "I/F W
READ (+ #3U
WRITE(2,1155) A,uW
READ(* *)N
WRITE (#,%) "1/F GPA”7
READ (%, %) OF@
WRITE {2 LL12) GAMMA LG, N, OFA
FUHM%T
1 1%, "UMIT WFIGHT OF TuE S0It,
2 1%, ‘DYNAMIC SHEAR MUDULQQ,
A 1%. TORERATING SPEED OF MQLHINE,
4 ALLOWARLE S0IL PRESSURE,
*%%%**;*%TYFEl B 46 DK M UM A B
IF(CASEL. LO 1.0.0R.CA8EZT.EQ. L.
WRITE (% %) 1/F NU‘
FEAD {4 *1%3 NU
WRITE (2, 1955) WU
FORMAT (
11X 'VUIQQQNQ RATIO,
END 1F
%%1%*%**%TfFE,*****ﬁ*%ﬁﬁ**%
IF (CAGE4. hO 1.0 THEN

INFUT VARIBLER:

Q. GR.

WRITE (#,%) "I/F IX’

READ { %, #) IX

WRITE(% #) C1AF MY

READ (%, h)ﬁX

NR]TF(* #®) C1/F MMXS

READ L%, #}MMX

WRITF(* ®) "I/F FPYC

READ (%, K)Ff

NRITF(* #) "I/ LYY

hEQD(*J%)LY

NRITE(L,jiéé} TH G ME MM Y LY

FDhMQT

MOMENT OF INERTIA,
'UNRALQNCED MOMENT,
‘POLAR MASS MOMENT OF INERTIA,
P UNEALANCED FORCE ,
"MAXIMUM DISTANCE

"OF THE POINT’

FREE RS TYRFELEEE 888
IF{CABEA . EG, 1.0, 0R, CARBET,
WRITE (® %) "T/F L7

READ (%, l”
MRTTE(% #) "I/ MM
READI= %“) Hi4

EQ. 1.0 THEN

END IF

LB,

GAMMA="

{32’

I EH

QFA= -
CABE4. EQ. 1.0)

URES

T X
X =

MMY= "
SC

FROM THE QXIS OF RDC!ING(HQRI?UN%QLJ,LYw'

gy

f/.a:.

(w170

JFLO 4,0 Tk /mE
GF1O.2,1X, "t/m2 ",
FIOLZ1%K, Trpm o/
IO 28K, /w7,
THEN

FIO030

1.4, 1&, md. ./,
JFL10.8, 14, " t-m. ’g/

Fiu 4 lx, t-m. sac
ﬁ_u~h_____?_
FLO. 8,1, 't 7,7

JFLO04, 1%, ma ", /)

WRITE (2,1177)L ,HH

FORMAT X
1%, HEIGHT OF THE CENTRE OF GRAVITY, L=’ F10.4,1%, "m.
21X, 'HEIGHT OF THE TOP OF THE FOUNDATION, W=’ F10.4,1%) 'm.

HF RN ERTYPESH KR EREE
IF(PQEF‘”FURI.O)THEN
WRITE (#,%) "1/F 1Y
FEAD (%, *)IY

thTLf* ®) "TAF MY
READ (%, «) MY
WRITE(*,*) I/7F MMy’
READ {# %) MY

WRITE (#,%) 'I/F FX’
READ (&, #) Y )



"
c

1188

1100

111
1

1A

14

WRITE (#,%) "T/F LX

HEQD\%Jk)L ,
FIWEéagildﬂ) TY, MY, MMY , FY, LY

'\
i 1%, MOMENT OF INERTIA, Tv="E10.4,1%, ‘md. ' ,/,
Z  iX, UNBALANCED MOMENT MY JEL10.4,1%, ‘£-m' ./,
X 1% POLAR MASS MOMENT OF INERTIA, MY FL0.4, 1%, tm. sec
51X, ‘UNBALANCED FORCE pX=  FLOL4,1%, 't. ',
§  iX. MAXIMUM DISTANCE OF THE FOINT',/
b 1§&'Fa0m THE AXIS OF ROCKING (HORIZONTAL) JLX=",F10.4,1X, ‘@. ' /)
END _

IF fCA E;.Pﬁ 1,0)THEN
WRITE (e, %) "1/ 127
hFhD\fg*)Iz

WRITE (% ,%) "1/F M7
REQD(*,%)MZ

WRITE (#,8) "1/ MMZ’
READ (%, %) MMZ

WRITE (%) "T/F R’

FEAD (%, %) K
WRITE(2,1100) IZ MZ,MMZ,R

FORMAT ¢
1 1%-,';"1(3NF”NT Uf INrRTIﬁ IZ" F"' 451):’ an ?f,
2 1w, TUNRBRALANCED MOMENT, YA Plu Ay LXKy tem. Ty
% %A YULH& MASS MOMENT OF INERTIA I VA ,Flﬂ 441X, "t-m. 8ec
: q ;
ngli TMAXIMUM HORIZANTAL DISTANCE (TORSION , SR L FL0.4 01X, "me T o /)

A3 46 3 TV FE B 36 46 06 26 26 36 36 36 46 30 38 ¢
IFLCASEL.EG. 1.0 THEN
WRITE (%, %7 "T/F FZ°
FEOD (%, ﬁ)FZ
wh11c<,11111>r1
FUhHﬁ1(

1%, "UNMBALANCED FORCE , FZ=" ,Fi0.4,1X,,7t. ", /)
krEeNOFT=1 UNDAMFED AMPLITUDE
#E e EMNOFT=2 DAMFED &ML ITUDE
GBA=%.81
22=3. 14150924654
IF(CASEL, EQL. )

ROZ=SERT (AL

Yo Ze=d, #ERROZ/ (1. ~NUD
OMENZ =8S0RT (WZ+GHa7W)
FNZ=UMGNZ/ (2%L2)

OMEGRA=2%Z 2N/ 6O

RZ=(1.~ NU)%w/(q # (RO w20 .« GAMMAY

ZETAG=Q, ahq/%URlez)

IF(NOFRLLEG.OY 60 TG 123

ﬁémPZ/(HZ%tl,M(QNEEA!GMENZ)%*27)

H7=0A% 1000

WRITE(Z,13) ROZ L, unumz FMZ

FD&MQT(// “UA ﬁﬁ%hﬁﬂ%ﬁHNDAM%%D VERTICAL CHSEF?%*%%'M/XIQ

53 'EnzthEN? RADIUS, ROZ=" F10. 2, 1%, Tme g/
EX ) EQUIVALENT SPRING, EZ=  F15.5,1%, t/m’ ./,
5X , NATURAL FREDUENCY, OMENZ=" ,F10.3,1%, rad/s’

NATURAL FREGUENCY 4 er~ CaFL10.E 1Y, THEL T S

GUERETR L] o
o]
xx\yxw

< /
= *vrartnmz AMFLITUDE , BT= F15. 5, 1%, mme 5 7)
TF (NOPZ. BB, 0 _

F 1 N=0MEGA / OMGNZ
BARD=FZ/ (KIREORT ( (1.~ (FIN) $52) #62+ {2 7ETASHFIN) ¥%2))
AZD=GAD1000
WRITE (2,14) ROZ,B7,KZ,ZETAS,OMGNZ,FNZ,AZD

FORMAT (/// , 20X, | xedkwrrx e DAMPED VERTICAL CA SERERRXRNRR "/ /]

1 EX, EDIVALENT RADIUS, ROZ= ' Flu T, 1K, M g/

25X, HASS RATI, - Bi='yF10,3,/,

I SX, EQUIVALENT SERING, =" L1 s v, s,
35X, DARE NG FACTOR, ZETAZ= F10.3,/,

55X, 'NATURAL FREQUENCY (UNDOMFED) , OMENZ=",F10.%,1%, ‘rad/s ",
& EX NATURAL FREQUENCY (LINDAMFED) ENZ=  F10. 3, 1Ky ‘HI. '/,
7  EX, VERTICAL AMPLITUDE, AZD=" F15. G, 1K, ‘mm. /)



Chwnosnnanancasans e on e s NOFT=3 UMDAMPED AMLITUDE
-

he o MmN E e aEeE s NOPT=4 DAMPED AMLTTUDE

144 IF{CABEY LED. 0

Rﬁqi*xg¥llfli)%%0=25

FEI={14, #GEROBI##3,0 /3

OMEGO=2% 224N/ &0

OMENST=50RT (K81 /MMI)

FNST=(OMGNST/ (2%722)

I!(NUF"a&u o)

FEI=MZ7 BT (L, ~(OMEGA/OMENS T ) *%22. 1)
WRITE (2, 15) FDS{ ST, OMBNST, FNST, AST

15 FDHHGT(f;fq/U) *%%**%*+%%UNDHHFéD TORBIONAL CAbEkkekeness’/

17

ROX=50RT(B/Z7}
ROFHIY=(IY®3/27) #%0, 2%
MHOY=MMY 4+ ( (W/GA) L #%2)
EFHIY= {3, %(IEMNU)%HHUV*bHJ/(U*GHHMMPHUFHIY%*H)
R IV=MMY /MMOY
EX=00% (1, ~NLD #B#ROX / {(7-8#NLD
EPHIV=(8x0#ROPHIY®#Z) 7 (T (1N
OMENY=S0ORT (kX #GEA )
ONFHIY=80RT (FHIY/MMOY) ~
WE=GDRT CCOMEMY B2+ ONFPHIY %2 /RTIY)Y w820 -4, # (OMENK#2) % (ONFHIY##2)
1 /RIY)
be(UNBNX%%2+GNPHIV%*2)/RIY
A7=CWaEHWEY /2.
YB= (Wa-W3) /2.
ﬂNimthT\X/}
ONZ=SDRT (X&)
FNanNl/(Z*ZZ)
FNZ=0ONZ/ (2877}
NHLTE(& #) FNL,FNZ
DMLQh—a¥ZZbN/éU
IF(NDFJ.EQ 0)
R {OMEGAw4— (OMEGA® %27 ® ( {DNFHIV##Z24+-0MEN X %6 )K&IY)*GM&NVk%g%
1 ONFHIV#€2/RIY) ,
DELTA*HBQ(\Q)
MW/ GA
PIN&“(r&*L*UMCNX**«)/(ﬁ&lTH*MMY)
MURA= (FX/MEMMY) & (- MMY%UMEGA%%”+FPHFY+L*& ZREX ZDELTA
A= (MY Z7MMY ) ® {OMENYX#+2 /DELTA) +MURA
AX=0081000
AEHT = MY /7RMY ) * { (OMENY 2 --0OMEGAE®Z) /DELTA)Y +FINA
WFITE(% *) AFHIL
WRITE (2 1/) hux CROPHIY  BFHIY X KPHIY, OMENY , ONPHITY , ONL ,FRY
1 ONZ,ENZ, L AFRT L
Fﬁhﬂﬁ?( -.v Ca R UNDAMPED SLIDIME &ND ROCKING CASESERREREE

/.
7

9

5

"
/

5

15X, ‘EQUIVALENT RADIUS. ROSI=",FL0.3,1X, ‘m. ',/
2 EX, EQUIVALENT SFRING, KSI=',F15.5,1X, t/m’,
.’;: \}Jx q NQT U‘\(}'L- F"F\ C‘UENL’( g OMG"\‘(.’I = F 1“:: -t ] lx g l"c':\(."!/‘-»
i gl,’NQTURhL FREQUENE FNHIm JF10. ,1x,’H2' /
= EX. TORBIONAL AMFLITUDE, BEI= F15.9, rad. /)
i IF INDFALED. ) GO T0 126

RGI“MMZ%&H/(GAMMA%RU LT # K5

ZETASI=0,5/ (1, +2, ¥EE1)

ASID=MZ/ (ST ¥GORT ((1. - (OMBA/COMGNSI ) %52) #5672+

(2. RIETAST#OMEGA /RGNS 1) %42, ) )

WRITE (2,14) ROSI,BSI,KSI,ZETAST,OMBNSI,FNSI,ASID

vo&ma7<;/1, 10X, R R R DAMPED  TROS10ONAL LAaE%%*%*«%ﬁ*%% vy
1 5%, ‘EOUIVALENT RADIUS, ROST= F10.3,4%, ‘m. ' 4/
= Sx, INERTIA RATIO, BGI= F10.3,7,
X EY, 'EQUIVELENT SPRING, KE1=' F15.5,1%, ‘t/m’,
3 ‘DAMFING FACTOR , ZETEEI=" JF10.3,1X./,
5 qx, NATURGL FREGUENCY (UNDAMFED) OMENST=,F10. 3, 1X, rad/s"
& Jx,’NaTuanL FREGUENCY (UNDAMPED) FNSI=",F10.3,1X, 'HI',/
75X, TORSIONAL AMPLITUDE, ARID= JF15.9, rad. /)

%&kk‘h*%k*‘ﬁ%*‘h %C.HHE \**-ﬁ-%-ﬁ. FRHREREEENREERERFPUEEEER *{¥4€?’F*§'***** &

e et TRANGLATION ALONG X-~AXIS AND ROTATION ABOQUT Y-AXISekxxs

h%%*ﬁ%«**%*NDIF~H UNDAMFED AMFLITUDE

KR Fe 2 K2 W NOF T = DAMFED AMFLITUDE

IF (CASER, EG. 0)



00

g
@

18

Lo

i

i EX- 2 X XL L5 Xk wEX FKK%*A Z FL“NE¥*%T*% /f,

26X, 'aOUIvELﬁmr EthU ROX=T F12.3,1%, ‘m. 7,7,
% X EQUIVELENT RADIUS, ROFHIY:= E 125 L1Ky ‘e 0/
3 dx, MASE RATIO, BRFHIV=" F10.3,/,

= ‘EQUIVELENT SFRING, EX= S ELS. 5, 1K, 't/m',/,
& .x 'EQUIVELENT GBFRING, | KPHIV=" F15.5, 1%, "t/ m /.
7 5},’NATURQL FREQUENCY , OMENX=",F10.3,1X, ‘rad/s
o]

& 2% NATURAL FREQUENCY, ONFHIV= " FI5.5,1X, ‘rad/s
o/

5 4yl COUPLED NATURAL FREQUENCY, OMl=" ,F10.3,1%X, ‘rad/s’
5 ./

@ 3% COUPLED NATURAL FREQUENCY, Fui=',F10.3,1%, 'HI. ,/,
4 55 'COUFLED NATURAL FREGUENCY, ONZ= L F10, 3, 1%, ‘rad/s
5%, | COUFLED NATURAL FREQUENCY , FNZ= " (F10,3,1X, ‘HZ. '/

v sk, GLIDING AMPLITUDE Ax=" Fi5.%,1%, mm’ /,
L SX, ROCKING AMPLITUDE, AFHI=" F15.9,1X, ‘rad’

IF (NOPG. EG. O)

B (7-RM0) #W) / (E2RGEAMMAR (ROXE%3) % (1-NU) )
ZETAX=. 2785/ (5ERT LEX))
FIENIY=0. 15/ (1. +RFHIY) #8ORT (RFHIY
Ut= (ONFHI Y22 +0MONX* %2 ~4, K7IFHIY¥szﬁx%QHGNK%GNPHIY)/RI?
e (OMEGA®#A-OMEGA® 23U 1 +OMGNY ##250NFHT VE#2 /RTY) %7
(% (ZETAX*OMGNX $OMEGAK (ONPHIT Y ##5-OMEGA® %) /RIY)
OA=7 TEHTY#ONPHT Y #0MEGA (OMBNX ¢ %2 -OMEGAS%Z) /RTY
US4 (US+UA) %2
DELETE=GORT {LZ+US)
M=4d / G
BTN LE X /MMM S # € C-MMY #OMEGAR#ZHEPHT VAL X 28X ) #8204+ 8 2 OMERG* %75 (71
L IV % (BORT CEEH LY KMMYOT ) ) %628 ZET A KRS SORT (KX#M) ) #%2) %0, 25/DELETE
R r TR Y S EORT COIMENA 5L A% T TAR LOMEBAEES ) %OMGMY /DEL ETE
?égﬂtﬁY/?MDY)% (BORT (OMGNY # #4+ 4% 7ETAX £ % 2% OMENY ©%2) /DELETE) +F IN
43 X K w1 QD0
BEHIDT= (Y /MMY)  (SORT { (QMENY %% 2-OMEGR®EET) #2024+ (28 ZETAX»OMEN X #OME G
1) k%2) /DELETE) +MUR
WRITE (2, 18B) ROX,ROPHIY EX,ERHIY K KFRIY  ZETAY, ZIFHIY , OMBNY ,
i oNPHTY, ONL,FRL,ONZ, EN2 ) AXD, ARHIDT

FURMA1(//x‘JHX %%%%ﬁ%OMHFED SLIDING AND ROCKING CABE#E#®RE
i %%Kf ”’K rfakrﬁfﬁhxwhx%rﬁ%xmf }LHN[%K¥¥K*%%1¥£ /7
2 EéHIVLLLN1 REDILE, ROX=" FI0.3%,1X, e W/
A mxn EQUIVELENT RHDIUQ, HGPHIKm'qF1Un,q1X¢ Ma 47 4
4 SX MASE RATIO 59 E 0 Flu.a,/,
5 5¥,  INERTIA RAtig, BEHIY=',F10. :
& DX, EQUITIVELENT MFRINP S Fiq.ﬁ 1X. tim 4,
7 SX TEQUIVELENT ﬂFh{N&, ﬁPHIY%‘gF Tiathg 1X,’LI| /q
&l bX “DAMP ING Fﬁfiﬂh, : ZETAX=' FIU.?,/,
g X ‘DAMPING FACTOR, o ZIPHIY= Flu,o ,, )
# CNATURAL FREOUENP‘ DNBNX&’, F1O.3,1X, 'vad/is’ ./,
k4 TUNDAFMED NATURAGL %ELUULNFY ONPHKYm’,Vlunn 1K, rndfv',/g
& qX 'COUFLED NATURAL FREQDUENCY, GNim',FiO._;1Y, rad/s .y
! COUFLED NATURAL. khFDUFNCY FNiw',EIU FlX, HEZ. ./
+ uk; COURLED NATURAL %hCOULN&Y ONZ= " (FLO, R, 18, 'rad/e’ o/,
g0 X, TCOURLED NATURAL FREOUENCY FZ= ,F10. )gik, Hi. 57/,
% o SX, 8LIDING AamPLITUDE PXDe FLIE Y 3%, "mm. o/

BX, TROCEING AMPLITUDE
Frknren TRONGLATION ALONG Y-AYXIS AND ROTATION AROUT X—AXIGEwsess
H R ERRNOFT 2T UNDAMFED AMPL I TUDE %% & k%% # %
Fode 4 A R NMOF T8 DAMFED  AMPL T TUDE 5% &% e e
IF(COARE4 . EG.O)
B = HUhTfﬁfLZ)
ROFHT Ko (TX#4 /22 #8025
MMOX=MMX+((W1&Q7%L**?)
BFHIX= ("r ¥ (1. ~NUD #MMOX#GA) / (B*GEAMMARROFHT X*#3)
R X=X vimax
koY= ) L ~NUD #GRROY /(78X
KRR = (BGeROFPHT X4eeD) 7 (R CL-NUD D
OMGNY=80RT (kY *GA/W)
CNFHI X=8QRT (EFHTX/MMDYX)
XZ= 4 (ONFHI X %% 2-+0MENY #%2) /RLX) ®%2
4= ( (A% COMENY %42) % (ONFHT X#22) ) /RIX)
XG=80RT (X3-X4)



BY={ {7-8%NL) #W) SRR EAMNA

Ul= (ONEHI X% 2+0MGNY #%2) /

Ké&= {OMEMY € 2+0NPHT X##2) /RTX
X7=(0,5) % (X6+X3)

K= ((?.‘.:)%(Xéw K&
OM1=80RT (X7

ONZ=80RT (X& )
FiME=0N1/(2%ET)
FNZ=UN2£(L*?Z
OMEGA=Z%TZ%¥N/ 60,

WRITE (#,%) OMGENY,ONFPHRIX
IF (NGFS.EQL.0) GO TO 427
Y A= (OMEGA® #4-OMEGAE®ZE

(ONFHTARRZOMENY ##2) /ZRIX+ (OMGNY % # 20 0NFHI X %2 /RIX))
AR TR LA T R

DELTA=ARB(YA)

TR (Y (MREMMX S ) % C C-MMX e OMEGAR -
ﬁTﬁUm(P¥hL¥OMbNY*%L)/(MMX*DF!Té)
A= M /MO & (OMENY %2/ DELTA) +ATA
fY =GR 000

AFHT 2= (MU/FM0) # ((OMGHY %% 2-0OMEGA*2) /DELTH) +ATAY
NRIT&(g;?f)hOY ROPHIX BRFHIXEY EFHIN OMGNY (ONFPHI X ,ONL , FNL

ONZ , FN , AY , APHT S

FGRM&T([,AUX

é/,gqx CERERY-7 FLONE®R®®R ',/
EQUIVELENT RADIUS,
’FOU{”FI&N1 REDIUS,

qx MAGE RATIO,
EOUTVELENT® BERING ,

qu EQUIVELENT SFRING,

EX ) NATURAL FREBUENCY ,

X, 'NATURAL FREGUENCY ,

X, 'COUFLED NATURAL FREQUENCY,

aX
u§4:CGUFLTD NATURAL FREQUENCY,

9K, BLIDING AMPLITUDE,

Y, ROCKING AMPFLITUDE,

1F (NOFS. £ . 0)

LY 24
1)
CFT

ZIPHIX=0. 15/ ( (1. +BPHIYX

*
ZETAY=,2785/7 (5GRT (ARG (EY
} (BF

(R
Y )
#5
ix

DL!&TFm SORT (U2+U5S)

HIX))

ROY=",

ROPHIX="
BFHIX="

kY=

ON1=
Fpi=
ONZZe=
FNZ=

A=

KPR X
OMENY =
CNFHT X

-~

R Y R T R R R . BERC JNRY BN )

-

R T R
£1--Ny 7

2y ARIXD

MM TR T TN
el e el o O S e

CRER:

JDELTE)

P -~ - - e
D 0 O D L 8
8 = 8 = 8 8 T 3 3 % .

Y
Mm B 3 8 R W B D

ww»»wwwwww\w
3D D D D D 0 B

0L LA LA LA LI LT G
MAd B Al A R D 3 R A

><
-

***%%%***UNDQHPFD SBLIDING AMD ROCKEING CABE###w®

m. Y
rrla ,I"
t/m’
’t/m s
‘rad/s
'raﬁ/s'
"radis
’HZ’,X;
rdd/a
HZ o f s
mm ! ;.;" a
vad. 4/

3
k3

-8
G e - k&

=4, kL ITFHIX#ZETAY #OMONY #ONFHIX/RIXY
e ( (OMEGRA®4) ~ (OMEGA®#2 201 ) + (TG NY%%Q%UNFHIY¢¥‘/HIY3)%*h
3= (ZETAY #OMGNY #*OMEGA® {ONFHIT Xt 2-OMEGA ##2 '
Ud=2 TFHIX#0NFHIT X #OMEGS® (OMEMY #2d--OMEGR*® %) /RIX

HLW\PY%LXNHX)%DMGNY%((DMGNY*%2+4*ZETQY*QNEGQ*%E)*%0.5)fDELETE ]
BUs= (FY 7/ {MEMMX) ) % (MM OMEGA® # ZHRPHT XL o 2xkY) £ 22+ 40 OMEGAR ¥ 2% (1]

1 HIY®GERT EFHTXEMMA00 +L 6222 TETOY#GORT (EYEM) ) ##2) «6)  5) /DELETE
ARD= (MY /MMX) & (BORT (OMENY x4+ (46 ZETAY # 222 0MGNY #%2) ) /DELETE) +8U
AYD=00D% 1000

GPHIDE= (MY /MMX) % (SERT ( (OMENY %2 -

1 amcea>*&@)/9r|L1&>+DU}
WRITE (Z,58) ROY,ROFHIX,BY,BEHIX,KY
1 UN%H{X ON1,FR1,ONZ, FN2,AYD), Al OE

SOV o @ GO B T

F UF\NMT {7 ;"OX

‘Qx xx%*%*xy 2 FPLANE®®EEX®x’
;‘ "EGUIVELENT RADIUS,
EX . EGUIVELENT RADING,
X, MABE RATIO,
X, INERTIA RHtIG
X, 'EQUIVELENT SF PRING,
EQUIVELENT SPRING,
dx ‘DAMFING FACTOR ,
X, ‘DAMFING FACTOR,
5%, MATURAL FREQUENCY ,
EX . UNDAFMED NATURAL FREGN
£X, COUPLED MATURAL FREGUENCY,
5X, 'COUFLED NATURAL FREQUENCY,
=X, COUFLED NATURAL FREQUENCY,
5X, 'COUFLED NATURAL FREOUENCY,
5X. GLIDING AMFLITUDE,
EX, ROCKING AMPLITUDE .,

OMEGH#®#E) ¥ e 2+ {2 LETRY *OMENY #

FFHIX, ZETAY (ZIFHIX  OMBNY ,

AFHiﬂkm .
R A A A5 B4 360 26046406 4 160266 06926 3¢

FLOE X, T

CaF10. 5,1 X,

‘nﬂ

e‘nm »
“rad’

17y

ﬁv%**ww*DHHFLD aLlDING AND ROCEING CABEwwawex’

Va7

/s
3/”

:l"’md;’%
i'"ﬂd; &
sd/“'

,/

h

%%&'%%k*%w‘* R



WRITE(Z,7701)
7501 F"CJ[{HQT(;// TEL R ) LG TRORY SSF)
IF (NOPZ2.EG. 1.0, ARNOFA.ER. 1, G, O, NOPA. ER. 1, 0, O, NOFS, EG. 1. 0) THEN

I %%%%%%«*%waw%%%%*%k%{UTAL DAMPED AMPLLITUDE #8080 885038 K hH 88
C Mﬁx MORT ZONTAL. ﬁHrLI1HDf DUE TO TORSTONAL. VIBRATION
SID=ARTDwRE 000
(" MOY . VERTICAL AMPLITUDE DUE 1O PZ aMD (FX4+MY)
ﬁVDlwﬁZD+LX%ﬁPHIUI*1QO¢
C MeaX. VERTIOAL AMPLITUDE DUE T FPZ anND (FY+MX)
AVDZ=AZDLY #AFHIDE #1000
N M % hﬂRILﬁNFHL AMFLITUDE DUE TO COMEBIMED ACTION OF FX &aND MY

AHD L =AXD+HAFHID T #HH® 1 000
C MAX HORIZ&NrHL SMFLITUDE DUE TC COMRINED 4CTION OF FY anMD MX
AHDZ =AY DHAFH T DE#HH® 1000
WRITE (2, 22724) ASID, AHSID  AVDL  AVDE ,ARDL , ARHDZ

2R FDHMA?(”“X *******K?***K**fﬂ]ﬁL DQMFF“ QMFLIIUD&**%%ﬁ*%*Kk* ?/q
@ 5%, MAX TORSIONAL AMPLITUDE AgID=" F1S5.9,1X, ‘rad. ./
L 5X; MAX HORIZANTAL AMPLITUDE, (TORS IGNﬁ%thmlbm' 15,9 W,y
oy q/ maxX VERTICAL AMPLITUDE, IB7, XYY | AUDL= ,F15 .@,ix, Wilie 57 s
T OEX)MAX VERTICAL AMELITUDE, (FZ,PY+MX) AUz ,F15.9ﬂ1x, Milia oy 7y
A 5% MAX NORIZONTAL AMELITUDE, (FX AND FY) AHDl=',FI15.9,1%, mm. ',/
2 EX’'MAX HORIZONTAL AMPLITUDE.(FY AND MX) AHDZ=' F15.9,1X) mm. ),

END IF
TF (NOFLVER. 1.0, ORLCNOPZER . 1. 0. 0R, NOPS.EG. 1.0, OR.NOF7.E8. 1.0) THEN

C K T B e HE et A KA e T T T 06 BB BB A 3 B 36 N 2 R e e BB R A 3 6 R B R R R R R
C ER R EREEXRETOTAL UNDAMPFED AMPL T TUDE 6 %46 % 404646 460 4 3036 5 10 46 46 30 30 e 3046 W 3 8
C MY HORIZONTAL AMPLITUDE DUE TO TORSIONML. VIBRATION
fBHeT —QQI%R
G MAYX VERTICAL DUF TO FZ AND FX+HMY
AVI= HZ+QFH11*LX#1000
G MAY VERTICAL AMPLLITUDE DUE TO FZ AND FY+MX
HUJ~QA+QFHI”*1Y&1GOU
C MaY HORIZONTAL aMPL ITUDE DUE TO COMRINED ACTION OF PX AND MY
AH1=AX+APHT 1 xHH® 1000
(W MAaY HORIZONTAL MPLITUDE DUE TO COMEBINED ACTION OF PY 4ND MX

AHE=AY AR T 2HHE 100D
WRITE (2, 7567) AST,AHST ,AVL, AVZ, AH1  AHZ
2567 FORMAT (20X, ERERREEEERTOTAL UNDAMEED AMFLITUDF*%%%*%%hk*%

£y
=X, MAX TORGIONAL AMPLITUDE, ASI=',F15.9,1X, héﬁ'ﬁxfﬁ
15X, MAX HORIZONTAL AMFLITUDE, (TORSIONAL)AHSL=',F15.%,1%, @n,’ ,/,
5OEX.MAY VERTICAL AMPLITUDE, (PZ,BX+dy)  avi=',F1509, 0%, 'om. ©, /7,
T BX)MAX VERTICAL AMPLITUDE, (FZ,FY+MX)  AVZs  F15.9,1X, ‘mm. /7,
A E5%.°MAY HORIZONTAL aMPLITUDE, (FX,MY) GHI=' JF15.9,1X, ‘mm. /7,
55X MAX HORIZONTAL AMPLITUDE, (FY,MX) ARZ= LS. 7,  Wifa
Yo e e X -¥~ He 36 3 3 R 0 E B %%-b%%k&i‘k%%%%% k%‘-'k‘ o 36 e 3 *N%%%%%-ﬁ *46%%%%*’* W e A
C +exCOMFARISON OF ACTUAL SOIL FRESSURE WITH ALLOWABLE S0IL FRESSURE
C ACTUAL S0IL PRESSURE _

IF (OFA.LE,GF) GO T0 4455
WRITE (2,4445) GF,0FA
4445  FORMAT (&8¢ %7),//,
¥, 'S0IL_FERSSURE,OF='F10.4,1X, b/mesg. (1, TAND SMALLER THAN
/45X, THE ALLOWARLE S0IL éassauar Ofa=",
Eio! 4 {x R - PR At R G
4455 @RII&\A?54667 OF , OFA
4466  FORMAT (OB %) /7,
X, BOIL FRESSURE,OF=",F10.4, 1%, TWMZ. * 1%, AND MORE YH%N e

£aib

Eed

1
2 Xq THE ALLOWARLE 501L TPRESSURE OFA= qpiﬂ.q I RN .
T LBk, E))
ST0OF
END
) AFFENDIX-E ,
C COMFUTER FPROGRAM FOR DESIGN OF A BLOCK FOUNDATION FOR

G ~ DIFFERENT MODES OF VIBRATION USING LINEAE ELABTIC



701

o0

]

LN

NHTTFI 7701

KMQT(/// TR R S TR Y L))

IF(NUF CEG. 1.0, 0, NGF4 EGL1. 0, OR.NOF6.EQ. 1.0, 0R. NOPS. EG. 1.0) THEN

*%%%%«%«¥&*%%**%**%%TGFAL DEMIFED éHFLLITUDE%%*%«%%*%****%**
MAX . HORIZANTAL AMFLITUDE DUE TO TORSIONAL VIBEQTIGN
GSID=ASTD#RE 1L OO0

MY VERTICAL &MFLITUDE DUE TO PZ AND (FX+MY)

AVDL=RZDH X#AFHIDI #1000

MEX. VERTICAL AMPLITURE DUE TO FZ AND (FY-+HMX)

AVD2=ATD+LY #AFHIDE* 1000

MAaXx HORIZANTAL AMPLITUDE DUE TO COMEBINED ACTION OF FX AND MY
AHD 1=AXDAAFPHID T #HH* 1000

MAX HORIZANTAL AMPLITUDE DUE TO COMEBINED ACTION OF PY AND MX

AHD Z=8YD+AFHIDE#HH® 1000
WRITE (2,2254) ARID,AHSID,AVDL, AVDY ,AHD1 , AHDS

e
PP

dsidple @

SELT

i.?: EERPNEE o

4445
. 1

445
{404

FORMAT (20X , “ %k kkunakxkxxx kA TOTAL DAMFED AMEL ITUDEX ®Xxkkikses
5% MAX TORGIONGL AMFLITUDE ASTD=' F15,9,1X, ‘rad.
‘MAX HORIZANTAL AMFLITUDE, (TORSIONAL)AHSID=",F15. %, 1%, ‘mm. ‘
qx, MAX VERTICAL AMPLITUDE, (FZ,.FX+RY)  avDi=',F15.9,{X, 'mm. ',
X, 'MAX VERTICAL AMFLITUDE, (FZ,FY+MX) AVD2='jF{5.7, 1K, ./
S, MAX HORIZOMTAL AMFLITUDE,(FX AND FY) AHDL=',F15.9,1X, mm.
5Xy MAX_HORTZONTAL AMECTTUDE © (FY AND MX) AHD2=' F15.9.1X. ma. -

IF (NOPL.EQ. L. O QR.VNOFZ. EG. L. O, 0RNOPHE.ES. L. O OR.NOP7EG. 1.0 THERN
BHRBRTEFEERREEEREEETERRBERRREEREEEIREECEERRRREFEXREERELEEEERRERYE
R Wl XX H R TOTEL UNDASMPED APFPL TTUDE ¥ 235 36 3 e 36 3 3606 36 3 7 3 3 460 36 6 26 53 4

MAX HORIZONTAL AMPLITUDE DUE TO TORSIONGL VIBRATION
AHE T=05T #R
- MAX VERTICAL DUE TO P2 AND FX+MY
FV I=82 +OFHT L L X% 1060 :
MAaX VERTICAL AMPLITUDE DUE TO FZ AND PY+MX
FVZE=OE AP HT2ELY % 000
MEx HORIZONTAL AMPLITUDE DUE TO COMBINED ACTION GF FX AND MY
AHL=AX+HAFHT L eHH® 1000
PaY HORIZONMTAL MPLITUDE DUE 70 COMBINED ACTION GF FY aNMD MX
AH2=AY +-AFM T 23k 1000
WRITE (2, 25467) ABT, AHBT ,AVL  AVE , aHL  AHY,

¥ﬁRMﬁT(3“k xRk R ERTOTAL  UNDAMPED AMFL T TUDE & 50 % 5% - 17,
5%, MAY, “TORGIONAL AMPLITUDE, AEI=" ,F15.9,1X," Rmﬁ
‘MAX HORIZONTAL AMPLITUDE, (TORSIONAL) AHSI=',F15.9, 1% mmﬁ'.,
ak ‘MAaX VERTICAL AMFLITUDE, (EZ, PXHY) T AvL= L E1s.9, 1, Tam, 7 L7
5X, 'MAX VERTICAL AMPLITUDE,(FZ,FY+MX)  AV2=' F15.9,1X, ;. ,//
dhq ‘MAY HORTZONTAL AMPLITUDE , (X ,MY) GHL= " JFISI9, 1%, ‘am. . //
EX . CMAX HORIZONTAL AMELITUDE, (FY,MX) AHZ= " F15.59, ‘mm. o/ /)
e ?%%%%%ﬁ{-&“ﬂ%-ﬁ X IR eE R CR B ) B4 B 4G 16 36 B 3 -K%li-#r-r.%’.%{*k**&%%ﬂ%%%&%%%%%%? 3o ¥ K

q

we¥COMPARIBON OF ACTUAL S0IL FRESHURE WITH ALLOWAERLE S50IL PRESSURE
ACTUAL S0IL PRESBURE

IF (OFA, LE, OF) CU TO 4455
WRITE (2,4445) OF ,0FA
FORMAT (6 LR ETY 1
b)‘ :_\fhi. i f%‘w.:;UF«F UF"‘ Fi10, 311.

THE ALLOWARLE €0IL PRES

kih.@ {%, t/mieg. /7,680 ")
WRITE (2 %4%a) OF |, OFA
FURHhT(ZQ( %), /0
=Y, GOIL FhE”Hth JOF=" W F10,4, 10, "TAMZ. * 1%, 'AND MORE THAN',//,
EX T THE ALLOWARLE SOIL FRESSORE GFa=-,F10. 4 X, CTNME. 77
8L, €)Y
BTOF
END

1, AND SMALLER THAM



CirIrics

AFPENDIX-B

COMPFUTER PROGRAM FOR DESIGN OF & BLOCK FOUNDATION FOR
DIFFERENT MODES OF VIBRATION URING LIMEAE ELAGTIC
WEIGHTLESS SFRING AFPROGUH (RAJEEV)

IMFPLICIT REAL (A7)

14

1144 FORMAT (

115

INTEGER I

CHARACTER*1 O,V , TITLE (120) _
CHARACTER#*14 FILOF

DATR CREEL, CABER ,CABED CABES/ Q. 0, ,0. ,0.7
DATH Y/ Y / ‘

WRITE (%,%) ' T/F O/F-DATAFILE NAME'
READ (%, B1E) FILEGR
OFER (UNTT=1.FILE=&1. DAT ', STATUS="OLD )
OFEN (UNIT=2,FILE="R2, OUT ', STATUSS NEW ')
WRITE (%, %) ' 1/F PROELEM TiTeE ()
RFﬁD(%,»“éﬁ) (TITLE(D) ,I=1,1: u)
FORMAT (10X, TITLE=" ,120481,7,7,7,720 %),/ /)
FORMAT (12041)
TURTTE (%,%) DO YOU WANT CAGE 1 (TRANSLATION-Z)7°
REQD(*Fﬁia)Q
FORMAT (A1)

1F (@, E@.Y) CASEL=1,0
WRITE (¥.%) ‘D0 YOU WANT CABE 2 (TORGIUNAL-Z) 7'
READ (%, 214) 0

IF (0. Lé V) CASEZ=1.

WRITE (%, %) DO YOU WANT CASE Z(THRANSLATION-X ,ROTATION-Y) T’

READ (%, 214)0
IE (0. EQ.Y) CASEZ=1

WRITE (%,%) ‘DO YOU WANT CASE 4 (TRANSLATION-Y ROTATION-X) 7’

READ#,914)0

(F(0.EQ.Y) CASEA=1
Bt e 3 4 b B R e B e B 8 18 48 6 46 B 46 N 6 B 0 2 2 B4 B B A8 B A8 B B B A6 4 A 1 48 0 1 16
VARIABLE INFUT SECTION
Jefe He 38 26 46 B R e 3 6 46 16 G 36 I B A R R R R B R R e R R
%*‘ﬁ-'ﬁ-%%“ YF-’C o e o B E
WRITE(&11144>

WRITE (%, %) T 1/7F AZ"
READ (%, %) 8
WRITE (%,%) ' 1/F W’
READ (3, M)N
wﬁt1;<“ SE) AR, W
PUEM&TL | ] .
1X, AREA OF THE FOUNDATION, Az=' ,F10.4,1%,

1

o fn

Z X‘ TWEIGHT OF THE FOUNDATION ,/

i (INCLUDING WEIGHT OF THE MQCHLNF} W, FL0.4,1X,

whiTk(% %) 1/F GAMMA'
READ (%, %) GAMMA
WRITE (#,%) '1/F &'
READ (%, %) G
WRITE (#,4%) " T/F N’
READ (% , %) N
BRI TE (&, %) 1/ GPA°
READ (%, %) QFA
WRITE (#,%) ' 1/F NU'
READ (%, %) NU .
WRITE(Z,1112) GAMMA,G,N,BFA,NU

1142 FORMAT ¢

SA 1T 07y T INPUT V&RIBLESﬁ;515('%'),/72('*'35i//}

T /)

‘S, m.

k)

é 1, "UNIT WEIGHT QF THE S01L, GaMMA= " (F10.4,1X, "t/m3. 7,

£y
% }K, DYNAMIC SHEAR MODULAS, G=",FlO,2,1X,'t/md. ",
= iﬁ "OFERAT ING RFEED QF MACHINE, = WFlO. 2, 1%, "rpm” 4/
2 1X "ALLORARLE SOIL PRESSBURE, QFf=",FLlO. 2 Z XX, t/md. "y
"y /' ]
O O1X, 'POIGBONG RATIO, MU=\ F10.3/)

KRR RREERTYREZ R -k%*k 36 B B A KK K

1F (CAGE4.ER. 1.0) THEN
WRITE (%,%) "L/F IX’



READ (#,#) IX
WRITE(*,#) "1/ MX’
FE&D(&,%)MX
WRITE(%,%) "1/F MMX’
READ (#, %) X

NRITE( ’I/P Y

'I/P LY’
?%) TR MY, MM FPY LY
UHFNF OF INERTIA, I

'UNBQLF&NCED MQMLNT
‘FOLAR MAGSE MOMENT  OF INERTIA,

*,.

3?_"’* xw Hea
X
D - T~ 3
<

-
m
+ I
A

R L m-«i’ﬁn
e @ o s Tl ok
p )

~Cibge

1166

P N o
92 M

O~ LR BRI

‘MAXTHMUM DISTANCE OF THE FPOINT.,
DUFROM THE AXIS
C. K g ¥ %%%*T\(P&&**%%**%%*
IF (CASEAS. EQ, 1. 0. OR. CASES. EG. 1. 0) THEN
READ {3, %) L.
WRITE (% ,%) " 1/F HH'’
, WRITE (2, 1177 L ,HH
11?”1 1XFD£MAT(
; THE TOF OF THE Founpation,
END 1P
CZ e B M4 NK fYFE:;%*%*K-%%%%
WRITE (%,%) ' 1/F 1y
READ (%, %) 1Y
TT/E MY
READ (¥, %) M/
WRITE (% ,%) ' 1/F
C1/E FXC
X
OMENT OF INERTIA,
UNEALANCED MOMENT ,
TUNBALANCED FORCE,
"MAXIMUM DISTANCE OF THE POINT'

fmﬁ F
WRITE (%,%) "1/ L~
READ (%, $)HH_
HEIGHMT OF THE CENTRE OF GRAVITY
= 1% 'HEIGHT OF
IF (CASEI.EQ. 1.0) THEN
wh}TE(« ¥
MMY *
READ (%, %) MMY
TY MY , MY Y, LX
YULQF MASE MOMENT OF INERTIA,
;
FROM THE XIS OF ROCKING (HORIZ.) ,

=

ra)

[ 4
ey S Sy e a1 s R |
“‘(}:-a >(><)< 1P (P

5
& 1K
) END IF
¢ FHEREEFEEEFETYPE G333t 66 Kiee 8
IF (CQ“FLuLU L. U}THEN
WRITE (e %) "I/ 127

REAQADE, m;(Z
WRITE (#,4) "T/F MZ’
READ (%, #) MZ
WRITE (% %) "1/F WMMZ-
READ (%, %) MMZ
Ele,#) "1/FP R’
{ )w
1100y IZ.MZ,¢M2,R

RMAT
MOMENT OF INERTIA

E
Ky
X, "UNBALANCED MOMENT,

FOLAR MASS MOMENT OF INFRTIﬁ

A

L {%?NQXIMUM HORTZAMTAL DISTANCE (TOREBION) ,
FAAC S Ko B 4 T Y B 50 A0 46 346 26 96 36 6 4 6 0

FICABEL . EQ. 1.0) THEN

*q

Sk
:ra

®
{
L3
TEA(
D{x
WRITE (2
1100 F
i .
1%,
7

1%

I

OF ROCEINMG (HORIZ. L

"UNBALANCED FORCE, Py

e’

(S

y="
M=
MY ==’

L X

1Z="
MZ="
MMZ ="

fs=

WFi10. 4, 1%, "m4 ", /,
G100, 4 iX, b~ mn'gfg
F]“ 4 1X ‘tein. Gy
TLF1O 41K, . T LS,
(L0815, "'m. ", /)
fFI0. A1, "ma Ty
Fln 4 ik ‘e 4/
JFL1O. 4, 1%, ‘mh. .7,
JFLO. A, 5K, "h-m’ 7y
104 ,1%, Tt-me secE
FX= F10.4,1K, 7 f S
1D 4018, "ma )
Fi(n}gi’(q m‘% l/"(
SFLO. 4,18, "t-m. T/
FLO 43X, "t-m. BecE
rl 4 115 MNa '5."‘)



® g w) L/F PLT

UNUALHNCED FORCE , FI=' F10.48,1%,, t. ',/
%ND J&

[ B A B 2 36 3646 6 3 I A R R S

C REEXEEERETYE 7585836 50 84 50 5w e
TF(CASEL . EGL. 1.0.0R. CASED . EQ. 1.0, OF. CASEZ.ER,. 1.0.0R. CASEA.ERL 1.0)
TF (A7, GT. AL CU= (1, 138 (2%E) / (3~NU) ) /BERT (A1)
IF (G LE. 810 CU= (1. 13 (2%G) /7 CL-NUD ) /SERT (A2)
WRITE(2,6000) CU

000 FORMAT (
1 1%, COEFF OF UNMIF COMPRESSION, Ol FL0.4,1%, "t/ /m3 ", /)

EMD IF
[ T 36 3 3 03 B A B B e R B 6 46 KR A T IE R 6 e e Fe R
C 'Kﬂi’é%%%%%%*%c‘ﬁﬁﬁi%%%%%%*%%-’é-%*%%%*
G ek TRONGLATION ALONG Z-AX1S
Go=9, 31
TF(CASEL.ER.O) GQ TQ 124
b7 =CU%AT
CMENZ =80RT (7 #EA /W)
FNZ=0MGNZ / (2%17)
OMEGR=2% 7 7 #N/ 60
BO=FT /(7% (1. ~ (OMEGA/OMENTZ ) $%2))
a7 =80 1 Q00
WRITE(Z,13) KZ,0MGNZ,FNZ,AZ
13 F'C(F!\HQT (/7 f 5 0¥, *K‘*‘f wEEIMDAMPED VERT .L(_r{-\il.... E{—sﬁfi* SRR Y X AN y
) TEQUIVALENT SFRING, E15.5,1X, st g,
= dﬂ TNATURAL %h&OUFNCY, umumz~ TEIGIE X, rad/s”,
4 ‘NATURAL FREQUENCY , FrZ= F10.3,1%," HZ. o0
= dx VERTICAL @MPLITUDE, AZ=" Fi%.5,1%," mm.*s,)
C P XX %%’K KRR RERRERAER RS LR TR o Yo U e P’-E'E-F EX R T LR T R ok
[::: lllllllllllllllllllll L'{"E’F‘ }'v’c‘ﬂl”lulﬂuﬂlll @ & ® o € B W R E 2 A A8 " ¥R
C faipzsessessessesanss FORGTIONAL VIERATION AROUT Z-AXI5...... .
4 IF(CAREZ.ED.O) BO TG 124
CaHT=0, 75%CU
FRI=CHHI®IZ
OMEGA=2¥ZZ#N/ b0
OMENG I =GORT (KGT /pM2)
FRNS = OMGN 1/ V2RI
n¢I—MZ’(P¢I%(1.~fUMFGﬁ£UHGNRIJV%Lu))
WRITE(Z,15) CSHI,KSI,0MENSI,FNST, AGT
15 FORMAT (/77 ,20% Chamenex e UNDAMPED TORSTONAL CABE ## -4 %R EBHE " 1/
1 5%, COEFF.OF NOM UNIF.SHEAR CaHI=',F10.4,1X, t/m3',/,
o 5x,*&au1v&15w1 SPRING, ESI= F15.5, 1%, t/m /7,
35X, ‘NATURAL FREQUENGY OMBNGT=' JF10. %, 1K) rad/s
& £ e
4 S, MATURAL FREQUENCY, FNI=",F10. _,1x, "HZ. ./
55X, TORSIONAL AMPLITUDE, AST=" F18. 9, rad.  4/)
C_ﬁ 't‘cr%l“!‘- 36 Y B R R S I K‘Cﬁ{—“x)E el R R R R R RSN )é'k*-fi'%té--)‘-%ﬁ E%%%%k% ké-!x E 3
c e ek xR TRANSLATION ALONG X-AXIS AND ROTATION ARQUT Y-aX IGRewEs

126 IF(CABER.ER.OY GO TO 131
CTAX=0, 50U
CFHIV 2#CU
MMOY=MMY+ { (W BA) wlexwld)
RIY“NNY’MHD(
EX=CTAX#AL
EPHIY=UPHIY® YWl
OMENX .h?(#X*hh/N)
ONFPHITY=50RT (EFPHTY /MMOY)
N"“((UMGNX**”+ONFHIY%%”)/RIY)!%4.
= { (4, % (OMENX2E2) % (ONPHIY®#Z) ) /RTY)
NW““DFT(NT“W4)
Was {OMENY %% Z2+ONFHTY#%2) /RTY
X7={W6+WD) /2.
XB= (We-WEH) /2.
ONL=SERT(X7)
ONMZ=80RT (X8)
FM1=0N1/(Z%Z21)
FNZ=0NZ/ (2% Z1)
WRITE (%,%) ONMIL,ON2,MMY




OMEGA=2%Z T¥N/ 60
=l 7 GO
YE=MEMMY % (OIN 1 ¥4 T~ OHEGAK*2) % (ONZ# 82~ OMEBA*#2)
WRITE (#,%) OMEGA,YS
DEL TA=ARE (Y5)
WEITE (%,%) DELTA
MURG=F X% o X L) /DELTA
B UMY ZDELTAY # (3 #L) +F X% ( (KFHT V4K #L%%3) — (MMY *OMEGA##2) ) /DELTA
LX =A% 1000
APHI 1= (MY /DELTA) * (XX ~MeOMEGAR#2) +MURA

WRITE (2,17) CTAX,CFHIY,KX,EFHIY, OMGNX, ONFHIY ,ON1,FNT,
T ONZ PR AX AFHT L

17 FORMAT(//, idx icksUNDANMEED S1IDING AND ROCKING CASEw#%,
1 x*%&&«*%w* aaEmY, R -7 PLANER SR e’ /f,
5ooEX, 'COEFE.QF umxro&m SHELR , CTAR=" TF10.4,1%, "t/m3" ,/,
% OEX. COEFF.OF NONUNIFORM COMF., CEHIV=",F10.4,1%X, ‘£/m3',/,
4 EX, EQUIVELENT SPRING, EX=  F15. 5, 8K, E/m 4/,
55X, EGUIVELENT SPRING, ﬁPHIYm'nqu,u,SX,'t/m'q/,
& ?X,'NAiUPﬁL FREGUENCY , OMENX=" ,F10.3,1X, ‘rad/s "',
+
7 EX, ‘NATURAL FREDUENCY, OMFHIY=" ,F10.%,1X, ‘rad/s ",
ot o .
g =X, COUPLED NATURAL FREQUENCY, ONi=" ,F10.3,1X, ‘'rad/s’,
i/
& 5%, COUFLED MATURAL FREQUENCY, FMi=’ F10.3,1X, HZ. ' ,/7,
5 S5X, ' COUPLED MATURAL FREGUENCY, ONZ=" F10. 5, 1%, ‘rad/s ,
£ 5%, COUFLED NATURAL FREQUENCY, FNZ= (F10.3,1%, 'HZ. "4/,
»  EX.SBLIDING AMFLITUDE, A= F15.9,1X, 'mm. "4/,
% SX. ROCKING GMPLITUDE, AFHI =" ,F15.5,1X, vad’,/)

128 CONTINUE
(; o e A 4 16 36 B 46 B e o 0 4 3 e R léL,ﬁSE‘_ 4%“*%* BT R R R o B L L R *i’(-%%*%*%*%* BB LB o
G xrrereETRANSLATION ALONG Y~-AXIS AND ROTATION ARQUT X-AX1Sx#k&#
1%1  IF{CAGE4.ED.O) GO TO 431

CTARY=0, 5%CU

CPHI X=2%CU

MMOX =M K+ ( (W 7GR %L % %02)

T Y= MMY / MMOX

EY=CTAY#A2

KEMT X=CRHT Y& T Y-l
OMBRY=80RT (KY*GEA/W)
ONFHI X=80RT (KEHT X/ MMOY)
X3 (ONEHI X ##2+0MENY #%2) /RIX) %52
KA { (4 COMENY %77 % (ONFHI X%#7) ) /RIX)
RE=GORT (XE-X4)
Y o= { OMBNY £ & T+ONFHT X %2) /RIX
KT (0. 5) %1 XEFXS)
LB= (0. 5) #{Xb~X5)
ON 1 =B0RT (X7)
ONZ=GORT ( X8)
FNTI=0N1/(2%22)
FN.‘.'—DNA‘/ 4:.'#24)
(OMEGA=2#ZZ %N/ &0,
M= 7 G
YA=MEMMY# (ON1# &7 -OMEGR®®T) ¥ (N ##2-OMEGA® #2)
DEL TA=ARS (Y4)
Q1A”"P(*£(1Fh1x+h{%L%«')~(MMX%UMEGH**7))/DLL1Q
ATA=EY % (KY#_) /DELTA
A (MY A DELTA) % LR Y%L ) +ATAV
HY=A0%1000
AFHIS= (MY /DELTA) % (Y --Me0MEGA®RST) AT
wa115<;,77> CTAY ,CEHIX,KEY, EFHIX, OMBNY , ONFHIX, ang JENL L ONZ,

B END,AY,AFHIZ

77 FORM@?%;f L 15X, “wwnwneesxUNDAMFED SLIDING AND ROCKING CABEwwwex
1 kR sX, ... Y=7 PLANE..... D
T OBY, Cérrﬁ OF "UNTFORM SHEAR, CTAY=' F10.4,1%, "t/m3",/,
3 EX,COEFF.OF NONUNIF,COMF. CPHIX=',F10.4,1X, " t/m3" ./,
A 5Y) EQUIVELENT SERING, Y= FISIS X, w7,
& EX, EQUIVELENT SFRING, EEHI K=" JF 15, 3,1X, ‘£/m" 4/,
7 dx ‘NATURAL FREDUENCY , QMENY=" F10.3,1X, ‘rad/s ',
8 qx, NATURAL FREBDUENCY , ONFHIX=",F10.3,1X, ‘rad/s



C
C
™
€

-

10T

- /’ |
g =¥, COUFLED NATURAL FREGUENCY, OMi=" ,F10.3,1X, ‘rad/s’,
)
# =X, COUFLED NATURAL FREQUENCY, FMi=",F10.3,1X, HI. ./,
£ X, COUPLED NATURAL FREQUENCY, ONZ=" F10.3,1X rad/s 4/,
7 5. COUFLED NATURAL FREQUENCY, FMZ=' F10.3,1X, ‘HZ. ",/
% EX, SLIDING AMFPLITUDE, A= FL5.9, 1%, ‘mm. 4/,
@ &Y%, ROCEING AMPLITUDE, AFHIZ=" F15.9,1X, rad. ' //)
4%1 CONTINUE
. -ﬁ:*%*%%*%%%%*%%%-ﬁ-%*%%%%**-&".--l(-%i'*%%%-%%%%%'ﬁ-%*%%-%%%%%-ﬁ%%%*%%%%%%*%
WRITE (2,7901)
7501 EORMAT (/77,720 %) /720 %Y,/ /1)
& %ﬁégﬁﬁ&lnﬁan1,O.OR,CﬁSé2.EQ”1HU,OR“CAEE3“EQ.X,QEGR,C&SEQ.Eﬁul.O)
%%%-{‘E%%’rﬁ'%%%%%-{é-k'rTUTQ"-‘d_, UND&MPED (%MF'L_ITUDE%%%%*%%%-!-':%%-)i-*—%%-!i-%%-)@‘&%%%%%**
MAX HORIZONTAL AMFLITUDE DUE TGO TORBIONAL VIERATION
PHET=ABT R
MAX VERTICAL DUE TG FZ AND PX4+MY
AV T=07 +AFHT T#L X+ 1000
MAX VERTICAL AMPLITUDE DUE TO FZ AND FY+MX
BV Z=f -+ EFRT 2L Y %1000
May, HORTZONTAL AMFLITUDE DUE TO COMBINED ACTION OF FX AND MY
AHL=AX+APHT L #HH® 1000 . .
MeY HORIZONTAL MFLITUDE DUE TO COMRINED ACTION QF PY AND MX
BHZ=AY +ARH T 2% L1000
WRITE (2, 2567) ASL, AHST ,AVL, AVZ, AHL , ARZ ,
mea7  FORMAT (30X, xxekbexx sk TOTAL UNDAMPED AMPLITUDE ¥ k&b kaessi” o/ /
% uR, WA TORSIOMAL AMFLITUDE, ' A51= F15.9,1X, 'RAD" (/
T BX)MAX HORIZONTAL AMPLITUDE, (TORSILONAL) AHSI=",FI%.7,1X, ‘mm. ',/
it /5
o 5k, MAX VERTICAL AMFLITUDE, (PZ,FPX+MY) V1= FAS, 5, 1%, mm. ',/
(’D /‘ 3
3 5%, "MAX VERTICAL AMPLITUDE, (FZ,PY+MX) AVZ= F1E.T, 4%, mm. 7
b
Y §x,'max HORIZONTAL AMFLITUDE, (FX,MY) AHl=" F15.9, 1%, "mm. ",/
ot
9
& ?ﬁ;’?gx HORTZONTAL AMFLITUDE, (FY,MX) AHE= FIS.9, ‘am. ',/ 0)
SND IR .
#’:%-N.—%i'%-?é"lfr-?:%**-b‘r%%%-ﬁ'**-3\‘%***%%%%%%%%%%%%%'&E‘%*%’f:*-K"K“k':"!é-%%é--)‘.-%%-b’:-%*%*%*-%%~-K—-lfr%&-lé-%
kxxCOMPARISON OF ACTUAL SOIL PRESSURE WITH ALLOWABLE S0IL FRESSURE
ACTOAL S0IL FRESSURE
gF=W/AZ - ,
TF (OFALLE.OF) GO TO 4455
WRITE (2,4445) OF,0FA
444%  FORMAT (6B %) /7,
1 5%, ‘SOTL PER&SUHE;apm'Fiﬂuﬂilx.‘tfm.ag.'1X5'QND SMALLER THAN
57UV ,ER, THE ALLOWABLE SOIL FRESBURE OFf=", .
T fFloa,i%, ti/mieq. /7,680 %))
GO TO 1477
a455  WRITE (2,44&6) OF ,GFA
4466  FORMAT(ER( %), 7/, o
§ EX,G0IL PRESSURE ;OF=" F10.4,1%, "T\MZ. * 1%, "AND MORE THAN',//,
L EY THE ALLORARLE SO0TL FRESSORE orA="Flo.h,1x, T\mM2. ",/ 7,
TORRU e, )
1477 STOF

END



WRITE(2,7901)
7901 FORMAT (/77 720 %) 4/ (720 %) o/ / /) '
TE (NOF2. EQ. 1. 0. OR.NOF4, E02 1,0, OR, NOFA . EQ. 1. 0. OR.NOFS. EG, 1. 0) THEN
C %**'***"‘-‘***********%*TCJTAL. DEMPFED AMPLL T TUDE ®4# 36 046 30 3 3030 e e e e 6
c MAYX. HORTZANTAL AMPLITUDE DUE TO TORSIONAL VIERATION
RS 1D=A51D*E® 1000
G Mo, VERTICAL AMPLITUDE DUE TO FZ AND (FX4MY)
AVD1=AZD+L XRAFHID I % 1000
C MaX. VERTICAL AMPLITUDE DUE TG FZ AND (FY+MX)
AVD2=AZD+LY #AFHIDE* 1 000
C MAK HORIZANTAL AMPLITUDE DUE TO COMBINED ACTION OF FX AND MY
AHD 1 =AXD+AFHI DT ¥HH® 1000 |
C MAX HORIZANTAL aMPLITUDE DUE TO COMEINED ACTION OF FY AND MX
AHDZ=6Y D4+AFH T DE +HH® 1 000
WRITE (2, 253%4) AGID, AHSID,AVDL ,AVD2 AHDL , AHDZ

TR FORMAT (20X , ' Kikiewritihzekk TOTAL DAMPED AMPL ITUDEX®EREXsk*0E "/,
@ =X, MAX TORSIONAL AMPLITUDE ABID=' F15.9,1X, ‘rad. ,/,
15X MAX HORIZANTAL AMPLITUDE, (TORSIONAL)AHBID=' ,F15,7,1X, ‘mm, '/,
5 OE¥DMAY VERTICAL AMPLITUDE, (FZ,EX+MY) AVDL=',F15.9,4X, ‘mm. ./,
% OEY)'MAX VERTICAL AMELITUDE, (FZ,FY+MX) AVDZ=',F15.9,1X, @mn. o/,
A BN MAX HORIZONTAL AMPLITUDE,(FX aMD PY) ARDI=',F15.9,1X, ‘mm. 7/,
5 EX MAX HORIZONTAL AMPLITUDE, (FY AND MX) AHDZ=',F15.9,1X, mm. /,

EMD IF
IF (NOF1.E@.1.0.0R.NOF3.EG. 1.0, 0R. NOPS,ESL 1.0, 0R. NOF7.ER. 1, 0) THEN

< e e e T B B e T A e A FE I 30 0 U6 A 26 B A K F I I WA B B A R A A I IR KRR
C: EREEESEEEEeeeTOTAL UMDAMFED AP LT TUDE 4836 3 3646 365 1036 10 36 46 26 3646 36 3% 3 6 16 b e e 8 4
(™ MAX HORIZONTAL AMPLITUDE DUE TO TORSIONAL VIEBRATION

AHE T =81 #R
C MAY VERTICAL DUE TO FZI AND FPXa+MY

AV T=87+6PHT 1L A 1000
C MOX VERTICAL AMFLITUDE DUE TGO FZ AND PY+MX
) SV EERTOFHIZRLY 1000 ‘
e MOY HORIZONTAL AMPLITUDE DUE TO COMBINED SOTION OF FX AND MY
) AHI=AXCAPHT L #HH# L1 QOO ’
& MAY HORIZONTAL MPLITUDE DUE TO COMEINED ACTION OF FY AND MY

AR Z=AY +APHT Z¥HHE 1000 :
N O OWRITE(2,25467)ARI ,AHST AV, AVE, AHT ,AHE,
2567 - FORMAT (LO0X, Cexrrkrres TOTAL UNDAMFED ﬁ\l"lF‘%&l}"UDE**%%****%%*- AL

W OEY, WMAY TORSIONAL AMPLITUDE, Bl=",F15.%9,1%, "Rab’,//,
15X, MAX HORIZONTAL AMFLITUDE (TORSIONALY ARG L=, F15.9,1X, ‘mm, ',/ ,
75X MAX VERTICAL AMPLITUDE, (PZ,EX+MY) avi=",E18.9,1%, Tom. * 77,
T OEX, 'MAX VERTICAL AMFLITUDE, (FZ,FY+MX)  AVZ2=' F15.9,1X, ‘o6 /7,
F EX D MAX HORIZONTAL ANMPLITUDBE, (FX,MY) ARL=" F15.9 71X, "mm. *,//,
= EX, ‘MAY HORIZONTAL AMFLITUDE, (PY,MX) AHR= G FAS. 9, "mme g/ /)

")
'%i'*'t‘»’:%%%%%%ﬁ*%-ﬁ-*-ﬁ%'M%%%%%%%%%%**-K%%-ﬁ--té-l&%-k‘.-%%%%%-‘é%**%-l’-’.—-ﬁ:*%****%%*%%%‘%%%*
rrECOMPARISON OF ACTUAL SOIL FRESSURE WITH ALLOWABLE S0IL PRESSBURE:
AOTUAL SOIL FPRESBURE
TE (OFA.LE.QF) GO TO 4455
T WRITE (2, 444%) OF,0FA
44485  FORMAT(68( ®°),//,

0

{ =Y, BOIL FERSSURE,OF= F10.4,1%, ‘t/m.eg, 1%, AND SMALLER THAN
577 EX, CTHE ALLOWABLE S0IL PRESSURE BFA=’, .
I or{ola {n, timieg. /7,680 %))

4455 WRITELR,A468) OF,0FA
4445 FORMAT (AB( %),/ 7,
15X, 'SOIL PRESSURE,OF=',F10.4,1%, TAMZ. ,1X, AND MORE THAN',//,
2 EX!CTHE ALLOWABLE 801 FRESSURE A= ,F10.4,1X, T\MZ.",//,
T eBL R, E))
STOF
END
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