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ttr rhis rorlq rL rudy n nrde !po. do dt..ni. b.irliolr of i$ltrd
foD lrtions supporrinll vibnlinc m{.hl&r c0nrid.rine rhc ell.cr of soll-
nru.rtrr. iir.ru.rior. Tnc finire rlor:nr lroddrn is u$d in simuhiiog or thc
mr.hine tuu.d{ion for iis qD.bil y i! Eodulirs rnd ie orD.ribiliiy $it! rhc
.orpur.r sofisarc Th. fonod.rion l; dk.Erimd iiibS pt..c olcm.ils hNing ti.
op$bili.v oflushlning for.ss i! tbre. diBc iotrs.! scll a bcrdi4. The $il.
Iruc.urc inr.rrcriotr ir oddled udDe wi.kler ryp. Ltrld.rloo hrviot Doduli ir
rhrE direrio.s. Thr modelitr8 rnd rml'lk n. do.. by lb. NASInAN onpoLr
softvrB. Th..fi$tolrhc b's.loundrlioi rnrl thc nifine$ of iDld.d rpriqrrr.
coNnl.rld In rhe rnrlysis,

i)s.r ,!'ill it,_,re tut-i J8.r F, sr.qr! Jrhii 
;-gj

,:i!-.r.]] ; !r--.r r !.li irJjr-, !j3.i 4! -!.r.r$ .jr.3 1Jr4 a-ri .:c
ilsi J.aii iL! 6^n:-'i . qL!'r iJ,r og drld _/&_ t' J}ir rin I ti{.!
r.r dr,j.il ir!.Lr-. rr irljl L'.r,rr j3! aL.rr 4r- F !e . ir,IJ dL.!l &.1 J
i&u !a\ij .r ii :-ro Ll . ,ljr)! .!! ui i-[ry! 6lr\1 tr$i 61'J ir! r]lll

. cr.qr ririr i-, l}r r, rd,rr. a, Jr.{r eir.rr

Th. toblem Mirrd $irh Ihc &siCn
of founddions ro 6hr drnmic
lo.Ji€., .ith.r tun nLppo&d
mehlieryor lm e!.'nllsours $iU

'.q B sp..i $ru ons dicd.d by
l6trl bil condiiors tl .nvnonmc .

lr specialdEs ed duc ro ervno nent
.oidirions, n iry br dcc$sary k limn
r vibr-,(ion mplnude ar rh.

roundrim b.s ro a mu.h l.*..vrlues
th$i rhose $uBll, allowed ror srdric
lndyeis. Thir ..quircmcd ma, d be
pericll ro achi.E .\ti by .cldion of
13.! 'na$ or bsc iEa ol de

fdudaddn. In such c6.s. se of s
ineih blek aln spn4 ab.dt6 

'rcHrm.cnded {21 ako spins
rbsofb.B aE us.d Io pEv.nr.Ke$ivc
pmpasalion or v bdion to adjac.il
,r.tuE' The finic elm. p.lc.dft
is ed in lhe simoldion of rlE D.chie
tbundarion lor i6 $Dability in modeli.g

d is oluatibiliry wirh rh. conpucr
sof.rvar A lor oa IMh hld Len
d.velop.d for lhe analysis of soll
etucturc inr.mcrion by lhc finii.
ddent mdh.d. sgv.m [6] rcpd.d rh.
E. finit. cl.msr ncrhod ror sohrnS
Ear fomdarions B! prosented a

E, orgfi F'q. u.ndi! d8d, s!+liAo
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d. vdion ot $iifare er'x of. ptae
{hich induder ft: rfi!.r ofai elasu!
tbunddion. V.gnuLt.r A.w qr !l [71
usd r itrn. prik tcsding elsnrni ir
ir,r disftriaiion cIMr $unda,i,M ind
Jr.d Jnter rpri,ig! m np.dcmin!
ui"l,l.. rbundniod Th(y u$d ihn
Dond in indtline a tapemachin.mar
losidarioD Abu-Etti r Novak [l]
pGcntcd a phri el.De in $hi.h rhc
.hNnt srifln.s mar *,s modi6ed
$ ai ro iNorpomr. th. suppdirg
m.dn,m lonjkti'rq of !il.s a l so I
Th.y u.d rhis D,te of.lessr f6 ihc

'lyndmic inalyris of pilc suppded
F,hc aound{ioi l, rEh
soLraliaror, rhe nifiire$ sa r *as
rhiered by 6ing ft. sb.
displdcanrcnr lundiri s rh.plaredlotr.
.nd th.n lddi4 rh. cdibuion im
I. fiis papcr, lhc srudr h madr upo. lhc
d)rlmic beh{viou of i$tared
loundatiu (by ft.a of i$lard
sprliS, lDponins v b.alids machiied
br coiJ.ring lne .ffed oi soit-
nirdure ir ..acrion The budalioi n
dijccrncJ b) urng pl!r. elc'nenis
having !h. cdpdbilr) ol' s6ulring
tbrc.s in $re did @ 6 v.ll 6
b€idins I.r) Th. soil-nrudu.r
inieadioD is nod.lsd usnrB Winklei
rlT. loundaioi $nh subgnd. F.ction
h.vlng moduii iD lhftc diEcrions. the
mod.ling dnd andrsis ar done by nr
NASTRAN.odpurer soft$.rc.

'nrc .l.m.rr nifnBs nardx olrh.1-
nodd.d plot elonem in mehb@ i
b€nding dion.a, b..dsil) dniv.d by
rsi',g rhe prin.iple olvinrsl *oA Ihe
ldopi.il er.nre.r h6 !h. lbitir, or
3uniinln! lb.ces o hsldlng 

'nonrcis

qMf,ANrj5L o. rtu.d Marie

in 1116 di€rions Accordi.Ei, rh.
sifiiN* maricca of plaRc ,re$ 0d
Pl,c beniins .l.frenB aE rlll,lj@.d
lrl. ftc Nsuhcd $ihe$ 

'narix 
is

Thc slmplcn lom ol ndh.maric.l
mod.l tbr irenh Dop.des oI tucrEl
.l.n.nt is rhc lmp.d.m6s
Epr*@rid. ln dlis id.rlizadd
.oicon&rcd m*ses arc phc.d {r rhe
iond p.i!s .r shich rh. ot
tanddiDid dnphremc$ e d-"fined
The .|.ftn!, ol motix ahped .E 6

Dahpirg in a soilnructur. srst m
eGhG of nvo sDpon.nts! lmmd.ic
dampirg dd mareid ddpins
Geomqdc cmpoM i! . mc&suE of
.nerg r.didcd aB., fr.n rh.
imm.dile Eaid of rhs f@nddid.
Mabral dlmping wirhin rh. soil ,i! a
m.aurc ol cncrgv lG! 6 r cuh of
hysleftris effocB. In ihL worl, a
d.mriq €rio xilh a vllne ol(<{,r5)
*i$ esp.d b dc ciricai dompin8 is

The machin. nhnufacrurca Sen.rilly
lumishd .Lra coicdins tlE
lnbahnced lorce!, For lhe cd. of
Mnfu€al mchirc rhn $.d i rhis
nudr rhe locr @ aen dted by
obabncen blaliig m6 Th. 6.d
drrumic lorc.s e sircn in App.ndix.

Modulu. of riber.d. rodiori
I h. ddmierie ol moduli or
subgndc readion is sdn*clly .anigd



ou by ionuLas ror spriigconna$ as

'I1l. psblem of, ccntifugd nahirc
rc ng on ircdid block 6d isotared
6on rhc lomdation by holdror spriq!
is conridcred. The dehil of i$laror
sp.ins h shom in rise) md rn

'no'l.liry 
oa srh iloldor is Biven in

Fig (r). Ih. infcmarion adop,.d in dF
,n.lysi3 h lis(ed in l.bl. (3) Th. eit
consiss ofsofi silq chy hrving shcar
oodulus or (25MN/'m:) Md Pohson,r
rario equal @ (035), Th. loudadon
nab ir ro b. rcpi.Enlcd b, phE
.lcm.nc and rhe $il by .ltrric

The d.l! aboor rhe isotrroE lsed in rhe
prubl.m.re li$ed i.labl.(4). Aho. rh.
ldyour of lhe toundarion and iienio

Thc rbu.ddion n dis.rorird i.b ( t4o)
dtrSllar pl,r .l.m.nB ad dr
in dir UocL is discdird i o (t03)
rcclogular plor. el-"m.it5. The ma$ of

'nehin. h modelcd sinB ms
clcm.ns hlving acccl.mlio, ir thrcc
diftcriois and lump.d at lcvel ol
h.chinc cdr@id. Th. vhol. 6dr.ling
of rrr sy{em is ciwo in tis.(5) Thc
ron (!$ons 3r. Gking accdrding ro

Tn. mai', palmet.B idopred in rhh
*xdy & lh. nrnd i6 rhickre$ and
rhr iel.rd spiis nifirc$ Fi&(6)
shoss rl& low rslv. (ode 3h,p6 ol
th. sld.m foi rhe c.i. ol ioudltion
thi.knc$ equal Io (0.8&) lDd isolaror
siiln i K,=10,t!=(.- l5(MNh) ft
6 b. se.n thar n\*. mod.s d. of
cq{,I.d ,Eid tuio6 ol rE bodi6.

This indicacs firr $e stifnEs builr in
ho$ $e lound.tioi .nd dE imni.
bh.r & gHr.. rhln tbe boilt in {.
soir and rhr i$lrbd spings fig.(?)
shoqs stullrmplilud. valus duc 10 fi.
FiB(3) shows $ar ihe incEdc in
fdunddion rhickn*s hlvo . negli8ibl.
cled on th. n uftl neqErci.s ol rhr
loryer mod.s. H6s., rh. Er@l
ftquerciB ol high.r mod6 .rc
dceeded wirh incrcsing in found*ion
thicbe$. Aho € convd8enc. cin b.
$.i 6€$em rh. ndural rEquenci.i of
the hi8her mod.s .nd rhos. of th. loscr
mod6 yhm $. fMd io rhi.k*s ir
incE szd Thk indicna $.r rrE ltrof
mod6 e @.sp.nding b 6.
rlpoce of lh. in nia bl@k ed rhc
d.chine lherc !h. small.s rcl.liw
nilfiE$ buih in rh. syncn are rhos ol
kolatcd sprin3s. Fig,(g) shoh thd $.
uMl 6!qlmi6 k iftia?d ,i$
itu@in3 in 3rifincs or i{).ro6 *hi.h
cher@ia L\cn mo on .q rhN ol

Fis,(10) sho*s tlu! L\e roudirion
rhkknes h6 a n.tligible efl6l on rh.
mplnud$. Fig,(ll) shows rhd th.

pln B imr?as. yirh rh. incr6. i.

F6fr 
'ie 

rc5uxs olthe p6enl wort,
thc lollowingp.inb h.y be concludd:
L The linire.l.m. EpEscnhrio. ir

ccd for coBid.nng th. .lanic
b.hNiou of louddion in th.
dycmi. anilysk. lt is ale cfretiva
in couplinB ol.ll.xper.d mddB of
vibration and it .rn be ued for
solving dilf4cnr shapE ot



I The \rdriun o, dE h{$ rhi"rF,.|a r k8t,gibt..na s lhc lme;Eudl lr.querig Ho!&d rh.m'kit 6qrmi<s ot" rh. hishcr
mud$ ar. trqftdcrt N h ri.
incre6. or ao undaion fiickB.

I Thc rqruEt rr.{u.nci6 aE
iic@s.d yi$ ,n.@reot uots,or
srirEEs

.1. The vui.lion otlhe htr$ fiickne*
h6 o illc cneq on tc mditud6oirh. bdDn *j$ hiBh +dnii

t. Th. ,lptirxde incEls.s BirhnlRrir8 n , rlfn$ oi Marur
spnDAs tor $. foutul ron srL[ h]eh
oFmrnS rE'tueo.y mehirc.

l. Abul,Etta F. and Norlk M''D),mnic ResFoNe of pit.s
\uppo d Frcmc Fohdarions-.romrl of rlt Endne.nne
MerErtr3 Divisi@ vor io6 No-

1. Ary! S,, N.ill M. an,t pincls cDsign ol s,ru(us M;rornJario6 for vibatrnpMxhrc cutt Exbi({iro- hr:
l93r

I Clou8h R \^ €tu1 pe.zia I
Dri,mic! ur Srlrrur.! M,6R A rj

5

Sa..d, Th.i M.. "Dmni.
^na,.an 

or M.chiE FdnLrim
Lrsing Finirc Etem.d M.rhoJ-.
lil s( Th$!. D.pr rf crlil En!&fth udivcn ,.2oor
scha.lfcr I G, NAS'|RAN prnd
stidmotr Pnnl.s s.M.r. lr
$vm Ri.The Soturion of
Fouidarion 

^,lar 

pro6lms by Finire

D\h!1NlJn!ofGdudM.d4

Elhor Merhod... Sruodt
En8iki vor.r{.No 6_. r 966 !7 Wesnutk..A.w.. woodu; I c
rnd B.)lN!, JR .D ;noiL&e
Prpemichin. Md ruundario;,.romrl of lhe Srurmt



rable(r): spnn! consbna ror *cr gule f@ti.8 I2l.

L.D rimiing lln rh{d widrh.

iable(:, I n'bdlmnt @nlciou ltr sp4ng cMtu lr !

rr dlPrh or tunddion trldmft

i.,d,,b=JBL/"

C.r@ofgdiryh.id.o ha lmhirc !bov.ln.

uibr&c.d en,ifte'r fde. o^").
L.nsrh of r. iEni! brek, (n)
lyidrh ofih. in nir block, (n).
llli!ticr oft he indri, brolt, (m)

ri;.r-,i*$ 
'h-*+,* rrc)

N o. ol i$rror spriig5 .loir rh. rongitudid drerloi,
No ol i$hra Tdis! .r..s $. ladl diErim
rd.ri( di@e of isr.k Lom ft ds or idit uo.r( iD (r).

sriffrEs ofrh. ir.rtur, ii (Mfi^h):

Irb e (r) Dsla usld i. rh. ca* $udy



Fi3 (:l): Tle adopLd ,inil! .len.nr molelinE ot rhe ilobEd sprin4 l4l.

Figrlr &olokJ spnne s.d l h ftc m&h'n. foundrron.
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t\nu]lAmL*i$hdMtIt
.aullhnL}ritElhdMdi.d

Fierl): La)our ofrhe koLar.d loundrion.

(h)
F'E (i):Fin tc ,.n.nr .ercenbriotr !(r) side vie* 3id(b) lD vie\v.
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rhe etitrnG Mir or ih. d&.lcc n Bd in fi. brtr^n is Eim by aoplyns

irc Fincipl. ofsup.rr6irion for bolh ds6r6s nimE neix Kp.mdph.
h.ndinB niffnd ma!i\ Kb. tlg.(.I) !h.B bdh Dlu. nB &d pl& t ndilE
eleMts. nE da, nifliE$ n.rix i, ms n.tlc up f,oo .lj. folloving slrrrlrid [6]:
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qid.tuirJio.r'o@i6d

tM l=-r

whee; A A md t &r dmsny ,c! a.d Gickn6s .frhe plde Bp.diwly.

Fig (a2) shows r typlel daling ma$ iyp. in whjch si.gle fias fi! h plac.d on d
roirting sho,i ar sc.nriciq c fto rh. uls ol rorarion.Thc cmpon .6 of t.
ubrlmed 1016 .r. B'En by [2]:
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