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Ir rhh nap€r a pr.grun Nirs ralt k dlvelop.d rnd u&d as , tool to
d.lermift lhe udmined ber.ing clparilt rfirllrip ro.ring o.lry.red c,ay.
Thc cl.y loil is cons er.d rs elr*ic phdi. nrtrirl, Result otrhc proe.rd
for oft.nd N0 llyeB lro conDar€d rvith 

'vailable 
solnrion rd give a C@d

4reemcna Dilt rcDt ra.ios ol undrai.ed sheor $reD3ih lor so lrycrs rre

c.plclty ln rddhtoD !o lhe distheDed rbil occuB tho nedla. The
iElrlrtan! s6er lh.t vere dudied he.e r.e ..se of slrong hyer oD sofr lty.r
.nd c'*ol.oft layer on slro.ghyc. The Sludy wlr condu.tud ro !$.s tlE
deprh ol la}* ot {li.h tho sn hy€. do€sd't rfl€.r lhe undnin.d b.a.ing
crp!.ity. U! d Bitr€d be{itrg .lprcny fi (oB fouD d depe nd on rh. drio o I the
fihtlay.i ro sldlh oflb€fooiingand ihc ralioolundmined rlrur r!ftqlh fo.
(be eo ky?B. Conrour lines ar us€d cxtensivcly ro demodir.ta the

-iir A.A.'$r l!l! :' j,i.,i L, -j J, ,; J+-, Jr i.J,, .!i

J.r!r /+rr r+1J ur&rr;!J J-r-j rtj! "! g+ e + ILr I ,r-+ri rI q!
JF!, rJJ a-E .,Eh{r Pldn!, /,.i! ip .r.l- ir, ,u rL!
rj* !e + !' j -J..!' !r, r risr j5J i$ * 4ri!: + 3&, j/ rri-t :,- :.-{-Lr DJrr -s. jt, rJ ,n*- ,!, +J J+, ts .; lFi r!. /
,!r sJjlr ii,ur,r!ii.er 9!J]ljv3 a+.lr o1Lr .rl;rLr6.lL J.s:E!
sri 4,"j 4rrLi d' .9! crri' L ,rr ,,ir,$ ai dJ$ 

'+rljl 
rr,llL 016 iLr ;!.i! ir.

d.-ir-ur r&r! 1! J! !i{ !,)& J1+ f .d..11r4r. riJ;E l.+ ir 1l&
.y_i t:4 i .q0\ Jr rry irlr !!lru! ;ry +L,ri &rj JJlr,r!. i

Jro & i,]lll ; dd elr !6 ,!i aL4) erln
(Nc) for .he c.sc of conn&i
undmiicd shcar snenglh vilh d.pth
b6ed on asuhcd $. failurt
qff..e,r. linnd differeni .s follows.
5.'1, 5.4, 5.62. 5 il.(Tenagi, 1943',
Prndrls, 1921i Moye&of, l95l ).
Aloosl all nabml soils ire hiehly
vdiable ii tllet p.openies and r.rely
hoBo8enftu' An ovcfriew ol rlie
diffeftnr tehniquer d.rcloped ro deal
*nh soil heieroEeneiq h.s bccn

6st 
pres.nled by (Tatuer et a1 2002).

The perfomanco of fotrnd.don
d.pends on nvo factors, th. b.aring
capeiry and lhe setlemnr of L\e soil
bcnoaLh rhc loundrlion. Bcaring
crpacity .f a clay ud dense soil k
esenliiuy innu.med b, lhc
undsined she shdgrh p6pedy.
Calculding the he&ans capaciry n
achieved by apprying ihe limil
cqullibium ro .he a$uhcd sh.!r
failure $dee Be&ing shed facio*
. comPu- sltn . D.PL, uN.6iD orru Qe
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UndEftd she& $rengrh ts usually
ror consi.nl ind mat incEasc *irh
depth Ssve.al rasetucher s ha,c
ircorponred ihis propciy which G
d'c iicrea!irg olnresi srensrh srrh
depth b find rhe b.aiDg capaciry oa
lbe soil ullder horirg (Davk qnd
Booker 1971, Vlnin and IIoulsb,v
2002). ll,e sorl k .hcn aomd as
lirer! LtrJ.a',,11 jhqJr .rdh s
d rlc(nr rr.nr toer ^ m h;d or
finding ihe lve'3gc benveei taye6
*Bs u{d br' Bowles, 1933). Muy
rerarch.r bale Ned the tinrir
equlribrn'm te.hn qms io cohpote thc
n drRincd shear ircror wheD !E soith
nro hycf B!tror, (t953)i Meritield,
(lgeg). aronr d Meye of0969)
Iouid an ehpiical cquation for
be iry cdpaclry shich deperds on
rho exp.ii,rhirl nudies. linirc
ele'nenr ftedrod has beetr used b]
s"nr 'o 4Dl)rc rl'e ptubern !!Ds
.m:rl sid ldLre ndio tLm^ r.ds
and wans.200L) ArdlEls Bed
tirke diffennse ro adalvz dr
prebhh ol i'np(xing rtE rirn larer
b) rcinlorcemenr (Yi0. ztran.t997l Lr
rhk re$arlh rhe soit is Asuned as
el!$ic Dlaslic a rhe media !.c nvo
la)rrs differe in n'nrgrl, ard
lhickres A laiure gire'ior nLch ir
asuDred rs v.i yiccs oirorion a
thc anio is vicopi.yic s€in
Researctr wis achieved to $udv
diftarem cas.5 ol meshcs and lalc;

The bearirg capacily anatysis uses
an eLr$icplasric $res stEin ta} $ith
a von Mices fiihrc c.iierton. Ilr
rB{n pr,r'c soil ^ LiLknbed ur
rhree p,runkkG irhell ih( (tdic
pmpedies {Yorrgs modrlus. E eM
Po sson\ nrid. v) aM rhc und'aii
she drcigrh Ctr Figtrrc I show a

sket I ol 6e Probleh ot d |exib]e
nriD foori'r3of,1nwidrh otr a surlace
or No Lalered da). In ihe pieseil
ntrdrr rlrc hodulus ol olanicny and
Poi*on's roiio are ietd .otrsdil
(100000 Kp., 0.3 

'rsp{nvely) 
*hil.

Ctr is 1.k0tr xs roDnanl ar each lavcr
bd n ][s ditftrent vrtues i,r rhe so
be6 (Youne; tuxlLrltrs lorems rhe
ifiiaL eras.i. resporse b$ doe$i
atecr dr heariig qpaciry (refioi
*d 6rifiid*. :o0l) Thc ufd
prcg.a'n rhfi G 6a*d o! lho fitrirc
clcment nelhod Nes cighr Dod
quadrilareral elcmc For rorc
Jchils abour rhe proera0 did rhe
rh{rcli.rl principles ol 1lE pro6tcm
dr. rcade. is r€lcred ro chaprcrsix of
$e er b, snirt aM Criftnhs, t99t)
I ras developod ro kke into account
hvo layen riih l}o values ofcu b,
i'rcludi!3 drem in rie pan of
viscopla$ic analtsis in dE proerah
A unilo"n load \as appted
ino'eneDI lyumil lsilureoccus The
outpuh ofn,e!rcgram aft ihe beaing
caprci$ ar ea.h srag..f lodding aM
$e venicaL and horianral
displacqnc each poini in rhe

'nesli 
olsoll &edii Tso.sses olsott

media difrcnsiors oie rak Figur !
sl,oqs ihe liq ca.e wfirle Filurc 5

Ar list the prugtuf, ws ured to
comp e rhe bearins capacity for rr
cs. ol oonlhnt uidiained sLes
nEngrh. Figu.c 4 ihoss lh. lircsh
used qhere ilr dep is 1.2il] an'l ir
is l6temll) errended lo lB. The mesh
.onsi$ ol il2 eteme'6 and 16t3
no'lcs. High nlmb.s ol elemenr arc
.oncentrr.d olose ro rhc foorins
rheE the efaecr oa {ip loldins G
i"cmasine ar thes. zoner Flelfofdr
problEn is mdrzcd becauss oa



ymmerry. Th. rcsuhs obhined lrom
lh. progBm ex&drion are conPrrcd
viih rhe rhrte soturions d lhied in the
"introduclion . tigurc 2 shows !]1c

rclRiion berweei the und€ined shear

$rctrgth lor laLues Cu=10.20 ,. 100

ard the bearin!.rpeitl Q 1Yh.rc Q -
C, Nc. The rnLlts ol'!h. computr
sot ion n cbscr ro dE Pmndnr
solulion Q=5.1r Cu rh.n ihe ode.
TIE compL,&r sohtion pre*nted hcre
is of t$o lorms thc fi6t is of 250
ner io's lhile 1lE ssond h 5t
itqalion le$ r€i 250 the solurioi
oa Pnidrle is locxted t..qeen thesc

nYo loms therelor it c be u*d dre

$l[ion of 2s0 ircEtio! with

TRo lry.r€d cl,y soil hod.l a
The progmm is used to compule

the ulir*e bofi e capacity for No
cascs or hyercd soil e- lay6 lvilh low
shear irenEth oi a layer of $6ng
sh.!r sen8h b. ldYer *ith $rong
shEar srcnglh on a layer ol 1or

$ For the frar case the proEam u$
iilplon.nted foi shear nEngth mtio
C"y'C,, * 30,/100, 50/100. ?0/100,
l0/100, deprl, .atio Hl/H=125/5,
2.5/5, l.?5/5, 5/5. ard the rhickne$ ol
thc firet layer to ih. widtlr of fmtnrg
Hl/B=1.25l1. 25,,1, 3.75/,1, 5r1. tn

d,n mod.l of 
'nesh 

wl, e(hedcpri is

tl=1.25R lhe dep{h stio Hl/!l druld
be conddered. Thc load nd applied
idc,rnedally s.'1od at l@d=l widr
inoremeDr onc at each st4o of loadin8
Dntil lailure occus. Dab obbined
liom dE lumeri€l $lutiotr are ihe
b&rinA capaoity sd rhe displecmetri
al each point Cunes ol the reldion
bet'een lbe harinE ctpacity ar each
loading rnh r dispLacme ar lhc
ccitelino poini h preseded Also rhe

letlcal disrla.ement Ynh d.Pth at

csntni'r s pE:enrcd.Ii i! re.essar!
lo undc*hid r bchavLor ol soil
und, lolding. rhorclore the vcnical
dkDlic.fr.fi r surfa.e of soil fiom
thc cente inc of iodiry is presenred

in qrves. For each ca3e the venical
aid h.rnonkl dbplaceDfnr .c
ohanrcd for each poinrin m.sh
b- For rhe secotrd .ae, rhe pme..m
h6 been used to calculatc r)r!
undmined beadns cap.ci! ibr C,y'C,r

= 100/70, 100/50. 100/:10 *h.re
Hl/H=l 2515, 2.5/5, I 75/5, 5/5 the
deprh to r]f widd ol fooline k v.rhd
as lIrB=r.25/1, 2.v4. 3.75/4, s/4
Relatio.s botween dt undr.in.d
bari's capaciq qith vefrical
displ&.med d faile stagc a'e
presenred lor each cose Aho cunes
.f displaccsent wiih deplh and vith
ndace e da$n. A s.od Presctri ng
for the disphcenent *.3ch poinr D

me$ k achiEved by using.onlou6.

rn lnG f,odel lhe derih of the
anaryzed soil n 78 $hile the latml)
*id1h h l0B. Tho depth oldre frtrt
tayer b qidfi ol the foous ls

imponad and iff{ts rhs bemiDg
c,paciiy iA@ad oa the dop$ of thc
fiA(o the deplh orsecond ldlcr The
pdgen is used b cikulate rlre

bering cipa.iq fdr diff.r.nt ruiio ol
undr.incd sl,ear strength vadicd as

Ctr/C =100r10, 100,20, 100/90 atrd

Hl/B=0.2s, 0i, l, 15, 2. 2.5, I i5.
'rhe tunpDter soiurion is compa€d
inh four solorion (Buton, 1953i

Mnifield. 1999 ud Carler 2001)rds
prcseDtd by cans (2001) and the

soiurion of (tsrovn and MeYerhot
1969) accordiigroihe lolLo*ing seLni



Figure 2l siorvs the i.larion betuetr
rhc utrdi.i..n bc.iing crpacny md
the Btio ol nre o.dnined lher
sneDgth to he *coid lryer !o that of
ihe fi6icu2/Cll !.np!redsid, four
solfiiotrs. Thc ci0es sre tbr lBo
.ases olHiB (0 J,l). lhe re!uh.f rhe
.otriptrtr Progkm is closc ro thc
solruotr ol(Cr(er od war& 2001)
rorsnaLl$mi', amb6is As it qn be
seetr from Figs 6a, 74 3. rhe
exiltene of a soft hyer under lhc
snoi! layer+ill decreaseiho hsaiirg
capacii) f.cror Nc. Fis. 22 !hd*s the
depds of soti l,yer Et is lo.,red
undq rhe srong kler at qhich rhe Nc
lador does idluefe €tios of
urd$.incd sli.ar nre@tr C /C!j
betveen 0 l-0 q Contlo,s reE used
!o nale rhe X! lador valus ar aDy
deplh aid for an! rtio of utrdElied
shear shng rhatcb be ob$fled itr

FiguE 2 slD\es rhc incEas! i(
uhihate bearirg crpaciry wnh dr
incr*se undrui',ed in shcal nreiglh
,s t h clpecred. -rhepld$i. 

behrvior
of claj- 

'lepsnds 
on Cu, th.*loE the

detotritiotr h i:rr*ed wnh high Cu
befoE tuilure ocru6. figs.6a, 7,
show rhai rhe exislerce of $rl ciat
hyer under rh. st,$ns layer will
docrcase the hea ng capaciq rd :s
rhe thiotDe$ ol sot laler inmaes
ihe bc ing capa.iiy decEsses. Also
ir cai h. sei rharrhe iicftase in lne
thicknes ol ihe srolg lay$ Ht/B
incrBses the b.aring c.pacny. For
ciample Hj/B=l l5/4, loi C,y'C,:=
100/70. BC = 435 Kpa shilc .t
rJl/B=3.?514. H'/H=1.75/5 for C, t/C,,

= l00r?0, BC=123. I]t eflecl oIlhe
thicknos of U\c si'odg lryer otr l,e
beuiDg .f,peoq G diffcrent ar Ihc
.h.d nrei8di dtio h diJteretr1 As
ihe ratio n .lor 10 C, C":=10 rhr
etlocl be.omes high Frm Figs6a,
3a n.ar be ioied (har the dilferei.s
b!.v.etr b.tuing capacty lor
C, /Ci=100/70, at Hj/B- 1.25/4 ard
HL,rB=l ljil n -(?3.41i= 91, }lrile
for C,r/cr=100/70 ar tho saii.
ihickn!$ ir ir'l2i-l5l=l7l lri8s6b
7b and 3b shoi the vetic,
displacemenr surface Diih lru
dntuca iron dE cc er of loadi',8
The Doinis urder l@ti',s iloves doM
rhiL dr poio6 bqides lne looling

e above and rLe rkins dcctoa$s
*ilh rhe dNai.e lrcm the cenrer or
lo.ding. Thh fi.ads th!!rh! tr,ode or'
lailure G geD al shc faiLu,c
Figs.6q, 7.. 3c shos the rcldion
heNeen lhe wnical displace'nenr and
the cenrcrline dep Thc vedical
dGpucomed deqea*s $irh &p(l
9or rwo layeE rhe beharior ofrhe 50il
mdcr lborrg is very conplex. For
ihe case olsoh l.yer on $rong la).r,
the roi lsFr which r near ro tre
fooli g aovenL rhu bcarjig capaciB
i', epire olrhe lhiskne$ ol ihe drdtr!
lryor. In.rho {ords rr d.pth aado'
g,A dkr affcd rhe b: ngcapacry.
sce Figsqa, I2r aM 14. Accord C
to thn rcnrlt the sJt lay{ und
fooiig in rhis ese.lr.s.m.h shoLrd
b. relcased or inp.oved. The flilure
occuE at the fisr laJer ds you see

irom Fi! !9a con,prred *irh Iig20d,
Iha1 nr displaccnEtrl is liNcnimr.d
in lbe fist llycr. lic fieurt sLro\Ys

the depth ol rhe son layn a1 {hich
thes is m effecr oo the beariLrE
capaciq_, rhh means thar r curyc ol
n,e bc$i'B laclor of j14. llre
designer can dere,mire thc cffcol or
son hrcr on tho be. np caD.ciry bl



usiig tig.22 Arotlrer curr+Fig2l-
stses ,E beai itrg f3.!6r rccording to
rh: deprh lador md the uidtuiied

Finile elcme nntlDd is a
rclhble rdhod nsed Io .mlyre rhc
be ,,g oapaciiy lor ! n,ip fonring oi
rwo hy s. llre .e\trlt ol rh.
compurer Prosrdn rhat h based on
fENi is in agEemenr with .vaihblc
solLtion as presest.d l.$. According
to rh. Esulr ol rhe Bearc[, the
tullo\insnotes ca be conclutled

: For rhc caic ol iso layen wltr
rhc nrsr layer has a small undmioed
sheir *rengrh which is close ro llrc
fooring-ompar.d to rhe second laycr
the bari'r8 capaciiY of the claY

Sovemed by aic hyer of rhe small
shear {rergth ii spile of 6! s,lngth
ol the s.lond layer, rhercfore dt ltn
layer should b. rc'noved or iDproved
or rhe aooiiDe is driven uider this

b- Tli.lhickne$ 
'ario 

ol$e nd hyer
10 the sccond lay$ HlrH has an efcct
on tlrc b.nrlng caF.lq *hcn the
dimcrsion ol Ihe tuesh h 1.258, lR
lhile ther n ro effect in rlE sccond

e Fo. rhe 6io la) .ts \Yhere e fi6r
lsyer is stonger thai rhc s..oid l.)er
rh. be.ring capecilr_ de.flses th
lfu decEsse i. the srenBh ol the
se.ond l.yer for rll ratio ot C"/C,
Lhe clTeot on the b@rine .dPaci4 is

d For each mtio olcd/Cr thcF is a
deplh frbr HI/B ar shich tho effecr
of dE soft lrrer o( rh. bering
.'paciq k vanishlns (Nc=5.14) so ai
CJ/C,L =0 3 lhe depth facror H /B ir

0.7i ..nd a! C,1C, -0.5 the dcptl'
ldc.or Hy'B is I 5 ann !o oi as *ded

e- The beming capa.it depe.ds on
rw. &.ros H /BandCd/C,L Figures
aft picsonred ro esimre (he bearirS
crps.ny dcPe.dins on these 1{o
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