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fspm_:?mons ‘wT"ECTVING THE STABILIT_;

strossess 41l mtor:.o.ls il arbhar* n tension;
combinations of “theso, but in ombanlmcnts ‘shon
bocnuso {1) tonsilostrosses are eithor wvory:
entirely absent, ,o.nd (2) conpros.;ion failure
in genernl. 1n3ur:a.ous to 'I:he structurom

The use: of‘ -bho 'I:orm shoo.r ;to‘ descr:.b Y. : o
somo straight or :curvad surfaco is -perhaps: gonemlly nd:ut‘bcd “but that .

plastic and viscous flov usually  involvo :forns of shoarlng fo.:l.lure oy

be leas woll nmovme Thet. 'thlo 18 “tho ‘caso eon’be :illustrated by scon-
sideoring the rmovomont oi‘ o.ny thick llq_u:Ld dnan troup;h. if 4 ;‘mo‘ves
faster in tho contor than ot ‘the: m)lsof 'bho 'brough, thon the
particles arc slidingpost-tho: oxtor:t.or par't:.clos An-a: m."‘

closely similar - 'bo ‘shoar ing . ‘movonont’ 'be't:weon o surfo.cos dnin ‘moro! -
. -rlga.d nn‘berml. Tho wory . dof.l.m.i::.o"x of v:...,co ::by mc'y .bo 1n-borpre'bod as

and that for this-roason covzprcss:.on fc-.:.luros ean .b """'da.srego.rded.
Such squeezing,: ncmever, ‘is primerily o "nmfost'rb:.o iof yielding-in:
shear. The surfoces along which - ulldlng ‘0ceurs. viion Eplo.st'ic ‘metorial.
is compressed botweon o plo:l:es ara’ clearlj shmm"».mn f}.g. A, tal.on i‘ron‘
Nedeit's book, Plo ..,tn.crf:j el Jﬂrgcnson2 hos . u.lrca.dv adaptod 'Lho oqua- i

tions for.the strosses alon[; ‘such :81lip: Yinos to’ 'l;ho dotormination of. thé.»’{ B

strosso« ‘in o layer -of sof’c .no.tor:. 1 undcrnoc.th an, :.doc.llzod cn.rth do.m.

1 Eng:.neor:.ng Soclctz.os‘ Monogruph.:, EcGrm»-H:Lll 1951. :

2 Mshoaring Resistonce of ‘Boils," Journal of the Boste :’SOc. of Civil
Engineers, July, 1°234.







' STRLSSLS IN BuRTH D.&J{S

In son.ls, ‘hon, sliding (or shon.r:.ng) i‘m.luras m.ll -bako -
place along those surfaces on which tho shon.r:.ng ‘stros so.; .0xcood ‘bho
shoaring strongths of the mteriml.-- I it voro p0931blo to cnlculato
tho 1111‘011..111:3,' end diroction .of tho" chca.rm(, ‘gtroscos ot o.ll po:u.n-bs in tho
craoss=goction of an oarth: ‘dam and ii‘ tho s‘brongthg of +h
also bo caleulotod or prodn.ctcd nt o.ll ‘points,. it 7ol e rola“blvoly
ongy to picl out any rogiom in vhich: strossoa"-o"coodcﬁ &
vhich fo:.luro mlgh'b *bhoruforo bo o,moc'hod- : '

No rotionnl 'znnlJ-L:.ccl io ‘_md {asg opnoso
nmothods) comparsble in accuracy. to those; :applicdito,
structuros has yot ‘boon devised: :E‘orﬁdctor:um.ng ,tho strosso
dnzas and thoir fourdetions. :-If it wroroscortoin that tho ma
sufficiontly like onels istip -ol:.d‘ .'couuplotoly "no.ly'tlc'\'
yrould bo possibles l*roh“bl\ the' nost a.ccur:‘d:o dotornuna'b:.
tion strossos thus for mode is that. given: by Jurg,on'iono md . u.sed upon
partinl olestic assumptionsae . Howovor, for dotormumg utrosso., \rl'bhin
the body of tho dam, to the wr:Ltor 's lmoulcd'ro , no mothod has vc‘c boon
uscd which'is not dopondorit upon’ somo form: \of “the assmmpt:.on -Lha-L""
pressures oro .in d:.rmt p ogor'bm ‘cc thc dop'th =N

S "“pplz.cauor of Thoorios of n.lc..rtica.‘by a.nd Plo.st:.c:Lty to Foundu‘hlon
Problomns," Journal, Boston. Soc. oi‘ C:Lv.ml ﬂng;:..murs, July, 1934.

Bei‘orc “the o.ccur'Lcy of o.ny uusunp'b:.orf c.ﬂ“,:b' .'dofln'i
'bubla.uhod some kingd :of ‘prossuro. tosts under ‘ormbanimonts swrill ne
madfe In tho neantio, nnu.lysc- bu.sod on; 't:ho;; :dev of: dopt‘x' :
donsiby, propor allownncos being mado Lor ‘tho 'effocts. of w:'bcr, hn.vo
yiclded results. vh:.ch o.ppoo.r 'bo a'-roo quztc ro..son::.bly, 'm:h caucu of
actual failurc.? RN :

“:JF

4 Instoncos of such ﬂ.grconon‘b are gl‘vo*l by
Torzeghi (Tech. Momos Hoe 397), "+ =i o S
Tiodomann = "Dic Bodeutung: dos Bodonu m &u*rcson " h:mdbuch dor
Bodenlohro, Vol X, pa 178, - :
Loos - "invondung dor *muoron E-mgrundi‘or...chv.mg,“ B utoclmlk, 1.pr11
5, 1935, :

Follon:.us - “Brd...'b""tl.:cho orocﬁmungon, '.' "hlh. "'”.r-xs-b und Sohn Borln.n,
1927. ‘ . ,‘W L : RECRIEE

The spocific nethed roforrod 'ho is thc'i: dovclopoc. b'r the S\rcd:l.sh o.nd
describod by Tarzaghi in Public Roe.dg.5 It is prc.,cntod br:.ofl
Pe 4, & . N

Tho fretor vhich pgroatly incronses the diff‘iculty in comparing
strosses vith strengths ic that the shenring strongth of a soil wurioes

1-2-




with tho prossuro and co1soquontly'u1th tho'dopth.' Thys 1t iu not .
su£f1010nt moroly to flna thc‘surfnca along uhlch tho shearln'*strosues

“Tho Mnchnnlcu of Shcur Falluros 1n Clay Blopos"_Publlc Roads‘vnoc.
1029, gk £y ;

are groctoat or tho nurfnco along o ch strongth ‘aro ‘logs

that surface must he found vlcng whlch ‘the dlffnroncojb tv g
cnd stross is-a ninizmm. A numborf‘f uttcnpts hhve boon nndo to find‘
this urfaco hnﬂlytlcylly boginnlnb‘rlth vnr10u°

tlors,s y

6 M, M. Frontard "Méthodos do rcohorchas pormottant~
si un matdriou donnd .05t aptod
barroage -de torro S or: Congrog
holn, 1953- ‘ " S

Dxplalncu mere fully on” pngo~4 thognsthod,lu v 1y BN
"eut and try" procédurc. A -surfaceiis ‘asgumed ‘ageording: tofpredoternlnedf"5
critoria, and the dlffaronce ‘botvroen ‘stross &
by simplc graphic statics.:. This' prcccsu,lufrepoatod for‘a nunbor of ‘
surfaces wntil tho most- dangcrous one “is ;found (fig, 2). AL the | stress‘--ﬂ
cxcoods tho strongth.on this: surface, tho ombﬂnkmcnt 1¢.concludcd toﬂbeu,y"
unstablos. If the: contrurj 45 . true,” nftor_allowlng for. a”raasonabl )
mirgin of safoty, tliexn the. slope mlvht'bo‘mndc stoopur :

Boforo cnl“rglug upon *he'oct alﬁnppllcotlon of th;u_&“ﬂlySlS:ﬂ.:
to tho stability of . alopcu, brlof dlscu 5101 of ! the bohaV1or”of 50115_13{?
in shoor is d051rqblo. e : G SR

BEI.z;.VIOR or“soxu 13 snm

Tho rOglutonGO to slldlng qlong scﬁe 1ntornnl uurfaccgof o
soll niay be likened to the r351utancc devclopcd bctwcon twro. wuodon
blocks whon one is pullcd ‘across “hoifoee of - ‘the - other (flg{ 3 gq:;_
Noglocting the weight of tho blocL,_;,5nnd 4T ‘no pros sure,,P Ads o
applicd dovmward to press tho blocks: togother, no foree’ should be re-]”
quired to koop i novmng tlong over B, once inertia had “been ovorcomo.'_
If, however, block [, is prossed agalnat B wiith an- apnr001ablc :forco, P,
the shearing forece, §, roquired to koop it moving will ‘becono con=- L -
sigerables Wo mould, no doubt, f£ind by cxnerlmcﬂt thot § vould inerecse”
in the dircct proportion to P according to somc such line as OA in fige
4., In this casc, of courso, the shearing rculstawce is e¢ntirely duo
to frieticin. Since OL is a streight lino, S = £p whorc tho cons tont,

T, is Imowm a5 the coefficient of friction. Hovover, § is also the
P
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tangont of ‘tho anglo, ﬂ' (flg. 4) s0° that'f_—yj'ﬂi :
the unglo of* frlctlon. : '

SuPpOuO IOV that g add:rba,on 'bo thc prossuro,
sticky pnsto is opplicd 'botwoon the f:'blocks ,' '
that the foree, S, roguiredito pull L al
incrcased by an ocmount’ corrospond:mg‘ 'b‘“

The linec BD in flga 4 illustratoes::

which the paste inercascs the. forcc ncc'ossa.:*
end is ontircly indopendont:of tho normal or
botweon the DlDCLuC The shcarlngiforce;“S“

shearing forco rcqu:t.rcd Go - s“bart and” rm:.nto.:. ~011 ‘m;_, n"so*w plun'"‘ Arithe

in the sample, ‘it ‘has boon found “that vhen' thoso shoor =

egainst normal load, the.points’ VLl fall vory zwch" 1

points along curvo: W A" odh fige e Tho port:.orr of * thg 3} utrong*bh'

¢, which is indcpendont -of : 'bhc preanure, Pyds {,onorally callcd ‘tho; :

sohosion although it does not .corres ond. vory ~cloaoly to 'Uha-b' :I.S mcan
by cohcs:.on in tho ficld of phjs:l.cs“ 37 i 't :
is nwes :f'roqucn-"ly m':x:bton “‘t:a*l "

7 Dotailed discussions. by GE ‘boy:' Iiro} -, o K.rynlnc conccrnlng, -que neun-
J.ng of fricticn ond cohes:wn 1n:so:.ls ihuvo"‘bce ) i
4 of Toch.' Meuo. No. 409-'-?" P :

Vhen other. so.nplcs of tn B0
difforent methods (isoe, xnger different dc&r
difforent moisture conuon'b.;) ‘or whon' they+iare
loading, tho normal load~shear strongt - 1inos v '-:':'f ,gencrn.
éiff'oront ulQPOS -ond dli‘fcrerrb volues: oi"c_," ~nd my ovon. uhm aonc
curvaturc.  Clearly, ~if :the cond:.t:.ons andor. 'th.c ; ' is”;
in o dom'can be dupllca*bcd in the labora‘.:orv a.nd if, ’che ofi‘oc‘bs of
settlenent and seturation .can be: dupl:l.outed equﬂlly sa'bquactor:.ly n
strength diagran .con'be: plottod ~which .,hov.ld ‘bea :t‘cu.r 1nd:n.catlou of the
sheering stronguh*‘ to. be expoctcd undor var:.ous presgurc correspondn.ng
to the dopths. o TNy S e i .

--rmTHoD"'sion .;Ji;iLY'SIs .
An cxarple of the appln.ovtlor oi‘ tho ro.:uli.s -of she...r tast" 'bo

tho onalysis of an embankuont will sorse to illustrate the prmclplou _
and some of the rofinerionts involvode Comsidor an carth . dogn of uniforn

8 Reports ceovering these points in greoter detail are now in proporatiomn

den
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’thosc soctloﬂs colculatod. _‘ﬁ“

Conuldor thc uoctlon*f

, ohove o ndfbolow‘tho satur dtion
scotion ‘(offectivo in ‘producin
Burfaco DC) by nultlplying'thesou

by‘0g An f1g. Be
is fgy parellcl: apnrcxlnatolj to CD. ]
the sliding surface is thetotal: hean &
the eorbined uho rlng strcnbth of the

the laboratory, “nd tha tultsfshcur strcngth“curvn 1“5'
aaturatod and “B“ of . fmru

tan:ﬁ}a

scctions is tbe1 coﬂpﬂrod w1th tﬁo tota
slldlpg. If S s gro tpr than thc»tota
tlon is unutublc T

wnrst Gﬂua has’been
utGCPQr sloneumny

:clmllarly unalyzed untll 1t 1s cortaln tha tn
‘excaineds If the motorinl is: stlll unply sufo
tried -and the wholc Drocesu ropomto;. ‘

“The ! forog01qg is. obv1ously norclv ‘ot kolctonﬁ 3 o
procedurc .still ‘in ‘tho ;prooess ofd cvelopnont. In adultlon tortho i
analysis showm, .nccount must be taken -of “the ‘forcos: 1ntroduccd oy pcr-a_w
colat:ng Tmters  Whoroe 1t “is possible o ‘sketeh -in.cvon: ccrude flovw ..
nets,; 9 theso forces :aro quickly and simply -colculuted (sovLige )
The force: ‘acting on the material within any. rectanglo iof - the flow neti o7
‘is the averoge width of the rectanglc ﬂultlpllcd by the potentlul 1atorvn1

9 llthough the conetructlon of acecurate rlon nots Ty bc o dlfflcult

problem, it is belioved that sith o vory little prectice and 1nstruc— :

tlon any ongineor cen skotch in .o net of the accuracy required herc in
o few minutes, givon the probeblo noture of the saturction line -and

certain other conditions.
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{the hond lass indicatod by *hc oqulpoﬁe tic

to the directious of flUU),abj the* vold‘rﬁtlo Coang s
votor. These forcos . arc :graphically trnnsforrcditc“t1o"
surfaco and - thclr OffﬂCtu ~0dded “to thosolof ' the gr

funber of .sposidl easos as woll'a
arc . 111uatr“tcd in flg ‘B

“The ncthodvo-, ricl isliding :5u

Much'adgltlonhl‘
the ‘bohavior of dlffcrcnt types of- S5 A
Furthor checks bctwccn laborqtory bouﬁs and flold;co
soughte 4lso, ovory caso ‘andlyzod by, tho'
possible a closor.iriftinl: upprox_ﬁatlon:
otmlrlcal rulcv for uoloctlng tho first trlal show

N Roportu 1nc1ﬁd1AE moro dOuﬂ Jed: roaonté
the resuls 5 of shear tcotlng nnd. of- tthtochnlquo
aro in proptratlou end lu 1°'hopcd may b

ufou-mcntns. C LA







