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The purpose 
cept of the stresses i 
of slides v~ich 'it is "~ 
tion of a number, of th 
dams. The material ,is 
has reeoivo~ little ,a t  
far as possible r~.tho= 
intangible .principle s :~ 
maintain easy roadabi.l 
incomploto, ~tho intont 
vriZh the subject an ~in 

:E~'~,I~a~NT :FJLI.LU]~S 

In o arth do~Is -the . sir o s So s 
strossos. ~Ii~ L~toria.lS z',f~il 0fthor;~ 
c orabinat ions. of -:tho s o., kbut.~in ~o~b anlcm 
becauso (I) tonsi.lo '.is'tr,0 s so s are :e~tlior..v0~y::~sma~.ll ,. ~id~lboc,Jl'~zo'd~i~0r:~iar..0! ' ..... . 
entirely absent, ,and t i(2~);compr0ssion:;!fa'i, l~ 
in general injt~rious io ttho iS~{ucturo:, i 

Y 

• .," . . . . . .  . , . . t 

The use .of the ~torm :shear :to ~desoribo:~Taimluro::i!byi:sliding ~a.long -::~! 
some s t r a i g h t  .or !curved :sm- faco. , i s  perhaps .gene, 'a ! . ly  ' a d m i t t e d ,  _!:but: i that 
plastic  iscouoo   .l ., us all  ••ro=.,s . . . .  

b o " "  o 1 s~ ~'~1'1 Pa~'m° .",That : t h i s  is-;tho.-..oaso ,can!be:i.lluStrated::iby..:.{con-:.-. 
sidering the :movement :,.of ,any thiclr :liquid :'in ~a 7:trot{$h.: :?If-:ii% moves ~ .; 
faster in the center than .0% the~.v~.l~Is ,Of,:tho .t~.ougl~, ::thOn ~the.~conter .... -~ 
particles are sliding ~past-:tho :~oxtcri0r ~p'ar~ticl0s ~in-ia:.~.~y.~.~iCh:@s~::i!:'.: i: : 
c l o s e l y  s i m i l a r  .-.to ; sh0ar ing  imo~onont ~bet~uen :,tu'm i.surf~oos.: ini i !a :imoro :.~. ~ '~ 
rigid ~,~terial. " :,The .very definition :of ;:~scosi~y.:i~y ~:bo ~int0rpretod :as 
the shearing force re.quired to ~produeo ~unit :Slieari~ ~:strain !in-~t::~.timel. >'!:[: 

• _ - • , ~. . . / .  : i : . : . . , :  i . . : : : :  : - . .. ::,- 
I t  "might  :be ,contond0d <that t h e  :. so~t le~ont :~:0f  i&: i-dam;re;su,lt ing. " :"" ::":~ :}-:.: ?.,.i 

from the s que o zin~ .out. of ..f6undation ..material ::is ::a :.:tO 0mpr o s si0n::,fai~luro, 
and that for :this .reason .:cozr~ross~on ~fa~:luros ..c~n ~.not ;;boi,disregomded. 
Such squeezing, .:h~over,, iis !primarily a .z~anifostati0 n ,~ofi'~yie!ding,.-'in<;.. ::'.;. 
she . 
is compressed botvmon :...two ';platos.aro ,clearly ~sh~'mi::~in.:fig.:~i~, ' .itahon~i'fzor,~i~ ",:~~:i 
Nadai . 's  book ,  ' . , P l a s t i c i t ~ ;  ;''~. , :J~rgensen2 ]ms ia i road, , ,a~aptod' : :%he o q u a -  - i .  
tions f o r  the stresses-along :such slip l~os : to  -,the .detormination ;:of . t h e  _ 
stresses in a layer of soft :~natorial tundornoath .~.'idoa~l:iZed:0arth - d ~ °  

• '[, _ 

, • ,, ,, 
- -  -- | , , , i , , 

1 E n g i n e e r i n g  S e c i e t ' i e s '  Monographs,  ! M o G r a ~ H i l l ,  1 9 ~ 1 ,  

2 " S h e a r i n g  R e s i s t ~ u c o  o f  S o i l s , "  J o u r n a l  o f  t h e  B e s t .  ~8oc. o f  C i v i l  
Engineers, July, 19~4. 
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STRESSES IN~,ELRTH "D~'~.~S ~ 

In soils, then, sliding . ( o r  shearing) failures vrill take . . . .  

place alon G those surfaces on which ~tho shoarin~ ~strossos exceed the 
shoarin Z strengths of the, material. If it:vmro possiblO tO calohlato 
the intensity and direction of tho:,shoarin~ strossos:at:~dll points in the, 
cross-section of an earth d~un and if:the S%ron.~ths of ~tholr~ntOridl Coul~ 
also be calculated or predicted ~..t all points, i :it would~be r~l£tivoly : • : 
easy to pick out any region in T ~ % i o h :  - = - ~ : : - ' : '  : : : :  - - ;' -':-' - : = - : ~ : ~ - ' : :  : -  " " :  . . . .  ~';:" ":~:" 

w h i c h  f a i l u r e  m i g h t  t h e r e f o r e  b o ~ o x ~ o  

No ratlonal ~malytical~:zDth 
methods) comparable in accuracy ~o th 
structures has yet boon dcvisodlfor ;dot dr 
do:.~s and their found,".tions. If : ' ~ t  "~,,roro, ,,¢ 

su fioiontlLliko o.  ,o!a2tic solid, 
would be po~ib!o. !Tobc.bly thoi~,~oS%iaoc is" 
tion stresses thus f :~ . r  me.do is that ~imVOn~By:~J~r~onson3dnd::btsodi~;upon 
partial elastic assumptions, However, £or:~dot0rmining str6rssos:~.~tKin 
the body of the dam, to the v mitor's l~ovrlodgo,~nomothod~has yet b0on 
used v~ich'is not dependent upon some £om.~ :of:tho:iasstumption that ~ 
pressures ~c in diro:.t ~proporticn to the depth. ~ ~ 

i 

3 "Application of Theories of Elasticity;omd :'Plasticity:~to~Foundation • 
Problem, s," Joumml, ~.oston Soc. ~of Civil ,..nglnoors~ " , July, 1934. 

t a b l i s h o d  s o m o  k i n d  o f  p r o s s u r o ; i t o s t s  u n d o r i c r ~ a r ~ a l o n t s  i v ~ : l l ! ~ n o b d i " : t o  b O  " ~ 

rindS. In the mc,-.nti::.e, analyses 'based on thoi~idOa of depth ~imos 
donsi~,, proper allo":mmcos being nuado for ,tho 10fleets ' o£:~-~.tor, have 
yielded results ~'rhich appear to agree quite ro~Jso:~bly :~:~th cases of ~ > :~;i 
actual failure .4 - . , . . . . . . . .  . . . . . . .  , ' ~ : ; i  

4 Instances of such agreement ,~.rc given by: ~:" 

Torzaghi (Teoh. Memo. i.To. 397;):: ~ A 
Tiodonu~n- "Die Bodoutung doz Bodons im Bau:-rcson," Handbuch dor ~ i 

Bodonlo!~e, Vol, X, :p, ~178. 
Lees - "imvmndumg dot nou0ron !Baugrtmdforschtmg, I' Bautoclmik, April 

5 ,  1 9 3 5 .  

F c l l c m i u s -  " E r d s t a t i s c h o  B o r o c l z ~ G c n , ' ,  ~ [ i l h ~  E r n s t  ~ u d  S o h n ,  B e r l i n ,  :~:: 
1 9 2 7 .  " " 

The specific ~.~thod referred .%o is th~.t developed•by the Swedish and 
described by Torzaz11i in Public R~,ds. 5 It is presented briefly on 
p. 4. 

The factor which greatly increases the difficulty in comp=~ing 
stresses v,~th strengths is that the shcaring strength of a soil vurios 
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%•. . . . . .  • 

o t ar- groa-o=% ' ~ ' ' .... .... " ' .... ' or the ~urfaco along w h z c h . . s t r e n g t h s :  are :least,...buti,rather..i.: : 
that surface must be fotu~d ., al ong a'W/icli th6 :diff0r0nco ~t . 

J, 

6 .M.M. Fro!~tard, "MSthodos dc rochorehes:~:pormottant ' r "" '" ~.do., econnaltro ~ • ' ! . . . . .  : . . . . .  ' ' ' ' . . . .  "~I ' ' 

sm un matoriau :donn~ oct .-apto::,~ ~otro ~omploy8 pour) ;ion .d'un i 
barrage do torro.," or Congre~.idos i~Grandsi/Barragos ~:, 3took- ' 
holn~ 1833. . . . . . .  .:'.. .', 

approach yet developed is itho ~!Swo~iiSh Sor,~i:grap 

Explained more fully :on.::page :.~,<tho ~method~is ..ossontihlly•~a < 
"cut and try" procedtu-o, isurfaco-ms :assumod'::accm-'ding::~to ~pr0dOterminod 
criteria, and the difference ~botwtoon...stro S's'>~and • strengthen"is oa'lculated. 
by simple graphic statics,:i IT]LiS ilpr0coss.is~..f, opbdtod Jf0r .~a(i~:~ib0r ~ 6f./: :.i 
surfaces until the most. dangerous :one is found: ii(fi'gl. 112:,) ,~-~..i~If ~the istrJess ~ 
exceeds the strength .on tnz~ :surface,:..tho omb~,ukmont.ls ,concludod...to:.ibe 
~Istablo. If the contrary.!is..truo,'~aftor :al,lmwing for "a ::%easonable :: 
margin of safety, then the ~slope mi~l{t!~bo i made stoon~r. '.. " "' 

Be f or o enlarging upon. the .a ctua.lJapplic ation .of -thi-s a!~lysis 
%o the stabilits< of slopes; a briof~discus:si0n~Of..:,tho bohavi0rl of ~:Soils 
in shear is desirable. ~ .i,.,~ 

BEI~IVIOR 'OF SOILS 'IN SHELR ...... '. 

The rosistanc0 to sliding :along :some :internal surfaco-::!of a 
soil nmy be likened to tnoiresist~c0 ~ developed botv,~on %~-:o-..vm6d0n: 
blocks Wen one is pulled .across .!t~c~aco of the other .(T.ig~,/:3~). 
Neglecting the weight of the bl0cl:,..:~:~'~,: .. and if.n0:prossure, :::p.,/is 
applied do,:mward to prose .the :blocks. ~.t0go.thor; ~n0 oforoo Sh0U~Id be re- 
quired to keep ~'~ movin G along over B, once inertia ]~d been ovorco:,~o. 
If, hovmver, bloc'.,= L is pressed against B r~th ~ .aporociablo ~forco, P, 
the shearing force, S, required to ko0p-it moving will ::.'be como con- ._. 
sidorable. V{o would, no doubt, find by experiment that S wotkld increase 
in the direct proportion to P according to some such line as OA in fig. 
4. In this case, of cot~so, the shearing resistance is entirely duo 
to fricticr~. Since O', is a straight line, S = fp v~erc the constant, 
f, is Imams,. as the coefficient of fricT.ion. Hovmvor, S is also the 

P 
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tangent of 'the anglo, ~i j(f~'g,i.,4;) so.that f'= tan:.~.and.~ ~iS:"!kn~.m ::a:s 
the anglo of friction. 

and is entirely indoPondont, o: 
both'men the blocks. The shoa: 

Basically., sOi~Is :,su] 
the s~n.e r~a- For oxanplo., ]if..£o~tv or -five.~samplos ,:of..:~i~entiCa:l~:mato ~ 
rial are r.~o up in exactly .the ..samo.:~annor.:~nd'~ob~chL:ono :;load0d.:k.~.~h'i:a ~. 
different .norr.~l .pro s sure. 
shearing force required .t, 
in the sample, it has ".boo: 
against norznal load, th0 ] 
points along curve ~'!.'~" in ~' 

7 Dotamlod dlscus smons !bY.G-- ~!bo~, .~I.[ro3-. ,. :.e~F!i.~.!~ynmn 0. conecrning~ '..the :mean~.~..! 
rang of frmctmon and .cohesion in:soi-ls. ~havo"!boen.icoIlocted:.,"in~f~ppon~iX-::, 
~ of Toch. Memo..No..408, L.I- ...-. ~. ~." "- ..... ", ..... ~ '-~ 

Whon othor s=plos '-:0f-~Ho::i~i.~=0'i!~,~.~.6ri~,i/ar0:...propazo:~,~by/i : :,:. - 
different methods -(i.o,~, .under ,dif£oron~..!d0g1.0os'.~of :C~,~padti.0n",or'~at 
different moisture contents) or ~vrh0n'-tho~'.~.s/-O..stoe ' cdin'.~i " r"i ~ : . . . .  .: ... ..., . .y,. . ~. p . , ~ate ... f,toz..,,..-. - 
loading, the normal ~load- slicer stron~h.i!,linoS ~%-~ii ~::'~n C ~. enor~-l~::s~;~ ~i!' :.. 

curvaturo. Cloarly,, if:::~ho Condi~i0ns,.~dor:~v~iC!~~:i.~i!'~%e~ii,l.!iliS~~Plac0d.i . 
in a dam can -be dqplicatod inj~h0:i~!aboratory.,, and,,.if..~:~he of£octs. ~.of..... :. 
settlement 

strength diagram..earn. be i.plottod ~i%7}~ch sh0~id"!~b6: a:"iT~r: ~indica-ti0n.iof.:.%h~. :: 

toSh°ar ingthe dopth~str°n~ths.o to :be . oxpo ctod. ~undor =various: ~ . :pro s St~o s. o err e spending :/!/:i!: .... +:..- 

~h% o~%Luple of the application of the-.results .of shear tests .to 
the analysis of an ombanlsaont-~,'~iI sor~ve to il~lustrate ..%he principles 
and sol::o of the refinements involved. Consider an .oar.th .doll of u/liform 

8 Reports covering i~oso points in groatcr detail are n~': in prop/~ratio,~ 
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material~d having 
by provious.,oxporien 
surface is dra~ in: 

i ~:{ 

...... .,::i : :' :i:"i 

above 
soc~io 
s~r~ae 
ll8 lb 
dimini 

by og 

-- w 
. k 

N~'tsupposo that this ;.mater 
thc laboratory, ~d that its"~si~ar:s 
saturated, ~d "B" .of £i~.i6 i abo~o ~'Jt 
of the _material J~Ion~ :,the ~"b'o'~t0m, of°i "I 

c~uponent :of .the ~-0i~h~.i porpe~i~dlcu.la 
fig. 6. The total ~strength.of-~th6:,~ 

- ii ~ . , ' ' ~ " . • 

_The, sum :of :the. shear is..tren~ths !-along :~hc :~b Ott~s ~df. ia~l.l ~ '~th6::.~- :." i'ii:i:!,'i 
sections is then-compare 
Sliding.. If S ,is groat~ ..~ 
tion is unstable~and Ta f 
greater th~ the :stress., 
similarly analyzed ui~til :i't :is certamn ,that ~tno u'~rs~ ,ease ~l~s, be en:~~i '; 
. exo~r, inod..I£ ,the n~torial ~is .:St'i~ll ~,amply ~i.s~.~Q/,~~ a ,Ste epor/isi6pe ~my,~bo,~ 
triedand the w~ole process :ropo~t0d. : "" ~' ::i,'.ii ~ :iii.:.ii! J.i/%:/ii/~!~!~I '/ ili: 

The foregoing -is Obviously mozcly,:a =skolC'~on/!-6"fii:a.,~mor, o"::do.ta~led 
procedure .still in :the proooss ~ofn~o,velopmont.~ " ' ;In:-addit'~On .to.'" ithe/i ' • 

, . . " 

analysis shown, ~acco~ut must i, bo :taken :of ~tho "forcos ~intrnducod ~byl.per- 
colating ~tcr, V~oro lit -is possi~lc "~to sk0tch :in ,cvon~,.crudo :fl0v: 
~ots~ 9 those ..,~o~°es :~o ,quickly :a,_~ :s~ply .co:lcul~ted ':(so~:~i~,. ,~),~ ' 
The force ~actin~ on %~o ~materia.l .~'ithin :~y .,rec~~a~lo ~of.~th~ -f,l~': inot: _ 
is the average ~idth of the rectar~lc multiplied bY the ~potentihl intor,va.1 

- , , , , , - 

9 ~lthou6h the construction o'£ :accurate ~lov: ne~s ~,~,y b'o.a "diff'icult ' 
problem, it is belioved that .wiTch a very little practice .and instruc- 
tion any engineer can sketch :in.a net of the accuracy required here in 
a few minutes, given the probable nature of the saturation line and 
certain other conditions.. 
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(the head loss ~dic~-ito 
to the directions Of fl 
%'~tor. Those if crees ar4 
surf~-jco and their of fee" 

n~.~bor of .spo~iil. . ca~ 
ar c : il lustratod ~in ;T~ 

~,luc h ~addit~j 
the bohavior of difD~ 
Further Checks betwe¢ 
s ough~, Ale O, ' every 
possible a closor~i~Imia:l ~approxi~tion~: 
empirical rules for .~solocting %he ~fins~t i~ 

~ .Reports incl~ding uuorodo~ai!~ 
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