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SHE.AR FAILDnE OF SOILS 

by 

P. C. Rutledge 
Professor of Soil Eechanics, Purdue University 

Lefayette, fodiana 

In 1773 a theory for the shearinc; stren;:;th of soils 2,s £'::c·r,Jlied to 

eD,rth T;ressure on retaininE; walls was published by Charles Auguste de 

Coulor;fb. (l)* In this theory he assumed th2.t shearinc; stren[;th ccrn be divided 

into ti.ro COE!}lOnents, one of 1:rhich de0,ends directl;r on the normal l)ressure 

actin~ on the plane of s~ear ,tlrtle the other is indenondent of normal pres-

sure. EJ<.:,ressecl ma.thematic1c,,lly the theory becomes tl1e 11ow fm1iliar Coulomb 

eo_,_u2.tion or forr.mla 

S ::: c + 0 kmf (1) 

in uhich S shearin~ strencth ner unit area. 

c :: ':::he con:Jo21ent of shoo1·in~ strene:;th T)e1· unit 2.re2. which is 

indo1,enc:_ent of 11or,:ial TJressui·e, commonly c2.llecl the ncohesion 11 

or "unit cohesion!!. 

O norw-1 stres:o :::ier unit 2re0, on the nla.ne of she2.r. 

tan f coefficient of ~rojortionality between normal stress and that 

l)Ortion of t:1-e shee rine_; strength uhicll c1-eyiencls directl3r on 

normal stress, sometimes called the "coefficient of friction". 

f = the an~le of internal friction for the soil. 

When c O i:1 equn,t io;.1 ( l) the soil is called n cohesionl es s n, a common con-

d.ition for s2.11cls 2,11-d :c;:co.vels. Other soils are cohesive and, according to 

* ~;"umoers in 02.rent'.1eses refer to references in bibliograi)hy at encl of this 
11::oer. 



Cot1.lor.1b, their shearin:7; stren'.~th is e:x:,]ressed by ec}_D-P.tion ( 1) with c hrwing 

/ 

a. ·positive v2.lue. Later ,rriters have inter-oretea_ 'f to oe the angle of 

repose of the soil uhich it is not and. 1.1hicl1 ,.:as not intended by Coulomb. 

L1 the one hundred ancl sixty-nine yea~·s since the publication of 

Coulomb I s theory, and ~02rticulc1rl~r in the last twentzr :rears, much resea.rch 

ancl :i1any pd~,m·s h::we been devoted to the shearinc; stre:1Gth of soil::;. I:r, this 

li1aos of r,12terie.l the1·e 2.re many Gi;:,;nific2nt results but none of tl-"e,:, ccm.:_J2.re 

in irmort211ce ui th Coulomb 1 s conclusio:10 e::::pressed by eq_uation ( l). The evi-

clence for this st2.ter1e~1t is fotmcl_ in tho f2ct thr.t uost e:d.stinc; t:worie::; 

for 1Je2.rinr; cP.:}2.ci tics of footinc;s, e2.rth Jwessures on walls ancl a~mtmcnts, 

L0 ncl stc1.l,ility of cuts, fills, ancl earth cl2.r,1s 2.re based on eq_nation (1). ~he 

most si5nL'icant recent rnoclifications J:12.ve been concerned vi th the ef Iects 

of -)ore 1.·ater pressures on:'; anc:.. the effects of nrevious scress history of 

t:10 soil on c in tho br,sic Coulomb oq_1.1.E,tion. 

,:;:ihe ir.iiortance o:i: the applications of eq_u2.tion (1) can,10t bo cLeniod. 

economically ir.1portant ~wobloms in e2.:ctLuork en,c;ineering. SE,.fety of on,r~ineor-

in,c; structures 2nd economic utiliz2.tion of materials nnd labor req_uiro not 

o~->ly co,1firr,1ation of pressure anc1 st'."tbilicy theori0s 'JY field_ o-:..1servations 

but also careful chcckin-~ in the field ,rncl _ i:1 the le.bo:r·atory of t110 s:1e2.:dnc 

pro~erties of soils used in these theories. 

Coulomb 1s equation is limited. to the she2.rinc stren,g;th of soil at 

tlrn point of failure. It does not a}))ly to sheadng resistances less than 

t)1e maxir.mrn strensth. In f,pite of many h:'J.)othc:ses i:'or the relative magni-

tudes of tho cohesive and frictional cormonents of she2ring resist2.nce before 

fcdlure occurs, no clofini tc evid_(mco is yet 2vailalJle for a c1i vision exco:pt 
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at fceilure. Tlrnrefore Coulomb Is eq_ue,tion is the ste.t emcnt of a theory for 

the failure characteristics or the limitinc conditions of stress in soil. 

Soil is a natural material difforinG from other engineering materials only 

in that it is used as found in nature, its deGrec of resistance to stress is 

loss, and it usually consists of a mixture of minerc.l zrains 2nii ,,'0,ter, each 

of which redsts stress in a different way. The lir.li tin::; condi tio~rn of 

stress for other onG;ineorine; materials ha·rn been stndiecl extensivel:"• Those 

conditions, uith tho funclc1montal conco:pts of c1:ppliocl mcch[rnics ,,,r.ich cnn be 

2.:0:,liocl tc fc1.ilure c0ncli tions, form [:, rci,tionc:,J_ b2r,is for !"n2.lyzil\c; the 

limiti~~ conditions of stress in soils. 

5EVIEW OJT PRI:TCIPLIJS OF FAIFJTI 

Eleraentc:cry e,,:)_r)J.ied r:10ch2,nics has dono:1Str;c,.t eel that the stresses in 

any r,1aterinl in st2.tic eouilibrium r:mst fulfill certain cond:i.tions ,ihich are 

incle})end.ont of the rno,torial D,nd of tho ma,~:ni tuclos of the strosses. This 

theory can be revievod by considering a stRtic condition of plane stress 

(stresses in tvo dimensions only) at a ~oint in 2 solid. If the stresses 

actinb on an;:r two perpendiculccr 1')lanes }JD,ssing t}irou1(1 the ::_1oint in q_uostion 

can be c1_etormii10<'t, the stresses actin5 on rmy plane throu:::.;h this ~point and 

L1clinod to the 2,_ssuriwcl coor·~'cinate :cilanos c2.n be cci.lculatod fron t}ie oqmctions 

of statics. The results c1re sho,m in Fig. l. Frol:1 e']_ua.tio21 (L1) for 'l ::: O, 

it Ci'.n be seen that on two ;_Jer~ronclic·nLw l)lanes passing throuc;h tho J:lOint 

the shearing stres,3 is zero. These ~)l;::,.nes are callocl princiJJ8l 2 l[cnes and 

the corresponding normal stresses actinc on these nlanes are callas ~rincinal 

stresses. 

If the coordinate axes for the prisnmtic eler,1ent in Fi_c;. 1 o.ro 

rotated to a position such that they coincide vith the principal planes, 



oq_uations (2) and (3) in Fie;, 1 arc simplified because no she2ring stress 

1•ill now oxist on the coordinate 3_ll2.::-les. The sinplifiocl equations are sho,,m 

in Fi~. 2, with the normal stresses acting; on the Jirincipal lJlanes clcsi,;natecl 

o;v er. am: {J;;: • Eq1.12tions ( 5) Emel ( 6) c2.n be illustr0-tec. gra1Jhic2-ll:r oy a 
l -· 

rnottoci dovolopecl br Otto Mohr( 2 ) uhidi is now kno1.,m as I:ohr I s stress c'lic'c;r2m 

or r:ohr 1s circle of stress. In this mCJthocl values of (j" 2.re rilottec1. 0J.c;.1p; 

a :-iorizoi1te.l axis and Vi.>.luos of ·t per3)endicul,tr to this axis. Then, if 0-j 

a"1cl. ::r~ plotted on the horizontc,l a.xis fror:, an ori{~in O, detorr:i.ine tho ~-
cl i c.1110t er of a circle, its radius ) . Al so tho cii s tr1:nce 

f:co,11 the orit;in to tho center of tho cL~c1.o will l.rn }( 1, + uj ). T:.us 

ecrn~,.tions (5) c.ncl (6), 

l)u.s sing th:.'OU[;h -~he point, in the case of :Jlr,i~O stress, i.rill l) e 1· cr,Hes ont eel. 

'by ;JoL1ts on tho circurnforonco o:+:' tl,8 circJ.e 1Jassinf; t!ll'O'\..\r):1 1Joint:} C ;·rnl D. 

Thus of al:i. tho norm;.,.l strosses actin,::_; on 1_··lcu1.c:3 l)a.sc:i:1c th:cou;!1 tho -,Joint 

,rill l)o the largest 2,"1c, rJ; 
J 

tb.e SL1c1,ll <JG t • er, is the1·efore known ;\S the 

othel' /JJ.a;_10 Tlas,:inrc; throu:;h t:rn )Oint 1rill have :,.ct".n:"; on it not onl;y norm,".l 

stress but also shearin~ stress. 

If stresses L1 three d.ime"1sions are co11sic'tered., it is founcl that 

on a thircl 1wi11ciJJal Tila.ne, 1rhich is per;Jenc1.iculc,.r to the otl'.<.er ti.ro pJ.cines, 

there will be zero shenrinc stress. The normal stress actin; on this nlane 

is :~nown as the intermec-:.iate ~wincig2.l st res::::, c'.esi:•)12ted. Oz , and may 

have <111~, vo.lue between ()~ a~1d .:G • Statical analysis 111 three dimensions, ... , 
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a three-dimensional condition of stress consists of three circles with 

diameters ( Cfi - ,s-3 ) , ( u, -C,· 
•·· 

- 1 2 ) on the horizoi1tal 
-·' 

axis. Ever;;r cor:1bination of st1·ess Oil a,1y )lane 1)2.sJinc t:1roue;l-:. 2, poiut in 

a static solid is re1)resentecl_ on the stress '.:1-i0,::;r2m by 2, point w:-Cic:1 f,.lls 

,.-·i thin tho area bounclecl b:r the three stres 0
: circles, 2s sl1oun in Fi~;. 0. 

If t:i.e interrneca2.te princijJe.l stress is ec~ual to either the n,.jor 

or the minor 1)1·incipal stress, all l)Ossible cor:1b' nations of nonv.l 

L1(; stress Hill c:v;2.1n be relJresent eel b~, :points oic. the circuMfercnce of a 

circle (J.efi!1ec.l by the E'.ajor and. minor :;:il'i:'1ci,J2.l i:,tressos E,S sho,n.1 in ?L;. 2. 

In most cc>ses in Do.tGri<?.ls testin::, eithe:.· tl1e J,2jor or the flinor 0 n·L:1cinc,l 

sb.'es::; is the result of e.p,ilied. loacl. 1rhile the L1t e:;:uec'.iate c:md the Teca111J.:'lf; 

princiiJal c,tress, on tho ~J:,.sis of externo.lJ.;y r,:-nliecl_ loads, c..re wru.rl to 

zero. I11 the 2,:ci0lic£,,tion of Soil l'ioche.nics to -~:rn solution of v; rious :prob-

len~s, the int8i'i,~2clio.te 1Hincipal stress can frcn_uentl~.r be as:mmod oquo,l to 

the rn2.jor or minor :'.::rincigol ntress. In ot}1er :n·oble:o-is in 'rhich a::bl s;rm-

metr? docs not exist oncl_ in uhic:1 -r:ilc,ne stre:.:; C,'.n~10t i:Je a.s:.:;-:,.mc6., the inter-

rnedi::1.te IJrinci:pal stress m,'."r fP,11 any,·rhci'e oet,,recm tho majci' a.nt Tt"iinor -,)rin-

cii)al stresses. 

ga.tinf; 2ncl showiw·; ,zra:_)hicall;r the li;;dtL1c_~ co:1,1.i tions of stl'ess L1 materials. 

It is de11 enc1.ent only c 0::. tho o::istc>.nce of c;tatic cci1..1.il5.l1rim11-, If the tr-:.ie 

internal :'.Jrinci1J,..,l str?sses in a r:1:-i.tcriel 2.t the :-:_JOL1~ of f,,;_lure o.re l-:noun, 

the cori·es1)0;1dinc; Molll' '. s stress cil'cle i-e-,,rosc;1ts clE:fLi tel:r the lirni tine: 

stress conditions for the ·iJ?,rt icul2r t~r~;e of loc.c1-in:~. Otho:· t~Tl_1Cc of lo2cl.ing 

yielcl other limitin::o; stress circles 2ncl tho envelo:,Jc of all s·c1.ch circles, 

knoun as the line o-:i.' rui,ture, includes all possible stress comoinajuions vrhich 
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the material Cc,n uustain. Such 2, di:\::~rm1 is sho,,m in.Fig. 4, with comj)res-

sivo rmcl tensile norne.l stresses -Jlottec\ to t:rn ric:1t and. left res~Jectively 

of tho a:ds fo:t zero e=:ternall~r aTY,:lied norcal stress. 

Tho prooerties of this di2cram should ~)e noted. uell. 1Toru2l 

stresses r,,re plotted on the horizonto.l axis. In the case of h?drost2.tic 

pressure only nornal stresses e~ist. Since there are no shearinc stresses, 

2.ll three ~wincipal strGsses nust lrn orrm:cl anrl t'.rn i'iolff' s stress circlo is 

anoint on tho l:..orizont2l 2,::1s. Conversel;{, in r, material w:1ic~1 h'.o,s :10 

rcsistm1ce to shearLv: forces 2,t rest (a liciuic"!.) the stj·es::es in all d:,_rections 

must te eq_nal. If, ir: c', c~:se of r,tatic 011uili liriurn, normnl stre,0 :?es ire 

various c1-i:;.'octions hr1:ve cliffe:ront r:1ac_nituctos, sl:or:,1,in,g stresses rmst • J_ 

GXJ.S v • 

stresses ''ill clcpend on the 2,oility of the mate:;_·iEil to resist shearil';.c:; 

stresses, in ot:~er Hords, on its shoc0,rinc; strm0 ':;th. TostG b:r 3ridc;m2n(4,5,6) 

on noterials under hyclrost2,tic 11ressuros of 200,000 to 300,000 ])Oum;_c: !_'C,r 

squZ'ro inch havo sho1,,m tl1.c,t h;1rclrostatic 2Jros,nres fe,r in excess of noni1c1l 

corimrcssive strenc;tns clo not cause n.,l1,t1:i_re or .,L.stic yielc'tL.1::. L1 fact 

st2.tic 1wes :ures is alr,1ost , ,crfect·.1y elc:tic. T!10re:fore ;:,, limit on the coD:-

prossion si~e of the normal stress axis is not prob~ble. 

Testing materials under hydrostc:1tic tcmsioY-1 is not fcnsi:ilc, 

reclucecl. a ~;lass s11here to an 11 impalp!.1ble po11de1,rr. r::1:iere m:e ii1al1/ other tost 

inclicc1.tions that a definite liEiit existr; for all materials on the tension 

side of the normal stress axis. The stress rejresented by tho distance 
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l:JetweeE this h3'}lothetic0,l 1mt 1,ro'oc.l:Jle tensile lit1it Emd the oricin for 

externnlly a:9plieo_ normal stresser; mr1,y lJe callecl the "intrinsic Y>ressure" 

of tho H".terial. * It depencls on the ;nhysic2.l 2,ncl c:1emical const 1.t,J_tion of 

the r.1~1,terial, its cr;rst;,,lline structure and i:1.te,0 molccular at':rr:,ctions. 

In ~_Jlottin::_--; normal stresses on Hohr I s stress, c:Ua-:-ram two ·:Joil1ts 

of vieu nay be taken. Jirst, the oriGin for nornv,l st:resses n2_y 1:e t:'.1-::011 

bein::_; \Jlotted to the rir)it of the orir:1n c=mcl tensilr, s-t;resses to tho left 

of the o ri ,:;in. Or s c concl, in the sa,Ti1e ,Jl o c it r,1aY o c co;rn id er eel t:1.~ t all 

stress 08 in the nc\t e:tircl are con-,Jres si ve a.nd tt2,t the ori':'.;in for e'cc cri1c1.lly 

2·,nliecl st:.'0ss is the intrinsic :r)resc:urc, assurnLig it to ')e O(lUG.l in ;:ill 

directions. From the second Joint of viev tension ,rill result o~ly in a 

rcdc~ction of tlie intrinsic ])ros-::ure ancl t:rn actuP.l strnss uill be cor11JI'E'S-

sion of a. snallei" mo . .a;nitucie. Tl1.us, if a c~rlimler is 102.d,xl in corn})ression 

in ths z-clirection, the najor nrinci:,iel stress 1rill l:Je equ21 to the aiJ 0,lied 

stress 1,lus tho intrinsic -,)ressure. Tho intermoclia,tc n.nd Linor -.,rinci,-Jc1.l 

stresses ii1 the :(- .rincl y-t'lirections 1 ·ill ~JC eccu2l to t:1e intrinsic -,,ressure 

-------- -----------------------------------
* In connection with the resistance of cet-ls to fn.il~re the v2luc referred 

to hel'G DS 11 intrinsic :i_Jrossu1·e 11 is c2llcc~ the "col:csive stron6 th 11 or 11 tech­
r_ic.:cl cohosi,-e strmv;th 11 as o·,r·oscd to Glle th2oroticc0 l cohusivc strea/;th of 
pure net?.l cryst2.ls. It is definccl_ a,s ':;l:e ultimo.to rGsist . ..,nco of t:·w metal 
to t,ri2,::j_;?sl or ~1~.rclros·C2Jic tc:1.sio11 and ~2.2,3 ~;e.__;:~ ttJ_)!_)l"'O:{ir;iated b~,r st~.,tic tc11-
sion tests on notclw:1_ spccinens in uhici1 tho notches VP,ry in 1le1·_i-t:1. o.ncl ancle. 
1:"1h1-3 strcr;~es in tl1e E1etel ir:1r:.o(Licttcl:r insi·~-e t:1,~ Jc,sc of t:1e ~1otc:J. ;..\})~Jroacl1 

h~rclrostntic tension RS the s:1.ai·:)nos,3 an<i. relative cle-)th of notc:1 incrEJases. 
(Sec ~1J. T:-r~_!1 t z e, ltI(o}1~~ s ion sf ns t 1 Ji t n , :cit t c.l~J_ngo11 .1_ or G_ e\IS cl1on ~ :c:G eria.l-
1Jrufur;s2nst alt en, Sonclcrlrnft X,'(, Juli us S'.:rinc:;er, :Sc:din, 1932 1 r,nrl rrsym-
,')o si un 0:1 Si,'ni:f'ic"nce o:C the ·:iension Tec;t cf iCcto.ls in :Rcl_cition to Design fl, 

1r,. 501-609, Proc. Arn. Soc. T. M., v.40, 191!.cO, -'.Ja::,.'ticuloTl:- :o, 515 of -Japcr 
C. :1. '.iac0-r,:y;or nntt :)• ;:;;;59 of -~,2.per o:v" F. :11,. Sc • ) L;. coi;11c:ction i:rith 

f::c,ilurc of soils the torr, 11 intrinsic -Jrcssu1'0 11 is 1Jr0ferc~olc to z,voicl con-- .. 

f1J_sio11 i_1i th t.110 ,roll c~;tc.'.Jlis!l(:d U82.GG of co11csior ... in Co1-1-lorr~o 1 s eq_u;\tion cts 
t~c sjGnrin~ strencth under zero normal pressure. 
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minus the stresses crcatec1_ by lateral cloformation of the cylincler as it 

o.ecreases in length. If this s2.me material is lo::1d.ecl_ in tension in the 

z-direction, the L1ajor and i!1termec1iP.te -,winciN°.l stresses uill be equal 

to the intrinsic pressure nlus the stresses due to lateral deformation 

while the minor :r:,rincipal stress 1rill be eQllal to the i:1trinsic ~,ressure 

r:1inus the crrr11lied stress. Thus two extreme concLitions in the variat~.on 

of the intermediate principal stress are obtained. Tests by von K~rmin( 7 ), 

Bo~:er(B)i 2.ncl Rich,'lrt, Brcandtz2~eg, ancl BroHn(g) 0~1 m3.role and_ cc~1crete 

indicate a cl.iffcrence of aJnroximately 15~ lJehreen lines of ru1;ture for 

these tHo conditions, neglectin{; the sl:resses due to latert·l clef0rmcdion. 

Their dD.te. are insufficient to ev2.luate the stresses due to lateral d.efor-

mations but it is easily :i.Jossiole that, if trrn intci'nal stresses were 

kno1Jn, a sinf;le line of ru::_,ture would oe ootained. 

:SxistL1e; theories for limiting conditions of stres:J in materi2.ls 

have rJeen applied :primarily to tests on met2,ls, They can lJe r,;rouped as 

follows: Maxirnum stress t!1.eories (Rankine I s 'cbeory r,nd va,ri;:;,tions) which 

assume that fhilure results from normal stresses exceedin~ a limitinc 

value; ma:dmllll strain theories (St. Vem·.nt 's theory 8nc1_ vo.rio.tions) Fhich 

assume tha.t failure rer.ml ts from lon';i tucUn?.l or shec·.rinc; strains e.-:ceeding 

3. limi tin:; value; ma:dmu11 enercy theories uhich assume th0.t sorne function 

of the energy of distortion limits the stresses \Thich material can carry: 

and shear theories (including Coulomb's theory, Guest's maximum she2.r 

theory, c'.nd Mohr's ,c;ener2l shec1.r theory) Hhich essurn.e that f,,.il1ue is 

governecl cy limitinG vc=tlues of shearin::; stress or of 2. corn'oinPtion of 

shearing stress cmd normal stress. These theories, e.s apr,liecl to r11Gtals, 

hro.ve been discussed in c:etail oy Westerc;aarcl(lO) 2.ncl r12rin(ll) ancl some 
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of their im,:ilic::1tions have been 2.112-lyzed ·by Gensaner. (l:3) 

The maxirmri1 st:i.·ess theories clo not take into account B1·iat~ma:1 ls 

tests P.t lai10;e hyclrost2.tic -,)res:.,ures. Maximum strain t:1eories ccmnot be 

o)Filiecl to :nrnture bec2.use ;Jan:' tests have sho\TJ.1 tl1at strain 2.t rupture 

ir: a :·;iven ri12.terial varies uicl_ely ,.·ith the loac'l.in·; conclitions. :i,·xi.nurn 

energy of clistortion theories irere clevelo1,ed to acco-:int fo:;_· oose:c·ve:·. 

devio.tions f:com thu other theoriE's of tlie results of torsion cmc, cor.1l)inecl 

torsion .:..me;_ tension tests. Hohr's t·;enei'D.l sher,.r theory, ,rhich conforms 

i---,cst uit:1 existin{~ test results for all ::-ia.te:cie.ls, JJn.s ahrays 1:,ezm ;xo,~lied 

to st:c1os,30s c'.t l'ailure due to external 102.ds, net~;ledL.1,0 : coi;,plcteJ.~r the 

internal stresses coused. 1)y cleforuetions ·,n·io1· to failure. 

2, nodific2.tion of 1:ohrls general she2.r theor;y. It hc1.s, in of:i.'oct, ooen 

:•)rose:c1tecl in t:rn }Jl'ecedinc :na:";OS. The tuo 1Jasic r~ocl:1.ficat5.ons of ifohr Is 

theor~ are as follo~s: 

(1) The frdlure sti,osses :i,lottccl in l:ohr 1s ru,_)ture clia;:;r2rn nust 

L1clucle intorn2.l stresses 0.1.,e to lr>.toral c1cformation '.,-irior 

to failure (r:100.ification oro1)osecl o:, th,, c1.ut:10r). 

(2) Failure is [;cverncci. ')ot:1 b;.' a li:·1itinf; cor;1bi1Ftion of non;ml 

ancl sho~1,r stresses, as :)l'OTJOsocl c:r Iiohr, c=mcl 1::i~, a limitinc; 

tensile stress 01· tensile str2in. (i:orlificatioa 1woyio::rncl by 

c)o-·l"o" ,, , ,.., '" 't ., c· ) 
'~ - .L c .nc. .'.)l cl1(L Zc.eb. 

':'ho first of these modific2.tions ,JX: 12-ins sinpl:r ancl clil·cctly tho 

observocl_ cloviations bot,roon tho r-:csults of to:i.'sion to~~ts on steel ,·.ncl 

Eohr 1 s theory, in vhich onl~,- st1·esses cl.uo to e::to:::11c1 l 102.d.s e.rc co~1sidered. 

Su:ficicnt test d~ta ~re not yot available to prove that t~is mo~ification 
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accounts comiJJ.etel~r for obsorvoc1. 0.iscre1xcncies caused oy the two extreme 

conditions of tho i::'.1.termeci.i2te ,n·inci·,,al stross in tension e.nd oic,xial com-

1,rcssioil tests rci,s com[J,'•.rec"c ·rit;-1 co,,F,rcs:3iOi;. cine-:.. tria:d2.l comY)ression tests. 

The second moclific2.tioj·, ''hich incluch·s +.he intrinsic prcsr~uro 

h~rpothcsis ,loscri'bcd in the precedin:c: ~)ac;es, accounts fo1· rnc.ny o'brwrved 

~henomena in the failure of brittle materials like cast iron, nctural 

sto:..1e, co~1crete, and Dc\tural cemented sancl.s. It is a conmon obse:c-vatioi1 

tl,;-it verticel tension cracks ",·,,··ieaJ: on t'.10 circumforentii:.i.l cur:fe.co of a 

concrete c~rlincler iL1ned.L':d;ely ,wio1· to failure in sLi1J)le com,:,ression. 

::Chose er, cks c1.rc c2.usecl b~- the c~.rcum:fcrenti2.l :-. ·ere ins 2.rni stresses u~:..ich 

ri.ccou,x\ny tho incre,,,.se in clim,,eter of the c~.clinC.er es it D.ecreasos L1 longth. 

Their result is ori ttle failure at 2:,Tiroxin.tely onc-:1eli' ,Jer cent strain. 

'.2csts on r:1,1.ri)le, sanc1.stone, 1-1.nd concrete (re:'.'erenccs 7, fl, and Y) show that 

tlwse ,1w.tc;_'ials, which r,ro :irittle L1 sinJ)le coqJrossion, cm1 su.s":;2i:1 a:dal 

stj~;:_,:i.ns of t:wee to seven pe:r cent in tri,::iPl co,'lJ:i.'ession ui thout dis into-

Concrete specimens in these tests i:ul~ocl later :11:r uithout ru,)-

turo anc"c, uhen rctcstecl in sim11lc corn~wcssion, suste.i_nc,o. ?.n c1.v.~ra5 e of . 

si::t~r-nino p:::·r cent of tht; rn8.::ira,rn J.oar'. c,.r:ti.ccl by tmcloformocl.. s·oecimens. 

T~rn re,=\son for tho cli2.ni;o froL1 iJrittlo to :nlostic 'Jchavior in tria:~i 00.l 

coroTwossion is fou.nd in the latcr2.l TJrossure. This prcs:,1-1.ro, e,d.c'.ocl a.l[;e-

"ornicc.11;;' to tho racl:l.al ancl circurnf.Jre,1'Gia.l tcnsio:,1s rosr,ltL-;.E: fron c"..cfor-

n:o.tion, prevents intcrn1.'.l lo.toral stresc:os fror,1 rca.chin.c: tho lirnitiw; ten­

sile strow;th. 

tric:..'dal cor,11::1rossion tests on nr'.turc,,l cl,,~rs c:,.nc. on soil ~,1i::turos. 1-:any 
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fi:10d con9rossion tests lJecor~e })roc;ressi vel;r more 1-112.stic 2.n triaxio.l com-

press ion Fi th incro2,sin:c; l2ter:-,.l :ciresr;ures 2,ncl decreo,s,.ng rates of C~eforrna-

tinn. The 1·es11lts of tri2,xi2J. co;.r~1rossion tests on se.ncl ;,,nd e:r2,vel r:~iJ:tu.res 

ere 2,lr:10;:;t cl.ul")licates, at a different sce,le, of the resultr. of similar tests 

0:'.1 co11cretes. Therefore tho uodifieL1 gcmero,l shear theor=r seems 1··ell ac'J_,..,,-,J-

st:.-en_;th of soils is ;o Sj,oci2.l c2.sc oc-:. the rnoclifiod t;enor;,l sl:..oc1,:c t;::eo:,.·y in 

t:1;:a.t eo__1M,tion (1) ro1woscnts 2 rupture line whic:1 is a str2,ic;L.t lLrn. 

R::::SULTS OF TES~S OW SOILS Alfi OT~-:ER 
Ei:TG-BT:S::-J'.DW· iiAT::.::::S.I.ALS 

The o::tent of o.:,_nlicc1.l'lilit:r to soils o:~ tho Coulom'o theory, as a 

fits test results 2,no. fiolc-:. behavior of soils. Othoi' co:01;1011 cngineori:1[: 

J. • 1 rn:·.ucria s '.rhich o:;:hi 1)i t f,ci,iluro })lcenomena simila:.' to soils ;-,.re loss co1,1~:,lex 

in ch:·ractei', 2re f2r:1ilii".r to a.lJ_ cmr;L10ors, ancl_ havo '.Joo~1 thoronc:1ly invosti-

r::r.torl.. Thoi·oforo 2. 1·cvic1-r of results of tests 011 s1.1_ch r.mtcrio.ls provic'"os cl, 

close TJar:--,lJ.cl to soil test results rmcl. cl. ~1reliJY1in0,ry sur·:cy of thJ cl::_wli-

cabili t~r of Coulonb rs t):oory ancl the moc1-ifiocl c;enor: 1 shear theory to ;-,_ll 

cn~inocrin~ m~teriRls. Tjoso test results arc Drcsontod in tcr~s of strossos 

clue to o:ctcrnoJ.l~r !1.:r:nlirn:L 102.ds boc;0 use the clr,tci. P-ro not suf.~iciontl;y co,rri,loto 

to ovc_luo.to the 2cJ.0_i tio~12.l stl·es,rns Ccl::.1.sccl bzT c'.c:i:'orr:12,tions ·,)rior to f,.'..iluro. 

The r,1ost cor~~:ilcte torts 2.v2,ilr:.blo on b:dttle r12teria,ls h.:we licon 

,,rcviously r1cntioncC:. (rc:fcroncos 7, 8, 9). Fie:. 5 ,.nC:. 6 sl'cO'.! t:10 :-csu.lts of 

Fie:. 7 sho·"rn the results o.f tests on throe C0'1.crcte r.1i::es o;r Richert, 

:i:iecll circle of st:ces ii1 these fisures re:)resents 
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the stress conditions at failure for one test or, in the c~se of Fie. 7, the 

averaGe of four identical tests. Tho effect of correctin: the circles of 

st res'~ f0r the aclcli tion::cl strGsses c2-1.1.sed oy a_eform2.tions ·,rior to fa.ilure 

woulcl be, for oac:~ test, 2. clecre2.se i.E the minor principal stres0 micL c,n 

L1crea.se in t:1e cli2.mete:c of the stress circle. ':'he ch::cng::s in clL:::.1et2r 

sive stress or tensile stress. Fol' 1.mconfirnolL com}Hcs:~io:1 t·3st:.o ;:c;ic1_ tests 

1.1_11dor sr:1211 12.teral OJressures the~' ,.roulci_ -)e liuitec'c 1):- the intrinsic ·,),~Cssurr;. 

'"~ro11.::_1 of tests 1:ould to 2ffocted. 1.I:hf, r·esults o:i:' tho t•csts on co:.1.cro-;:,p, indi-

CQte thc.t Coulomo 1s co.uotion :,::,roviclos 2, ro2son2~l8 f 1xn1·oxir~-tio:1 for tl,c 

streGs conclitions 2t f;,iluro. Coulomb ts OC'~uat.ion ca:.nr,t be ;,,p,1liccl to the 

but the results do not conflict 1dth tho aodificG. gonoral s~oar theory. 

1'Jhilo tho resist2.nce of steel to ct,)-,,lic1_ strcs:;cs is nnlike th:a.t 

of soil, it is a m.?- t ori2l fr.r,1iliP r to ;:,,11 cnc;inccrs. Fie;. 8 sho 1.'s rosi'..lt s 

( l ';;) 
on st eel l)y Socly !'!,11cl Putno.m L,, in ,rhich st:cos:.; s ;,t, tl:o yiclcl 

,JOint r,'.'thcr than at ru1ituro a.l'e '[Jlottocl. The full line stress circl ,s ,:i_re 

'.Olo~.tecl in terr.is of exter112ll:' ap-c>liecl stj~Os,Jes sl1.0 1 rL1,:· 1,01' tho results of 

torsion tests clo not confor,,1 iri th Hohr rs tl:eory. r::'he s2r,1C rcsul ts are shoHn 

by cl2sh li:1es ''i th the tensi0n -:,net curx)ressior. test rocmlts correct eel for 

lr,toral c:tressos d1.::.e to i.1.eforraation. The torsiol1 test results tr_on coincicle 

ti2.tos the mod.ified ,o;ener::_l shecu theory. The shaJJG of tho rn.1iturc line for 

steel beyond th8 lh1its sho1111 is not l:now!lo 
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TurninG to tho re:rnlts of tssts on soil, Fi2~. 9 2.nd. 10 shou linos 

of rrn,turc cloterr:iir.cc1 by t2sts lJCj:fornccl. una_cr -~he ,",uthor I s r:lircction on 

looso ,,ncl cJ..enso Gre:vel. Fif:C:• 11 shovrs tho r;:;::rnlts of 'ccsts on 2.n[;"J.lcr s,nd 

founcl :"T~·,i_nocl s211cJ..s ·Jy W2,tson, (l4 ) In reference to tho curvoc1. Eno:-.;, of 

rc1.:·1ture ~ratson 2ttributos the c11rv2turo to 2.nisotro)y ca1J_::rncL t:r orLnt::cion 

c!.ons c 2)1~~u.Lw SE:nd ,'lnd_ 1 e2.s t in round crc1incd r,12, t orinl. :Sok er and Jrc1.i:cl t zac:.; 

h:wc ,'l.lso studiccl carefully the effects of 211iso,cro1'.)Y on the lirni tin,c,; conJ.i-

tions of s;-,rc,ss. Th:: m2rkccl. simil2rit~r cet,-.roen tho rc::mlcr. of tests on 

crrn11li'.r soils shovn in Fi:'.';. 9, 10, ::-·ncl 11 2nd the :ccsults of tosts on co:1-

crctc sho1m in :;"i 0;. 7 shoulc1. lJc notcrl. Differences 2JT)c,:c onl;y in tr.c co-

heGi ·,o effect of the concnt in proviclin:; s:1ec1,rL1r; stro:i.1;:t:1 uarlor zero non1E·,l 

Dr~.ssuro 2ncl i,:-1 ti.10 1-,.bsoluto tmgni.tucles of the st res~ es. 

In Fie;. 12 tho re:sults of tests on 2, clay ty,,ic:11 of ti1osc u:rnd in 

e2.rth d2.r:1 and ::;ta:)ilizecl roe.cl. co:_1Struction 2.re shovm. Tl-'.ic soil ,_r2.s cnmp2.cted. 

i:1 cylinclric2,l molds to tl1ree cUfferent cl.ensities 2,n( tested in :. rel:,-~ivoly 

clr~r condition. Fig. l.'.3 sho"s the results of tests on the s2.me materif'l 

r:iixec1_ ,,ith vc117in:;; :oercent..-,r;es of 2. bitunen ,,ncJ. testecl reL0.tiv8l:0 dry :encl 

2t R :col2tively low ~ensity. Both Gets of results a:ce almost identic2l to 

the 1'esnlt,:; al the tests on :·;ranula,r soils. :;:;he ir::-,)ort2x,;_t c1.iffc::c:1ces 1,ehreen 

the ~,iroYJerti.os of clay :0.ncl :;rc,.rnll2,r m2.teri2.ls ,2·:Y·rnar onl;y· ,,hen the voids of 

the cla:' nre filled. 1.ri t!1. ua.ter. TheTefore the lirni tin~ concl.i tions ol' stress 

for nc,.tur;:,l cla;rs and s2tur2,tecl soilG '.-.,:1icl1 c,.111not clrcdn freol;r r.mst be 

a:1aJ.yzed by so~J?.ratinr~ the effects of 2,,-:liccl sti~ess on nL1erri.l c;rain struc-

ture of tl-:e soil ,~.nd on the ir2.ter ,.,hich fills its voicls. 
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R::;;SULTS or TESTS o:~ SATURAT::O SOILS 

At tho Fourth '.'.:1ex2.s Conference 0:1 Soil i:ochanics 2nc'c :;;'ouncLP.tion 

Encineering le.st ?02,1·, Van Au.ken ( 15) nresented tl10 results of tests 0:1 satu-

ratucl co:1osionless soils in vhich }Jressures in tho w2,ter filliiv; tho soil 

voic~s ,rero vc:·,ried in aroi trarJ uays r,,nd ue:te ~ieasur,:,c;_. T:1is ,.rorl: clovelo:Jec:I_ 

fror:1 c1.n an2.l;vsis 'JY Casae;r1°.nde(l 6 ) of the possilJle effects o:f lar:~e :Jore 

·~ter prussuros on the shearinc resistance of cohesionloss soils. Pressure 

L1 stc1tic w;:-,.ter is e(]_ual in all directions. If 'rater in the voic~s of a satu-

ratecl, s:,rossec:1- r:1c,ss of soil is under pressure, the effective normal stresses 

c2.rrie6. j:r the miner2,l grains (see refe1·once 17) uill lJc equal to the 

stresses clue to exter:i.1all;y Lp:9liecl, loac1s recluced eo,uc:,J..ly in all direc:,10~1s 

by the anount of tho })Ol'e ·ratcir :r,re::rnure. In ten,s of the linit~ r,,'?; circle 

of stress for a specific lo[l,cline; co11cli tioi1, ecual rec1.ur::tion of all 110r:.1o1 

stresses ri1G;ms uovin-; tho stress circle for e::te:.:nall~r ap,_)liect stress,Js 

touar<'.. t:rn ori:_;in 1J7 the ar:1ount of the stre::,S Cc\rriecl o:' the 1 '2ter. J'c"'ilure 

occurs ,,hen the stre~;;; circle cori,ecto1.l for t>o stresl'os carried lr.r the, 

1,ate1· beco::10s tccngont to tho line of ruptu::.·e for tho mate1·ial clotu·winecl 

b~r tests in uhi ch pr,; s r:mres in :r_,o re ";:,,J; e:, clo i10t ,,xi,; t. V c'.11 Aul:cn I s t c st s 

2.:1c1 o thcrs bave su1rnk.nt iat eel the conclusion -~h;:.,t H'.',t er fill int; ·cho voids of 

cohesionlcss soil has no otlier effect oi1 its s::earL1r· strmv;t:1.. i:2:10rci.'ore, 

if pore 1.,otor ·)rcscu1·es in G2"turatec1 cohcsio"1lcG,, soils can be T:h,2.surocl or 

c':.etenninecl by some other mcc.ns, tsst results c2,11 be corrcctecl to ·:ive the 

true limi tL1c concli tions of stress. Siuilc>.rl;;- tho lirni tilv~ conditions of 

stress can 10 used in design analyses if tho nrcssuros in the nore ~mtor can 

to cohcsionloss soils is not affoctoct 1)~' s,·"t,_n·,tion, Drovicl_ecl correction:·; aro 
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macle for pore 1-mtor :9rcssures • 

.An analo,;ous situation o:dsts with ros~,ect to saturation of clays 

out, d.ue to tho h1i)orvious ch;:1,r2cter of r:ost cohesive soils, 1,orc wator 

i-irossurcs h~1vo not been r102surecl successfully 2,nd 2,ro douol;y impork,nt 

bocc-.uso of tho tondenc~r of such soils to cornn:·ess 2J.1d transfer stress to 

noro uatcr under norm2l e.s iroll o.s s.c·,carin6 stresses. Fi6 • 14 shc;rs tho 

results of t,-ro sets of consoli0.a.tcc1
. q1J.ick triaxi2.l com-orcssion tests on com-

}X\ctod clEW us eel for 02.rth clam co:1St:::uction. 'I·ho first sot o:i:' tt:sts, shown 

by dash lines, t~s norforrned on specimens 85% satur2ted. The second set, 

sho,m b~.r full lines, was pGl'formecl_ on s2,tur::,teC::. s:9ecimons. The olJsorvccl 

recluction in st:·c;1gth is a.uo pr.rtly to the stresses in tho pore u2t ,:r, fol' 

1rhich no correction ,,,is rnado, 2.nd p·,.rtl~/ to t:10 olirninc.tio;·. of c,:.}::,illarz· 

fol'cos b;r saturr·tion. Simil2.r results ,,ere sho,_,,n o;" Vron Adcon(lB) for cor.1-

~acted soils used in tho Denison Dam. 

The rcs,ilts of tests 0:,1 a Hi"'tur2.l se,tur2.te;d cley 2.rc sl1.01-m in 

Fig. 15. These tests on un~isturbcd sar~lcs, 02ch sot of tests boinf vcr-

forr:1ed. at a different r2,te of strain. '::he uncorrected results a:i:e sho1m oy 

the full li:1e circles ancl lines of rupture in Fig. 15. The results show 

th2.t the slower r11.tes of strc:1.in, uhic:'l ·ne1·r.1i t ::1ore ',.'ater to flou out of the 

coi1soliclatL1g cl2.y a.ncl t}n1s reduce pore 1·.rater :0ressures, ·oroduce 1.:irger 

resisk,.nces to stress. These test results have oeen correct eel a:;;i:woxirnl0.tely 

for pore ''2,ter l"lressures o;y cor1iJarin:; the tri::'.>xiro.l co2:wession test void 

re.tios with the void. ratio-1)ressu:·e rel,·tions:1ips obt;:'.ined from TJc:.T0.llel 

consoliclation tests. This ap1wo:dmatc method of correction v2s clevisecl by 

H. H. E:u(l9 ) unc'.er the cJ.uthor 1 s s·u.:pervision. The co1'rectea. results are 

shoim by clash line circles ,0.nd lines of l'U})tUl'O in Fi[;. 13. Tl:e nverage 
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corrected line of I'U})ture for all :::i ve sets of tests is shotm by straie;ht 

ctot-dash lines on the C:.iar;raL1 for cP.c:t sot of tests in ?ig. 15. The results 

ha-,i·e not ".'rnen corroctod for the radial and. circu.,-:1forentie.l tensions cauc.ed 

by deformations of the specimens prior to failure. 

If results of the t~":".)O sho':m in Fig. 15 D:to to bo a1)1)liec'.. to irob-

lems iilvolving the shearin~ resist~nce of natur~l uniisturbud cla;-s, an0thor 
\. 

co,t1J)licc.tion enters. The aver:"'ce ;'.laturaJ. voiJ.. r2.tio of this clazr is 0.759. 

The void ratios at r;,a:v::inn.1.In stress cor1·es1,oncline; to eu.ch test circle of stress 

2.re sho1.m in Fig. 15. Table 1 shows co;.n,lete r,;verc.\:;e data for the q_uicJ--: and. 

slow tests in this series. Ilotl-:. tho voi( i';,tios r.t one per cent ,;tn.i:1 c:·nd. 

e.t naximur,1 stres13 in these consoliC.e.tecl "i:riaxial co~rnression tos~s arc 

clociclocay smaller than the averc1so initirtl voicl. :,'c:0.tioo Sone of t::.o increar;o 

ir, str(,1-::;th with inc1·egsinc; L-1.teral ;wesr.mro iG causeo.. 1)y the later;-,,,1 st1°ess 

2,fal sane by tho clecroase in voicl r: tio. 4t present it is ::.rrnossiblo to 

senarate the effects of these two factors. 

If the ch~n~es in void ratio a~e ne~locted, the results i~ ?ig. 15 

sho" that Coulonb 1s equ2,tio21 describes the sbea.rin{: strength of :1r·tm~8,l clny 

with "l)r2ctical accur~1.c:,. Because of the cl1anc;es in void ratio unc:er t8:c'.t 

c:-·.nd beco.uso of inevit;:-,,ble pore 1rc·ter 1we;;sures in 12.rge '.i"lasses of no.turel 

to clays assuming ,p O. This recor:mendation as,au..,""los thn.t all nornal 

stresses in clay due to ar,·,_,lied lo,.J,ds are transfe1·recl to tl1.e ~)ore Fater 2.ncl 

tl1.at the line of ru-,,ture is p::,rallel to the l,orizontal axis. '.::he s:1e.::,rii1g 

strength of the clay is thus deterninecl '.)~r the res1"'"l ts of an unconfined coJJ-

l)ression test on a gooct undisturbec1c sami)le. Terza1:::hi Is recommenJ.n,tion he.s 

been confirmed by field observations. 
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of 

tr sscs lcsG t~an t~eir s~e, 

str~ssas ~nd defor~~ticns ~~vo not boon irrcludo[. 

o/ 

CC2TCL~JS I0:7S 

"" • J...J.'...- in t~a P)plicRtio~s, 



T.A:BL:'J 1 

AV~'l.AGE RES1JLTS OF T3.IAXI.AL COMPR:2S3IOlT TJSTS o:r u:mISTU:RJ!Tii) CHICAGO CLAY 

Noto: All s1,ocimens 1.:ero prep.~.recl_ f:,_·om one 12" cubical u;1d.isturbecl s:;,rnple 
cut out b~r hancl in Chic::1.go Suova3r excaVc\tion. 
All specimens uero full;,/ consoliclatud ·,rnforo test. 

I 

I c 7 r,..-1. 

-.---------.-~-----·--
Katural void 

ratio 

Eyclj:o ::; tri. tic 
}_)rOGSllJ.:'C 

Tyoe of test 

Modulus of 
de:foLmtion 

*Voill ratio 

*Poisson 1s 
rc1.tio =;( 

*Str0sc, in 
pore u~'.tcr 

*Laton°l son 
stros:-; 

*Vertical soil 
stress = aj 

10.762 0.762 
I 
i 
i O 
I 
I 
I Q,uic1:: 

I 
I 
I c. :-1G7 
I 

i 
I 2(" 7 I ,o. 

I 

!0.752 
I 

i 
! 
j 

0 

27.5 

0.762 

I . . ~ ~ 
I o.5 
l 

0.755 

0.5 

Slo,.,r 

I I 1.0 

I . I \:;,11.i c: ~ 
I 

1.0 

SJ.ow 

I 
I 

2.0 2.0 

I Qui ck Slo'r J Quick 
I i i 

O.S40 0.372 1 0.7220,76811.10 0.90 

I I 5,1,.0 67 .2 
I 
!o,708 O,G85 

0.46 0.31 

0.52 0.50 

I 
I 
1-0.02 o.oc 

I 
I 0.52 0.67 

! 

72.2 76.3 

0.38~' 0.690 

0.·'.1:7 c. 31 

c.69 o.s~ 

0.31 0.36 

1.03 

!. l10 
! ""'-' 

' 

i r-. ;:. r· i:::: 
· U, ·Jue:_· 

90 

o.,'JJ o. 32 

1.09 o. 78 

0.91 1.22 

2.01 ;~.12 

Modulus of 
oL,dici t;v 

126 7 ''7,r. ii r,4 ::: E !J. 0 ..., .., 

: o.46 o.c2 I 0,73 0.92 

67 75 90 

M2.x. ::iovjator 
stress 

I 

! 

; 
I 1.2G 

I 
1.50 1. G2 2.GI.'.: 

j 

'1. 0 

l C•) o,J 

<LO 

1 c." _,:Ju 

163 

C.370 0.575 

2.26 2.71 

3.88 4.34 

176 282 

3.13 5.31 

Void raJ; io at 
max. stress :o.762 o.762 10.703 o.670 

! 
·-- I ··--·-·__j 

10.672 0.6JO 10.587 0.573 J0.533 0.512 
_ __j_ __ _ 

All stros;rns Pre si ven in kiJ.ogr;::ns pm: squr,ro contirnote::. 

* L,dicatcs v2luos from test r;:;sults r,.t 1.0 -r,cr cent st:.,.~'.ln. 

i.ioduJ.us of clofornc1tion = sJ.o=)O of llovi!,tor s'cross-axL,,l strr:.in cu:L·vo. 

!1oclulus of elasticity con,J1..1.ted :i:'ror,1 
) . 
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3.a~rrnoncl F~ Da·uso11 

As,rnciate Professor of Civil IJnp;il1ecrL11_,;, 
TcstLv; Encineer anc1. kosistant Jirrictor of the 

Bureau of Sncineerint: Rese,~rc:1 
'.i:he Univerni ty of '.i:e:cas 

Austin, Texas 

•· -,n 
(.,_L '----' full of rcco:.11nem1 Gl'. boar-

en).;1ec1·u ho1.r ,J1j_~~1 lead a 12", 50 1:)., I-be2.11 '.,oulc1_ carry, a,16. ;ive nothin[; 

t;Lin:: it c.,1JG1L'.'Cl, It is evon i1ore absurc:'c to a·:]: rol' tho bc2,1'ing }JOFer of a 

soil for in tho case of tho I-be2.,r1, :;rou. at le,.:..c-:t have u. u:t1iform m[1te:cin.l. 

Soils al'O st:lclom nnifon1 in oithor ck·ra.cter of T:e,t.,rial, st:;:uc-

turo, or r.:oistn;.'c content. 

ma,::, oi' ,:tecl, Fooa_, co"1crcto, aml stone, ~ on ''Onld certainl~' h2sit,~.to to 

110l'S8 than is often encow.1tcre,1 i:j soils. 

c=rn(. nont}1s Lc:s:i.z_·;niw_; e. snp.?rGtru.cturo of sto,)l or rcL1forcocl. concn::tc ,,J.11 

a3:: for a sirn11le tost to doteionL1e tl10 bcz. rLL; c:,,1w.ci t;' of the Boil a:ml 

T~lis clesiro for a sin~Jlo to:,t locl to t:1.0 c:Jtr'.lJlirihinc; of the 

ficlcl. loac'.L1t; tost vhich consists of loaclL11·; r'. rclc1.ti·:o smaJ.l plate oc1 tho 

sito o:i:' tlw foundation. Roams ::ave ocsn Frittua [;Jrnut r10t;10cls of ,ial:inc 

t}1c,se tests, inr·c11ious c1.ovices have been cont:.l vocl to load. an( rnoasuro the 
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cli:mt :m-c.r "scicntific 11 stucl.7 o,' 

L~ coh.cr:dvo soils ,_,e;ro cl:1.stic, ~lOJ10:0 ·c:1cou,, rn,_to:do.ls, it i,01 1.ld 

If soils FC:i.'O 

This v:,luc uill 



3 

l1 is loc2,lit;;, the :field lonc'i.Li;c· test c,?n :_;ive condc:.e,ra'ble hel:9 2.ncl confo:rt 

ScttJ.ernrmt of a structure is c:1.usecl 1:!: 0 the consoJ il'i;:,ti0n or nlas-

a co: 1l,L1,,tio:;.1 of thcs8 conc1-::. tio,.s. Consolidatio~ results fro~ the GraiDs 

.c• 
ll..i.1F:1 voic1s anc1 

J~tion a~focts the ti~2 nec~ssary for cora0lete consolii~ticn in the field 

cU tio:1s of Oi ti1e 

ffl'OJ11 thi::; 

1;:,:ir:ary consolic'.2,tion under o::ich loall ir:lilc a, tuo foot sc,uclro -,1Ltt.o ,·ould: 

t82:e fro,.1 n:~no to twelve rr.ont:1s. Since loac.s :-· r0 ra:rul;,r ever loft on the 



ti. 

~l~tform over~ fov dayJ, t~cy do not ne2sure ~11 oi t~e consoliJ.ation of 

As stated ~afore, the Drcss~ro be~o~t~ ~ ;oot~n~ is ef~cc~ivJ to 

c~ 1 sc~ o~ccssivo sct~lc,cnt o~ t~c struct~ros • ·",' r, · ··''7!' ·>ai· ( l) '.'(· )O'c'.L ": +110 
......,1 ...... ·-~~.i.-..JCl,,_lJ- - _ .• 1.J V~-

its cxist;::;ncc,, 

1.1:cc .. 

(l) Procecd.in::c;s Arn. Soc. C. IJ., Octooor, 1933, J). 1%8. 
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,10.::t to the cor:1pr::JSsion T,OGt, thc:to is a {)'.'Oater J?O\Hd.bili ty that tho fiold 

102.din;~ test i.rill oxceecl tl10 ul tinat0 01~2.rinc; :rio 0 ,er of the soil th,n 11ill 

tiF· s ·'~ ructur e iri t}'.'. i +. s uicle~· r~na_ L:e ep er f m.1ndc. t ion. Ia a failu~e of this 

ty,e, ym·. r0 c:-·.y oe ~,·.ble to se2 the bulrL1f.: of the soil :.rouncl the 1_)ln.~e 

fr-: lures cal'.sed. o;' l.'"'.teral flrn! of the soil, the .Anh.ricc•n Societ;' o:i'.' Ji_vI.l 

teniency for \~e moteri~l to s~'J.eezP out 
.,_. 
vno 

i:1";,· sot~.J_e exccs2:ve~.;y ,rhile the structurn 1:Till ,,:,crs:, ;.·cl"civ2 si1,ll settle-

sPttlcrne:·.t of the st::.·ucJ·.ur,.c, ' . .'e ·~incl. t'..1[1.t: 

to t:10 1·2.tio \VA/a c:.u_ymcl:i.r.c; on the chrr; .ctei· 0.
0 t}:e :mil. 

,, ·10u:,1t ')/ set tl e:,10nt lL~ely to occur f ro1: tho c:ir•.sol i b.t ion of the ::;oil. 

( 'C'. ,:i1, c, .!'1. l' '., l i l.oc~ ... (1.1' 1'1--_·. + (' s .1.l, on ... ,_, • ~ •• ~ • IC J..\, _ v ' •• C, 

to tlle ch21·,·ct .:r m1d. conc1_i tion of t;1n sc,il fo:· a c-;.e~,th eC1_,:.al to td.cc -che 

11irlt].1 of tlw struettE'c ·1.nd if it is not unifo::.'L ;o:r tho entire ctc1,th, there 
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c2.:1 'De no rcl2.tio:c1 bet,reer. results of tlw loaclinr; tc:c.ts Emf. the ::cwessm:es 

(LI" :Bc,cause of th.::: size of l)lu):e 2nd conc1i tion of loo.din:;, there 

is 2. rmc'.: ,3:c'e2ter :rio~Jsibilit~r of she:--.1' f,ilu1°e in the field loccl:.nr; tec1t 

still insist on loadinc a one sq.ft. nl~te to dete~~ine the settlement of 

a 10,000 sn_.ft. fonn~'.,ti.on. 

CASE A: 

This :.s ,·. record of the rosulte in .~. S-".ncl" ,mil uhore set'cl2ne;_1t 

is c:.lnost L1clc.i-:)encl_ent o:: the loo.dud aroa. Ecnrcv2r, c:.uo to L 0.~"0i'S o:'.' clay 

encl s: ncl~r clay, t}i.o ctructu,·e ha:o settlec'c noro the\:·, uouLi occur }:c>.cl t:1.0 

fonn1:,tion boon on dense sand. "L1 19.:::~, the A.S.C.E. 1 s S})Ocic>.l COJ:1r1 ittoo 

lob.dine tests :-_1crforn1ecl. on ;1. :.milclix: lot ~n S;.n 71'''.ncisco, C;]_li:'.:o:cnia. A 

(2) :::.::n·;ineorii1c Hews, Vols. ::5-::6, Fobruc'.r;v 14, L391. 
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stratum of soft, clean, or sticky sand, with occasional layers of sandy .clay 

and yellow clay was enc·ountered. It was t est 0d at six different points . 

Under a loacl of 4, 800 pounds per sq.ft,, the set~lement of the bearing plate 

ranged between 0.04 a nd 0.17 inches, averaging 0.10 inches. For tho past 

few years the lot has been occupied by a 23 story buila_ing, :Dle.cecl on a raft 

founda tion, 218 by 252 feet,. exerting a pressure of 4,,800 pounds per so •• ft. 

(dead load only) on the soil. According to_Equation (2), the settl ement of 

the building should amount to 152 x 0 . 10 in.= 15. 2 in. H. J . 3runnier , 

M. bi1. Soc. C. E., Dosi Gning :Sngineer of the buildins , has fO"l.md t!ll',t the 

tota l settlement to date amounts to approximately 2 L1ches. Durin:s tho 

first year; the settlement uas quite rapid, but the r at e has been lesn each 

succeeding year. 11( 3) 

CASE B: 

This is the record of a structure in the coactal area of Texas. 

The soil consists of a layer of c;ray clay about 20 feet thick which contains 

a one foot stratum. of sand. Under the gra;r clay is a -sc,ugh red clc1.y extend-

ing down more than 100 feet "below the su::-fg~e, T·.:o f::..uld loading tests uere 

made on this site, lil"o. 1 usinc a pl~,te 1·1ith an m ·ea o·: 2 sq.ft . a::.1d }fo. 2 

with an area of 4 sq . ft. The results of these. test~ are sh0wn in Fi~. Ho. 1. 

According to the theory of ele,sticity, Pla te l~o, 2i (t~rn lar€,;er one) should 

have settled 1 . 4 time s Es much as Plate lfo. 1. Actually }late Ho. 1 settled 

more the.n Plate Uo . 2. This ma~' hav~ been car.sea. b~, i:), very small ?.mount of 

lateral flow under the ·smaller plate. 

The building rests on a mat c>,p;_):..·oxlma·~e~J 125 :fee~ sq_ua:ce a nct the 

total dead load on the soil . is 5,100 pounds l) Cr sq_.:ft. U:1:ier this load, 

( 3) 11The Science of Founcl..ations," Dr. Karl TerzaGhi, Trans • .Am. Soc . C.E. 
Vol . 93 , 1929, p . 275 . 
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Plc\te Ho. 1 (2 sc1,ft. area) sottlec. 0.107 inches 2nJ. PlP.te Ko, 2 (l1: SQ.ft 

area) settled onl;v 0.062 inches. From the el::i,stic tl1eory, HG vould exoect 

the stro.cture to settle 9.5 inches.usin0 the results from Plate Ho. land 

3.9 L1ches from Pl2.to Ho. ;:;. After P.bout six years, the avor,~ge settlement 

,~s about 3 inches and since then the settlement has been very srn~ll. Last 

ye,~r Jr. Te)~Za,J~hi ex2.ninecl the settlement recon1. of this structure ,·nd 

e~c:·Jresspc:_ the 01Jinio~1 th2,t the settlement uas essentially the result of 

elastic deformation r&ther than consolidation. 7he results obtained from 

actu,,11~- toJ:en 1:ilace. S:he smccller plate, howeve1', iicclicatccl 2, sott].erncnt 

f~r in excoss of ,iliat ~as ac~1ally occurre~, ond ,~th R set+lement of only 

0.107 inc:1es, 1:re o.re in no rJosition to s2.y th~i.t chei·c Ha.so. she,"r f,cdluro. 

CAS::;:; C: 

This is m1 isolated structure in the G·,1.lf coc:,.stc·.l )lace resting 

on a thick l,ecl of joint cl'-'.y. Borinr;s shou aoout 9,J feet cf tou.r:h red and 

this is ;::;o fee:t of sand follo1rccl 1Jy uorc c:'..e.;r 1 ·ith strea:;::s o::: s:mcl. Tho 

The unit dead load on the soil is 4,700 ., -
1.~JG. 

Five field loadinc tests ,.rore rn.:-1c1.e 011 chc si~c and consolicl2tion 

tests 1.101.'e r;iachi on undisturbeD. sorimles licfore c·)nstn·.ction.. ::?or o. :wGs:,.ure of 

4,700 lbs. nor sq.ft. tho field loadin~ tests tevo sat~lenents r~n~ing from 

0.08 inches to 0.22 inches. Tho test ~iving the hi~h)st value f~ilsd under 

2. 102.l'l of 6,500 los. ~1er sq.ft. in ,;rhEtt \.c\S cv:'..cl.m:tlz 2, shc2,r f;·:'..l1n·e, there-

fore this test uas not considerecl in th,, stud:", Th~ ctller four tc::;ts ,r;,o.vo 

an 2.verac;o settlement of 0.10 inches for a loacl. of ·~, 700 H)s, nor s(l. ft. 
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Fic;s. 2a sives the results of a typic2.l field loacl.inc; test, a,1d the ~wedicted 

sC'ttlement of the plate fron t:1e consoliciatio~, test clata. Gu.rve (1) is.the 

p:ceclicterl. tokJ_ settlement of the :912.te if the soil 1'8Te peruittr:c"'.. to com-

;:ilctely concolicl2te under eac~ lo2d ~~ile Curve (Z) is the prediction cor-

fiulcl loNlinc; test docs not ucasur8 ,",11 of L1~ sottl8:110nt likel:- to occur 

froo the co,so 1 icl2tion of the soil • 
...... .... _ 

lTui~·1c) t>Lo r,:,tio \t.A/~1. c~1:.(~ tt1.o ~::.rt;r~\ ·e oi tl10 i'iclj_ lo~\l'j_··1~-~ tc>st 

sottJ.cmcnk,, ,re ·roulcl. expect the structrrn to sc:tlcj 9 inche.:;. ~-~o-:cvor, if 

test, the c; lcul.'1.tccl scttl0mont vm..1.ld. Jc l? i:1.c'..1Cs. :?::om t:-ic 1::-Jo,::,to:.·y 

cons ol i(.2 ti on t c: t '.re ·)rccli ct 2. tot n.J. s ct t lc,ud1t of 5, ':" inchu s ,'.nci. to cc;,.t e 

theory of ,.l;:-.~tici t~r to clc'ccruino tl10 F tio of 3cttlcr10nt of two ,-:,;~c.as lo.-:,dccl 

h,.ve suc:'·;c:ntccl t~v'.t 2 series of fiolc1 loaJ.:inc; tests·;.,,:; naclo on v~,,ri.ou;; size 

a.i:101.at of lato:t2.l floH unclor tho sm,ci.llc:T ·d2.tm1 ·rhich ,·oulcl '12J:c such a 

:i:'c1.ctor 
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from the tuo fiolcl loadinc tests ,·rould result in ::_,rccl.ictinc: a sottlomont of 

11r2ctic2llr O for tho structuro. Also such a factor will not show the 

influence of a dee;) soft stratum as illustrated in Case 11D 11 • 

CASED: 

Case 11D" is an oil tmfr: in the Gulf coast2,l rerion which illus­

trc\tes the effect of e, soft stratum of soil below the surface. :c'i,<;. 3a 

gives tho soil conditions under the founclation. On this chart hti,s been 

plotted the :9ressure :Drofiles for thG cente:t of the fielc1 loadinc Dle.te 

cc.nrl also the center of t~1e founde,tion sle.b. These ;.;res sure profilec; uere 

cornntect b3r the Boussinesq equation Hhicl: 2,ssul:'les a perfectly el[l,stic, iso­

tropic ri1c::.teriaL Since ue have just :pointed out that soils are not 11er­

fectl;.r elc,stic 0r isotropic, we c,i.rmot therefo:·e ex_;1ect the charts to .,:ive 

a,n accur:.te picture of :10H the stresses vor~, L, the c,oil. Ho•.revcr, r;i_nce 

in Fi{C:• 3a we are com11c=i,ring stress clistributioLs in t!1e same materialsi 

they sl1ould {~ive relative values. Tl1ese :i:ires·.mre profiles 2,re for tho 

center of t:10 loaded 2.reas 8.nd are therefore m,ximum conditions. The 

2verar:o stresses in the soil should ~)El sor:1euh0,,t loss than those indicated 

b~r the CUl'V8S • 

From Fie;. 3a uo seo thc.t l1~r tho time we re,,.ch tho soft blue ,,Yuck, 

the :pressure unclor the ccmtcr of tl10 fi2ld. loacling pl2,to is about 0.1 con 

TJor s,1.ft. uhilo unclor tho foul1clation slab, it is aoove 0.9 tons :[JCT sn.ft. 

Duo to this concH tion, He wo1,1,,ld expect t}w soft blue rimck to l1avc li ttlo 

effect on tho sottlomont of tho ficlcl loaclinc; :ola,te vhile it uould con­

tribute the major portion of t!10 sottlermnt of the foui1a.2.tion sla·o. 

Fig. 3d is tha result of tho field loading test on a 21 x 21 

pl.c,.to. Tho load on the soil from tho t,:-,n1( Emel founcl2tion anounts to 820 



- 11 -

pounds J)Cr sq.ft. For this :pressure: the field_ load.in:::; test gives a settlc­

:-.rnnt of 0.1 inc'.1.. Using this value a:ac1-. che r2.tio fron tho theory of elas-

tici ty, ue wonlct ex::-iect the slab to settle o. 9 inches. :?ro,J Fig. 3c vre 

fL1c, thcit the founrl2.tion has actually settlocl L·or11 2 to 4 inches, o.nd con-

tinues to subsicle at a, uniform rnte. The field loo.di:ro.g test is certainlJ" 

misleading und.er those conditions. 

CASE E: 

This is a situation vhe1'e the field load.inc::: test exceedeC:. the 

ul ti11ate 1rnarin{=; cayiaci ty of the soil resi_:,_l tin:; in a. lPrge settlement o] 

tho })late. The structure is located. in ~Torth '.::exas and the soil cons~ sts 

of a meclium cL-::.y uhicl1. e:ctends well below twice the widt~1. of the footinss. 

The foumlG.tio;.1 consists of a series of S)Ot io0tincs locatecl so that there 

is i10 overla1J:'..)in{; Qf stress except tl1at fro~11 c11e a.,0.j Jining footing as n1a~r 

be seen in Fif. lfo. 4b. At the site of the field loacl.inc test the footing 

is l,'.:; feet below the surface. A r,.in shortly before the exc2.va.tion was 

cow)letecli softened tl1.e surL,.ce soil and nade it ayn,ear so wec'-k the.t a 

fielcl loading test was ora.erc,d. This test Wess naclo 011 a 1 sq.ft, })lo.te at 

tho bottom of exc,:1.vr::.tion as sho1.m in Fie. 4d. Contr,~r:r to the usuc,l ·.,ro­

ceduro for field loacli,1c tests, the tot,:.l load. of 9,000 lbs. l)er srJ.:ft. uas 

Dlaced on the platform in as short a time as ])OSsible. The settlement of 

tl10 ~)late is sho'lm in :?ic;• 4c. Because ol the l2r::;c anount of settlenent 

(;:;-7/lG") ,,_ncl the ooservec~ bulge (Fir-;. 4d), it is evia.ent thd the ulti-

rnr'.te be2.rinc; capaci t;;r of the soil was e:;:coded. 

Having cleterminecl the shec1rinc stron:o;th (:?ic;. '-le.) from und.istur-

000. snmyiles of soil t2.kon onl:r a fe,,r feet fror:1 the site of t:rn loac"LL1[; 

test, these d.ata were us eel in coHputi,1:; the critical loads for sh2.lloH 
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footb.(;s using curves clori vod fro1.1 the log-spir2l methoc1-. Those rGsul ts 

are for a {;81181',l f2ilUl"C of 2" stTip 102.d. 1rhich 1 re c1o '10t Il2VC in the C,\88 

of the s'l_u2.re be,2rinc; ::;iJate. Hoi;r0vc~' tb.c ~:;ener2l rcsul-'.:s for a ;.;t;rh; load-

in.:; 1 foJt uido c:rnc:: very closely to tho results obtP.i:1cc:L fror:i :--·. d1·c·1lar 

plrte ,.,itl: one sq.ft. are2, so tho 1:;cnc:'e.l cc1se 1.1;:,.s used for the co1,n,2:,:i-

so 11s. Zvcn tl10ugh the cctlcul.'.1tions .=,,rEJ in er:tor lJY o. co:1sic:Lor2.blc. ,"'r.01J_Et, 

it irould not e,l tt::- the conclusions. 

The :i:'ollowi:c.c:; table sho•:rs hoi:r incrcasi,1(; the 1ridth of tbo load.inc 

:0L:1te inc.1'e2,scs tho ul tir,12to beci.rin~: C.P,~)2c.i ty of this soil ,;hen tl:c ::::,lnte 

is 1_')l2ccC. on tho c:rnTf,::,.cc of the r;round. 

Width of Lo2dinc 
Stri ') in ::Teet 

1 
2 
4 
8 

10 

n ' C 't f .oOC rl11{i: C\~JP,CJ. 3r O 

Soil, Lbs./so.ft. 

3,750 
3,950 
'±, 350 
:), lL.10 
:S,530 

Appl~rinr; the concU tions of the field 102.dint test, Fe linc1. tlrn 

be2rinc c2p2city of tho soil to ba 3,750 lbs. per so.ft. Since this v~lue 

is bolou tho unit loacl used in the t~,:t, , .. 'C s:io, 0 ld e::'.",wct 2. s~1e;--r f::,il 11.ro. 

In f,"'ct, the 10 feat viclo footinr; uould :12.ve fr.iloc1 under the test lo;cc~. had 

it oocn 11lacccl on the surfr:,co. 

If t:1c cor,·,)rossicm plate is bolou the surf:1.ce of tho :';round, the 

1,rd:;ht of tho soil c1bovo tho 102,clin,:; })l;,_no 11ill incre2sc tl1e ul tir.12.to bo2.r-

L12; pouor. In tho c2,so under consicLor2.tion, this s1.ech~,rc;e hn,s 2. ~;rc2tcr 

influence o·: tho 1)Ci"'.rin,'.s C8?Jac:i.t~r thE',n t:w 1;ic1t:-i of tl1e 1;1.::;te. Tho effect 

of ·chc c,.C}Jth of surchc:,rgo s·J.rrounclL1::; the coE1.,rossion :_Jl2.te is as folloFs 

for a 1 SQ.ft. area: 



Dcptb of Surcharc0 
in Foct 

0 
1 
2 

8 
10 
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Be2,ring Ca)aci ty of 
Soil, Lbs./sq,ft. 

3,750 
4,,no 
5,070 
G,390 
9,030 

10,350 

Nov it is intcrcstin~ to o~sorve Jig. 4b and d. Tho coim?os~ion 

,Jost 1.rc1s I)l::.ccccL nc,:,,r tho north 1 1c:1,ll of tho pit 2,c1CL it 1rill be notcc1 thut 

t~e flo~ of soil •ms on the opposite side of ~he plate from this 1nll, indi-

fro~1 tl1e; r;ost. 

1.!i th D, foot inc 10 feet uiclo crna. 12 fc-.::t 'oGlo•, the Sl'.rI2.cc, tl10 

cnlcul2,tcd ultiro,,,te be:··.rinh ccpacit:7 is 13,450 })Ounds ~·1cr sq_,ft. As t:1e 

totr:l do:·.cl. ,0 nd live loac'l. on tr_c soil Etmounts to onl:, LL,GOO YJouncls :'lcr sq_,ft., 

iaco~sistant to ~ttach any serious i~portance to the shear f~ilurc un~cr 

the lon~ing test. 

Fro:n consolid,•.tion tests no,de 011 umlisturbccl samples, t:1c foot-

Li:;s vcro clcsir;nccl. to '~cc:) t:1c avcrc'['O rrnttlcncnt '.rnlou 1 
. , 
lDCD, Duo to 

s:occici,l co:16.i tions, hovevcr, it w,,s e,ntici·);:,,toc1 th2,t this foot in:~: uoulc1. 

settle. 2. 5 incl-.::,s. About on uonth after 'uhc stc,rt of construction 1 :hcm 

t~c tot~l dcnd lond hnd rc2chcd 2,500 l~s. n:r s~.ft., tho footin~ hnd 

settled only 0.10 inch. 

Ec;vinc 1·oachoc: tho con cl usi 011 t:12, t the fi old 1 oacl.ing to st m;- ~, 1JO 

v,ry mislcnclin:::;, you m2,y ask hou "8 cnn ostirn,te the settlement of a struc-

turc. First wo i~ust have complete l:noulod.;;e of the soil co:1c1itio"1s for a 
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cloi)th at least equal to 1L· to 2 tines tho 1::idth of tho structure. This is 

ossonti2l oven thou;;h yo~.1- clo not ex:cicct to molrn any tests because c'- soft 

strc:,tm1 c1t consid.ere1blo depth bolou tho footi~v-; ma;y caunc rlotrimento.l 

scttlori1Cnt. In the case of clco:;i bocls of uniforri cohcsionlcss materic,J.s 

(s2"1d 01.ncl gre1:vel), a field loo,ding test uill f;is:o rcasonr,blo inclications 

of the settlement of tho structure since in those uatcrials tho r2tc of 

settlement is almost h.cle:pendent of the load.eel E,reo. 

If tho soil is a cohesive material, it is necessary that unclis-

Pron the c:onsoliclc1.tion tests, 1ro c:n cc1J.cula,to tho o.nount Lmd r,:,to of 

sct·~lor.1cn-'.; lil:oly to occur from th,3 cor·:~)rcssion of the soil. It is osson-

tio.l th;::·t consolidr.tion tests bo m,,de on Oc'ch cliffe1'ont t~o of soil ,\nc', 

th;ct orou::;h tc :;·:; r; be i;1ade to got 2. fair aver,,;::; of o~:ch t:oo. Tho rclia-

bili ty of those YJrcclictions irill clopond on tho 1-1 niforr-:i ty of tho soil, the 

c"'ro usocl in selecting tho sc'mplos so tbri,t tho te;st specimens ,ere ro1;ro-

sontc1,tivo of tho existing soil, and •iliethor or not enough specimens ~ro 

test eel to obtaL1 c\ rclL,1,'olo 0,vcrc1,;;c. Errors of 10 to 20 pc:' cont c1rn con-

s icl creel oxc opt i onalJ.y [O oc1. cc t iTJ2,t c, s rind 110 cam10t e::pG ct to clwc': c1,s 

clor;cl;r n,s uo did in C,~sc ncrr eve,.1 thouc'{1 tho soil is uniform in ch(i,rrcctor 

ove:i.· the cntL'c c1.roa. The clifficulty of ,·,,:i·,J.ying c.nd intorprotin:; l:,,bor2,-

tory tests boconos veT;;,r r;ro2t 1rhcm the s~ to is unclo:clnin by irrc.:o;uJ..~,r 

lenses of vc,17ing and di verse soils, l~r'rticul;:,,rl~,r uhon those lenses r'TO 

12.rgcl;y cornposocl of mixtures of snnd r'.nd clny. Houove:r if tho ostim:,tos 

·,01°0 off 100%, the predictio:1S would ;:;till :rn muc::1 closer thrcn you uould 

prob0,bl;y obto,in from ;,, field 102,dinc: test. 

If there is cl.P,nc;or of lntoro.l flowin:~ of tho soil, its ultim2-te 
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bc".rinr; Cce}Jaci ty should. be calcul2,tea. c1.n,i the unit lorcd ko1Jt belov this V'.:'.lue, 

In orcl0r to c2,lculate the ultiQi',te b2;ninc c2pacit~r, it is necoss::try to know 

the she2rin~ stronf_~th of the soil. She2,Tin:3; stre:1[;ths on uncl.istm·bed SD,mples 

mccY be d.etorminoci b;cr the cUrect shear test, unconfined com1Jrcssio;1 tost, and 

tri-axial co;:1prossion tost. Al tl:ouch investic;ato1·s ac;rec tiw,t tho bost 

results arc obtained from tho tri-axial comrnessinn test, thoy aro ::i.ot :.n 

accorcl &,S to irhich is tho more ·,)r2,ctic2,l test to use, On cohesive :-1atcrials 

it t~:i,.1::cs cJ, long tino to com:)loto tho tri-a .. xi2l cor;1:9ression test; thoroforG, 

it is not r·onor, J.l;y us rel_ cxccOJt on larc;e structures such as tho Dcni,rnn Dar.1 

or i.n inrnstit;f'.·>:.onal vor::C:. It is ~rnlio-:od tl1::.t tho avorac;o oi' :1 nurribor of 

tests 1.rhich require a minimum of timo to make, ,.,ill {:;ivo a cl0!."'ror ·oicturo 

of tho soil co~1c-;_itions t:'lan uill a fou of' the nc1·0 accm.'E:to tests. Dr. 

'.::e:i.'za:::;hi prefers a 12,rco nunbor of tho unco11n.:1crl co:-.,nrossion to:,ts ,\nc1- ho 

clooc not consider 25 or 30 tests c>, l:.rgo number. In cenoral, only shallow 

exce9t in tho c~se ol extremely soft soils. ?or l2rce bo~~inc areas, p~rtic-

ulr1,dy 2t sor:10 6 .. e-r-Jth and in plastic soils, tho so.fe loo,dinr: uill 110 limited 

by yJormir;siblo sottlcr.10nt rather than by soil drongth. 

It rociuiros at lc.<:,st two Focks to 1;1c\2:c a consolicb,tion test and 

c.~l thoui;;h D, nurn .. o or of t cs 'Gs r12.y b o run sinul tc.i1cousl3r, s ovors,l veo~:s ,.' re 

necessary to conpleto ce, series of tests ,·,ncl. t~1c c2.lc'\:'.lations. The ~,.rno~mt 

of time in vol vocl in clctermininc: the Ghc2,rinc strength of the soil clcponds 

upon the test used, but in any case, it i,,rill rcql:i.irc 2n [·,deli tional several 

wo~,l::s tb10. Since borincs and undisturbed sampl1nc; rcre also Glo•.1 procoduros, 

it :i.s essential th2,t ;:;ou st2,rt tho foundation invcstir;,:,tions at tho oarJ.iost 

date nossiblo - even ooforo 3rou start your architectural ancl structuro1 
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closi~;ns, and -,,rcforabl:r ooforo tho dto is 2mrch2.socl. Often a founclation 

invostiz::;2,tio!l. Fill c.liscJ.osc that certain sitos arc not clcsirablo or econom­

ical for tho 1_)ro1)osorl ty_po of structure, and. o, ,:uost2.11tial _ s2vin0: n;:i,~' bo 

rnado if this is ~:no,.1n 'boforo tho b'uilclinc si to is ·,mrchasod. 
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