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Session 1

Theories and Hypotheses of General Character, Soil Properties, 

Classification, Engineering Geology

Théories et hypothèses de caractère général, propriétés des sols, classification, géologie technique 

G e n e r a l  R e p o r t

by  A.  C a s a g r a n d e , Pr of essor  of  Soi l  Mechani cs  and Foundat i on Engi neer i ng,  Har v ar d Uni ver si t y,  Cambr i dge,  Massachuset t s,  

U. S. A.

(1) Comment s on Organizat ion of Sect ions

Thi s r epor t er  consi der s i t  hi s dut y  t o r evi ew cer t ai n shor t 

c omi ngs  i n t he di st r i but i on of  t opi cs t hat  shoul d be consi der ed 

as bel ongi ng i n each Sect i on,  and al so t he pr ocedur e of  det er 

mi ni ng t he cl assi f i cat i on of  each paper .  I n poi nt i ng out  t he 

pr esent  di f f i cul t i es t her e i s no  i nt ent  t o cr i t i ci ze t hose wh o  have 

devot ed so mu c h  ef f or t  and t i me i n or gani zi ng t he Sec ond and 

t hi s Thi r d Conf er ence.  I t  i s i nevi t abl e t hat  var i ous schemes 

mus t  f i rst  be t r i ed and exper i ence gai ned bef or e one can ar r i ve 

at  a sat i sf act or y or gani zat i on of  Sect i ons.  I  bel i eve t hat  suf f i 

ci ent  exper i ence i s n o w avai l abl e and  t hat  i t  woul d be t i mel y 

f or  a Commi t t ee t o st udy t hi s pr obl em and t o ma k e  speci f i c 

r ec ommendat i ons  t o t he or gani zer s of  f ut ur e Conf er ences.

Th e  wr i t er  bel i eves t hat  t he f ol l owi ng ar e t he pr i nci pal  di f f i 

cul t i es whi ch r equi r e cor r ect i on:

(a) Th e  Repor t er  on  Sect i on I  of  t he Sec ond Conf er ence 

( Vol .  VI ,  p.  51 of  t he Sec ond Conf er ence Pr oceedi ngs)  ma d e  

t he f ol l owi ng st at ement :  “ Thus  t he sect i on I  compr i ses t he 

whol e ext ensi ve br anch of  soi l  mechani cs,  f r om nat ur al -  

hi st or i cal  consi der at i ons i n t he bor der l and of  geol ogy,  t hr ough 

t he physi cal - chemi cal  i nvest i gat i ons of  soi l  pr oper t i es and t he 

descr i pt i ve and anal yt i cal  t r eat ment  of  def i ni t e soi l  mechani cs  

phenomenon,  up t o t he sol ut i on of  concr et e pr obl ems  of  engi 

neer i ng sci ence. ”  I t  mus t  be f ai r l y obv i ous t o any one r eadi ng 

t hat  r epor t  t hat  at  l east  one hal f  of  t he paper s whi ch ar e r e

v i ewed i n t hat  r epor t  shoul d have been i ncl uded i n ot her  sec

t i ons.  Thi s conf usi on has spr ead t o t he Annual  Repor t s  of  t he 

Nat i onal  Commi t t ees.  Whi l e s ome  commi t t ees ar e st r i ct l y 

adher i ng t o t he pr i nci pl e t hat  onl y gener al  t heor i es bel ong i n 

Sect i on I ,  ot her s cl assi f y al l  t heor et i cal  paper s i n t he f i rst  sec

t i on,  i r r espect i ve whet her  t hey deal  wi t h set t l ement  anal ysi s,  

st r ess di st r i but i on,  st abi l i t y of  sl opes,  ear t h pr essur e agai nst  

r et ai ni ng wal l s,  or  bear i ng capaci t y of  f oot i ngs.  Fo r  t hese 

r easons I  di d not  accept  t he i nvi t at i on t o ser ve as r epor t er  f or  

Sessi on 1 unt i l  I  r ecei ved t he assur ance t hat  onl y t hose t heor e

t i cal  paper s woul d be i ncl uded whi ch wer e t r ul y gener al  i n

char act er  and di d not  deal  wi t h speci f i c soi l  mechani cs  pr o 

bl ems.  Ev en t hough t hi s assur ance was  gi ven,  numer ous  paper s 

on  such t opi cs wer e assi gned t hi s r epor t er  because t he aut hor s 

had cl assi f i ed t hei r  paper s as bel ongi ng i n Sessi on 1,  and on 

t he ot her  hand,  a n u mb e r  of  paper s whi ch mi ght  have bet t er  

been assi gned t o t hi s Sessi on ar e i ncl uded i n ot her  Sessi ons.  

At t empt s  of  t hi s r epor t er  t o r ect i f y t he si t uat i on by  sendi ng 

a n u mb e r  of  paper s t o ot her  r epor t er s r esul t ed onl y i n addi 

t i onal  di f f i cul t i es si nce t hese r epor t er s had not  been i nf or med 

of  t he condi t i on under  whi ch t hi s r epor t er  had accept ed hi s 

assi gnment .

(b) Al t hough t he aut hor s shoul d r e c o mme n d  t he cl assi f i ca

t i on of  t hei r  paper s,  t he f i nal  cl assi f i cat i on shoul d be ma d e  by  

a r evi ew boar d of  t he or gani zi ng commi t t ee,  t o assur e t hat  

paper s whi c h shoul d be gr ouped t oget her ,  ar e not  di st r i but ed 

a mo n g  di f f er ent  Sessi ons i n a manner  whi ch def eat s t he pur 

pose of  t he Gener al  Repor t s.

(c)  Si nce i t  i s evi dent l y t he pur pose of  t he Gener al  Repor t s  

t o pr esent  t o t he pr of essi on a wel l - consi der ed r evi ew of  gi ven 

t opi cs,  i t  i s essent i al  t hat  t he scope assi gned t o each r epor t er  

be not  gr eat er  t han what  he can cover  conveni ent l y i n t he 

avai l abl e per i od,  and wi t h due al l owance f or  t he f act  t hat  t he 

pr of essi onal  act i vi t i es of  t he r epor t er s l eave t hem l i t t l e spar e 

t i me.  Th e  scope f or  sever al  r epor t er s i s obvi ousl y excessi ve,  

and t he avai l abl e t i me f r om t he dat e wh e n  t he paper s wer e r e

cei ved t o t he dat e wh e n  t he r epor t s wer e due,  f ar  t oo shor t .

id) I n a n e w cl assi f i cat i on of  sect i ons,  ever y ef f or t  shoul d 

be ma d e  not  t o separ at e t he t est i ng f or  speci f i c engi neer i ng 

pr oper t i es f r om t he appl i cat i on of  t hese pr oper t i es.  For  ex 

ampl e,  shear  st r engt h of  soi l s ( bot h t heor y and al l  t est i ng) ,  and 

al l  pr act i cal  appl i cat i ons whi c h ar e gover ned chi ef l y by t he 

shear  st r engt h of  t he soi l s,  shoul d be t r eat ed i n one sect i on.  

I n t hi s r espect  soi l  mechani cs  di f f er s r adi cal l y f r om st r uct ur al  

desi gn and t he t est i ng of  t he c o mmo n  st r uct ur al  mat er i al s.  The  

st r uct ur al  desi gner  need not  be concer ned about  t he det ai l s of  

t est i ng t he mat er i al s,  and he ma y  i n gener al  accept  wi t h con-
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f i dence t he r esul t s of  t est i ng l abor at or i es,  and devot e al l  hi s 

ener gy and ski l l  t o t he desi gn pr obl ems.  Howev er ,  t he engi neer  

wh o  appl i es soi l  mechani cs  mus t  under st and soi l  t est i ng at  

l east  as wel l  as t he ma n  wh o  car r i es out  t he t est s;  and i n ma n y  

i nst ances i t  i s t he desi gner  wh o  mus t  speci f y exact l y h o w t he 

t est s mus t  be per f or med t o assur e t hat  t he r esul t s wi l l  be ap 

pl i cabl e t o hi s desi gn pr obl em.  Pr obabl y  mos t  of  t he abuse of  

soi l  mechani cs  i n engi neer i ng desi gn i s due t o t he f act  t hat  t he 

desi gner  has l ear ned t heor et i cal  soi l  mechani cs  f r om a book,  

but  has never  ma d e  a si ngl e soi l  t est  wi t h hi s hands  and has 

never  l ear ned t o i dent i f y soi l s i n t he f i el d.

(2) Soil Classification and Identification

Under  t hi s headi ng a n u mb e r  of  paper s ar e c ombi ned whi ch 

have i n c o mmo n  t he st udy of  soi l  pr oper t i es i n whi c h t he engi 

neer  i s not  di r ect l y i nt er est ed but  whi ch ar e or  ma y  be of  

assi st ance i n t he cl assi f i cat i on of  soi l s wi t h r espect  t o one or  

sever al  engi neer i ng pr oper t i es.

A. W. Skempton ( 1/ 14) 1) pr esent s a st udy of  a n e w soi l  c on 

st ant  whi ch he t er ms t he “ act i vi t y”  of  t he soi l ,  and whi c h he 

def i nes as t he r at i o of  t he pl ast i ci t y i ndex t o t he cl ay f r act i on 

( <  0. 002 mm) .  The  aut hor  s hows  t hat  act i vi t y i s r el at ed t o 

t he mi ner al ogy and geol ogi cal  hi st or y of  cl ays,  and t o t he 

pr opor t i on of  t hei r  shear  st r engt h cont r i but ed by  cohesi on.  

Th e  aut hor  cl assi f i es cl ays accor di ng t o act i vi t y as f ol l ows:

(a) i nact i ve cl ays- act i vi t y <  0. 75;  (b) nor mal  cl ays- act i vi t y 

0. 75 t o 1. 25;  and act i ve cl ays- act i vi t y >1. 25.  Fi nal l y,  evi d

ence i s pr esent ed whi ch s hows  t hat  t he di f f i cul t y of  t aki ng u n 

di st ur bed sampl es of  cl ays f r om gr eat  dept h i s dependent  not  

onl y on  t he sensi t i vi t y but  al so on t he act i vi t y; and t hat  nei t her  

sensi t i vi t y nor  act i vi t y al one i s a suf f i ci ent  cr i t er i on.

R. Selmer-Olsen ( 1/ 12) ,  mak es  a s omewhat  si mi l ar  at t empt  

t o t hat  of  Skempton, cor r el at i ng t he l i qui d l i mi t ,  pl ast i c l i mi t ,  

and t he pl ast i ci t y i ndex wi t h t he per cent age of  mi nus  2 mi cr on.  

He  ar r i ves al so at  t he concl usi on t hat  t he pl ot  of  pl ast i ci t y 

i ndex ver sus per cent age of  mi nus  2 mi c r on i s mos t  r eveal i ng 

r egar di ng t he cont ent  and  char act er  of  t he cl ay mi ner al s.  A  

di st i nct  di f f er ence i n t hi s r el at i onshi p i s not i ced bet ween t he 

i nor gani c cl ays of  No r wa y  whi ch ar e chi ef l y I l l i t e cl ays,  and 

t he or gani c cl ays.

Anot her  at t empt  at  cor r el at i ng t he l i qui d l i mi t ,  pl ast i ci t y 

i ndex and t he gr ai n si ze di st r i but i on i s ma d e  by  M. P. P. dos 
Santos ( 1/ 11) ,  wh o  i nt r oduces a n e w soi l  const ant  whi ch i s 

der i ved f r om t he gr ai n si ze di st r i but i on cur ve.  I n t he devel op

men t  of  t hi s appr oach t he aut hor  had i n mi nd  chi ef l y appl i 

cat i ons t o mechani cal  soi l  st abi l i zat i on.  As  a basi s f or  c o m

par i son and eval uat i on of  r esul t s he uses t he modi f i ed Publ i c 

Roads  soi l  cl assi f i cat i on.

Th e  i dent i f i cat i on of  cl ay mi ner al s by  means  of  a si mpl e 

adsor pt i on t est  i s i nvest i gat ed by  E. Pichler ( 1/ 10) .  Th e  aut hor  

car r i ed out  adsor pt i on t est s i n a modi f i ed Enslin-Schmidt ad 

sor pt i on appar at us.  He  i nvest i gat ed syst emat i cal l y var i ous 

mi xt ur es of  Quar t z  sand and Kaol i ni t e,  I l l i t e,  Hal oysi t e,  Ca-  

and Na- Bent oni t e,  as wel l  as sever al  nat ur al  soi l s.  Th e  cur ve 

obt ai ned wh e n  pl ot t i ng t he a moun t  of  adsor pt i on vs.  t he l oga

r i t hm of  t he t i me i s s hown  t o have a char act er i st i c shape f or  

each of  t he t ypes of  cl ay mi ner al s t est ed.  The  aut hor  does not  

r e c o mme n d  t he adsor pt i on t est  as a subst i t ut e f or  ot her  met hods  

of  i dent i f i cat i on of  cl ay mi ner al s,  but  he consi der s t he i nf or ma

t i on obt ai ned wi t h t hi s t est  hel pf ul  f or  t he or di nar y r equi r e

ment s  of  soi l  mechani cs.

*) Session 1, Paper 14, V ol. I o f  the Proceedings o f  the Third Int. 

C onf. on Soil M echanics and Foundation  Engineering

G. D. Aitchison ( 1/ 1)  descr i bed t he use of  pedol ogi cal  soi l  

cl assi f i cat i on as a basi s f or  t he desi gn of  shal l ow f oundat i ons.  

Al l  exampl es gi ven demonst r at e t hat  ma n y  f oundat i on di f f i 

cul t i es i n Aust r al i a ar e t he r esul t  of  seasonal  moi st ur e var i at i ons 

due t o t he pr onounc ed cycl e of  wet t i ng and dr yi ng whi c h i s t he 

domi nant  seasonal  ef f ect  on  soi l s i n Aust r al i a.  Si nce,  i n ad 

di t i on,  t he ci t i es wher e t hi s appr oach has been devel oped,  

possess onl y a r el at i vel y smal l  n u mb e r  of  basi c soi l  t ypes,  t hi s 

met hod  was  pr oved t o be pr act i cal .  Th e  paper  al so cont ai ns 

s ome  dat a on t he dept h t o whi ch f oundat i ons,  usual l y 12- i n.  

di amet er  bor ed pi l es,  mus t  be car r i ed i n or der  t o r educe t he 

ef f ect s of  seasonal  ver t i cal  mov ement s  t o a t ol er abl e amount .

(3) Regional Soil Studies and Geology

Compr ehens i v e and compet ent  i nvest i gat i ons of  r egi onal  

subsoi l  condi t i ons ar e of  maj or  i mpor t ance,  not  onl y as an 

i nval uabl e basi s f or  t he r at i onal  desi gn of  f oundat i ons and 

ear t hwor ks,  but  as an i mpor t ant  sour ce f or  n e w i nf or mat i on 

and n e w i deas f or  t he f ur t her  devel opment  of  soi l  mechani cs,  

as wel l  as geol ogy.

Per haps t he mos t  i nt er est i ng r ecent  ex ampl e of  r egi onal  soi l  

st udi es ar e t he t hor ough i nvest i gat i ons of  t he vol cani c cl ay 

deposi t s of  t he val l ey of  Mex i c o whi ch have been i n pr ogr ess 

f or  sever al  year s; see e. g.  t he r ecent  publ i cat i ons by  I ngeni er os 

Ci vi l es Asoc i ados  ( Ar t es No.  142,  Mex i c o D. F. )  ent i t l ed Ar 

ci l l as del  Val l e de Mexi co.

I n v i ew of  t he l ocat i on of  t he meet i ng pl ace of  t hi s Thi r d 

Conf er ence speci al  at t ent i on i s cal l ed t o t he publ i cat i ons by  Dr .

A. von Moos, t he Gener al  Secr et ar y of  t he Or gani zat i on C o m

mi t t ee.  Thos e f or ei gn me mber s  of  t hi s Conf er ence wh o  desi r e 

t o i nf or m t hemsel ves about  t he mai n  f eat ur es of  t he f oundat i on 

condi t i ons i n t he por t i ons of  Swi t zer l and whi ch t hey ma y  vi si t  

dur i ng t he excur si ons,  ar e r ef er r ed speci f i cal l y t o hi s paper s 

ent i t l ed “ De r  Baugr und der  St adt  Zur i c h”  and “ De r  Bau-  

gr und des schwei zer i schen Mi t t el l andes”  cont ai ned i n No.  18 

and No .  23 of  t he ser i es of  publ i cat i ons f r om t he “ Ver suchs-  

anst al t  f i i r Was s er bau und  Er d b a u ”  of  t he Swi ss Feder al  

I nst i t ut e of  Technol ogy  i n Zur i ch.

A n  i nt er est i ng r egi onal  soi l  st udy concer ni ng r esi dual  cl ays 

of  Sout her n Br azi l  i s pr esent ed by  Milton Vargas ( 1/ 16) .  The  

aut hor  gi ves exampl es  of  si mi l ar  pr of i l es of  r esi dual  soi l s whi ch 

have devel oped t o sur pr i si ng dept hs on di f f er ent  t ypes of  r ocks,  

i n par t i cul ar  gnei ss,  basal t  and sandst one.  I t  i s s h o wn  t hat  t he 

soi l  pr of i l e can be di vi ded i nt o t hr ee pr i nci pal  l ayer s: (a) a sur 

f ace l ayer  of  mat ur e r esi dual  cl ay whi ch has a hi gh voi d r at i o 

and  a r el at i vel y l ow degr ee of  sat ur at i on; (b) a y oung r esi dual  

cl ay,  wi t h a s omewhat  hi gher  degr ee of  sat ur at i on,  mu c h  l ess 

compr essi bl e t han t he sur f ace l ayer ,  and i n whi c h t he or i gi nal  

st r uct ur e of  t he par ent  r ock can st i l l  be r ecogni zed;  and

(c) a di si nt egr at ed st r at um of  bedr ock  t hat  r equi r es expl osi ves 

f or  r emoval .  Th e  paper  cont ai ns a n u mb e r  of  r epr esent at i ve 

pr of i l es i ncl udi ng r esul t s of  cl assi f i cat i on t est s.  On  t he pl as

t i ci t y char t  t he posi t i on of  t hese r esi dual  soi l s i s gener al l y be

l ow t he A- l i ne,  because t he pr i nci pal  cl ay mi ner al  f or med by  

t he weat her i ng pr ocess i s kaol i n.  Ther e ar e subst ant i al  di f 

f er ences i n t he ar eas on t he pl ast i ci t y char t  f or  r esi dual  cl ays 

der i ved f r om di f f er ent  t ypes of  r ocks;  t he hi ghest  posi t i on i s 

f or  cl ays der i ved f r om gnei ss and sandst one,  and t he l owest  one 

i s f or  t hose cl ays der i ved f r om gr ani t e.  Th e  aut hor  def i nes as 

“ vi r t ual  pr econsol i dat i on l oad”  t he st r ess at  whi ch t he semi 

l og pl ot  of  t he voi d r at i o- pr essur e cur ve f r om a consol i dat i on 

t est  s hows  t he char act er i st i c shar p cur vat ur e whi ch usual l y 

i ndi cat es pr econsol i dat i on.  I n one l ocat i on whi ch was  t hor 
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oughl y  i nvest i gat ed,  a pl ot  of  r esul t s s hows  f or  dept hs gr ea

t er  t han about  20 f t .  good agr eement  bet ween over bur den 

st r ess and pr econsol i dat i on st r ess der i ved f r om consol i dat i on 

t est s.  Howev er ,  f or  t he sur f ace zone t he pr econsol i dat i on 

pr essur es f r om t he t est s ar e mu c h  gr eat er  and scat t er  over  a 

wi de r ange.

C. K. Smith and J. F. Redlinger ( 1/ 15)  pr esent  a s u mma r y  of  

t he compr ehens i ve geol ogi cal  and soi l  mechani cs  i nvest i gat i ons 

on  t he Ft .  Un i on  cl ay- shal e t hat  const i t ut es t he pr i nci pal  f oun 

dat i on mat er i al  at  t he si t e of  t he Gar r i son D a m i n Nor t h 

Dakot a.  Thi s i s one of  sever al  t ypes of  cl ay- shal es whi ch cover  

l ar ge ar eas of  Mont ana,  Nor t h and Sout h Dak o t a  and adj acent  

pr ai r i e pr ovi nces of  Canada.  Ot her  t ypes have al so been i n

vest i gat ed t hor oughl y i n connect i on wi t h var i ous ear t h d a m 

pr oj ect s.  I n addi t i on t o geol ogi cal  descr i pt i on and cl assi f i ca

t i on t est s,  t hi s paper  summar i zes  t he r esul t s of  consol i dat i on,  

swel l  and st r engt h t est s on  undi st ur bed sampl es,  as wel l  as dat a 

on  st abi l i t y of  sl opes and swel l i ng char act er i st i cs der i ved f r om 

f i el d obser vat i ons.  Wi t h  equi pment  especi al l y desi gned f or  t hi s 

pur pose,  consol i dat i on t est s wer e car r i ed t o 500 t ons/ sq. f t .  

( kg/ cm2) and s howed pr econsol i dat i on pr essur es of  80 t o 100 

t ons/ sq. f t .  ( kg/ cm2). Thi s checks wi t h t he or der  of  magni t ude 

of  1500 f t .  ma x i mu m over bur den whi ch was  est i mat ed f r om 

geol ogi cal  evi dence.  Compar i s on of  t he r esul t s of  consol i da

t i on and swel l  t est s wi t h evi dence f r om f i el d obser vat i ons s hows  

t hat  t he magni t ude of  t he r ebound whi c h act ual l y devel oped i s 

mu c h  gr eat er  t han i ndi cat ed by  l abor at or y t est s.  Thi s di f f er ence 

has al so been obser ved i n t he st udy of  ot her  cl ay shal es and i s 

pr obabl y  due t o l ong- t i me secondar y swel l i ng ef f ect s.

IV. Dienemann ( 1/ 4)  descr i bes t he ef f or t s ma d e  by  var i ous 

communi t i es  i n Ge r ma n y  t o pr epar e subsoi l  ma p s  wi t h speci al  

at t ent i on t o t he needs of  ci t y pl anner s and f oundat i on engi 

neer s.  Dependi ng on  l ocal  condi t i ons t her e ar e gr eat  di f f er 

ences i n cont ent s and manne r  of  pr esent at i on of  t hese maps.  

I t  i s t he expr essed pur pose of  t hi s paper  t o encour age cr i t i cal  

r evi ew i n t he hope t hat  t hi s woul d l ead t o t he devel opment  o 

cer t ai n st andar ds f or  t he pr epar at i on of  subsoi l  maps .  Mo s t  

of  t he ma p s  whi ch ar e descr i bed i n t hi s paper  have not  yet  

been publ i shed.  Th e  paper  concl udes wi t h a l i st  of  gui di ng 

pr i nci pl es whi ch shoul d be consi der ed i n t he pr epar at i on of  

such maps .  Th e  aut hor  r ecogni zes t hat  i t  woul d not  be possi bl e 

t o est abl i sh st andar ds whi c h woul d  be appl i cabl e i n ever y 

i nst ance.

Th e  i ncr easi ng i mpor t ance of  geol ogy i n soi l  mechani cs  i s 

so wel l  r eal i zed by  soi l s engi neer s t hat  t hi s r epor t er  need not  

wast e t he t i me of  hi s col l eagues i n t r yi ng t o sel l  t hem geol ogy.  

Howev er ,  t he i mpor t ance of  soi l  mechani cs  t o geol ogi st s i s 

bei ng r ecogni zed at  a sl ower  pace.  Pr of essor  Stephen Taber, 
a geol ogi st  wh o  i s wel l  k n o wn  f or  hi s cl assi c r esear ch wor k  

on  f r ost  act i on,  emphas i zed t he i mpor t ance of  t he t r ai ni ng 

of  geol ogi st s i n soi l  mechani cs  i n t he 27 June 1952,  i ssue 

of  “ Sci ence” , i n an ar t i cl e ent i t l ed “ Geol ogy,  Soi l  Me c h a 

ni cs and Bot any ” , f r om whi ch t he f ol l owi ng st at ement s ar e 

quot ed:

“ Th e  yout hf ul  sci ence of  soi l  mechani cs  pr oper l y bel ongs 

wi t h t he ot her  ear t h sci ences i n t he geol ogy f ami l y,  f or  i t  deal s 

wi t h t he physi cal  pr oper t i es of  t he sur f i ci al  mant l e of  t he ear t h 

and t he expl anat i on of  geol ogi cal  phenomena,  but  we  geol ogi st s 

have negl ect ed our  i nf ant ,  and i t  has been k i dnapped by  t he 

engi neer s. ”  Th e n  Pr of essor  Taber pr oceeds t o descr i be a n u m

ber  of  exampl es  h o w geol ogi st s and ot her  sci ent i st s engaged i n 

r esear ch on f r ost  act i on i ncl udi ng per maf r ost ,  have been handi 

c apped by  l ack of  k nowl edge of  soi l  mechani cs;  and he c on 

cl udes hi s ar t i cl e as f ol l ows:  “ I f  geol ogy st udent s pl anni ng t o

st udy pr obl ems i nvol vi ng f r ost  act i on coul d t ake a wel l -  

desi gned l abor at or y cour se i n soi l  mechani cs,  we  woul d have 

f ewer  paper s i n whi ch geol ogi cal  p henomena  ar e at t r i but ed 

t o hor i zont al  t hr ust i ng or  expansi on i n vol ume;  and al so,  t hey 

mi ght  bet t er  appr eci at e t he val ue of  exper i ment al ,  as wel l  as 

obser vat i onal ,  evi dence i n t he sol ut i on of  geol ogi cal  pr ob 

l ems. ”

Wi t hout  ent er i ng i nt o a di scussi on on t he quest i on whet her  

engi neer s or  geol ogi st s have f at her ed soi l  mechani cs,  i t  i s agr eed 

t hat  soi l  mechani cs  ma y  wel l  be cl assi f i ed as one of  t he earth 
sciences, i n addi t i on t o i t s posi t i on as one of  t he basi c ci vi l  

engi neer i ng subj ect s.  I n t hi s r espect  a l ogi cal  at t i t ude i s t hat  

t aken by  t hose Eur opean col l eagues wh o  use t he t er ms Geo-  

t echni cal  Sci ences,  or  Geot echni que,  i n or der  t o gr oup t oget her  

al l  t hose engi neer i ng and geol ogi cal  sci ences,  suppl ement ed by  

cer t ai n t opi cs i n physi cal  chemi st r y,  whi ch ar e of  ser vi ce t o t he 

engi neer  i n t he sol ut i on of  ear t hwor k  and f oundat i on pr o 

bl ems.  Thi s whol e ar ea obvi ousl y over l aps wi t h sever al  di s

ci pl i nes whi ch i n t he past  wer e not  consi der ed r el at ed.

(4) Consolidation

Icahary da Silveira ( 1/ 13)  pr esent s t he mat hemat i cal  sol ut i on 

of  consol i dat i on of  a cyl i ndr i cal  t est  spec i men subj ect ed t o r adi al  

dr ai nage t hr ough t he cyl i ndr i cal  sur f ace.  Th e  sol ut i on i s al so 

pr esent ed by  a semi - l og pl ot  of  t i me f act or  vs.  % consol i dat i on.  

Th e  aut hor  suggest s t hat  t est s per f or med i n t hi s manner  have 

cer t ai n advant ages,  but  no  t est  r esul t s ar e i ncl uded i n t he 

paper .

Th e  consol i dat i on of  f i ne- gr ai ned deposi t s dur i ng t he pr o 

cess of  sedi ment at i on i s t r eat ed by  R. Gran Olsson ( 1/ 9)  wi t h 

gr eat er  t hor oughness t han has been done i n pr ecedi ng mat he 

mat i cal  anal yses of  t hi s pr obl em.  The  aut hor  has al so pr epar ed 

numer i cal  sol ut i ons f or  t he t i me cur ves as f unct i on of  di men-  

si onl ess quant i t i es whi ch wi l l  f aci l i t at e t he pr act i cal  appl i cat i on 

of  hi s sol ut i ons.  Th e  anal ysi s uses t he s ame basi c assumpt i ons 

on  whi c h Terzaghi’s t heor y of  consol i dat i on i s based.

(5) Shear Strength o f Clays

B. Jakobson ( 1/ 8)  pr esent s t he r esul t s of  syst emat i c vane t est s 

on  cl ay deposi t s whi ch ar e cover ed by  a f ew f eet  of  wat er  and 

whi ch ar e bel i eved t o have never  been exposed t o a dr yi ng 

cycl e.  These t est s s h o w t hat  at  t he sur f ace wher e i t  pr esumabl y  

has never  been exposed t o pr est r ess,  t he cl ay has a shear  

st r engt h bet ween 0. 06 and 0. 08 k g/ c m2. I n addi t i on t o t he 

r esul t s of  vane t est s,  gr ai n si ze cur ves ar e i ncl uded,  and al so 

pr of i l es s howi ng t he var i at i on of  nat ur al  wat er  cont ent ,  l i qui d 

and pl ast i c l i mi t s wi t h dept h.  A  r epr esent at i ve combi nat i on 

of  t hese t est s i s e. g. : Nat ur al  wat er  cont ent  85 %,  l i qui d l i mi t  

75,  and pl ast i c l i mi t  25.

Milton Vargas ( 1/ 17)  di scusses t he r el at i onshi p bet ween t he 

angl e of  i nt er nal  f r i ct i on and t he shear  st r engt h of  cl ays.  Based 

on  pr ecedi ng wo r k  by  ot her s,  he der i ves a f or mul a whi ch gi ves 

t he r el at i onshi p bet ween t he t r ue angl e of  i nt er nal  f r i ct i on,  t he 

appar ent  f r i ct i on angl e f r om consol i dat ed- qui ck t est s,  and t he 

r at i o of  t he expansi on and compr ess i on i ndi ces as obt ai ned 

f r om an or di nar y consol i dat i on t est .  Thi s f or mul a i s f ound 

t o check wi t h t he r esul t s of  t est s on sever al  t ypes of  r esi dual  

cl ays.

P. Habib ( 1/ 6)  r epor t s t he r esul t s of  unconf i ned compr ess i on 

t est s on a hi ghl y pl ast i c cl ay whi ch gave r upt ur e pl anes sl opi ng 

45 degr ees wi t h t he axi s.  Var i ous ot her  t est s ar e per f or med i n 

or der  t o devel op a hypot hesi s t hat  ma y  expl ai n t hi s resul t .
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(6) Soil Moisture Variations

For  cer t ai n soi l  and cl i mat i c condi t i ons,  t he var i at i ons of  

soi l  moi st ur e bel ow pavement s  and bui l di ng f oundat i ons ar e 

of  gr eat  i mpor t ance.

I n ma n y  par t s of  t he wor l d i t  has been obser ved t hat  hi ghl y 

pl ast i c cl ays whi ch ar e pr econsol i dat ed by  dr yi ng,  wi l l  swel l  

under  bui l di ngs wher e t he nor mal  pr ocess of  sur f ace evapor a

t i on i s el i mi nat ed,  causi ng ser i ous unequal  heavi ng of  t he bui l d

i ngs.  Beneat h pavement s,  t he swel l i ng of  cl ays r esul t s i n sub 

st ant i al  l oss of  bear i ng capaci t y.  Da ma g e  t o st r uct ur es f ounded 

on such cl ays can al so r esul t  dur i ng l ong per i ods of  dr ought  

wh e n  t he desi ccat i on of  t he cl ay ma y  ext end bel ow t he ext er i or  

f oot i ngs,  par t i cul ar l y bel ow t he cor ner s of  bui l di ngs.  I n such 

soi l s l ocal  r educt i on i n moi st ur e cont ent  and  shr i nkage wi l l  

al so cause i r r egul ar  bui l di ng set t l ement s wh e n  t r ees ar e pl ant ed 

t oo cl ose t o bui l di ngs wi t h shal l ow f oundat i ons.

L. A. DuBose ( 1/ 2)  r epor t s on moi st ur e and t emper at ur e 

obser vat i ons whi c h wer e ma d e  i nsi de and out si de of  a hal f -  

cent ur y ol d bui l di ng i n Texas  whi ch had cr acked badl y.  I t  had 

been as s umed t hat  moi st ur e changes bel ow t he bui l di ng mi ght  

have been r esponsi bl e.  Howev er ,  onl y a negl i gi bl e moi st ur e di f 

f er ent i al  was  f ound bet ween soi l  pr of i l es i nsi de and out si de t he 

bui l di ng ar ea.  Si nce t he s u mme r  dur i ng whi ch t he meas ur e 

ment s  wer e made,  was  unusual l y hot  and dr y,  wi t h l ar ge di f f er 

ences i n gr ound t emper at ur e bet ween out si de and i nsi de t he 

bui l di ng and ext endi ng t o a dept h of  about  20 ft . ,  a ma x i mu m 

moi st ur e di f f er ent i al  bet ween i nsi de and out si de t he bui l di ng 

ar ea shoul d have been s hown  i f  t he t her mo- osmot i c  hypot hesi s 

was  appl i cabl e.  Th e  aut hor  poi nt s out  t hat  addi t i onal  i nvest i 

gat i ons on  t hi s quest i on ar e cur r ent l y i n pr ogr ess.

Earl J. Felt ( 1/ 5)  r epor t s measur ement s  on  var i at i ons i n 

moi st ur e cont ent  due t o di f f er ent  r at es of  t r anspi r at i on by  

di f f er ent  t ypes of  veget at i on,  and he di scusses al so di f f er ent i al  

swel l i ng due t o l ocal  wet t i ng,  or  due t o pr event i on of  evapor a

t i on.

D. Croney and J. D. Coleman ( 1/ 3)  anal yse t he moi st ur e c on 

di t i ons on  t he basi s of  por e pr essur e measur ement s  i n t he 

gr ound and of  measur ement s  of  soi l  suct i on on  sampl es t aken 

f r om t he gr ound.  Por e pr essur e obser vat i ons t o a dept h of  7 ft. 

f or  t he s ame soi l  under  a gr ass cover  and under  a concr et e sl ab 

ar e r epor t ed f or  a t wo- year  per i od.  Th e  r eader  of  t hi s paper  

wi l l  have t o r ef er  t o s ome  of  t he pr evi ous publ i cat i ons by  t he 

aut hor s f or  det ai l s on  met hods  f or  measur i ng soi l  suct i on t o 

whi ch t hey have ma d e  i mpor t ant  cont r i but i ons.

(7) Stresses Induced in Compressible Soils by Electro- 

Osmosis

Th e  possi bi l i t y of  i mpor t ant  pr act i cal  appl i cat i ons as wel l  

as t he f asci nat i ng unsol ved sci ent i f i c aspect s of  t he ef f ect s of  

t he appl i cat i on of  el ect r i ci t y t o f i ne- gr ai ned soi l s cont i nues t o 

at t r act  at t ent i on of  i nvest i gat or s.

W. S. Wang and E. Vey ( 1/ 18)  pr esent  equat i ons of  c ombi ned 

hydr aul i c and el ect r o- osmot i c f l ow whi c h ar e based on t he c on 

vent i onal  assumpt i ons.  I n addi t i on,  t hey r epor t  t est  r esul t s on 

a sandy  si l t  whi ch wer e per f or med i n a l uci t e cyl i nder  on spe

c i mens wi t h a di amet er  of  7. 6 c m and a l engt h of  48 cm.  

Speci al  at t ent i on was  pai d t o obser vi ng var i at i ons i n t he di st r i 

but i on of  por e pr essur es and of  t he el ect r i c resi st i vi t y.

A  r evi ew of  t hi s paper  by  Wang and Vey, as wel l  as of  ot her  

r ecent  publ i cat i ons on  t hi s subj ect ,  par t i cul ar l y t he paper  on 

“ Pr i nci pl es of  El ect r o- Osmot i c Fl o w t hr ough Capi l l ar i es”  by  

L. Casagrande i n t he Januar y  1952 i ssue of  t he Jour nal  of  t he

Bos t on Soci et y of  Ci vi l  Engi neer s,  convey  t he i mpr essi on t hat  

al l  t est s so f ar  conduc t ed ar e cl ouded by  t he ef f ect s of  a number  

of  var i abl es whi ch have not  been pr oper l y eval uat ed and s ome 

of  whi ch ar e har dl y under st ood.  At  t hi s st age t her e i s a r eal  

need f or  mo r e  f undament al  r esear ch on t he ef f ect s of  el ect r o

osmosi s on hi ghl y compr essi bl e,  col l oi dal  mat er i al s.

Summary

Thi s r epor t  r evi ews t he f ol l owi ng subj ect s:

(a) Di f f i cul t i es whi ch have ar i sen f r om t he l ack of  a cl ear  

def i ni t i on of  t he t opi cs bel ongi ng i n each sect i on.  Sugges 

t i ons ar e of f er ed f or  cor r ect i ng t hese di f f i cul t i es.

(b) Four  cont r i but i ons on soi l  cl assi f i cat i on and i dent i f i cat i on 

s ho w def i ni t e pr ogr ess.  Skempton def i nes a n e w soi l  c on 

st ant  cor r el at i ng t he cl ay f r act i on wi t h t he pl ast i ci t y i ndex.

(c)  Regi onal  soi l  st udi es and engi neer i ng geol ogy ar e r epr e

sent ed by  t hr ee i nt er est i ng paper s.  Howev er ,  t he n u mb e r  

i s not  r epr esent at i ve f or  t he i nt ensi ve act i vi t y i n r ecent  

year s i n var i ous bor der  ar eas bet ween soi l  mechani cs  and 

geol ogy.

(id) Ne w sol ut i ons of  consol i dat i on pr obl ems  ar e gi ven i n t wo 

paper s.

(e) Th e  shear  st r engt h of  cl ays i s di scussed i n t hr ee paper s,  

each one pr esent i ng a di f f er ent  f acet  of  t hi s t opi c.

O' )  Soi l  moi st ur e var i at i ons and t hei r  i mpl i cat i ons ar e exami ned 

by  t hr ee aut hor s r epr esent i ng wo r k  done on t hr ee cont i nent s.  

(g) St r esses i n soi l  speci mens whi ch ar e subj ect ed t o el ect r o-  

osmot i c  f l ow,  i s t he subj ect  of  one paper .

Proposals for Discussion

Bas ed on  consi der at i on of  t he i mpor t ance of  t he t opi cs and 

as wel l  as t he mer i t s of  t he cont r i but i ons cont ai ned i n t he 

paper s i n Sessi on 1,  i t  i s r ec ommended  t o conf i ne t he di scus

si ons pr i nci pal l y t o

1° shear strength of clays, 
and al so t o devot e s o me  t i me t o

2° soil classification and identification.
Si nce t he t opi c of  shear  st r engt h i s al so cover ed i n ot her  Ses 

si ons,  par t i cul ar l y i n Sessi on 2,  i t  i s suggest ed t hat  t he shear  

st r engt h of  cl ays be cover ed i n a speci al  di scussi on per i od,  

r at her  t han have t hi s subj ect  di scussed i n t he separ at e di scus

si on per i ods of  t he cor r espondi ng sessi ons.

Th e  r esul t s of  t he r api dl y i ncr easi ng n u mb e r  of  det ai l ed 

i nvest i gat i ons on t he st r engt h char act er i st i cs of  wi del y di f f er ent  

f i ne- gr ai ned soi l s st r ongl y i ndi cat es t hat  we  cannot  expect  a 

si ngl e wor k i ng hypot hesi s t o expl ai n al l  obser ved phenomena.  

Thi s r epor t er  bel i eves t hat  i n or der  t o f aci l i t at e di scussi on of  

t hi s di f f i cul t  and i mpor t ant  subj ect ,  i t  wou l d  be bet t er  not  t o 

t r y t o r evi ew t he det ai l ed wor k i ng hypot heses whi c h have been 

suggest ed at  var i ous t i mes,  but  t o concent r at e on  est abl i shi ng 

cl ear l y def i ned “ model s ”  by  means  of  cer t ai n basi c concept s 

or  el ement s.  Mo s t  i mpor t ant  a mo n g  t hese basi c el ement s wi l l  

be a cl ear  and si mpl e def i ni t i on of  shear  st r engt h due t o cohe
sion and shear  st r engt h due t o internal friction', al so t he c on 

cept  of  residual strength due t o pr el oadi ng,  cement at i on,  or  

ot her  p h e n o me n a  whi ch bec omes  ef f ect i ve onl y over  an ex 

t r emel y smal l  cont act  ar ea and whi c h i s dest r oyed by  smal l  

st r ai ns.  Al t hough r esi dual  st r engt h wi l l  usual l y have t he cha 

r act er i st i cs of  cohesi on,  one shoul d al so consi der  model s  i n 

whi c h t he r esi dual  st r engt h can f ur t her  i ncr ease wi t h t he appl i ed 

nor mal  st r ess i n accor dance wi t h t he def i ni t i on of  i nt er nal  

f r i ct i on.  Th e  concept  of  r esi dual  st r engt h wi l l  l ead t o t he
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def i ni t i on of  doubl e f ai l ure,  namel y  t he f ai l ur e of  r esi dual  

st r engt h under  l ow st r ai ns,  and t hen t he f ai l ur e due t o t hat  

st r engt h whi c h i s i ndependent  of  t he l ocat i on of  cont act  ar ea 

and whi ch gener al l y per mi t s t he devel opment  of  l ar ger  f ai l ur e 

st r ai ns.

I f  dur i ng t he di scussi on agr eement  shoul d be r eached on  a 

n u mb e r  of  such model s,  i t  woul d ser ve as a c o mmo n  wor k i ng 

pl at f or m f or  t he exami nat i on of  t he publ i shed t est  resul t s.

Ther e ar e cer t ai n speci f i c quest i ons on  whi c h cl ar i f i cat i on 

i s ur gent l y needed and whi ch ma y  be hel ped by  a det ai l ed di s

cussi on.  I n par t i cul ar ,  t he quest i on of  what  por t i on of  t he 

t ot al  meas ur ed shear  st r engt h deser ves t o be r ef er r ed t o as 

“ cohes i on” .

I f  dur i ng vi r gi n l oadi ng t he shear  st r engt h i ncr eases i n di r ect  

pr opor t i on t o t he st r ess,  wi t h t he st r engt h envel ope a st r ai ght  

l i ne t hr ough t he or i gi n,  t hen such st r engt h woul d appear  t o 

f ul f i l l  t he def i ni t i on of  i nt er nal  f r i ct i on,  even t hough s ome  of  

t hi s st r engt h may ,  upo n  unl oadi ng r emai n as a r esi dual  st r engt h 

and  whi c h t hen shoul d cor r ect l y be t er med cohesi on.

Wh e n  t est  speci mens of  i sot r opi c mat er i al s devel op wel l -  

def i ned shear  pl anes,  and wh e n  t he t est s ar e s t opped pr ompt l y  

af t er  appear ance of  such pl anes t o pr event  di st or t i on of  t he 

sl ope angl e,  t hi s angl e ma y  al so be used as addi t i onal  evi dence 

i n est abl i shi ng t he t r ue angl e of  i nt er nal  f r i ct i on.  Unf or t u 

nat el y,  even a sl i ght  i nher ent  or  i nduced ani st ot r opy has an 

i mpor t ant  ef f ect  upon t hi s angl e,  so t hat  t hi s appr oach r equi r es 

r at her  compr ehens i ve and pr eci se t est i ng bef or e one ma y  dar e 

t o use t he r esul t s as posi t i ve evi dence.  I n t hi s connect i on t hi s 

r epor t er  cal l s at t ent i on t o obser vat i ons t hat  an ext r emel y r api d 

r at e of  l oadi ng (e. g.  0. 01 second)  not  onl y gi ves mu c h  gr eat er  

st r engt h t han t he st r engt h obt ai ned wh e n  l oadi ng t he cl ay 

speci mens gr adual l y over  a per i od of  a n u mb e r  of  mi nut es,  but  

t hat  i t  ma y  al so change t he sl ope of  t he shear  pl anes f r om about  

60 degr ees t o about  45 degr ees.  A  f ew obser vat i ons of  t hi s t ype 

wer e ma d e  seven year s ago at  Har var d,  but  wer e t hen c on 

si der ed t he r esul t  of  acci dent al  causes.  Mo r e  r ecent l y si mi l ar  

t est s at  Massachuset t s I nst i t ut e of  Technol ogy,  have devel oped 

bey ond doubt  t hat  i n such r api d l oadi ng cl ay behaves l i ke a 

per f ect l y cohesi ve mat er i al .  I f  t he sampl e has been pr econsol i 

dat ed under  a pr essur e equal  i n al l  di r ect i ons,  t he t r ansi ent  

st r engt h under  ver y r api d l oadi ng appear s t o be ent i r el y i nde

pendent  of  t he addi t i onal  ef f ect i ve and neut r al  st r esses devel oped 

dur i ng l oadi ng.  On  t he ot her  hand,  45°  shear  pl anes obt ai ned 

by  s o me  i nvest i gat or s dur i ng st at i c l oadi ng ar e f or  t hi s r epor t er  

di f f i cul t  t o r econci l e wi t h t he sl opes of  10°  t o 15°  of  t he enve

l opes of  consol i dat ed- qui ck t r i axi al  t est s on t he s ame mat er i al s.

Th e  quest i on as t o whet her  r esul t s obt ai ned on  r emol ded 

cl ay sampl es bear  any  r el at i onshi p t o t he st r engt h char act er 

i st i cs of  t he s ame cl ay i n t he undi st ur bed st at e woul d al so be 

a wor t hwhi l e t opi c f or  di scussi on.

Sommaire

Ce  r appor t  passe en r evue l es suj et s sui vant s:

a) Di f f i cul t és soul evées par  l ’absence d ’une déf i ni t i on cl ai r e 

des suj et s appar t enant  à c haque sect i on.

b) Pr ogr ès r éel  appor t é à l a cl assi f i cat i on et  à l ’ i dent i f i cat i on 

des sol s:  quat r e mémoi r es .  Skempton déf i ni t  une nouvel l e 

const ant e du sol  ét abl i ssant  un  r appor t  ent r e l a f r act i on 

«ar gi l e» et  l ’ i ndi ce de pl ast i ci t é.

c) Et udes r égi onal es du  sol  et  géol ogi e du géni e ci vi l :  t r oi s 

mémoi r es  i nt ér essant s.  Cependant ,  ce n o mb r e  n ’est  pas 

r epr ésent at i f  de l ’ i nt ense act i vi t é dépl oyée ces der ni èr es

années dans  pl usi eur s domai nes  f or mant  l a t r ansi t i on ent r e 

l a méc ani que des sol s et  l a géol ogi e.  

cl) Nouvel l es sol ut i ons aux  pr obl èmes de consol i dat i on:  deux  

mémoi r es.

e) Rési st ance des ar gi l es au ci sai l l ement :  t r oi s mémoi r es  t r ai 

t ant  c hac un un  aspect  di f f ér ent  du suj et .

/)  Var i at i ons de l a t eneur  en eau des sol s et  l eur s conséquen

ces t r ai t ées par  t r oi s aut eur s r epr ésent ant  l e t r avai l  ac c o m

pl i  dans  t r oi s cont i nent s.  

g) Tensi ons dans  des échant i l l ons de sol  soumi s  à un f l ux 

él ect r o- osmot i que:  un  mémoi r e.

Sujets de discussion

Vu  l ’ i mpor t ance des suj et s et  l ’ i nt ér êt s des cont r i but i ons 

appor t ées par  l es mémoi r es  de l a sessi on 1,  i l  est  souhai t abl e 

de l i mi t er  l es di scussi ons pr i nci pal ement  

1° à la résistance au cisaillement des argiles 
et  de consacr er  aussi  du  t emps

2° à la classification et l'identification des sols.
Co mme  l a r ési st ance au ci sai l l ement  des ar gi l es est  t r ai t ée aussi  

dans  d ’aut r es sessi ons,  pr i nci pal ement  l a sessi on 2,  nous  sug

gér ons de consacr er  une séance spéci al e aux  échanges de vues 

rel at i f s à ce suj et ,  pl ut ôt  que de l e voi r  abor der  au cour s des 

r éuni ons sépar ées des sessi ons cor r espondant es.

Les r ésul t at s de mi nut i euses obser vat i ons,  dont  l e n o mbr e  

cr oî t  r api dement ,  ayant  t rai t  aux  car act ér i st i ques de r ési st ance 

de sol s à gr ai ns f i ns,  t r ès di f f ér ent s l es uns  des aut r es,  i ndi quent  

net t ement  que l ’on  ne peut  pas s’at t endr e à ce q u ’ une seul e 

hypot hèse de base expl i que t ous l es phénomènes  obser vés.  No u s  

pensons que pour  f aci l i t er  l a di scussi on de ce suj et  di f f i ci l e et  

i mpor t ant  i l  vaudr ai t  mi eux  ne pas essayer  de passer  en r evue 

l e dét ai l  des hypot hèses de base qui  ont  ét é avancées à di ver ses 

r epr i ses,  mai s  de concent r er  l es ef f or t s à l ’ét abl i ssement  de mo 

dèl es t héor i ques ( model )  cl ai r ement  déf i ni s au mo y e n  de cer t ai ns 

él ément s ou  concept s de base.  Et  par mi  ceux- ci ,  i l  ser ai t  de l a 

pl us haut e i mpor t ance d ’ét abl i r  une déf i ni t i on cl ai r e et  si mpl e 

de l a r ési st ance au ci sai l l ement  due à l a cohésion d ’une par t  et  

au frottement interne d ’aut r e par t .  I l  en va de mê me  pour  l e 

concept  de résistance résiduelle due à une sur char ge pr éal abl e 

ou à l a ci ment at i on et  aut r es phénomènes  qui  ne se mani f est ent  

que sur  de t r ès pet i t es sur f aces de cont act  et  qui  sont  dét r ui t s 

par  de f ai bl es déf or mat i ons.

Bi en que l a r ési st ance r ési duel l e pr ésent e génér al ement  l es 

car act ér i st i ques ext ér i eur es de l a cohési on,  i l  y  aur ai t  l i eu de 

consi dér er  aussi  des modèl es  t héor i ques pour  l esquel s l a r ési s

t ance r ési duel l e augment e par  l ’appl i cat i on de t ensi ons nor 

mal es c o mme  ce ser ai t  l e cas pour  une r ési st ance due au f r ot t e

ment  i nt er ne.  Le concept  de r ési st ance r ési duel l e doi t  mener  à 

l a déf i ni t i on d ’une doubl e r upt ur e ( en deux  ét apes) ,  c ’est - à- di r e 

l ’épui sement  de l a r ési st ance r ési duel l e sous de f ai bl es déf or 

mat i ons et  ensui t e l ’épui sement  de l a r ési st ance qui  est  i ndé

pendant e de l a l ocal i sat i on des sur f aces de cont act  et  qui ,  d ’une 

f açon génér al e per met  l e dével oppement  de déf or mat i ons de 

r upt ur e pl us i mpor t ant es.

Si  au cour s de l a di scussi on u n  accor d pouvai t  êt r e ét abl i  

au suj et  de t el s modèl es  t héor i ques,  ceux- ci  pour r ai ent  ser vi r  

c o mme  base de t r avai l  c o mmu n e  pour  l ’e x amen  des r ésul t at s 

d ’essai s qui  sont  publ i és.

I l  y  a quel ques quest i ons bi en pr éci ses qui  devr ai ent  êt r e 

t i r ées au cl ai r  i mmédi at ement  et  un  échange de vues dét ai l l é 

pour r ai t  cont r i buer  à at t ei ndr e ce r ésul t at .  C ’est  l e cas n o t a m

ment  pour  l a par t i e de l a r ési st ance t ot al e au ci sai l l ement ,  

qui  peut  êt r e appel ée «cohési on».
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S i, d u r a n t  u n e  p r e m iè re  m is e  e n  c h a rg e , la  r é s is ta n c e  a u  c i

s a i l le m e n t  a u g m e n te  e n  p r o p o r t i o n  d ire c te  d e  la  te n s io n  n o r 

m a le , p r é s e n ta n t  u n e  e n v e lo p p e  a y a n t  la  fo rm e  d ’u n e  d r o i te  

is s u e  d e  l ’o r ig in e , u n e  te lle  r é s is ta n c e  s e m b le ra i t  s a t is f a ir e  la  

d é f in i tio n  d u  f r o t t e m e n t  in te r n e  m ê m e  si, lo r s  d u  d é c h a rg e m e n t ,  

u n e  f r a c t io n  d e  c e t te  r é s is ta n c e  s u b s is te  s o u s  f o rm e  d e  ré s is 

ta n c e  r é s id u e lle  q u i  d e v r a i t  a lo r s  ê t r e  a p p e lé e  « c o h é s io n » .

L o r s q u e  d e s  é p r o u v e t te s  d e  m a té r ia u x  i s o t r o p e s  p r é s e n te n t  

d e s  p la n s  d e  r u p tu r e  b ie n  d é f in is , e t  q u a n d  les  e s s a is  o n t  é té  

a r r ê té s  a s se z  tô t ,  a p r è s  l ’a p p a r i t i o n  d e  te ls  p la n s ,  p o u r  é v i te r  

la  d i s to r t io n  d e  l ’a n g le  d e  p e n te ,  c e lu i-c i p e u t  s e rv ir  d e  p r e u v e  

s u p p lé m e n ta ir e  p o u r  é ta b l i r  le  v é r i ta b le  a n g le  d e  f ro t t e m e n t  

in te rn e .  M a lh e u re u s e m e n t ,  la  m o in d re  a n i s o tr o p ie  ( in h é re n te  

à  l ’é c h a n t i l lo n  o u  p r o v o q u é e )  a f fe c te  c e t  a n g le , si b ie n  q u e  c e t 

a s p e c t  d e  l ’é tu d e  ex ig e  u n e  t e c h n iq u e  d ’e s sa i  a s se z  p ré c is e  e t  

b ie n  c o m p r is e  p o u r  p e r m e t t r e  l ’u s a g e  d e s  r é s u l ta t s  à  t i t r e  d e  

p r e u v e  c o n c lu a n te .

A  c e  s u je t  n o u s  d é s iro n s  a t t i r e r  l ’a t t e n t io n  s u r  le s  r é s u l ta t s  

o b s e rv é s  lo r s  d e  m is e  e n  c h a r g e  t r è s  r a p id e s  (p . ex . 0 ,01  se 

c o n d e ) . D e  te lle s  m ise s  e n  c h a rg e ,  n ’o n t  p a s  p o u r  s e u l  e ffe t d e  

d o n n e r  à  l ’a rg i le  d e s  r é s is ta n c e s  d e  b e a u c o u p  s u p é r ie u re s  à  

ce lle s  q u e  l ’o n  o b t ie n t  p o u r  u n  c h a r g e m e n t  p r o g re s s i f  d e s  é c h a n 

t i l lo n s  s 'é t e n d a n t  s u r  u n e  p é r io d e  d e  p lu s ie u r s  m in u te s ,  m a is

e n  o u t r e  e lle s  p e u v e n t  c h a n g e r  la  p e n te  d e s  p la n s  d e  r u p tu r e  

d e  6 0  à  45  d e g ré s  e n v i r o n .  Q u e lq u e s  o b s e rv a t io n s  d e  ce  g e n re  

f u r e n t  f a i te s  à  H a r v a r d  il y  a  s e p t  a n s , m a is  f u r e n t  c o n s id é ré e s  

a lo r s  c o m m e  le  r é s u l t a t  d e  c a u s e s  a c c id e n te lle s .

P lu s  r é c e m m e n t  d e s  e s s a is  s e m b la b le s , c o n d u i ts  a u  M a s s a 

c h u s e t t s  I n s t i tu te  o f  T e c h n o lo g y  o n t  d é m o n tr é  in d u b i ta b le 

m e n t  q u e  s o u s  l ’a c t io n  d e  c h a rg e m e n ts  a u s s i  r a p id e s  l ’a rg i le  

se  c o m p o r te  c o m m e  u n  m a té r ia u  p a r f a i t e m e n t  c o h é s if .  S i 

l ’é c h a n t i l lo n  a  é té  p r é a la b le m e n t  c o n s o l id é  s o u s  u n e  p r e s s io n  

é g a le  e n  to u te s  d ir e c t io n s ,  la  r é s is ta n c e  t r a n s i to i r e  s o u s  u n  

c h a r g e m e n t  t r è s  r a p id e  s e m b le  ê t r e  e n t iè r e m e n t  in d é p e n d a n te  

d e s  te n s io n s  s u p p lé m e n ta ir e s ,  t a n t  e f fe c tiv e s  q u e  n e u t r e s  ( te n 

s io n s  d a n s  l ’e a u  in te r s t i t ie l le ) ,  d é v e lo p p é e s  d u r a n t  la  m is e  e n  

c h a rg e . D ’a u t r e  p a r t ,  u n e  in c l in a is o n  à  45  d e g ré s  d e s  p la n s  d e  

r u p tu r e  o b te n u s  p a r  c e r ta in s  e x p é r im e n ta te u r s  p a r  d e s  m ise s  e n  

c h a rg e  s ta t iq u e s  e s t ,  à  n o t r e  a v is , b ie n  d iffic ile  à  c o n c i l ie r  a v e c  

l ’in c l in a is o n  d e  10° à  15° d e s  e n v e lo p p e s  f o u rn ie s  p a r  d e s  e s sa is  

t r ia x ia u x  r a p id e s  e f fe c tu é s  s u r  le s  m ê m e s  m a té r ia u x  a p r è s  c o n 

s o l id a t io n  (Q c  T e s t) .

I l  v a u d r a i t  é g a le m e n t  la  p e in e  d e  d is c u te r  si le s  r é s u l t a t s  

o b te n u s  s u r  d e s  é c h a n t i l lo n s  d ’a rg i le  r e m a n ié e  s o n t  re lié s  e n  

q u e lq u e  f a ç o n  a u x  c a r a c té r i s t iq u e s  d e  r é s is ta n c e  d e  l a  m ê m e  

a rg i le  d a n s  l ’é t a t  n o n  re m a n ié .
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