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L e V ice-P rés id en t :

M esd am es, M essieu rs , en  q u a lité  d e  délégué d u  C o m ité  

d ’o rg a n isa tio n , j ’o u v re  la  séance des d iscu ssio n s tech n iq u es  
c o n c e rn a n t la  S ec tio n  3A.

A u  c o u rs  d ’u n e  ré u n io n  p ré p a ra to ire  les m em b res  de  ce 

g ro u p e  o n t, d ’u n e  p a r t  re te n u  à  l ’o rd re  du  jo u r  les deux  

su jets de d iscu ssio n s su iv an ts , re la tifs  au x  fo n d a tio n s  su p e r ­

ficielles :

—  In flu ence  de la  d im en s io n  e t de la  fo rm e  des fo n d a ­

t io n s  ;

—  E x p a n s io n  e t re tra i t  des so ls  n o n  sa tu ré s ;

d ’a u tre  p a r t  c o n v e n u  des c o n d itio n s  d a n s  lequelles la discus-
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sio n  a u ra  lieu , afin  d e  la  d isc ip lin e r e t d e  la  re n d re  aussi fru c ­

tu eu se  q u e  p ossib le . C ’es t a in si q u ’ap rè s  la  p ré se n ta tio n  de son  

ra p p o r t ,  p a r  le R a p p o r te u r  G é n é ra l, q u i m e ttra  e n  év idence, 

p o u r  les su jets e n  q u e s tio n , les p ro g rè s  réa lisés en  m a tiè re  de 

M écan iq u e  des so ls e t an a ly se ra  les é tu d es  récen tes , des c o m m u ­

n ic a tio n s  se ro n t fa ite s  p a r  les a u te u rs  d o n t les n o m s v o u s 

se ro n t d o n n é s  to u t  à l ’h eu re  p a r  le p ré s id e n t de séance, e t 

qu i o n t a p p o r té  su r les q u e s tio n s  tra ité e s  u n e  c o n tr ib u tio n  

p a rtic u liè re m e n t im p o r ta n te . E n su ite , les d iscu ssio n s in te r ­

v ie n d ro n t su r ces c o m m u n ic a tio n s  e t en  gén éra l su r  to u te s  

les q u es tio n s  q u e  vous po serez , à c o n d itio n  b ien  e n te n d u  

q u ’elles se ra p p o r te n t  à  l ’o rd re  du  jo u r .

L a  c o n f ro n ta tio n  des co n n a issan ces  des p a r tic ip a n ts  à  la 

d iscu ssio n , p a r  les en se ig n em en ts  q u ’elle p ro c u re ra , p e rm e ttra  

a insi d e  fa ire  p ro g resse r su r ces su je ts  u n e  science  en  c o n s ta n te  

év o lu tio n .

Je  rec o m m a n d e  au x  p e rso n n e s  qu i p a r tic ip e ro n t  aux  

d iscu ssio n s de p a r le r  le n te m e n t afin  d e  n e  p a s  re n d re  tro p  

difficile la  tâ c h e  des in te rp rè te s  e t d ’év ite r de  lire des p ap ie rs  

tro p  lo n g s afin  q u e  la  d iscu ssio n  res te  v iv an te  e t an im ée .

Je  p asse  la  P ré sid en ce  de la  S éance  à  M . V erdeyen .

L e  P résid en t :

M esd am es, M essieu rs , je  rem erc ie  to u t  d ’a b o rd  M . le 

V ice-P rés id en t S a lm o n  p o u r  so n  ex cellen te  in tro d u c tio n  e t 

j ’a b o rd e  d irec tem en t n o tre  o rd re  d u  jo u r .

E n  p re m ie r lieu  M . le R a p p o r te u r  général va d o n n e r  

lec tu re  de so n  ra p p o r t .  L a  p a ro le  es t à  M . le P ro fesseu r 

T sitov itc h .

L e R apporteur G énéral :

M y  re p o r t  is o n  General Subjects o f Theory and Practice 
o f Foundation Engineering on Natural Soils. In  o rd e r  to  

em p h asise  th e  m o st im p o r ta n t  id eas c o n tr ib u te d  by  each  

p a p e r  to  o u r  k n o w led g e  in  th is  field it w as n ecessary  to  co m ­

b in e  a ll th e  53 p a p e rs  receiv ed  in to  six d iffe ren t g ro u p s .

T h e  firs t g ro u p  —  b ea rin g  cap ac ity  o f  so ils  :

T h e  p a p e rs  o n  th e  b e a r in g  ca p a c ity  o f  so ils  co v er (a) th e o ­

re tica l in v estig a tio n s, (b) d esc rip tio n  o f  fo u n d a tio n  tests  an d

(c) p a r tic u la r  p ro b lem s.

T h e  seco n d  g ro u p  —  stress  d is tr ib u tio n  in  so ils , in c lu d in g  

th e  c o n ta c t p ro b le m  :

Six p a p e rs  o n  stress d is tr ib u tio n  in  so ils  h av e  been  p re se n ­

ted  to  th is  C o n fe ren ce . F o u r  o f  th em  co v e r th eo re tica l p ro ­

b lem s an d  tw o  p a p e rs  a re  o n  th e  ex p erim en ta l d e te rm in a tio n  

o f  p re ssu re s  over fo u n d a tio n  basis.

T h e  th ird  g ro u p  —  se ttlem en t o f  s tru c tu re s  :

F o r  co n ven ience  a ll th e  p a p e rs  o f  th is  g ro u p  h av e  been  

co m b in ed  u n d e r th e  fo llo w in g  h ead in g s : (a) th e  d e te rm in a tio n  

o f  co m p le te  s tab ilised  se ttlem en t o f  fo u n d a tio n s ; (b) p ro b lem s 
o f  th e  c o n so lid a tio n  th eo ry  an d  (c) th e  re su lts  o f  o b se rv a tio n  

o f  s tru c tu re  se ttlem en t.

T h e  fo u rth  g ro u p  —  fo u n d a tio n  c a lc u la tio n  a n d  design  :

T h e  analysis o f  th e  p a p e rs , as w ell as th e  references, show s 

clearly  th a t  fo u n d a tio n  c a lcu la tio n  a n d  desig n  in  resp ect 

to  ad m issib le  p re ssu res o n  th e  so il d o es n o t  alw ay s g u a ra n te e  

th e  s tren g th  a n d  th e  stab ility  o f  th e  fo u n d a tio n s , so  th a t  

o ften  it is necessary  to  ta k e  in to  a c c o u n t se ttlem en ts  o f  c o m ­

p re ssib le  bases a n d  th e ir  n o n -u n ifo rm ity .

T h e  p a p e rs  to  be co n s id e red  in  th is  g ro u p  a re  co m b in ed  

in to  th e  fo llo w in g  su b -g ro u p s : (a) flexible fo u n d a tio n s ,

(b) rig id  fo u n d a tio n s  a n d  (c) th e  p ecu la ritie s  o f  desig n ing  

fo u n d a tio n s  fo r ce r ta in  types o f  s tru c tu res .

T h e  fifth  g ro u p  —  fo u n d a tio n s  in  reg io n a l so il co n d itio n s .

T h is  g ro u p  in c lu d es e igh t p a p e rs  co v erin g  th e  p ro b lem s o f  

b u ild in g  fo u n d a tio n s  o n  reg io n a l so ils  : su b sid en ce  o n  w ettin g  

u n d e r  lo ad  (h igh ly  p o ro u s  loesses, e luv ia l so ils  fo rm ed  as a 

resu lt o f  so il w ea th erin g  a n d  o th ers ), co n s id e rab le  sw elling 

o n  w ettin g , sh rin k ag e  o n  d ry in g  an d  m a d e  filling  g ro u n d s.

It is in te re s tin g  th a t  tw o  a u th o rs  rec o m m en d  m easu res 

to  c o u n te ra c t th e  d e fo rm a tio n  o f  fo u n d a tio n s  bu ilt o n  sw el­

l in g  so ils  sim ila r to  th o se  a p p lied  in  c o u n te ra c tin g  th e  fro s t- 

heav ing .

T h e  six th  g ro u p  —  specia l p ro b le m s :

T h is  g ro u p  in c lu d es p a p e rs  c o v e rin g  th e  fo llo w in g  p ro b lem s : 

(a) s tab ility , (b) d y n am ics o f  so il bases a n d  fo u n d a tio n s  a n d

(c) special cases in  fo u n d a tio n  en g in eerin g .

T h e  m a in  p ro b le m  in  th e  th e o ry  a n d  p ra c tic e  o f  fo u n d a tio n  

en g in eerin g  co n sis ts  in th e  c a lc u la tio n  a n d  desig n  o f  fo u n d ­

a tio n s . A ll th e  o th e r  g ro u p s  o f  p a p e rs  co v er o n ly  p a r tic u la r  

asp ects  o f  th is  g en e ra l p ro b le m .
Summary : T h e  s tu d y  o f  th e  p a p e r s  su b m itte d  to  th e  F if th  

C o n fe ren ce  an d  th e  p u b lic a tio n s  issued  in  th e  p e r io d  b etw een  

th e  tw o  C o n fe ren ces  c learly  sho w s th a t  th e  c o rre c t e v a lu a tio n  

o f  th e  lim its  o f  ap p licab ility  o f  in d iv id u a l so lu tio n s  o f  so il 

m ech an ic s  p ro b le m s a n d  th e  im p ro v ed  m e th o d s  fo r  d e te r ­

m in in g  th e  ch a rac te ris tic s  o f  so ils  e n a b le  us to  ap p ly  th e  

so lu tio n s  o f  th e  th e o ry  o f  so il m ech an ics in  p ra c tice  w ith  

g re a t confidence.

T h e  re p o rts  to  D iv is io n  3A  o f  th e  F if th  C o n fe ren ce , a l ­

th o u g h  th ey  d o  n o t  c o n ta in  g re a t discoveries , still a d v a n c e  

a  n u m b e r o f  use fu l su g gestio ns th a t  ca n  b e  u se d  in  th e  d e v e l ­

o p in g  o f  th e  en g in eerin g  design . I t  h a s  b een  estab lish ed  th a t  

as  a  ru le  th e  m a g n itu d e  o f  th e  b e a r in g  cap ac ity  o f  b ases, as 

d e te rm in e d  ex p erim en ta lly , by  fa r  exceeds th e  ca lcu la ted  o ne , 

w hich  p o in ts  to  th e  in su ffic ien tly  ac c u ra te  ev a lu a tio n  o f  th e  

b o u n d a ry  c o n d itio n s  a n d  to  th e  necessity  o f  im p ro v in g  th e o ry . 

T h e  e la b o ra tio n  o f  so lu tio n s  to  th e  p ro b lem  o f  stresses a n d  
d e fo rm a tio n s  o f  a  fin ite  so il lay er (re s tin g  o n  a  rig id  base) 

is a  su b s ta n tia l c o n tr ib u tio n  to  th e  th e o ry  o f  stress d is t ­

r ib u tio n .

A n  im p o r ta n t  ach iev em en t in  th e  field  o f  fo u n d a tio n  

se ttlem en ts  co n sis ts  in  th e  fu r th e r  e la b o ra tio n  o f  th e  p ro b le m  

o f  th e  d e fo rm a tio n  o f  tw o -lay er base  a n d  th e  successfu l 

a p p lic a tio n  o f  ve rtica l d ra in a g e  fo r  th e  acce le ra tio n  o f  th e  

c o n so lid a tio n  o f  c lay  soils. H o w ev er, th e  p ro b lem s o f  seco n ­

d a ry  so il c o n so lid a tio n , th e  c a lc u la tio n  o f  b ases fo r creep  

a n d  th e  lim its  o f  ap p licab ility  o f  th e  filtra tio n  th eo ry  o f  c o n so l ­

id a tio n  h av e  been  la rge ly  neg lected .

I t  m ay  be co n s id e red  as a n  estab lish ed  fac t th a t  flexible 

fo u n d a tio n s  sh o u ld  be desig ned  ta k in g  in to  a c c o u n t the  

in te ra c tio n  b etw een  th e  s tru c tu re  a n d  th e  co m p ressib le  base, 

w hile rig id  fo u n d a tio n s  sh o u ld  be desig ned  p ro ceed in g  fro m  

th e  se ttlem en t o f  so il bases d e te rm in e d  by th e  lim it d e fo r ­

m a tio n s  o f  su p e rfo u n d a tio n  s tru c tu res .

A lth o u g h  a  n u m b e r o f  p ap e rs  su b m itte d  to  th e  F if th  

C o n fe ren ce  a re  co n ce rn ed  w ith  th e  p ro b le m  o f  fo u n d a tio n s  

in p ecu lia r  so il c o n d itio n s  th e  g en era l th eo ry  o f  th e  m ech an ics  

o f  p ecu lia r so ils  h as  n o t  been  e la b o ra te d  to  a n y  sa tis fac to ry  

degree.

P ro p o sa ls  fo r  d iscu ssio n  h av e  been  p u b lish ed  in V ol. II 

o f  th e  P ro ceed in g s o f  th is  C o n fe ren ce  a n d  in  B u lle tin  N °  2. 

T hey  m ay  be co m b in ed  as fo llo w s :

1. T h e  lim its o f  ap p lica b ility  o f  th e  so lu tio n s  o f  so il m e c h a n ­

ics, in c lu d in g  in flu ence o f  th e  d im en sio n s o n  th e  sh a p e  o f  

th e  fo u n d a tio n s  o n  th e ir  se ttlem en ts .

2. P ro b lem s o f  th e  gen era l th eo ry  o f  n o n -sa tu ra te d  so ils, 

o f  th e  m ech an ics  o f  sw elling  a n d  ex pan siv e  so ils , su b sid ab le  

loess so ils  a n d  th e  m ech an ics  o f  o rg an ic  m asses.

3. T h e  desig n  o f  fo u n d a tio n s  o f  lim its sta te s.

L e P résident :

Je  rem erc ie  v iv em en t M . T sito v itch  p o u r  la  lec tu re  de 

so n  ra p p o r t .  V ous avez  p u  c o n s ta te r  q u ’il est p a r tic u liè ­

re m e n t c la ir  e t q u e  c ’es t u n  d o c u m e n t de  trav a il qu i n o u s  

se rv ira  lo rs  de l ’ex am en  dé ta illé  des d iverses co m m u n ica tio n s . 
E n  v o tre  n o m  je  félicite  M . T sito v itc h  p o u r  so n  tra v a il;  

vous p o u rre z  to u s  ap p réc ie r co m b ie n  il a dû  fa ire  d ’efforts
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p o u r  a r r i v e r  à  p r é s e n t e r  u n  r a p p o r t  a u s s i  r a p i d e m e n t  e t  

a u s s i  c l a i r e m e n t .

J ’a b o r d e  m a i n t e n a n t  l ’o b j e t  d e  n o s  d i s c u s s io n s .  C o m m e  

v o u s  l ’a  r a p p e l é  M . le  V ic e - P r é s id e n t  S a l m o n ,  le  g r o u p e  d e  

d i s c u s s io n  a  r e t e n u  d e u x  s u je t s  : l ’u n ,  l ’in f lu e n c e  d e  la  d im e n ­

s io n  e t  d e  la  f o r m e  d e s  f o n d a t i o n s  ; le  s e c o n d  e s t  r e l a t i f  a u x  

s o ls  n o n  s a tu r é s .  J ’a b o r d e  d o n c  le  p r e m i e r  s u je t .

Influence de la dimension et de la forme des fondations

J e  d o n n e  la  p a r o l e  à  M . H a b i b  q u i  v a ,  j e  c r o i s ,  v o u s  p a r l e r  

d e s  c o e f f ic ie n ts  d e  f o r m e .

M . Habib ( F r a n c e )

M . le  P r é s id e n t ,  M e s s ie u r s ,  m e s  c h e r s  c o l lè g u e s ,

L a  f o r m e  e t  l a  d i m e n s io n  d e s  f o n d a t i o n s  p e u v e n t  i n t e r v e n i r  

d e  d i f f é r e n te s  f a ç o n s ,  m a is  c ’e s t  e s s e n t i e l l e m e n t  l e u r  in f lu e n c e  

s u r  l a  v a le u r  d e  l a  f o r c e  p o r t a n t e  l im i te  e t  d u  t a s s e m e n t  q u i  

e s t  i m p o r t a n t e .  J e  m e  l im i t e r a i  à  q u e lq u e s  r e m a r q u e s  r e la t iv e s  

à  l a  f o r c e  p o r t a n t e .

L ’in f lu e n c e  d e  l a  d im e n s io n  d e s  f o n d a t i o n s  s u r  la  r é s i s ta n c e  

à  l a  r u p t u r e  e s t  à  p e u  p r è s  c l a i r e m e n t  é t a b l i e  à  l ’h e u r e  a c tu e l le .  

A  l a  s u r f a c e  d ’u n  m il ie u  p u l v é r u l e n t  d e s  f o n d a t i o n s  h o m o -  

th é t i q u e s  p o r t e n t  d e s  c h a r g e s  d o n t  le  r a p p o r t  e s t  é g a l  a u  c u b e  

d e  l ’é c h e l le  d e s  l o n g u e u r s .  A u t r e m e n t  d i t ,  s i u n  c u b e  d ’u n e  

c e r t a i n e  d e n s i t é  e s t  e n  é q u i l ib r e  l im i te  s u r  u n  s a b le ,  t o u s  le s  

c u b e s  e n  m ê m e  m a t i è r e  s e r o n t  e n  é q u i l ib r e  l im i te .  C e  r é s u l t a t  

e s t  d ’a u t a n t  p lu s  i n t é r e s s a n t  q u ’il n ’e s t  p a s  v r a i  p o u r  les  

s t r u c t u r e s  q u e  c e  s o i e n t  c e l le s  q u i  s o n t  c r é é e s  p a r  l ’h o m m e ,  

o u  c e l le s  d u  m o n d e  a n im a l .  I l  n ’e s t  p a s  v r a i  n o n  p lu s  p o u r  

le s  f o n d a t i o n s  s u r  le s  m a s s i f s  p u r e m e n t  c o h é r e n t s  : c e t t e  fo is  

l a  p r e s s i o n  l im i t e  e s t  c o n s t a n t e  e t  i n d é p e n d a n t e  d e  l a  d im e n ­

s i o n .  L ’in f lu e n c e  d e  l a  f o r m e ,  p a r  c o n t r e  e s t  e n c o r e  à  c e  

c o n g r è s  m ê m e  l ’o b je t  d e  n o m b r e u x  t r a v a u x  s a n s  q u ’u n  a c c o r d  

c o m p l e t  s e  s o i t  é ta b l i .

M a is  a v a n t  d ’a l l e r  p lu s  a v a n t  il f a u t  p e u t - ê t r e  p r é c i s e r  

le  m o t  c o e f f ic ie n t  d e  f o r m e  c a r  le  l a n g a g e  n ’e s t  p a s  to u j o u r s  

le  m ê m e  d ’u n  a u t e u r  à  l ’a u t r e .  P o u r  c e la  j e  v a is  c o m p a r e r  

d e u x  f o n d a t i o n s ,  l ’u n e  e n  f o r m e  d e  b a n d e  d e  l o n g u e u r  in f in ie ,  

l ’a u t r e  r e c t a n g u l a i r e  e t  d e  m ê m e  l a r g e u r  q u e  la  p r e m iè r e  : 

j ’a p p e l l e  c o e f f ic ie n t  d e  f o r m e  le  r a p p o r t  d u  t a u x  d e  t r a v a i l  

à  l a  r u p t u r e  d e  c e s  d e u x  f o n d a t i o n s .  I l e s t  é v id e n t  q u e  p o u r  

d e s  f o n d a t i o n s  t r è s  a l lo n g é e s  c e  c o e f f ic ie n t  e s t  v o is in  d e  l ’u n i t é  

e t  q u ' i l  s ’e n  é c a r t e  le  p lu s  p o u r  l a  f o r m e  c a r r é e .  A v e c  la  

d é f in i t io n  q u e  j e  v ie n s  d e  d o n n e r  o n  c o n s t a t e  q u e  p o u r  les  

s a b le s  le  c o e f f ic ie n t  d e  f o r m e  m i n o r e  le  t a u x  d e  t r a v a i l  d e  

2 0  à  4 0  p o u r  c e n t  : p o u r  le s  a r g i le s ,  il  le  m a j o r e  d e  2 0  à  4 0  p o u r  

c e n t .  S i j e  d o n n e  d e s  v a le u r s  e x t r ê m e s ,  c ’e s t  p o u r  e n c a d r e r  

le s  r é s u l t a t s  d e  c h a c u n ,  c a r  e f f e c t iv e m e n t  le s  v a le u r s  p r o ­

p o s é e s  n e  s o n t  p a s  le s  m ê m e s  s e lo n  le s  a u te u r s .  V o ic i  d o n c  

u n  s u je t  p o u r  l e q u e l  n o u s  d i s p o s o n s  d e  r é s u l t a t s  e x p é r im e n ­

t a u x  n o m b r e u x  e t  r é c e n t s  : j e  p e n s e  e n  p a r t i c u l i e r  à  c e u x  d e  

M . M e y e rh o f ,  q u i  e s t  à  c e t te  t a b le ,  d e  M . d e  B e e r ,  d e  M . K e z d i  

e t  d e  b ie n  d ’a u t r e s  e n c o r e .  C e  s u je t  d e v r a i t  ê t r e  c l a i r ,  o r ,  il 

n e  l ’e s t  p a s ;  il y  a  d o n c  q u e lq u e  c h o s e  q u i  m a s q u e  le s  c o n c lu ­

s i o n s  : c ’e s t  l a  d i s p e r s io n  d e s  r é s u l t a t s .

M o n  o p i n i o n  s u r  c e t t e  q u e s t i o n  e s t  l a  s u iv a n te  ; d a n s  

l ’é t a t  a c tu e l ,  il e s t  p a r f a i t e m e n t  in u t i l e  d e  s ’o c c u p e r  d u  

c o e f f ic ie n t  d e  f o r m e  s a u f  p e u t - ê t r e  p o u r  le s  a r g i le s ,  e t  v o ic i 

p o u r q u o i .  N o u s  n e  d i s p o s o n s  p a s ,  p o u r  l ’i n s t a n t  d ’u n e  th é o r i e  

c o m p lè te  e t  s a t i s f a i s a n te  p o u r  le s  p r o b lè m e s  à  t r o i s  d im e n s io n s .  

D a n s  d e  n o m b r e u x  c a s  e t  e n  p a r t i c u l i e r  p o u r  c e lu i  d e s  f o n d a ­

t i o n s  s u p e r f ic ie l le s ,  n o u s  s o m m e s  d o n c  o b l ig é s  d e  n o u s  a p p u y e r  

s u r  l ’e x p é r ie n c e  p o u r  o b t e n i r  c e r t a in s  c o e f f ic ie n ts  c a r a c t é r i s ­

t iq u e s .  O r  si n o u s  r e g a r d o n s  le s  r é s u l t a t s  e x p é r im e n ta u x  n o u s  

c o n s t a t o n s  q u e  la  d i s p e r s io n  d e s  r é s u l t a t s  e s t  d e  l ’o r d r e  d e  1 à

2 , p e u t - ê t r e  m ê m e  d e  1 à  3. L a  F ig .  a  r e p r é s e n te  l ’in f lu e n c e  

d e  l ’é l a n c e m e n t  d ’u n e  f o n d a t i o n  s u r  le  t a u x  d e  t r a v a i l .  E n  

a b s c is s e  j ’a i  p o r t é  le  r a p p o r t  d e  l a  l o n g u e u r  à  l a  l a r g e u r  d e  

l a  f o n d a t i o n  e t  e n  o r d o n n é e  la  p r e s s io n  l im i te  d iv is é e  p a r  la  

l a r g e u r .
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O n  v o i t  l ’é n o r m e  d is p e r s io n  d e s  r é s u l t a t s  q u e  l ’o n  o b t i e n t  

d a n s  d e s  e s s a is  d e  c e t t e  n a t u r e .

L a  F ig .  b  r e p r é s e n te  u n  d ia g r a m m e  d e  f r é q u e n c e .  I l  a  é t é  é t a b l i  

à  p a r t i r  d ’u n e  p a r t i e  d e s  r é s u l t a t s  q u i  f ig u r a i e n t  s u r  l a  f ig u r e  p r é ­

c é d e n te ,  m a is  p o r t e  e n c o r e  s u r  u n  n o m b r e  c o n s i d é r a b l e  d ’e s s a is  : 

j e  n o t e  o c c a s io n n e l l e m e n t  d ’a i l le u r s  q u ’il e s t  b i e n  c l a i r  s u r  

c e t t e  f ig u r e  q u e  la  r é p a r t i t i o n  d e s  é c a r t s  n e  c o r r e s p o n d  p a s  à  

u n e  d i s t r i b u t i o n  d e  G a u s s .  A in s i ,  m ê m e  e n  l a b o r a t o i r e ,  d a n s  

d e s  c o n d i t i o n s  to u t - à - f a i t  s a t i s f a i s a n te s ,  a v e c  u n e  e x p é r im e n ­

t a t i o n  s o ig n é e ,  il e s t  n é c e s s a i r e  d e  r é p é t e r  le s  e s s a is  u n  n o m b r e  

c o n s id é r a b le  d e  fo is  p o u r  p o u v o i r  o b t e n i r  u n e  p r é c i s io n  à  

p e in e  s a t i s f a i s a n te ,  c e l le  q u e  j ’i n d iq u a i s  t o u t  à  l ’h e u r e .  Si 

m a i n t e n a n t  n o u s  r e v e n o n s  a u x  p r o b lè m e s  p r a t i q u e s  e t  e n  

t e n a n t  c o m p t e  d e  l ’i n c e r t i t u d e  q u i  r è g n e  s u r  le s  c a r a c té r i s t iq u e s  

r é e l le s  d e s  s o ls ,  i n c e r t i t u d e  d u e  a u  f a i t  q u e  n o s  e n q u ê te s  s o n t  

to u j o u r s  p a r c e l l a i r e s ,  o n  e s t  e n  d r o i t  d e  s e  d e m a n d e r  c e  q u e  

r e p r é s e n te  la  r e c h e r c h e  d ’u n e  p r é c i s io n  d e  l ’o r d r e  d e  10  p o u r  

c e n t .

L e s  r e m a r q u e s  p r é c é d e n te s  n e  t i e n n e n t  p a s  c o m p te  d e  la  

d i s p e r s io n  n a t u r e l l e  d e s  p r o p r i é t é s  m é c a n iq u e s  d e s  s o ls  d o n t  

n o u s  n ’a v o n s  p a s  e n  g é n é r a l  u n e  c o n n a i s s a n c e  t r è s  p r é c is e  

c a r  le s  é tu d e s  s t a t i s t iq u e s  s o n t  m a l h e u r e u s e m e n t  t r è s  r a r e s  

e n c o r e .  J ’a i  d i t  t o u t  à  l ’h e u r e  q u e  le  s e u l  c a s  o ù  la  r e c h e r c h e  

d u  c o e f f ic ie n t  d e  f o r m e  p o u v a i t  à  la  r i g u e u r  s e  ju s t i f i e r  é t a i t  

c e lu i  d e s  a r g i le s .  E n  e f fe t  l o r s q u e  la  r u p t u r e  s e  f a i t  d a n s  d e s  

c o n d i t i o n s  te l le s  q u e  le  f r o t t e m e n t  i n t e r n e  s o i t  n u l  o n  p e u t  

a t t e i n d r e ,  a u  l a b o r a t o i r e ,  u n e  p r é c i s io n  d e  l ’o r d r e  d e  5 p o u r  

c e n t  e t  s u r  d e s  p r o d u i t s  a r t i f ic ie ls  d e  l ’o r d r e  d e  1 p o u r  c e n t  

l o r s q u e  le s  m a n i f e s t a t i o n s  v is q u e u s e s  n e  s o n t  p a s  t r o p  i m p o r ­

t a n t e s  : il p e u t  ê t r e  u t i l e  d e  d o n n e r  a lo r s  u n e  f o r m u l e  d e  

r u p t u r e  a v e c  u n  te r m e  c o r r e c t i f ,  m a i s  n o t r e  o p t im is m e  d o i t  

ê t r e  t e m p é r é  m ê m e  d a n s  c e  c a s ,  c a r  la  f i s s u r a t io n  d e s  a r g i le s ,  

la  d i s p e r s io n  n a t u r e l l e  e tc . . .  s o n t  e n c o r e  d e s  c a u s e s  d ’e r r e u r  

n e t t e m e n t  p lu s  im p o r t a n t e s .  D a n s  to u s  le s  a u t r e s  c a s ,  j e  

p e n s e  q u ’il e s t  i l l u s o i r e  d ’i n t r o d u i r e  u n  c o e f f ic ie n t  d e  f o r m e  

p o u r  le  c a lc u l  d u  t a u x  d e  t r a v a i l  a d m is s ib le .

J e  n ’a i  e n v is a g é  p o u r  l ’i n s t a n t  q u e  le  t e r m e  d e  c o h é s io n  

e t  le  t e r m e  d ’a p p u i .  M a i s  le  c a lc u l  d ’u n e  f o n d a t i o n  s u p e r ­

f ic ie l le  c o n t i e n t  p r e s q u e  t o u j o u r s  u n  t e r m e  d e  p r o f o n d e u r  

e t  l ’in f lu e n c e  d e  l a  f o r m e  d o i t  e x i s te r  l à  a u s s i .  I l  e s t  b i e n  é v id e n t  

q u e  l ’é t u d e  e x p é r im e n ta l e  d e  c e  t e r m e  c o r r e c t i f  e s t  p a r t i ­

c u l i è r e m e n t  d é l ic a te  e t  q u e  le  p r o b l è m e  g é n é r a l  e s t  e x t r ê m e ­

m e n t  a r d u .

L e  P r é s id e n t  :

J e  v o u s  r e m e r c ie ,  M o n s i e u r  H a b i b ,  j e  v a is  m a i n t e n a n t  

d o n n e r  la  p a r o l e  à  M .  F r ö h l i c h  q u i  a  l ’i n t e n t i o n  d e  n o u s  

p a r l e r  d e  l a  d i s p e r s io n  d e s  r é s u l t a t s .

M .  O . K .  F r ö h l i c h  ( A u t r ic h e )

T h is  q u e s t io n  r e l a t e s  t o  s h a l lo w  f o u n d a t i o n s  :

( 1) o f  r e la t iv e ly  s m a l l  d im e n s io n s  ( s o - c a l le d  f o o t in g s  

a n d  o f  s q u a r e ,  c i r c u l a r  o r  r e c t a n g u l a r  s h a p e ) ;

(2 )  o n  in f in i te ly  lo n g  s t r ip s ;

(3 )  o n  f o u n d a t i o n  m a t s  o r  r a f t s  o f  r e la t iv e ly  g r e a t  d im e n ­

s io n s .

1. A s  r e g a r d s  th e  in f lu e n c e  o f  d im e n s io n  a n d  s h a p e  on the 
bearing capacity  o f  t h e  f o u n d a t i o n  ( t h a t  m e a n s  t h e  c r i t i c a l  

lo a d ,  u n d e r  w h ic h  r u p t u r e  o f  t h e  s o i l  o c c u r s ) ,  t h i s  in f lu e n c e  

is  d e s c r ib e d  a n d  c o m p u t e d  in  “ T h e o r e t i c a l  S o i l  M e c h a n ic s  ” 

b y  T e r z a g h i  (1 9 4 2 ).

T h e  d i f f e r e n c e  b e tw e e n  a  c i r c u la r ,  s q u a r e  o r  r e g u la r ly  

p o ly g o n a l  s h a p e  is  n e g l ig ib le  —  a l l  t h a t  m a t t e r s  is  t h e  s iz e  

o f  t h e  c o n t a c t - a r e a  b e tw e e n  f o u n d a t i o n  a n d  s o i l ,  a s  l o n g  

a s  t h e  s o i l  is  h o m o g e n e o u s .  T h is  m e t h o d  o f  j u d g i n g  th e  

iu f lu e n c e  o f  s iz e  a n d  s h a p e  o f  th e  f o u n d a t i o n  on the bearing 
capacity  l e a d s  to  th e  c o n c e p t i o n  o f  th e  c ritica l g r o u n d  p r e s s u r e .
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T o  f in d  th e  a l lo w a b le  p r e s s u r e  in  t h e  c o n t a c t  s u r f a c e ,  w e  a c c o r d in g  to  R e i s s n e r  (1 9 2 4 )  a n d ,  v e ry  n e a r ly ,  

m u s t  d e c id e  o n  a factor o f safety s a y  : 3 o r  4  o r  s t i l l  h ig h e r .

2 . T h e r e  is  a n o t h e r  p o s s ib i l i ty  to  d e te r m in e  t h e  a l lo w a b le  

s o i l  p r e s s u r e  f o r  t h e  d e s ig n  o f  th e  f o u n d a t i o n .

W e  m a y  d e f in e  t h e  a l lo w a b le  p r e s s u r e  a s  that p r e s s u r e  

w h ic h  p r o d u c e s  t h e  first small plastic deformations a t  t h e  

r im  o f  t h e  c o n t a c t  a r e a  o f  th e  f o u n d a t i o n .

T h e  th e o r e t i c a l  c o m p u t a t i o n  o f  th i s  v a lu e  r e q u i r e s  t h e  

fo l lo w in g  d a t a  :

( 1)  t h e  f o u n d a t i o n  d e p t h ;

( 2 ) th e  u n i t  w e ig h t  o f  t h e  s o i l  :

( a )  a b o v e  t h e  c o n t a c t  a r e a  a n d

(b )  u n d e r n e a t h  i t ;

(3 )  th e  h ig h e s t  le v e l o f  t h e  g r o u n d w a t e r ,  w h ic h  m a y  b e  

e x p e c te d  ;

(4 )  th e  C o u l o m b - p a r a m e t e r s  c a n d  cp o f  a l l  la y e r s  u n d e r ­

n e a t h  th e  f o u n d a t i o n .

T h e  f o r m u l a  to  b e  u s e d  f o r  t h e  c a l c u l a t i o n  o f  t h e  a b o v e ­

d e f in e d  a l l o w a b l e  s o i l  p r e s s u r e  c a n  b e  f o u n d  in  l i t e r a t u r e  

o n  s o i l  m e c h a n ic s  ( F r ô h l i c h  1 9 3 4 ). I  s h o u l d  n o t  l ik e  t o  t r o u b l e  

y o u  w i th  f u r t h e r  d e ta i l s  in  th i s  r e s p e c t .

A f te r  h a v in g  f o u n d  t h e  a l lo w a b le  p r e s s u r e  in  t h e  c o n t a c t  

a r e a  f o r  t h e  d e s ig n  i t  is  n e c e s s a r y  to  e s t im a t e  t h e  s e t t l e m e n t  

o f  t h e  s t r u c t u r e  t o  b e  e x p e c te d .  F o r  th i s  p u r p o s e  w e  h a v e  

t o  k n o w  compressibility a n d  permeability o f  a l l  l a y e r s  u n d e r ­

n e a t h  o u r  f o u n d a t i o n .

F u r t h e r  w e  h a v e  t o  d e c id e  o n  t h e  d i s t r i b u t i o n  o f  th e  s o i l  

p r e s s u r e s  u n d e r n e a t h  t h e  f o u n d a t i o n  a n d  o v e r  t h e  c o n t a c t  

a r e a  i ts e lf .  I n  g e n e r a l ,  t h e  d i s t r i b u t i o n  o f  t h e  s o i l  p r e s s u r e s  

is  t a k e n  f r o m  t h e  th e o r y  o f  e la s t ic i ty  ( o f  t h e  s o - c a l le d  e la s t ic -  

i s o t r o p i c  h a l f - s p a c e ) ,  e v e n  f o r  s t r a t i f i e d  u n d e r g r o u n d .

A s  r e g a r d s  th e  d i s t r i b u t i o n  o f  t h e  p r e s s u r e s  o v e r  th e  

c o n t a c t  a r e a ,  t h i s  d e p e n d s  o n  t h e  d e g re e  o f  t h e  r ig id i ty  o f  

th e  f o u n d a t i o n  its e lf .  F o r  t h e  f i r s t  e s t i m a t i o n  it is sufficient 
to suppose even distribution o f pressures over the contact 
area.

T h e  f u r t h e r  s te p s  o f  t h e  s e t t l e m e n t  a n a ly s i s  m a y  b e  t a k e n  

f r o m  l i t e r a t u r e ,  w h e r e  c i r c u la r ,  s q u a r e ,  r e c t a n g u l a r ,  e l l i p t i c a l  

a n d  in f in i te ly  lo n g  c o n t a c t  a r e a s  a r e  d e a l t  w ith .

T h e  r e s u l t  o f  t h e  s e t t l e m e n t  a n a ly s i s  w i l l  s h o w ,  i f  th e  c a lc u l ­

a t e d  admissible s o i l  p r e s s u r e  le a d s  to  a n  acceptable s e t t l e m e n t  

o r  n o t .  I t  is  m u c h  e a s ie r  t o  m a k e  th i s  d e c i s io n  f o r  t h e  d e s ig n e r  

t h a n  t o  c h o o s e  th e  c o r r e c t  f a c t o r  o f  s a f e ty  a g a in s t  r u p t u r e .

W i th  r e g a r d  to  t h e  increasing settlement with time b y  

p o r e  p r e s s u r e  d i s s i p a t i o n ,  S o i l  M e c h a n ic s  l i t e r a t u r e  s in c e  

th e  f i r s t  I n t e r n a t i o n a l  C o n f e r e n c e  in  C a m b r id g e  ( M a s s . )  

g iv e s  t h e  r e q u i r e d  d a t a  to  t h e  d e s ig n e r .

L e  P r é s id e n t  :

L a  p a r o l e  e s t  à  M .  M e y e r h o f .

M. G. G. Meyer hof  ( C a n a d a )

I  s h o u l d  l ik e  t o  m a k e  a  f e w  r e m a r k s  o n  t h e  in f lu e n c e  

o f  s h a p e  a n d  s iz e  o f  f o u n d a t i o n s  o n  t h e  u l t i m a t e  b e a r in g  

c a p a c i ty  o f  s p r e a d  f o u n d a t i o n s  o n  c o h e s io n le s s  s o ils .  F o r  

s h a l lo w  f o u n d a t i o n s  o n  s u c h  s o i ls  th e  th e o r e t i c a l  b e a r in g  

c a p a c i ty  c a n  b e  e x p re s s e d  b y  T e r z a g h i ’s  w e l l - k n o w n  e q u a t i o n

Ny =  (JVC -  1) t a n  ( 1 - 4  <p) (3)

q =  y  D N a
2

. . . .  (1)

w h e r e  B  =  w id th  o f  f o u n d a t i o n ,  D =  d e p t h  o f  f o u n d a t i o n  

a n d  y  =  e f f e c t iv e  u n i t  w e ig h t  o f  s o i l .  T h e  t h e o r e t i c a l  b e a r in g  

c a p a c i t y  f a c to r s  f o r  h o r i z o n t a l  s t r ip  f o u n d a t i o n s  u n d e r  

v e r t ic a l  l o a d  d e p e n d  o n ly  o n  t h e  a n g le  o f  i n t e r n a l  f r i c t io n  9  

a n d  a r e

Nq =  e "  tan <p t a n 2 (4 5 °  +  cp/2) . . . .  (2 )

T h e  l a t t e r  e q u a t i o n  is  in  g o o d  a g r e e m e n t  w i th  t h e  th e o r e t i c a l  

f a c to r s  d e r iv e d  b y  M e s s r s  C a q u o t  a n d  K é r i s e l  (1 9 5 6 ) ,  L u n d -  

g r e n - O d e g a a r d  (1 9 5 3 -1 9 6 1 )  a n d  M e y e r h o f  (1 9 5 5 )  a l l  o f  

w h ic h  g iv e  p r a c t i c a l ly  id e n t i c a l  r e s u l t s .  F o r  c i r c u l a r  f o o t in g s  

t h e  th e o r e t i c a l  b e a r in g  c a p a c i ty  f a c to r s  f o r  s a n d s  (3 0 °  <  9  

<  4 5 ° )  a r e  r o u g h ly  tw ic e  a s  g r e a t  a s  f o r  s t r ip  f o o t in g s  a s  

s h o w n  b y  B e r e z a n tz e v  (1 9 5 2 )  a n d  M e y e r h o f  (1 9 5 1  a n d  1955).

A s  i n d i c a t e d  b y  th e  s p e a k e r  in  th i s  p a p e r  to  th i s  C o n f e r e n c e  

(3 B /1 6 ) ,  th e  s o i l  u n d e r  s t r ip  f o u n d a t i o n s  is  in  a  s t a t e  o f  p l a n e  

s t r a i n  a n d  t h e  c o r r e s p o n d i n g  a n g le  o f  i n t e r n a l  f r i c t io n  cp h a s  

to  b e  d e te r m in e d  b y  p la n e  s t r a in  c o m p r e s s io n  te s ts  a t  th e  

s a m e  d e n s i ty  o f  t h e  s a n d ,  i f  l o a d in g  te s t s  o n  s t r ip  f o u n d a t i o n s  

a r e  to  b e  c o m p a r e d  w i th  th e  th e o r y  o n  a  p r o p e r  b a s i s .  M o r e ­

o v e r ,  t h e  n o r m a l  p r e s s u r e  o n  th e  s h e a r  p l a n e  in  s u c h  c o m p r e s ­

s i o n  te s ts  m u s t  b e  th e  s a m e  a s  t h e  a v e r a g e  p r e s s u r e  o n  t h e  

f a i lu r e  s u r f a c e  in  th e  lo a d in g  te s t s  s o  t h a t  t h e  s h e a r in g  s t r e n g th  

is c o m p a r a b l e  in  b o t h  c a s e s  ( M e y e r h o f ,  1 9 4 8 ). T h u s  i t  h a s  

b e e n  f o u n d  b y  M e s s r s  B is h o p  a n d  J a n b u  (1 9 5 7 )  t h a t  t h e  a n g le  

o f  i n t e r n a l  f r i c t io n ,  e s p e c ia l ly  f o r  d e n s e  s a n d ,  in  p l a n e  c o m ­

p r e s s io n  te s t s  is  r o u g h l y  10  p e r  c e n t  g r e a t e r  t h a n  in  t r i a x ia l  

c o m p r e s s io n  te s ts .  T h is  in c r e a s e  in  th e  f r i c t io n  a n g le  is  d u e  

to  th e  e f fe c t  o f  t h e  i n t e r m e d i a t e  p r i n c i p a l  s t r e s s  o n  th e  s h e a r in g  

s t r e n g t h ,  a s  h a s  a l s o  b e e n  s h o w n  b y  te s ts  o f  M . H a b i b  (1 9 5 3 )  

a n d  is a l s o  o b ta in e d  f o r  d e n s e  s a n d s  in  d i r e c t  a n d  r i n g  s h e a r  

t e s ts .  I t  s h o u l d  f u r t h e r  b e  r e m e m b e r e d  t h a t  t h e  a n g le  o f  

i n t e r n a l  f r i c t io n  o f  s a n d s  in c re a s e s ,  a s  t h e  n o r m a l  p r e s s u r e  

o n  t h e  s h e a r  p l a n e  d e c r e a s e s ,  w h ic h  is  p a r t i c u l a r l y  i m p o r t a n t  

f o r  lo a d i n g  te s t s  o n  s m a l l - s c a le  f o o t in g s  ( M e y e r h o f ,  1 9 4 8 ). 

T h e  r e s u l t s  o f  m o d e l  te s t s  o n  s u r f a c e  s t r i p  f o o t in g s  b y  

M e s s r s  D e  B e e r  a n d  L a d a n y i  ( 3 A /4 )  a r e  in  e x c e l le n t  a g r e e m e n t  

w i th  t h e  th e o r y  f o r  s t r ip s  i f  th e  a n g le  o f  i n t e r n a l  f r i c t i o n  u n d e r  

s t r ip  f o o t in g s  is  t a k e n  t o  b e  a b o u t  10  p e r  c e n t  g r e a te r  t h a n  

t h e  t r i a x ia l  a n g le s  a t  t h e  s a m e  d e n s i ty  g iv e n  b y  th e  a u t h o r s ,  

a s  s h o w n  in  F ig .  1.
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O n  th e  o th e r  h a n d , th e  so il u n d e r  c irc u la r  (o r  sq u are ) 

fo u n d a tio n s  is in  a  s ta te  o f  ax ia l sy m m etry , a t  le a s t n e a r  th e  

c en tre  o f  th e  fo o tin g , w h ile  n e a r  th e  edges o f  th e  fo o tin g  th e  

p la n e  s ta te  o f  stress  is a p p ro a c h e d . A s a firs t o rd e r  o f  ap p ro x im ­

a t io n , th e  an g le  o f  in te rn a l fr ic tio n  in  th is  case  ca n  th e re ­

fo re  be d e te rm in e d  by  tr ia x ia l c o m p ress io n  tests  o n  th e  sa n d  

a t  th e  sam e d en s ity  a n d  av erag e  n o rm a l p re ssu re  o n  th e  sh e a r 

p la n e  as u n d e r  th e  fo o tin g . I f  th e  p re se n t lo a d in g  tests  by  

M essrs  D e  B eer a n d  L a d a n y i o n  c irc u la r  m o d e l fo o tin g s  o n  

th e  su rface  o f  s a n d  a re  c o m p a re d  w ith  th e  th e o ry  fo r  circles 

u s in g  th e  tr ia x ia l f r ic tio n  an g les, th e  o b se rv ed  u ltim a te  lo ad s  

a re  so m ew h at sm a lle r  th a n  p re d ic te d , as sh o w n  in  F ig . 1. 

C o n se q u en tly , th e  em p ir ic a l sh a p e  fa c to rs  a re  fo u n d  to  b e  

a b o u t  1|- c o m p a re d  w ith  th e o re tic a l v a lu es o f  a b o u t 2. W h ile  

th e  tests  o n  c irc u la r  a n d  sq u a re  fo o tin g s  by  M essrs  L ’H erm in ier, 

H a b ib  e t al. (3A /26) give a  s im ila r  re su lt, th e  lo a d in g  te s ts  by  

M essrs  B en t H a n se n  (3A /17) a n d  F e d a  (3A /13) give em p irica l 

sh a p e  fac to rs  o f  th e  o rd e r  o f  2 to  4, as e s tim a te d  (see F ig . 1). 

T h e  d ifferen ces b e tw een  th e  em p ir ica l sh a p e  fa c to rs  fo r  

c irc u la r  fo o tin g s  b y  v a r io u s  a u th o rs  m ay  b e  d u e  to  v a r ia tio n s  

in  th e  m e th o d s  o f  p a c k in g  th e  sa n d , th e  p ro c e d u re s  a n d  

in te rp re ta tio n  o f  th e  lo a d in g  te sts  a n d  th e  tr ia x ia l co m p ress io n  

tests .
F u ll-sca le  lo a d in g  te s ts  o n  sa n d  in  th e  field  b y  d ifferen t 

a u th o rs  (M u h s , 1954, M ey erh o f, 1951, 1953) give su b s ta n tia lly  

th e  sam e gen era l re la tio n sh ip  o f  th e  u ltim a te  b e a r in g  cap ac ity  

as m o d e l te sts  in  th e  la b o ra to ry . T h ese  tests  sho w  th a t  th e  

u ltim a te  b earin g  ca p a c ity  in c reases as th e  w id th  a n d  d e p th  

o f  sp re a d  fo u n d a tio n s  in c reases , th e  in c rease  b e in g  so m ew h a t 

less th a n  e s tim a te d  th eo re tica lly . T h is  d ifference is d u e  to  

a  re d u c tio n  o f  th e  effec tive  a n g le  o f  in te rn a l fr ic tio n  o f  san d s, 

w h ich  in  lo o se  m a te r ia l  m a y  b e  e x p la in ed  by  th e  effect o f  

co m p ressib ility , w h ile  in  d en se  m a te r ia l  th e  fr ic tio n  an g le  

d ecreases as th e  n o rm a l p re ssu re  o n  th e  fa ilu re  su rface  

in c reases , as m e n tio n e d  b efo re .

I t  m ay  th e re fo re  b e  c o n c lu d e d  fro m  re c e n t re se a rc h  th a t  

w e n o w  h av e  a  su ffic ien tly  a c c u ra te  th e o re tic a l a p p ro a c h , 

w hich  to g e th e r  w ith  th e  a p p ro p r ia te  so il te s t d a ta  en ab les  

u s to  e s tim a te  th e  u ltim a te  b e a r in g  ca p a c ity  o f  sp re a d  fo u n d ­

a t io n s  o n  san d s , a s  w ell as  o n  clays, fo r  m o st, if  n o t  a ll, p ra c tica l 

p u rp o ses .

R éférences

[1] B e r e z a n t z e v , V .G . (1952). " A xial Sym m etrical P roblem
of the  L im it E qu ilib rium  T heory  o f E arthy  M edium  ” , 
M oscow.

[2] B i s h o p , A .W . (1957) an d  J a n b u , N. (1957). D iscussion
on “ Soil P ro perties and  the ir  M easurem ent ” , Proc. 
Third Int. Conf. Soil Mech., vol. 3; p. 103.

[3] C a q u o t , A. and  K é r i s e l , J. (1956). « T ra ité  de M écanique
des Sols », G au th iers-V illars, Paris.

[4] H a b i b , P. (1953). « Influence de la  V ariation  de la C o n tra in te
Principal M oyenne sur la  R ésistance au  C isaillem ent des 
Sols », Proc. 3rd I n t .  Conf. Soil Mech., vol. 1 ; p. 211.

[5] M e y e r h o f , G .G . (1948). " A n Investigation o f the  Bearing
C apacity o f Shallow  F ootin gs on D ry  Sand Proc. 
Second Int. Conf. Soil Mech., vol. 1; p. 237.

— (1951). " T he U ltim ate  B earing C apacity o f
— F o u n d a tio n s Geotechnique, vol. 2; p. 301.
— (1953). " A n Investigation  fo r the  F oun d atio n s 

o f a  Bridge on D ense  Sand Proc. 3rd Int. Conf. Soil 
Mech., vol. 2; p. 66 .

—  (1955). " Influence o f R oughness o f Base and 
G ro u n d -W ater C ond itions on  the  U ltim ate  Bearing C ap ­
acity o f F o u n d a tio n s ” . Geotechnique, vol. 5; p. 227.

[6] M u h s , H . and K a h l , H . (1954). “ Ergebnisse von Probe-
belastungen a u f  grossen  L astflâchen zur E rm ittlung  der 
Bruch last im  Sand  ” , F ran ck  V erlag, S tu ttgart.

L e  P résid en t :

Je  v o u s  rem erc ie , M . M ey erh o f. M . H a b ib  d e m a n d e  la  

p a r o le  p o u r  in te rv e n ir  d a n s  la  d iscu ssio n .

M . M ey erh o f, je  v o u d ra is  v o u s p o se r  d eu x  q u e s tio n s .

L a  p re m iè re  es t re la tiv e  à  l ’in flu ence d e  la  c o n tra in te  p r in ­

c ip a le  in te rm éd ia ire . N o u s  sav o n s q u e  c e tte  in flu ence es t 

t rè s  fa ib le  su r  la  ré s is tan ce  a u  c isa illem en t d e  l ’a rg ile . N o u s  

sav o n s aussi q u e  l ’in flu ence  d e  la  fo rm e  d es fo n d a tio n s  su r 

a rg ile  e s t  d iffé ren te  e t o p p o sée  à  celle d es sab les. P ensez-vou s 

q u ’il s ’ag isse  là  d ’u n  effet th é o r iq u e  n o rm a l e t q u e  l ’in fluence 

d e  la  c o n tra in te  in te rm é d ia ire  su r  la  ré s is tan ce  a u  c isa illem en t 

d es sab les jo u e  e n  so m m e u n  effet d o u b le  p u isq u ’il y a  à 

en lev e r u n e  m a jo ra tio n , p u is  à  p re n d re  u n e  m in o ra tio n  ?

L a  d eu x ièm e q u e s tio n  e s t  re la tiv e  au x  c o rp s  qu i o n t  à  la 

fo is d e  la  co h és io n  e t u n  an g le  d e  fro tte m e n t in te rn e . N o u s  

av o n s à  l ’h e u re  ac tu e lle  é n o rm é m e n t d e  tra v a u x  ex p érim en ­

ta u x  su r  d es c o rp s  q u i o n t  so it l ’u n , so it l ’a u tre . E n  p a r t i ­

c u lie r su r  les sab les  b e au c o u p  d e  choses o n t é té  fa ite s. P a r  

c o n tre , n o u s  so m m es b e a u c o u p  m o in s  sû rs  p o u r  d es co rp s  

p lu s  g én érau x  .

P o u r  le  ca lcu l d ’u n  ta u x  d e  tra v a il  lo rs q u ’u n  so l p ré se n te  

à  la  fo is d e  la  co h és io n  e t  d u  fro tte m e n t in te rn e , o n  m a jo re  

le  te rm e  d e  co h és io n  e t o n  m in o re  le  te rm e  d ’ap p u i, m ais, 

à  m a  c o n n a issa n c e  o n  n ’a  a u c u n e  ra iso n  th é o riq u e  d e  p ro ­

c é d e r a in s i e t c ’es t p re sq u e  u n  a sp ec t sen tim en ta l. M a lh e u ­
re u se m e n t d a n s  u n  te l cas, le  ra iso n n e m e n t p e u t d iffic ilem en t 

s ’a p p u y e r  su r  l ’ex p érien ce . E n  effet les tau x  d e  tra v a il  sou s la 

b a n d e  in fin ie  e t  so u s le c a r ré  d ev ien n en t trè s  v o isins c a r  les 

deux  c o rre c tio n s  s ’o p p o se n t e t la  d isp e rs io n  m a sq u e  le  p h é ­

n o m è n e  d ’u n e  fa ç o n  d e  p lu s en  p lu s  co m p lè te . C ’es t p o u r  

ce la  q u e  je  c o n tin u e  à  p e n se r  q u e  la  re c h e rc h e  d ’u n  fac teu r 

c o r re c tif  e s t  to u t  à  fa it  illu so ire  c a r  la  d isp e rs io n  n a tu re lle  

d es c a ra c té r is tiq u e s  des so ls es t h o rs  d e  p ro p o r t io n  avec  la  

p ré c is io n  ch erch ée .

L e  P ré s id en t :

V o ilà  d eu x  q u e s tio n s  préc ises p o sées p a r  M . H a b ib , je  

su p p o se  q u e  M . M e y e rh o f  v a  lu i ré p o n d re .

M. G. G. Meyer hof

T h e  sh a p e  fa c to rs  a re  th e o re tic a lly  g re a te r  th a n  u n ity  n o t  

o n ly  fo r  c lay  b u t  a lso  fo r  sa n d , a n d  th u s  th a t  th e re  is n o  

fu n d a m e n ta l d iffe rence  b e tw een  th em . W h e n  w e  c a rry  o u t 

tr ia x ia l  c o m p ress io n  te s ts  o n  c lays a n d  c o m p a re  th e  re su lts  

w ith  p la n e  s tra in  c o m p ress io n  te s ts , th e  d ifference m ay  b e  

sm a ll; b u t  I  u n d e rs ta n d  th a t  su c h  te s ts  h a v e  n o t  y e t b een  

co m p le ted . P o ssib ly  su c h  re su lts  m ay  sh o w  a  d iffe rence  

o f  o n ly  a b o u t  10 p e r  c e n t;  in  th a t  c a se  th e  c o rre sp o n d in g  

th e o re tic a l b e a r in g  ca p a c ity  w o u ld  on ly  d iffer by  a b o u t  10 

p e r  cen t, w h ich  is w ell w ith in  e x p e rim e n ta l e rro rs  a n d  can  

th e re fo re  h a rd ly  b e  d e tec te d .

W h e n  w e a re  d e a lin g  w ith  san d s , o n  th e  o th e r  h a n d , a  
d iffe rence  o f  a  few  deg rees in  th e  an g le  o f  in te rn a l  fr ic tio n  

im m ed ia te ly  sho w s u p  in  th e  re su lts  lo a d in g  te s ts . So  fa r  as 

s tr ip  fo u n d a tio n s  a re  c o n ce rn ed , w e c a n  ju d g e  th e m  on ly  

by  c o m p a riso n  w ith  p la n e  s tra in  c o m p ress io n  tests , in  w h ich  

th e  in te rm e d ia te  p r in c ip a l s tre ss  is p e rh a p s  o f  th e  sam e  o rd e r  

o f  m a g n itu d e  as  u n d e r  th e  s tr ip  fo u n d a tio n . I f  w e h av e  a  soil 

w h ich  h as  b o th  co h es io n  a n d  in te rn a l  fr ic tio n , th e n  p re su m ­

ab ly  w e sh o u ld  a lso  c a r ry  o u t  p la n e  s tra in  c o m p ress io n  

te s ts  o n  su ch  so ils  if  w e w ish  to  des ig n  s tr ip  fo u n d a tio n s , a n d  

th e  in te rm e d ia te  p rin c ip a l s tress  w ill h av e  a  s im ila r  effect, 

p o ssib ly  o f  th e  o rd e r  o f  10 p e r  cen t, o n  b o th  co h es io n  a n d  

in te rn a l fr ic tio n . W e th e n  u se  th e  th e o re tic a l b e a r in g  cap ac ity  

fa c to rs  w ith  th e se  sh e a r s tre n g th  p a ra m e te rs  fo r  s tr ip  fo u n ­

d a tio n s . O n  th e  o th e r  h a n d , i f  w e desig n  c irc u la r  fo u n d a tio n s  

w e w o u ld  c a rry  o u t  t r ia x ia l c o m p ress io n  te s ts  o n  su ch  so ils  

to  o b ta in  th e  c o rre sp o n d in g  sh e a r  s tre n g th  p a ra m e te rs  a n d  

u se  th e se  in  c o n n e c tio n  w ith  th e  th e o ry  fo r c irc u la r  fo u n ­

d a tio n s . T h e  c o rre sp o n d in g  th e o re tic a l b ea r in g  cap ac ity

M. H a b i b  (France)
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fa c to rs  fo r  co hesiv e soils  hav e  been  o b ta in e d  by  M r B erezan tzev  

a n d  by  m yself. T h e re  is n o  n eed  th e re fo re  to  u se  an y  em p irica l 

sh a p e  fa c to rs .

H o w ev er, if  w e c o m p a re  th e  re su lts  o f  lo a d in g  te s ts  o n  

s tr ip  fo u n d a tio n s  d irec tly  w ith  lo a d in g  te s ts  o n  c irc u la r  

fo u n d a tio n s , w e o b ta in  co m p le te ly  d iffe ren t sh a p e  fa c to rs  
fo r fr ic tio n a l m a te r ia ls  b ecau se  w e a re  n o t  u s in g  an y  th e o ry  

o r  so il te s ts  b u t  w e a re  m ere ly  m a k in g  a  co m p a riso n . S ince 

th e  in te rm e d ia te  p rin c ip a l stress  ra ise s  th e  an g le  o f  in te rn a l 

fr ic tio n , th e  b e a r in g  cap ac ity  o f  th e  s tr ip  is ra ise d  to  such  

a n  ex ten t th a t  it exceeds th e  b earin g  c a p a c ity  o f  a  c irc u la r  

fo u n d a tio n , a n d  th e  em p irica l sh a p e  fa c to r  is th u s  exactly  

o p p o s ite  to  th a t  o b ta in e d  th eo re tica lly .

L e  P ré s id en t :

Je  vais d o n n e r  m a in te n a n t  la  p a ro le  à  M . P ey n irc io g lu  

q u i v a  n o u s  p a r le r  d u  p ro b lè m e  d es ta ssem en ts .

M . H . Peynir ciogl u (T u rq u ie )

T h e  m a in  fac to rs  re sp o n sib le  fo r  th e  d isc rep an c ie s b e tw een  

ca lc u la te d  a n d  o b se rv ed  to ta l  se ttle m e n ts  m ay  b e  su m m arised  

a s  fo llo w s :

( 0  th e  a p p ro x im a te  n a tu re  o f  th e  in fluence o f  th e  d e p th  

a n d  sh a p e  o f  th e  fo u n d a tio n ;

(i'O a ssu m p tio n s  m ad e  re g a rd in g  th e  r ig id ity  o f  th e  fo u n d ­

a t io n  a n d  su p e rs tru c tu re s ;

(///) th e  d ifference be tw een  th e  re a l a n d  a ssu m ed  c o n ta c t 

p re ssu re  d is tr ib u tio n ;

(iv) th e  d ifference  b e tw een  th e  ca lcu la ted  a n d  a c tu a l 

s tresses in  th e  so il m ass;

(v) ra t io  b e tw een  sh e a r  s tre sses a n d  sh e a r re s is ta n c e ;

(vi) th e  d ifference b e tw een  th e  g eo tech n ica l p ro p e rtie s  

d e te rm in e d  in  la b o ra to r ie s  o r  in  th e  field  a n d  th e ir  a c tu a l 

v a lu es  in situ.
(vii) th e  a ssu m ed  av e rag ed  g eo tech n ica l p ro p e rtie s  o f  th e  

fo u n d a tio n  so il a n d  th e  re a l  v a lu es ;

(yiii) th e  d ifference be tw een  th e  sim plified  a n d  a c tu a l 

g eo logy  o f  th e  site  a n d  a ssu m p tio n s  m a d e  re g a rd in g  th e  

h is to ry  o f  th e  layer.

F o r  th e  re g u la r  lay ers  o f  de fin ite  a n d  c lea r geo logy  th e  

la s t  tw o  p o in ts  a re  o f  se c o n d a ry  im p o rta n c e . H e re  I  w an t 

to  d ra w  a t te n t io n  to  th e  site s w h ich  a re  u n d e r la in  by  layers 

w hich  c a n n o t b e  re g a rd e d  as u n ifo rm , o r  n o t  su ita b le  fo r 

la b o ra to ry  testin g , nam ely , (/) so ft o r  m ed iu m  clays co n ta in in g  

e rra tic a lly  san d y  seam s a n d  len ses, o r  layers  o v e rco n so lid a ted  

by d ry in g , o r  p ea ty  m a te r ia ls , o r  b o th ;  (/;') h a rd  a n d  fissured  

clay  lay ers ; (///) g rav el a n d  b o u ld ers  e m b ed d ed  in  a  san dy  

a n d  silty  so ft o r  m e d iu m  c lay  m a tr ix ; (iv) a rtif ic ia l o r  sem i ­

a rtif ic ia l d ep o s its  co m p o se d  o f  a ll k in d s  o f  d eb ris , re fu sa l 

a n d  re m n a n ts  o f  m a te r ia ls  su c h  as b rick  p ieces, shells, bo n es , 

c ity  re fu sa ls , e tc ., a n d  w ith  a  v a ria b le  c o n te n t o f  san d , m u d  

a n d  p ea t.

A lo n g  th e  sh o re s  o f  th e  G o ld e n  H o rn  su ch  lay ers  co v er 

la rg e  a re a s  a n d  th e ir  th ick n ess is u p  to  40 m etres. T h ey  a re  

u n d e r la in  m o stly  by  d e v o n ia n  fo rm a tio n s  o r  san d y  a n d  

silty  a n d  clayey  lay ers. T h e  to ta l se ttlem en ts  o f  th e  s tru c tu re s  

o n  su ch  a re a s  a re  co m p o se d  o f  im m ed ia te  a n d  co n so lid a tio n  

se ttlem en ts , se ttlem en ts  d u e  to  sec o n d a ry  tim e  effect a n d  

p la s tic  flow  o f  th e  so il u n d e r  th e  bu ild in g s, a n d  se ttlem en ts  

d u e  to  o th e r  e a r th  m o v em en ts  w hich  a re  c au sed  by fa c to rs  
o th e r  th a n  th e  w eig h t o f  th e  s tru c tu re , su ch  as  co m p le te  

o r  p a r tia l  slides, c reep , e a r th q u a k e  sho ck s, etc. T h e  av erag e  
o v er-a ll co m p ress io n  m o d u lu s  fo r su ch  layers c a n  b es t be 

d e te rm in e d  fro m  se ttle m e n t o b se rv a tio n s  o f  o ld  bu ild ings.
In  cases o f  new  a re a s  o f  th is  k in d , w h ere  th e re  a re  n o  

b u ild in g s o r  n o  o b se rv a tio n  d a ta , te s t  lo a d in g  m ig h t be o f  

g re a t h e lp . S e ttlem e n ts  ca lc u la te d  fo r  s tru c tu re s  o n  su ch  
layers  w ith  th e  ro u tin e  m e th o d s  n e e d  to  b e  m u ltip lied  by

c o rre c tio n  fa c to rs  d e te rm in e d  o n  th e  basis  o f  o b se rv a tio n  

o r  te s t lo ad in g s, g eo lo g y  a n d  p ro fe ss io n a l experience.

N o w  I w ill sho w  y o u  s o m e  slid es sh o w in g  so m e  p h o to g ra p h s  

o f  th e se  sh o res  :

F ig . 2 : H e re  y o u  see  a  b u ild in g  b u ilt  in  1880 o n  r a f t  fo u n ­

d a t io n  a n d  ti l te d  to w a rd s  th e  sea . T h e  b u ild in g  itse lf  is n o t  

so  heav y , b u t  s till  t il t  h a s  o cc u rre d . T o  s to p  th e  tiltin g  a  new  

b u ild in g , 1953, h a s  b e e n  b u ilt  o n  w o o d e n  piles. B u t th e  

c re ep  o f  th e  so il to w a rd s  th e  sea  c o n tin u e d  a n d  th e  b u ild in g  

b eg a n  to  p u s h  th e  new  b u ild in g , so  th ey  h a d  to  d em olish  

th e  tw o  u p p e r  s to rey s.

F ig . 3 : T h is  p h o to g ra p h  sh o w s th e  t ilte d  b u ild in g  an d  

th e  o n e  b u ilt in  f ro n t  o f  it.

F ig . 7* : T h is  is a n  o ld  fo u n ta in  b u ilt  a b o u t 200 years 

ago . I t  h a s  se ttle d  m o re  th a n  180 cm . R e c e n t b o rin g s a n d  

la b o ra to ry  te s ts  a n d  re c a lc u la tio n  h a v e  given  a  m u ch  sm alle r 

s e ttle m e n t. T h e  cau se  o f  th is  excessive  se ttlem en t a n d  tilt 

m ay  be th e  m o v em en t o f  th e  sh o re  to w a rd s  th e  sea . T h e  w a te r  

su rface  o n  th e  p h o to g ra p h  is a t  th e  sea  level.

F ig . 5* : T h is  is a n  ex am p le  o f  th e  geo logy  o f  th e  sh o res 

o f  th e  G o ld e n  H o rn . T h e  b ed  ro c k  is v e ry  s teep  to w a rd s  th e  

sea  a n d  o f  d e v o n ian  fo rm a tio n s , sh a les , g reyw acke, etc ., 

a n d  th e  g eo tech n ica l p ro p e rtie s  o f  th e  m a tr ix  o f  th e  d eb ris  

a n d  re fu sa ls  a re  given  o n  th e  lo w er p a r t  o f  th e  figure.

HALIÇ 
(B*r>0lu 3 J hili )

F ig . 3

((*) T h ese  figures b e lo n g  to  th e  p a p e r  " S e ttle m e n t o f  b u ild in g s  in 
Iscan bu l ", 3A /34 , vo l. 1.

Bmtmn in f t  la r ih i ;  1980 

P la n : 10.5 1.6.1 

Tuÿla durar 

P u lr t l  dofttne

F ig . 2
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Fig . 4 : T h is  is o n e  o f  th e  m an y  se ttle d  b u ild in g s  n ea r 

to  th e  sea  sho re . C o n sid e rin g  th e  lo w est sea  level th is  bu il ­

d in g  sh o u ld  have been  se ttled  m o re  th a n  0,5 m ete rs . E very  

20  yea rs  they  h av e  been  ob lig ed  to  fill th e  g ro u n d  flo o r o f  th e  

b u ild in g  an d  th e  su rro u n d in g  a re a . H e re  th e  s tre e ts  a re  a lso  

settlin g .

F ig . 4

Fig. 5 : T h is  n o t  a  flood . T h is  is a lso  d u e  to  se ttlem en t, 

n o t  d u e  to  c o n so lid a tio n  se ttlem en t, b u t d u e  to  th e  m o v em en t 

o f  th e  e a r th  b e n e a th  th e  bu ild ings.

F ig . 5

F ig . 6 : T h is  p h o to g ra p h  sho w s tw o  o ld  b u ild in g s, b u ilt 

a b o u t  120 years  ag o  a n d  n o w  th ey  w ill be d em o lish ed . T h e  

gap  b e tw een  th e  tw o  b u ild in g s is filled w ith  b rick . N o tice  

th e  bricks. A fte r  filling th e  m o v em en t c o n tin u e d . T h e  in h a b it ­

a n ts  say  th a t  ap p ro x im a te ly  every  tw en ty  y ears  4 cm  

h o r iz o n ta l m o v e m e n t is ob serv ed .

F ig . 7 : T h ese  a re  w in d o w  arch es . A s y o u  see th e  w indow s 
a re  n o w  u n d e r  s tre e t level w hich  is +  0,60 m.

F ig . 10 : T h is  co m p ara tiv e ly  new  3 s to re y  b u ild in g  a lso  

tilted . B u t n o t  to w a rd s  th e  sea  —  b ack  fro m  th e  sea. T h is  

sho w s th a t  th e  t ilt  a n d  se ttle m e n t is d u e  m o stly  to  th e  s lid ing  

to w a rd s  th e  sea.

F ig . 8 . : O n  th is  slide y o u  see  a  t il te d  b u ild in g . O rig in a lly  

i t  w as a  th re e  s to rey  bu ild ing . D u e  to  excessive  t ilt  th e  u p p e r

F ig . 7

tw o  sto rey s h a d  b een  ta k e n  dow n . D iffe ren tia l se ttlem en t is 

a b o u t 60 cm . A v erag e  se ttle m e n t is n early  200 cm . See F ig . 

9. S tre e t level is a t  th e  sea  level.

F ig . 9. : T h is  is a  very  o ld  m o sq u e . N o tic e  th e  he ig h t 

o f  th is  co lu m n . T h is  w as o rig in a lly  p ro p o r t io n a l . B u t n ow  
it  lo o k s  sq u a re . T h e  se ttle m e n t o f  th is  s tru c tu re  a lso  w as 

o f  th e  o rd e r  o f  m o re  th a n  o n e  m etre .

F ig . 10 : T h e  new  a n d  th e  o ld e r bu ild in g s. T h e  sea  is a t  

th e  b ack  o f  th e se  bu ild in g s. T h e  o ld  b u ild in g  h as  til te d  b ack - 

to w a rd s  th e  sea. T h e  tilt  c an  easily be o b serv ed  by c o m p a rin g  

th e  o ld  b u ild in g  w ith  th e  new  one.

F ig . 6
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F ig . 10

Fig . 11 : T h ese  b u ild ings sho w  irre g u la r  se ttle m e n ts  a n d  

h o rizo n ta l m o v em en ts . E ach  tilted  in a  d iffe ren t d irec tio n . 

A ll th ese  b u ild ings a re  a b o u t  130 years  old.

Fig. 12 : T h is  ch im n ey  ta b le  belongs to  th e  e lec tric  p o w er 

s ta tio n  o f  Is ta n b u l. T h is  ch im ney , as  w ell as th e  o th e r  bu il ­

d ings, req u ire s  p e rio d ica l ad ju s tm en ts .

Fig. 13 : T h is  is a  te s t lo ad in g  a r ra n g e m e n t in so u th e rn  

A n a to lia  on  h a rd  fissured  clays. T h is  lo ad in g  te s t h a d  a 

d u ra tio n  o f  27 days.

F ig . 14 : T h is  is a fo o tin g  fo r th e  te s t lo ad in g  sh o w n  in 

F ig . 15.

F ig . 15 : T h is  is a lso  a  long  te rm  lo ad in g  test on  layers  

co m p o sed  o f  sm all b o u ld e rs  a n d  gravel w ith  som e clayey  

a d m ix tu re . T est d u ra tio n  is 44 days . F ig . 12
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F ig . 15Fig. 13

Fig. 14

L e  P ré s id en t :

Je  rem erc ie  M . P ey n irc io g lu  d e  so n  in té re ssa n te  c o m ­

m u n ica tio n . Il n o u s  a  m o n tré  en  effet des ta ssem en ts  ex cep ­

t io n n e ls  e t la  g ra n d e  d ifficu lté  q u ’il y a  p o u r  les év ite r d an s  la 

rég io n  d ’Is ta m b o u l. D ’a illeu rs , p lu s  q u e  des ta ssem en ts , ce 

so n t de v éritab les a ffa issem en ts  e t en fo n cem en ts  de la c o n s ­

t ru c t io n  d a n s  le  sol.

M . T sito v itc h  d és ire  in te rv e n ir  d a n s  la  d iscussio n .

M . N . T s it o v it c h

P ro f. P ey n irc io g lu  re n d e rs  th e  re su lts  o f  th e  o b se rv a tio n  
o f  th e  se ttlem en t o f  b u ild in g s  in th e ir  reg io ns. O f g rea t

in te re s t  a n d  v a lu e  a re  th e  a u th o r ’s d a ta  o n  th e  m a g n itu d e  o f  

s e ttle m e n t o f  a n c ien t b u ild in g s o n  th e  sh o re s  o f  th e  G o ld e n  

H o rn  B ay , re a c h in g  180 cm , w h ich  is a  very  g o o d  d e m o n s tra ­
t io n  o f  th e  fac t th a t  e n tire  a t te n t io n  w as w ro n g ly  c e n tre d  

o n  th e  ad m issib le  p re ssu re  ra th e r  th a n  o n  th e  p o ss ib le  cau se  

o f  se ttle m e n t a n d  its  n o n -co n fo rm ity .

L e  P ré s id en t :

Je  v o u s  rem erc ie , la  p a ro le  es t a u  P ro f. Z eitle n .

M . J . G . Z e it l e n  (Israë l)

In  re sp e c t to  th e  in flu ence o f  size  a n d  sh a p e  o f  fo u n d a tio n , 

I  w o u ld  p a r tic u la r ly  lik e  to  co m m e n t o n  th e  effect o f  size.

W e sh o u ld  n o t  h e s ita te  to  go  p ro p e rly  in to  so il en g in eerin g  

p ro b le m s sim p ly  b ecau se  o u r  p re se n t te s t re su lts  a re  e rra tic  

o r  a re  n o t  o b v io u sly  sim p le  to  co rre la te . A f te r  all, so il m ech ­

an ics w as difficult fo r m an y  en g in ee rs  to  acc e p t as a n  en g in ee r ­

ing  science  b ecau se  th ey  h a d  p e rso n a lly  ex p erien ced  e rra tic  

b e h a v io r in fo u n d a tio n s . N o t  k n o w in g  th e  in fluence o f  th e  

v a rio u s  fa c to rs  invo lv ed , they  did  n o t  deem  fo u n d a tio n  

p ro b le m s w o u ld  be o rd in a r ily  su scep tib le  to  m a th e m a tic a l 

analysis.

T h e  effect o f  size is p a r tic u la r ly  o f  in te re s t to  th o se  o f  us 

w ho  a re  co n ce rn ed  d irec tly  w ith  fu rn ish in g  adv ice  o n  fo u n d ­

a t io n s  o f  e n g in ee rin g  p ro jec ts , a n d  try  to  p ro v id e  n u m erica l 

e s tim a te s  o f  se ttle m e n ts  to  b e  ex p ec ted . W e h av e  av a ilab le  

so u n d  th e o re tic a l ap p ro a c h e s , ch eck ed  by field experience, 
fo r p re d ic tin g  se ttle m e n ts  in layers  o f  sa tu ra te d  clays, w here  

su ch  a p p ro a c h e s  as th e  e las tic  m e th o d s  o f  s tress  analysis 

a n d  T e rz a g h i’s th e o ry  o f  c o n so lid a tio n  p ro v id e  u se ab le  too ls . 

U ltim a te  b ea r in g  cap ac ity  m ay  be p re d ic te d  w ith  re a so n a b le  

safety , fo r m an y  v a rio u s  types o f  so ils, u sin g  th e  fo rm u lae
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a n d  c rite r ia  d ev elo p ed  by a  n u m b e r o f  in v estig a to rs . W e 

a re  in d eed  fo r tu n a te  th a t  w e h av e  a t ta in e d  a  s tag e  w h ere  

D r  M e y e rh o f can  d iscuss th e  rea so n s  fo r a  10 p e r cen t 

d iffe rence  be tw een  p re d ic te d  a n d  a c tu a l b ea r in g  cap ac ity .

A lth o u g h  w ith  p re sen t k n o w led g e  w e m ay  feel safe  th a t  

w e w ill n o t  b e  likely  to  h av e  a c tu a l ru p tu re s  o r  fa ilu res , w e 

h av e  m u ch  to  le a rn  a b o u t  th e  s tre s s -s tra in  re la tio n s  o f  fo o tin g s 

o n  v a r io u s  so il ty pes. T h e  ten d en cy  fo r  d iffe ren tia l m o v em en t 

is a lw ays p re sen t, a n d  w e m u st s triv e  to  b e tte r  p re d ic t a c tu a l 

se ttle m e n ts  u n d e r  v a r io u s  c o n d itio n s  o f  so il a n d  flex ib ility 

o f  th e  su p e rs tru c tu re . T h e  s t ru c tu ra l  d e s ig n e r m u s t b e  p ro v id ed  

g u id an ce  as  to  m o v em en ts , a n d  a s  to  d iffe ren tia l lo ad in g s 

p o ss ib le  if  rig id ity  o f  th e  s tru c tu re  is m a in ta in e d  fo r m in im u m  

d ifferen tia l se ttle m e n t. W e m u s t b e  a b le  to  p ro v id e  a so u n d  

basis  fo r in te g ra tin g  fo u n d a tio n  w ith  s tru c tu ra l  design.

I t  is a d m itte d  th a t, w ith  th e  v a r ia tio n s  in n a tu ra l  so il 

co n d itio n s , se ttle m e n t p re d ic tio n s  m ay  n o t  b e  ex ac t, b u t  w e 

m u st still be a b le  to  an a ly ze  th e  p ro b le m  o n  a  so u n d  basis  

a f te r  m a k in g  th e  necessa ry  a ssu m p tio n s . T h e  re su lts  o f  an aly sis  

sh o u ld  be a t  le a s t c o r re c t  in  o rd e r  o f  m a g n itu d e , a n d  in  

a n y  ev en t sh o u ld  be p re se n te d  w ith  th e  necessa ry  q u a lif ica tio n s  

a s  to  accu racy  o r  th e  ra n g e  o f  c o n d itio n s  w ith in  w h ich  th e  

p re d ic tio n s  m ay  be u seab le .
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F O U N D A T I O N  W I D T H , m e t e r s

F ig . 16

P re sen t desig n  c r ite r ia  fo r  e s tim a tin g  th e  effect o f  size o n  

se ttle m e n t a re  o f te n  b ased  o n  th e  fu n c tio n s  sh o w n  g ra p h ica lly  

in  F ig . 16. S e ttlem e n t o f  th e  a c tu a l fo u n d a tio n , sf , is sho w n  

by  th e  o rd in a te  as a  ra t io  to  th e  se ttle m e n t o f  a  u n it  fo u n d a tio n , 

i ]  (30 cm . sq u a re ) w h ich  h as  p re su m ab ly  b een  te s te d  o n  th e  
fo u n d a tio n  so il u n d e r  s im ila r c o n d itio n s  to  th o se  ex p ec ted  

fo r th e  s tru c tu re . T h e  tw o  cu rv es sh o w n  fo r  s a tu ra te d  clay  
a n d  fo r sa n d  m ay  p re su m a b ly  be u se d  fo r c o m p a rin g  a n tic ip ­

a te d  se ttle m e n ts  o f  v a r io u s  fo u n d a tio n  sizes by co m p a riso n  

o f  th e ir  resp ec tiv e  sf/s1 ra tio s .

F o r  e q u a l u n it  fo u n d a tio n  p re ssu re s , th e  se ttle m e n t o f  

a  p la te  o n  s a tu ra te d  c lay  is a ssu m ed  to  v a ry  d irec tly  w ith  

th e  w id th  o f  th e  p la te , as in  lin e A  o f  Fig. 16 in ac c o rd a n c e  

w ith  e las tic  th eo ry . T h is  a p p ro a c h  check s w ell w ith  field 

experience , a n d  it m ay  be n o te d , fo r exam p le , th a t  S k e m p to n  

c o rre la te d  field p e rfo rm a n c e  o f  c lay  fo u n d a tio n  so ils  to  d evelop  

c o n s ta n t se ttlem en t fa c to rs  as coeffic ients fo r p la te  w id th , 

in d ica tin g  a g a in  a lin ea r fu n c tio n .

L in e  B, fo r san d s, is b ased  o n  th e  w o rk  o f  K ô g le r, a n d  it 

sh o u ld  b e  n o te d  th a t  th is  fu n c tio n  a lso  served  as a  basis  

fo r th e  desig n  c h a r ts  fu rn ish ed  by T erzag h i a n d  P eck  an d

P eck , H a n se n , a n d  T h o rn b u rn ,  w h e re  th e  effect o f  fo u n d a tio n  

size is c o n s id e red  o n  a llo w a b le  b e a r in g  va lu e  a n d /o r  se ttle ­
m en ts .

I t  is believed in  o rd e r  a t  th is  tim e , in  view  o f  th e  in creasin g  

im p o r ta n c e  o f  d e fo rm a tio n  p re d ic tio n s , to  p o in t o u t  th a t  :

(a) T h e  w o rk  o f  K ô g le r  sh o u ld  b e  fu r th e r  ch eck ed  a n d  

ex p an d ed .

(b ) S tu d y  n eed  be  m a d e  o f  th e  b e h a v io r  o f  m a te r ia ls  in te r ­

m e d ia te  b e tw een  sa n d  a n d  sa tu ra te d  clay , to  develop  th e  

a re a  b e tw een  lin es A  a n d  B.

(c) B earin g  te s ts  in  th e  field c o u ld  b e  u se d  m o re  ex tensively 

fo r  p re d ic tio n  o f  th e  s tre s s -d e fo rm a tio n  fu n c tio n  o f  th e  s tru c ­

tu ra l fo u n d a tio n s , a n d  n o t  m ere ly  fo r  ch eck  o f  c o n fo rm an ce  

to  b u ild in g  codes, o r  fo r  d e te rm in in g  u ltim a te  b ea rin g  capac ity .

(d ) F u r th e r  th e o re tic a l,  la b o ra to ry , a n d  field s tu d ies  

a re  re q u ire d  to  e s ta b lish  s tre s s -s tra in  re la tio n s  fo r vario u s 

p la te  sizes a n d  so il c o n d itio n s , a n d  a c tu a l m easu rem en ts  o f 

fo u n d a tio n  s tre sse s  an d  m o v em en ts  fo r  s tru c tu re s  o f  vario u s 

rig id ities .

I t  is b e lieved  o f  in te re s t  to  p o in t  o u t  th a t  in  som e cases 

s tre ss -s tra in  re la tio n s  m ay  be m o re  c o n s is te n t th a n  th e  ac tu a l 

ru p tu re  va lues. A  re se a rc h  ju s t  c o m p le te d  u n d e r  m y d irec tio n  

in Is ra e l by  M r Y . N e g ri w as a im ed  a t  s tu d y in g  th e  u se  o f  

la te ra l lo a d in g  te s ts  in  c o m p a riso n  w ith  v e rtica l lo ad in g  tests  

o n  san d . T h e  p u rp o se  o f  th e  s tu d y  w as to  d ev elo p  a  m o re  

eco n o m ica l ty p e  o f  field  te s t, s ince  by  ru n n in g  th e  h o r iz o n ta l 

te st in  a  p i t  o r  tre n c h  it sh o u ld  b e  p o ss ib le  to  sav e th e  expense 

o f  th e  re la tiv e ly  la rg e  re a c tio n  lo a d s  re q u ire d  by v ertical 

lo ad in g  tests .

I t  w as fo u n d  th a t  fo r v e r tica l lo a d in g  te s ts  in  sm all scale  

la b o ra to ry  tests , a n d  a lso  fo r  field  te s ts  o n  30 cm . sq u a re  

p la te s , sa n d  in  a  m ed iu m -d en se  a n d  d en se  s ta te  h a d  a  re la tiv e ly  

c o n s ta n t v a lu e  o f  su b g ra d e  re a c tio n , c o m p a re d  w ith  so m e ­

w h a t e rra tic  v a lu es fo r  ru p tu r e  c o n d itio n s . L o o se  san d  w as 

fa r  less c o n s is ten t, sh o w in g  v a r ia tio n s  in  s tre ss -s tra in  fu n c tio n s 

an d  in  ru p tu re  values.

U n d e r  field  c o n d itio n s , w h en  la te ra l lo a d in g  te sts  w ere 

m ad e  w ith  su rch a rg e  lo a d  a c tin g  o n  th e  s tre s sed  zone , the 

s tre ss -s tra in  fu n c tio n s  fo u n d  w ere  a lso  re la tiv e ly  co n sis ten t. 

I t  m ay  b e  n o te d  th a t  field v e r tic a l lo a d in g  te s ts  w ere  m ad e  

fo r des ig n  in v estig a tio n s  a t  th e  sa m e  site , a n d  th e  san d  

sh o w ed  c o m p a ra b le  v a lu es o f  th e  coeffic ien t o f  su b g rad e  
rea c tio n .

L e  P ré s id en t :

Je  v o u s rem erc ie . L a  p a ro le  e s t  a u  P ro f. M ey erh o f.

M . G . G . Meyer hof

I sh o u ld  lik e  to  rep ly  to  th e  s ta te m e n t m a d e  by  M r Z e itle n  

a b o u t th e  re fe ren c e  to  th e  10 p e r  c e n t  v a r ia t io n  o f  te s t resu lts, 

w h ich  h e  a t tr ib u te d  to  m e. T h is  v a r ia t io n  ap p lies  on ly  if 

w e c a rry  o u t  a  n u m b e r  o f  re p e a t  te s ts , a n d  p a r tic u la r ly  o n  

a  fa irly  la rg e  scale . O n  la rg e  d ia m e te r  p la te s  in  th e  field th e  

sc a tte r  o f  re su lts  is u su a lly  sm a lle r  th a n  in  th e  la b o ra to ry  o r  

fo r  sm all-sca le  te s ts  b ecau se  a  la rg e r p la te  size  seem s to  average 

o u t th e  v a riab ility  o f  th e  so il o v e r  a  g re a te r  a re a . B u t even  

so  I sh o u ld  lik e  to  s tre ss  th a t  w e h a v e  to  c a r ry  o u t re p e a t 

te sts . A s w e have seen  in  th e  cu rv es sh o w n  by M . H a b ib , th e re  

is a  fa ir  a m o u n t o f  s c a tte r  w h en  w e d e a l w ith  sm all-scale  

fo o tin g s  d u e  to  th e  v a riab ility  o f  th e  so il itself.

L e P ré sid en t :

Je  rem erc ie  M . M e y e rh o f p o u r  c e t te  p réc is io n . P u isque  

p e rso n n e  n e  d e m a n d e  p lu s  la  p a ro le  s u r  ce  p re m ie r su je t de  

d iscu ssio n , n o u s  a b o rd o n s  le d eu x ièm e su je t r e la t if  au x  sols 

n o n  sa tu ré s , au x  a rg iles  g o n flan tes , a u x  so ls à  s tru c tu re ; 

à l ’é tu d e  des re tra its  e t d e  leu rs  lim ites  e t  d es ta ssem en ts.
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Expansion et retrait des sols non saturés.

Je  d o n n e  la  p a ro le  à  M . A itch iso n  qu i a  d e m a n d é  à  in te r ­

v e n ir  d a n s  ce d éb a t.

M . G . D . Ait chison (A u stra lie )

I w ish to  sp e ak  o n  th e  q u e s tio n  o f  th e  en g in eerin g  p r o ­

p e r tie s  o f  u n s a tu ra te d  so ils. M y co m m e n ts  w ill re fe r  in itia lly  

to  n a tu ra l  so ils, a lth o u g h  a  d iscu ssio n  o f  th is  ty p e  co u ld  

ex ten d  to  co v er c o m p a c te d  soils. In  th e  sen se in  w hich  I use  

th e  te rm  a t  th is  m o m en t, a n  u n s a tu ra te d  soil is o n e  in w hich  

th e  p o re  w a te r  p re ssu re  is less th a n  a tm o sp h e ric  p re ssu re . 

T h is  n eg a tiv e  p o re  w a te r  p re ssu re  is th e  d o m in a n t fe a tu re  

in flu encin g  th e  w h o le  o f  th e  p a tte rn  o f  b eh a v io u r o f  u n s a tu r ­

a ted  soils.

V a ria tio n s  in th e  n eg a tiv e  p o re  w a te r  p re ssu re  m ay  ta k e  

p lace  as  a re su lt  o f  ap p lied  stress , b u t m o re  o fte n  th e  v a r ia tio n  

in  th e  n eg a tiv e  p o re  w a te r  p re ssu re  m ay  be cau sed  by ex terna l 

fa c to rs  —  ra in fa ll, e v a p o ra tio n , e v a p o -tra n sp ira tio n , a n d  so 

o n  —  a n d  a ll o f  th e se  a re  in  g en e ra l n o t  u n d e r  th e  co n tro l 

o f  a n  en g in eer. T h e re fo re  w e te n d  to  ta lk  o f  u n s a tu ra te d  

soils as so ils  w ith  p ecu lia r  p ro p e rtie s , sim p ly  becau se  these  

so ils  a re  n o t  re sp o n d in g  to  o b v io u s ap p lied  s tress  c o n d itio n s .

I t  is a p p a re n t  fro m  a s tu d y  o f  th e  physics o f  u n s a tu ra te d  

soils th a t  a  c o n d itio n  o f  n eg a tiv e  p o re  w a te r  p re ssu re  in th e  

so il co rre sp o n d s  to  a  c o n d itio n  o f  av a ilab le  free  energy  fo r 

th e  u p ta k e  o f  w a te r , a n d  th is  in  tu rn , o f  co u rse , can  cau se  

ch an g es  o f  v o lu m e o r  ch an g es  o f  sh e a r s tren g th .

N o w  th e  m a g n itu d e  o f  th e  possib le  ra n g e  o f  neg a tiv e  

p o re  w a te r p re ssu res  in m an y  n a tu ra l  so ils  is q u ite  h igh  : 

it o ften  w ill ex ceed  10 k g ./c m .2 a n d  in  so m e cases, in  a rid  

clim ates , m ay  ex ceed  by a  su b s ta n tia l a m o u n t 100  k g ./cm .2. 

T h e  a c tu a l va lu e  o f  th e  n eg a tiv e  p o re  w a te r p re ssu re , o f  course, 

in  an y  so il i ;  c learly  re la te d  to  c lim atic  fac to rs , a n d  th e re  

n o w  ap p e a rs  to  be a  firs t p o ss ib ility  th a t  th e  a c tu a l va lu e  o f  

th e  neg a tiv e  p o re  p re ssu re  m ay  be p re d ic ted  fro m  clim atic  

d a ta . P a p e rs  p re se n te d  to  th is  C o n fe ren ce , a n d  ea rlie r in  a 

S o u th  A frican  C o n fe ren ce , h av e  sug g ested  so m e re la tio n sh ip s  

betw een  c lim ate  a n d  th e  a c tu a l va lu e  o f  th e  n eg ativ e  p o re  

w a te r  p re ssu re .

In  th e  lig h t o f  th e  q u ite  la rg e  m ag n itu d e  o f  p o re  p re ssu res 

w hich  h av e  been  sh o w n  to  ex ist in  soils, th e  very  la rg e  q u es tio n  

w hich  h as faced  th o s ;  en g in eers  co n ce rn ed  w ith  u n s a tu ra te d  

soils is th is  : C a n  w e in se rt th e se  v alues o f  neg a tiv e  p o re  

w a te r p re ssu re  in to  a n  effective s tress  e q u a tio n  in  o rd e r  th a t 

w e c a n  define soil b eh a v io u r in q u a n tita tiv e  te rm s  ? A n d  

if  w e can  so in se rt th is  v a lu e  o f  n eg ativ e  p o re  w a te r  p re ssu re  

in to  a n  effective s tress  eq u a tio n , w h a t a re  th e  lim its to  th e  
ra n g e  o f  v a lid ity  o f  su ch  a n  effec tive  stress  law  ?

T h is  q u es tio n  h a s  been  w ith  u s fo r a very  lo n g  tim e , o f  

co u rse , an d  th e re  h av e  been  rea c tio n s , m o re  o r  less in tu itively , 

to  th is  q u es tio n  fo r  very m an y  years. T erzag h i, o f  co u rse , 

m en tio n e d  th is  p o in t in his o rig in a l tex t o n  so il m echan ics, 

b u t a g re a t d ea l o f  p ro g ress  h as been  m ad e  since th e  last 

In te rn a tio n a l  C o n fe ren ce  to w a rd s  p ro v id in g  a  q u a n tita tiv e  

an sw er to  th is  q u es tio n . E v id ence  h as  b een  p re sen ted  a t  m o st 

o f  th e  reg io n a l co n fe ren ces w hich  h av e  ta k e n  p lace  since th e  

F o u r th  In te rn a tio n a l  C o n fe ren ce  —  co n feren ces in A u stra lia , 

S o u th  A frica , L o n d o n  a n d  Is rae l ( to  m en tio n  o n ly  som e) 

h av e  a ll d ev o ted  c o n s id e ra b le  a t te n t io n  to  th is  q u es tio n  o f  

an  effective stress  law  in u n s a tu ra te d  so ils, a n d  it  is possib le  

to  sug gest th a t  w e a re  n o w  q u ite  c lose  to  an  ag reem en t on  

th e  fo rm  o f  th is  law.

Such  a n  effective s tre ss  law  is n ecessarily  m u ch  m o re  
c o m p lica ted  th a n  th a t  w h ich  ca n  be u sed  in sa tu ra te d  soils, 

s ince  w e m u st d ea l w ith  a  3 -p h ase  sy stem  r a th e r  th a n  a  

2 -p h ase  system . T h e  law  w h ich  h a s  b een  p ro p o se d  as a  basis 

fo r  g en e ra l ag re e m e n t is :

o ' =  o  —  ua + x  (“a ~  u w)

w h ere  ita is th e  p re ssu re  in th e  p o re  a ir

uw is th e  p re ssu re  in th e  p o re  w a te r 

a n d  \  is a n  em p irica l fa c to r  w ith  v alues b etw een  0  a n d  1.

I f  th e  p o re  p re ssu re  ua is z e ro  as is th e  case  n o rm a lly  in a 

n a tu ra l  soil, th e  effective s tress  law  is very  s im ila r to  th e  law  

w hich  ap p lies  in sa tu ra te d  so ils, reco g n is in g  th a t  o f  co u rse  

p o re  w a te r p re ssu re  n ow  is neg a tiv e  a n d  th a t  w e have in tro ­

d u ced  th e  em p irica l fa c to r  / .  T h e  v alues o f  /  a re  p re d ic tab le  

th eo re tica lly  in som e cases, in idea lised  so ils , an d  va lues 

w hich  can  be  d e te rm in e d  ex p erim en ta lly  in o th e r  cases.

T h is  fo rm  o f  th e  effec tive  s tre ss  law  is no w  o n e  o n  w hich  

a t  lea s t th e re  is a  su b s ta n tia l  m easu re  o f  ag reem en t.

T h e  n ex t p ro b le m  is how  en g in eers  m ay  give q u a n tita tiv e  

ex p ressio n  to  th e  a c tu a l effective stresses w hich  ex ist in th e  

so ils  u n d e r  c o n s id e ra tio n . T o  ach ieve th is  p u rp o se  it is neces ­

sa ry  to  k n o w  b o th  th e  in itia l a n d  th e  final c o n d itio n  o f  n egativ e  

p o re  w a te r  p re ssu re  a n d  to  k n o w  th e  v alues o f  th e  effective 

s tre ss  p a ra m e te rs  w hich  o p e ra te  th ro u g h o u t th e  ra n g e  o f  

ap p lied  s tress  a n d  ra n g e  o f  p o re  w a te r stress. I t  is n o t  suggested  

th a t  a t  th is  s tag e  a ll o f  th e se  m e a su re m e n ts  a n d  a ll o f  th ese  

p re d ic tio n s  can  b e  m ad e , b u t it d o es seem  th a t  so m u ch  

p ro g ress  h as  been  m a d e  in  th e  p a s t few  years  to w a rd s  

th is  u l t im a te  a im  th a t  in  th e  co u rse  o f  ju s t  a few  years 

w e sh o u ld  be ab le  n o w  to  u tilise  a n  effec tive  s tress  law  o f  

th is  g en e ra l fo rm . I f  th is  is so, w e sh o u ld  b e  ab le , I believe, 

to  ex p ress  th e  w h o le  p a tte rn  o f  b eh a v io u r o f  u n s a tu ra te d  

so ils  in  te rm s o f  a n  effective s tress  system , a n d  so  b e  as ra t io n a l  

in d ea lin g  w ith  u n s a tu ra te d  soils a s  w e a re  w hen  w e deal 

w ith  sa tu ra te d  soils.

M . J .  E . Jennings (A friq u e  d u  Su d)

I w o u ld  like to  s ta r t  m y d iscu ssio n  by  co n s id e r in g  th e  

p ro b le m  o f  heav e  as w e o b se rv e  it in  th e  field. W e h av e  a  

co n s id e ra b le  n u m b e r o f  rec o rd s  o f  m o v em en ts  o f  s tru c tu re s  

o n  th ese  su b so ils  a n d  w e find  th a t  th e  d is to r tio n s  a re  g rea tes t 

w hen  th e  a p p lied  lo ad s  a re  sm alles t, i.e. s tru c tu re s , su ch  as 

ro a d s  o r  sing le  s to rey  h o u ses, a re  th e  m o s t sev erely affec ted . 

H eav ie r a n d  m o re  rig id  s tru c tu re s  a re  a lso  affec te d  b u t  to  

a  sm alle r degree. H en ce  s tru c tu ra l  lo a d s  a n d  stiffness a re  

fa c to rs  w h ich  m u st a lso  b e  ta k e n  in to  acco u n t.

I  ag ree  w ith  D r  A itch iso n  w h en  h e  says th a t  th e  p ro b le m  

c a n  be h a n d le d  in  te rm s o f  ch an g es  in  effec tive  stresses, 

p ro v id in g  o n e  reco g n izes th a t  th e re  w ill b e  l im ita tio n  to  th is  

p ro c e d u re  if th e  so ils  ex ist in  n a tu re  a t  a  d eg ree  o f  sa tu ra tio n  

w hich  is lo w er th a n  a  p a r tic u la r  c ritic a l v a lu e  w h ich  is a  

p ro p e rty  o f  th e  so il in  q u es tio n .

R e fe rrin g  to  F ig . 17, w h ich  is d eriv ed  fro m  a  F ig . ta k e n  

fro m  V ol. I l l  o f  th e  p ro ceed in g s  o f  th e  la s t co n fe ren ce , w e 

c a n  see th e  p a t te rn  o f  effective stress ch an g es. T h ese  o ccu r 

as a  lo a d e d  d esicca ted  so il becom es w e tted  u n d e r  th e  in flu ence 

o f  a  su rface  co v erin g , w h ich  h as  ch an g ed  th e  e v a p o ra tio n  

o r  e v a p o -tra n sp ira tio n  in  th e  soil. T o  th e  r ig h t, o r  p o sitiv e  

side o f  th e  ve rtica l lin e , th e  o v e rb u rd e n  p re ssu res a n d  a d d ­

i tio n a l p re ssu re s  d u e  to  s tru c tu ra l  lo ad in g  h av e  been  p lo tted . 

T h is  sho w s th e  effect o f  s tru c tu ra l lo ad in g  o n  th e  su b so il. 

T h e  m o st in te re s tin g  cu rves, how ever, a re  th o se  o n  th e  le ft 

o r  n eg a tiv e  side o f  th e  d iag ram . T h ese  sh o w  th e  n eg ativ e  

p re ssu re s  in  th e  p o re w a te r, b o th  in itia lly  a n d  finally  a fte r  

h eav in g  h as  o ccu rred . W e m u st rem em b er th a t  th ese  d o tte d  

cu rves re p re se n t p re ssu res  in  th e  p o re w a te r a n d  th a t  th e  p o res  

a lso  c o n ta in  a ir  w h ich  w ill g enera lly  ex ist as c o n tin u o u s  vo ids, 

o p en  to  th e  a tm o sp h e re . H en ce  th e  p o re w a te r p re ssu re  n o  

lo n g e r ac ts  ac ro ss  th e  w ho le  a re a  o f  an y  p la n e  th ro u g h  th e  

soil. T o  u se  these  w a te r p re ssu re s  in  c o n ju n c tio n  w ith  th e  

to ta l  p re ssu re  (a ) o r  th e  effective p re ssu re  (a ') , b o th  o f  w hich  

a re  c o n s id e red  to  a c t ac ro ss  th e  w h o le  o f  an y  p la n e  th ro u g h  

th e  so il, w e m u st so m eh o w  a d ju s t th e  p re ssu res  in  th e  p o re ­

w a te r o f  th e  p a r tia lly  s a tu ra te d  so il to  th e  sam e co m m o n
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S O I L  M O I S T U R E  S U C T I O N

O R  N E G A T I V E  P R E S S U R E S  P O S I T I V E  P R E S S U R E S

F ig . 17 W a te r  P re s s u re  a n d  S tre s se s  in  S u b so il  u n d e r  a  B u ild in g  o n  a n  E x p a n s iv e  C la y  S u b so il .

basis. W e m u st th in k  o f  th e  p o re  p re ssu re  as th e  c o n tr ib u tio n  

to  effective stress  m a d e  b y  th e  p re ssu res  o f  th e  flu id s in th e  

p o res. T h is  m ay  b e  d o n e  q u ite  eas ily  by  w ritin g  a n  e q u a tio n  :

CT' =  a  -  u*

=  a -  { u a +  x(«„ -  " a )}

T h is  is  id e n t i c a l  t o  t h e  e q u a t i o n  u s e d  b y  D r  A i t c h i s o n  a n d  

t h e  t e r m  w h ic h  r e p la c e s  p r e v io u s  (3 b y  J e n n in g s  a n d  C r o n e y  

a n d  b y  A i tc h i s o n ,  is  u s e d  n o w  a s  a  s t a t i s t i c a l  p a r a m e t e r  to  

d e te r m in e  t h e  e q u iv a le n t  pore pressure, u*, f o r  a  p a r t l y  

s a t u r a t e d  s o i l .  I f  ua, t h e  a i r  p r e s s u r e ,  is  a t m o s p h e r i c  a n d  i f  

a l l  o t h e r  p r e s s u r e s  a r e  r e f e r r e d  t o  a tm o s p h e r i c  p r e s s u r e ,  th e  

e q u a t i o n  r e d u c e s  to  a' =  a  -I- yj>" w h e r e  p"  is  t h e  n e g a t iv e  

p r e s s u r e  in  th e  p o r e w a t e r  w i th  r e s p e c t  t o  a t m o s p h e r i c  p r e s ­

s u r e ,  i .e .  t h e  s o i l  s u c t io n .  T h e  /;* c u r v e s  in i t i a l ly  a n d  f in a l ly ,  

a f t e r  h e a v in g  h a s  t a k e n  p la c e ,  a r e  a l s o  s h o w n  o n  F ig .  17 

a n d  t h e  r e d u c t i o n  in  e f fe c t iv e  p r e s s u r e  w h ic h  g iv e s  r i s e  t o  

t h e  h e a v in g  p r o c e s s  c a n  b e  c le a r ly  s e e n .

Fig . 17 h as  so m e o th e r  in te re s tin g  fea tu re s. F irs tly , th e  

zo n e  o f  sea so n a l in flu ence c a n  be c lea rly  seen. T h is  seaso n a l 

m o v em en t is reflected  as rise  a n d  fall o f  th e  n a tu ra l  u n a lte re d  

g ro u n d  su rface  d u rin g  th e  a n n u a l ra in fa ll  cycle. I t  h a s  been  

freq u en tly  o b serv ed  a n d  th e  d e p th  o f  sea so n a l in fluence  can  

be  fo u n d  by o b serv in g  th e  m o v em en ts  o f  pegs b u r ie d  a t  

v a ry in g  d ep th s. B u t th is  d e p th  o f  sea so n a l in flu ence h a s  little  

c o n n e c tio n  w ith  th e  d e p th  to  w h ich  h eav in g  w ill o ccu r if 

th e  su rface  is co v ered  b y  a  s tru c tu re . H e av in g  w ill o ften  ta k e  

p lace  a t co n s id e rab ly  g re a te r  d e p th s  sh o w in g  th a t  a  zo n e  o f  

p e rm a n e n t d es icca tio n  ex ists  be low  th e  d e p th  o f  sea so n a l 

m o v em en ts .

T h e  ex istence o f  th is  zo n e  o f  p e rm a n e n t d es icca tio n  is 

c o n n e c te d  w ith  a  c o n tin u a l sm all u p w a rd  flow  o f  w a te r fro m  

th e  w a te r  tab le . T h is  in tro d u ces  so m e in te re s tin g  th o u g h ts  : 

is th e  w a te r  tab le  d ro p p in g  co n tin o u s ly  o r  is it being  su p p lied  

la te ra lly  ? T h is  p ro b le m  m ay  h av e  co n s id e rab le  sign ificance .

T h e  p ro cesses sh o w n  o n  F ig . 17 sug gest th a t  we h av e  

tw o  effects n am ely  a  g en era l u p w a rd  h eav in g  m o v em en t p lus 

a  cyclic se a so n a l m o v em en t. T h ese  tw o  effects a re  sh o w n  

o n  F ig . 18 a n d  th e  a c tu a l v alues o f  th e  g en era l h eav e  A  an d

EFFECTS COMBINED TO DEPTH OF  SE fJSO N gL

INFLUENCE.

.\d . m o v e m e n ts  p t  t h e  c e n t e r  OF 0 LORSE

.C . MOVEMENTS NEBfc THE EDGE OF O LRRQE

flRER COVERED WITH f?N IMPERMEABLE MEMBRBNE.

F ig . 18 S u r fa c e  M o v e m e n ts  o n  a  D e s ic c a te d  S u b so il.
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th e  cyclic heav e  B w ill p ro b a b ly  d ep en d  u p o n  site  co n d itio n s . 

A tm o sp h eric  c lim ate  is o n ly  o n e  o f  these  co n d itio n s  a n d  n o t  

th e  so le  c rite r io n  as h as  been  accep ted  by  so m e w rite rs . 

T h e re  m ay  be o th e r  a n d  very  m u ch  m o re  im p o r ta n t  fac to rs , 

d ep en d in g  u p o n  th e  lo ca l c ircu m stan ces.

Fig . 19 show s a n  a c tu a l h eav in g  re c o rd  ta k e n  o n  a  b u ild in g  

a t  O d e n d a a ls ru s  in  th e  O ran g e  F re e  S ta te . A ll o f  th e  fea tu re s  

o f F ig . 18 w ill be observed . T h e  g en e ra l h eav in g  o f  F ig . 19 

has a lso  been  d ev elo p ed  sta tis tica lly  fo r  th is  a re a  fro m  th e  

co sts  o f  m a in ta in in g  b u ild in g s w h ich  h av e  c ra c k e d  d u e  to  

fo u n d a tio n  m o v em en ts .

P re d ic tio n s  o f  to ta l  h eav e  c a n  n o w  b e  m ad e  u sin g  th e  

d o u b le  cedom eter te st w h ich  is re fe rred  to  in  m y p a p e r  in 

V ol. I o f  th e  P ro ceed in g s. T h is  p ro c e d u re  h a s  b een  check ed  

very  sa tis fac to rily  a g a in s t rec o rd s  o f  a c tu a l o b serv ed  heave . 

I t  a lso  show s th a t  h eav e  d ecreases w ith  d e p th  a n d  it  p e rm its  

th e  effects o f  su rch a rg e  lo a d s  to  be ca lcu la ted . I t  tak es  a c c o u n t 

o f  a ll th e  k n o w n  fac to rs  in  h eav in g  excep t sea so n a l v a r ia tio n s  

a n d  effects o f  la te ra l p re ssu re  in  th e  subso il.

T h e  d o u b le  cedom eter te st is b a se d  e ssen tia lly  u p o n  th e  

effective stress p rin c ip le  w h ich  m ay  b e  s ta te d  as tw o  p ro p o ­

s itio n s  : firstly, th a t  th e  effective stress  m ay  b e  defin ed  by  th e  

e q u a tio n  a lread y  given  a n d , second ly , th a t  p o sitiv e  ch an g es 

in  effective stress  w ill b e  ac c o m p a n ie d  by  decrease  in  vo id  

ra t io  a n d  in c rease  in  sh e a r s tre n g th  a n d  vice  versa . In  ce r ta in  

p a r tia lly  s a tu ra te d  so ils, n am e ly  w ith  th e  co llap se  o f  g ra in  

s tru c tu re  p h e n o m e n o n , a  decrease  in  effective stress is acco m ­

p a n ie d  by  a  decrease  in  v o lu m e w hich  c o n tra d ic ts  th e  seco n d  

p ro p o s itio n  given  above . T h e re  is so m e ev idence  n o w  to  

p o in t  o u t  th a t  th is  can  a lso  o ccu r ev en  w ith  clayey  d esicca ted  

so il w hen  th e  degree o f  sa tu ra tio n  is be low  a  c e r ta in  c ritica l 

va lue . T h is  m ay  b e  th e  re a so n  fo r  th e  o n e  case  o f  ov erp red ic- 

tio n  o f  h eav e  b u t  th e re  m ay  also  b e  o th e r  asp ects  o f  th e  

p ro b le m  su ch  as th e  in flu ence  o f  la te ra l p re ssu res.

Je  d o n n e  la  p a ro le  à M . Z eitlen .

M . J. G . Zeit l en

I t  w as very  w o rth w h ile  to  n o te  th e  em p h asis  w hich  b o th  

D r  A itc h iso n  a n d  P ro f. Jen n in g s  gave to  e n v iro n m e n ta l 

fa c to rs  in  th e ir d e sc rip tio n s  o f  th e  c o n d itio n s  o b ta in in g  

d u rin g  th e ir  s tu d ies  o f  v o lu m e ch an g es asso c ia ted  w ith  so il 

m o is tu re  chang es. H o w ev er, rec o g n itio n  o f  these  fac to rs  

im plies th e  n eed  fo r  c a u tio n  in  th e  a p p lic a tio n  o f  m e th o d s  

w hich  m ig h t w o rk  very  w ell in  o n e  a re a  to  o th e r  a re as , p a r ­

ticu la rly  in  re ference  to  S o u th  A fr ic a n  experience.

T h e  p ro files  ex istin g  in  S o u th  A frica , w h ere  m u c h  o f  th e  

w o rk  w as d o n e , in c lu d e  a  s a n d  co v er w h ich  ac ts  as a n  in su l ­

a tin g  lay er a n d  red u ces th e  v o lu m e  ch an g es o f  th e  u p p e r  

zone . F ro m  th e  su c tio n  cu rv es w h ich  w ere  sh o w n  b y  P ro f. 

Jen n in g s  th e re  is a  feed in g  o f  g ro u n d  w a te r  in to  th e  u p p e r  

s tra ta  a n d  a  ten d en cy  fo r  th e  sea so n a l m o is tu re  ch an g es 

to  be  eclip sed  u n d e r  a  co v ered  a re a  by  th e  g en e ra l in c rease  

o f  m o is tu re  c o n te n t  a n d  re d u c tio n  in  su c tio n  fo rces.

In  o u r  ex perience  in  Is ra e l w e h av e  h a d  severe  d am ag e  to  

b u ild in g s  s im ila r to  th a t  re p o rte d  b y  P ro f. Jen n in g s . B u t 

th e  p h e n o m e n a  o f  g en era l sw elling  h a s  n o t  y e t b een  observed . 

A s fa r  as w e k n o w  a t  th e  p re se n t tim e  w e a re  g e ttin g  a  g en era l 

m o is tu re  in crease  o n ly  u n d e r  th e  a c tu a l s tru c tu re , su ch  as a  

w id e airfie ld  p av em en t, w h ich  ca n  b e  ex p la in ed  b y  th e  c o n s ta n t  

in tro d u c tio n  o f  w a te r in to  th e  side  d ra in s  d u r in g  th e  w et 

w ea th e r a n d  its  in fil tra tio n  u n d e r  th e  p a v e m e n t itself, as 

w ell as b y  th e  in h ib itio n  o f  e v a p o ra tio n  f ro m  th e  so il a s  

p ro v id e d  b y  th e  im p erv io u s  cover.

In  a d d itio n  I  w o u ld  lik e  to  p o in t  o u t  th a t  th e  analy ses a n d  

e x p la n a tio n s  so  f a r  h a v e  b een  c o n ce rn ed  w ith  v e rtica l m o v e ­

m e n t, a n d  w e h av e  ex p erien ced  a  g re a t d ea l o f  tro u b le  w ith

L e P résident :

1 9 5 2  1 9 5 3  1 9 5 4  1 9 5 5  1 9 5 6

F ig . 19 O b se rv e d  H e a v e  o f  S in g le  S to re y  B u ild in g  in  O d e n d a a ls ru s .
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th e  la te ra l m o v em en t o f  th e  clay  so ils. T h a t  is d u e  to  a  la rg e  

e x te n t b ecau se  w e u su a lly  h av e  fa t c lays ex ten d in g  co m p le te ly  

u p  to  th e  g ro u n d  su rface . A fte r  a  s tru c tu re  is e re c ted , a  gen era l 

m o is tu re  in c rease  w o u ld  ta k e  p la c e  u n d e r  th e  b u ild in g , g re a te r 

in  th e  cen te r, a n d  te n d in g  to  p u sh  to  th e  o u ts id e  th e  ex te rio r 

p iles  o r  co lu m n s. C o rre sp o n d in g ly , la te ra l m o v em en t is 

in w a rd  w h ere  a  s tru c tu re  is b u ilt in a  re la tiv e ly  d ry  seaso n  

a n d  th e n  e ith e r ra in  occu rs  o r  th e  g ro u n d s  a ro u n d  th e  s tru c ­

tu re  a re  irrig a ted , to  p ro d u c e  a n  e x p a n s io n  o f  c lay  a ro u n d  

th e  b u ild ing .

H en ce  w e sh o u ld  n o t  c o n c e n tra te  o n ly  o n  th e  v e rtica l 

m o v e m e n t, fo rg e ttin g  th e  la te ra l fo rces w h ich  c a n  b e  ex erted  

b y  th e  clay.

L og  S c a l e

Fig. 20 C onso lidation  a t N a tu ra l M oistu re  and  after W etting 
a t Low  Pressure.

O e d o m e te r te s ts  h a v e  b een  u se d  by  m a n y  in v estig a to rs  

fo r  p re d ic tin g  th e  v e rtica l m o v em en t, a n d  it  is believed  u se fu l 

to  d iscuss th is  test, p a r tic u la r ly  in re fe ren ce  to  P ro f. Je n n in g s ’ 

co m m e n ts . F ro m  th e  o ed o m ete r, o r  c o n so lid a tio n , test, 

w e p lo t  e vs log  p  fu n c tio n s , as in  F ig . 20. F o r  ex am p le , a  

so il teste d  a t  n a tu ra l  m o is tu re  m ay  h av e  a  ty p ica l c o n so lid ­

a t io n  cu rv e  as in  1, w h ich  m ay  be reco g n ized  as sh o w ing  

a  p a r tic u la r  p re -c o n so lid a tio n  p re ssu re  pv  I f  a llo w ed  to  

s a tu ra te  a n d  sw ell u n d e r  a  lig h t lo a d , as in  th e  d o u b le  o e d o ­

m e te r te st m e th o d  th a t  P ro f. Je n n in g s  ex p la in ed , i t  w ill 

in c rease  in  v o lu m e a n d  th e n  w h en  re c o n so lid a te d  w ill h av e  

a  cu rv e  su ch  as la . F o r  s im ila r so il fo u n d  a t  a  h ig h er in itia l 

d en sity  ( th a t  is, a  lo w er in itia l)  a  h ig h e r p re c o n so lid a tio n  

p re ssu re , p 2 is fo u n d  e ith e r b ecau se  o f  su rch a rg e  effect o r 

b ecau se  o f  des icca tio n . D es ic c a tio n  p re ssu res , as w e k n o w , 

c a n  rea ch  very  h ig h  v a lu es, so  th e  a c a n  b e  re la tiv e ly  very  

low . H e re  ag a in , a  sw elling  a c tio n  o ccu rs w h en  th e  so il is 

s a tu ra te d  a n d  a  re c o n so lid a tio n  w ill give a  cu rv e  su ch  as 

2a w ith  a  c o rre sp o n d in g  p re c o n so lid a tio n  p re ssu re , P2a. 
P ro f. Jen n in g s  p ro p o ses  th a t, by  tra n sfe rrin g  cu rv es su ch  as 

1 a n d  2  in to  p o s itio n s  sh o w n  by  1' a n d  2 ' ,  th e  a n tic ip a te d  

sw elling  w o u ld  b e  sh o w n  by  th e  d ifference in  th e  o rd in a te s  

o f  1' a n d  la o r  2 ' a n d  2a. T h e  q u es tio n  is w h e th e r a  sam p le  

w hich  h a s  b eco m e sa tu ra te d  a t  a  lig h t lo ad  a n d  th e n  re c o n ­

so lid a te d  u n d e r  a  g re a te r  p re ssu re  w ill a rriv e  a t  th e  sam e 

v o id  ra t io  as if  th e  so il h a d  b een  co n so lid a te d  a t  its n a tu ra l  
m o is tu re , a n d  h a d  th e n  b een  s a tu ra te d  u n d e r  th e  g re a te r 

p re ssu re . U n d e r  a  s tru c tu re  th e  so il is u su a lly  w etted , e ith e r 

u n d e r  its  o v e rb u rd e n  p re ssu re , o r  if  it lies d irec tly  u n d e r

a  p ile  o r  fo o tin g  it w o u ld  b e  w e tted  u n d e r  th e  stress co rres ­

p o n d in g  to  th e  b earin g  p re ssu re  w hich  is ex erted  o n  it by  

th e  fo o tin g . Since sw elling  p h e n o m e n a  fo r soils a re  n o t  fully 

re v ersib le  a n d  stress h is to ry  influen ces so il p ro p e rtie s , th ere  

u n d o u b te d ly  ex ists  a  d ifference in  re su ltin g  vo id  ra t io , d e p en d ­

ing  o n  th e  seq uence  o f  lo ad in g  a n d  sa tu ra tio n . I f  th e  d o u b le  

o ed o m e te r  te st is u se d  w ith o u t p ro p e rly  a p p re c ia tin g  th is  

fac t, e r ro r  m ay  b e  b ro u g h t in to  th e  a p p lic a tio n  o f  la b o ra to ry  

te s t resu lts  to  p ro b lem s in  th e  field. I t  w ill be o b serv ed  th a t  

th e  tra n s fe rre d  n a tu ra l  m o is tu re  c o n te n t cu rv e  m ay  c ro ss 

th e  s a tu ra te d  c o n so lid a tio n  cu rve, a s  in  th e  cu rv es w hich  

P ro f. Jen n in g s  sho w ed . I t  is believed  th a t  su ch  b eh av io r is 

ex p la in ed  by  th e  effect o f  p re -c o n so lid a tio n  p re ssu re  o n  th e  

so il s tru c tu re  a n d  h en ce  o n  th e  sh a p e  o f  th e  curves. Soils a t 

h ig h e r v o id  ra tio s  h av e  re la tiv e ly  lo w er p re -c o n so lid a tio n  

p re ssu res, w h ich  a re  less effected  by  th e  sp ec im en s b e in g  

a llo w ed  to  sw ell a n d  th e n  re c o n so lid a ted . H o w ev er, in  res ­

p ec t to  th e  d en ser, m o re  h igh ly  d esicca ted  m a te r ia ls  very  h igh  

stresses h av e  b een  a c tin g  o n  th e  so ils , as in d ica ted  by  the  

p re c o n so lid a tio n  p re ssu re  o n  C u rv e  2, a n d  w h en  a llo w ed  

to  sw ell u n d e r  lig h t lo ad  its s tru c tu re  m ay  be sufficien tly 

d is tu rb e d  so th a t  i t  show s a  lo w er p re -c o n so lid a tio n  p re ssu re , 

p 2a, a n d  a  cu rv e  o f  d ifferen t sh ap e  is o b ta in e d .

I f  P ro f. J e n n in g s ’ o ed o m ete r cu rv es w ere ex am in ed , it 

w ill b e  o b serv ed  th a t  en tire ly  d ifferen t p re -c o n so lid a tio n  

p re ssu re s  a re  sh o w n  fo r w h a t w ere o rig in a lly  s im ila r sam ples, 

w h ich  in d ica tes th a t  so m e th in g  h as  h a p p e n e d  to  th e  s tru c ­

tu re  o f  th e  so il b ecau se  o f  th e  sw elling.

P r e s s u r e ,  p

L o g  S c a l e

Fig. 21 C onso lidation  o f Specimens Satura ted  a t V arious 
Pressures.

H en ce  it  is c o n s id e red  m o re  ju s tif ied  to  c o m p a re  sam ples 

o f  th e  sam e m a te ria l w h ich  a re  w e tted  w hile u n d e r  v a r io u s  

p re ssu re s , as pa a n d  p h in  F ig . 21. In  F ig . 21 a  c o n so lid a tio n  

fu n c tio n  is sh o w n  fo r  a  te s t a t  n a tu ra l  m o is tu re , as in d ica ted  

b y  cu rv e  1. I f  i t  is w etted  a t  a  low  p re ssu re , pa, i t  w ill sw ell 

a n d  th e n  c o n so lid a te  as in  cu rv e  2. H o w ev er, i f  it is s a tu ra te d  

a t  a  h ig h e r lo a d , p b, it w ill im m ed ia te ly  se ttle , a n d  th e n  c o n ­

so lid a te  as in  cu rv e  3. S h o u ld  th is  p a r tic u la r  sam p le  h av e  been 

sa tu ra te d  u n d e r  a  le sser p re ssu re  th a n  pa it w ill h av e  h ig h er 

v o id  ra tio s  th a n  cu rv e  2  u n til  h ig h  p re ssu re s  a re  a tta in e d .

By m ak in g  a  series o f  o ed o m e te r tests  o n  sam p les s a tu ra te d  

a t  d ifferen t p re ssu res w ith  th e  sam e in itia l m o is tu re  a n d  

re p e a tin g  fo r d ifferen t in itia l m o is tu re s , it is p o ssib le  to  get 

a  co m p le te  p ic tu re  o f  th e  a m o u n t o f  sw elling  to  b e  expec ted  

fo r an y  in itia l c o n d itio n s  o f  m o is tu re  a n d  lo ad . C o n so lid a tio n  

d a ta  n eed  n o t  be o b ta in e d  fo r  a ll te sts  o n ce  th e  specim ens 

h av e  b een  sa tu ra te d . T y p ica l b e h a v io r is sh o w n  in  F ig . 22, 

w ith  a  very  h ig h  sw elling  a t  low  p re ssu re  a n d  w h en  specim ens
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P r e s s u r e  Dur ing  S a tu ra t i on ,  p

F ig . 22  C h a n g e  in  V o id  R a t io  u p o n  S a tu ra t in g  S im ila r  S p e c i ­

m e n s  a t  V a r io u s  P re s su re s .

a re  te sted  a t  h ig h e r lo ad s , th e  a m o u n t o f  sw elling  o r  ch an g e  

in  v o id  ra t io  becom es sm a lle r  a n d  sm alle r , a n d  finally  c o n ­

so lid a tio n  is o b ta in e d  a t  th e  h ig h est lo ad s. In  p ra c tice , it m ay  

b e  necessary  to  o b ta in  a  fu n c tio n  su c h  as th is  o n ly  fo r  a  

p a r tic u la r  in itia l m o is tu re  c o rre sp o n d in g  to  th a t  o f  field 

co n d itio n s . In  p a r tic u la r  des ig n  p ro b lem s it m ay  be sufficien t 

to  te s t o n ly  u n d e r  th e  o v e rb u rd e n  p re ssu re  a n d  th e  fo o tin g  

p re ssu re  co n d itio n s  to  be ex p ec ted  in th e  field.

I n  co n n e c tio n  w ith  co m p le te  s tu d ies o f  sw elling  b eh av io r, 

re ference  sh o u ld  b e  m ad e  to  a  p a p e r  in  th is  co n fe ren ce  

by  D r  G . K a ss if  a n d  m yself (5/11) o n  th e  p re ssu res ex erted  

by  c lay  so il o n  co n d u its . A  th o ro u g h  s tu d y  w as m a d e  o f  a  

c lay  w h ich  w as sa tu ra te d  u n d e r  v a r io u s  p re ssu re s  fo r  v a rio u s  

in itia l m o is tu re s . R e fe rrin g  to  th e  p lo ts  o f  F ig . 2a a n d  2b, 
w ith  th e  in itia l m o is tu re  as th e  absc issa  it w ill be n o te d  th a t  

o rd in a te s  a re  se lec ted  to  sho w  e ith e r  th e  sw elling  p re ssu re  

w hich  w o u ld  be ex e rted  w h en  v a rio u s  sw ells a re  a llo w ed , 

o r  th e  a m o u n t o f  sw ell w h ich  w o u ld  resu lt fro m  a  p a r tic u la r  

sw elling pressu re .

I t  m ay  also  b e  o b serv ed  th a t  if sw elling  is n o t  p e rm itte d , 

su ch  p lo ts  in d ica te , fo r a  p a r tic u la r  in itia l m o is tu re  c o n d itio n , 

th e  sw elling  p re ssu re  w hich  is o b ta in e d . T h is  ty p e  o f  s tu d y  

is p a r tic u la r ly  use fu l in  p ro b le m s inv o lv in g  a  c o rre la tio n  

be tw een  th e  s tru c tu ra l  desig n  a n d  th e  so il co n d itio n s , w here  

it  is n ecessary  to  p re d ic t th e  a m o u n t o f  d e fo rm a tio n  w hich  

m ig h t be o b ta in e d  fo r p a r tic u la r  p re ssu res, o r th e  rev erse . 

I t  w ill th e n  be p o ss ib le  e ith e r to  desig n  a g a in s t d ifferen tia l 

m o v em en ts  th ro u g h  ta k in g  a c c o u n t o f  th e  r ig id ity  o f  th e  

s tru c tu re , a n d  m a k in g  th e  s tru c tu re  sufficien tly  s tro n g , o r  

to  p la n  fo r jo in ts  so th a t th e  s tru c tu re  m ay  a c c o m m o d a te  itse lf 

to  th e  d iffe ren tia l m o v em en ts  to  be expected .

L e  P ré sid en t :

Je  d o n n e  la  p a ro le  à  M . Jen n in g s .

M . J .  E . Jennings

I t  is q u ite  c lea r fro m  P ro f. Z e itle n ’s re m a rk s  th a t w e h a d  

a  m o s t s tim u la tin g  m ee tin g  in Is rae l, ju s t  p r io r  to  th is C o n fe r ­

ence.

I m u s t em p h asize  th e  fac t th a t  if  y o u  p ro p o se  m easu rin g  

s tru c tu ra l m o v em en ts , it is very  im p o r ta n t  th a t  th e  b ench  

m a rk s  b e  estab lish ed  be low  th e  zo n e  o f  m o v em en t. T h is  

m ean s p lac in g  th e  pegs in  b o reh o le s  w h ich  m ay  b e  u p  to  

100  ft. deep .

P ro f. Z e itlen  h a s  c o m p a re d  th e  sw elling  p re ssu re  tests  

co n d u c te d  in  Is rae l a n d  th e  U .S .A . w ith  th e  resu lts  o f  d o u b le

2 0 1

cedom eter tests. E ssen tia lly  b o th  tests  a re  th e  sam e b u t  th e  

d o u b le  oedom eter gives m o re  in fo rm a tio n  a n d  is eas ie r to  

c a rry  o u t. T h e  difficulty w ith  th e  sw elling  p re ssu re  is th a t  o f  

g e ttin g  w a te r in to  th e  so il w h en  it ex ists u n d e r  lo a d  in  th e  
co n so lid o m e te r. W e h av e  tr ie d  tests  o f  th is  ty p e  a n d  c o m p a re d  

th e  p re d ic te d  h eav e  w ith  th a t  o b serv ed  in  th e  field. T h e  

p re d ic te d  v a lu e  w as very  m u ch  less th a n  th e  o b serv ed  field 

h eav e  a n d  I n o w  b la m e  th is  o n  th e  fac t th a t  w e d id  n o t  w et 

u p  o u r  so il sam p les fully  in  th e  la b o ra to ry . I  in te n d  to  rep eat 

th o se  tests  a n d  tak e  m u ch  m o re  tro u b le  a n d  tim e  to  secure  

n e a te r  e n try  in to  th e  soil.

W e m u s t o f  co u rse  a p p rec ia te  th a t  w e a re  d ea lin g  w ith  

o v e rco n so lid a ted  so ils  a n d  se ttlem en t in  su ch  so ils  lead s to  

difficulties, to  say  th e  least. I t  w o u ld  b e  re a so n a b le  to  expect 

so m e o v e r-p re d ic tio n  o f  th e  h eav e  a n d  I feel th a t  th e  fac t 

w e h av e  co m e w ith in  20  p e r c en t w ith  th e  d o u b le  o ed o m e te r 

is very  g o o d  in d eed . I t  is tru e  th e re  h as  b een  o n e  case  o f  

severe  o v e r-p re d ic tio n  b u t  th is  w as a  m in o r case  in  w h ich  

m o v em en ts  w ere  n o t  p recisely  o b serv ed . I t  w ill b e  in v estig a ted  

fu rth e r.

M . L . F . Cool ing (G ran d e -B re tag n e )

I t  is ev id en t th a t  th e  m o v em en t o f  c lay  so ils  w h ich  acco m ­

p an ie s  ch an g es  in  m o is tu re  c o n te n t  a n d  its effect o n  s tru c tu re s  

b u ilt o n  su ch  clays, is a  w o rld -w id e  p ro b le m  a n d  m an ifes ts  

itse lf in  d iffe ren t w ays a c co rd in g  to  th e  c lim a tic  co n d itio n s  

in  d ifferen t p a r ts  o f  th e  w o rld . A s I  see it, th e  b as ic  p ro b le m  

is as follow s.

T h e  m o is tu re  c o n d itio n  in  th e  g ro u n d  b e fo re  c o n s tru c tio n  

s ta r ts , rep re sen ts  a d y n am ic  b a lan ce  b e tw een  th e  w a te r 

a b so rb e d  in to  th e  so il fro m  ra in fa ll a n d  th e  w a te r rem o v ed  

b y  e v a p o ra tio n  a n d  tra n sp ira t io n  o f  p la n ts  a n d  trees. N o w  

th is  b a lan ce  v aries  th ro u g h o u t th e  c lim a tic  sea so n  a n d  hence , 

c o n d itio n s  a t  th e  tim e  w h en  c o n s tru c tio n  is c a rrie d  o u t 

ca n  h av e  a n  im p o r ta n t  in flu ence o n  su b se q u e n t b eh av io u r . 

W h en  y o u  p u t  th e  s tru c tu re  o n  a  s ite  y o u  m a k e  ra d ic a l ch an g es 

in  th e  co n d itio n s . O n  th e  o n e  h a n d , th e  v eg e ta tio n  is c leared  

aw ay  a n d  th is  rem o v es a  p o te n t so u rce  o f  d ep le tio n  o f  so il 

m o is tu re . O n  th e  o th e r  h a n d , th e  s tru c tu re  sh e lte rs  th e  g ro u n d  

fro m  d irec t ra in fa ll a n d  th u s  red u ces ing ress o f  m o is tu re . 

T h e  n ew  m o is tu re  e q u ilib riu m  e stab lish ed  w ill b e  d ifferen t 

f ro m  th e  o rig in a l an d  e ith e r sw elling  o r  se ttlem en t m ay  

re su lt  d e p en d in g  o n  w hich  fa c to r  h as  th e  p re d o m in a n t effect. 

E ith e r  o f  th ese  tw o  p ro cesses can  o ccu r —  even  in  th e  sam e 

co u n try .

In  E n g la n d  w here  th e  c lay  so il is u su a lly  m o re  o r  less 

s a tu ra te d  a t  th e  tim e o f  c o n s tru c tio n , m o st t ro u b le  is ex p erien c ­

e d  d u e  to  sh rin k ag e . T h e  m a jo r  p ro b lem s a re  d u e  to  trees 

a n d  sh ru b s  w hich  can  d ep le te  th e  so il m o is tu re  d o w n  to  a 

d e p th  o f  8-10 ft. d u r in g  th e  su m m er g ro w in g  seaso n . D u rin g  

d ry  su m m ers , th e  ex ten sio n  o f  ro o t  system s is c o m m o n  an d  

ro o ts  sp read in g  h o r iz o n ta lly  u n d e r  h o u se  fo u n d a tio n s  m ay  

c au se  lo ca l m o v em en ts  u p  to  fo u r  inches. R ecen tly , h ow ever, 

th e  B u ild in g  R esea rch  S ta tio n  h as m a d e  o b se rv a tio n s  on  

tw o  s tru c tu re s  w h ich  ex h ib ited  lo n g -te rm  h eav e  u n d e r  the 

fo u n d a tio n s  d u e  to  w e ttin g -u p  o f  d es icca ted  clays. B o th  

o f  these  sites h as  p rev io u s ly  su p p o rte d  th e  g ro w th  o f  larg e 

fo re s t trees.

O n e  o f  th ese  w as a  te rra c e  b lo c k  o f  co ttag e s , sing le  s to rey , 

b ric k -b u ilt  o f  11" cav ity  w all c o n s tru c tio n . I t  w as b u ilt in 

1952 a n d  c ra ck s  h a d  a p p e a re d  a f te r  tw o  years  a n d  h ad  

c o n tin u e d  to  in c rease  in  size o v er th e  su b se q u e n t fo u r  years. 

In  1958 w e w ere  a sk ed  to  in v estig a te  w h a t th e  a rc h itec t 

th o u g h t w as a  s tu b b o rn  case  o f  so il sh rin k ag e . S ite b o rin g s 

a n d  tr ia l  p its  in d ica ted  th a t  th e  so il w as a  stiff fissu red  clay 

(L . L . 75 p e r  cen t) w ith  m o is tu re  c o n te n t  26-31 p e r  cen t, 

a n d  d e a d  tree  ro o ts  w ere  fo u n d . A  s tu d y  o f  th e  site  p la n  a n d  

ae ria l p h o to g ra p h s  ta k e n  b e fo re  c o n s tru c tio n , sh o w ed  th a t 

tw o  la rg e  e lm  trees h a d  ex isted  o n  th e  site  n e a r  o n e  e n d  o f



th e  co ttag es . R eference  p o in ts  w ere th e re fo re  fixed in  th e  

b u ild in g  a n d  o b se rv a tio n s  o f  m o v em en t m ad e  w ith  reference 

to  tw o  d a tu m  p o in ts  20 ft. deep  a b o u t 50 ft. fro m  th e  bu ild ing . 

In  th e  c o u rse  o f  th e  year, th e  o b se rv a tio n s  sh o w ed  th a t  p o in ts  

n e a r  w here  th e  trees h a d  been , h a d  risen  1 cm  w hile  p o in ts  

a t  th e  fa r  en d  o f  th e  te rrace  rem o te  fro m  th e  trees, h a d  

sca rce ly  m o v ed . A  su rvey  m ad e , assu m in g  th e  d am p  co u rse  

to  be level w hen  it w as c o n s tru c te d , in d ica ted  th a t  th e  m o v e ­

m e n ts  m ig h t h av e  b een  as m u ch  as 10 cm  in seven  years. 

T h e  a c tu a l o b se rv a tio n s  d u r in g  th e  last years  h av e  sh o w n  

a  m o v em en t o f  th e  sam e o rd er.

T h e  seco n d  s tru c tu re  w as a  la rg e r o n e , a  th ree -s to rey  

office b lo ck , 140 ft. long , 37 ft. w ide b u ilt o n  a  sh r in k ab le  

b o u ld e r c lay. Several w ell-es tab lish ed  fo re s t trees o f  a b o u t 

8 ft. g ir th  w ere  fe lled  a n d  rem o v ed  in  N o v e m b e r 1958, th e  

b u ild in g  w as c o m p le ted  in  Ju ly  1959 a n d  levels h a d  been  

ta k e n  since th e  co m m e n cem en t o f  c o n s tru c tio n . T hese  have  

sh o w n  th a t  w hile in  o th e r  p a r ts  o f  th e  b u ild in g  slig h t se ttle ­

m e n t h a d  o ccu rred , in  th e  reg io n  w here  th e  trees h a d  been , 

th e re  w as a  rise  o f  a b o u t  1-25 cm ; it is still ris in g  a n d  the  

m o v e m e n t is a b o u t  1 m m  ev ery  tw o  m o n th s .

T h ese  tw o  exam ples in d ica te  th a t  w h ere  a n  a re a  o f  clay 

h a s  been  d ried  o u t a t  a  d e p th  b e n e a th  th e  su rface , th e  rew etting  

to  co m e  to  a  new  eq u ilib riu m  m ay  ta k e  severa l years. T h is  

a lso  fits in  w ith  o th e r  experiences w here  d e lib e ra te  a tte m p ts  

h av e  been  m a d e  to  w et u p  a  v o lu m e  o f  d rie d -o u t clay  b e n e a th  

a  b o ile r  fu rn a c e  —  th e  w a te r seem s to  p o n d  o n  th e  su rface  

w hich  becom es im p erm ea b le  a n d  p e n e tra t io n  in to  th e  m ass 

o f  c lay  ta k e s  a  very lo n g  tim e.

T u rn in g  to  th e  general p ro b lem  I th in k  th e  suggested  

a p p ro a c h  o u tlin ed  b y  A itch iso n  a n d  H o lm es in  D iv isio n  4, 

p a p e r  1, e n title d  ‘ S u c tio n  p ro files  in so ils  b e n e a th  co v ered  

a n d  u n co v ered  a re a s  ’ is a  u se fu l o ne . T h ey  su g gest th a t  the  

v e rtica l d is tr ib u tio n  o f  w a te r in th e  so il sh o u ld  b e  expressed  

in  te rm s o f  th e  ‘ su c tio n  p ro file  ’. By m easu rin g  th e  in itia l 

‘ su c tio n  p ro file  ’ b e fo re  c o n s tru c tio n  s ta rts  a n d  by  assess ing  

th e  p ro b a b le  final ‘ su c tio n  p ro file  ’ th e  so il a t  th e  site  w ill 

a t ta in  d u r in g  th e  su b se q u e n t life o f  th e  s tru c tu re , th e  q u es tio n  

o f  w h e th e r h eav e  o r  se ttlem en t w ill o ccu r c a n  be reso lv ed .

A s I see it th e  in itia l ‘ su c tio n  p ro file  ’ c a n  b e  o b ta in e d  

b y  ta k in g  u n d is tu rb e d  sam p les fro m  d ifferen t d e p th s  in th e  

g ro u n d  a n d  m e a su rin g  th e  cap illa ry  p re ssu re  o f  each  sam ple  

b y  o n e  o f  th e  m e th o d s  in d ica ted  by  P ro f. S k em p to n  in  p a p e r  61 

V ol. I, p . 351 o f  th e  P ro ceed ings o f  th e  C o n fe ren ce . By 

c o m p a rin g  th e  v alues so o b ta in e d  w ith  th eo re tica l v alues 

d e riv ed  fro m  th e  p o s itio n  o f  th e  w ate r ta b le  a n d  assum in g  

ze ro  flux, it is p o ssib le  to  assess w h e th e r th e re  exists in the  

g ro u n d  a n  u p w a rd  flow  o f  w a te r to  su p p ly  e v a p o ra tio n  a t  

th e  su rface  o r  a  d o w n w ard  flow  d u e  to  d ra in ag e .

T h e  p ro b a b le  effect o f  p lac in g  th e  s tru c tu re  o v er th e  site 

in  p ro d u c in g  heave o r  se ttlem en t can  th en  be assessed  q u a lita t ­

ively. T o  m ak e  a  q u a n tita tiv e  es tim a te  th e  fo llo w ing  a p p ro a c h  

m ay  be m ad e . T h e  in itia l ‘ c ap illa ry  p re ssu re  ’ p ro file  re p re ­

sen ts  th e  ‘ effective ’ stress in th e  g ro u n d  b efo re  c o n s tru c tio n . 
T h e  effective stress p ro file  finally  a t ta in e d  a fte r  c o n s tru c tio n  

m ay , as a  firs t a p p ro x im a tio n , b e  o b ta in e d  by  a d d in g  to  th e  

th e o re tic a l va lue  fo r zero  flow, th e  effective stress d u e  to  

th e  lo ad s  from  th e  bu ild in g . F ro m  th e  ch an g e  in effective 

stress p ro file  b etw een  th e  in itia l a n d  final c o n d itio n  a n d  a  

k n o w led g e  o f  th e  co m p ress io n  ch a rac te ris tic s  o f  th e  sam ples, 

a  th eo re tica l e s tim a te  o f  th e  q u a n tita tiv e  m o v em en t o f  th e  

g ro u n d  can  be m ad e  in  th e  sam e w ay as in se ttlem en t analysis. 

T h is  a p p ro a c h  assum es th a t  th e  w a te r tab le  w o u ld  re m a in  

c o n s ta n t  in  p o s itio n  a n d  a n  es tim a ted  co rre c tio n  w o u ld  

n eed  to  b e  m a d e  fo r th e  p ro b a b le  ch an g e  in g ro u n d  w ater 

level. H o w ev er befo re  th is  a p p ro a c h  can  be accep ted  th e re  

is n eed  fo r m u ch  m o re  ev idence deriv ed  fro m  p ra c tica l 

ex am p les w here  c o m p a riso n s  have  been  m a d e  betw een  ac tu a l 

a n d  p re d ic te d  m o v em en ts .

(Suspension  de séance)

N o u s  a llo n s  re p ren d re  n o s  trav au x . N o u s  av o n s 13 o ra teu rs  

in scrits  ce qu i signifie q u e  le tem p s de p a ro le  d o it  ê tre  lim ité 

à  3 à  5 m in u tes . J ’insis te  d o n c  p o u r  q u ’on  so it aussi b re f 

q u e  p o ssib le  si n o u s  d és iro n s  te rm in e r d a n s  les déla is  qui 

n o u s  so n t im p artis . N o u s  av o n s 7 o ra te u rs  in scrits  su r le 

p re m ie r su jet e t 6 p o u r  le deuxièm e.

Je  d o n n e  la  p a ro le  à  M . le P ro f, de Beer.

M. De Beer  (B e lg iq u e )

L es essa is ex p é rim en tau x  m o n tre n t  sy s tém a tiq u em en t que  

p o u r  les so ls p u lv éru len ts , les fo rces p o r ta n te s  lim ites d u  sol 

sou s des sem elles superficie lles  so n t su p érieu res aux  va leu rs 

ca lcu lées avec  les fo rm u les de P ra n d tl e t les fo rm u les dérivées 

en  y  in tro d u isa n t les ca rac té ris tiq u es  d e  c isa illem en t o b ten u es 

a u  m o y en  d ’essais triax iau x  n o rm a u x  o u  cellu laires n o rm au x .

A fin de p o u v o ir  rech erch er les causes de la différence, il 

f a u t  p rê te r  a tte n tio n  à tro is  é lém en ts  essen tie ls d u  p ro b lèm e  :

1. L a  sign ific a tion  th éo riq u e  des fo rm u les  utilisées.

2. L a  sign ific a tion  p h y s iq u e  des p a ra m è tre s  q u e  l ’o n  in tro ­

d u it d an s  ces fo rm u les.

3. L a  s ign ific a tion  de la  g ra n d e u r  m esu rée  d an s  les essais.

Je  n e  p u is  év id em m en t p as  ép u ise r le su je t d an s  les qu elq u es 

m in u tes qu i m e so n t acco rd ées ;

1. E n  ce  qu i co n ce rn e  la  s ign ific a tion  th é o riq u e  des fo rm u les 

utilisées, il fa u t c o n s ta te r  q u e  les fo rm u les de P ra n d tl  e t les 

fo rm u les dérivées se ra p p o r te n t  à  u n  m ilieu  r ig id o -p las tiq u e , 

e t q u ’elles o n t  p o u r  b u t  de  d é te rm in e r la  ch arg e  sou s laquelle  

l ’éco u lem en t p la s tiq u e  com m ence. P o u r  de n o m b re u x  so ls  

il p e u t  y  a v o ir  en co re  u n e  a u g m e n ta tio n  co n s id é rab le  de la  

c ap ac ité  p o r ta n te  en  fo n c tio n  des d é fo rm a tio n s .

2. E n  ce  qu i co n ce rn e  les p a ra m è tre s  à  in tro d u ire  d an s  la  

fo rm u le , il fa u t te n ir  c o m p te  d u  fa it :

(a) Q u e  la  rés is tan ce  a u  c isa illem en t d ’u n  so l p u lv é ­

ru le n t a u g m en te  fo r te m e n t avec  s a  co m p ac ité  e t en  es t u n e  

fo n c tio n  très  sensib le .

L a  F ig . 23 d o n n e , p a r  ex em ple, la  v a r ia tio n  d e  l ’an g le  de 

c isa illem en t e n  fo n c tio n  d u  p o u rc e n ta g e  des vides n, avec 

le ra p p o r t  d e  la  c o n tra in te  sp h ériq u e  m o y en n e  am à  u n  

m o d u le  d ’élastic ité  E  p ris  co m m e référence. C e tte  figure  

a  é té  é tab lie  p a r  le D r  L ad an y i p o u r  le sab le  d e  M ol.

(b ) L a  rés is tan ce  a u  c isa illem en t d ’u n  so l p u lv é ru le n t 

p o u r  u n e  m êm e co m p ac ité  d im in u e  lo rsq u e  la  c o n tra in te  

sp h é riq u e  m o y en n e  am au g m en te . Si la  p lu p a r t  des ex p érim en ­

ta tio n s  t ie n n e n t c o m p te  de la  v a r ia tio n  de la  rés is tan ce  a u  

c isa illem en t en  fo n c tio n  de la  co m p ac ité , elles n ég lig en t p a r  

c o n tre  la  v a r ia tio n  avec  am. O n  p e u t év id em m en t se p o se r la  

q u es tio n  q u ’elle es t en co re , eu  é g a rd  à  ce tte  v a r ia tio n , la  

s ign ific a tion  p h y s iq u e  d e  l ’an g le  de c isa illem en t <p.

(c) Si d a n s  u n  ex p o sé  réc en t q u e  j ’a i fa it  en  A llem ag n e , 

je  n ’ai p a s  fa it m e n tio n  de la  v a r ia tio n  p o ss ib le  de l ’an g le  

de fro tte m e n t avec  la  c o n tra in te  p rin c ip a le  m o y en n e , c ’é ta it  

p a rc e  q u e  des essais qu i o n t  é té  effectués il y a p lu sieu rs  

an n ées  d é jà  à  D e lf t a u  m o y en  de l ’a p p a re il ce llu la ire , av a ien t 

in d iq u é  q u e  l ’in fluence de la  c o n tra in te  p rin c ip a le  m o y en n e  

d an s  les cas ex trêm es é ta it  fo r t  lim itée .

C ’est avec  in té rê t q u e  n o u s  av o n s p ris  c o n n a issan ce  des 

essais q u e  B ish o p  v ien t d ’effec tu er d a n s  u n  a p p a re il  à  d é fo r ­

m a tio n s  p lan es  e t qu i in d iq u e ra ie n t que  p o u r  des fo rtes  

co m p ac ités , o n  p o u r ra i t  av o ir  des d ifférences d e  l ’o rd re  de 

4° p a r  r a p p o r t  à  la  ré s is tan ce  a u  cisa illem en t m esu rée  d an s 

l ’a p p a re il triax ia l.

E n  ce qu i co n ce rn e  la  d éd u c tio n  q u e  l ’o n  en  fa it p o u r  

l ’in fluence de  la  c o n tra in te  m o y en n e , je  v o u d ra is  c e p e n d a n t, 

avec R o sco e  e t R o w e , co n se ille r la  p ru d en ce , c a r  il fau t,

L e P résident :
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F ig .  23

p o u r  a rr iv e r à  des co n c lu s io n s  v a lab le s, p o u v o ir  o b te n ir  

u n  é ta t  d e  d é fo rm a tio n  co m p lè tem en t h o m o g èn e . C ’est 

d ’a illeu rs  la  ra iso n  p o u r  la q u e lle  les essais  d e  D e lf t  n ’o n t  

ja m a is  é té  p u b lié s . C e la  n ’em p êch e  q u e  B ish o p  a  tro u v é  

q u e  p o u r  ce r ta in s  systèm es de  c isa illem en t, la  ré s is tan ce  

a u  c isa illem en t p e u t  ê tre  p lu s  fo r te  q u e  celle en reg is trée  d an s  

l ’a p p a re il  triax ia l.

I l  re s te ra  à  c o n f ro n te r  les ré su lta ts  d e  ses essais  avec  ceux  

d ’au tre s  c h e rch eu rs , a v a n t d e  p o u v o ir  en  t ire r  des co n c lu sio n s  

finales.

P o u r  le  m o m e n t o n  n e  p e u t  d o n c  in sc rire  l ’in flu ence  de 

la  c o n tra in te  p rin c ip a le  m o y en n e  e t  n o ta m m e n t l ’é ta t  de 

d é fo rm a tio n  p la n e  q u e  co m m e u n e  cau se  su p p lé m e n ta ire  

p o ss ib le  e t  p ro b a b le  d e  la  d ivergen ce  e n tre  les essais  e t les 

fo rm u les.

3. E n  ce  qu i co n c e rn e  la  s ig n ifica tio n  des g ra n d e u rs  m e su ­

rées, il fa u t c o n s ta te r  q u e , p o u r  des so ls  à  c o m p ac ité  fa ib le  

e t  m o y en n e , les c o u rb e s  e n fo n cem en ts /ch a rg es  n e  p ré se n te n t 

p ra tiq u e m e n t p lu s  d ’a sy m p to te , e t  q u ’a v a n t d ’a tte in d re  u n  

é ta t  d e  ru p tu re  co m p le t, o n  p e u t  en fo n c e r la  sem elle  à  u n e  

p ro fo n d e u r  d o n t  l ’o rd re  d e  g ra n d e u r  a t te in t  celu i d e  la  la rg e u r 

de  la  sem elle . P o u r  lever ce tte  difficu lté o n  p e u t  p a sse r à  la  

dé fin itio n  d ’u n e  c h a rg e  d e  ru p tu re  c o n v e n tio n n e lle , fo n c tio n  

d u  r a p p o r t  d e  l ’e n fo n c e m e n t e à  la  la rg e u r  b d e  la  sem elle.

A  la  F ig . 24 so n t  d o n n é es  q u e lq u es co u rb es  re lia n t les 

en fo n cem en ts  au x  ch arg es  ap p liq u ées , a in si q u ’u n e  fo rm u le  

d éfin issan t le ra p p o r t  e : b c o r re sp o n d a n t à  la  ch a rg e  de  ru p tu re  

co n v en tio n n e lle .

O n  n e  p e u t  aussi p e rd re  d e  v u e  l ’in flu ence d e  l ’an iso tro p ie  

d e  so llic ita tio n  qu i p e u t  ex is te r d a n s  le so l a v a n t la  m ise  en  

ch a rg e  d e  la  sem elle ; o r, les fo rm u les  basées su r l ’h y p o th èse  

d ’u n  m ilieu  rig id o -p la s tiq u e  n e  p e u v e n t te n ir  c o m p te  de 

l ’in flu ence d e  ce tte  a n iso tro p ie . C elle-ci p e u t  e .a . p ro v e n ir  

d ’u n  d a m a g e  e n  co u ch es successives o u  d e  su rch a rg es  géo lo ­

g iques an té rieu re s ... e tc ., q u i o n t  co m m e co n séq u en ce  que  

les c o n tra in te s  h o riz o n ta le s  so ien t su p é rieu re s  a u x  su rch arg es 

v ertica les  la té ra le s  p b.

E n  ce  qu i co n c e rn e  l ’in flu ence d e  la  d im en s io n  des fo n d a ­

t io n s , la  F ig . 24 in d iq u e  q u e  s u r to u t  a u  cas d e  fa ib les  la rg eu rs, 

p o u r  u n e  c o m p ac ité  e t  u n e  fo rm e  d e  sem elle  d o n n é es  le

N  d
coeffic ient V„ =  —  =  — -  d im in u e  lo rsq u e  la  la rg eu r

2 y  k-b

au g m en te , c o n fo rm é m e n t à  l ’in flu ence d e  la  c o n tra in te  

sp h é riq u e  m o y en n e  su r  la  ré s is tan ce  a u  c isaillem en t.

M . H a b ib  a  d it q u ’il n e  fa u t p lu s  t ra ite r  d u  p ro b lè m e  d u  

coeffic ient d e  fo rm e . I l  e s t p o ss ib le  q u e  d a n s  u n  av en ir  p lu s  

o u  m o in s  ra p p ro c h é  ce la  so it le cas, lo rsq u e  n o u s  c o n n a îtro n s

206



Essais & and , 1960
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sk .h

Enfoncement correspondant a' /a charge, 

de ru p tu re  conventionnelle .
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RC = Charge de rupture con ventionette 

R = Charge de rupture 
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m ieux  le p ro b lèm e  à  3 d im en sio n s. M ais  e n tre te m p s  il fa u t 

to u t  de m êm e sa v o ir  co m m e n t d o it se ca lcu le r la  fo rce  p o r ­

ta n te  de ru p tu re  des fo n d a tio n s  a u tre s  q u e  celles de lo n g u eu r 

infinie . C ’est p o u rq u o i n o u s  p e n so n s  q u e  les essais en  ce 

d o m a in e  g a rd e n t leu r u tilité .

N o u s  av o n s tro u v é  q u e  le coeffic ient d e  fo rm e  p o u r  le cercle 

a u  cas de fo n d a tio n s  superficie lles  su r sab le  n o n  dam é 

p b : y k-b =  0 , est p ra tiq u e m e n t in d é p e n d a n t de  la  co m p ac ité  

e t v a u t en v iro n  0 ,6 , s a u f  p o u r  les très  fa ib les co m p ac ités  

o ù  il se ra p p ro c h e  de l ’u n ité .
D e s  essais so n t ac tu e llem en t e n  co u rs  à  l ’in s ti tu t  G é o te c h ­

n iq u e  de  l ’E ta t  p o u r  d é te rm in e r le  coeffic ient d e  fo rm e  

p a r  lequel il fa u t m u ltip lie r  le te rm e  e n  N,p d o n c  v a lab le  p o u r  

p.
les cas o ù  -----  =  oo. L es p re m ie rs  ré su lta ts  tro u v és  p a r

y k-b

le  D r  L a d a n y i sem b len t in d iq u e r q u e  p o u r  des sab les n o n  

d am és en  co u ch es successives, le coeffic ient d e  fo rm e  

p o u r  le cercle  se ra it de l ’o rd re  de  1,2 à  1,3 p o u r  les fo rte s  

co m p ac ités , p o u r  d im in u e r g ra d u e llem en t à  1 p o u r  les m o y en ­

n es e t fa ib les co m p ac ité s .

P a r  c o n tre  a u  cas de  sab le s d am és en  co u ch es successives 

avec  d e  g ra n d es  v a leu rs d u  se rrag e  la té ra l, les p rem iers  

essais effectués in d iq u e n t q u e  le coeffic ient p o u r ra i t  en  

ce r ta in s  cas s ’a p p ro c h e r  de la  v a leu r 2 .

N o u s  v o u d r io n s  s im p lem en t c o n c lu re  p o u r  le m o m e n t, 

q u e  les coeffic ients de fo rm e  à  in tro d u ire  d a n s  les fo rm u les  
n e  d ép e n d e n t p a s  u n iq u e m e n t d e  la  c o m p ac ité  re la tiv e  m ais  

aussi d e  l ’é ta t  de se rrag e  la té ra l. C e  d e rn ie r  effet p o u r ra i t  

e x p liq u e r les d ivergen ces qu i so n t  tro u v ées  p o u r  les coeffi­

c ien ts  d e  fo rm e  p a r  d iffé ren ts  e x p é rim en ta teu rs .

M . A .R . Jumikis (E ta ts -U n is )

P lease  p e rm it m e  to  d e m o n s tra te  by w ay  o f  a  sh o r t  c o lo r 

film  p h o to g ra p h e d  a t  R u tg e rs  U n iv e rs ity  th e  p ro cess o f  th e  

fo rm a tio n  o f  ru p tu re  su rfaces in  so il o b ta in e d  in  m y stud ies, 

a n d  as p re sen ted  in  m y p a p e r  3 A /2 3 , p p . 693-698, vo l. I  

o f  th e  P ro ceed in g s o f  th is  C o n fe ren ce .

T h e  film  dep ic ts  th e  fo rm a tio n  o f  th re e  system s o f  ru p tu re  

su rfaces :

1. O n e-sid ed  ru p tu re  su rface  b ro u g h t a b o u t  by  a  cen tra lly  

a p p lied  inc lin ed  lo ad .

2. T w o -sid ed  ru p u re  su rface  b ro u g h t a b o u t by  a  cen tra lly  

a p p lied  vertica l lo ad , an d

3. R u p tu re  su rfaces in d ry  sa n d  fo rm e d  u n d e rn e a th  th e  

edge o f  a  v ertica lly  lo ad ed  ca isso n  m odel.

1. One-Sided Rupture Surface.

T h e  b ase  a re a  o f  th e  m o d e l is 15 cm  x  15 cm . F irs t  a 
v e rtica l lo ad  is ap p lied . A t th e  en d  o f  ve rtica l lo a d in g  th e  

se ttlem en t is fa irly  u n ifo rm . T h e  sp re a d  o f  p re ssu re  m ay  

also  b e  c learly  seen . T h e n  th e  h o r iz o n ta l lo a d  is g ra d u a lly  

a p p lied  to  th e  m o d el ( th ro u g h  th e  b ase  o f  th e  m odel) . B ecause 

o f  th e  h o r iz o n ta l lo ad , th e  m o d e l tra n s lo c a te s  g ra d u a lly  in 

th e  d ire c tio n  o f  th e  a c tio n  o f  th e  h o r iz o n ta l lo ad . U p o n  

fu r th e r  in c rem en t o f  th e  h o r iz o n ta l lo ad  th e  m o d el tilts  in 

a  c lockw ise (in  th is  case) ro ta t io n . A s th e  v e c to r o f  th e  re ­

s u lta n t lo a d  o n  th e  m o d e l declines a n d  b eco m es fla tte r  a n d  

fla tte r , a n d  w h en  th e  sh e a r s tre n g th  o f  th e  so il is exceeded , 

a  sp ira lly  sh a p ed  so il w edge, resem b lin g  a  so lid  b o d y , is 

sh e a re d  o ff a n d  slid o u t  a lo n g  th e  ru p tu re  su rface  fro m  u n d e r ­

n e a th  th e  m o d e l (F ig . 25). P lease  n o te  in  th e  film  th a t  no  

p ro n o u n c e d  “  w edge ”  u n d e rn e a th  th e  b ase  o f  th e  fo o tin g  

c a n  b e  ob serv ed . A lso  it c a n  b e  seen  th a t  th e  sh e a rin g  o ff o f  

th e  lo g arith m ica lly  sp ira lle d  san d  w edge ta k e s  p lace  sud d en ly .

T h e  film  show s w h ere  th e  ru p tu re  su rface  s ta r ts , how  deep  

it rea ch es  below  th e  “ g ro u n d  su rface  ” , th e  n a tu re  o f  its

Fig. 25 One-sided ru p tu re  surface.
V =  281-25 kg; H  =  92-63 kg 
b =  15-0 cm h — 0 cm.

c u rv a tu re , a n d  w h a t is its  e x te n t la te ra lly . I t  m ay  b e  n o te d  

th a t  th e  fo rm a tio n  o f  th e  ru p tu re  su rface  is a  c o n tin u o u s  

p ro cess. T h e re fo re  it is n o t  a p p ro p r ia te  to  d esc rib e  th e  ru p ­

tu re  cu rv e  by  a  m a th e m a tic a l e q u a tio n  w h ich  is a  c o n tin u o u s  

o n e  a n d  is n o t  co m p o sed  o f  a  c o m p o u n d  cu rve , su ch  as th e  

su m  o f  a  c irc le  p lus sp ira l p lus a  tan g en t. S u ch  a  su m  o f  g e o ­

m e tr ica l cu rves a n d  lines im plies d isco n tin u ity  a t  th e  p o in ts  

o f  co n ta c ts  a n d  tan g en c ies o f  these  d ifferen t g eo m etric  e le ­

m en ts , d isco n tin u itie s  w h ich  w ere  n o t  o b se rv ed  in  th e  ex p eri ­

m en t.

T h e  “  c re ased  ” en d  o f  th e  lo g a rith m ic  ru p tu re  sp ira l m ay  

p a r tly  b e  ex p la in ed  by  th e  u n co n fin ed  b o u n d a ry  c o n d itio n  

a t  th e  g ro u n d  su rface.

T h e  an g le  o f  in te rn a l fr ic tio n  o f  th e  sa n d  u se d  w as cp =  35°.

A t th is  p o in t  p lease  p e rm it m e  to  ex p ress  m y a p p re c ia tio n  

to  D r  F rö h lic h , u n d e r  w h o m  th ese  ex p erim en ts  w ere  s ta r te d  

m a n y  y ears  ag o  a t  th e  T ech n ica l U n iv e rs ity  in  V ien n a , a n d  

a lso  to  th e  R eview ing  C o m m itte e  o f  P a p e rs  w ho  fo u n d  th e se  

ex p erim en ts  to  b e  o f  a n  o rig in a l n a tu re . T h e  s tu d ies  o n  th is  

to p ic  a re  n o w  c o n tin u e d  by th e  a u th o r  a t  R u tg e rs . T h e  S ta te  

U n iv e rsity , N ew  B runsw ick , N ew  Jersey , U .S .A .

2. Two-Sided Rupture Surfaces

T h is is a  7 -5  cm  w id e m o d e l lo ad ed  ce n tra lly  a n d  v ertica lly  

o n  a  san d  w h o se  an g le  o f  in te rn a l fr ic tio n  is 9  =  35°. T h is  

e x p e rim en t show s c lea rly  th e  fo rm a tio n  o f  a  c o n sp ic u o u s

F ig . 2 6  S o il  w e d g e .

208



t r ia n g u la r  sa n d  w edge d irec tly  u n d e rn e a th  th e  b ase  o f  th e  

fo o tin g  (F ig . 26). T h e  d o w n w a rd -p o in tin g  w edge is firs t 

sh o r t  in  h e ig h t, h av in g  a n  o b tu se  slope. A s th e  v e rtica l lo a d  

in c reases th e  h e ig h t o f  th e  w edge in c reases so m ew h at, re ­

su ltin g  in  a n  ac u te  w edge. N o te  fro m  th e  u n d is tu rb e d  b lack  

h o r iz o n ta l re fe ren ce  lines th a t  th e  w edge ac ts  as a  so lid  body . 

A fte r  th e  sh e a r s tre n g th  o f  th e  so il is exceeded , th e  so il ru p ­

tu re s  tw o -sid ed ly  (F ig . 27). B ecause, d u r in g  th e  ru p tu re , th e  

m o d e l c o n tin u es  to  se ttle , th e  tr ia n g u la r  w edge is d es tro y ed . 

I f  th e  so il d en sity  is tru ly  u n ifo rm , th e  tw o -sid ed  ru p tu re  

su rfaces a re  sym m etrica l. In  th e  case  o f  a  n o n -u n ifo rm  d e n ­

sity, th e  tw o -s id ed  ru p tu re  su rfaces a re  a sy m m etrica l. N o te  

ag a in  th a t  th e  m ass o f  th e  ru p tu re d  so il w edges a p p e a rs  

v irtu a lly  u n d is tu rb e d . T h e  sh a p es  o f  th e  ru p tu re  su rfaces 

a p p e a r  to  b e  p a r tic u la r  lo g a rith m ic  sp irals.

F ig . 27  T w o -s id e d  e x p u ls io n .

V =  240  k g ;  H  =  0 k g ;  6 =  7 - 5  cm .

3. Rupture Surfaces under a Caisson Model

T h e  ru p tu re  su rfaces u n d e rn e a th  th e  k n ife-edges o f  a 

ca isso n  m o d e l fo rm  je rk -w ise  a n d  a sy m m etrica lly  u n d e r  th e  

in flu ence o f  a  v e rtica l, c e n tra l  lo ad , th u s  d e m o n s tra t in g  th e  

effects o f  n o n -u n ifo rm  d en sity , so m e eccen tric ity  a n d  o th e r  

fac to rs , a s  th ey  w o u ld  a c tu a lly  be e n c o u n te re d  in n a tu re . 

T h e  film  sho w s c lea rly  th a t  fo r  each  se t o f  load  th e re  o ccu rs 

a  c o rre sp o n d in g  d e fo rm a tio n  in  th e  so il (F ig . 28).

T h e  film  w as sh o w n  o n  F rid a y , Ju ly  21, 1961, a t  15 -00  

h o u rs  in th e  m a in  a u d ito r iu m , U N E S C O  bu ild in g .

—  i i ........ ............... ........................ ................................ ........
------------------- g g g j j j j

F ig . 28 D e fo rm a t io n s  in  s a n d  u n d e r  k n ife  e d g e s  o f  a  m o d e l  

o f  c a isso n .

Je  d o n n e  la  p a ro le  a  M . K ezd i.

M. A. Kezdi (H o n g rie )

I n  h is  G e n e ra l  R e p o r t  M r T s ito v itc h  p o in te d  o u t  th a t  

m y p a p e r  g iv in g  so m e  n o te s  on  b e a r in g  ca p a c ity  in th e  case 

o f  in c lin ed  fo rces  co u ld  w ell be ro u n d e d  u p  b y  p re sen tin g  

so m e  re la te d  te s t  re su lts . Since w ritin g  th e  p a p e r  w hich , th en , 

h a s  b een  s tim u la te d  ac tu a lly  by  th e  re su lts  o f  field  te s ts  seek ing  

to  d e te rm in e  th e  safety  a g a in s t s lid ing  o f  a n c h o rin g  b locks 

o f  a  c h a in  b rid g e , w e c a rrie d  o u t  ex tensive  tests . I  w o u ld  like 

to  sho w  th e  p r in c ip a l re su lts  o n  a  slide.

L e President :

F ig . 29

T h e  u p p e r  lin e  in  th e  figure  sho w s th e  C o u lo m b -lin e  giving 

th e  an g le  o f  in te rn a l fr ic tio n  o f  th e  m a te r ia l in  q u es tio n . I t  

w as a  g rav el san d . T h e  seco n d  lin e  h a s  b een  fu rn ish ed  by 

su rface  fr ic tio n  tests . A n d  n o w  th e  re la tio n  be tw een  n o rm a l 

a n d  ta n g e n tia l s tresses in  th e  s ta te  o f  lim it eq u ilib riu m  co u ld  

be  re p re se n te d  by th e  cu rv ed  line . I f  h o r iz o n ta l fo rces a re  ac tin g  

th e re  o ccu rs a lw ays a  ru p tu re  a n d  n ev e r a  slid ing . T h e re fo re  

th e  safe ty  c a n n o t b e  ca lcu la ted  o n  th e  b ase  o f  th e  an g le  o f  

su rface  fr ic tio n . T h e  la tte r  gives v alues a lw ay s o n  th e  u n safe  

side. T a k in g  a  given  va lu e  o f  t  a n d  cr fa r  en o u g h  fro m  cau sin g  

ru p tu re , ru p tu re  c a n  b e  in tro d u c e d  e ith e r  by  in c reas in g  o r  

by  d ec reas in g  th e  va lu e  o f  a.
P lo ttin g  th e  re su lts  as fu n c tio n  o f  th e  in c lin a tio n  o f  th e  

re s u lta n t  fo rce  w e get w ith  very  g o o d  a p p ro x im a tio n  th e  sam e 

line  as fu rn ish ed  by  th e  th e o ry  p re se n te d  in  m y  p ap er.

I rea lly  h a te  to  b rin g  m a th e m a tic s  in to  a n  o ra l d iscussio n  

ju s t  lik e  th is . I on ly  m e n tio n  th a t  th e  th e o ry  p re se n te d  in  m y 

p a p e r  h as b een  d ev elo p ed  a n d  re fin ed  in  th e  m ean tim e  a n d

I believe th a t  it gives n o w  a  suffic ient e x p la n a tio n  o f  th e  

p h en o m e n a . I t  w ill be p u b lish ed  sh o rtly .

M . C . Szechy (H o n g rie )

I n  th e  p a n e l d iscu ssio n  it w as g enera lly  s ta te d  th a t  ex p eri ­

m e n ta l v alues o f  u ltim a te  b e a r in g  cap ac ity  u n d e r  an y  fo o tin g  

o r  s tr ip  fo u n d a tio n  alw ay s exceed  th e o re tic a l values. In  

rea so n in g  th is  d ev ia tio n  I sh o u ld  lik e  to  ca ll a t te n t io n  to  th e  

in fluence o f  c o n ta c t-p re ssu re  d is tr ib u tio n . A s w e k n o w , a t 

u ltim a te  lo ad  th is  m u s t be o f  a  p a ra b o lic  sh a p e  w ith  a  m ax im u m  

value in th e  m id d le , w h ereas m o st th eo rie s  assu m e  a  u n ifo rm  

d is tr ib u tio n  o f  th e  u ltim a te  p re ssu re . T h e re  is n o  d o u b t th a t  
th e  p a ra b o lic  sh a p e  o f  p re ssu re  d is tr ib u tio n  w ill lead  to  a  

b igger u ltim a te  lo a d  th a n  th e  u n ifo rm  o n e , a n d  th is  m ay  

also  be o n e  re a so n  fo r th e  d isc rep an c ie s experienced .

In  a d d itio n , th is  c o n ta c t p re ssu re  d is tr ib u tio n  gives som e 

ev idence  th a t, in  c o n tra d ic tio n  to  M r  H a b ib ’s o p in io n , th e re  

m u st be a fa v o u ra b le  sh a p e -fa c to r fo r  sq u a re  a n d  c irc u la r  fo o t ­

ings a lso  in  san d s. In  th e  case  o f  s tr ip  fo u n d a tio n s  th e  average  

v a lu e  o f  u n ifo rm ly  d is tr ib u te d  c o n ta c t p re ssu re  is 2/3 o f  th e  

ac tu a l m ax im u m  va lu e  o f  th e  m id d le  o rd in a te  o f  th e  p a ra b o lic
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co n ta c t p re ssu re . I f  w e a ssu m e  th e  sam e  p a ra b o lic  law  o f  

c o n ta c t p re ssu re  d is tr ib u tio n  u n d e r  a  c irc u la r  fo o tin g  it 

w ill c o n s titu te  a  p a ra b o lo id . T h e  h e ig h t o f  th e  cy lin d e r o f  

e q u a l v o lu m e w ill n o w  b e  1/2  o f  th e  m a x im u m  m id d le  o r ­

d in a te . T h is  d ifference in  th e  ra t io s  o f  th e  m ax im u m  an d  

av erag e  v a lu es a lso  d e m o n s tra te s  th a t  a  sh a p e  fa c to r

2 1 4 \  . . .
3 ' 2  =  3 /  must; ex ls t a *so  ln  san d s , if  o u r  gen era lly  accep ted

c o n ce p t (a f te r  T e rzag h i, S ch u ltze , e tc .)  —  n am ely  th a t  th e  

c o n ta c t p re ssu re  u n d e r  u l tim a te  lo a d  w ill h av e  so m e p a ra b o lic  

fo rm  —  is co rrec t.

M . D . K r s m a n o v i c  (Y o u g o slav ie)

A cco rd in g  to  th e  p ro p o sa l  o f  th e  g en e ra l r e p o r te r  c o n c e r ­

n in g  th e  p ro b le m s o f  p re ssu re  d is tr ib u tio n , I  w ish  to  p re se n t 

so m e re su lts  o f  th e  e x a m in a tio n  d ea lin g  w ith  th e  in flu ence 

o f  r ig id ity  o n  p re ssu re  d is tr ib u tio n  in  m u ltila y e r soils.

W e in v estig a ted  th e  p ro b le m  o f  s tru c tu re s  re s tin g  o n  soil 

in  a n  a re a  w h ere  su p erfic ia l te r ra in  su b sid en ces o ccu r d u e  

to  d eep  u n d e rg ro u n d  w o rk in g s . S u ch  su b sid en ces o ccu r g ra ­
du a lly , since th e  sed im en ts  a re  c lays, o f  te r tia ry  age, m o re  

o r  less in  a  p la s tic  s ta te . T h e re  a re  a llu v ia l sed im en ts  co v erin g  

th e  fo rm e r w h ich  c o n s is t o f  d is in te g ra te d  c lay  an d  gravel.

S ince  th e  th ick n e ss  o f  lay ers  in  th e  c ity  d iffers in  p laces, 
w e h av e  se lec ted  fo u r  ty p ica l cases fo r p u rp o se s  o f  in v esti ­

g a tio n . T h e  v a r ia tio n s  in  so il lay ers  w ith  th e  accep ted  av erag e  

m o d u lu s  o f  d e fo rm a tio n  a n d  th ick n e sses  a re  sh o w n  in  Fig. 

30 a, N o . 1 to  4.

T h e  fo u n d a tio n  e x a m in a tio n s  co v ered  so m e  cases o f  se ttle ­

m en ts  as w ell a s  th o se  o f  ir re g u la r  su b sid en ce . A  re in fo rced  

c o n c re te  s tru c tu re  w as se lec ted  as a  ty p ica l ex am p le , w hile 

th e  fo u n d a tio n  s tru c tu re  w as d es ig n ed  w ith  a  s lab  s tre n g th ­

e n ed  by  b eam s in  tw o  p re p e n d ic u la r  d irec tio n s  (F ig . 30 b).
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Fig. 31 R esu lts w ithout terrain  subsidence; a) load ing cases;
b) pressure distribu tion  lines; c) elastic lines; d) bend ­
ing m om ents.
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Fig. 30 Types o f soil layers. Exam ined system  of struc tu re .

T h e  fo u n d a tio n  w as e x am in ed  u n d e r  d iffe ren t cases o f  

lo ad in g . S ince  th e  r ig id ity  o f  th e  fo u n d a tio n  c o m p a re d  w ith  

th e  o n e  o f  th e  s u p e rs tru c tu re  w as very  g re a t, i t  w as p o ssib le  

to  n eg lec t th e  in flu ence  o f  th e  rig id ity  o f  th e  su p e rs tru c tu re . 

F u r th e r , w e w an te d  to  p ro te c t  th e  s u p e rs tru c tu re  c o n s tru c ­

t io n  fro m  irre g u la r  se ttle m e n ts  p ro v o k e d  by co m p ress ib ility  

o f  so il o r  su b sid en ce  o f  te r ra in . T h e  c o n tin u o u s  sy stem  o f  th e  

fo u n d a tio n  w as e x am in ed  in  d e ta il  in  th is  w ay  ;

1. F o r  d iffe ren t cases o f  lo a d in g  w ith  e q u a l fo rces a n d  also  

fo r  o th e r  p o ss ib le  cases o f  c o n s tru c tio n  lo ad in g . T h e  ex am ­

in a tio n  w as m a d e  u n d e r  th e  a s su m p tio n  th a t  th e re  w ere  

n o  su b sid ences. T h e  re su lts  o b ta in e d  fo r  th e  case  o f  so il N o . 1 

a re  sh o w n  in  F ig . 31.

T h e  v a lu es o f  b e n d in g  m o m e n ts  sh o w n  in  F ig . 31 d  ra n g e  

w ith in  sm all lim its ;  th e  in flu ence o f  p o ss ib le  lo a d in g  ch an g es 

w ith in  th e  lim its  e x am in ed  w as n o t  v e ry  h igh .

2. In  th e  case  o f  su b sid en ces c au sed  by  th e  w o rk in g s, i t  

w as assu m ed , in  th e  firs t case , th a t  th e  te r ra in  u n d e r  o n e  

h a lf  o f  th e  s tru c tu re  is subsiding in a straight line (F ig . 32 a). 
T h e  re su lts  sh o w n  in  F ig . 30 re fe r  to  cases w ith o u t an y  su b ­

s idences (Ta =  0 ,0 ), o r  w ith  th e  su b sid en ces  o f  20 an d  

60 m m . In  th e  fig u re  th e  e x a m in a tio n  re su lts  a re  given  fo r 

N o . 1 a n d  2 ty p es o f  soil.

T h e  k in d s  o f  p re ssu re  d is tr ib u tio n  fo r  d ifferen t cases a re  

sh o w n  in  F ig . 32 a. I t  c a n  b e  seen  th a t  th e  p re ssu re  d is tr ib u ­

t io n  ch an g es  v a ry  in  la rg e  lim its  a n d  th a t  •—  if  th e  v a lu e  Ta 
in c reases —  very  g re a t in c reases in  p re ssu re  in ten s ity  o ccu r 

u n d e r  th e  m id d le  o f  th e  fo u n d a tio n . In  F ig . 32 c th e  va lues 

o f  b e n d in g  m o m e n ts  a re  sh o w n  d e p en d in g  o n  th e  va lues 

o f  su b sid en ce  a n d  o f  th e  m o d u lu s  o f  d e fo rm a tio n . I t  h as  b een  
fo u n d  th a t  in  th e  sam e  su b sid en ce  c o n d itio n s  th e  v a lu es o f  

b en d in g  m o m e n ts  d e p e n d  very  m u c h  o n  th e  m o d u lu s  o f  

d e fo rm a tio n  a n d  th a t  m u ch  h ig h e r b en d in g  m o m e n ts  o ccu r 

in  so ils  w ith  less co m p ressib ility .

3. In  F ig . 33 so m e  re su lts  a re  sh o w n  w h en  it w as assu m ed  

th a t  th e  so il w as su b sid in g  u n d e r  o n e  h a lf  o f  th e  fo u n d a tio n  

sy stem  a n d  th a t  th e  su b sid en ce  lin e  w as n o t  s tra ig h t, b u t  h a d  

th e  fo rm  o f  a n  a rc h  tu rn e d  n o w  u p w a rd  a n d  n o w  d o w n w ard  

by  its  co n cav e  side. I n  th is  case  th e  p re ssu re  d is tr ib u tio n s  
w ere  n o n sy m m e tric a l (F ig . 33 a). W e c a n  see th a t  th e  fo rm  

o f  c u rv a tu re  is a  fa c to r  o f  n o  g re a t im p o rta n c e .
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I t  w o u ld  seem  th a t ,  w ith  re g a rd  to  s im ila r  r ig id  s tru c tu re s  

w ith  su b sid en ce  o ccu rren ce s , it w o u ld  b e  m o s t ad v isab le  to  
in se rt  u n d e r  th e  fo u n d a tio n  a  lay e r o f  m a te r ia l w ith  a  low  

m o d u lu s  o f  so il d e fo rm a tio n  in  o rd e r  to  o b ta in  th e  few est 
p o ss ib le  ch an g es in  th e  lin es o f  d is tr ib u tio n . H o w ev er, th e  

lay e r sh o u d  b e  th ic k  en o u g h , i f  w e w ish  to  o b ta in  a n  eco n ­

o m ica l fo u n d a tio n . T h e  in se r tio n  o f  th e  ab o v e  m en tio n e d  

lay e r w o u ld  re su lt  in  a  “ less h a r d  ”  re s tin g  o f  th e  s tru c tu re  

in  so il, a n d  th e  se ttle m e n t in  th is  case  w o u ld  n o t  b e  co n s id e rab ly  
g rea te r .

/ ta .oo

2 Ti*2Qmm
3 Ta  :60m m

J = 220m. 

EfIOO,00 kg/cm

■mm

b'20mm

R*G50m

E.= lOOkg/cm

7« 2.20 m  

E ^ iO  kg/cm  

L - 0.00 cm.
262.50

1017.20

TA*60mm

!i'2Qmm.
TA-O,0mn.

Fig. 32 Results w ith a stra igh t subsidence line: a) pressure 
distribu tion  lines; b) settlem ent lines; c) lines o f 
bend ing m om ents.

T h e  re su lts  o f  a ll th e  e x am in a tio n s  co n ce rn in g  th e  b en d in g  

m o m e n ts  th a t  d ep en d  o n  th e  v a lu es o f  su b sid en ce  an d  re la te  

to  d iffe ren t k in d s  o f  so il s tru c tu re s  (ac co rd in g  to  types o f  

m u ltilay e r so ils, F ig . 30, N o . 1 to  4) a re  sh o w n  in  a d iag ram , 

in  F ig . 34.
I t  c a n  b e  s ta te d  w ith  re g a rd  to  th e  fo u n d a tio n s  in q u es tio n  

th a t  th e  lesse r th e  m o d u lu s  o f  so il d e fo rm a tio n  th e  m o re  

fa v o u ra b le  a re  th e  c o n d itio n s  fo r  th e  fo u n d a tio n  s tru c tu re . 

In  th is  case, h ow ever, th e  a b so lu te  se ttle m e n t v a lu es o f  th e  

w h o le  s tru c tu re  w ill b e  h ig h er.

T h e  m o s t u n fa v o u ra b le  c o n d itio n  w ith  re g a rd  to  th e  b en d in g  

m o m e n ts  a rises  w h en  th e  s tru c tu re  re s ts  d irec tly  o n  so il 

w ith  th e  h ig h es t v a lu e  o f  m o d u lu s  o f  so il d e fo rm a tio n  (case  

N o . 2). T h e  v a lu es o f  th e  tw o  re m a in in g  cases a re  b e tw een  

th o se  tw o  m e n tio n e d  above . I n  th is  c o n n e c tio n  it c an  b e  sa id  

th a t  th e  p re sen ce  o f  a  lay er w ith  th e  lo w est v a lue , c o n s id e r ­

a b ly  in fluences th e  d ecrease  o f  b en d in g m  o m en ts  (case  N o . 3, 

Fig . 30 a), w h ile  th e  p re sen ce  o f  a  lay er w ith  m u c h  h ig h er 

m o d u lu s  a t  a  c e r ta in  d e p th  is o f  n o  p a r tic u la r  sign ificance .

In  o rd e r  to  b e  a b le  to  c o m p a re  th e  o b ta in e d  v a lu es o f  

b en d in g  m o m en ts  in  p a r t ic u la r  cases w ith  a n  a b so lu te  m ax i ­

m u m  va lu e , w h en  th e  m o d u lu s  o f  so il d e fo rm a tio n  ten d s  to  

in fin ity  a n d  w h en  su b sid en ce  o ccu rs u n d e r  o n e  h a lf  o f  th e  

le n g th  o f  th e  s tru c tu re , th a t  m ax im u m  p o ssib le  va lu e  h a s  a lso  

b een  c o m p u te d . W e see n o w  th a t  th e  va lues o f  b en d in g  m o m ­

en ts  o b ta in e d  fo r th e  case  TA =  60 m m  a n d  Es =  100 k g /c m 2, 

a re  o f  a  ra n g e  o f  a b o u t 50 p e r  ce n t o f  th e  v a lu es o b ta in e d  w hen  

th e  m o d u lu s  o f  d e fo rm a tio n  te n d s  to  infin ity.

Fig. 33 R esu lts w ith arched subsidence line: a) pressure dis ­
trib u tio n  lines; b) se ttlem en t lines; c) bending  m om ­
ents.

■max. Mc=ISOO.Otm.

M dm)

Fig. 34 R ela tion  betw een values o f  bending  m om ents and 
subsidences 7 \  (layers w ith different kinds o f soil)

t  max M = *45,66 tm  

2 màxM= *■ 86.72 tm  

3m ax M= *125,66 tm  

4 max M= *168.67 tm  }
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M . F . Ter r acina  (Ita lie )

M a  c o m m u n ic a tio n  co n c e rn e  u n e  fo n d a tio n  su p erfic ie lle  

b ien  c o n n u e , p e u t-ê tre  la  p lus c o n n u e , c a r  e lle re p ré se n te  à  la  

fo is  u n  ex em p le  fam eu x  d ’insuccès e t  d e  succès d e  la  tech n iq u e .

Il s ’ag it d e  la  fo n d a tio n  d e  la  T o u r  d e  Pise.
C ’est b ien  u n e  fo n d a tio n  superficie lle, p u is q u ’e lle  fu t p lacée  

à  m o in s  d e  d eu x  m è tre s  d e  p ro fo n d e u r , ce  q u i e s t  trè s  p e u  si 
l ’o n  co n s id è re  la  h a u te u r  d e  la  T o u r  (60 m ètres), sa  la rg e u r  

à  la  b ase (20  m è tres) e t  su r to u t  la p re ss io n  m o y en n e , qu i est 

d ’en v iro n  5 k g /cm 2.
D a n s  l ’é tu d e  des co n d itio n s  s ta tiq u e s  d e  la  T o u r  d e  Pise, 

l ’év o lu tio n  d u  so l so u s-jacen t a  é té  ju s q u ’ici n ég lig ée; l ’é tu d e  

d e  c e tte  év o lu tio n  n o u s  p a ra ît  a u  c o n tra ire  essen tie lle  p o u r  

éc la ire r les cau ses d u  m o u v em en t, le  d eg ré  d e  sû re té  ac tu e l, 

les m o y en s p o u r  a r r ê te r  le  m o u v em en t.

L a  T o u r  d e  P ise  a  su b i u n  e ffo n d re m en t g én éra l m o y en  

d ’en v iro n  d eu x  m è tre s  e t u n e  ro ta t io n  c o r re sp o n d a n te  a u  

d én iv e llem en t ac tu e l d e  1,80 m  e n tre  les b o rd s  su d  e t n o rd  de 

la  base. L a  v itesse  d e  la  ro ta t io n  e t celle d e  l ’e ffo n d re m en t 

m o y en  o n t b e au c o u p  d im in u é  avec le  tem p s , a in s i q u ’o n  p e u t 

le  c o n s ta te r  d a n s  la  p a r tie  in fé rieu re  d e  la  F ig . 35 d éd u ite  des 

in c lin a iso n s  ac tu e lle s  d es p a lie rs  (c o n s tru its  h o riz o n ta u x ) e t 

des o b se rv a tio n s  p récéd en tes. L e b o rd  se p te n tr io n a l e s t  p r a ­

t iq u e m e n t s ta b le ; le m o u v e m e n t d e  ro ta t io n , a u  c o n tra ire , 

n ’est p a s  p rê t d e  s ’a r rê te r . L ’in c lin a iso n , en v iro n  10 p o u r  cen t 

a u  to ta l, s ’e s t  acc ru e  d e  1,5 p o u r  m ille  a u  co u rs  des c in q u a n te  

d e rn iè re s  an n ées  [1],

Ç . E D / M B N T 1  ( m )  y O f l i J J / O / V /  (

F ig .  35
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L es c a ra c té r is tiq u e s  d u  sol, la  s itu a tio n  h y d ro g éo lo g iq u e , 

l ’év o lu tio n  des m o u v em en ts , im p o sen t l ’h y p o th èse  q u e  se 

so it vérifié d a n s  le sol u n  ta sse m e n t d u  m a té r ia u  fin sa tu ré  

d u  ty p e  c lass iq u e  de T erzag h i a insi q u e  l ’a  signalé  T e rzag h i 

lu i-m êm e [2]; des p h én o m èn e s  d ’e n tra în e m e n t des g ra in s  d e  

la  p a r t  d ’eau x  c o u ra n te s  n e  so n t p as  a u  n o m b re  des causes 

essen tie lles  d u  m o u v em en t e t d e  so n  m a n q u e  d ’u n ifo rm ité , 

c o n tra ire m e n t à  ce  q u e  l ’o n  a  c ru  lo n g tem p s.

Q u o iq u e  les e ffo n d re m en ts  irrév ersib les so ien t im p o san ts , 

il n ’y a  p as  eu  d e  résistance insuffisante d a n s  le sens tech n iq u e  

d u  te rm e  p o u r  les so ls, c ’es t-à -d ire  d a n s  le sen s d e  ré s is tan ce  

in su ffisan te  a u  g lissem en t.

N o u s  av o n s essayé a illeu rs  [3] u n e  vérifica tio n  d e  la  s tab ilité  

d u  so l; fa u te  d ’u n e  co n n a issan ce  po sitiv e , n o u s  n o u s  som m es 

référés à  des rés is tan ces a u  c isa illem en t d éd u ite s  d ’h y p o th èses 

sim plifiées, p e u t-ê tre  d iscu tab le s, avec  des ré su lta ts  ra s su ra n ts ; 
à  ce t é g a rd , la  c irc o n s ta n c e  décisive  es t la h a u te  rig id ité  

co n fé rée  à  la  su rface  d e  la  b ase  p a r  la  s tru c tu re  m assive  e t 
sy m é triq u e  d u  b â tim e n t a in si q u e  sa  g ra n d e  h a u te u r ;  ce la  

p e rm e t d e  c o n s id é re r  co m m e p o ssib les seu les les d é fo rm a tio n s  
d u  sol c o m p a tib le s  avec  la  co n se rv a tio n  d î  la fo rm e  d e  la  

b ase .

L ’in c lin a iso n  d e  la  T o u r  es t d ’a illeu rs  re liée  à  la  d issym é ­

tr ie  d e  la  s i tu a tio n  des d eu x  cô tés  d u  p lan  vertica l E s t O u es t; 

il co n v ien t c e p e n d a n t  d e  c o n s id é re r sé p a rém en t d eu x  c ir ­

co n s tan c es  :

(a) L a  c au se  o rig in a ire , c ’es t-à -d ire  la co m p ress ib ilité  p lus 

g ra n d e  d u  so l, c ô té  su d :

(b) L a  cau se  dérivée , c ’es t-à -d ire  la  p re ss io n  p lu s  fo r te , 

to u jo u rs  d u  m êm e  cô té .

L a  d eu x ièm e c au se  s ’es t to u jo u rs  accen tu ée  e t  e lle n e  p eu t 

q u e  s ’a c c ro ître  d a n s  l ’a v e n ir ;  l ’é v o lu tio n  d e  ce  p h é n o m èn e  

e s t m o n tré e  p a r  celle  des p re ss io n s  aux  b o rd s  S u d  e t N o rd , 

ca lcu lées d ’ap rè s  l ’h y p o th è se  u su e lle  d u  d ia g ra m m e  lin éa ire ; 

ces p re ssio n s, a insi q u e  le u r v a le u r m o y en n e , so n t rep résen tées  

d an s  la  p a r tie  su p é rieu re  d e  la  F ig . 35; b ien  e n te n d u , elles 

d o iv en t ê tre  co n sid érées co m m e d e  sim p les indices d e  la  

d issy m étrie  des p re ssio n s, c a r  il e s t b ien  c o n n u  q u e  so u s les 

fo n d a tio n s  rig id es les p re ss io n s  d e  c o n ta c t so n t b ien  lo in  

d ’ê tre  lin éa ire s ; à  p a r t  u n e  zo n e  a n n u la ire  p lus o u  m o in s 

a m p le  p ro c h e  d u  c o n to u r , elles o n t  d e  p ré fé ren ce  u n e  m a rch e  

c ro issa n te  vers la  p é rip h é rie . D ’a illeu rs , ce lles qu i c o m p te n t 

d a n s  n o tre  cas se ra ien t les p re ss io n s  très  v a riab le s  d an s  to u t 

l ’esp ace  in té ressé . L e  d ia g ra m m e  c ité  m o n tre  en  to u t  cas la  

d ifférence e n tre  l ’h is to ire  d u  so l a u  S u d  e t a u  N o rd . D e  ce 

d ia g ra m m e  e t d u  fa it q u e  n o u s  n e  so m m es p a s  lo in  d e  la  

c o n so lid a tio n  co m p lè te , il re s so r t  c la irem en t q u e  si, à  l ’é p o q u e  

d e  la  c o n s tru c tio n , le  so l é ta it  p lus co m p ress ib le  a u  S ud, la  

s itu a tio n  es t inversée  a u jo u rd ’h u i. L a  T o u r  c o n tin u e  à  s ’ab a is- 

se r d u  cô té  S ud , q u o iq u e  le so l so it m o in s  co m p ress ib le  p a rc e  

que, de ce c ô té  la  c o n so lid a tio n  n ’es t p a s  e n co re  a tte in te  p o u r  

les p re ss io n s  p ré céd en te s  e t  p a rc e  q u e  les p re ssio n s c ro issen t 

to u jo u rs .

L a  s itu a tio n  e s t rep ré se n té e  sch ém a tiq u em en t d a n s  la  F ig . 36 

qu i m e t en  év id en ce  la  seu le  cau se  b., c ’es t-à -d ire  q u e  l ’o n  
su p p o se  le so l to u t à  fa it h o m o g èn e . D a n s  le  p la n  p, e (p ress io n , 

ind ice  des v ides), m e s t la  lig n e  d u  so l co n so lid é , a in si q u ’o n  

p e u t la  d éd u ire  d es ré s u lta ts  d es essais  œ d o m étriq u es  exé ­
cu tés  su r des m a té r ia u x  rem an ié s  à  p a r t i r  d e  la lim ite  d e  liq u i ­

d i té ;  o n  p e u t a lo rs  d ire , co m m e p re m iè re  a p p ro x im a tio n , 

q u e  les p o in ts  au -d esso u s  d e  la  ligne re p ré se n te n t des p o s itio n s  

d ’éq u ilib re , les p o in ts  au -d essu s  d e  la  lig n e  d es é ta ts  n o n  

co n so lid és. E ta n t  d o n n é  la  m a rch e  d iffé ren te  des p ressio n s 

superfic ie lles e t d es p re ss io n s  p ro fo n d e s  d es d eu x  cô tés  d e  la 

T o u r , l ’év o lu tio n  d e  l ’é ta t  d u  so l ap rè s  la  c o n s tru c tio n  d e  la  

T o u r  p o u r ra i t  ê tre  rep ré sen tée  (à  t i t re  in d ica tif , b ien  en ten d u ) 

p a r  le  t r a i t  PN  p o u r  u n  é lém en t ty p iq u e  d e  la  zo n e  N o rd , p a r  

le t r a i t  PS  p o u r  u n  é lém en t p lacé  sy m é triq u em e n t d an s  la  

zo n e  Sud.



Tassement typique du sol
soujacent b  Tour de p/se 

du co te 'J V  e t du cote'/S

F ig . 36

O n  p e u t a lo rs  co n cev o ir q u e  le  b o rd  S u d  a r rê te ra it  son  

m o u v em en t si la  p re ss io n  d e  l ’é lém en t co n s id éré  é ta it  p a r  

exem ple  ré d u ite  d an s  la  m esu re  in d iq u é e  p a r  SS'; d an s  ce 

cas, e n  effet, e lle d ev ien d ra it in fé rieu re  à  la  p re ss io n  d ’é q u i ­
lib re  c o rre sp o n d a n t à  la  d en s ité  actuelle .

U n e  ré d u c tio n  des p re ss io n s  a u  c ô té  Sud  p e u t  ê tre  o b ten u e  

e n  ré d u isa n t l ’in c lin a iso n  d e  la  T o u r ;  il est très  p ro b a b le  q u ’une 

ré d u c tio n  d e  1 p o u r  c en t d e  l ’in c lin a iso n  (ac tu e llem en t

10 p o u r  cen t) en  re p o r ta n t  les v a leu rs  des p re ss io n s  a u  n iv eau  

d e  celles d ’il y a  d eu x  cen ts  o u  tro is  cen ts  an s , se ra it suffisante  

p o u r  a r r ê te r  le m o u v e m e n t d e  la  T o u r.

L e  red re ssem en t p e u t  ê tre  o b te n u  d e  la  faç o n  la  p lu s  sim p le  

e t la  p lu s  sû re , en  e n lev an t d u  m a té r ia u  d u  c ô té  N o rd  au  

m o y en  d e  so n d ag es  successifs d isposés, p a r  exem ple, co m m e

11 es t in d iq u é  à  la  F ig . 37.

L ’o p é ra tio n  d e v ra it ê tre  p récéd ée  d e  n o m b re u se s  vérifi ­

c a tio n s  d e  l ’é ta t  d u  so l e t d e  ses ré s is tan ce s ; e lle p o u r ra i t  

ê tre  d ’a b o rd  te n té e  so u s des c o n s tru c tio n s  san s  v a leu r h is ­

to r iq u e ;  e n  to u t  cas , en  ré g la n t le n o m b re , la  p o s itio n , le 

d ia m è tre  e t  s u r to u t  la  v itesse  d ’e x trac tio n , des so n d es, o n  

p e u t  sa tis fa ire  to u te s  les exigences d e  p ru d en ce  q u e  le re s ­

p e c t en v ers  ce  M o n u m e n t ex cep tio n n e l im pose .

U n e  p ro p o s itio n  d an s  ce  sens es t a c tu e llem en t exam in ée  

p a r  le  M in is tè re  des T ra v a u x  P u b lics  ita lien .
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F ig . 37

M . H . Neuber  (A llem agne)

I w o u ld  lik e  to  m a k e  so m e v ery  b r ie f  re m a rk s  co n ce rn in g  

th e  p re d ic tio n  o f  se ttlem en ts  o f  sh a llo w  fo o tin g s  d u e  to  slow  

s ta tic a l lo ad in g . T h e  m a in  to p ic s  a g a in s t c o n v e n tio n a l se tt ­

lem en t an a ly sis  a re  in h a m o g e n e ity  a n d  a n is o tro p y  o f  th e  

so ils , difficulties in  th e  te s tin g  p ro c e d u re , th e  o v e r-em p h as ­

iz in g  o f  th e  in flu ence o f  n o rm a l s tresses, a n d  th e  a ssu m p tio n  

o f  fu lly  s a tu ra te d  so ils , th e  s tra in - tim e  re la tio n s h ip  o f  w hich  

is sa id  to  b e  g o v e rn ed  by  th e  flow  o f  p o re  w a te r  o n ly .

In  m y  o p in io n  so ils  a re  s e p a ra te d  fro m  flu id s b y  th e  p o s ­

s ib ility  th a t  sh e a r s tresses c a n  ex ist, a n d  I  w o u ld  lik e  to  p ro p o se  

th a t  th e  sh e a r s tresses a re  as essen tia l in  d e fo rm a tio n  p ro b lem s 

as in  s tab ility  p ro b le m s, b o th  b e in g  c o n tin u o u s ly  co n n e c ted . 

A s a  m a tte r  o f  fac t, th e  stress  system s c a lc u la te d  f ro m  e lastic  

th e o ry  in  o rd e r  to  b e  u se d  fo r  se ttlem en t an a ly sis  c o u ld  n o t  

b e  b o rn e  by  th e  so il in  m an y  cases b ecau se  o f  its  lim ited  sh e a r 

s tren g th . T h is  difficu lty is c o m m o n ly  o v e rco m e  in  th e  u su a l 

c a lc u la tio n s  by  o n ly  ta k in g  n o tic e  o f  th e  n o rm a l stresses.

F u r th e rm o re , p o re  w a te r  p re ssu res  d o  n o t  p la y  a n  im p o r ­

t a n t  ro le  in  se ttlem en t p ro b le m s w ith  a  lo a d in g  tim e  o f  sev era l 

m o n th s  in  m o s t cases, sp a rin g  o u t  very  s h o r t  c o n s tru c tio n  

p e r io d s  a n d  ex trem ely  so ft y o u n g  d ep o sits .

B earin g  these  asp ec ts  in  m in d  o n e  co m es to  th e  co n c lu sio n  

th a t  th e  o rig in a l o n e -d im en sio n a l c o n s o lid a t io n  th eo ry  

a n d  th e  u se  o f  oedom eters c o u p le d  to  it a re  to  b e  re s tr ic te d  

to  cases in  w h ich  th e  u n d e rly in g  ra th e r  sp ec ia l a s su m p tio n s  

a re  a t  least ap p ro x im a te ly  tru e , n am ely , v e ry  so f t  w id esp read  
d ep o s its  lo a d e d  u n ifo rm ly  over a  la rg e  a re a .

F u r th e rm o re , d u e  to  th e  a b o v e  s ta te m e n ts , o n e  is to  res ­

t r ic t  th e  ap p lica b ility  o f  th re e -d im e n s io n a l c o n s o lid a tio n  

th e o ry  to  a  few  cases w ith  ex trem ely  so f t  d e p o s its , to o .

C o n ce rn in g  th e  co llec tio n  o f  se ttlem en t re c o rd s  o n  th e  

o th e r  h a n d  o n e  w o u ld  d o u b t a t  firs t g lan ce  w h e th e r  su ch  a n  

a c c u m u la tio n  o f  d a ta  c a n  b e  ta k e n  as  a  se lf-co n ta in ed  m e th o d  

fo r  p re d ic tin g  se ttlem en ts , b u t  in  fa c t it c a n . S o m e years 

ag o  I h a d  b een  to  fined  o u t  w h en  I w as c o n f ro n te d  w ith  a 

n u m b e r o f  case  rec o rd s  co llec ted  m o stly  in  G e rm a n y . In  

try in g  to  e x tra c t so m e th in g  use fu l fro m  a  la rg e  h eap  o f  

o th erw ise  n ea rly  w aste  p a p e r , th e  fo llo w in g  p ro c e d u re  w as 

u sed  ;
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A s a  firs t s tep , th e  c o m p le x  re la t io n  be tw een  th e  tim e  

d ep en d en cies o f  lo a d  a n d  se ttlem en t, w as exp ressed  by  th ree  

p a ra m e te rs . T o  defin e  th e se  th e  m o st s im p le  rh e o lo g ica l 

m o d e l h as  b een  u se d , n am e ly , a  H o o k e -B o d y  (S p rin g ) a n d  

a  K elv in -B o d y  (S p rin g  w ith  d a s h p o t  a c ro ss  it) in  series. 

T h e  seco n d  step  w as to  c o m p a re  th ese  p a ra m e te rs  c a lc u la te d  

fo r  th e  d iffe ren t cases, a n d  fo r tu n a te ly  it tu rn e d  o u t  th a t  

th e re  a re  q u ite  s im p le  a n d  u se fu l c o rre la tio n s . T h e  p a ra m e te rs  

a re  n o t  so il c o n s ta n ts  by  d e fin itio n  : th ey  d e p e n d  o n  th e  

size o f  th e  fo u n d a tio n  a n d  th e re fo re  c a n n o t be d e te rm in e d  

in  th e  la b o ra to ry . —  F o r t  h e  stiffness m o d u lu s  fo r  final se tt ­

lem en t in  th e  m id d le  o f  a  fo u n d a tio n  a  g ra p h  e la p se d  fro m  

th e  field  d a ta  w h ich  e n a b le s  a  p re d ic tio n  fo r  new  cases w ith in  

re a so n a b le  lim its  i f  o n ly  ro u g h  in fo rm a tio n  is given  o n  th e  

geo log ica l age  a n d  ty p e  o f  m a te r ia l  as w ell as th e  size  o f  th e  

c o n ta c t a rea .

F o r  tw o  fu r th e r  p a ra m e te rs  defin ing  th e  re la tio n sh ip  

b e tw een  se ttlem en t a n d  tim e  w h ich  d ep en d s o n  th e  ra te  o f  

lo a d in g , ra th e r  n a r ro w  c o r re la tio n s  o f  th e  a b o v e -m e n tio n e d  

m o d u lu s  fo r  fin a l se ttle m e n t w ere  fo u n d . U sin g  th ese  c o rre l ­

a tio n s , se ttlem en ts  c a n  b e  p re d ic te d  in  a  m o s t d irec t w ay. 

D e ta ils  a re  la id  d o w n  in  a  p a p e r  w h ich  is a t  p re se n t co m in g  

o u t  o f  th e  p re ss. [1],

R éfé ren ce

[1] Neu ber , H . ( 1 9 6 1 ) .  S e tz u n g e n  v o n  B a u w e rk e n  u n d  ih re  

V o rh e rs a g e  Berichte aus der Bauforschung, H . 19, B e rlin .

M. V. Mencl  (T ch éco slo v aq u ie )

P lease  a llo w  m e  to  p re se n t  a  very  s im p le  e x p la n a tio n  o f  

th e  p h e n o m e n o n  w h ich  h a s  b een  sh o w n  by  D r  K ezd i, w ho  

h a s  g iven  th e  c o r re la tio n  o f  th e  T  a n d  N  fo rces o n  a  fo u n ­

d a tio n  co n c re te  b lo c k  a t  fa ilu re . *

N
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I f  th e  b lo ck  is s tra in e d  by  a n  o b liq u e  fo rce  a n d  if  th e  c o m ­

p o n e n ts  o f  th is  fo rce  a re  N  a n d  T  D r  K ezd i g o t  su ch  a  d ia ­

g ra m  fo r th e  c o r re la tio n  o f  th e  A ''an d  7 1 fo rces, b u t  th e  e x p la n ­

a t io n  o f  th is  d ia g ra m  is a  v e ry  sim p le  o n e  : if  a  c o n c re te  

b lo ck  is s tra in e d  by  a n  o b liq u e  fo rce , a n d  if  th e  n o rm a l 

co m p o n e n t o f  th is  fo rc e  is g re a t, th e n  fa ilu re  d o es n o t  o ccu r 

a t  th e  b ase  o f  th e  b lo c k  b u t  in s id e  th e  so il, a n d  th e  ana lysis 

m u st be c a rr ie d  o u t  a lo n g  th is  su rface  o f  fa ilu re , u s in g  th e

0  circ le m e th o d , a n d  n o t  a lo n g  th e  b ase  o f  th e  b lo ck .

L e  P ré sid en t :

Je  rem erc ie  M . M e n c l p o u r  sa  rem a rq u e . N o u s  e n  av o n s 

fin i avec  les o ra te u rs  q u i se  so n t  in sc rits  p o u r  la  d iscu ssio n  

d e  la  p rem ière  q u e s tio n ; j ’a b o rd e  d o n c  la  d eu x ièm e q u es tio n  

e n  d o n n a n t la  p a ro le  à  M . N a sc im e n to  qu i v a  n o u s  e n tre ­

te n ir  des a rg iles g o n flan tes .

M o n sie u r le P ré s id e n t, M essieu rs , a u  su je t des so ls sa tu ré s  

de  su rface  o u  n o n , je  veux  d ire  q u e lq u es  m o ts  su r les rech erch es 

p o rtu g a ise s .

L e  p ro b lè m e  se p ré se n te  à  p ro p o s  des so ls arg ileu x  e x p a n ­

sifs  d a n s  la  ré g io n  d e  L isb o n n e , su r to u t  d a n s  les arg iles b a sa l ­

t iq u es  e t les a rg iles o lig o cén iq u es  ; d a n s  la  ré g io n  de L u a n d a , 

A n g o la  e t e n  M o z am b iq u e , d a n s  les a rg iles  a llu v io n n a ire s  

des e s tu a ire s  des g ra n d s  fleuves c o m m e l ’In c o m a ti, le Z a m - 

bèze, e tc ., m a is  il se  p ré se n te  au ssi d a n s  les so ls  sab leu x  de 

fo rm a tio n  réc en te  des rég io n s  a rid es , su r to u t  e n  A n g o la . 

L e p h é n o m è n e  se fa it sen tir  d a n s  les p e tite s  m a iso n s , p a r  des 

fissures avec  des m o u v em en ts  sa iso n n ie rs , a in si q u e  d a n s  

les ch au ssées des ro u te s  e t  d a n s  l ’éq u ilib re  des ta lu s .

L ’é tu d e  d u  p ro b lè m e  a  co m m e n cé  a u  P o r tu g a l en  1948, 

p a r  la  m esu re  sy s tém a tiq u e  des d é fo rm a tio n s  e t des p ré lè ­

v em en ts  d ’é c h an tillo n s  p o u r  a v o ir  l ’a llu re  d u  p h én o m è n e . 

E n su ite , n o u s  av o n s fa it des é tu d es  th éo riq u es  e t ex p érim en ta les 

afin  d ’essay er d ’e n  é ta b lir  u n e  th éo rie .

A u  C o n g rès  d e  Z u rich , n o u s  av o n s  p ré se n té  u n e  c o m m u ­

n ic a tio n , d an s  laq u e lle  n o u s  p ro p o s io n s  la  g é n é ra lisa tio n  

d e  l ’é q u a tio n  d e  T e rzag h i : a =  cr +  u.
E n  a d d itio n n a n t  la  v a leu r d e  la  su cc io n  to, a  =  â  +  « +  co ; 

si, d a n s  les co u ch es d e  su rface  n o u s  av o n s la  te n s io n  n e u tre  

e t  la  te n s io n  to ta le  p re sq u e  n u lles  n o u s  o b te n o n s  a  =  — a» 

L es p h én o m èn e s  des v a r ia tio n s  d e  v o lu m e so n t  d û s  à  la  

su cc io n , e t  la  su cc io n  fo n c tio n n e  p re sq u e  co m m e u n e  te n s io n  

effective.

A fin  d e  vérifier la  v a lid ité  d e  c e tte  g é n é ra lisa tio n  n o u s  

av o n s  fa it des essais  d e  c o n so lid a tio n  p o u r  u n e  d iza in e  

d e  so ls d e  L isb o n n e .

N o u s  av o n s tra c é  le  d ia g ra m m e  d e  c o n so lid a tio n - te n s io n  

d a n s  les m êm es so ls  e t  d a n s  les m êm es c o n d itio n s , e t  n o u s  

av o n s tra c é  aussi les re la tio n s  su c c io n -v a ria tio n  h y g ro m é ­

tr iq u e  p a r  séchage  e t  m o u illag e . N o u s  av o n s  vérifié  q u e  

l ’a llu re  des co u rb es  des d eu x  d iag ram m es é ta it  sem b lab le . 

Ces ré su lta ts  o n t  d o n n é  lieu  à  u n e  p u b lic a tio n  d u  la b o ra to ire  

d e  L isb o n n e  e n  1954 e t à  u n e  c o m m u n ic a tio n  a u  C o n g rès 

de  L o n d re s  e n  1957. C e p e n d a n t, il fa u t  a v o ir  p ré se n t à  l ’e sp rit 

q u e  la  c o n so lid a tio n  p ro v o q u é e  d a n s  les ch arg es  p a r  les 

su ccio ns , e s t u n e  c o n so lid a tio n  tr id im en sio n n e lle , a lo rs  q u e  

la  c o n so lid a tio n  des ch arg es es t u n e  c o n so lid a tio n  u n id i-  

m en tio n n e lle .

S u r l ’in flu ence d es v a r ia tio n s  v o lu m e  su r  les ta lu s , n o u s  

a v o n s  é ta b li  u n e  p e tite  th é o rie  q u i ex p liq u e  les m o u v em en ts  

d esc e n d a n t des co u ch es d e  su rface , q u e  n o u s  av o n s  vérifiée 

e x p é rim en ta lem en t a u  m o y e n  d ’u n  p e tit  b lo c  d ’a rg ile  d an s  

u n  p la n  in c lin é  g lissan t.

N o u s  fa iso n s m a in te n a n t la  m esu re  sy s tém a tiq u e  des v a r ia ­

tio n s  d ’h u m id ité  e n  p ro fo n d e u r  e t p e n d a n t d iverses sa ison s. 

P o u r  ce la  le la b o ra to ir e  d e  L isb o n n e  a  m is  a u  p o in t  d eu x  

m é th o d es  : u n e  m é th o d e  h y g ro m é triq u e  q u i a  é té  l ’o b je t 

d ’u n e  c o m m u n ic a tio n  a u  C o n g rès  d e  L o n d re s  d e  M . R o ch e , 

d e  M m e d e  C a s tro  e t d e  m o i-m êm e. L a  deux ièm e m é th o d e  

u tilise  u n e  ce llu le  é lec tr iq u e  à  q u a tre  é lec tro d es. E lle  a  é té  

l ’o b je t d ’u n e  p u b lic a tio n  d e  M . R e ssu rre iç â o  N e to  d an s  la  

rev u e  Tecnica d e  L isb o n n e .

N o u s  fa iso n s  au ssi d es m esu res  sy s tém atiq u es  in situ de 

go n flem en ts; e t des rech erch es d e  la b o ra to ire  p o u r  m e ttre  

au  p o in t  des essais s im p les d e  ca ra c té r is a tio n  des so ls expansifs. 

P o u r  cela , n o u s  av o n s d év e lo p p é  u n  essai d ’ex p an sib ilité  su r 

les so ls q u i p a sse n t d a n s  les tam is  n° 40  co m m e les essais 

d ’A tte rb erg .

Les ré su lta ts  d é jà  o b te n u s  o n t  é té  p u b liés  p a r  les L a b o ra ­

to ire s  d u  G én ie  civil à  L isb o n n e , à  L o u re n ç o -M a rq u e s  e t 

L u a n d a  en  1959. L es so ls  n o n  ex pan sifs o n t  des expan sib ilités  

in fé rieu re s à  5 p o u r  c e n t;  les so ls n o rm a u x  o n t  des e x p a n ­

sib ilités de 5 à  10 p o u r  c e n t e t les so ls ex p an sifs  o n t  des 

ex p an sib ilité s  su p érieu res  à  10 p o u r  cen t,

M. N a s c i m e n t o  (Portugal)
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U n  a u tre  essai a  é té  fa it su r  les m esu res des p re ss io n s  

d ’ex p an sib ilité . M m e D a lv a  N o u  d u  B résil, a  réa lisé  au  la b o ­

ra to ire  de L isb o n n e  des essais  d a n s  lesquels so n t  in te rv en u es 

des p re ss io n s  su p é rieu re s  à  1 k g /cm 2.

M . Sa l as (E sp ag n e)

Je  veux  fa ire  q u e lq u es  o b se rv a tio n s  rap id es , p a rc e  q u e  le 

tem p s es t t rè s  lim ité , su r  les c o n s tru c tio n s  e n  E sp ag n e  su r 

les a rg iles g o n flan tes. C es arg iles so n t trè s  ré p a n d u e s  en  

E sp ag n e , m ais  avec  des c a ra c té r is tiq u e s  trè s  différen tes. 

P a r  exem ple, d a n s  le  sud , e n  A n d a lo u s ie , n o u s  tro u v o n s  

d es te rre s  n o ire s  id en tiq u es  au x  «  t irs  » m a ro c a in e s  e t, je  

su p p o se , au x  b la c k -c o tto n s  d e  l ’A m é riq u e  e t  des Ind es. 

D a n s  le  c e n tre  d e  l ’E sp ag n e , v ers M a d rid , p a r  exem ple, n o u s  

tro u v o n s  d e  l ’a rg ile  grise , trè s  rig id e , avec u n e  dessicca tio n  

q u i n e  d ép en d  p as  seu lem en t d u  c lim a t m a is  au ssi d es g ran d es  

p re ss io n s  géo lo g iq u es q u ’elles o n t  sub ies.

L e  c o m p o rte m e n t d e  ces deu x  ty p es  d e  te r ra in  es t a b s o ­

lu m e n t d iffé ren t; le  p re m ie r gonfle  avec  ré g u la r ité  e t p e rm e t 

q u e lq u es  p ré d ic tio n s . L e  seco n d  a  seu lem en t q u e lq u es  m inces 

co u ch es g o n flan tes d e  n a tu re  b e n to n itiq u e  o u  d ’a ta p u lg ite  

qu i p ro d u ise n t d es g o n flem en ts d iffé ren tiau x  trè s  im p o r ta n ts  

e t  trè s  difficiles à  p rév o ir .

U n e  deu x ièm e re m a rq u e  t ie n t  au x  d ép lacem en ts  la té rau x , 

sem b lab le s  à  celu i q u ’a  re m a rq u é  M . Z e itlen . E n  E sp ag n e  

les m o u v em en ts  la té ra u x  d u  so l so n t  trè s  im p o r ta n ts  e t  o n t  

p ro d u it  d es d ég â ts  m êm e  d a n s  d es b â tim e n ts  d e  6  é tages 

a v e c  des fo n d a tio n s  re la tiv e m e n t p ro fo n d es .

T ro isièm e  re m a rq u e  : d a n s  le su d  d e  l ’E sp ag n e  où  les 

m o u v em en ts  so n t p lu s  sy s tém atiq u es , il sem b le  q u e  le  m o u v e ­

m e n t es t à  p e u  p rè s  s in u so ïd a l, c ’es t-à -d ire  rév ers ib le . Il 

n e  sem b le  p a s  q u ’il y a i t  u n  m o u v e m e n t d e  g o n flem en t 

p ro g re ss if  généra l.

P asso n s  m a in te n a n t a u  su je t des essa is. N o u s  tra v a illo n s  

b e au c o u p  avec  des c o u rb e s  d e  g o n flem en t. N o u s  p ré p a ro n s  

p lu s ieu rs  co n so lid o m è tre s  e t n o u s  les so u m e tto n s  à  diffé ­

re n te s  p re ssio n s. E n su ite , n o u s  m e tto n s  l ’é c h a n tillo n  en  

c o n ta c t avec  l ’e a u  e t  n o u s  m e su ro n s  le g onflem en t. I l  e s t 

n écessa ire  d e  p re n d re  b eau c o u p  d e  p ré c a u tio n s  p o u r  a ssu re r  

u n e  sa tu ra tio n  a ccep tab le  —  q u e  l ’o n  m esu re  a  p o s te r io r i . 

Je  n ’a i p a s  le  te m p s  d e  d é ta ille r  ces m esu res  m a is  n o u s  p u b lie ­

ro n s  p ro c h a in e m e n t u n  a r tic le  su r  ce tte  q u es tio n . N o u s  

in s is to n s  su r  l ’u til is a tio n  d ’u n  é c h a n tillo n  fra is  p o u r  la 

d é te rm in a tio n  d e  c h a q u e  p o in t d e  la  c o u rb e  d e  go n flem en t. 

L a  s tru c tu re  d ’u n e  arg ile  g o n flan te  e s t  si d é lica te  q u ’ap rès 

c h a q u e  ex périence  elle  se  tra n s fo rm e  d ’u n e  m a n iè re  défin itive. 
N o u s  av o n s co m m en cé, n a tu re lle m e n t, en  d é te rm in a n t  la 

c o u rb e  co m p lè te  d e  g o n flem en t avec u n  seu l éch a n tillo n , 
m a is  n o u s  av o n s c o n s ta té  q u ’il y a  u n e  g ra n d e  d ifférence 

avec  n o tre  m é th o d e  ac tu e lle .

Je  veux in d iq u e r  q u e  n o u s  tra v a illo n s  au ssi avec  des c o u rb e s  

d e  ré tra c tio n . N o u s  p re n o n s  d iv ers  é c h a n tillo n s  e t  e n  les 

p la ç a n t d a n s  des réc ip ien ts  avec  d es ten sio n s  d e  v a p e u r 

co n trô lée s , n o u s  m e su ro n s  le ch a n g e m e n t en  h u m id ité  e t  en  

vo lum e. L es ré su lta ts  p ra tiq u e s  d e  ce  p ro c é d é  p eu v e n t ê tre  

co n s id é ré s  co m m e en c o u ra g e a n ts . N o u s  c o n tin u o n s  q u e lq u es  

rec h e rch es  d an s  c e tte  d ire c tio n , m a is  n o u s  n e  fa iso n s p re sq u e  

p as  d ’a p p lic a tio n  p ra tiq u e , p o u r  le m o m en t.

F in a le m e n t, je  veux  d ire  q u e lq u es m o ts  su r  la  fo n d a tio n , 

b u t  u n iq u e  d e  to u te s  ces rech erch es .

N o u s  n ’av io n s ju s q u ’à  ce  jo u r  q u e  d es p ro céd és  très  g ro ssie rs  

e t  je  n ’avais p as  c ru  q u ’ils m é rita ie n t la  p e in e  d e  g asp ille r 

l ’a t te n tio n  d u  C o n g rès  e t  c ’es t p o u r  ce la  q u e  je  n ’ava is p as  

fa it u n e  c o m m u n ic a tio n ; m a is  co m m e j ’o b se rv e  q u e  rien  
n ’a  é té  d it d a n s  c e tte  séance  à  ce  su je t, je  n e  veux  p as  q u e  

l ’o n  p en se  q u ’il n ’y a  au cu n e  m é th o d e  v a lab le  p o u r  cela. 

T rès ra p id e m e n t, je  vais d écrire  n o tre  m é th o d e  assez  g ro ssière .

Q u a n d  n o u s  av o n s p ré d it  u n  g o n flem en t p o ssib le  d u  sol, 

n o u s  d ev o n s aussi su p p o se r u n  c e r ta in  g o n flem en t d ifféren tie l.

N o u s  su p p o so n s  u n  g o n flem en t d e  c e tte  fo rm e  :

\  /
\  /

\  /
\  /
¥
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L  e s t  u n e  lo n g u e u r a rb itra ire . N o u s  ca lcu lo n s  les p re ssio n s 

p ro d u ite s  su r  la  fo n d a tio n  avec l ’a id e  d e  la  c o u rb e  d e  gonfle ­

m e n t e t d e  la  th é o rie  gén éra le . N o u s  t iro n s  le  coeffic ient 

d ’é la s tic ité  des essais  d e  c o m p re ss io n  s im p le  su r  le  so l avec  

so n  h u m id ité  n a tu re lle . C ’e s t fau x , n a tu re lle m e n t, p a rc e  

q u e  le  so l h u m id e  a  u n  coeffic ien t d ’é la s tic ité  m o in d re , m ais  

l ’e r r e u r  e s t  d u  c ô té  d e  la  séc u rité  e t  n o u s  e sp é ro n s  la  d im in u e r 

avec q u e lq u es  d év e lo p p em en ts  q u e  n o u s  fa iso n s  ac tu e llem en t.

I l  fa u t  fa ire  d es tâ to n n e m e n ts  e t  t ro u v e r  q u e lle  v a leu r d e  

L  d o n n e  la  v a le u r m ax im u m  p o u r  le  m o m e n t d e  flexion  d e  

la  s tru c tu re . F in a le m e n t il f a u t  c o n trô le r  q u e  la  p re ss io n  

m a x im u m  a in si ca lcu lée  n ’excède p a s  la  p re ss io n  m ax im u m  

q u e  le  so l p e u t  su p p o rte r . Si e lle  l ’excèd e, il y  a u r a  u n e  flux ion  

lo ca lisée  d a n s  la  zo n e  où  la  p re ss io n  e s t  la  p lu s  g ra n d e ; 

e t  c e tte  flu x io n  am é lio re  les c o n d itio n s  d e  tra v a il  d e  la  s tru c ­

tu re . L a  fo n d a tio n  se ca lcu le  d a n s  ce  c as  p a r  u n  a u tre  p ro céd é  

qu i a  é té  d éc rit p a r  m o i-m êm e  à  l ’o ccas io n  d u  C o n g rès  de 

L o n d re s  e t q u e  je  n e  veux p a s  ré p é te r  ici.

M . V . L . Gr a nger  (R h o d ésie )

I w ish  to  d irec t m y re m a rk s  to w a rd s  a  s in g le  so il c o n d itio n  

a n d  a  sing le  so lu tio n  to  a  p a r t ic u la r  fo u n d a tio n  sw elling  

p ro b le m  in  S o u th e rn  R h o d e s ia . T o  d e sc rib e  th e  c o n d itio n s  

u n d e r  w h ich  th is  so lu tio n  h a s  b een  a p p lie d  I  w o u ld  say  th a t  

th e  a n n u a l ra in fa ll in  th is  a re a  o f  S o u th e rn  R h o d e s ia , in 

th e  C ity  o f  S a lisbu ry , is b e tw een  36 a n d  42  in ., th a t  th e re  

is v ir tu a lly  n o  ra in  be tw een  M ay  a n d  N o v e m b e r. T h e  c o n ­

d itio n  I d esc rib e  is a  p a r tic u la r  o n e , a s  I  h av e  m en tio n ed , a n d  

o n ly  ap p lies  u n d e r  th e se  p a r t ic u la r  c o n d itio n s , b u t  it is a 
co n d itio n  w h ere  th e  d ry  sea so n  w a te r  ta b le  is w ith in  8 ft. 

o f  th e  su rface  in  a  c o n d itio n  o f  h eav y  c lay , h eav y  expan siv e 

c lay , m o n tm o rill in it ic  in  n a tu re .

T h e re  is a  c o n s id e ra b le  h is to ry  o f  c ra c k in g  in th e  a re a  

u n d e r  w h ich  th ese  c o n d itio n s  a p p ly  a n d  th e  h eav e  w hich  

ta k e s  p lace  is p u re ly  a  sea so n a l o n e  so  fa r  a s  w e  c a n  d e te rm in e . 

T h e re  is a  c o n s id e rab le  s in u so id a l flap , a n d  th e  fo u n d a tio n s  

o f  th e  o ld e r h o u ses  w ere  very  sh a llo w . I t  h a s  b een  fo u n d  

th a t  th e re  is v irtu a lly  n o  m o v em en t in  fo u n d a tio n s  below  

a b o u t 5 ft. be low  th e  su rface .

T h e re fo re  sev era l so lu tio n s  w ere  p o ss ib le , b u t  a ll o f  th em  

re q u ire  th a t  th e  flo o rs  a n d  th e  su sp e n d e d  b eam s be tw een  

th e  p iles o r  co lu m n s sh o u ld  be  en tire ly  fre e  o f  th e  g ro u n d .

T h e  p a r tic u la r  so lu tio n  to  w h ich  I w a n t to  re fe r  is th e  

p lac in g  o f  th e  h o u se  o n  o rd in a ry  a lu m in iu m  scaffo ld  tubes. 

T h ese  tu b e s  in  a n  ex p e rim en ta l h o u se , 23 su c h  tu b es , w ere 

d riv en  to  re fu sa l w ith  a  s ta n d a rd  p e n e tro m e te r  h a m m e r a n d  

th e  h o u se  b u ilt o n  th ese  tu b e s  w ith  su sp e n d e d  b eam s a n d  

p re -s tre ssed  p la n k s  fo r  floo rs . T h is  so lu t io n  h a s  b een  en tire ly  

successfu l : th e re  h as  b een  n o  m e a su ra b le  m o v em en t in th e  

la s t tw o  years  in  su ch  a h o u se , a n d  th e  se a so n a l m o v em en ts  

h av e  b een  en tire ly  e lim in a ted . T h e  to ta l  t im e  re q u ire d  to  

p u t  in such  a fo u n d a tio n  w as a p p ro x im a te ly  six h o u rs .
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M . K . Russam (G ra n d e -B re ta g n e )

T h e  p a n e l sp e ak e rs  h av e  ta k e n  p a r t  in a  m o s t in te re s tin g  

d iscu ssio n  o f  th e  fa c to rs  co n tro llin g  th e  m o is tu re  d is tr ib u tio n  

in  so ils  u n d e r  sea led  su rfaces, a n d  it a p p e a rs  to  be accep ted  

th a t  in m o s t c ircu m stan ces  th e  d e p th  to  th e  w a te r-ta b le  is 

th e  m a jo r  fa c to r  c o n tro llin g  th e  m o is tu re  d is tr ib u tio n . I 

w o u ld  lik e  to  p re se n t ev id en ce  w h ich  sho w s h o w ev er th a t  

as  th e  d e p th  o f  th e  w a te r-ta b le  b eco m es g re a te r , sea so n a l 

ch an g es in  th e  m o is tu re  c o n te n t o f  th e  ex p o sed  verges a t  

th e  sides o f  a  p a v em en t b eco m e increas in g ly  im p o r ta n t. 

E v en  w h e re  th e  w a te r-ta b le  is d eep  o r  n o n -e x is ta n t sea so n a l 

v a r ia tio n s  in  m o is tu re  c o n te n t a re  u su a lly  confin ed  to  w ith in  

a few  fee t o f  th e  ed g e  o f  th e  p av em en t, b u t  it is th e  av a ilab ility  

o f  w a te r a t  th e  p a v e m e n t edges w h ich  is th e  m a in  fa c to r 

co n tro llin g  th e  u ltim a te  m o is tu re  c o n d itio n  u n d e r  th e  p av e ­

m e n t a n d  th e  ra te  a t  w h ich  th is  u ltim a te  d is tr ib u tio n  is 

a p p ro a c h e d .

In  o rd e r  to  i llu s tra te  th is  p o in t I sh o u ld  lik e  to  give th re e  

exam ples o f  m o is tu re  d is tr ib u tio n  b e n e a th  p av em en ts . F irs t  

in  clayey  sa n d  a d ja c e n t to  a n d  u n d e r  a  50 ft. w id e tax iw ay  

a t  K h a r to u m  airfie ld . M e a su re m e n ts  ta k e n  o v e r a  p e rio d  

o f  sev era l y ea rs  sh o w ed  th a t  th e  m o is tu re  c o n te n t o f  th e  

2-3 ft. o f  ex p o sed  so il v a r ied  be tw een  3 a n d  7 p e r  c en t a c c o rd ­

ing  to  seaso n . I t  is th e re fo re  su p p o sed  th a t  th e  m o is tu re  co n te n t 

o f  th e  to p  fo o t  o f  th e  su b g ra d e  w as w ith in  th is  ra n g e  w hen  

c o n s tru c tio n  o f  th e  tax iw ay  w as co m p le te d  in  ea rly  1952. T h e  

ch an g es in  m o is tu re  d is tr ib u tio n  w h ich  th e n  to o k  p la c e  in 

th e  to p  fo o t o f  th e  su b g ra d e  a re  g iven  in  F ig . 40.

F E E T

Fig. 40 M oisture  in C layey Sand Subgrade, K h artoum .

A lth o u g h  th e  a n n u a l ra in fa ll  a t  K h a r to u m  is o n ly  a b o u t

8 inches, th is  fa lls  a s  h eavy  sho w ers a n d  th e  w a te r , c o n c e n ­

tr a te d  b y  su rface  ru n -o ff  to  th e  edges o f  th e  p a v e m e n t, so o n  

re su lted  in  w e t c o n d itio n s  in  th e  su b g ra d e  in  th is  p o s itio n . 

W ith  su cceed in g  y ea rs  th e  m o is tu re  m o v ed  fu r th e r  u n d e r  

th e  p av em en t. T h e  m o v em en t a p p a re n tly  ta k e s  p lace  as a  

se rie s o f  pu lses , each  p u lse  o c c u rrin g  d u r in g  th e  w et sea so n  

an d  fo llo w ed  by  a  p e r io d  o f  ex trem e ly  slow  a n d  slig h t d ry in g  

o f  th e  su b g ra d e  fro m  th e  ex p o sed  verge. T h e  re su ltin g  m o is tu re  

d is tr ib u tio n  six years  a f te r  c o n s tru c tio n  w as su c h  th a t  th e  

su b g ra d e  w as m u ch  w e tte r  th a n  th e  c o m p a ra b le  u n p a v e d  

so il a n d  b ecam e  w e tte r  w ith  in c reas in g  d is ta n c e  fro m  th e  

ed ge  o f  th e  p av em en t. A p p a re n tly  less sig n ifican t so u rces  

o f  m o is tu re  w ere  f ro m  th e  w a te r- ta b le  a t  a  d e p th  o f  23-32 ft., 

a n d  th ro u g h  th e  su rfac in g , b u t th e  m o is tu re  c o n d itio n  m e a su r ­

ed  u n d e r  th e  c e n tre  o f  th e  tax iw ay  in  1958 a p p ro x im a te d  

to  th e  e s tim a ted  m o is tu re  c o n te n t fo r th e  so il in  eq u ilib riu m  

■ with th is  w a te r-tab le .

T h e  R o a d  R e se a rc h  L a b o ra to ry  h as , w ith  th e  h e lp  o f  th e  

M in is try  o f  W o rk s  K e n y a , b een  s tu d y in g  c o n d itio n s  u n d e r  

ro a d s  w hich  h av e  gen era lly  b e e n  b itu m in ised  w ith in  th e  la s t 

te n  years. In  th e  m a jo r ity  o f  cases th e  su b g ra d e  n e a r  th e  ed g e  

o f  th e  ro a d  w as fo u n d  to  b e  w e tte r  a n d  w e a k e r th a n  th e  

su b g ra d e  n e a re r  th e  c e n tre  o f  th e  ro a d . T y p ica l re su lts  a re  

g iv en  in  F ig . 41 fo r  a  ro a d  33 m iles fro m  N a iro b i  w h ich  w as 

b itu m in ise d  in  F e b ru a ry  1957. T h e  so il is a  re d  c lay  (L . L . 62, 

P . L . 32).

Fig. 41 C .B .R . and  M oistu re  C on ten t o f Subg rade  - T hika 
Sagana (Level).

T h e  a m o u n t o f  w a te r  p e n e tra tin g  in to  th e  su b g ra d e  each  

y e a r is in flu en ced  by  th e  sh a p e  a n d  ty p e  o f  c o n s tru c tio n  o f  

th e  ro a d  a n d  v erg e  a s  w ell a s  th e  so il p e rm eab ility . O n  p a r t  

o f  th e  N a iro b i-M o m b a sa  r o a d  fo r  ex am p le , a n  u n d ra in e d  

s to n e  b a se  ex ten d s  a  sh o r t  d is ta n c e  in to  th e  v erg e  a n d  co llects 

ru n -o ff  w a te r  fro m  th e  r o a d  su rfac in g . T h e  re la tiv e ly  la rg e  

a m o u n t o f  w a te r  h e ld  a t  th e  ed g e  h a s  p ro d u c e d  a  la rg e  “  edge 

e f f e c t”  o r  v a r ia t io n  in  m o is tu re  c o n te n t a n d  s tre n g th  acro ss 

th e  ro a d  a s  sh o w n  in  F ig . 42. T h e  ro a d  w as b itu m in ise d  in 

1950 a n d  th e  su b g ra d e  is a  very  h eav y  b lack  c lay  o f  low  

p e rm e a b ility  (L. L . 79, P . L . 33).

T h e  re su lts  given a b o v e  em p h asise  th e  d ep en d en ce  o f  th e  

su b g ra d e  m o is tu re  d is tr ib u tio n  o f  th e  verge co n d itio n s .

W hile  th e  final m o is tu re  d is tr ib u tio n  u n d e r  th e  tw o  ro a d s  

c a n n o t b e  accu ra te ly  p re d ic ted  a t  th e  p re se n t tim e  th e  g ra d ie n t 

o f  so il m o is tu re  ac ro ss  th e  ro a d  w ill re p re se n t a  d y n am ic  

eq u ilib riu m  w h e re  v e rtica l m o is tu re  flow  is b a lan ced  b y  th e  

n e t  in flow  o f  m o is tu re  fro m  th e  verges. In  very  d ry  clim ates , 

su ch  as th a t  o f  K h a r to u m , w h en  e q u ilib riu m  is e s ta b lish e d  

th e  n e t  h o r iz o n ta l flow  is f ro m  th e  su b g ra d e  to  th e  verge a n d  

th e  su b g ra d e  n e a r  th e  ed g e  o f  th e  p a v e m e n t is d r ie r  th a n  

o n  th e  cen tre lin e . In  w et c lim ates  th e  “ ed g e  effect ”  m ay  

be  rev ersed .
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DISTANCE FROM VERGE -  feet

F ig . 4 2  C .B .R . a n d  M o is tu r e  c o n te n t  o f  S u b g ra d e  - M o m b a s a  

R o a d  M ile  12.

M . J . D . Col eman (G ran d e -B re tag n e )

I  w ish  to  co m m e n t o n  th e  su g g estio n  o f  P ro f. Jen n in g s  

th a t  th e  effec tive  stress law  fo r  u n s a tu ra te d  so ils  fa ils  below  

a  c e r ta in  c ritica l deg ree o f  s a tu ra tio n . A s I  u n d e rs ta n d  it, 

i f  a  c e r ta in  d ry  s a n d  c a rry in g  a  lo a d  is w etted , h e  finds it to  

co llap se  a lw ay s. A  d ry  c lay , o n  th e  o th e r  h a n d , m ay  co llap se  

a t  h ig h  lo a d s  a n d  e x p an d  a t  low  lo a d s  w h en  it  is w etted .

In  M a rc h  th is  y ea r (C o lem an  a n d  R u ssam , 1961) w e h av e  

given  th e  fo llo w in g  ex p ressio n  fo r th e  effective s tress  in  

u n s a tu ra te d  so il :

ct/ =  — P '-S  +  (1 -  a-(3') (p  -  7t)

w h ere  a- is th e  m ean  p rin c ip a l effective stress fo r  fa ilu re  o f  

so il in  sh ear

f t '  =  ( b<J> ~  TC)

\b (u  — 7t)

a t  c o n s ta n t  sh e a r s tren g th . I t  lies be tw een  ze ro  a n d  o ne . 

u =  m e a su re d  p o re  w a te r p re ssu re  in  th e  so il 

S  =  th e  va lu e  o f  th e  m e asu red  p o re  w a te r p re ssu re  w h en  th e  

to ta l  stresses a re  a ll re d u ced  to  ze ro , th e  sh e a r stresses 

b e in g  rem o v ed  first 

p  =  m ean  p rin c ip a l to ta l  stress 

7t  =  m e asu red  p o re  a ir  p re ssu re  in  th e  so il

/b(u — tc) \
a  =  I -----------  I a t  c o n s ta n t w a te r co n te n t. It lies betw een

\ & 0  -  ^ ) /  

ze ro  a n d  one.
T h e  p h e n o m e n a  o f  th e  co llap se  o f  san d  u p o n  d ry in g  (a t  

m o is tu re  c o n te n ts  a b o v e  th e  o p tim u m ) w as n o tic e d  a t  th e  

R o a d  R esea rch  L a b o ra to ry  in  1943, a n d  re p o rte d  by  M aclean  

(1955); i t  w as in te rp re te d  in te rm s o f  th e  c o m p a c tio n  cu rv e

fo r  so ils. D r  J e n n in g s ’ o b se rv a tio n  o f  th e  co llap se  u p o n  

w e ttin g  a t  m o is tu re  c o n te n ts  be low  th e  o p tim u m  is sim ila r.

A t low  v alues o f  th e  (p — n) te rm , th e  a b o v e  ex p ressio n  

in d ica tes a  low  va lu e  fo r th e  effective  stress  in  a  d ry  san d , 

since ¡3' w ill b e  zero . T h u s, u p o n  w e ttin g  th e  sa n d  th e  

te rm  — (J '-S  rises, reach es a  m ax im u m , a n d  th e n  fa lls  ag a in  

to  a  low  va lu e  as th e  sa n d  a p p ro a c h e s  sa tu ra tio n , a  c o n c lu sio n  

su p p o rte d  b y  C B R  re su lts  o n  sa n d  (C ro n ey , C o le m an  a n d  

B lack , 1958). T h is  b e h a v io u r  is c o n s is te n t w ith  th a t  ob serv ed  

b y  P ro f. Jen n in g s , th e  rise  in  effective stress  as th e  d ry  san d  

is w e tted  cau s in g  it to  decrease  irrev ersib ly  in  vo lum e.

F o r  h eavy  clays th e  te rm  — (3' • S  is la rg e  a t  low  m o is tu re  

c o n ten ts , a n d  fa lls  as th e  clay  is w etted . (C ro n ey  a n d  C o lem an , 

1960.) T h e  rev ersib le  e x p an s io n  o f  d ry  clay  u p o n  w ettin g  

a t  low  lo a d s  is th e re fo re  expected . T h e  c o n tra c tio n  o f  d ry  
c lay  u p o n  w ettin g  u n d e r  h igh  lo a d s  is m o re  p ro b le m a tic a l, 

since th e  ex p ressio n  (1 — a  -¡3') a lso  fa lls  as th e  c lay  is w etted , 

a n d  so  th e  effective stress (u n d e r h igh  lo ad s) ca lcu la ted  fro m  

th e  a b o v e  e q u a tio n  w o u ld  ag a in  in d ica te  a  rev ersib le  ex p an sio n  

o f  th e  d ry  c lay  u p o n  w ettin g . T h e  p o ss ib ility  th a t  th e  d ecrease  

in  effective stress as th e  c lay  is w e tted  m ay  s im u ltan eo u s ly  

cau se  th e  clay  to  sh e a r irrev ersib ly  u n d e r  th e  h ig h  lo a d , th u s  

filling  v o id s in  th e  m a te r ia l a n d  p ro d u c in g  a  n e t t  se ttlem en t 

a t  th e  su rface , m ay  be suggested .

In  th is  d iscu ssio n , rev ersib le  a n d  irrev ersib le  ch an g es o f  

v o lu m e in  th e  so il a re  n o t  reg a rd e d  as eq u iv a len t. In  p a r ­

ticu la r, th e  coeffic ient ¡3' em p lo y ed  in  th e  d iscussio n  is s tric tly  

ap p lica b le  o n ly  to  irreversib le  ch an g es o f  v o lu m e a n d  sh a p e  

in  th e  so il, th e  a p p ro p r ia te  s tress  p o in t  ly ing  u p o n  e ith e r a  

y ie ld  o r  th e  fa ilu re  su rface  in  p rin c ip le  effective s tress  sp ace  

(d e p en d in g  u p o n  w h e th e r p la s tic  flow  o r  u ltim a te  sh e a r o f  

th e  so il is env isaged). F o r  rev ersib le  ch an g es o f  v o lu m e in  

th e  clay , a  fu r th e r  coeffic ient [3 w as p u t  fo rw a rd  in  th e  o rig in a l 

th e rm o d y n a m ic  g e n e ra lisa tio n  o f  th e  effective stress  law s 

fo r  u n s a tu ra te d  so ils  (C ro n ey , C o le m an  a n d  B lack , 1958) 

th e  stress p o in ts  fo r  su c h  rev ersib le  ch an g es ly in g  w ith in  

th e  a p p ro p r ia te  y ie ld  su rface  in  s tress  sp ace . T h e  d iscu ssio n  

n o w  given  o f  th e  p ro b le m s sug g ested  by  P ro f. Jen n in g s  h as 

n o t  a ssu m ed , h ow ever, th a t  [3 a n d  ¡3' a re  e q u a l, b u t  m ere ly  th a t  

th ey  sho w  th e  sam e q u a lita tiv e  v a r ia t io n  w ith  m o is tu re  

c o n te n t. S u b se q u e n t p ro p o sa ls  fo r  a  s ta n d a rd is e d  n o ta tio n  

(B ish o p  a n d  A itc h in so n , 1960) h a v e  a t te m p te d  to  u se  a  single 

sy m b o l fo r  b o th  rev ersib le  a n d  irrev ersib le  ch an g es in  

u n s a tu ra te d  soils.
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s tre s s  a n d  s tra in  in v a r ia n ts  in  th e  th e rm o d y n a m ic  s tu d y  
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" S tu d ie s  o f  th e  m o v e m e n t  a n d  d is t r ib u t io n  o f  w a te r  in  

so il  r e la t io n  to  h ig h w a y  d e s ig n  a n d  p e r fo rm a n c e  ” . 

Highw. Res. BdSpec. Rep., N o . 40 , p p . 2 26 -2 52 , W a s h in g to n ,
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[4] —  —  (1960 ). " P o re  p re s s u re  a n d  s u c ­

t io n  in  so il  ” , Proc. Conf. on Pore Pressure and Suction 
in soils, p p . 31-37 , B u tte rw o r th s ,  L o n d o n ,  1961.

[5] Ma c l ea n , D .J .  (1955). “ T h e  a p p l ic a t io n  o f  so il m e c h a n ic s

to  r o a d s  a n d  e n g in e e r in g  fo u n d a t io n s  J. Instn. Munie. 
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M . W . H . Wa r d (G ran d e -B re tag n e )

I w o u ld  lik e  to  a sk  D r  A itch iso n  a  very  sh o r t  q u e s tio n  in 

re la t io n  to  o n e  o f  th e  exam ples w h ich  D r  C o o lin g  d escrib ed  

ea r lie r  in  th is  d iscussio n . W e h av e  a  h eavy  c lay  site  in  E n g la n d  

w h ich  u n d e r  n o rm a l w in te r c o n d itio n s  is fu lly  s a tu ra te d  an d  

th e  w a te r ta b le  lies a t  th e  su rface . O v er th e  ce n tu rie s  a  la rg e
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tree  h a s  cau sed  a  lo ca l deficiency o f  w a te r in  a  zo n e  a b o u t  

15 ft. deep  a n d  200 ft. d iam e te r. T h e  tree  w as fe lled  a n d  

th e  g ro u n d  h as  been  h eav in g  fo r a b o u t 7 y ears  a n d  is still 

h eav ing . T h e  d rie d  zo n e  is fu ll o f  c ra ck s  b u t  in  th e  p ro cess 

o f  w a te r en te rin g  th e  zo n e  th e  c ra ck s  b eco m e sea led  a n d  

p re v e n t easy  access o f  w a te r. W h a t  is th e  q u ick es t a n d  m o st 

p ra c tic a l w ay  o f  e s tim a tin g  th e  to ta l  a m o u n t  o f  g ro u n d  

heav e  a n d  h o w  lo n g  w ill it ta k e  to  re a c h  a  s ta te  o f  e q u ilib riu m  ?

L e  P résident :

Je  rem erc ie  M . W a rd  p o u r  sa  c o m m u n ica tio n .

I l  n ’y a  p lu s  d ’o ra te u r  in sc rit su r la  q u es tio n . Je  tien s à  

rem erc ie r to u s  ceu x  qu i so n t  in te rv en u s  d a n s  n o tre  d iscussio n . 

Je  rem erc ie  ég a lem en t to u t  p a r tic u liè re m e n t les n o m b re u x  

au d ite u rs  d e  leu r a tte n tio n .

(L a  séance est levée  à  13 h 05 )

Interventions écr ites /  W ritten  C ontributions

M . R . A. Ashbee (G ran d e -B re tag n e )

Design o f uplift foundations

I  w o u ld  lik e  to  d ra w  a t te n tio n  to  tw o  m a tte rs  co n ce rn in g  

th e  desig n  o f  fo u n d a tio n s  to  res is t u p lif t  fo rces. T h ese  re la te  

to  su c tio n  fo rces b e n e a th  th e  b ase  a n d  to  th e  fa c to r  o f  safety  

in  re la tio n  to  th e  m e th o d  o f  design .

(a) Suction Forces beneath the base

S u c tio n  a n d  ten sio n  fo rces a re  gen era lly  ig n o re d  in  th e  

des ig n  o f  fo u n d a tio n s  su b jec t to  u p lif t  fo rces. T h ese  fo rces 
a c t be low  th e  b ase  o f  th e  fo u n d a tio n  a n d  th ey  c a n  b e  c o n s id e r ­

ab le . A n y  en g in ee r w h o  h as  w itn essed  th e  e x tra c tio n  o f  a

4 in ch  d ia m e te r sam p le  tu b e  fro m  a  c lay  so il h a s  seen  how  

p o w erfu l is th e  su c tio n  s tra in in g  a g a in s t w ith d raw a l. A s 

so o n , h o w ev er, as th e  v a c u u m  below  th e  sam p le  is b ro k e n  

th e  e x tra c tio n  o f  th e  sam p le  b eco m es re la tiv e ly  easy.

F o r  u p lif t  fo u n d a tio n s , p a r tic u la r ly  in  c lay , th e re  ap p e a rs  

to  b e  a  g o o d  case  fo r  u s in g  th is  su c tio n  d u r in g  design , as 

a  fo rce  d irec tly  res is tin g  sh o c k  lo a d s  ; su ch  as th e  tra n s ie n t 

fo rces fo llo w in g  b re a k a g e  o f  a  c o n d u c to r  in  a n  o v erh ead  

tra n sm iss io n  line.

I t  m ay  b e  c o n s id e re d  th a t  su c tio n  fo rces b e n e a th  a  fo u n ­

d a t io n  a re  in se p a ra b le  fro m  th o se  d u e  to  ten sile  a d h e s io n  

o f  th e  soil. F u r th e r  o b se rv a tio n s  a re  necessary .

In  so m e u p lif t  te sts  n e a r  N e w a rk , N o ttin g h a m sh ire , c a rrie d  

o u t  by  th e  C e n tra l E lec tric ity  R esea rch  L a b o ra to r ie s  in  

N o v e m b e r 1960, th e  te n s io n  o r  su c tio n  fo rces b e n e a th  th e  

b ase  o f  fo u n d a tio n s  4 fee t 6  in ch es sq u a re  o n  K e u p e r  M a rl 

(a  s tiff c layey  silt) w ere  very  n ea r ly  £ to n /s q . ft. T h is  w as 

b e fo re  a n y  sign ific an t m o v em en t o f  th e  fo u n d a tio n  h a d  tak en  

p lace . S u ch  a  fo rce , n ea r ly  10 to n s  in  th is  case , c o n tr ib u te d  

u p  to  25 p e r  c e n t o f  th e  u ltim a te  fa ilu re  lo a d  a n d  c a n n o t 

eco n o m ica lly  b e  n eg lected .

(b) Factor o f Safety

N e a rly  a ll m e th o d s  o f  desig n  a g a in s t u p lif t  fo rces, such  

as th a t  by  D r  B a lia  in  V o lu m e 1 o f  th ese  p ro ceed in g s  (3A /3 ) 

a n d  th o se  m e th o d s  in  c o m m o n  u se  in  th e  e lec trica l su p p ly  

in d u s try , d e te rm in e  th e  w o rk in g  lo a d  o f  a  fo u n d a tio n  as 

a  p ro p o r t io n  o f  th e  ru p tu re  lo ad , th is  m ean in g  ru p tu re  o f  

th e  soil.

T h ese  m e th o d s  a re  o ften  u n rea lis tic . M o st s tru c tu re s  are  

o u t  o f  service a t  d e flec tio n s w ell be low  th o se  c o rre sp o n d in g  
to  co m p le te  ru p tu re  o f  th e  so il, a n d  su ch  d eflectio n s c a n n o t 

be p re d ic te d  f ro m  s tre n g th  tests  a lo n e .

I t  w o u ld  b e  v a lu ab le  if  in v estig a to rs  in  th is  field, w h ilst 

en su rin g  a n  a d e q u a te  re serve  a g a in s t ru p tu re , co u ld  show  

h o w  a n  eco n o m ic  des ig n  ca n  b e  b ased  o n  specified  deflection s.

I t  is a  m a tte r  o f  c o n jec tu re  w h e th e r L a z a rd ’s m a s t o v er ­

tu rn in g  tests , o n  so m e 197 m asts , w o u ld  n o t  give m o re  accep t ­

ab le  re su lts  if  b a se d  o n  th e  e las tic  o r  e la s tic -p las tic  p ro p e rtie s  

o f  th e  so il. H is  co n c lu sio n , f ro m  his te sts , th a t  th e  resu lts  

w ere  in d e p e n d e n t o f  so il p ro p e rtie s  (p re su m ab ly  s tren g th ) 

is su re ly  a  s tro n g  ch a llen g e  to  a n y  m em b e r o f  th is  Society .

M M . J . Ber nede e t K . Pakdaman (F ran ce )

Mesures des contraintes dans un massif pulvérulent

P o u r  les m esu res d e  co n tra in te s  d a n s  les sab le s, le  C .E .B .T .P . 

a  a d o p té  le d y n a m o m è tre  à  fr ic tio n . U n  p ro to ty p e  d e  cet 

a p p a re il  av a it é té  p ré sen té  p a r  H a b ib  (1957) à  l ’o ccasio n  

d u  C o n g rès  d e  M é can iq u e  des S o ls d e  L o n d re s ; dep u is , il a 

é té  à  la  fo is p e rfe c tio n n é  e t la rg em en t u tilisé .

L ’a p p a re il se co m p o se  d e  tro is  lam es d ’ac ier acco lées e t 

p ro tég ées  p a r  u n e  ga in e  très  m in ce. O n  m esu re  le  fro tte m e n t 

de la  lam e  c e n tra le  co u lissan te . D e u x  sec tio n s d e  g a rd e  

e n c a d re n t la  p a r tie  u tile  e t p e rm e tte n t  a in si d ’é lim in er les 

effe ts p e r tu rb a te u rs  des p a ro is  (F ig . 43).

C e t a p p a re il a  é té  ju s q u ’à  p ré se n t u tilisé  d a n s  des systèm es 

b id im en tio n n e ls . I l  c o n v ie n t b ien  a u x  m esu res à  la  p a ro i  

m a is  aussi a u  sein  d u  m a ss if  m o y e n n a n t ce r ta in es  p ré c a u tio n s , 

c a r  il n e  m od ifie  les p ro p rié té s  d u  m ilieu  q u e  d e  fa ç o n  n ég li ­
g eab le  (F ig . 44).
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Il a  é té  p o ss ib le  n o ta m m e n t, d e  re c o n n a ître  la  ré p a r ti t io n  

d es  c o n tra in te s  so u s u n e  b a n d e  superficie lle ch arg ée  su r  du  

sab le  e t e n  p a r tic u lie r  la  c o n c e n tra tio n  des ten sio n s  qu i 

s ’acc ro ît avec la  ch a rg e  e t dev ien t très im p o r ta n te  q u a n d  o n  

a p p ro c h e  de  la  ru p tu re .

D a n s  le cas d u  p o in ç o n n e m e n t d ’u n e  co u ch e  p u lv éru len te  

re la tiv e m e n t m in ce , su s-jacen te  à  u n  m a ss if  c o h é re n t, T ch en g  

a  m o n tré  e n  1958 q u e  la  ru p tu re  se p ro d u it  se lo n  deux  p lan s  

p ra tiq u e m e n t v e rticau x  p a s s a n t  p a r  les a rê te s  d e  la  sem elle. 

N o u s  av o n s p lacé  des d y n am o m ètre s  à  fr ic tio n  le lo n g  des 

lignes d e  g lissem en t p o u r  é ta b lir  le  b ila n  d es fo rces. C e t essai 

a  p e rm is  d e  d é te rm in e r la  ré p a r ti t io n  d es c o n tra in te s  su r  u n  

m o d è le  d e  d im en sio n s im p o rta n te s .

D e p u is  l ’a p p a re il  a  é té  e n co re  p e rfe c tio n n é  e t  d e  n o m b re u x  

essa is  o n t  é té  réa lisés. N o u s  av o n s  é tu d ié  n o ta m m e n t l ’in c i ­

d en ce  d u  r a p p o r t  d e  la  d im en s io n  d e  g ra in  à  la  la rg e u r  des 

lam es a in s i q u e  l ’e r re u r  ré su lta n t d u  fléch issem ent p o ssib le  

d u  té m o in  d a n s  le m ilieu . P o u r  ce  d e rn ie r  p o in t, il e s t  difficile 

d a n s  les c o n d itio n s  h ab itu e lle s  des ex périences q u e  l ’e rre u r  

dép asse  q u e lq u es  p o u rc e n ts  [1].

N o u s  a v o n s  vérifié  e n  p a r tic u lie r  d e  fa ç o n  ex p érim en ta le , 

l ’a p p lic a tio n  d e  l ’é q u a tio n  d e  K o tte r  le lo n g  d ’u n e  ligne de 

g lissem ent, e n  y p la ç a n t  u n  c e r ta in  n o m b re  de d y n am o m ètre s  

à  f r ic tio n  (F ig . 45). C es a p p a re ils  o n t  ég a lem en t p e rm is  de 

su iv re  e n  co u rs  d ’acc ro issem en t d e  la  c h a rg e  su r  u n e  b a n d e  

superfic ie lle , la  v a r ia t io n  d u  ra p p o r t  d e  la  te n s io n  vertica le  

à  la  ten s io n  h o r iz o n ta le , e t  d e  re c o n n a ître  le p assag e  d u  systèm e 

à  u n  éq u ilib re  n e tte m e n t p la s tiq u e . C e r a p p o r t  to m b e  en  effet 

ra p id e m e n t d e  0,5  à  0 ,2  en v iro n .

C e m êm e r a p p o r t  m esu ré  so u s le  seu l effet d e  la  g ra v ité  

(coefficient a u  rep o s) a é té  tro u v é  v o isin  d e  0 ,9  ce  q u i a p p o r te  

u n e  ju s tif ic a tio n  e x p é rim en ta le  d e  l ’h y p o th è se  d e  B o u ssin esq  : 

le coeffic ient de P o isso n  d ’u n  m ilieu  p u lv é ru le n t re s te  trè s  

vo isin  d e  0,5 d a n s  le  d o m a in e  des p e tite s  d é fo rm a tio n s .

R é fé re n c e  :

[1] Pakdaman (1961). « C on trib u tion  à  l ’étude des contra in te s 
dans un  m assif pu lvérulent sem i-infini hom ogène ». Thèse. 
Paris, Cahier de la Recherche.

M . J . Br inch Hansen (D a n e m a rk )

D isc u ss io n  o n  «  T h e  S h a p e  o f  R u p tu re  S u r fa c e  in  D r y  S a n d  »  

( A .R . J u m ik is )  (3  A /2 3 )

P ro f. Ju m ik is  s ta te s  th a t  in  h is te sts  w ith  in c lin ed  fo u n d a tio n  

lo a d s  th e  ex p e rim en ta l s lid in g  su rface  co in c id es very  c lose ly  

w ith  a  lo g a rith m ic  sp ira l. H o w ev er, b o th  fro m  h is  F ig . 4 

a n d  f ro m  h is  p h o to g ra p h s  it is ev id en t th a t, a t  least u n d e r  th e  

fo u n d a tio n  p ro p e r , c o n s id e ra b le  d ev ia tio n s  exist.

I  h av e , firs t in  1955 [1] a n d  a lso  recen tly  [2], in d ic a te d  a n d  

ca lc u la te d  k in em a tica lly  p o ss ib le  figures o f  ru p tu re  fo r th e  

co n s id e red  case  o f  a n  in c lin ed , c e n tra l  lo a d . A s ex am ples 

c a n  b e  sh o w n  F ig . 46  (w eightless e a r th )  a n d  F ig . 47 (heavy  

e a r th ) . T h e  R a n k in e  trian g le  ( to  th e  r ig h t)  m ay  a c tu a lly  m ove 

as a  rig id  b o d y  w ith o u t in te rn a l p la s tic  d e fo rm a tio n s . I t  

w ill b e  seen  th a t  th is  ty p e  o f  ru p tu re -fig u re  ag rees c o n s id e r ­

ab ly  b e tte r  w ith  P ro f. J u m ik is ’ e x p e rim e n ta l re su lts  th a n  a 

sing le  lo g a rith m ic  sp ira l.

F ig .  46

F ig .  47

T h e  re su lts  o f  m y  c a lc u la tio n s  (fo r a  s trip  fo u n d a tio n )  

c a n  ap p ro x im a te ly  b e  ex p ressed  in  th e  fo llo w in g  fo rm u la  

fo r th e  v e rtica l c o m p o n e n t o f  th e  u n it  b e a r in g  ca p a c ity  [2] :

1 su g gest th a t  P ro f. Ju m ik is  t ry  to  ev a lu a te  h is  e x p e rim e n ta l 

resu lts  by  m ean s o f  th is  fo rm u la . T h e  sec o n d  te rm , co rre s ­

p o n d in g  to  a  u n it  su rface  lo a d  q, m u s t b e  in c lu d e d , p u ttin g  

q =  y  S, w h ere  8  is th e  level d ifference  (a t  fa ilu re ) b e tw een  

th e  su rface  o f  th e  R a n k in e  w edge a n d  th e  u n d e rs id e  o f  th e  

fo u n d a tio n .

S im ila r re m a rk s  c a n  b e  m a d e  to  p a p e r  3 A /5 2  : Sur la sta- 
bilité des fondations rig ides (E. Zaharescu).

R é fé re n c e s

[1] B r i n c h  H a n s e n , J. (1955). " Simpel beregning a f  funda-
m enters bsereevne ” , Ingeniaren, Jan uary , Copenhagen.

[2] — (1961). " A general fo rm ula fo r bearing  
capacity Ingeniaren, In tern a tio n a l Edition, June, C open ­
hagen, and  Bulletin No. 11, The D anish  G eotechnical 
In stitu te, C openhagen.

M . J.B. Bur l a nd (A fr iq u e  d u  Sud)

T h e  p h e n o m e n o n  o f  co llap se  o f  so il s tru c tu re  o n  w e ttin g  

is o n e  th a t  is n o w  rece iv ing  so m e co n s id e ra b le  a t te n tio n . P ap e rs  

3A /8 , 3A /2 0  a n d  3A /3 6  d ea l w ith  th is  p ro b le m . In  1957 

Je n n in g s  a n d  K n ig h t d iscu ssed  co llap s in g  san d s  in som e 

d e ta il a n d  p re se n te d  a  s im p le  te s t to  id en tify  a n d  p re d ic t 

co llapse .

R e c e n t w o rk  b y  B u rla n d  (1961) in d ica te s  th a t, below  a  

c ritic a l d eg ree  o f  s a tu ra tio n , co llap se  c a n  ta k e  p lace  n o t  on ly  

in  g ra n u la r  m a te r ia ls  b u t  a lso  in  c layey  so ils. T h e  d iscu ssio n
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F ig . 48 S t r u c tu ra l  c h a n g e s  in  a  g r a n u la r  s o i l :  a) I n i t ia l  lo o se ly  

p a c k e d  s o i l ;  b) D is p la c e m e n t o f  g ra in s  re s u lt in g  

f ro m  a n  in c re a s e  in  a p p lie d  lo a d ;  c) P a r tic le s  b o n d e d  

to g e th e r  b y  th e  a c t io n  o f  h ig h  c u rv a tu re  m e n isc i 

a t  g ra in  c o n ta c t  p o in ts .

p re sen ted  by  P ro f. Z e itlen  ea r lie r  th is  session  confirm s th is  

idea. T h e  c ritica l deg ree o f  sa tu ra tio n  ju s t  m e n tio n e d  is 

u su a lly  be low  a b o u t 50 p e r  c en t fo r  g ra n u la r  so ils  b u t  in  

c layey  soils i t  c a n  b e  as h ig h  as 90 p e r  cen t.

H o ltz  a n d  H ilf  (p a p e r  3A /20) su g gest th a t  th e  co llap se  

p h e n o m e n o n  re su lts  fro m  th e  decrease  in  sh e a rin g  res is tan ce  

o f  th e  so il o n  w ettin g . H o w ev er tests  h av e  sh o w n  th a t  co llap se  

o ccu rs  in  e q u a l a ll ro u n d  c o m p ress io n  a n d  th a t  th is  co llap se  

is very  n ea r ly  as  la rg e  as th a t  o c cu rrin g  in  la te ra lly  co n fin ed  

c o m p ress io n . C lea rly  su ch  b e h a v io u r is n o t  ex p la in ed  by  th e  

a c tio n  o f  sh e a r  s tresses d ev e lo p in g  fro m  d ifferences in  th e  

p r in c ip a l stresses as in fe rred  by  H o ltz  a n d  H ilf.

T h e  p h e n o m e n o n  o f  co llap se  c a n  ra th e r  be a t tr ib u te d  to  

a lte ra tio n s  in  so il s tru c tu re  re su ltin g  fro m  ch an g es in  th e  

n a tu re  o f  th e  b o n d s  be tw een  so il p a rtic les . In  th e  case  o f  

p a r tly  sa tu ra te d  g ra n u la r  so ils  these  b o n d s  re su lt  fro m  h ig h  

c u rv a tu re  m en isci a t  g ra in  c o n ta c t p o in ts  w h ereas in  clay  

so ils  th e  n a tu re  o f  th e  b o n d s  a re  p ro b a b ly  fa r  m o re  co m plex .

T h e  s tru c tu re  o f  m o st g ra n u la r  so ils  is v e ry  d ifferen t f ro m  

th e  tra d itio n a l sp h erica l g ra in ed  o p en  p a c k  a n d  c lose  p a c k  

s tru c tu re  so  o ften  assu m ed . In  g en era l th e  g ra in s  te n d  to  

fo rm  lo ca l b rid g es o r  a rch es  as sh o w n  sch em atica lly  in  Fig. 

48 a. A p p lic a tio n  o f  e x te rn a l lo a d s  u n d e r  fu lly  sa tu ra te d  

d ra in e d  co n d itio n s  cau ses b o th  sh e a r a n d  n o rm a l fo rces 

to  develop  a t  each  g ra in  c o n ta c t  p o in t  a n d  u n d e r  th e  ac tio n  

o f  th ese  fo rces th e  g ra in s  ta k e  u p  a  c lo se r p a c k  by  ro llin g  

a n d  slid ing  (F ig . 48 b). T h e  p ro cess o f  d ry in g  th e  so il h as 

a  to ta lly  d iffe ren t effect o n  th e  so il s tru c tu re . D u r in g  desic ­

c a tio n  h ig h  c u rv a tu re  m en isc i fo rm  a t  th e  g ra in  c o n ta c t p o in ts  

a n d  th ese  te n d  to  g lue  o r  b o n d  th e  g ra in s  to g e th e r th e re b y  in ­

c reas in g  th e  r ig id ity  o f  th e  so il m ass (F ig . 48 c). T h ese  b o n d e d  

p a rtic le s  offer c o n s id e rab le  re s is tan ce  to  lo ca l sh e a r fo rces 

in d u c e d  b y  a d d itio n s  o f  a p p lie d  lo ad . I f  th e  so il m ass is 

w e tted  w hile u n d e r  lo a d  th ese  b o n d s  a re  re m o v e d  a n d  th e  

so il s tru c tu re  “ co llap ses ” to  th e  e q u iv a len t s a tu ra te d  c o n d itio n .

In  th e  case o f  p a r tly  s a tu ra te d  c layey  m a te r ia ls  th e  s tru c ­

tu re  a n d  n a tu re  o f  th e  in te rp a rtic le  fo rces a re  m u ch  m o re  

co m p lex  th a n  in  p u re  g ra n u la r  soils. N ev e rth e le ss  th e  a r ­

g u m e n t still ap p lies  viz. th a t  s a tu ra tio n  o f  th e  so il u n d e r  

lo a d  re su lts  in  a lte ra tio n  o f  in te rp a rtic le  b o n d s  so  as to  cau se  

r a p id  se ttlem en t o r  co llapse .

I t  is a p p a re n t  th a t  a n  u n d e rs ta n d in g  o f  th e  in te rp a rtic le  

b o n d s  is o f  v ita l im p o r ta n c e  in  th e  s tu d y  o f  p a r tly  sa tu ra te d  

so il b e h a v io u r . S erio u s th o u g h t  m u s t a lso  b e  g iven  to  w h e th e r 

su c h  so ils  c a n  b e  t re a te d  g en era lly  in  te rm s o f  effective 

stresses o r  w h e th e r th e  in d iv id u a l c o m p o n e n ts  o f  effective 

s tress  a re  n o t  m o re  im p o r ta n t  in  d e te rm in in g  th e  so il be ­

h a v io u r  (see d iscu ssio n  to  sec tio n  1 b y  J.B . B u rlan d ).
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Settlem ent o f  T urbo-A lternator  b locks

In  rec en t y ea rs  th e re  h as  b een  a  sign ific an t in c rease  in  th e  

p o w er o u tp u t  fro m  tu rb o -a lte rn a to rs  a n d  b ecau se  o f  th e  

sh o rta g e  o f  su ita b le  sites p o w er s ta tio n s  m ay  b e  b u ilt a t  
p laces w h ere  th e  so il c o n d itio n s  re n d e r  a  to ta l se ttlem en t 

o f  severa l inches in  m a g n itu d e  inev itab le .
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T o  s tu d y  th e  b eh a v io u r o f  tu rb o -a lte rn a to rs  u n d e r  w o rk in g  

c o n d itio n s  in  a n  e ffo rt to  im p ro v e  th e  desig n  o f  th e  fo u n d a tio n s , 

a  n u m b e r o f  m easu rem en ts  a re  b e in g  m a d e  a t  a  p o w er s ta tio n  

in  E n g la n d . T h is  s ite  is p a r tic u la r ly  in te re s tin g  since th e  T u r ­

b in e  H a ll  is fo u n d e d  o n  g ra n u la r  m a te r ia l. T h e  geo logy  

c o n s is ts  o f  den se  sa n d y  gravel (R iv er G rav e l) o verly ing  th e  

L o w er K e u p e r  S an d s to n e . V ib ra tio n  m ig h t be a  fa c to r  c o n ­

t r ib u tin g  to  th e  se ttlem en t.

T h e  p ro g ra m m e  o f  w o rk  co n sis ts  o f

(a) p rec ise  levelling  to  se ttle m e n t p o in ts  fixed in to  th e  

lo w er p a r t  o f  th e  tu rb o -b lo c k s .

(b) d iffe ren tia l levelling  w ith  a  m a n o m e te r  system  a ro u n d  

th e  lo w er p a r t  o f  th e  b lo ck s  w ith  a  c o rre la te d  su rvey  

o n  th e  o p e ra tin g  decks.

(c) co n c re te  sh r in k a g e  m easu re m e n ts  u s in g  4 in . lin ea r 

e lec trica l re s is tan ce  s tra in  gauges m o u n te d  o n  th e  
c o n c re te  su rface  n e a r  th e  se ttlem en t p o in ts .

(d ) m e a su re m e n t o f  th e  v ib ra tio n s  d u r in g  th e  o p e ra tio n  

o f  th e  sets.

(e) th e o re tic a l se ttlem en t ana ly sis  u n d e r  s ta tic  a n d  d y n am ic  
loads.

T h e  G e rm a n  specification  D IN  4024 “ S tiiz k o n s tru k - 

tio n en  fu r  R o tie re n d e  M asch in en  ” covers th e  desig n  o f  th e  

fo u n d a tio n s  fo r tu rb o -a lte rn a to rs . I t  is w o rth  n o tin g  th a t  the 

fo u n d a tio n s  w o u ld  n o t  c o n fo rm  w ith  th is  co d e  in  a ll respects. 

In  p a r tic u la r  th e  co lu m n s o f  th e  tu rb o -b lo c k s  a rc  in teg ra l 

w ith  th e  m a in  ra f t  o f  th e  T u rb in e  H all.

T u rb o -a lte rn a to r  N o . 1 w ith  a n  o u tp u t  o f  120 M W  a t

3 000 r .p .m . w as co m m iss io n e d  in  D ecem b er, 1960. B efo re 

th is  tim e  levelling  co m m en ced  a n d  su b seq u en tly  v ib ra tio n  

m easu rem en ts  h av e  been  m ad e . A t th e  tim e o f  th e  last m easu re ­

m en ts  th e  eccen tric ity  o f  th e  H .P . tu rb in e  sh a ft w as a b o u t 

0 -0031 inches a n d  o f  th e  I.P . sh a ft  a b o u t 0 -0 0 2 4  inches. T h e  

v ib ra tio n  d isp lacem en ts  a t  th e  b earin g s  w ere  be tw een  0-0 0 01  

a n d  0 -0 0 1 2  inches. L evelling  h a s  rev ealed  an  in crease  in 

se ttlem en t o f  less th a n  0 -1  in ., p ro b a b ly  a ll d u e  to  th e  a d d i ­

t io n a l w eig h t o f  th e  s ta to r  a n d  tu rb in e  casin gs w h ich  w ere 

fitted  a f te r  m easu rem en ts  beg an .

T h e  v ib ra tio n  m easu rem en ts  a re  su m m arised  be low  :

Sum m ary o f v ib ra tion  m easurem ents
(Peak displacements in inches).

Position
Vertical Lateral Longitudinal

M ax . M in . M ax . M in . M ax . M in .

T o p  d e c k  - tu r b in e  e n d . . 0 -0 0 0 3 3 0 0 -0 0 0 0 5 0 0 -0 0 0 1 1 0 0 -0 0 0 0 4 5 0 -0 0 0 1 6 5 0 -0 0 0 1 4 5

T o p  d e c k  - a l t e r n a to r  en d . 0 -0 0 0 3 8 0 0 -0 0 0 0 4 5 0 -0 0 0 1 7 0 0 -0 0 0 1 6 5 0 -0 0 0 1 1 0 0 -0 0 0 0 9 0

B a se  o f  c o l u m n s ............. 0 -0 0 0 0 7 0 0 -0 0 0 0 3 0 0 -0 0 0 0 5 5 0 -0 0 0 0 1 0 0 -0 0 0 0 3 7 0 -0 0 0 0 1 0

T h e  sign ificance o f  th ese  m easu rem en ts  is th a t  d am p in g  

in  th e  b lo c k  h as  red u ced  th e  vertica l d isp lacem en ts  (w hich  

w o u ld  b e  m a in ly  re sp o n sib le  fo r  se ttlem en t d u e  to  d y n am ic  

fo rces) by  a n  o rd e r  o f  five to  six b e tw een  th e  d eck  a n d  g ro u n d  

f lo o r level. T h e  la te ra l a n d  lo n g itu d in a l v ib ra tio n s  a t  th e  

g ro u n d  flo o r level h av e  b een  sim ila rly  red u ced  b y  a n  o rd e r  

o f  a b o u t th ree . T h ese  v ib ra tio n s  o f  th e  fo u n d a tio n  a re  w ell 

w ith in  th e  safe  lim its  sug gested  by R ic h a rt.

R eco rd s  ta k e n  o n  a  c a th o d e  ra y  osc illo sco p e  h av e  sh o w n  

th a t  th e  v ib ra tio n  is bas ica lly  s in u so id a l a t  a  freq u en cy  o f

50 cy cles/secon d . C o n se q u en tly  it sh o u ld  b e  p o ss ib le  to  a n a ­

ly se th is  d y n am ic  system  th eo re tica lly . A  rec en t p a p e r  o n  

m a ch in e  fo u n d a tio n s  d ea ls w ith  th is  type  o f  p ro b le m  (A lp an  

1961). (S im ila r d y n am ic  m easu rem en ts  h av e  been  m ad e  o n  

a  50 M W  tu rb o -a lte rn a to r  w ith  a  p iled  fo u n d a tio n  in  sa n d  

a n d  san d y  c lay  by  Slooff, R o o rd a  a n d  V a n  d e r V een).

I t  is h o p e d  th a t  it w ill b e  p o ssib le  fro m  th e  o u tc o m e  o f  

th is  w o rk  to  a d o p t a  m o re  ra t io n a l  a p p ro a c h  to  th e  design  

o f  tu rb o -a lte rn a to r  fo u n d a tio n s  o n  g ra n u la r  soils.

T h e  p ro g ra m m e  o f  m easu rem en ts  is p a r t  o f  a  re se a rc h  

p ro g ra m m e  by th e  C e n tra l E lec tric ity  G e n e ra tin g  B o a rd  

w ith  th e  w r ite r ’s c o m p an y , So il M e ch an ics  L im ited , ass is tin g  

th e  B o a rd  in  th is  case  w h ere  a  g ra n u la r  so il offers a  p ro m is in g  
field  o f  s tu d y .
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P a r  sa  c o n tr ib u tio n  (3A /48) le P ro f. V esic a  n o ta m m e n t 

dégag é  le d o m a in e  d ’a p p lica b ilité  de la  m é th o d e  d u  coeffi ­

c ien t d e  ra id e u r  K  p o u r  le ca lcu l des ré a c tio n s  d u  so l so u s  u n e  

p o u tre .

E n  1948 [1] le p re m ie r a u te u r  a  m o n tré  q u e  l ’é c a r t e n tre  

le  m o m e n t m ax im u m  M e  fo u rn i p a r  la  m é th o d e  d u  m o d u le  

d ’é lastic ité  E s c o n s ta n t  e t celui M k  o b te n u  p a r  la  m é th o d e  

d u  coeffic ient d e  ra id e u r  K , est m ax im u m  p o u r  u n e  p o u tre  

re c ta n g u la ire  ch arg ée  d ’u n e  fo rce  ce n tré e  (F ig . 49) q u a n d  

so n  in e rtie  es t in finie.

b
E n  fo n c tio n  de b =  —  e t p o u r  /  =  oo, la  F ig . 50 do rm e 

ces éca rts  q u i v a r ie n t e n tre  —  19 p o u r  c e n t e t —  12 p o u r  cen t

i p

b

F ig .  4 9
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e t so n t  à  c o m p a re r  à  la  v a leu r d e  —  14,5 p o u r  c e n t in d iq u é e  

à  la  figu re  3 de la  c o n tr ib u tio n  de M . V esic p o u r  X =  0. 

L es ré su lta ts  o b te n u s  c o n c o rd e n t avec  ses co n clu sio n s .
2

L es éca rts  e n tre  les m o m en ts  Me e t Mk n e  so n t d o n c  ja m a is  

trè s  im p o r ta n ts  p o u r  u n e  fo rce  iso lée a p p liq u ée  au  cen tre  

d ’u n e  p o u tre . O n  p o u r ra i t  d o n c  se c o n te n te r  d e  la  v a leu r 

o b te n u e  e n  u til isa n t le coeffic ient de  ra id e u r  si la  d é te rm in a ­

t io n  d u  m o m e n t ex ac t s ’a v é ra it lab o rieu se .

P a r  a illeu rs  n o u s  v o u d rio n s  so u lig n e r q u e  l ’h y p o th èse  

c o n s is ta n t à  re m p la c e r les co u ch es rée lles p a r  u n  m a té r ia u  

ca rac té r isé  p a r  u n  E s c o n s ta n t n e  fo u rn it  p a s  a u to m a tiq u e ­

m e n t de ré su lta ts  p lu s  ex ac ts  q u e  si o n  rem p lace  ces couch es 

p a r  u n  liq u id e  ca rac té r isé  p a r  le coeffic ient K  c a r  les co u ch es 

réelles  so n t  so u v en t ca rac té risées  p a r  u n e  co m p ressib ilité  

q u i d im in u e  avec  la  p ro fo n d e u r  Z. A in si Es p e u t  c ro ître  

lin éa irem en t avec la  p ro fo n d e u r

Es = C y k Z  [2]

P o u r  /  =  oo n o u s  av o n s c o m p a ré  (F ig . 51) les ré p a r ti tio n s  

c o r re sp o n d a n t a u x  cas K =  c te  (a), Es =  c te  (c) e t 

Es =  C '(f, Z  (b ). L a  ré p a r ti t io n  b  es t in te rm é d ia ire  e n tre  les 

ré p a r ti t io n s  a  e t c.

L ’h y p o th èse  Es c o n s ta n t  n e  c o n d u it  p a s  n écessa irem en t 

à  des ré su lta ts  situées p lu s  p rè s  d e  la  réa lité .

Si le  so l rée l se co m p o se  d ’u n e  co u ch e  co m p ressib le  d ’ép a is ­

s eu r e p lu s  fa ib le  q u e  la  lo n g u e u r /  de la  c o n s tru c tio n  e t re p o ­

s a n t su r u n e  co u ch e  b e au c o u p  m o in s  d é fo rm ab le  (F ig . 52). 

les ré su lta ts  o b te n u s  avec  l ’h y p o th èse  Es c o n s ta n t  p o u r  u n  

so l c o n s titu é  d ’u n e  co u ch e  u n iq u e  p eu v e n t s ’é c a r te r  p lus 

fo r te m e n t d e  la  réa lité  q u e  d an s  l ’h y p o th èse  d u  coeffic ient 

d e  ra id e u r  K.
N o u s  n o u s  ra llio n s  dès lo rs  à  la  c o n c lu s io n  d u  ra p p o r te u r  

g én é ra l lo rs q u ’il c o n s ta te  q u ’a u  cas d e  fo n d a tio n s  à fa ib le  

rig id ité  re la tiv e  p re n a n t  a p p u i su r u n e  co u ch e  p lu s  épaisse  

d e  so l co m p ress ib le  re c o u v ra n t u n  su b s tra tu m  ro c h eu x , la  

m é th o d e  d u  coeffic ient de ra id e u r  d o n n e ra  des ré su lta ts  p lu s 

ex ac ts  q u e  celle o b te n u e  e n  c o n s id é ra n t u n  m assif indéfin i 

ca rac té r isé  p a r  u n  Es c o n s ta n t;  n o u s  v o u d rio n s  n é an m o in s  

n u a n c e r  u n  p eu  sa  co n c lu sio n  lo rs q u ’il d it q u e  d a n s  to u s  les 

a u tre s  cas  e t sp é c ia lem en t p o u r  les so ls c o m p a c ts  u n ifo rm es , 

les ca lcu ls  effec tu és en  p a r ta n t  d e  l ’h y p o th èse  d ’u n  esp ace  

sem i-in fin i é la s tiq u e  fo u rn iro n t  des ré su lta ts  p lu s  p ro c h e s  d e  

la  réa lité . N o u s  v o u d r io n s  n o ta m m e n t a jo u te r  la  re s tr ic tio n  

« p o u r  a u ta n t  q u e  les p ro p rié té s  d e  d é fo rm a b ilité  rée lles du  

so l p u isse n t ê tre  ca rac té risées  p a r  u n  Es c o n s ta n t  ». E n  effet 

si te l e s t le  cas p o u r  d e  n o m b re u x  p ro b lèm es , p a r  c o n tre  

p o u r  d ’a u tre s  les p ro p rié té s  d e  d é fo rm ab ilité  so n t  m ieux  

carac té risées p a r  u n  Es d o n t  la  v a leu r c ro ît  avec  la  p ro fo n d e u r ,

ce  q u i n o u s  ra p p ro c h e  a lo rs  à  n o u v e a u  d a n s  u n e  m esu re  p lus 

o u  m o in s  im p o r ta n te  de la  so lu tio n  du  coeffic ient d e  ra id eu r .

L a  c o n fig u ra tio n  des co u ch es, leu rs  ép a isseu rs  re la tiv es 

p a r  r a p p o r t  au x  d im en sio n s  d e  la  c o n s tru c tio n , leu rs  p ro p rié ­

tés d e  d é fo rm a b ilité  in tr in sè q u e  a in s i q u e  le u r  succession  

d o iv e n t n o u s  g u id e r e n  défin itive d a n s  le ch o ix  d e  la  m é th o d e .

L . . . 1
E. jab/a limoneux 

' ________

EA 2 » EA i

F ig . 52
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M . A . Eggest ad (N o rv èg e)

_ In  c o n n e c tio n  w ith  th e  p a p e r  3A /43 by  H .U . S m o ltczy k  

d ea lin g  w ith  a  th e o re tic a l c a lc u la tio n  o f  th e  sh e a r d e fo rm ­

a tio n s  b e n e a th  a  sh a llo w  fo u n d a tio n , I w o u ld  lik e  to  d escribe  

so m e m o d e l te sts  w ith  fo u n d a tio n s  o n  sa n d  w h ich  h av e  b een  

c a r r ie d  o u t  a t  th e  N o rw e g ia n  G eo te ch n ica l In s titu te  d u rin g  

th e  la s t y ear.

T h e  o n ly  p u rp o se  o f  th ese  te s ts  w as to  in v estig a te  th e  m o d e  

o f  d e fo rm a tio n  o f  th e  sa n d  b e lo w  a  fo o tin g . B y u se  o f  sm all

v a r iab le  in d u c ta n c e  gauges th e  v e rtica l a n d  h o r iz o n ta l s tra in s  

w ere  m e asu red  a t  v a r io u s  d e p th s  be low  th e  m o d e l fo o tin g . 

T h e  vertica l s tra in  w as m e asu red  a t  6  p o in ts  a lo n g  th e  v er ­

tica l cen tre lin e . T h e  h o r iz o n ta l s tra in  w as m easu red  a t  fo u r  

d ifferen t d ep th s. T h e  m o d e l fo o tin g  w as 20 cm  in  d iam ete r, 

th e  th ick n ess o f  th e  sa n d  lay er w as 50 cm , a n d  th e  d iam e te r 

o f  th e  c o n ta in e r  w as 1,13 m . T h e  tests  w ere ca rried  o u t  w ith  

a  d ry  fine  to  m ed iu m  sa n d  a n d  d ifferen t p o ro s itie s  w ere  used . 

T h e  p o ro s ity  lim its  w ere  a cco rd in g  to  K o lb u szew sk i, 36 p e r 

c e n t a n d  47 p e r  cen t.
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F ro m  th e  o b se rv a tio n s  i t  is p o ss ib le  to  ca lcu la te  h o w  g re a t 

a  p a r t  o f  th e  to ta l  se ttlem en t is d u e  to  la te ra l d isp lacem en t 

a n d  h o w  m u ch  is cau sed  by  a  ch an g e  in  vo lu m e. T h e  p rin c ip le  

o f  th is  m e th o d  o f  p re sen tin g  th e  test resu lts  is illu s tra te d  

o n  Fig. 53. F ig s 54 a n d  56 sho w  lo ad -se ttlem en t cu rves 

in  te rm s o f  th e  q/qu ra t io  v ersu s th e  S/D  ra t io  w here  q is the  

a p p lied  fo u n d a tio n  p re ssu re , § is th e  se ttlem en t, D is th e  

d ia m e te r o f  m o d e l fo o tin g , a n d  qu is th e  p re ssu re  a t  S/D  =  10 

p e r  cen t. In  th e  d iag ram s tw o  cu rv es a re  p lo tte d , o n e  fo r th e  
to ta l se ttlem en t a n d  o n e  fo r th e  se ttlem en t cau sed  on ly  by 

vo lu m e change.

F u r th e rm o re , fro m  th e  v e rtica l s tra in  m easu rem en ts  it 

is p o ssib le  to  d e te rm in e  th e  d is tr ib u tio n  o f  se ttlem en t w ith  

d ep th , w h ich  is sh o w n  o n  F igs 55 a n d  57 fo r  d ifferen t lo ad  

ra tio s . In  th e  sam e d iag ram s a re  sh o w n  th e  d is tr ib u tio n  w hich  

can  be  assu m ed  fro m  a  c o n v e n tio n a l se ttlem en t p re d ic tio n  

b ased  o n  c o n so lid a tio n  tests.

T h e  test resu lts  sho w  th a t  th e  se ttlem en ts  o f  sha llow  

fo o tin g s  o n  sa n d  a re  m ain ly  d u e  to  la te ra l s tra in . In  th e  case 

o f  re la tiv e ly  loose  sa n d  th a t  p a r t  o f  th e  se ttlem en t w hich  is 

d u e  to  la te ra l s tra in  is a b o u t 50 p e r  cen t fo r  qlqu ra tio s  

sm alle r th a n  20  p e r cen t, in creas in g  to  n ea rly  100  p e r cen t 

a t  fa ilu re . F o r  d en se  sa n d  th e  v o lu m e increases fo r q/qu ra tio s  

g re a te r  th a n  a b o u t  30 p e r  cen t, w h ich  is d u e  to  th e  d ila tan cy  

o f  th e  m ate ria l.

T h e  se ttlem en t d is tr ib u tio n  d iag ram s, F igs 55 a n d  57, 

co n firm  th is  co n c lu sio n  as th e  m ain  c o n tr ib u tio n  to  th e  se ttle ­

m e n t o rig in a tes  fro m  la te ra l d isp lacem en t in  th e  d e p th  fro m  

1/2 D to  D, w h ere  th e  sh e a r stresses very  likely a re  m ax im u m . 

T h e  se ttlem en t d is tr ib u tio n  w ith  d e p th  is very  d ifferen t fro m  

th a t  a ssu m ed  in  a  c o n v e n tio n a l se ttlem en t p re d ic tio n  based  

o n  c o n so lid a tio n  tests , a n d  it seem s to  be in d e p e n d e n t o f  th e  

p o ro s ity  o f  th e  sa n d  a n d  o n ly  s lig h tly  d ep e n d e n t o n  th e  

lo a d in g  ra t io , q/qu.
F o r  san d s , th ese  te s t re su lts  m ay  p e rh a p s  c o n tr ib u te  to  a  

m o re  ca re fu l u se  o f  m e th o d s  o f  se ttlem en t an a ly sis  b ased  o n  

s ta n d a rd  c o n so lid a tio n  tests , a n d  lead  to  g re a te r  e ffo rts to  

d evelop  m e th o d s  b ased  o n  th e  sh e a r  s tra in  c h a rac te r is tic s  o f  

th e  m a te ria l.

M . M . I. Gor bunov-Possadov (U .R .S .S .)

T h e  m o st m o d e rn  m e th o d s  o f  c a lc u la tio n  o f  finite  se ttlem en t 

a n d  s tab ility  o f  fo u n d a tio n s , as w ell as b eam s a n d  s la b s  

o n  e las tic  fo u n d a tio n s  em p lo y  th e  th e o ry  o f  e lastic ity  o r  th e  

th eo ry  o f  lim it-stressed  c o n d itio n  (p lastic ity ) o f  so ils. T h e  

a c tu a l se ttlem en t, th e  va lu e  o f  th e  u ltim a te  lo ad , d is tr ib u tio n  

o f  p re ssu res a t  th e  to e  o f  th e  fo u n d a tio n  freq u en tly  s ig ­

n ifican tly  differ fro m  th e  resu lts  o f  these  ca lcu la tio n s . T h is  

d ivergence is ex p la in ed  n o t  o n ly  by  in co rrec t re flec tio n  by  

th e  m e n tio n e d  th eo ries  o f  th e  co m p lex  m ech an ica l p ro p e rtie s  

o f  th e  so ils , b u t  to  a  h ig h  degree by  in c o rre c t a p p lic a tio n  

o f  b o th  th eo ries. In  m an y  im p o r ta n t  cases b o th  e las tic  a n d  

p la s tic  fields s im u ltan eo u s ly  ex ist in  th e  fo u n d a tio n  o f  th e  

stru c tu re . T h ese  fields in te ra c t a lo n g  th e ir  b o rd e rs  w ith  
eq u a lity  o f  n o rm a l a n d  ta n g e n tia l stresses a t  b o th  sides o f  

th e  b o rd ers . T h ese  fea tu re s  d e te rm in e  n o t  o n ly  th e  stressed  

c o n d itio n  b u t  a lso  sho w  th e  b o rd e rs  o f  th e  e lastic  a n d  p la s tic  

fields.

T h is  p ro b le m  o f  c a lc u la tio n  o f  fo u n d a tio n s  is k n o w n  as 

th e  m ix ed  p ro b lem  o f  th e  th eo ry  o f  e lastic ity  a n d  p lastic ity . 

I ts  so lu tio n  is o f  g re a t eco n o m ic  im p o rta n c e . T h u s , fo r 

ex am p le , e s tim a tio n  o f  th e  o rig in  o f  p la s tic  d e fo rm a tio n s  

in  th e  so il u n d e r  th e  fo u n d a tio n  edges sh o u ld  very  m u ch  

low er th e  ra te d  v alues o f  th e  b en d in g  m o m en ts . W h en  

ca lcu la tin g  th e  s tab ility  o f  fo u n d a tio n  e s tim a tio n , th e  fo rm ­

a t io n  o f  a n  e las tic  co re  below  th e  ro u g h  to e  o f  th e  fo u n d a tio n  

leads to  a  sh a rp  in c rease  o f  th e  ra te d  u ltim a te  lo a d  in  co m p a r ­

iso n  w ith  th e  lo a d  d e te rm in e d  o n  th e  bas is  o f  th e  th e o ry  

o f  p las tic ity  o f  soils. In tro d u c tio n  o f  a  rig id  co re  in to  th e  

ca lcu la tio n s  in s te a d  o f  th e  e lastic  co re , is n o t  ju s tif ied  b o th  

b y  ex p e rim en ta l d a ta  o n  d is tr ib u tio n  o f  p re ssu re s  u n d e r  th e  

s tam p  a n d  b ecau se  ch o ice  o f  its  sh a p e  is a rb itra ry . T h e  

sh a p e  o f  th e  co re  sh o u ld  be  d e te rm in e d  o n  th e  basis  o f  so lu tio n  

o f  th e  m ix ed  p ro b le m ; th e  sh a p e  o f  th e  e lastic  co re  p re d e te r ­

m in es th e  sh a p e  o f  th e  a d jo in in g  c o m p a c te d  co re , w h ich  

is in  a  p la s tic  c o n d itio n , a n d  th e  e n tire  p rism  o f  y ield ing  so il 

(F ig . 58).

Fig. 58 G eneral scheme o f solution o f com bined problem  on stability o f stam p on sand fo u nd atio n : A. elastic core;
B. com pacted plastic core; C. tran sien t plastic P rand tl zone; D . zone o f R enkin  sim ple stressed co nd ition ; 
E. sem i-infinite elastic zone.
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W e  h av e  so lv ed  th e  p la n e  sta tic  p ro b le m  o f  d e te rm in a tio n  

o f  th e  b o rd e rs  o f  th e  e lastic  co re  u n d e r  a  rig id  c e n tra l- lo a d e d  

s tam p  p laced  o n  th e  su rface  o f  a  sa n d  fo u n d a tio n  p ro ceed in g  

fro m  th e  fo llo w in g  c o n d itio n s  :

1. S tra in  a n d  stress in th e  co re  a re  d e te rm in e d  o n  th e  

basis  o f  th e  e lastic  theory .

2. T h e  fo llo w in g  is a d h e re d  to  in sid e  th e  co re :

w here  CTj , cr2 =  m ain  n o rm a l stresses a n d  cp =  ang le  o f  

in te rn a l f r ic tio n  o f  san d . T h e  lo w er sign  in  (1) re la tes  o n ly  

to  th e  lo w er b o rd e r  o f  th e  co re .

3. T h e  fo u n d a tio n  is n o t  sh ifted  a lo n g  th e  lin e  o f  c o n ta c t 

in  resp ec t o f  th e  stam p .

4. T h e  co re  b o rd e r  fo r th e  p la s tic  zo n e  is n o t  o n e  o f  th e  

lines o f  s lid in g  a n d  is n o t  th e  in trin s ic  cu rv e  o f  th ese  lin es ; 
it is s im ila r w ith  a b a c k  face t re ta in in g  w all w ith  v a r iab le  

an g le  o f  f r ic tio n  8 b e tw een  th e  w all a n d  p la s tic  so il (8  s i  cp).

5. I t  is co n s id e red  th a t  e las tic  d isp lacem en t in  th e  co re  

is sign ifican t in  re la tio n  to  th e  re c tilin e a r ve rtica l d isp lacem en t 

o f  th e  c o re  d o w n w a rd  w ith  th e  s tam p  u n d e r  th e  lo ad  a p p ro a c h ­

in g  th e  c ritica l va lue. In  a  p la s tic  c o m p a c te d  co re  th e  tra je c to ry  

o f  d isp lacem en t o f  sa n d  p a r tic le s  is iden tified  w ith  th e  lines o f  

slid ing . O n  th e  basis  o f  th ese  p rem ises a n d  ex p e rim en ta l d a ta  

sh o w in g  th a t  th e re  is n o  b re ak in g  o n  th e  d isp lacem en t tra je c ­

to rie s  w h en  p ass in g  fro m  th e  e lastic  c o re  to  th e  co m p ac ted  

p la s tic  co re , it is co n s id e red  th a t  th e  d ire c tio n  o f  o n e  fam ily  

o f  lines o f  s lid ing  in  th e  p la s tic  c o re  is ve rtica l w hen  p assin g  

to  th e  b o rd e r  o f  th e  e lastic  core .

6 . In  th e  u p p e r  c o rn e rs  a ll th re e  stress c o m p o n e n ts  eq u a l 

zero , as th e re  is n o  su rch a rg e  o u ts id e  o f  th e  stam p . A t the  

lo w er c o rn e r  th e  stresses a re  a lso  e q u a l to  zero , as th e  e lastic  

co re  is w edged  in to  th e  lo w er sa n d , w hile th e  ten sile  stresses 

c a n n o t a rise  in  san d .

7. T h e  c o re  is co n s id e red  im p o n d e ra b le , th is  ta k in g  in to  

a c c o u n t its in sig n ifican t size lead in g  to  sm all e rro rs .

F o r  so lv ing  th is  p ro b le m  th e  stress  fu n c tio n , co n sis tin g  

o f  a  b ih a rm o n ic  d o u b le  p o ly n o m ia l o f  th e  7 -th  degree a n d  

o f  6 b ih a rm o n ic  fu n c tio n s  o f  th e  C ¿/-¿2 Inr, w here  r — d is tan ce  

fro m  p o le  “ i ”, w as in tro d u ced . P o in ts  w ere  ch o sen  as th e  

p o le s  o n  th e  ax is o f  sy m m etry  below  the to e  o f  th e  s tam p  a t 

d istan ces re d u c e d  to  th e  h a lf-w id th  o f  th e  stam p

x 0 =  0 -6 , x1 =  0 -7 5 , x 2 = 1 ,  * 3 =  1 • 25,

as w ell as th e  p o in ts  w ith  c o o rd in a te s  x  =  0- 595, y = ± 0 - 1 .  

T h e  coeffic ients  in  th e  stress fu n c tio n  w ere  ta k e n , co n s id erin g  

prec ise  p e rfo rm an ce  o f  a ll ab o v e -m e n tio n e d  c o n d itio n s , 

ex cep t fo r th e  c o n d itio n  o f  A  =  sin  cp, w hich  is ta k e n  a p p ro x ­

im ately .

A s a  re su lt  o f  successive  a p p ro x im a tio n s , th e  so lu tio n  is 

fo u n d  fo r th e  case  o f  9  =  40°, ch a rac te r ized  in  T a b le  59 

a n d  F ig . 60.

T able 59

y 0 -0 0 -2 0-4 0 -6 0-8 1-0

X 0-5910 0-3613 0-1826 0-0700 0-0152 0
0 -  0-6334 -  0-6647 -  0-7020 -  0-5854 0
0 -  0-1479 -  0-2743 -  0-3205 -  0-2676 0
0 0 0779 0-2305 0-2553 0-2098 0

A — 0-653 0-643 0-623 0-617 -

T a b le  59 sho w s th e  re d u ced  c o o rd in a te s  fo r a  ro w  o f  p o in ts  

a t  th e  lo w er b o rd e r  o f  th e  co re  a n d  th e  v a lu es o f  s tresses a t 

these  p o in ts  in  fra c tio n s  o f  Pf/a, w h ere  Pf — c ritica l lo ad . 

T h e  la s t lin e  o f  th e  ta b le  in d ica tes  th e  degree o f  accu racy  o f  

th e  so lu tio n . W ith  a  p rec ise  so lu tio n  A =  sin  40° =  0-6 43 .
T h e  so lu tio n  m ay  b e  fo u n d  m o re  prec ise ly  by  in c reas in g  

th e  n u m b e r o f  b ih a rm o n ic  fu n c tio n s .

T h e  va lu e  o f  c ritica l lo a d  Pf  is se t d u r in g  th e  fo llo w in g  

stages o f  so lu tio n  o f  th e  p ro b lem .

y
Fig. 60 a) Stress diagram s under stam p toe in frac tions of 

value P vertical no rm al stresses (reactive pres ­
sure); t , „  tangential stresses, b) B order o f elastic core.

M . H . G r a s s h o f f  (A llem agne)

I sh o u ld  like to  m ak e  so m e re m a rk s  re g a rd in g  th e  c o n tr i ­

b u tio n  3A /48 o f  P ro f. V esic.

T h e re  a re  tw o  m ain  m e th o d s  o f  c a lcu la tin g  e las tic  fo u n ­

d a tio n  b eam s :

1. T h e  so -ca lled  W in k le r 's  h y p o th es is  ( th eo ry  o f  the  

first degree).

2. T h e  m e th o d  o f  th e  e la s tic -iso tro p ic  sub so il ( th eo ry  

o f  th e  seco n d  degree).

V esic m a d e  very  in te re s tin g  in v estig a tio n s  to  find  o u t  u p  

to  w hich  len g th  o f  fo u n d a tio n  b eam s th e  so-called  W in k le r’s 

h y p o th es is  is still va lid  a n d  w h en  th e  m e th o d  o f  th e  e lastic - 

iso tro p ic  su b so il gives m o re  prec ise  values.

In  th is  c o n tr ib u tio n  th e  p o ssib ilitie s  o f  th e  a p p lic a tio n  o f  

these  tw o  m e th o d s  w ere  very  c lea rly  lim ited  in a  th eo re tica l 

w ay. B u t I d o  n o t  believe th a t  these  refin ed  d ifferen ces a re  

o f  e ssen tia l, p ra c tic a l im p o rta n c e , becau se  th e  su b so il reac ts  

n e ith e r lik e  a  system  o f  in d e p e n d e n t sp rin g s n o r  like  an  

e la s tic -iso tro p ic  m ed iu m . T h e  so -ca lled  W in k le r’s h y p o th es is  

h as  been p re fe rre d  m o stly  b ecau se  it leads to  a  co m p le te  

so lu tio n  if a  c o n s ta n t  coeffic ient o f  su b g rad e  is ap p lied . T h e  

m e th o d  o f  th e  e la s tic -iso tro p ic  su b so il d em an d s m u ch  m o re  

w o rk . L e v in to n  d ev elo p ed  a n  a p p ro x im a te  m e th o d  w hich  

allo w s th e  use  o f  a coeffic ient o f  su b g ra d e  o f  a n y  desired  

d is tr ib u tio n . I ex ten d ed  th is  m e th o d  to  th a t  o f  th e  elastic - 

iso tro p ic  su b so il w ith  th e  p o ss ib ility  o f  u s in g  an y  v a riab le
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m o d u lu s  o f  d e fo rm a tio n  o f  th e  su b so il. I h a d  th e  tw o  m e th o d s  

p ro g ra m m a te d  fo r a n  e lec tro n ic  c o m p u te r  w hich , w ith  o n ly  

few  p a ra m e te rs , c a n  ca lc u la te  a  g re a t n u m b e r o f  ex am p les 

in  a  s h o r t  tim e. In  a  series o f  n ea r ly  80 ex am p les in  w hich 

w e s ta te d  th e  lim itin g  cases o f  a  rig id  a n d  a n  ab so lu te ly  

flexible su p e rs tru c tu re  w e h av e  fo u n d  th a t  th e  in flu ence  o f  

th e  stiffness o f  th e  su p e rs tru c tu re  o n  th e  d is tr ib u tio n  o f  

c o n ta c t p re ssu re  is n o t  so  im p o r ta n t.  T h e  stiffness o f  th e  

fo u n d a tio n  beam  itse lf —  a n d  m o s t o f  a ll th e  m o re  o r  less 

s tiff c o n n e c tio n  o f  th e  c o lu m n s w ith  th e  fo u n d a tio n  beam  —  

sho w s a  m o re  im p o r ta n t  influence.

T o d a y  c o m p u ta tio n  m e th o d s  a re  h ig h ly  d ev e lo p ed  by 

u s in g  e lec tro n ic  co m p u te rs . W ith o u t m a k in g  it m o re  difficu lt 

th ey  p e rm it th e  u se  o f  an y  v a r iab ility  o f  th e  coeffic ien t o f  

su b so il o r  m o d u lu s  o f  d e fo rm a tio n  o f  th e  su b so il. O n ly  

o n e  c a n n o t  say  a n y th in g  a b o u t th e  d is tr ib u tio n . O n e  ca n  

o n ly  co m e  n e a re r  to  th e  so lu tio n  o f  th e  q u es tio n  in  a n  em p irica l 

w ay. T h e  m e th o d s  o f  c a lc u la tio n  a re  n o w  a lre a d y  sufficien tly 

p e rfec ted  fo r a ll possib ilities  o f  v a riab ility  o f  th e  coeffic ient 

o f  su b so il o r  th e  m o d u lu s  o f  d e fo rm a tio n  o f  th e  su b so il to  be 

tre a te d . T h ey  h av e  w idely  o v e r-ro u n d e d  th e  m easu rem en ts . 

T o  d ev elo p  th e  th e o ry  o f  flexible b eam s o n  e lastic  su b g rad e  

m o re  a n d  m o re , it is a b o v e  a ll necessa ry  to  ex am in e  the 

c a lc u la tio n  resu lts  by  m easu rem en ts.

M . A . R . J u m i k i s  (E ta ts -U n is )

O n “  D eform ation  in dry sand observed in laboratory exp er ­

im ents w ith cantilever sheetp ile m odels ”

Q u alita tiv e ly , th e  ex ten t o f  th e  d e fo rm a tio n  o f  th e  passive 

zo n e s^ in  d ry  sa n d  b ro u g h t a b o u t by  a  h o r iz o n ta lly  lo ad ed

F ig .  61
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can tilev e r sh ee tp ile  m o d e l d ep en d s very  m u ch , a m o n g  o th e r 

th in g s , o n  th e  flex ib ility o f  th e  sh ee tp ile  m a te r ia l. L a b o ra to ry  

ex p e rim en ts  sho w  th a t  th e  m o re  rig id  th e  sh ee t p ile , th e  less 

ex tensive th e  d e fo rm ed  passive zo n e  o f  so il o f  th e  o p p o s ite  

side o f  th e  a p p lied  lo ad  to  th e  sh eetp ile . A lso , th e  less re s tra in e d  

is th e  sh ee tp ile  in  th e  sa n d , th e  less a re  sh e a red -o ff bo d ies 
o f  th e  so il m ass in  q u e s tio n  (F ig . 61 a n d  62).

T h e  m o re  flexible th e  sh eetp ile , th e  m o re  it c a n  s to re  up  

en erg y  (lik e  a  b ow  : th e  m o re  it is lo ad ed , th e  m o re  energy  

it  s to re s  u p ), a n d  th e  la rg e r a re  th e  sh e a red -o ff  sa n d  w edges 

(p assive  zo n e) o n  th e  o p p o s ite  side  o f  th e  a p p lie d  h o r iz o n ta l 

lo a d  to  th e  sh eetp ile  (F ig . 63). O n  th is  passiv e zo n e  th e re  

rid es a  re la tiv e ly  sm a ll ac tiv e  zo ne.

T h ese  figures a lso  sh o w  th e  ex istence a n d  p o s it io n  o f  a  

p iv o t p o in t  a b o u t w h ich  th e  sh ee tp ile  ro ta te s . T h e  p iv o t 

p o in t  in  th e  sa n d  (p o in t  o f  ro ta tio n ) , if  th e  p ile  does n o t  

re s t o n  ro c k , is a  m ech an ica l necessity  fo r  b a la n c in g  th e  

fo rces in  q u e s tio n  (ex te rn a lly  a p p lie d  lo a d , activ e  a n d  passiv e 

e a r th  p re ssu res).
T h ese  fea tu re s  as  d esc rib ed  ab o v e  a n d  th e  k in em a tic s  o f  

th e  fo rm a tio n  o f  th e  ru p tu re  su rface  w ere  a lso  d e m o n s tra te d  

to  th o se  a tte n d in g  th e  co n g ress b y  a sh o r t  R u tg e rs  U n iv e rs ity  
film  o n  F rid a y , Ju ly  21, 1961, a t  15.00 h o u rs , A u d ito r iu m  I. 

T h e  film  sho w s th a t  th e  fo rm a tio n  o f  th e  ru p tu re  su rfaces 

is a  c o n tin u o u s  p ro cess . H en ce  a n  a t te m p t sh o u ld  be m a d e  

to  d esc rib e  e a c h  o f  th e  ru p tu re  cu rv es by  c o rre sp o n d in g  

c o n tin u o u s  fu n c tio n s  a s  c lose ly  as is p ra c tic a lly  possib le .

A lso , th e  size o f  th e  p assiv e zo n es d ep en d s u p o n  th e  ra te  

o f  h o r iz o n ta l lo a d in g  o f  th e  sh ee tp ile . K n o w led g e  o f  th e  

sizes a n d  sh a p es  o f  the  ac tiv e  a n d  p assiv e  zo n es  is o f  

im p o r ta n c e  in  s ta b ility  c a lc u la tio n s  o f  sh eetp ile -so il sys ­

tem s.

...... ..... ........... ...........
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F ig . 63

M. A. R. Jumikis

O n  D r J .B . H an se n ’s d iscussion  on Ju m ik is ’ paper 3A /23

entitled  “  the  Shap e o f  Rupture Surface in D ry Sand ”

T h e  a u th o r ’s F igs. 64 a n d  65 sho w  a  c o m p a riso n  o f  

th eo re tica lly  ca lc u la te d  a n d  ex p e rim en ta lly  o b serv ed  sp ira ls.

T h ese  figures in d ica te  c learly  th a t  fo r  a ll in ten ts  a n d  pu rp o ses  

th e  ex p e rim en ta lly  o b ta in e d  ru p tu re  su rfaces ag ree  p ra c tica lly  

very  w ell w ith  lo g a rith m ic a lly  sp ira lle d  su rfaces . B esides, 

a s  th e  ex p e rim en ts  sh o w , th e  fo rm a tio n  o f  th e  ru p tu re  su rface  

is a  continuous process, a n d  so  th e  ru p tu re  su rface  is a lso  

c o n tin u o u s . In tro d u c tio n  o f  c o m p o u n d  ru p tu re  su rfaces 

w o u ld  m e a n  m a th e m a tic a l a n d  p h y s ica l d isco n tin u itie s  a t  

th e  p o in ts  w here  th e  in d iv id u a l cu rv es a n d /o r  ta n g e n ts  jo in  

each  o th e r. S uch  d isco n tin u itie s  w ere  n ev e r o b serv ed  in  th e  

ex p erim en ts .

B esides, th e  a p p lic a tio n  o f  a  lo g a rith m ic a lly  sp ira lled  

ru p tu re  su rface  to  s tab ility  c a lc u la tio n s  possesses a  g rea t 

a d v a n ta g e  o v er th e  assu m ed  c o m p o u n d  ru p tu re  su rfaces, 

n am ely , th a t  in  th e  case  o f  th e  sp ira l it is n o t  necessary  to  

assu m e  n o r  to  b e  c o n ce rn ed  as to  h o w  th e  re a c tio n s  in  soil 

a re  d is tr ib u te d  a lo n g  th e  ru p tu re  su rfaces a n d  w h a t th e ir 

m a g n itu d e s  a re . T h is  is so  becau se  th e  lo g a rith m ic  sp ira l 

po ssesses a n  im p o r ta n t  n a tu ra l  p ro p e rty , n am ely , a ll rad ii-  

v ec to rs  (viz. rea c tio n s) p ass th ro u g h  th e  p o le  o f  th e  sp ira l 

(m o m e n t a rm  fo r re a c tio n s  is zero). H en ce  a ll so il rea c tio n  

m o m e n ts  a re  a u to m a tic a lly  ex c lu d ed  fro m  o u r  s tab ility  

ca lcu la tio n s  by  c o m p a rin g  activ e  (d riv in g ) a n d  reac tive  

(resisting ) m o m en ts . T h is  m ak es  th e  p ro b le m  sta tica lly  

d e te rm in a te .

F u r th e rm o re , th e  lo g a rith m ic a lly  sp ira lle d  ru p tu re  su rface  

h a s  th e  a d v a n ta g e  in  th a t  th e  m o m e n t o f  th e  ru p tu re  su rface  

w edge c a n  b e  in te g ra te d  by  m ean s o f  o n e  sing le  eq u a tio n

betw een  lim its o f  a m p litu d e  co fro m  cOj to  co2, a u to m a tica lly  

ta k in g  ca re  o f  th e  d riv in g  a n d  res is tin g  m o m e n ts  a b o u t th e  

p o le  cau sed  by  th e  self-w eight o f  th e  so il ru p tu re  w edge, 

giving  a  re s u lta n t  m o m e n t [2, 3], T h is  is acco m p lish ed  by  

th e  co s in e  fu n c tio n , co s co, en te rin g  in to  th e  ex p ressio n  o f  
th e  a rm , w h ich  is 2/3 r co s co (F ig . 66 ).

W h en  co varies  be tw een  0 a n d  tc/2, th en  th e  co s in e  varies 

fro m  + 1  to  0, a n d  fro m  co =  7t /2  to  co =  it th e  co sin e  

v arie s fro m  0  to  — 1. F o r  exam p le , if  th e  p la n e  o f  th e  h o r i ­

z o n ta l g ro u n d  su rface  passes th ro u g h  th e  p o le , th e n  th e  

re su lta n t m o m e n t M y  o f  th e  self-w eigh t o f  th e  ru p tu re d  soil 

w edge m ay  be  ca lcu la ted  as

r
A fy  =  (1 /3 ) Y r o /  e3 “  tan c -c o s  co-dco,

'  o

w here  y  =  u n i t  w eig h t o f  soil

r0 =  re fe ren ce  rad iu s-v ec to r

e =  2 .7 1 8 2 8 2 . . .  =  b ase  o f  th e  n a tu ra l  lo g a rith m  
system

w =  a m p litu d e  o f  a n y  ra d iu s -v ec to r 

cp =  an g le  o f  in te rn a l  fr ic tio n  

tan  cp =  coeffic ient o f  in te rn a l fr ic tio n .

N o te  th a t  h e re  th e  in c reas in g  rad iu s-v ec to r, fro m  r0 to  /•_, 

sw eeps th e  ru p tu re d  so il w edge a rea , viz., w eig h t o f  w edge, 

in th e  co u n te rc lo ck w ise  d ire c tio n  fro m  co =  0  to  co =  n.
In  th e  p h o to s , th e  le ft e n d  o f  th e  sp ira l  u n d e rn e a th  th e  

fo u n d a tio n  m o d e l is so m ew h a t dep ressed , in d eed , th u s 

d ev ia tin g  a t  th a t  lo ca lized  reg io n  so m ew h a t fro m  th e  sp ira l. 

H o w ev er, th is  d ev ia tio n  is a n  ex p e rim en ta l “ a fte r-e ffec t ” . 

T h is  is b ecau se  o f  th e  in e rtia  o f  th e  m o d e l a n d  lo a d  w h ich  

c o n tin u e  to  d isp lace  in  th e  h o r iz o n ta l d irec tio n  u p o n  sh e a rin g  

o ff o f  th e  sp ira lled  so il w edge fro m  th e  re s t o f  th e  so il m ass, 

a n d  fro m  se ttlem en t d u e  to  co m p ress io n .

OBSERVED RUPTURE SURFACE 

THEORETICAL SPIRAL

F ig . 64 C o m p a r is o n  o f  th e o re t ic a l  a n d  o b s e rv e d  s p ira ls . O b liq u e  

lo a d in g . C o n ta c t  p re s s u re  =  1 O '/f t2; h = 0. A ll 

m e a s u re m e n ts  in  m illim e te rs .

OBSERVEO RUPTURE SURFACE 

THEORETICAL SPIRAL

F ig . 65 C o m p a r is o n  o f  th e o re t ic a l  a n d  o b s e rv e d  s p ira ls .  O b liq u e  

lo a d in g . C o n ta c t  p re s s u re  =  0• 7 5 (/ f t2; /; =  4". 

A ll m e a su re m e n ts  in m illim e te rs .
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F ig . 66 D r iv in g  a n d  re s is tin g  m o m e n ts  o f  w e ig h t o f  a  s p ira l le d  so il w ed g e .

L ikew ise, th e  a lm o s t ve rtica l sh e a r line in  sa n d  co n n e c tin g  

th e  r ig h t-h a n d  ed ge o f  th e  m o d e l a n d  th e  sp ira l  is a n  a f te r ­

e ffect : u p o n  sh e a rin g  off th e  so il w edge, th e  m o d e l tilts  

a b o u t  its  f ro n t  ed ge, th u s  c u ttin g  in to  th e  sa n d  a n d  c re a tin g  

a  se c o n d a ry  o r  a fte r-sh e a r p la n e  a fte r  th e  sp ira l h a s  a lread y  

b een  fo rm ed . T h e  a u th o r ’s film , w hich  w as sh o w n  a t  th e  

C o n fe ren ce  o n  Ju ly  21, 1961, b rin g s  th is  o u t  c learly . T h e re fo re  

it w as th o u g h t th a t  it is ju stified  to  c o n s id e r th e  w h o le  ru p tu re  

su rface  as a  continuous spiral.
I f  th is  is a  sm all a p p ro x im a tio n , th en  it sh o u ld  b e  a t  least 

as  g o o d  as th e  a p p ro x im a te  c o n d itio n  w ith  w h ich  D r  H a n se n  

likes to  w o rk . I t  is, o f  co u rse , D r  H a n s e n ’s p riv ilege  to  h av e  

his o w n  o p in io n .

T h e  m an y  a d v an tag es  o f  th e  c o n tin u o u s  lo g a rith m ic  

sp ira l , how ever, a re  o b v io u s, a n d  sh o u ld  n o t  be  u n d e r ­

e s tim a ted .
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M M . A. La za r d e t G. Ga l l er and (F ra n c e )

D a n s  u n e  c o m m u n ic a tio n  p ré sen tée  a u  4 e C o n g rès  de  

M é can iq u e  des Sols e t d es F o n d a tio n s  à  L o n d res , en  A o û t

1959 [1] il a  é té  p ro p o sé  2 fo rm u les  (A ) e t (B) p e rm e tta n t  d e  

p ré v o ir  avec  u n e  a p p ro x im a tio n  suffisan te  la  v a le u r d u  m o ­

m en t lim ite  d e  ren v e rse m en t d ’u n e  fo n d a tio n  iso lée.

L a  fo rm u le  (A ), o b te n u e  en  c o rr ig e a n t u n e  fo rm u le  p ro ­

po sée  en  1950 p a r  R a m e lo t e t V a n d e p e rre  [2] ap rè s  des essais 

en  la b o ra to ire  su r  des fo n d a tio n s  à  p e tite  échelle , e s t  u n e  fo r ­

m u le  em p ir iq u e  m ise  a u  p o in t ap rè s  p lu s  d e  200  essa is  d e  

fo n d a tio n s  n o rm a le s  le lo n g  des vo ies des C h em in s  d e  fe r 

fran ça is  d a n s  des te rra in s  d ivers m ais  d e  n a tu re  a rg ileu se  d a n s  

les 2/3 en v iro n  d es cas.

L a  fo rm u le  (B), b ien  c o n n u e  des E lec tric ien s, su p p o se  q u e  

to u te s  les c o n tra in te s  so n t h o riz o n ta le s , ré p a r tie s  lin éa ire ­

m en t, e t  q u e  le  m ax im u m  e n  te r ra in  p la t e s t v o isin  d e  la  v a leu r 

d e  6 k g /cm 2 (85 psi).

L es essais  o n t  m o n tré  q u e  le p h é n o m èn e  lim ite  e s t  e ssen ­

tie llem en t u n  p h én o m èn e  de b u tée  (o u  p o u ssée  passive) 

s ’ex e rçan t su r la  p a r tie  su p é rieu re  de  la  face  a v a n t e t su r  la 

p a r tie  in fé rieu re  d e  la  face  a r r iè re  d e  la  fo n d a tio n .

N o u s  av o n s v o u lu  v o ir d a n s  q u elles  p ro p o r t io n s  o n  au g ­

m en te  la  s tab ilité  e t la  v a le u r d u  m o m e n t lim ite  en  d isp o san t 

tran sv e rsa lem en t à  l ’e ffo rt d e  tira g e  des trav e rse s  h o riz o n ta le s  

en te rrées, so lid a ires  d e  la  fo n d a tio n  e t d isposées l ’u n e  en  

tê te  e t l ’a u tre  a u  p ied  (F ig . 67). Pratiquement, la  m ise  en  p lace  

d e  la  t ra v e rse  d e  p ied  é ta n t  im po ssib le , on s ’est limité à la 
traverse de tête.

L es p re m ie rs  essais  o n t e u  lieu  à  V illem o m b le  (p rès de 

P a ris ) en  m ai 1960. L e te rra in , en  d éb la i, se co m p o se  d ’u n e  

co u ch e  d e  vieux re m b la i d e  0,50 m  d ’ép a isseu r su r d u  sab le  

fo r te m e n t a rg ileux .

L es deux  m assifs  de  fo n d a tio n  é ta ie n t en  b é to n . L a  tra v e rse  

é ta it  sa illan te  p o u r  l ’un  (F ig . 6 8 ) e t in co rp o rée  p o u r  l ’a u tre  

(F ig . 69).

L es ré su lta ts  des essais  o n t  é té  b o n s : p a r  ra p p o r t  à  u n e  

fo n d a tio n  c lass iq u e  d e  m êm e b ase e t d e  m êm e h a u te u r , 

l ’a u g m e n ta tio n  d u  m o m e n t lim ite  d e  ren v e rse m en t a  é té  de 

65 p o u r  c en t e t d e  42  p o u r  cen t.

L a  F ig . 70 d o n n e  la  c o m p a ra iso n  d es ré su lta ts  d es essais 

avec les v a leu rs  ca lcu lé es p a r  la  fo rm u le  (A ) ap p liq u é  au  

p a ra llé lip ip èd e  c irco n sc rit e t  avec  K  =  1,5 e t la fo rm u le
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(B) a d a p té e  \  e t avec  u n e  p re ss io n  lim ite  p =  9. L a  c o n c o r ­

d a n c e  es t b o n n e .

L es essais  d e  V illem o m b le  a y a n t é té  fav o rab les , n o u s  av o n s 

en v isagé d ’en  fa ire  d ’a u tre s  d a n s  la  te r re  b ru te , san s fo n d a tio n  

d ’a u c u n e  so rte .

D e u x  te rra in s  d e  n a tu re  d iffé ren te  o n t  é té  cho isis :

—  L ’u n , à  M assy -P a la ise au  (p rès  d e  P a ris) , se  co m p o se  

d e  te rre  a rg ileu se  m élan g ée  d e  sab le  su r  1 m è tre , p u is  d e  te r re  

végéta le  lo u rd e  fo r te m e n t a rg ileuse . L a  su rface , à  l ’em p lac e ­

m e n t des essais , é ta it  g a rn ie  d e  très  n o m b re u se s  rac in es .

—  L ’a u tre , à  V illen eu v e-T riag e  (p rès  d e  P a ris )  e s t  u n  re m ­
b la i to u t-v e n a n t d e  2 m è tre s  d ’ép a isseu r, d a ta n t  d e  1945, 

su r u n  sab le  a rg ileu x  h u m id e .

L es p o te a u x  d ’essais  é ta ie n t  d es p o u tre lle s  H N  d e  300 e t 

320 m m . Q u a tre  o n t  é té  p la n té s  d a n s  le  so l à  1 m è tre  d e  p ro ­

fo n d e u r, q u a tre  à  1,5 m è tre s  e t d ix  à  2 m ètres.

A  M assy  (essa is d e  m a rs  1961) les p o u tre lle s  o n t  é té  e n ­

fo n cées a u  m o y en  d ’u n  m o u to n  a u to -m o te u r . L e  p ro céd é  

s ’es t rév élé  trè s  len t.

A  V illeneuve (essais d e  ju il le t  1961) elles o n t  é té  d escen d u es 

d a n s  u n  t ro u  d e  0,45 m  d e  d iam è tre , fo ré  m écan iq u em en t, 

p u is  co m b lé  avec  d e  la  te r re  fo r te m e n t d am ée.

U n e  p o u tre lle  su r  d eu x  s ’a p p u y a it  su r  u n e  tra v e rse  de

2,5 m  d e  lo n g u eu r, en  H N  d e  320 m m , e n te rré e  so u s 0,15  m  

d e  te r re  (F ig . 71) l ’a u tre  p o u tre lle  re s ta n t  n u e .

L es p o u tre lle s  avec  tra v e rse  n ’o n t  p as  d o n n é  le  g a in  es ­

c o m p té  (T a b le a u  I).

Tableau  1

Profondeur 
de fiche

Sans traverse Avec traverse

Moment Moment
D  - (m) Emplacement Numéro limite

(mt)
<x limite Emplacement Numéro limite

(mt)
a  limite

1,00 M assy 1 2,4 4 “3 6 ' M assy 2 4,6 11-38'
M assy 3 3,1 4-13' M assy 4 3,6 5-14'

1,50 M assy 5 12,2 20°24' M assy 6 13,5 12-6 '
M assy 7 >  11,8 >  11-30' M assy 8 12,6 7-7'

M assy 9 23,4 31-10' M assy 0 23,7 12-43'
M assy 10 23,0 38°46' M assy 11 27,2 8 -8 '

2,00 Villeneuve 1 26,0 32-30' M assy 12 22,4 18-40'
Villeneuve 2 21,0 24-55' Villeneuve 3 26,7 8-16'
Villeneuve 4 25,6 31044 ' V illeneuve 5 22,0 7-35'

N o u s  c ite ro n s  ég a lem en t, d eu x  essais  an a lo g u es  d e  l ’E lec- 

tr ic ité  d e  F ra n c e . L es p o te a u x  é ta ie n t fichés à  1,80 m  e t 

b u té s  su r  des tra v e rse s  id en tiq u es  au x  n ô tre s . L es m o m en ts  

lim ites  o b te n u s  o n t  é té  d e  20,6 e t d e  29,5 m t, c e tte  d e rn iè re  

v a le u r é ta n t  re m a rq u a b le .

D a n s  to u s  les essais  avec  tra v e rse  n o u s  av o n s c o n s ta té  

l ’effe t « cu ille r », trè s  r a r e  en  te r ra in  p la t  p o u r  les m assifs  

e n  b é to n .

L es m o m e n ts  lim ites ca lcu lé s p a r  la  fo rm u le  (B) a d a p té e  

so n t n e tte m e n t au -d esso u s  des ré su lta ts  d ’essais  (F ig . 72 e t 

73). L es p re ss io n s  m ax im ales m o y en n es p2 c o r re sp o n d a n t  à  

ces d e rn ie rs  so n t d e  :

15 k g /cm 2 p o u r  les p o u tre lle s  n u es ;

10 k g /cm 2 p o u r  les p o u tre lle s  avec  trav e rse , d e  la  S N C F ;

12 e t  17 k g /cm 2 p o u r  les p o u tre lle s  avec  trav e rse , d e l ’E D F .

1. O n  a  c o n tin u é  à  su p p o se r  u n e  ré p a r ti t io n  lin é a ire  des c o n tr a in t e s . 
I l a  fa llu  d é te rm in e r la  p o s itio n  de la  fib re  n e u tre  e t les m o d u le s  d e  
ré s is ta n ce  des p a r tie s  h a u te  e t b asse  (selo n  u n  ca lcu l c lassiq u e).
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p o u tre l le s  (F ig . 74) : il e s t p ro b a b le  q u e  les e ffo rts  n e  sonl 

p lu s  p ro p o r t io n n e ls  à  b d u  fa it  d e  l ’a c tio n  d a n s  les an g les  [3,

C o m p a ré e s  a u x  6  k g /cm 2 p o u r  les m assifs  c lassiq u es e n  

b é to n , e n  te r ra in  p la t, ces v a leu rs  élevées p e u v e n t su rp re n d re . 

E lles  s ’e x p liq u e n t san s d o u te  p a r  la  fa ib lesse  d e  b p o u r  les

L a  fig u re  75 d o n n e  d es c o u rb e s  : e ffo rt d e  tirag e  (T) en 

to n n es-an g le  d e  ro ta t io n  (a ) p o u r  des p o u tre lle s  avec  e t  sans 

tra v e rse . O n  re m a rq u e ra  q u e , p e n d a n t  u n e  n o ta b le  p a r tie  de 

l ’essai, la  p o u tre lle  avec  tra v e rse  se d éverse  b e a u c o u p  m oins 

ra p id e m e n t. C e tte  in d ic a tio n  p o u r ra  ê tre  u tile  au x  A d m in is ­

t ra tio n s  q u i s ’im p o sen t, e n  se rv ic e  n o rm a l, u n  an g le  lim ite  de 

ro ta t io n .

F ig .  75
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I l  co n v ien t d e  m e n tio n n e r  d e u x  essais  d ’E .D .F . avec des 

fo n d a tio n s  é c o n o m iq u es  o ù  la  p lu s  g ra n d e  p a r t ie  d e  la  fo n d a ­

t io n  é ta it  co n s titu é e  p a r  d es p ie rre s  d e  b lo cag e  co incées e n tre  

d eu x  ga le tte s  d e  b é to n  (F ig . 76).

L es essais o n t  é té  in te r ro m p u s  d u  fa it d e  l ’insuffisance  

d es p o u tre lle s , a lo rs  q u e  le  m o m e n t d e  ren v e rse m en t dé jà  

élevé (37 m t d a n s  les 2 cas) n ’a v a it  p ro v o q u é  q u ’u n  fa ib le  

p iv o te m e n t des m assifs  (d é p lacem en ts  an g u la ire s  d e  2 2 '  e t 

29'). Ceci so u lig n e  l ’ex ce llen te  te n u e  d e  ce  ty p e  d e  fo n d a tio n , 

su scep tib le  d ’in té re sse r les c o n s tru c te u rs  d e  lig n es d ’E lec tric ité .

P o u r  te rm in e r , n o u s  m e n tio n n e ro n s  la  th è se  d e  R . B au s 

su r la  c o n tr ib u tio n  a u  ca lcu l à  la  ru p tu r e  d e  p o u tre s  e n  b é to n  

a rm é  e t en  b é to n  p ré c o n tra in t  [3],

E x a m in a n t p lu s  d e  2 000  essa is  effec tués d a n s  le m o n d e  

e n tie r  su r  des p o u tre s  d e  la b o ra to ire  très  so ignées e t se  d o n -

A

H

c  150 >

Dimens/ons en m.

F ig . 76

n a n t u n  in te rv a lle  d e  co n fia n c e  à  95  p o u r  c e n t q u i c o rre s ­

p o n d  p ra tiq u e m e n t à  p re n d re  2  é c a r ts  q u a d ra tiq u e s  d e  ch a q u e  

c ô té  d e  la  m éd ian e , l ’a u te u r  o b tie n t  u n  ex celle n t g ro u p e m e n t 

des p o in ts  ex p é rim en tau x , e n tr e  e n v iro n  139 p o u r  c e n t e t 

79 p o u r  c e n t d e  la  fo rm u le  m o y e n n e  p ro p o sée .

O n  ra p p ro c h e ra  ces v a le u rs  d e s  lim ites \ / 2  o u  141 p o u r  cen t 

a/2
e t  - y  o u  71 p o u r  c e n t  q u e  n o u s  n o u s  é tio n s  fixées à  p rio ri  

p o u r  la  d é te rm in a tio n  d es  fo rm u le s  (A ) e t  (B).

O n  n e  p o u r ra  m a n q u e r  d ’ê tre  su rp ris  en  c o n s ta ta n t  q u e  

les te rra in s  f ran ça is  essayés, s 'é te n d a n t  des a rg iles d e  to u te s  

so r te s  au x  te rra in s  g raveleux , n ’o n t  p a s  p lu s d e  d isp e rs io n  q u e  

des p o u tre s  d e  la b o ra to ire , en  b é to n  a rm é  d ’ex écu tio n  p a r t i ­

cu liè rem en t so ig n ée  (é c a rt q u a d ra tiq u e  r e la t if  v o isin  d e  18 
à  20  p o u r  cen t).
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M. D.M. Mil ovic

C o n c e rn a n t  la  C o n tr ib u tio n  d e  M M . W .G . H o l tz  e t  J .W .

H i l f

J ’ai lu  avec  g ra n d  in té rê t u n e  c o m m u n ic a tio n  d e  M M . 

W .G . H o ltz  e t J .W . H ilf  (3A /20) su r le p ro b lè m e  d u  ta sse ­

m e n t des fo n d a tio n s  des so ls d e  d en s ité  p e u  élevée.

Je  v o u d ra is  fa ire  q u e lq u es  c o m p a ra iso n s  e n tre  les ré su lta ts  

p ré sen tés  p a r  M M . H o ltz  e t H ilf  e t ceux  q u e  j ’a i o b te n u s  

p o u r  le loess en  S erbie.

P a r  l ’em p lo i d e  ra y o n s  X  il é ta it  p ro u v é  q u e  le  lo ess d e  

S erb ie  c o n tie n t u n e  q u a n tité  c o n s id é rab le  d e  m o n tm o rillo -  

n ite . P a r  a illeu rs , les c o u rb e s  g ra n u lo m é triq u e s  au ssi b ien  q u e  

les d o n n ées  d e  p la s tic ité  c o r re sp o n d a n t  avec  celles p ré sen tées  

p a r  M M . H o ltz  e t H ilf, il e n  ré su lte  q u e  le  lo ess  q u e  j ’a i 

ex am in é  p o u r ra i t  ê t re  c lassé  c o m m e le  so l d én o m m é « A  » 

d a n s  la  c o m m u n ic a tio n  d e  ces a u te u rs .

L ’ex am en  d e  p lu s  d e  600 é c h an tillo n s  n o n  re m a n ié s  d u  

lo ess en  S erb ie , a  p e rm is  d ’é ta b lir  q u e  la  d e n s ité  y d e t  la  te n e u r  

en  eau  W  so n t  les p a ra m è tre s  les p lu s  im p o r ta n ts  q u i in ­

flu en t les c a ra c té r is tiq u e s  d u  c isa illem en t e t  d e  c o n so lid a tio n  

d u  loess.

P o u r  év a lu e r l ’in flu ence  d e  c h a q u e  p a ra m è tre  sé p a ré m e n t 

su r  les c a ra c té r is tiq u e s  m en tio n n ées , des in v estig a tio n s  sys ­

té m a tiq u es  é ta ie n t effectu ées su r  les é c h an tillo n s  n o n  rem an ié s  

d u  loess. L es é c h a n tillo n s  d e  la  p re m iè re  série  é ta ie n t  d e  

d en s ité  y d =  1,25 —  1,27 g /cm 3, p o u r  la  d eu x ièm e y d =  1,36

—  1,38, p o u r  la  tro is ièm e  y d =  1,42 —  1,44 g/cm®, p o u r  la  

q u a tr iè m e  y d = 1,48 — 1,50 g /cm 3 e t  p o u r  la  c in q u iè m e  

y d =  1,53 -  1,55 g /cm 3.

L es é c h an tillo n s  d e  ces c in q  séries é ta ie n t ex am in és avec 

des te n e u rs  e n  e a u  d ifféren te s, v a r ia n t  d e  10 à  28 p o u r  cen t.

L es ré su lta ts  des essais  d e  c isa illem en t d es é c h an tillo n s  du  

loess n o n  re m a n ié s  d e  la  m êm e  d en s ité  in it ia le  y d m a is  d e  

te n e u rs  e n  e a u  d iffé ren tes  so n t  p ré sen té s  su r  la  F ig . 77. L ’in ­

fluence d e  la  te n e u r  e n  ea u  es t év iden te .

S u r la  F ig . 78 so n t d o n n é s  les ré su lta ts  des essais  d e  c isa ille ­

m e n t p o u r  u n e  m êm e te n e u r  e n  e a u  W  m ais p o u r  d ifféren tes 

v a leu rs  d e  la  densité .
L a  re la t io n  e n tre  les v a leu rs  d e  la  co h és io n  C  e t  d e  la  d en sité  

y d, p o u r  la  m êm e  te n e u r  e n  e a u  es t d o n n é  su r  la  F ig . 79, 

ta n d is  q u e  la  re la t io n  e n tre  les v a leu rs  d e  la  co h és io n  e t d e  la  

te n e u r  e n  eau , p o u r  u n e  m êm e  d en s ité , e s t p ré sen tée  su r  la  

F ig . 80.
C o m m e il a  d é jà  é té  d it, les p a ra m è tre s  les p lu s  im p o r ta n ts  

so n t la  te n e u r  en  eau  e t la  d en sité , ce  q u i es t év id en t d a n s  les 

ré s u lta ts  do n n és.
L ’im p o r ta n c e  d e  ces p a ra m è tre s  p o u r  les c a rac té r is tiq u es  

de  c o n so lid a tio n  n ’es t p a s  m o in s  re m a rq u a b le .
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Td~ f 3 € -1.33 ÿ r /c m 3

w - -es sr.

Teneur en eau IV %

F ig . 80 V a r ia t io n  d e  c o h é s io n  en  fo n c t io n  d e  la  te n e u r  e n  e a u  

(é c h a n ti l lo n s  n o n  re m a n ié s ) .

P o u r  to u te s  les c inq  séries d es éch an tillo n s  n o n  rem an iés 

du  lo ess d e  d en s ité  y d = 1,25 — 1,55 g /cm 3, les essais  d e  

c o n so lid a tio n s  é ta ie n t effec tu és avec des ten eu rs  en  eau  
différen tes.

S u r la  F ig . 81 so n t p ré sen tés  les ré su lta ts  des essais  d e  c o n so ­

l id a tio n  du  loess les p lus ca rac té r is tiq u es .

R é s u l ta ts  d e  l ’e s sa i d e  c is a il le m e n t 

(é c h a n til lo n s  d e  m ê m e  d e n sité ).

d u lo ess

Pression veréicate G kg/cmp

F ig . 78  R é s u l ta ts  d e  l ’e s sa i d e  c is a il le m e n t d u  lo e ss  d e  S e rb ie  

(é c h a n ti l lo n s  a v ec  la  m ê m e  te n e u r  e n  ea u ) .

d e  S e rb ie

D e n s ile  JT y r/cm 3

F ig . 79  V a r ia t io n  d e  c o h é s io n  e n  fo n c t io n  d e s  d e n s ité s  (é c h a n ­

t i l lo n s  n o n  re m a n ié s ) .

F ig . 81 R é s u l ta ts  d ’essa i d e  c o n s o lid a t io n  d u  lo e ss  d e  S e rb ie .

L ’in fluence d e  l ’a u g m e n ta tio n  d e  la  te n e u r  en  e a u  su r la 

g ra n d e u r  d e  la  d é fo rm a tio n  es t c la ire m e n t m o n tré e  p a r  les 

co u rb e s  d e  co n so lid a tio n . E n  m êm e te m p s  o n  p e u t  c o n s ta te r  

l ’im p o r ta n c e  d u  d eu x ièm e p a ra m è tre , c ’es t-à -d ire  d e  la  d e n ­

s ité  in itia le , d e  laq u e lle  d ép en d  l ’in fluence d e  l ’a u g m e n ta tio n  

d e  la  te n e u r  en  ea u  su r l ’a u g m e n ta tio n  d e  la  d é fo rm a tio n .

Il e s t  très  in té re ssa n t de  so u lig n e r u n e  trè s  b o n n e  c o n c o r ­

d an ce  d e  ces ré su lta ts  avec  ceux  p ré sen té s  d a n s  la  c o m m u n i ­

c a tio n  d e  M M . H o ltz  e t  H ilf.

A  m o n  avis, les c ritè re s  d u  ta sse m e n t p o u r  le lo ess qu i 

t ie n n e n t c o m p te  s im u lta n é m e n t d e  la  d en s ité  e t d e  la  te n e u r 

en  eau , p a r tic u liè re m e n t en  te n a n t  c o m p te  d u  ta ssem en t 

p o te n tie l, se ro n t ceux  c o r re sp o n d a n t  le  m ieu x  à  la  réa lité .

Pression wéica^e G kg/cme
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M . D .M . Mil ovic (Y ougoslav ie )

In te rv e n tio n  c o n c e rn a n t  le s  C o m m u n ic a tio n s  d e  M M . A .

B e le s  e t  I .  S ta n c u le s c o  (vo l. I  3 A /5 )  e t  d e  M . G . S te fa n o f f

(v o l. I I ,  7 /7 )

U n e  q u es tio n  p a rm i les p lu s  in té re ssan te s  q u a n d  il s ’ag it 

des p ro b lèm es d e  fo n d a tio n  su r  lo ess es t san s d o u te  la  sensi ­

b ilité  d u  lo ess sou s l ’a c tio n  de l ’e a u  e t la  d é te rm in a tio n  d e  la  

g ra n d e u r  du  ta sse m e n t su p p lém en ta ire  d û  à  l ’a u g m e n ta tio n  

d e  la  te n e u r  e n  eau .

T rès  so u v en t c e tte  sen sib ilité  es t c a rac té r isée  p a r  le ta sse ­

m e n t spécifique so u s u n e  p re ss io n  fixée à  3 k g /cm 2 (vo l. I, 

3A /5 , e t  vol. II , 7/7).

C e p e n d a n t, à  la  b a se  d es n o m b re u x  essais  o n  p e u t  c o n s ­

t a te r  avec  c e r titu d e  q u e  le ta sse m e n t su p p lé m e n ta ire  d û  à 

la  s a tu ra tio n  d ép en d  d e  la  d en s ité  e t d e  la  te n e u r  en  eau . L a  

sen sib ilité  e s t d ’a u ta n t  p lus g ra n d e  q u e  la  d en s ité  e t  la  te n e u r  

e n  ea u  in itia le  so n t p lu s  p e tite s .

E n  m êm e tem p s , o n  p e u t d ire  q u e  les v a le u rs  d u  ta ssem en t 

su p p lé m e n ta ire  a u g m e n te n t avec  le  d eg ré  d e  sa tu ra tio n  e t la  

p re ss io n  v ertica le .

F ig .  82

S u r la  F ig . 82 so n t rep résen tées  d eu x  c o u rb e s  les p lus 

ca ra c té r is tiq u e s  d u  coeffic ient d u  ta sse m e n t spécifique

A  €

/_  =  ----- — , l ’u n e  p o u r  les éch an tillo n s  n o n  rem an ié s  de
1 +  e„,

d en sité  trè s  p eu  élevée f d =  1,25 — 1,27 g /cm 3 e t  l ’a u tre  

p o u r  ceux  d e  d en s ité  assez  élevée y d =  1,53 — 1,55 g /cm 3.

D a n s  ce  cas p ré se n té  c i-dessus la  te n e u r  en  ea u  d e  5 p o u r  

c en t es t au g m en tée  ju s q u ’à  25 p o u r  cen t. L es c o u rb e s  m o n tre n t  

c la irem en t la  c o rré la tio n  e n tre  le ta sse m e n t su p p lém en ta ire  

e t  la  densité .

M. E. Schul t ze ( A l l e m a g n e )

In  th e  G e n e ra l R e p o r t,  p a ra g ra p h  2 re g a rd in g  3A /4 1 , it 

is sa id  th a t  th e  in tro d u c tio n  o f  th e  safe ty  fa c to r  in to  th e  ca l ­

c u la tio n s  o f  edge p re ssu res  (as is d o n e  in  th e  p a p e r)  seem s 

to  b e  u n ju stif ied  becau se  o n  th e  o n e  h a n d  th is  fa c to r  increases 

th e  d ivergen ce  b e tw een  th e  ex p e rim en ta l a n d  th e o re tic a l 

d a ta ,  a n d  o n  th e  o th e r  h a n d  it  is n o t  g en era lly  in c lu d e d  in  

th e  sa fe ty  m a rg in  w hen  c a lcu la tin g  fo u n d a tio n  s tren g th .

T h e re  m u s t h a v e  b een  a  m isu n d e rs ta n d in g . N o  safe ty  

fa c to r  h a s  b een  in tro d u c e d  in to  th e  ca lc u la tio n , b u t  i t  h a s  

b een  b ased  o n  th e  fac t th a t  ac tu a lly  fo u n d a tio n s  a re  n o t  

s tressed  by  th e ir  fa ilu re  lo a d  b u t  o n ly  b y  a  f ra c tio n  o f  it,

e s tim a te d  a t  1/2 to  1/3. In  case  o n e  w a n ts  to  c o m p a re  th e  

o b se rv ed  c o n ta c t  p re ssu re  d is tr ib u tio n  w ith  th e  th eo ry , 

o n e  h as  to  ta k e  fro m  F ig . 2 a  p re ssu re  d is tr ib u tio n  reg a rd in g  

th is  c ircu m stan ce . T h ese  a re  th e  d is tr ib u tio n s  in  F ig . 2 d o r  e. 

In d eed , they  c o rre sp o n d  q u ite  w ell w ith  m easu re m e n ts  o f  

s tru c tu re s ;  th e  d is tr ib u tio n s  o f  F ig . 2 a  d o  n o t  m a tc h  (c o m p le te  

efficiency o f  th e  so il fa ilu re  lo a d  =  safety ). A s th e  d ifference 

o f  th e  d is tr ib u tio n s  fo r  a  safe ty  o f  2 o r  3 is o n ly  sm all th e  

ex ac t efficiency d e te rm in a tio n  o f  th e  m a x im u m  lo a d  is n o t  

n ecessary . N a tu ra lly  th is  va lu e  o f  th e  d ifferen t m easu red  

fo u n d a tio n s  varies .

T h e  n o tice , th a t  th e  p re v io u s  resu lts  c o n ta in  to o  h ig h  

sa fe ty  fac to rs , since they  n eg lec t p ro b le m s asso c ia ted  w ith  

th e  e x te n tio n  o f  p la s tic  zo n es d o w n  to  a  c e r ta in  d e p th  a n d  th e  

o r ig in a tio n  o f  a n  e las tic  so il w edge u n d e r  th e  fo u n d a tio n  base , 

c a n n o t  b e  u n d e rs to o d  w ith o u t a n y  e x p la n a tio n . A c tu a lly  

a  c o m p ressab le  w edge u n d e r  th e  fo u n d a tio n  d o es n o t  ch an g e  

th e  so il fa ilu re  lo a d  as lo n g  as th is  w edge d o es n o t  differ 

to o  m u ch  fro m  th e  P ra n d tl-B u ism a n  p la s tic  tr ia n g le  u n d e r  

th e  fo u n d a tio n . T h e re  ex ists n o  re a so n  fo r  th e  ab o v e  m en tio n ed .

M . H . U . Smol t czyk (A llem agne)

T h e  G e n e ra l R e p o r te r , M r  T sito v itc h , h a s  m issed  a rg u m en ts  

in  m y  p a p e r  3A /43 fo r  m y  a p p ro a c h  to  th e  p ro b le m  o f  th e  

b e a rin g  cap ac ity  o f  sh a llo w  fo u n d a tio n s  o n  san d . I th e re fo re  

w o u ld  lik e  to  ap o lo g ize  by  re fe rr in g  h im  to  th e  fac t th a t  it 

w as necessa ry  to  k eep  to  th e  lim it ru le d , tw o  p ag es o n ly  : 

th e re  w as little  sp ace  fo r  arg u in g .

B u t, fo llo w in g  o n  th e  G e n e ra l R e p o r te r ’s p ro p o sa ls  fo r 

d iscu ssio n , I  w ill give so m e co m m e n ts  w h ich , as w ell, m ig h t 

ex p la in  th e  necessity  a n d  b as ic  id e a  fo r  a n  a d d itio n a l a p p ro a c h  

to  th e  p ro b lem .

W h en  I s ta r te d  to  d ea l w ith  th e  p ro b le m  o f  b e a r in g  cap ac ity  

I  n a tu ra l ly  fo u n d  m y se lf q u ite  fa sc in a te d  b y  th e  p o ssib ilitie s  

o f  th e  th e o ry  o f  p la s tic  ru p tu re . A ll th o se  so lu tio n s  w hich  

w ere  a n d  a re  b e in g  d ev elo p ed  p re su p p o se  th e  ex istence  o f  

ru p tu re  lin es w hich  su r ro u n d  th e  a re a  o f  u n re s tr ic te d  p lastic  

d e fo rm a tio n . H o w ev er, th ey  d o  n o t  a t  a ll co v er th e  w ide 

ra n g e  o f  p o ssib le  s ta te s  o f  d e fo rm a tio n  w h ere  n o  ru p tu re  

lin e  y e t ex ists , b u t  w h e re  th a t  a m o u n t o f  p la s tic  d e fo rm a tio n  

th a t  in  each  stag e  o f  d e fo rm a tio n  p ro cess  is in te rc o n n e c te d  

w ith  e las tic  s tra in , fa r  exceeds th e  ad m issib le  lim it. So , a  

b as ic  q u e s tio n  arises : h o w  can  w e tra n s fo rm  th e  d e fo rm a tio n  

ex perience  w h ich  w e s ta te  in  a n y  so il te s t to  p ra c tic a l s ta te s  

o f  s tress  in  th e  field  ? E v e ry b o d y  q u ite  ag rees a b o u t  th e  

n ecessity  o f  c a lcu la tin g  se ttlem en ts  b u t  very  little  is d o n e  to  

ca lcu la te  th e  d isp lacem en t o f  so il fo llo w in g  sh e a r stresses. 

T o  d ea l w ith  th is , th e  fo llo w in g  p o in ts  seem  to  m e  to  be 

e ssen tia l :

A  b o d y  o f  so il w h ich  co m es to  a  s ta te  o f  b a la n c e  a fte r  

so m e m o v em en ts  o f  its p a r tic le s  is, fro m  th e  m ech an ica l 

p o in t  o f  view , ju s t  as m u ch  a n  e lastic  b o d y  a s  an y  o th e r  

m a te r ia l  is. I t  is n o t  n ecessa ry  to  c o n s id e r a n  a re a  o f  so il 

in  w h ich , p r io r  to  fa ilu re , so m e re m a rk a b le  d e fo rm a tio n s  
o ccu r, as b e in g  so m e th in g  m y ste rio u s  b e tw een  e lastic ity  

a n d  p las tic ity . M a y b e  it  is necessa ry  to  h av e  m o re  th a n  o n e  

cycle o f  lo a d in g  a n d  u n lo a d in g  u n til  th e  a d d itio n a l a m o u n t 

o f  d e fo rm a tio n  p e r  cycle is sm all e n o u g h  to  ta k e  th e  s ta te  

o f  th e  b o d y  b alan ced . In  so m e  cases w e d o  n o t  co m e  to  an y  

b a la n c e  a t  all. H o w ev er, if  su c h  a  s ta te  o f  b a la n c e  is po ssib le , 

th e  b o d y  h a s  g o t a n  e las tic  p o te n tia l  a n d  m ay  b e  an a ly sed  

b y  m ean s o f  th e  th e o ry  o f  e lastic ity . T h is  c a n  be  p ro v e d  by  

a  sim p le  ex p erim en t.

O n  th e  su rface  o f  a  so il b o d y  a  v ib ra tio n  is ex cited  (left 

side). T w o  p ick -u p s  m e a su re  th e  a m p litu d e . B etw een  th em , 

w e p u t  a  lo a d in g  p la te . A s so o n  as w e lo a d  th is  p la te  co n s id e r ­

ab ly , w e c a n  o b serv e  a  to ta l  e x tin c tio n  o f  th e  a m p litu d e  to  

th e  rig h t. T h is  m ean s  th a t  th e  e la s tic  energy  w hich  is led 

off in  th e  so il c a n n o t  p ass th e  a re a  w here  th e re  a re  p la s tic
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R irt o f space, in  which no vib ra tio n  

occurs during process o f lo a d in g, 
because an elastic p o te n tia l is n o t 
possible ftie re

Fig. 83

H o w ev er, th is  d o es n o t  m e a n  th a t p re c a s t fo u n d a tio n s  m ay  

be u se d  ev eryw here . F o r  h ig h ly  co m p ress ib le  m a c ro p o ro u s , 

settlin g , a n d  ex pan siv e  soils o n ly  su ch  fo u n d a tio n  s tru c tu re s  

a re  a llo w ab le  w hich  h av e  suffic ient s tre n g th  a n d  rigid ity.

D e p e n d in g  o n  th e  seq uence  o f  a rra n g e m e n t be low  th e  

s tru c tu re , p re c a s t fo u n d a tio n s  a re  d iv id ed  in to  th ree  g ro u p s  —  
s trip , in te r ru p te d , a n d  p o s t.

S trip  fo u n d a tio n s  a re  e re c ted  o f  so lid  re in fo rced  co n cre te  

cu sh io n  b lo ck s p la c e d  in  a  so lid  s trip  (F ig . 84 a) a n d  o f  so lid  

co n c re te  o r  re in fo rced  co n c re te  h o llo w  w all b lo ck s (F ig . 84 b), 
p laced  o n  c u sh io n -b lo ck s  in  severa l ro w s by  h e ig h t “ larg e- 

b lo ck  ” o r  in  o n e  ro w  by h e ig h t o f  th e  b asem en t w all 

“ p a n e l

d e fo rm a tio n s , b ecau se  th e re  is n o  s ta te  o f  b a la n c e  an d , 

su b seq u en tly , n o  e las tic  p o te n tia l ex is ten t. W h e n  th e  lo ad in g  

p la te  s to p s  its  se ttlem en t, th e  a m p litu d e  g ra d u a lly  increases 

ag a in . T h e  le ft a m p litu d e  d o es n o t  sh o w  a n y  v a r ia tio n . T h is  

p h e n o m e n o n  is a  very  in fo rm a tiv e  ex am p le  fo r  th e  m ech an ism  

o f  e las tic ity  in  a  so il b o d y .

T ry in g  to  t re a t  th e  so il b o d y  b y  m e a n s  o f  th e  th e o ry  o f  

e lastic ity , i t  is n o t  p o ss ib le  to  ta k e  in to  c o n s id e ra tio n  th e  

lim ite d  d ev ia to ric  p la s tic ity  o r  d isp lacem en t o f  so il ju s t  by  

u s in g  tw o  d iffe ren t m o d u li  o f  e lastic ity , i.e. a  m o d u lu s  fo r  

lo a d in g  a n d  a n o th e r  o n e  fo r  u n lo a d in g . T h is  c a n  b e  d o n e  on ly  

w h ere  th e  s ta te  o f  s tress  is a lm o s t c o n s ta n t, as in  a  tr ia x ia l 

te s t  fo r  in s ta n ce . I n  a  g en era l s ta te  o f  stress, c h an g in g  fro m  

p o in t  to  p o in t, th is  w o u ld  b e  p o ss ib le  o n ly  if th e  m o d u lu s  

w ere  c o n s ta n t. W e c o u ld  th e n  gen era lly  say  th a t  a  c e r ta in  

p e rc e n ta g e  o f  th e  to ta l  d e fo rm a tio n  w o u ld  a lw ay s b e  o f  a 

p e rm a n e n t c h a ra c te r . B u t th e  n e a re r  w e a p p ro a c h  th e  s ta te  

o f  fa ilu re  th e  less c o n s ta n t  is th is  m o d u lu s . So , i t  is conclu siv e  

th a t  th is  p ro b le m  c a n n o t b e  se p a ra te d  f ro m  th e  o th e r  o n e , 

to  in tro d u c e  in to  o u r  c a lc u la tio n s  in  c e r ta in  cases a  m o d u lu s  

th a t  is a  fu n c tio n  o f  s tress . I  sh o u ld  b e  very  in te re s te d  in d eed  

to  le a rn  a b o u t  p o ss ib ilitie s  o f  d ea lin g  w ith  th is  p ro b le m  in  

a n y  w ay  o f  re a so n a b le  a p p ro x im a tio n  th a t  m a k e s  o n e  in ­

d e p e n d a n t o f  th e  a b so lu te ly  in su ffic ien t m e th o d  o f  co n s id e rin g  

so il a  H o o k ia n  b o d y .

M M . N . M . Sokol ov e t E . A . Sor ocha n (U .R .S .S .)

T h e  p rin c ip a l d ire c tio n  in  c o n s tru c tio n  in  th e  U .S .S .R . 

is th e  a p p lic a tio n  o f  d e ta ils  a n d  s tru c tu re s  o f  b u ild in g s 

p rev io u s ly  m a n u fa c tu re d  a t  fac to ries . T h e  p re c a s t e lem en ts 
a re  a lso  u se d  fo r  e re c tin g  fo u n d a tio n s  —■ o n e  o f  th e  m o st 

re sp o n s ib le  a n d  la b o rio u s  p a r ts  o f  th e  b u ild in g .

T h e  w o rk in g  o u t  o f  th e  p ro b le m  o f  a p p lic a tio n  o f  p re c a s t 

fo u n d a tio n s  in  th e  S o v ie t U n io n  w as s ta r te d  as lo n g  ago  

as  1925. H o w ev er, m ass a p p lic a tio n  o f  su ch  fo u n d a tio n s  h as 

b een  w idely  d ev e lo p ed  in  rec en t years. F o r  exam p le , i t  is 

suffic ien t to  n o te  th a t  o v er 90 p e r  c e n t o f  dw ellin gs b e in g  

b u ilt  a t  p re se n t in M o sco w  a n d  L e n in g ra d  h av e  p re c a s t fo u n ­

d a tio n s .

T h e  p rev io u s ly  ex istin g  p o in t  o f  view  th a t  in  case  o f  

rep la c e m e n t o f  “ s tro n g  ” m o n o lith ic  fo u n d a tio n s  b y  “ c u t ” 

p re c a s t o n es , d e fo rm a tio n s  w o u ld  in ev itab ly  a p p e a r  in  th e  

b u ild in g , w as b a se d  o n  in a c c u ra te  ideas o n  th e  w o rk  o f  th e  

s tru c tu re . I t  w as n o t  ta k e n  in to  a c c o u n t th a t  th e  fo rces 

a ris in g  d u r in g  u n e q u a l  se ttlem en t o f  th e  b u ild in g  a re  res is ted  

n o t  o n ly  b y  th e  fo u n d a tio n s , b u t  a lso  by  a ll o th e r  b u ild in g  

s tru c tu re s , in  d irec t ra t io  w ith  th e ir  rig id ity .

B esides, in v estig a tio n s  h a v e  d e te rm in e d  th a t  c h an g in g  o f  

r ig id ity  o f  th e  fo u n d a tio n  h as  p ra c tic a lly  n o  in flu ence  o n  

th e  to ta l  r ig id ity  o f  th e  bu ild in g .

Fig. 84 b P recast strip foundations w ith hollow  reinforced 
concrete wall blocks.

I n  th e  la tte r  case , th e  fo u n d a tio n  is se p a ra te d  by  th ro u g h  

v e rtica l jo in ts  a n d , th e re fo re , h a s  n o  s tre n g th  a n d  rig id ity  

lo n g itu d in a lly . T h e  a p p lic a tio n  o f  su ch  fo u n d a tio n s  is a llo w ­

ab le  o n ly  o n  so ils  o f  low  co m p ressib ility . T h e  in s ta lla tio n  o f  

su ch  fo u n d a tio n s  b eco m es m o re  c o m p lica ted  a t  d ifferen t 

d e p th s , as a  la rg e r n u m b e r o f  s ta n d a rd  sizes o f  p an e ls  is 

req u ired .

F o r  fo u n d a tio n s  o f  w all b lo ck s  o f  low  h e ig h t, these  d is ­

ad v a n ta g e s  fa ll aw ay . D u e  to  th e  p o ss ib ility  o f  p lac in g  b lo ck s 

w ith  jo in t in g  o f  th e  fo u n d a tio n , th e  la tte r  m ay  re s is t lo n g i ­

tu d in a l ten sile  stresses a ris in g  d u r in g  u n e q u a l se ttlem en t o f  

th e  bu ild in g .
F o r  a  d e p th  o f  v e rtica l jo in tin g  o f  th e  fo u n d a tio n  w all 

b lo ck s

»1 ■ h R„
t >  -----n -T

w h ere  : h =  h e ig h t o f  b lo ck s , cm ;

m =  n u m b e r o f  b lo ck s , w h ere  d e s tru c tio n  m ay  

a p p e a r ;

n =  n u m b e r o f  ro w s o f  b lo ck s;

T  =  sh e a r re s is tan ce  o f  m o r ta r  in  jo in t ,  k g /cm 2;

Rv =  u ltim a te  s tre n g th  o f  b lo c k  m a te r ia l, k g /cm 2 

[tensile  res is tan ce  o f  la rg e -b lo ck  fo u n d a tio n s  

(s tren g th ) w ill b e  fo r  a ll o th e r  e q u a l c o n d itio n s  

h ig h e r th a n  fo r  m o n o lith ic  ru b b le  co n cre te ] .

Fig. 84 a Precast strip  foundations w ith solid concrete wall 
blocks.

235



P re cas t fo u n d a tio n s  a re  exped ien tly  m ad e  o f  a  lim ited  

n u m b e r o f  s ta n d a rd  m em b ers, as th is  sim plifies th e  tech n o lo g y  

o f  th e ir  m a n u fa c tu re  a n d  assem bly .

H o w ev er, th is  c o n s id e ra tio n  leads to  th e  fac t th a t, in  m o st 

cases, th e  desig n  w id th  o f  th e  fo u n d a tio n  does n o t  co inc id e  

w ith  th e  w id th  o f  th e  s ta n d a rd  b lo ck s a n d  th e  fo u n d a tio n  

is u su a lly  m a d e  w id er n o t  u s in g  en tire ly  th e  b e a rin g  cap ac ity  

o f  th e  fo u n d a tio n  so il.

02P
f̂oLrnc/atioo cuih.'o,

Fig. 85 Precast in terrupted  foundations.

In te r ru p te d  fo u n d a tio n s  a re  e rec ted  by  p la c in g  cu sh io n - 

b lo ck s a t  so m e d is tan ce  fro m  each  o th e r  (F ig . 85). In  th is  

case, it is p o ss ib le  to  ch o o se  su ch  a  d is ta n ce  b etw een  th e  

b lo ck s  (C ), so  th a t  th e  p re ssu re  a t  th e  to e  is e q u a l to  the 

desig n  res is tan ce  o f  th e  fo u n d a tio n  so il.

C =  f e — l V

\ / d e s  J

w here  : /min =  w id th  o f  s ta n d a rd  c u sh io n -b lo c k ;

/des =  desig n  w id th  o f  fo u n d a tio n ;
/  =  len g th  o f  s ta n d a rd  cu sh io n -b lo ck .

O u r in v estig a tio n s  h av e  d e te rm in e d  th a t  a  s trip  fo u n d a tio n  

m ay  be  rep laced  by  a n  in te r ru p te d  fo u n d a tio n  eq u iv a len t in  

re la t io n  to  se ttlem en t b y  sh iftin g  a p a r t  th e  c u sh io n -b lo ck s  

fo r  th e  re q u ire d  d is tan ce . A s a n  exam p le , F ig . 86  show s

Fig. 86 a

L l
F.

F unctio n  of reduced settlem ent o f in te rrup ted  fou nd ­
a tions o f a  w idth o f 1-6  m , 2 -0  m  and  2-3  m,
1 ■ 6 m  long  on  the distance between the cushion- 
blocks.

th e  fu n c tio n  o f  se ttlem en t W  (h e re  th e  re d u ced  se ttlem en t 

is th e  ra t io  o f  th e  se ttlem en t o f  th e  in te r ru p te d  fo u n d a tio n  

to  th e  se ttlem en t o f  th e  s trip  fo u n d a tio n )  o n  d is ta n ce  C 

b etw een  th e  cu sh io n -b lo ck s  fo r a n  in te r ru p te d  fo u n d a tio n  

o f  a  w id th  o f  b1 =  1 -6  m ; b2 = 2-5 m  rep lac in g  a  s tr ip  

fo u n d a tio n  o f  a  w id th  o f  b1 =  1 -6  m .

T h e  cu rv e  show s th a t  su ch  a  s trip  fo u n d a tio n  m ay  b e  

rep laced  by  o n e  w ith  a n  eq u iv a len t se ttlem en t o f  th e  in te r ru p te d  

type  (i.e. W =  1 • 0 m ) o f  a  w id th  o f  ¿ 2 =  2 m  w ith  th e  d is tan ce  

b e tw een  th e  b lo ck s Cl =  0 -7  m  o r  b y  a  fo u n d a tio n  o f  a  

w id th  o f  ¿3  =  2 - 5  m  fo r C  =  1 m .

O n th e  c o n tra ry , i t  is p o ssib le  to  rep lace  s trip  fo u n d a tio n s  

o f  v a ry in g  w id th  by  o n e  in te r ru p te d  fo u n d a tio n  o f  g re a te r  

w id th , b u t  w ith  d ifferen t d istan ces be tw een  th e  c u sh io n - 

b lo ck s. Such  re p lacem en t is o f  g re a t p ra c tic a l im p o rta n c e , 

as it a llo w s lim itin g  o f  th e  p re c a s t fo u n d a tio n s  w ith  a  sm all 

n u m b e r o f  s ta n d a rd  size cu sh io n -b lo ck s.

L e t u s co n s id e r h o w  th e  su p p o rtin g  a re a  ch an g es w h en  

rep lac in g  c o n tin u o u s  fo u n d a tio n s  b y  eq u iv a len t in te r ru p te d  

o nes in  re la tio n  to  th e  va lu e  o f  se ttlem en t. F o r  th e  above- 

m e n tio n e d  case, a  cu rv e  h as  b e e n  p lo tte d  (F ig . 86  b) w ith  

th e  o rd in a te  ax is sh o w in g  th e  ra t io  o f  th e  su p p o rtin g  a re a
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o f  in te r ru p te d  fo u n d a tio n  to  th e  a re a  o f  th e  s trip  o n e  —— ,
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w hile th e  ab sc issa  show s d is tan ce  C be tw een  th e  b lo ck s  o f  

th e  in te r ru p te d  fo u n d a tio n . T h e  cu rv e  sho w s th a t  se ttlem en t 

o f  th e  in te r ru p te d  fo u n d a tio n  in c reases n o t  in d irec t ra tio  

w ith  ch an g in g  o f  th e  su p p o rtin g  a re a , b u t  in  a  lo w er ra tio , 

th is  cau s in g  e c o n o m y  w h en  rep lac in g  s trip  fo u n d a tio n s  by  

in te r ru p te d  ones. T h u s , th e  a re a  o f  a n  in te r ru p te d  fo u n d a tio n

2  m  w id th  fo r  C =  0 -7  m  eq u a ls  0 -8 5  o f  th e  a re a  ta k e n  u p  

b y  th e  c o n tin u o u s  fo u n d a tio n , 1*6  m  w id th .

T h e  d is ta n ce  be tw een  th e  c u sh io n -b lo ck s  o f  th e  in te r ru p te d  

fo u n d a tio n  e q u iv a len t, in  re la tio n  to  se ttlem en t w ith  th e  

s trip  o n e , is d e te rm in e d  b y  th e  fo llo w in g  fo rm u la  :

C  =  I
W lU x
w hlk h

-  1

Fig. 86 b Fu nction  of supporting  area of in terrup ted  found ­
a tion  on the distance between the cushion-blocks.

w h ere  : I =  le n g th  o f  c u sh io n -b lo c k ;

>v( =  coeffic ient d e p e n d in g  o n  ra t io  o f  sides o f  

s trip  fo u n d a tio n ;  

wbl =  coeffic ient d ep en d in g  o n  ra t io  o f  sides o f  

c u sh io n -b lo c k ;

L bl =  ra t io  o f  sides o f  c u sh io n -b lo ck ; 

k  =  coeffic ient ta k in g  in to  a c c o u n t th e  m u tu a l 

in flu ence o f  c u sh io n -b lo ck s  in  th e  in te r ru p te d  

fo u n d a tio n .

F o r  s im p lify ing  c a lc u la tio n s  fo r  s ta n d a rd  cu sh io n -b lo ck s , 

au x ilia ry  ta b le s  h av e  b een  co m p o sed .

3. P o s t fo u n d a tio n s  co n s is t o f  se p a ra te  su p p o rtin g  co lu m n s 

a n d  m em b e rs  o f  b a se m e n t w a ll m em b e rs  in  th e  fo rm  o f  

th in  slab s. In  th is  case, th e  s tre n g th  o f  th e  m em b ers  is used  

to  a  h ig h e r ex ten t. H o w ev er, th e  la rg e  n u m b e r  o f  s ta n d a rd  

sizes o f  m em b ers , difficu lties d u r in g  assem b ly , la c k  o f  rig id ity  

lo n g itu d in a lly , a re  s till  h ig h ly  d isa d v a n ta g e o u s  fo r  p o s t 

fo u n d a tio n s .

W h en  p re c a s t fo u n d a tio n s  a re  em p lo y ed , th e  c o n s tru c tio n  

d e lay  is lo w ered , as w ell as la b o u r  ex p e n d itu re  a n d  expen ses, 

w hile th e  la b o u r  o f  th e  w o rk e rs  is fac ilita ted .

M . R . Toka r  (U .R .S .S .)

D a n s  ce  co m p lé m en t a u  R a p p o r t  g én éra l, p ré se n té  p a r  

M . T sito v itc h , je  v o u d ra is  a t t i re r  a t te n tio n  d es m em b res  d u  

C o n g rès  su r la  d y n a m iq u e  des sols.

L ’év o lu tio n  d e  la  th é o rie  d e  la  d y n a m iq u e  des so ls e s t  liée 

au x  rec h e rch es  e t au x  so lu tio n s  a p p o r té e s  d a n s  les d eu x  p ro ­

b lèm es p rin c ip au x  :
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(a) L a  lu tte  c o n tre  les v ib ra tio n s  d u  sol.

(b ) L ’u tilisa tio n  de ces v ib ra tio n s  p o u r  les tra v a u x  de 

te rra ssem en ts , d e  fo n d a tio n s  e t au tres .

Les rech erch es  effec tuées d an s  d ifféren ts  pays e t, à  u n e  

échelle  p lus élevée, en  U .R .S .S . (les p lus n o m b reu ses  se 

ra p p o r te n t  à  la  p é rio d e  d ’a v a n t g u erre ) o n t p e rm is d e  b â tir  

un e  th éo rie  a p p ro ch ée  su r les o sc illa tio n s  des socles des 

in s ta lla tio n s  m écan iques. C ep en d a n t, c e r ta in es  p a rtie s  de 

c e tte  th éo rie  ne so n t p as  su ffisam m en t é tu d iées a c tu e llem en t; 

n o ta m m e n t, l ’influence d e  l ’in e rtie  d u  so l e t de ses p ro p rié té s  

de  d issip a tio n . C e tte  p re m ière  q u es tio n  a  fa it l ’o b je t de 

n o m b reu ses  é tu d es  d an s  d ifféren ts  pays. C es é tu d es  o n t d o n n é  

n a issan ce  à  des sch ém as d e  ca lcu ls  q u i t ie n n e n t c o m p te  de 

l ’in fluence d e  l ’in e rtie  d u  sol, m ais  il n ’ex iste  p as  ju s q u ’à  

p ré sen t d ’exem ple  d ’essai q u i so u tie n d ra it  avec sû re té  u n  

des sch ém as p ro p o sés . L a  m êm e q u e s tio n  fa it l ’o b je t, e n tre  

au tre s , d u  c o m p te  re n d u  p ré sen té  a u  C o n g rès p a r  M . H .A . 

B a la k rish n a  R a o  (Inde). L e R a p p o r te u r  p ro p o se  d ’in tro d u ire  

u n  te rm e  d ’a d d itio n  su p p lém en ta ire  d a n s  la  m asse  d e  fo n d a ­

t io n  p o u r  év a lu er l ’in fluen ce  de  l ’in e rtie  d u  so l su r la  fréq u en ce  

des p ro p re s  o sc illa tio n s du socle. L ’é tu d e  u lté r ieu re  d e  l ’in ­

fluence d e  l ’in e rtie  d u  so l n o n  seu lem en t su r ses p ro p re s  

fréq u en ces m ais  aussi su r les a m p litu d es  des o sc illa tio n s 

fo rcées o u  lib res, ex ig era it des essais su r  d e  g ra n d s  m odèle s 

d e  p lu s ieu rs  m ètres ca rré s  de su rface  e t p e sa n t des d iza in es de  

to n n es . C es essais d o iv en t ê tre  réa lisés su r  u n  te rra in  e t su r 

d es so ls d o n t  les q u a lité s  d y n am iq u es  so n t su ffisam m en t 

b ien  étu d iées. E n  o u tre  il se ra it in d isp en sab le  d ’effectu er 

u lté r ie u re m e n t u n e  é tu d e  a p p ro fo n d ie  d e  l ’in fluence d e  diffé ­

re n ts  fac teu rs  su r l ’in e rtie  du  sol (d im en sio n s, fo rm e , p o id s de 

fo n d a tio n , p ro p rié té s  d u  so l, fréq u en ces e t a m p litu d e s  des 

osc illa tio n s).

U n e  a t te n tio n  p a r tic u liè re  d o it ê tre  a p p o r té e  à  l ’é tu d e  des 

p ro p rié té s  d e  d iss ip a tio n  des so ls qu i d é te rm in e n t les a m o r ­

tissem en ts des a m p litu d es  des o sc illa tio n s fo rcées ou  lib res 

a p p a r te n a n t  à  la  zo n e  de ré so n n an ce , a in s i q u e  l ’a b so rp tio n  

de  l ’én erg ie  p a r  le sol lo rs  d e  la p ro p a g a tio n  des o n d es  d an s 

le  sol.

Il fa u t n o te r  à ce su je t q u e  la m ise a u  p o in t d ’u n e  th é o rie  

p lus o u  m o in s  v a lab le  su r  la  p ro p a g a tio n  d an s  le so l des o n d es 

p ro v e n a n t des in s ta lla tio n s  in d u strie lle s  e t des m oyens de 

tra n s p o r t  se h e u rte  à  d e  g ra n d e s  difficultés. Les rech erch es 

c lassiques d an s  le d o m a in e  de la p ro p a g a tio n  des o n d es  d an s 

les c o rp s  so lid es c o n d u ise n t à  des ré su lta ts  qu i so n t so u v en t 

en  c o n tra d ic tio n  avec  les ré su lta ts  d ’essais.

L a  so lu tio n  d e  ce p ro b lè m e  d ev ra it d o n c  su iv re  la vo ie  

d ’ex écu tio n  des sch ém as a p p ro x im a tifs  de ca lcu l, é tab lis  à 

p a r ti r  d e  m esu res su ffisam m en t a b o n d a n te s  su r les o n d es 

ém ises p a r  d es so u rces d ifféren te s d an s  les sols.

C e tte  m é th o d e  d e m a n d e  u n  a p p a re illag e  spécial. N o u s  

so m m es ac tu e llem en t e n  p o ssess io n  de d isp o sitifs  d e  v ib ra ­

t io n s  de d iffé ren te s p ro v en an ces . N éan m o in s , les ap p a re ils  

d e  p rise  d e  m esu res d éc rits  d a n s  les C o m p tes -ren d u s  du  

C o n g rès p a r  M M . B endel e t D . B ovet (S u isse), (3A /6 ) m ériten t 

u n e  g ra n d e  a t te n tio n  d e  la p a r t  des spécia lis tes , e t p a r tic u ­

liè re m en t l ’a p p a re il  tr ia x ia l  d y n am iq u e  (s ta b lo m è tie )  d o n t 

l ’u til isa tio n  a u  la b o ra to ire  p o u r ra i t  d o n n e r  des ré su lta ts  très  

in té ressan ts .
Le R a p p o r te u r  d o n n e  des in d ica tio n s  très  in té re ssan te s  

su r l ’u til isa tio n  d es ap p a re ils  p o u r  m esu re r les v ib ra tio n s  et, 

en  p a rtic u lie r , su r  la  p ro p a g a tio n  des o n d es  d an s  les sols, 

m êm e gelés.
L e  fa it q u e  d eu x  c o m m u n ica tio n s  seu lem en t su r les v ib ra ­

tio n s  des so ls e t  fo n d a tio n s  o n t é té  p résen tées à  la sec tio n

3 A  d u  C o ngrès tém o ig n e  q u e  ce p ro b lèm e  n ’a  p as re ten u  
su ffisam m en t l ’a tte n tio n .

L ’u tilisa tio n  des v ib ra tio n s  p o u r  les tra v a u x  de fo n d a tio n s  

e t au tre s  tra v a u x  d e  te rra s se m e n t n ’a  p as  cessé d ’évo lu er 

d ep u is  les tra v a u x  d u  4 e C o n g rès d e  M écan iq u e  des So ls e t 

des trav au x  d e  F o n d a tio n s . A u  co u rs  d e  ce tte  p é rio d e  les 

p ro céd és u til isa n t les v ib ra tio n s  p o u r  les tra v a u x  d e  te r ra s ­

sem en t se so n t développés, n o n  seu lem en t d an s  l ’U n io n  

S ov ié tique , m a is  e n co re  d a n s  n o m b re  d e  p ay s ; m ais  ce tte  

te ch n iq u e  n o u v e lle  a  é té  p rin c ip a le m e n t u tilisée  p o u r  l ’e n ­

fo n cem en t e t l ’en lèv em en t des p a lp lan ch es  m éta lliq u es , le 

fo n çag e  des p u its  e n  b é to n  a rm é  e t p o u r  le co m p ac tag e  des 

sols p e u  p o r ta n ts  e t d e  p ré fé ren ce  sab lo n n eu x , en  su rface  
e t  e n  p ro fo n d e u r.

L a  p ra tiq u e  d e  ces tra v a u x  a  am en é  la  c ré a tio n  d e  n o u v eau x  

types d e  v ib ra teu rs .

C e p e n d a n t, les tra v a u x  d e  rec h e rch es  su r les p ro cédés de 

v ib ra tio n s  m a n q u e n t to u jo u rs  d ’envergure .

D a n s  so n  a p e rç u  su r l ’é ta t  d e  ce  p ro b lèm e  en  U .R .S .S ., 

M . O .A . S av in o v  m o n tre  q u e  le d o m a in e  de l ’u til isa tio n  des 

v ib ra tio n s  es t lo in  d ’ê tre  ép u isé  p a r  les p ro céd és m en tio n n és 
c i-dessus.

D es rec h e rch es  ex p érim en ta les  (effectuées p a r  excellence  

su r le c h a n tie r)  o n t  p ro u v é  q u e  l ’u til is a tio n  d es v ib ra tio n s  

p e rm e t d ’o b te n ir  des ré su lta ts  te c h n iq u e m e n t e t é co n o m i ­

q u e m e n t in té re ssan ts  d a n s  l ’a b a issem en t d e  la  n a p p e  d ’eau , 

la  p o se  d e  co n d u ite s  san s c re u se r les tran ch ées , la  d e s tru c ­

t io n , la  p u lv é risa tio n  o u  l ’ex cav a tio n  d e  te rre s  (m êm e d u res  

e t gelées), l ’ex écu tio n  des fosses, la  p o se  des da lles  en  bé to n  

a rm é  p o u r  les p is tes  d ’envo l, le re fo u lem en t du  sol e t  au tre s  

tra v a u x  d e  te rra ssem en ts .

L ’u til isa tio n  à  u n e  g ra n d e  échelle  des v ib ra tio n s  p o u r  

d ivers  tra v a u x  de te rra s se m e n t exige des ap p a re ils  d e  v ib ra ­

t io n  sû rs  e t ren tab le s . Les tra v a u x  effectués à  ce jo u r , d ’ailleu rs  

n o m b reu x , n e  n o u s  p e rm e tte n t p as  d ’affirm er q u e  le p ro ­

b lèm e  e s t  réso lu  co m p lè tem en t e t d a n s  to u s  les cas, ce qui 

e s t v ra i su r to u t  p o u r  les v ib ra te u rs  e t m o u to n s-v ib ra n ts  

p u issa n ts  e t à  g ra n d s  m o m en ts  d ’ex cen triq u es  e t d e  fréquences.

L ’é tu d e  des p h én o m èn e s  ré s id u els  d an s  le so l p ro v o q u és 

p a r  de  fo r te s  v ib ra tio n s , e s t d ’u n e  g ra n d e  sign ific a tion  p o u r 

le d év e lo p p em en t des p ro céd és u til isa n t ces v ib ra tio n s . Ces 

p h én o m èn es , de c a ra c tè re  év id em m en t p la s tiq u e , e n tra în e n t 

la  nécessité  d e  d év e lo p p e r la  th é o rie  d y n am iq u e  d e  la p la s ­

tic ité  ce q u i v eu t d ire  la  th é o rie  d es d é fo rm a tio n s  p las tiq u es  

ré su lta n t d e  l ’a c tio n  d y n am iq u e  su r le sol. C e rta in s  asp ects  

d e  ce tte  th é o rie  q u i so n t é tu d iés  d a n s  les tra v a u x  des sav an ts  

sov ié tiq u es (M m e B esp a lo v a , M M . N e u m a rk , K o u ch o u l, 

C h ek te r, B a rk a n , S av inov , G o lo v a tch ev , e tc .)  e t ap p licab les  

à  l ’e n fo n cem en t d an s  le sol p a r  ch o c  o u  v ib ra tio n , o n t p erm is 

d ’é ta b lir  e t de  m esu re r l ’in fluence  de ce r ta in s  fac teu rs  su r la 

p é n é tra tio n  d a n s  le so l p a r  v ib ra tio n  ou  v ib ro ch o c .

L ’a p p lic a tio n  p ra tiq u e  de  c e tte  th é o rie  exige q u e  so ien t 

définies ce r ta in es  c a ra c té r is tiq u e s  d u  so l à  sav o ir : lim ite  

d y n a m iq u e  d e  p lastic ité , m o d u le  d ’é la s tic ité  d y n am iq u e , 

coeffic ient d e  c o n so lid a tio n  p a r  v ib ra tio n , lim ites d e  ru p tu re  

e t coeffic ients d e  f ro tte m e n t so u s v ib ra tio n  in tense , etc. 

A u jo u rd ’hui e n co re  o n  n ’an a ly se  p as  to ta le m e n t les p ro p rié té s  

des so ls ce qu i fre in e  n o n  seu lem en t le d év e lo p p em en t de la 

th éo rie  des p ro céd és v ib ra to ire s  m ais  aussi l ’a p p lic a tio n  m êm e 

d e  ces p ro cédés.

C o m p te  te n u  d u  c a ra c tè re  p a r tic u lie r  du  p ro b lèm e  de la 

d y n am iq u e  des sols, u n  sy m p o siu m  spécia l p o u r  u n e  large 

d iscu ssio n  des p ro b lèm es en  q u es tio n  m e p a ra ît  bien  so u h a i ­

tab le .
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