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T h e  C h a irm an

T h e  f o u r th  sessio n  o f  th e  f o u r th  co n fe re n c e  is c a lle d  to  
o rd e r .  T h is  se ss io n  d ea ls  w ith  th e  fo u n d a tio n s  o f  s tru c tu re s  
o th e r  th a n  p ile d  fo u n d a tio n s , a n d  it  w ill c o n t in u e  th ro u g h o u t  
th is  a f te rn o o n . O u r  V ic e -C h a irm a n  fo r  th is  m o rn in g ’s sessio n

is M . T o y a m a  o f  J a p a n ,  a n d  o u r  G e n e ra l  R e p o r te r  is J . B r in c h  

H a n s e n  o f  D e n m a rk  u p o n  w h o m  I  sh a ll n o w  c a ll to  m a k e  h is  

o p e n in g  re m a rk s .

G en e ra l R e p o r te r

O f  th e  44  p a p e r s  in  th e  p re s e n t  D iv is io n , 10 d e a l w ith  b e a r in g  
c a p a c ity , 8 w ith  s tre s s  d is tr ib u tio n , 11 w ith  s e ttle m e n ts  a n d  th e  
re m a in in g  15 w ith  sp e c ia l p ro b le m s  su c h  a s  sw e llin g  c lay s, 

co lla p s ib le  so ils, effects o f  v ib ra tio n , s a n d  d ra in s  a n d  c o n s tru c 
t io n  m e th o d s . T h e  c o n tr ib u tio n s  a re  r a th e r  ev en ly  d iv id ed  
b e tw e en  th e o rie s , te s ts  a n d  ca se  re c o rd s .

I t  is e v id e n t t h a t  a c tu a l  so il c o n d itio n s  a re  o f te n  so  h e te ro 

g e n e o u s  th a t  n o  th e o ry  c a n  a p p ly , a n d  th a t  w e m u s t  re ly  u p o n  
ex p e rie n c e  a n d  ju d g m e n t;  b u t  in  d o in g  so , i t  w ill b e  a  g re a t  
h e lp  if, a t  leas t, w e k n o w  th e  c o r re c t  so lu tio n s  fo r  a  few  c le a r-  

c u t  cases, su c h  a s  c o h es io n le ss  s a n d  a n d  h o m o g e n e o u s  clay . 
O u r  m a in  p ro b le m s  a re , o f  c o u rse , th e  p re d ic t io n  o f  b e a r in g  

ca p a c ity  a n d  o f  s e ttle m e n ts , b u t  a t  p re se n t a  r a th e r  p e c u lia r  
s i tu a tio n  ex is ts  in  b o th  o f  th e se  fields.

W e  h a v e  a  th e o ry  c o n c e rn in g  b e a r in g  c a p a c ity , th e  re s u lts  o f  
w h ic h  a g re e  r a th e r  w ell w ith  m o d e l te s ts  a n d  field  e x p e rie n c e  
a s  lo n g  a s  w e  c o n s id e r  s a tu ra te d  clay  a n d  lo o se  sa n d . F o r  

d e n se  sa n d , h o w ev e r , th e  a c tu a l  b e a r in g  c a p a c ity  m a y  b e  u p  
to  te n  tim e s  th e  th e o re tic a l  v a lu e . A  d e v ia tio n  o f  th is  m a g n i 
tu d e  c a n  h a rd ly  b e  d u e  to  fa u lty  th e o ry  a lo n e , b u t  m a y  h a v e  

so m e  c o n n e c tio n  w ith  o u r  in te r p re ta t io n  o f  te s t  re s u lts . H o w 
ev e r, n o  sa tis fa c to ry  e x p la n a t io n  h a s  b e e n  g iv en  a s  ye t.

W e h a v e  a lso  a  m e th o d  o f  c a lc u la tin g  se ttle m e n ts  o n  th e  b a s is

138



o f  o e d o m e te r  te s ts , w h ic h  se em s to  a g re e  c o m p a ra tiv e ly  w ell 
w ith  m e a s u re d  s e ttle m e n ts , a t  le a s t  fo r  n o rm a lly  c o n s o lid a te d  
a n d  lig h tly  o v e r -c o n s o lid a te d  c lays . F o r  h e a v ily  o v e r -c o n 
s o lid a te d  c lay s , h o w e v e r , th e  a c tu a l  s e ttle m e n ts  m a y  a m o u n t  
to  a s  l i t t le  a s  1 /1 0  o f  th e  c a lc u la te d  v a lu e . T h e  e x p la n a t io n  
m ay  p a r t ly  b e  fo u n d  in  sa m p le  d is tu rb a n c e , b u t  m a y  a lso  b e  
d e r iv e d  f ro m  th e  fa c t  t h a t  th e  p o re  p re ssu re s  se t  u p  u n d e r  
a c tu a l  fo u n d a tio n s  w h e re  th e  so il c a n , to  a  c e r ta in  e x te n t, 
e x p a n d  la te ra lly  w ill n o t  b e  th e  sa m e  a s  in  th e  o e d o m e te r .  
H e re  is a  w id e  fie ld  fo r  n e w  th e o r ie s  a n d  c a lc u la tio n  m e th o d s .

T h e  tw o  p ro b le m s  o f  b e a r in g  c a p a c itie s  a n d  se ttle m e n ts  a re  
ev id e n tly  th e  m o s t  im p o r ta n t  o n e s  in  th is  D iv is io n , a n d  in  v iew  
o f  th e  c o n s id e ra b le  d e v ia tio n s  b e tw e e n  th e  ex is tin g  th e o r ie s  a n d  
p ra c tic e  i t  se e m s a  p re s s in g  n ec ess ity  to  m o d ify  th e se  th e o rie s  
in  o rd e r  to  o b ta in  b e t te r  a g r e e m e n t : I  h o p e  th a t  th e re  w ill b e  a  
g o o d  d e a l  o f  d isc u ss io n  o n  th e se  p o in ts .

A s a  f u r th e r  su b je c t  fo r  d isc u ss io n  I  h a v e  p ro p o s e d  th e  u se  
o f  so m e  s im p le  fo rm u la e  fo r  b e a r in g  c a p a c ity , ta k in g  in to  
a c c o u n t  a l l  re le v a n t fa c to rs , su c h  a s  th e  size, sh a p e  a n d  d e p th  
o f  th e  fo u n d a t io n  a re a , a s  w ell a s  th e  in c lin a tio n  a n d  ec cen tric ity  

o f  th e  fo u n d a tio n  lo a d . I n  v iew  o f  th e  s h o r tc o m in g s  o f  p re se n t 
th e o r ie s  th e  p ro p o s e d  fo rm u la e  c a n  h a rd ly  b e  m o re  th a n  sem i- 

e m p ir ic a l fo r  th e  tim e  b e in g , b u t  ev en  th is  w o u ld  r e p re s e n t  a n  

e n o rm o u s  im p ro v e m e n t  u p o n  th e  ru le s  still p re s c r ib e d  in  m o s t 

b u ild in g  co d e s .
A n o th e r  p o in t  o n  w h ic h  I  s h o u ld  w e lc o m e  d isc u ss io n  c o n 

c e rn s  th e  w ay  in  w h ic h  sa fe ty  fa c to rs  a r e  in tro d u c e d  in  o u r  

de s ig n s . A t  p re s e n t  th is  is d o n e  in  a  r a th e r  h a p h a z a rd  w ay. 
W e  a p p ly  a  sa fe ty  fa c to r  to  b e a r in g  c a p a c ity  a n d  a n o th e r  to  

p as s iv e  e a r th  p re ssu re , b u t  n o t  o n e  to  a c tiv e  e a r th  p re ssu re . 

W e  h a v e  a lso  a  sa fe ty  fa c to r  o n  s lid in g  a n d  a n o th e r  o n  o v e r 
tu rn in g , ju s t  to  m e n tio n  a  few  e x a m p le s . I n  s ta b ili ty  p ro b le m s  

th e  sa fe ty  fa c to r  is u su a lly  a p p lie d  to  th e  s h e a r  s tre n g th  o f  th e  

so il, a n d  th is  is a  s o u n d  p r in c ip le  w h ic h  in  m y  o p in io n  s h o u ld  
b e  e x te n d e d  to  e a r th  p re s su re  a n d  b e a r in g  c a p a c ity  a lso . I n  

o rd e r  to  o b ta in  a  g e n e ra l a n d  ra t io n a l  sy s tem , th e  sa fe ty  fa c to rs  

o n  th e  so il c o n s ta n ts  s h o u ld  a c tu a lly  b e  u se d  in  c o m b in a tio n  

w ith  o th e r  sa fe ty  fa c to rs  o n  so m e  o f  th e  lo a d s  a n d  o n  th e  
s t re n g th s  o f  th e  b u ild in g  m a te r ia ls .

I n  m y  o p in io n  o u r  m a in  in te re s t  a n d  ef fo rts  s h o u ld  b e  c e n tre d  

o n  th e  p ro b le m s  I  h a v e  m e n tio n e d  h e re , b u t  th e re  w ill b e , o f  
c o u rse , m a n y  o th e r  to p ic s  in  th e  w id e  fie ld  o f  th e  p re s e n t 
D iv is io n  w o r th y  o f  d iscu ss io n .

V . Mencl  (C z e c h o s lo v a k ia )

I  s h o u ld  lik e  to  d iscu ss  P a p e r  3 a /2 2  by  N . N . Masl ov. 
W h a t  is th e  m a in  id e a  b e h in d  h is  w o rk  ? I f  w e h a v e  a  s a tu ra te d  

sa n d y  so il a n d  su b je c t i t  to  v ib ra t io n s  o r  sh o c k s  th e  sa n d  b e 
co m es  c o m p a c te d . T h e  d e c re a se  in  th e  v o id  r a t io  is a s s o c ia te d  
w ith  a n  excess  h y d ro s ta tic  p re s s u re  in  th e  p o re  w a te r . T h e  
p ro c e ss  c a n  b e  eas ily  d e m o n s tra te d , fo r  in s ta n c e , in  th e  cy lin d e r  
sh o w n  in  F ig . 1. I t  is se lf-e v id e n t t h a t  th e  excess p re s su re  
is h ig h e r  in  a  lo o se  s a n d  a n d  d e c rea se s  w ith  in c re a s in g  p e r 
m ea b ility . T h e  a u th o r  h a s  d e v e lo p e d  e la b o ra te  m a th e m a tic a l  
ex p re ss io n s  f o r  th e  v a lu e  o f  th is  excess p o re  p re ssu re .

I t  is a lso  s ta te d  th a t  th is  p o re  p re s s u re  is to  b e  ta k e n  in to  
a c c o u n t  w h e n  c o m p u tin g  th e  s ta b ili ty  o f  d a m s  e x p o se d  to  sh o c k s  
o r  v ib ra tio n s . I n  th is  w ay  th e  in flu en ce  o f  a  c h a n g e  in  th e  v o id  
ra t io  d u r in g  sh e a r , a n d  a lso  th e  id e a  o f  c r i tic a l  v o id  ra t io ,  a re  

ex c lu d e d  f ro m  th e  p ro b le m . I  th in k  th a t  th e  ex cess p o re  
p re s s u re  d e te rm in e d  in  su c h  a  w a y  c a n n o t  b e  u se d  in  th e  c o m 
p u ta t io n  o f  s ta b ility , a n d  th a t  w e  m u s t  a lw ay s  ta k e  in to  a c c o u n t  
th e  p o re  p re s s u re  w h ic h  d ev e lo p s  d u r in g  th e  p ro c e ss  o f  sh e a r . 
T h e re fo re  w e  c o n s tru c te d  a  s im ila r  c y lin d e r  b u t  a t  th e  b o t to m  
w e p u t  a  r o ta t in g  sh e a r  d isc . I n  th e  p ie z o m e tr ic  tu b e  n e a r  th e  
b o t to m  w e o b ta in e d  th e  p o r e  p re ssu re s  sh o w n  in  F ig . 2 . In  
a  d e n se  s a n d  w e o b ta in e d  a n  ex cess p o r e  p re s su re  d u r in g

v ib ra t io n , b u t  w h en  w e ro ta te d  th e  d isc  th is  p re s s u re  d e c re a se d  
a n d  w e o b ta in e d  su c tio n . In  a  lo o se  s a n d  w e o b ta in e d  a n  
excess p o re  p re ssu re  d u r in g  v ib ra t io n  w h ic h  in c re a se d  w h e n  th e

F ig . 1

d isc  w as  ro ta te d .  T h e re fo re  I  th in k  th a t  w e  m u s t  a lw ay s 

in tro d u c e  in to  th e  s o lu t io n  th e  excess p re s su re s  w h ic h  d ev e lo p  

d u r in g  v ib ra t io n  p lu s  sh e a r , a n d  th a t  th e  id e a  o f  a  c r i t ic a l  v o id  
r a t io  s h o u ld  n o t  b e  d isc a rd e d .

F ig .  2

D . L a z a r e v i c  (Y u g o s lav ia )

M o n s ie u r  le  p ré s id e n t,  m e sd a m e s , m essieu rs , j e  v o u d ra is  
d o n n e r  q u e lq u e s  n o te s  s u r  le  c a lc u l  d es fo n d a tio n s  d ire c tes .

L e  c a lc u l d e s  sem elles d a n s  l’h y p o th è s e  d ’u n  so l é la s t iq u e  
sem i-in fin i, iso tro p e  e t  h o m o g è n e  e s t  u n e  a p p ro x im a tio n  b ru te . 

S a u f  le  c a s  d e  c o n s tru c tio n s  e n  a c ie r, p o u r  le sq u e lle s  l’h y p o th è s e  
d ’é la s tic ité  c o m p lè te  n ’e n tra in e  a u c u n  r e p ro c h e  sé rie u x , e lle  es t, 
q u o iq u e  in e x ac te , to u jo u r s  la  b a se  d u  c a lc u l d a n s  to u s  les cas 
d e  c o n s tru c tio n  e n  p ie rre , e n  b é to n  e t  e n  b r iq u e s . P o u r  

o b te n ir  d es ré s u lta ts  s a t is fa isa n t  les b ases  d u  ca lc u l s ta tiq u e , 
il  f a u t  p e r fe c t io n n e r  la  m é th o d e  d ’é v a lu a tio n  p ré c ise  des
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m o d u le s  d e  d é fo rm a tio n  d u  so l a v e c  u n e  e x a c titu d e  a u  m o in s  
p a re il le  à  celle  d es m a té r ia u x  m e n tio n n é s .

D a n s  c e tte  m é th o d e  d e  ca lc u l d es sem elles  s u r  l ’e sp ac e  
é la s t iq u e  sem i-in fin i, il a r r iv e  trè s  s o u v e n t q u e  les lig n es  des  
c h a rg e s  ré a c tiv e s  o n t  des  p o in ts  d e  s in g u la r ité , s u r to u t  e n  fin  d e 
sem elles . P o u r  o b te n ir  la  d is tr ib u tio n  v é r ita b le  il f a u t  a u ss i 
c o n n a î t r e  les c a ra c té r is tiq u e s  d e  p la s t ic i té  d u  so l. L e  p ro b lè m e  
d e  s im ilitu d e  p a rm i l’é ta t  d e  d é fo rm a tio n  d es é c h a n ti llo n s  e t  
d es  so ls  s u r  p la ce , so u s  la  fo n d a tio n ,  e s t u n  p ro b lè m e  d ’e x p lo ra 

t i o n  u rg e n t.
L ’in flu en ce  d e  la  p la s t ic i té  e t  d es q u e lq u e s  a u tre s  q u a lité s  d u  

c a r a c tè r e  rh é o lo g iq u e  q u e  p o s sè d e n t p re s q u e  to u s  les so ls  
n a tu re ls  n o u s  d o n n e  l’id ée  d ’u n  é to u ffe m e n t d es v a leu rs  
e x trê m e s  d e s  ch a rg e s  réa c tiv e s , sp é c ia lem e n t se n sib le s  d a n s  les 
d o m a in e s  d es  fins d e  sem elles . L a  v a r ia t io n  d u  m o d u le  
d ’é la s tic ité  d es so ls  e n fo n c tio n  d e  l’in te n s ité  d es te n s io n s  n o u s  
c o n d u i t  a u  te rm e :  ‘m o d u le  d é f o rm a tio n ’ e t  à  u n  é to u ffe m e n t 
n o u v e a u  d es v a le u rs  p ro n o n c é e s  d es c h a rg e s  ré a c tiv e s  d a n s  les 
d o m a in e s  in te rm é d ia ire s  e n tre  les fins d es sem elles.

Q u e lq u es  a u te u rs  o n t  ré s o lu  u n  g ra n d  n o m b re  d e  p ro b lè m e s , 

q u i ,  q u o iq u e  id éa lisé s , n ’e n  s o n t  p a s  m o in s  in té re s sa n ts  p o u r  
u n e  m e illeu re  c o n n a is s a n c e  d e  la  n a tu r e  d u  c o m p o r te m e n t  des  
sem elle s é tu d ié e s  s u r  l ’e sp ac e  é la s t iq u e  sem i-in fin i. I l  ex is te  

e n c o r e  u n  p lu s  g ra n d  n o m b re  d e  s o lu tio n s  o b te n u e s  d a n s  
l ’h y p o th è s e  d u  c o m p o r te m e n t  d es  sem elles  c o m m e  les c o rp s  
é la s t iq u e s  q u i p lo n g e n t  d a n s  le  so l q u i  n ’e s t q u e  p se u d o -liq u id e , 

d e  d e n s ité  é g a le  a u  co êffic ien t d e  r é a c tio n  d u  so l. I l  s e ra it  trè s  
in té re s s a n t  d e  c o n trô le r  le  c o m p o r te m e n t  d e s  sem elle s e n  
é c h e lle  n a tu re lle ,  s u r  d es so ls  a u x  c a ra c té r is tiq u e s  su ffisa m m en t 

p ré c ié e s  a u  p o in t  d e  v u e  d e  la  d is tr ib u tio n  d es  c h a rg e s  ré a c tiv e s  
s o u s  la  sem elle , e t  d e  la  d is tr ib u tio n  le  lo n g  d e  la  sem elle  des  
m o m e n ts  flé c h issa n t c o n s é q u e n t.

T o u s  le s ré s u lta ts  d u  ca lc u l d es sem elles  s u r  l’e sp a c e  é la s t iq u e  
se m i-in fin i so n t  o b te n u s  a u  m o y e n  d e  su p p o s itio n s  sim p lifian te s . 
U n e  d e  ces  s u p p o s itio n s , d e  la  p lu sg ra n d e  im p o r ta n c e  a u  p o in t  
d e  v u e  d e  l ’in flu en ce  s u r  les ré s u lta ts  s ta tiq u e s , e s t la  c o n c e p tio n  

d e  la  r ig id ité  d e  l ’o s s a tu re  d u  b â tim e n t.  I l  n o u s  se m b le  lég itim e  
d e  c h e rc h e r  les s o lu tio n s  d e s  p ro b lè m e s  h y p e rs ta tiq u e s  d es  

é lé m e n ts  so l-sem e lle -o ssa tu re  sa n s  les s é p a re r  les u n s  d e s  a u tre s . 
S eu le m en t, p a r  l ’é tu d e  d e  l ’in té g r ité  d e  la  fo n c tio n  s ta t iq u e  d e  

c e t  e n sem b le  o n  p e u t  a p p r o c h e r  l’in g é n ie u r  d e s  ré s u lta ts  
d és ira b le s .

D a n s  le  c a s  d e  b â tim e n ts  à  p lu s ie u rs  é ta g e s  il f a u t  le s t ra i te r ,  
d a n s  la  m e su re  d u  p o ss ib le , c o m m e  de s c o n s tru c tio n s  spa c ie u ses . 

O n  d o i t  d é te rm in e r  la  r ig id ité  d e  l’o s s a tu re  e n  te n a n t  c o m p te , 
n o n  seu le m e n t d es é lém en ts  d u  sy s tè m e  p r in c ip a l  m a is  a u ss i d es 
é lé m e n ts  se c o n d a ire s . L es  d e s tru c tio n s  fa ite s  a u  c o u r s  d e  la  

g u e r re  n o u s  o n t  m o n tr é  q u e  les r ig id ité s  ca lcu lé es  p a r  la  
m a n iè re  h a b itu e lle  s o n t  d es v a le u rs  trè s  p e tite s  e n  c o m p a ra is o n  

d e  celles  q u e  p o ssè d e  la  c o n s tru c tio n  rée lle  d ’u n e  c o n c e p tio n  

sp ac ie u se . C e tte  r ig id ité  su p p lé m e n ta ire  p ré s e n te  u n  g ra n d  
in té r ê t  p o u r  la  d é te rm in a tio n  d e  la  f lex ib ilité  d u  sy s tè m e  c o m 
p le x e  ‘se m e lle -o ssa tu re ’. L a  d é fo rm a b il ité  d u  so l e t  la  flex i 
b ili té  d u  sy s tè m e  c o n ç u  c o m m e  sy s tè m e  sp a c ie u x  n o u s  d o n 

n e r o n t  to u jo u r s  la  d is tr ib u tio n  d es  ch a rg e s  ré a c tiv e s  to u t- à - fa i t  
•différente  si o n  la  c o m p a re  à  celle  c a lcu lé e  d e  la  fa ç o n  h a b itu e lle . 
N o u s  c ro y o n s  q u e  ce  p h é n o m è n e  e s t  fac ile  à  c o n s ta te r  d a n s  les 
c a s  d es m e su re s  re c o m m a n d é e s  c i-a v a n t.

A  B e lg ra d e  q u e lq u e s  b â tim e n ts  a t te ig n e n t  d es  h a u te u rs  a l la n t  
j u s q u ’à  55 m  s u r  fo n d a tio n s  d irec te s . U s n o u s  o n t  d o n n é  d es 
r é s u lta ts  ex ce lle n ts  a u  p o in t  d e  v u e  d u  c o m p o r te m e n t  d es 
fo n d a tio n s  co m m e  e n  ce  q u i  c o n c e rn e  le  c o m p o r te m e n t  d es 
c o n s tru c tio n s  elles -m êm es.

D a n s  u n  d es b â tim e n ts  u n e  b o m b e  à  d é t ru i t  c o m p lè te m e n t u n  
p o te a u  s u p p o r ta n t  u n e  c h a rg e  d e  l ’o rd re  d e  260  to n n e s . A u c u n e  
fissu re  n ’a  é té  c o n s ta té e  a u x  é lé m en ts  d e  l’o s s a tu re  e n  b é to n  

a rm é  n i  a u x  d a lle s  à  n e rv u re s . Q u a n d  c ’é ta i t  p o s s ib le  n o u s  
a v o n s  to u jo u r s  em p lo y é  c o m m e  fo n d a tio n s  les b lo c s  so lita ire s .

Us o n t  u n  p e t i t  n o m b re  d e  p a ra è tr e s  q u i d o iv e n t ê t re  dé fin is 
av e c  p ré c is io n  p o u r  q u e  l’in g é n ie u r  p u is se  les u til is e r  c o r re c te 
m e n t q u a n d  il é tu d ie  la  c o n s tru c tio n  d e  l’o b je t.

P e n d a n t  l ’é tu d e  d ’u n  o b je t  à  c o n s tru ire  il f a u t  re c o m m a n d e r  
l ’exe rcice  d e  n o tr e  in tu i t io n  d ’e x p lo ra te u r  e t  d ’a u te u r ,  m a is  n o u s  
n e  so m m e s  p a s  e n c o re  su ffisam m en t h a b i tu é  à  c e tte  ex ig en ce .

B . O . Pr ambor g (S w ed en )

I n  P a p e r  3 a /3 5  K . H . Roscoe p re se n ts  a n  in v e s tig a tio n  o n  
f o u n d a tio n s  su b je c te d  to  o v e r tu rn in g  m o m e n ts . H e  su g g ests 
th a t  th e  e a r th  p re s s u re  d is tr ib u tio n  s h o u ld  p re fe ra b ly  be 
a s s u m e d  to  h a v e  th e  s h a p e  g iv en  in  h is  F ig . 8.

In  fa c t  th e  su g g ested  d is tr ib u tio n  h a s  a lre a d y  b e e n  u se d  in  
o rd e r  to  c a lc u la te  th e  s ta b ili ty  o f  b lo c k  fo u n d a tio n s  in  t r a n s 
m iss io n  lin es  w h ic h  o f te n  a re  su b je c te d  to  o v e r tu rn in g  lo a d s . 
I n  th e  A m e r . In s t, e lec t. E n g rs . P a p e r  5 7 -1 5 3  o f  2 O c to b e r ,  1956, 
b y  Zet t er hol m a n d  Pr ambor g o f  th e  S w ed ish  S ta te  P o w e r 
B o a rd , fo rm u la e  a re  g iv en  to  c a lc u la te  su c h  fo u n d a tio n s  a n d  th e  

e x p re ss io n s  fo r  th e  s id e -b e a r in g  c a p a c ity  a r e  b a s e d  o n  th e  

sim p lified  p re s s u re  d is tr ib u tio n  th a t  R o s c o e  h a s  su g g este d . 
T h e  fo rm u la e  h a v e  b e e n  c h e c k e d  w ith  fu ll- sca le  te s ts  a n d  g o o d  

a g re e m e n t h a s  b een  o b ta in e d  b e tw e e n  th e o re t ic a l  c a lc u la tio n s  

a n d  te s t re su lts . H o w e v e r, th e se  te s ts  o n  b lo c k  fo u n d a tio n s  
h a v e  g iv en  a s  a  re s u lt  t h a t  c o n s id e ra b le  m o v e m e n ts  o f  th e  

fo u n d a t io n  a re  e sse n tia l a n d  th e  a n g le  o f  t i l t  m u s t  b e  a b o u t  

1 /1 0 0  to  o b ta in  th e  m a x im u m  s id e  b e a r in g  c a p a c ity  o f  th e  
fo u n d a tio n . I f  th e  s u p e rs tru c tu re  c a n n o t  ta k e  u p  su c h  m o v e 

m e n ts  th e  su g g ested  p re s s u re  d is tr ib u tio n  is n o t  re a lis tic  a n d  th e  

d im e n s io n s  o f  th e  fo u n d a tio n  h a v e  to  b e  in c reased .

T-K. Tan (C h in a )

T h e  G e n e ra l  R e p o r te r  h a s  c o r re c tly  p o in te d  o u t  t h a t  th e  

s e ttle m e n t in  tw o - o r  th re e -d im e n s io n a l cases is d u e  to  in 

s ta n ta n e o u s  d e fo rm a tio n , c o n s o lid a t io n  a n d  se c o n d a ry  tim e  
effect. H e  s ta te s  t h a t  th e  r a te  o f  s e ttle m e n t in  p ra c tic a l  c a se s  

is  g re a te r  t h a n  th e  c a lc u la te d  r a t e ;  b u t  I  c a n n o t  s u p p o r t  h is  

v iew  th a t  th is  g re a te r  r a te  o f  s e ttle m e n t w ill p ro b a b ly  b e  d u e  

to  tw o - o r  th re e -d im e n s io n a l c o n s o lid a tio n . C o n s o lid a tio n  is 

c a u s e d  by  h y d ro s ta tic  s tre sses , a n d  th e se  h y d ro s ta t ic  s tre sses  in  

m o re  d im e n s io n a l cases a re  a lw ay s less th a n  th o s e  in  th e  o n e 
d im e n s io n a l c a se  u n d e r  th e  sa m e  d ra in in g  c o n d itio n s . I  a m  
o f  th e  o p in io n  th a t  th is  p h e n o m e n o n  m ig h t m o re  a p p ro p r ia te ly  
b e  a sc r ib e d  to  th e  flow  o r  se c o n d a ry  tim e  effect o f  th e  c lay  
sk e le to n  u n d e r  th e  in flu e n ce  o f  d e v ia to r ic  s tre sse s. F ro m  
ex p e r im e n ts  I  h a v e  c a lc u la te d  th a t  th e  v isco s ity  o f  e n g in e e rin g  
clay s m a y  v a ry  f ro m  1013 to  1015 p o ise s , a n d  in  m e d iu m  stif f 

la y e rs  i t  is o f  th e  o rd e r  o f  1014 po ises . T h e  in flu en ce  o f  th e  
se c o n d a ry  tim e  e ffect th e re fo re  is n o t  a  n eg lig ib le  q u a n tity .

A c c o rd in g  to  m y  th e o ry  (Ta n, 1953, 1 9 5 4 ,1957a) th e  se ttle 

m e n t  is c a u s e d  by  tw o  m a in  f a c to rs :  th e  s e ttle m e n t d u e  to  

d e v ia to r ic  s tre sses  ( in s ta n ta n e o u s  d e fo rm a tio n  a n d  c o n t in u o u s  
sh e a r  flow ) a n d , se c o n d ly , se t tle m e n t d u e  to  c o n s o lid a t io n  a n d  
to  d e c e le ra tin g  v o lu m e  flow . I  h a v e  d e r iv e d  m a th e m a tic a l  

e x p re ss io n s  fo r  th e  s e ttle m e n ts  a n d  th e y  a re  b e in g  ta b u la te d  
n o w  a n d  w ill s o o n  be  p u b lis h e d  (Ta n , 1958).

T h e  w e ak n ess  o f  a ll m a th e m a tic a l  th e o r ie s  is t h a t  g e n e ra lly  
sp e a k in g  th e  th e o ry  is to o  c o m p lic a te d  a n d , sec o n d ly , th e  
p h y s ic a l c o n s ta n ts  c a n n o t  b e  m e a su re d . T h e re fo re  I  h a v e  
d e v e lo p e d  tw o  ty p e s  o f  a p p a r a tu s  to  m e a s u re  th e  v isco -e la s tic  

q u a n tit ie s .
I n  F ig . 3 y o u  se e  th e  c o m p re s s io n  p la s to m e te r .  T w o  ty p es  

o f  e x p e r im e n ts  a re  p o ss ib le . T h e  f irs t is w ith  c o n s ta n t  lo a d  
fo r  w h ic h  d e fo rm a tio n  c a n  b e  m e a su re d  a s  a  fu n c tio n  o f  t im e  
a n d , se c o n d ly , th e  re la x a t io n  o f  s tre s s  c a n  b e  m e a su re d  a s  a  
fu n c tio n  o f  tim e . I n  th is  m a n n e r  i t  is p o ss ib le  to  m e a su re  th e  
coe ffic ien t o f  sh e a r  v iscos ity .
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F ig . 3 C o m p re s s io n  p la s to m e te r  f o r  th e  m e a s u re m e n t  o f  T h eo lo g ica l 
p r o p e r t ie s  o f  so il 

P la s to m è tr e  à  c o m p re s s io n  p o u r  m e s u r e r  les  p ro p r ié té s  
rh é o lo g iq u e s  d e s  so ls

T h e  se c o n d  ty p e  o f  a p p a r a tu s ,  F ig . 4 , is a  n e w  o e d o m e te r  

in  w h ic h  th e  la te ra l  s tre sses  c a n  b e  m e a s u re d  a s  a  fu n c tio n  o f  
tim e . I t  is a lso  p o ss ib le  to  m e a su re  th e  co effic ien t o f  c o n s o lid a 
t io n  a s  w ell a s  th e  e la s tic  p a r t  v o f  th e  co effic ie n t o f  la te ra l 

ex p a n s io n  w h ic h  is a lso  a  fu n c tio n  o f  tim e .
I  s h o u ld  n o w  lik e  to  d ra w  y o u r  a t te n t io n  to  th e  in te re s tin g  

p a p e r  b y  J . M a n d e l  (3 a /2 1 ) c o n c e rn in g  th e  c o n s o lid a t io n  

se c o n d a ry  tim e  effec t in  th e  o n e -d im e n s io n a l c a se  w h e re  h e  

a ssu m es a  B in g h a m  b o d y . T h is  th e o ry  c a n  be  d ire c tly  d e r iv e d  
f ro m  m y  th e o ry  fo r  th e  o n e -d im e n s io n a l c a se  by  c h a n g in g  th e  

s tre sse s  P  in  P — y ie ld  va lu e . F o r  e x a m p le , M a n d e l’s e q u a t io n  36 

is  id e n tic a l  w ith  e q u a t io n  3 o f  m y  p a p e r  (19 57b ) ‘ S e c o n d a ry  

tim e  effects a n d  c o n s o lid a t io n  o f  c la y s ’, w h e n  fo r  q, P —P i  w ill 
b e  ta k e n  a n d  in  ¡8 th e  g en e ra liz e d  o p e ra to r - fo rm  i/< w ill b e  
in se r te d . S p o k e n  in  te rm s  o f  th e  g e n e ra liz e d  m o d e l w h ic h  I  

h a v e  sh o w n  in  th e  se c o n d  se ss io n , it m e a n s  th a t  th e  p is to n  

s h o u ld  b e  c o n s id e re d  to  h a v e  a  c o n s ta n t  f r ic t io n . W ith  
re g a rd s  to  th e  M a x w ell b o d y , so lu tio n s  h a v e  b e en  g iv en  fo r  
se v e ra l b o u n d a ry  c o n d itio n s  ( T a n ,  1954). F o r  th e  coe ffic ien t 
o f  v o lu m e  c h a n g e  J . M a n d e l a ssu m e s a  p o w e r  fu n c tio n  m „=  a t“. 

In  m y  v iew  th is  a s s u m p tio n  s h o u ld  b e  l im ite d  to  sm a ll v a lu es  
o f  t im e , a n d  i t  h a s  th e  p h y s ic a l d is a d v a n ta g e  th a t  fo r  la rg e  
va lu es o f  tim e  th e  s e ttle m e n t in  th e  o n e -d im e n s io n a l ca se  

in c rea se s  to  a n  u n lim ite d  e x ten t. T h e  d e f in itio n  o f  th e  d eg ree  
o f  c o n s o lid a t io n  in  th is  ca se  m a y  ra ise  c o n fu s io n , a s  n o  u l t im a te  

se ttle m e n t c a n  b e  th e  re su lt. I n  th e  c h o ic e  o f  m v w e a re  
su b je c te d  to  th e  r e s tr ic t io n  th a t  m„ s h o u ld  b e  lim ite d , a n d  th a t  
th e  s tre sses  sh o u ld  re la x  to  a  c o n s ta n t  v a lu e , a s  i t  h a s  b ee n  
m e a su re d  in  o u r  la b o ra to ry  in  H a rb in .  A s  I  sh o w e d  in  th e  

d isc u ss io n  d u r in g  th e  se c o n d  se ssio n , th e  a s s u m p tio n  o f  a  
M a x w ell b o d y  is sufficien t to  g e t a  se ttle m e n t w h ic h  p ro c e e d s  
lin e a r ly  w ith  th e  lo g  o f  t im e  a f te r  th e  h y d ro d y n a m ic  p e r io d .

R eferen ces

T a n ,  T jo n g -K ie  (1 9 5 3 ) . Proc. 3rd International Conference on Soil
Mechanics and Foundation Engineering, V o l. 3, 169, Z u r ic h

F ig .  4  N e w  T y p e  o f  o e d o m e te r  p r o v id e d  w ith  g a u g e s  f o r  m e a s u re 
m e n ts  o f  th e  la te ra l  p r e s s u re  a n d  s tre s s - re la x a t io n  a s  a  
fu n c t io n  o f  t im e

N o u v e a u  m o d è le  d ’o e u d o m è tr e  a v e c  in s t r u m e n ts  p o u r  
m e s u r e r  la  p re s s io n  la té ra le  e t  la  r é d u c t io n  d e s  e f fo r ts  e n  
fo n c t io n  d u  te m p s

—  (1 95 4 ). In v e s t ig a t io n s  o n  th e  rh e o lo g ic a l  p ro p e r t ie s  o f  c la y s. 
D r thesis Delft Techn-Un

—  (1 9 5 7 a ) . Scientia Sinica, V I , 1, p .  203 (P u b l.  A c a d e m ia  S in ic a )
—  (1 9 5 7 b ). Secondary time effects and consolidation o f clays, P u b l .  

A c a d e m ia  S in ic a , In s t ,  o f  C iv . E n g .,  S o il M e c h . L a b . ,  H a r b in ,  
C h in a

—  (1 95 8 ). Chinese J. Mech., V o l. 1. I n  p re s s

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

W h e n  c o n c lu d in g  P a p e r  3 a /2 6  o n  th e  U lt im a te  B e a rin g  
C a p a c i ty  o f  F o u n d a t io n s  o n  S lo p es, I  r e g re tte d  th e  a b se n c e  o f  

p u b lis h e d  in fo rm a tio n  o n  th e  m a g n itu d e  o f  th e  u l t im a te  lo a d  
in  p ra c tic e . I  a m  th e re fo re  g la d  to  se e  th a t  H . Raedschel der s 

a n d  M. Wal l ays (3 a /3 2 ) h a v e  d e sc rib e d  a  fu ll- sca le  fo u n d a tio n  
c lo se  to  fa i lu re  o n  a  s lo p e . H o w e v e r , a n  an a ly s is  o f  th is  

p ro b le m  u s in g  th e  p ro p o s e d  b e a r in g  c a p a c ity  th e o ry  is m a d e  
d ifficu lt by  th e  v a r ia b le  so il c o n d itio n s  e n c o u n te re d  a n d  th e  
a b se n c e  o f  sh e a r  s tre n g th  d a ta  o f  th e  so ils e n c o u n te re d .

O n  th e  a s s u m p tio n  th a t  th e  tw o  th in  c lay  lay e rs  a n d  th e  sa n d  
s t r a ta  c a n  b e  re p la c e d  by  a  u n ifo rm  c o h es io n le ss  so il ( c = 0 ) ,  th e  
m in im u m  an g le  o f  in te rn a l  f r ic t io n  fo r  th e o re tic a l  s ta b ili ty  is 
fo u n d  to  b e  <¡6 =  40  de g rees. T h is  e s t im a te  in c lu d e s  th e  effect 

o f  a c tiv e  e a r th  p re ssu re  o n  th e  w a ll  re su lt in g  in  a n  e c c e n tr ic  
a n d  in c lin e d  fo u n d a t io n  lo a d . T h e  a v e ra g e  s ta tic  c o n e  re s is 
ta n c e  o f  a b o u t  100 k g /c m 2 m e a su re d  b e lo w  th e  fo o tin g  level 

in d ic a te s  a  c o m p a c t s ta te  o f  p a c k in g  o f  th e  s a n d  fo r  w h ic h  a n  
an g le  o f  in te rn a l  f r ic t io n  o f  4 0  de g rees a p p e a rs  to  b e  re a s o n a b le  
(Meyer hof , 1956). F u r th e r ,  th e  o rig in a l  in c lin a tio n  o f  th e  
s lo p e  w as  / J = 3 9  d eg rees  a n d  th u s  p ro v id e s  a  lo w e r  l im it o f  th e  
a c tu a l  a v e ra g e  an g le  o f  in te rn a l  f r ic t io n  o f  th e  so il. A f te r  
th e  s lo p e  h a d  b een  f la tte n e d  to  its  p re s e n t in c lin a tio n  o f  /3 =  
23 d eg rees, th e  th e o re tic a l  fa c to r  o f  sa fe ty  a g a in s t  b e a r in g  
c a p a c ity  fa i lu re  o f  th e  fo o tin g  is e s t im a te d  to  b e  1 -3 u s in g  th e  

sa m e  m e th o d  o f  a n a ly s is . T h is  fa c to r  o f  sa fe ty  w o u ld  e n s u re  
s ta b ility , a s  sh o w n  by  R a e d s c h e ld e rs  a n d  W a lla y s’ s e ttle m e n t 
o b se rv a tio n s .
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J .  Ker isel ’s in v e s tig a tio n  (3 a /1 5 )  in  a  te s t  c y lin d e r  in  sa n d  
p ro v id e s  w e lco m e  in fo rm a tio n  o n  th e  b e a r in g  c a p a c ity  a n d  
m e c h a n ism  o f  fa i lu re  o f  d e e p  fo u n d a tio n s  in  th e  fie ld . T h e  
o b s e rv e d  u l t im a te  lo a d  c o r re s p o n d s  to  a n  a n g le  o f  in te rn a l  
f r ic t io n  <£ =  3 2 i  d eg rees  a c c o rd in g  to  m y  a n a ly s is  (Meyer hof , 
1951), w h ic h  seem s to  b e  a  r a th e r  lo w  a n g le  fo r  c o m p a c t  sa n d . 
O n  th e  o th e r  h a n d ,  J . K e rise l  o b s e rv e d  a n  in c re a s e  o f  th e  
b e a r in g  c a p a c ity  fa c to r  N q w ith  d e p th  w h ic h  is g re a te r  th a n  I  
e s t im a te d ;  I  h a d  p re v io u s ly  (1951) su g g es ted  f o r  c i rc u la r  
fo o tin g s  a  c r i tic a l  d e p th  o f  10 tim es  th e  fo u n d a t io n  w id th  w ith  
ro u g h ly  l in e a r  in c re a se  o f  th e  fa c to r  N q w ith in  th a t  d e p th . O n  
th a t  b a s is  I  h a v e  a lso  d ra w n  a t te n t io n  to  th e  c a re  n e e d e d  in  
e x tra p o la t in g  th e  re s u lts  o f  c o n e  p e n e t ra t io n  te s ts  to  sh a llo w  
fo u n d a tio n s  a n d  w e lc o m e  J . K e rise l’s e m p h a s is  o f  t h a t  

r e q u ire m e n t.
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O . D . Zet t er hol m (S w ed en )

T h e  sa fe ty  fa c to r  h a s  a s  its  p u r p o s e  th e  d e c re a se  o f  th e  r is k  

o f  c o lla p s e  o f  a  s t ru c tu re ,  a t  le a s t  w h e n  th e  c o s t  a n d  d a m a g e  o f  

a  c o lla p s e  a re  g re a t,  a n d  th a t  is m o s tly  th e  c a se  w h e n  d e a lin g  
w ith  b u ild in g s . T h e  sa fe ty  f a c to r  m u s t  th e re fo re  b e  c h o s e n  

so  h ig h  th a t  c o lla p s e  w ill b e  a v o id e d . T h e  c a lc u la tio n  o f  a  

fo u n d a t io n  is b a s e d  o n  e a r th  p re s s u re  th e o r ie s  a n d  su b so il  
e x p lo ra tio n s . T h e  so il  c h a ra c te r is tic s  w h e n  d e te rm in e d  w ith  

c o n v e n tio n a l  m e th o d s  h a v e  alw ay s  c e r ta in  e r r o r s  d e p e n d in g , 
a m o n g  o th e r  th in g s , o n  th e  fa c t  t h a t  d iffe re n t te s t  m e th o d s  g ive 
d iffe re n t re su lts  a n d  th a t  th e  so il c h a ra c te r is tic s  v a ry  in  d iffe ren t 

p a r ts  o f  th e  s ite  w ith in  re a s o n a b le  lim its.
A  w ay  o f  in tro d u c in g  a  s u ita b le  sa fe ty  fa c to r  is to  s tu d y  th e  

re s u lt in g  e r r o r  s te m m in g  f ro m  so il c h a ra c te r is tic s  w h ic h  a re  

m o re  o r  less u n c e r ta in . T h e  sa fe ty  fa c to r  c a n , a c c o rd in g  
to  Kjel l ma n, W. a n d  Wa st l und, G . (19 40, S a k e rh e ts p ro -  
b le m e t i b y g g ra d sk o n s te n . P ro c . N o . 1 56  S w ed ish  R esea rch  

A c a d e m y ),  b e  d e fin ed  a s  th e  r a t io  b e tw e e n  th e  u n c e r ta in  
q u a n t i ty ’s p ro b a b le  m a x im u m  v a lu e  a n d  its  v a lu e  n ec essa ry  

f o r  e q u ilib r iu m .

A n  in v e s tig a tio n  b a s e d  o n  th is  d e f in itio n  o f  th e  sa fe ty  fa c to r  
h a s  b e e n  m a d e  b y  th e  T ra n s m is s io n  L in e  D e p a r tm e n t  o f  th e  
S w ed ish  S ta te  P o w e r  B o a rd , in tro d u c in g  th e  re s u lt in g  e r r o r  o f  

a ll th e  sm a ll e r ro rs  m a d e  in  d e te rm in in g  th e  so il c h a ra c te r is tic s . 

T h e  in v e s tig a tio n  d ea ls  w ith  th e  sa fe ty  p ro b le m  fo r  b lo c k  

fo u n d a tio n s  in  t ra n sm is s io n  lin es  w h ic h  a re  su b je c te d  to  o v e r 
tu rn in g  m o m e n ts . A s th e  p ro b le m  o f  s e t t le m e n t  f o r  t r a n s 
m iss io n  lin es  is r a th e r  sp e c ia l th e  m a rg in  o f  e r r o r  c a n  b e  ta k e n  
r a th e r  fine. C o n se q u e n tly  th e  sa fe ty  fa c to r  h a s  b e e n  fo u n d  

as lo w  as a b o u t  1-3. F o r  s u p e rs tru c tu re s  o th e r  th a n  t r a n s 
m iss io n  to w e rs , fo r  ex am p le , b u ild in g s  a n d  b r id g e s , th e  m a rg in  
o f  e r r o r  m u s t  b e  w id e r  a n d  th e  sa fe ty  fa c to r  in  th e se  ca se s  w ill 
th e re fo re  b e  g re a te r . T h is  in v e s tig a tio n  w ill b e  p u b lis h e d  a s 
a  p a p e r  in  Trans. A m e r . In s t, e lect. E ng rs . p ro b a b ly  a t  th e  
b e g in n in g  o f  n e x t y ea r .

T . K . Chapl in (U .K .)

T h e  G e n e ra l  R e p o r te r  h a s  p ro p o s e d  d isc u ss io n  o f  th e  
d e v e lo p m e n t a n d  u se  o f  sem i-em p ir ic a l fo rm u la e  fo r  b e a r in g  
c a p a c ity  c a lc u la tio n s , a n d  a lso  d isc u ss io n  o f  th e  w ay  o f  in tr o 
d u c in g  sa fe ty  fa c to rs  in to  a  lim it  d e s ig n  m e th o d  fo r  fo u n d a tio n s . 
P a p e r  3 a /6  by  L . Bjer r um a n d  A . Over l and gives a  su ita b le  

e x a m p le  to  w h ic h  w e c a n  a p p ly  su c h  p ro b le m s .

F ir s t ,  w h e re  th e  so il s t re n g th  u n d e r n e a th  a  fo u n d a tio n  v a rie s  
(Chapl in , 1954), a n  an a ly s is  c a n  b e  m a d e  in  v a r ia b le  c o h es iv e  
so il o f  th e  c o m b in e d  p ro b le m  o f  b e a r in g  c a p a c ity  a n d  la te ra l  
flo w  effects. M y  e m p ir ic a l m e th o d  w as d e r iv e d  f ro m  a n  e a r lie r  
l im it  d e s ig n  m e th o d  by  Meyer hof  a n d  Chapl in (1953). S uch  
a n  an a ly s is  c a n , I  feel, w ell b e  a t te m p te d  o n  L . B je r ru m  a n d  
A . O v e r la n d ’s p ro b le m .

S eco n d ly , a  sa fe ty  fa c to r  d e p e n d s  o n  fo u r  m a in  c o n s id e ra 
t io n s :  ig n o ra n c e  o f  th e  t ru e  u l t im a te  lo a d ;  th e  lo a d  d e fo rm a tio n  
c u rv e  u p  to  th e  u l t im a te ;  th e  se n s itiv ity  o f  th e  s t ru c tu re , e tc ., 
to  d a m a g e  by  d e f o rm a tio n ; a n d  th e  se n sit iv ity  o f  th e  c lay  a n d  
o th e r  fu n c tio n s  o f  th e  so il.

C o n s id e r in g  th e se  in  tu r n  w e c a n  e s ta b lish  u l t im a te  lo a d s , 
p a r t ic u la r ly  in  u n ifo rm  c lay , w ith  f a ir  a c c u ra c y  by  b e a r in g  
c a p a c ity  th e o ry . T h e  lo a d  v e rsu s  d e fo rm a tio n  c u rv e  fo r  a  
fo u n d a t io n  o n  clay  c a n  b e  e s t im a te d  a t  le a s t  ro u g h ly , u s in g  th e  
w o rk  o f  Skempt on (1951) a n d  Meyer hof  (1951). O n  th e  la s t  
tw o  p o in ts ,  in  a  p a p e r  w h ic h  I  g a v e  to  th e  M id la n d  So il 
M e c h a n ic s  a n d  F o u n d a tio n  E n g in e e rin g  So c ie ty  in  O c to b e r  

1956 (Cha pl in , 1957), I  c o n s id e re d  th e  effect o n  th e  d e s ira b le  
fa c to r  o f  sa fe ty  o f  th is  a n d  o th e r  fa c to rs .

P a p e r  3 a / l l  b y  Ishii e t  a l. is  o f  p a r t ic u la r  in te re s t  fo r  th e  

re s u lts  q u o te d  fro m  A o y a m a ’s w o rk  o n  th e  re la t iv e  p e r fo rm a n c e  

o f  fixed  a n d  flo a tin g  r in g s  in  th e  c o n s o lid a t io n  te s t. T h e  lo a d  
n e cessa ry  to  r e a c h  th e  sa m e  v o id  r a t io  fo r  Y o k k a ic h i  c lay  w a s  

1 -46 tim e s  h ig h e r  in  th e  fixed  r in g  th a n  in  th e  f lo a tin g  r in g . 

T h is  is e v e n  h ig h e r  th a n  th e  r a t io  o f  a b o u t  1-23 fo u n d  b y  
Lewis (1950) a t  th e  R o a d  R e se a rc h  L a b o r a to r y ,  H a rm o n d s -  

w o r th , w h e n  h e  te s te d  re m o u ld e d  L o n d o n  c lay  in  10 cm  x  1 c m  
rin g s .
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K . H . Roscoe (U .K .)

I  s h o u ld  lik e  to  c o r re c t  o n e  o r  tw o  e r ro n e o u s  im p re s s io n s  

w h ic h  re a d e rs  o f  th e  G e n e ra l  R e p o r t  o n  th is  D iv is io n  m a y  h a v e  
c o n c e rn in g  re c e n t w o rk  a t  C a m b rid g e  o n  fo o tin g s  f o r  s u p e r 

s tru c tu re s  w h ic h  a re  d e s ig n e d  a c c o rd in g  to  th e  p la s t ic  th e o ry . 
M y  P a p e r  3 a /3 5  re p re s e n ts  o n ly  a  m in o r  p o r t io n  o f  th is  w o rk ,  

m o s t  o f  w h ic h  h a s  b een  s u m m a riz e d  in  th e  B ritish  W e ld in g  
Jo u rn a l  o f  A u g u s t  1956 a n d  J a n u a ry  1957.

M y  o n ly  re a s o n  fo r  sp e a k in g  th is  m o rn in g  is t h a t  th is  J o u rn a l  

is n o t  g e n e ra lly  re a d  b y  so il m e c h a n ic ia n s  a n d  I  s u s p e c t t h a t  it 
m a y  n o t  h a v e  b ee n  see n  b y  th e  G e n e ra l  R e p o r te r .  H e  d e s c rib e s  
th e  te s ts  a s  ‘m o d e l t e s t s ’ w h ic h , in d e e d , th e y  p o ss ib ly  a re ;  b u t  
a  m o d e l te s t  c o n ju re s  u p  to  m y  m in d  s o m e th in g  o n  th e  la b o r a 
to ry  ta b le .  W h ile  n o t  c la im in g  th a t  th e  sca le  o f  th e  te s ts  w as  
la rg e , th e y  w ere  c a r r ie d  o u t  in  th e  field . A  v iew  o f  th e  te s t 
s ite  is sh o w n  in  F ig . 5. T h e  s t ru c tu re  u n d e r  te s t  c o n s is ts  o f  

tw o  s im ila r  ‘s a w - to o th ’ p o r ta l  f ra m e s  c o n n e c te d  to g e th e r  by  
p u r lin s  to  r e p re s e n t  1 b a y  o f  a  s in g le -s to re y  b u ild in g . T h e  
s p a n  o f  e a c h  p o r ta l  f ra m e  w as  16 ft. T h e  v e r tic a l lo a d in g  ta n k s  
c a n  a lso  b e  see n , e a c h  c a p a b le  o f  ta k in g  a  lo a d  o f  15 to n . T h e  

p o r ta ls  re s te d  u p o n  re in fo rc e d  c o n c re te  p ie r- ty p e  fo u n d a tio n s . 
E a c h  p ie r  w as  1-J ft . in  d ia m e te r  a n d  3 ft. d e ep  a n d  th e  to p  o f  

o n e  o f  th e m  is sh o w n  in  F ig . 6.
T h e  p ro b le m  o f  d es ig n in g  th e se  p ie rs  e n ta ile d  c o n s id e ra tio n  

o f  a  th re e -d im e n s io n a l r u p tu r e  su rfac e , o r  z o n e , in  th e  so iL  

F ig . 7 re p re s e n ts  th e  fo rm  o f  su c h  a  su rfa c e  i f  th e  p ie r  is 
c o n s tr a in e d  to  r o ta te  a b o u t  g ro u n d  lev el. A ll  th e  th eo ries*
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ex cep t o n e , k n o w n  to  m e  w h e n  d es ig n in g  th e  p ie rs  in  1953 
a ssu m e d  a  tw o -d im e n s io n a l r u p tu r e  su rfa c e  c o r re s p o n d in g  to  

f f 'b b 'c c 'd d ' in  F ig . 8. T h e  o n ly  th re e -d im e n s io n a l th eo ry ,

d u e  to  F o r d h a m , a s s u m e d  a  s im ila r  z o n e  o f  fa i lu re  o f  th e  so il 
b u t  e n d e a v o u re d  to  ta k e  a c c o u n t  o f  th e  fo rce s  o n  th e  p la n e  
sid es  a fb c d e a n d  a 'f 'b 'c 'd 'e ' o f  th e  se c to r . E le v a tio n s  o f  so m e

F ig . 6 A  p ie r  b e fo re  lo a d in g  

P ie u  a v a n t  l ’e ssa i

o f  th e  sh a p e s  a s s u m e d  in  th e  d iffe re n t th e o rie s  fo r  th e  a rc  cd  
in  F ig . 8 a r e  g iv en  in  F ig . 9.

D u r in g  th e  e x p e r im e n ta l  w o rk , a f te r  lo a d in g  th e  p o r ta l

F ig . 7 E m b e d d e d  p ie r  c o m p e lle d  t o  r o t a t e  a b o u t  g r o u n d  lev el. 
F o r m  o f  a c tu a l  f a i lu r e  s u r fa c e  

(By courtesy o f  British Welding Journal, V o l. 3, N o .  8 , 1956) 

R o ta t i o n  a u  n iv e a u  d u  so l d ’u n  p ie u  e n fo n c é . F o r m e  d e  la  
s u r fa c e  o b s e rv é e  d e  r u p tu r e

fra m e s  to  c o lla p s e , th e  u p p e r  p a r t  o f  th e  s u p e rs tru c tu re  w as  
re m o v e d  a n d  th e  in d iv id u a l p ie rs  w e re  te s te d  se p a ra te ly  u n til  

th e  so il fa ile d . F o u r  o f  th e  p ie rs  w e re  c o n s tr a in e d  to  ro ta te

F ig . 8 A  th e o re t ic a l  f a i lu r e  s u r fa c e  

(By courtesy o f  British Welding Journal, V o l. 3 N o .  8, 1956) 

U n e  s u r fa c e  th é o r iq u e  d e  r u p tu r e

a b o u t  g ro u n d  lev el a n d  th e  a v e ra g e  m o m e n t  M  r e q u ire d  to  
c a u s e  so il fa i lu re  w as  10-1 to n -f t. T h is  m e a su re d  v a lu e  a n d  
a lso  th a t  o f  3 -0 f t .  f o r  d im e n s io n  y  in  F ig . 9 m a y  be  c o m p a re d  

w ith  th e  v a lu e s  p re d ic te d  b y  se v en  th e o re t ic a l  m e th o d s  a s 
sh o w n  in  c o lu m n s  3 a n d  4  o f  th e  ta b le  b elo w . C o lu m n  5 o f

Full-scale test
M odel

test

1 2 3 4 5

M ethod
S'

d e g re e s
M

to n - f t .
y
f t.

M
lb . in .

I  S p ir a l  c e n tr e  a t  O — 14-2 1 4 0 330

I I  S p ir a l  c e n tr e  a t  O 2 — 6 0 8 0 118

I I I  R a n k in e 0 4 0 6 1 95

IV  H a n s e n 20
9 0 3 0 179

162

V  C o d e  o f  p ra c t ic e 20 10-2 > 6 175

V I C a q u o t  a n d  K e ris e l 20 10-9 > 6 205

V II  F o r d h a m 0 4-7 3 0 70

M e a s u r e d  v a lu e s — 1 0 1 3 0 175

( B y  c o u r te s y  o f  B r i t is h  W e ld in g  J o u r n a l ,  V o l .  3 ,  N o . 8 ,  1 9 5 6 )
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F ig . 5 G e n e ra l  v ie w  o f  te s t  s ite , s h o w in g  p o r ta l  f ra m e  a n d  lo a d in g  
m e c h a n is m

V u e  d u  s ite , l a  s t r u c tu r e  e n  p o r t iq u e  e t  m é th o d e  d e  c h a rg e



F ig . 9 E le v a t io n  o f  th e o re t ic a l  r u p tu r e  s u r fa c e s  ( a f te r  K . H .  R o s c o e  a n d  A . N .  S c h o fie ld )  

S c h e m a  d e s  s u r fa c e  th é o r iq u e s  d e  r u p tu r e

th e  ta b le  a lso  sh o w s th e o re tic a l  v a lu e s  o f  th e  m o m e n t  re q u ire d  
f o r  so il fa i lu re  in  a  p re lim in a ry  m o d e l te s t  in  th e  la b o ra to ry  
u s in g  a  fo o tin g  6 in . d ee p . T h e  m e a su re d  v a lu e  w as  175 lb .in . 
B o th  te s ts  fa v o u r  m e th o d  V  fo r  p re d ic tin g  M  b u t  n o t  y .

I  c a n  see n o  re a s o n  w h y  an y  o f  th e se  th e o rie s  s h o u ld  g iv e 
a g re e m e n t b e tw e e n  p re d ic te d  a n d  m e a su re d  v a lu e s . I t  is n o  

re f le c tio n  o n  an y  o n e  o f  th e m , ex c ep t m e th o d  V III ,  t h a t  th ey

0 10 20 30 40 .
____ 1 i______ i______ i______ i in.

F ig . 10 V ie w s  o f  a  ty p ic a l  f a i lu r e  s u r fa c e  

{By courtesy o f British Welding Journal, V o l. 3 , N o .  8, 1956)

V u e  ty p iq u e  d ’u n e  r u p tu r e

d o  n o t ,  since th e  th e o re tic a l  fa i lu re  su rfa c e  is o f  th e  fo rm  sh o w n  
in  F ig . 8 w h ile  th e  a c tu a l  m e a su re d  fa ilu re  su rfa c e  is a s sh o w n  

in  F ig . 10.

I n  th is  p a r t ic u la r  p ro b le m  it  w as  fo u n d  th a t  a  t ie d  p ie r  w o u ld  
h a v e  to  b e  o n ly  3 ft. d e e p , w h e re a s  a  f ree  p ie r  w o u ld , in  o rd e r  
to  d o  th e  sa m e  jo b ,  h a v e  to  b e  6 ft .  d e e p  a t  leas t. I  d o  n o t  w a n t 
th e  c o n c lu s io n  to  b e  d ra w n  th a t  t ie d  p ie rs  a re  a lw ay s tw ice  as 

s t ro n g  as fre e  p ie rs . E a c h  ca se  m u s t  b e  t re a te d  o n  its m e rits .

Y . Tcheng (F ra n c e )

M o n s ie u r  le  p ré s id e n t, m esd am es , m e ss ieu rs , j e  v o u d ra is  to u t  

d ’a b o r d  fé lic ité r le  r a p p o r te u r  g é n é ra l p o u r  s o n  e x ce lle n t 
ex p o sé.

I l  y  a  s ig n a lé  q u ’il a v a i t  m e su ré  la  ré s is ta n c e  à  la  r u p tu r e  à

l ’a id e  d e  fo n d a tio n s  e n  m o d è le s  ré d u its  s u r  d u  sa b le  sec. L es 
v a le u rs  d e ces  ré s is ta n c e s  à  la  r u p tu r e  m esu rées  e n  la b o ra to r ie s  
s o n t  d e  p lu s ie u rs  fo is  su p é rie u re s  a u x  v a le u rs  th é o riq u e s .

D e p u is  1953, n o u s  a v o n s  é g a le m e n t e n tre p r is ,  a u  C e n tre  
e x p é r im e n ta l  d u  b â t im e n t  e t  d es tra v a u x  p u b lic s  à  P a r is , des  

e ssais e n  m o d è le s  ré d u its  d e  la  ré s is ta n c e  à  la  r u p tu r e  d es 
fo n d a tio n s  à  d e u x  d im e n s io n s  e n  m ilie u x  p u lv é ru le n ts  (s ab le , 

b ille  d e  v e rre  etc . . . .). L es  ré s u lta ts  e x p é r im e n ta u x  o n t  é té  

ég a u x  d e  1-5 à  2  fo is  la  ré s is ta n c e  th é o r iq u e .

N o u s  p e n so n s  q u e  les ra iso n s  p r in c ip a le s  d es é c a r ts  e n tre  les 

ré s u lta ts  d ’es sa i e t  les c a lcu ls  s o n t  p ro b a b le m e n t  les su iv a n te s  : 
1° L a  d e n s ité  d u  sa b le  a u g m e n te  so u s  la  c h a rg e ;  c e tte  a u g 
m e n ta t io n  n ’e s t  d ’a ille u rs  p a s  c o n s ta n te  le  lo n g  d e  la  lig n e  d e  

r u p tu r e ;  p a r  a illeu rs , la  r u p tu r e  s ’o b t ie n t  to u jo u r s  a p rè s  u n  

c e r ta in  ta s se m e n t d u  sab le . I l  e s t p a r  c o n s é q u e n t, t rè s  d iffic ile , 
d a n s  le  cas p ra tiq u e ,  d e  s é p a re r  la  c h a rg e  d e  r u p tu r e  s u p e r 

fic ielle e t  c e lle d ’u n e  fo n d a tio n  a n c ré e  d a n s  le  so l. P o u r  é v ite r  

les in c o n v é n ie n ts  d u  m o d è le  ré d u it ,  n o u s  a v o n s  e n tre p r is  u n e  
sé r ie  d ’essa is  in s itu  av e c  d es fo n d a tio n s  d ’a ssez  g ra n d e s  

d im e n s io n s ;  la  p u is sa n c e  d e  c h a rg e  u tilisé e  a t te in t  p a r fo is  p lu s  

d e  20  to n n e s . L es  fo n d a tio n s  s o n t  d ’a ille u rs  d e  fo rm e s  a sse z  

d iv e rse s : c irc u la ire s , a n n u la ire s ,  c a r ré e s , re c ta n g u la ire s ;  n o u s  
av o n s  m ê m e  d e s  q u a d r il la g e  d e  sem elles f ila n te s . N o u s  

e sp é ro n s  p o u v o ir  o b te n ir  d es ré s u lta ts  trè s  p ro c h a in e m e n t  q u e  

n o u s  c o m m u n iq u e ro n s  lo rs  d u  p ro c h a in  c o n g rè s . N o u s  

p o u v o n s  n é a n m o in s  d é jà  s ig n a le r  q u e  les ré s u lta ts  e x p é r i 

m e n ta u x  s o n t  to u jo u r s  su p é rie u rs  au x  v a leu rs  th é o riq u e s .

A . La za r d (F ra n c e )

E n  c o m p lé m e n t d e  m a  c o m m u n ic a t io n  3 a /1 9 , je  v eu x  in d iq u e r  
l a  c o m p a ra is o n  d e  m es fo rm u le s  av ec  2  sé rie s d ’essa is  A n g la is , 

in té re s sa n te s  à  d iv e rs  t itre s , l’u n e  d a n s  l’a rg ile  d u  S u d -O u e s t  d e  
L o n d re s  (F ig s . 11 e t  12), l ’a u t r e  d a n s  d u  sa b le  d u  N o r d  d e 

L o n d re s  (F ig . 13).

L a  F ig . 12 d o n n e  la  c o m p a ra is o n  d e s  fo rm u le s  a v e c  les 
e ssais d e  M r . S im p so n  d e  la  B r itish  In s u la te d  C a lle n d e r  C o n 
s t ru c t io n  L td . ;  o n  v o it  q u e  le  r é s u lta t  e s t  e x trê m e m e n t 

sa tis fa isa n t .

L a  F ig . 11 d o n n e :  d ’u n e  p a r t  le s v a leu rs  d e s  c o h é s io n s  =  
m e su ré e s  à  l ’es sa i d e  c o m p re s s io n  s im p le  =  d a n s  d es p ré lè v e 
m e n ts  effec tu és to u s  les p ie d s ;  e t  d ’a u t r e  p a r t  la  c o m p a ra is o n  

av ec  la  fo rm u le  des  E le c tr ic ie n s  c o n v e n a b le m e n t am én ag ée . 
O n  v o it q u e  les ré s u lta ts  s o n t  m o in s  sa tis fa isa n ts  q u e  d a n s  la  
F ig . 12, s u r to u t  si o n  p re n d  le s co h é s io n s  d e s  p ré lè v em e n ts  

s o it  to u s  im p a irs , so it  to u s  p a irs .  L es  ré s u lta ts  s o n t  e n c o re  
p lu s  m a u v a is  av e c  les v a le u rs  m esu ré e s  a u  m o u lin e t  (v a n e  te s t)  
e t  a u  p é n é tro m è tre  (P r o c to r  n eed le ).

L a  F ig . 13 d o n n e  la  c o m p a ra is o n  d e s  fo rm u le s  A  e t  B  av ec  
les e ssa is  fa is a n t  l’o b je t  d es c o m m u n ic a tio n s  d e  K . H . Roscoe 

e n  3a/35  e t  le  B r itish  W e ld in g  J o u rn a l .  C o m m e  il fa llit  s ’y
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Diagramme des valeurs de C cohésion en livres par pied carré (Ib./sq.ft.) 

de pied en pied de profondeur.

-Legende- 
m - moyenne des C 
i :  moyenne des C impairs 
p = moyenne des C pairs

A i A3

Sf
■*- /'—*h 
p =  1 5 2 5  
m  = 1584  
i = 1623

Si

F MLm-Jj
L -p-J
/  = 13 07  

m z  1325  
p = 1343

Cl

L-p-J 
/ = 1505  

m = 1 6 6 3  
p  =1673

B 3

m

■pà ! \

É f i l  
p -- 615 

m = 1326 
i  -- 1667

C 3

bd  
p =1210 

m  = 1473  
i =1670

Comparaison entre les résultats déssais et la valeur 213 S  ramenée au sol

ovec S '-.^ m .2
o

M limite
1 0 0 0 ft.lb

-Echelles- 

Profondeurs : 4 m m =7 p ie d  
C (cohesion) '■ 1 m m  = /0  Ib./sq.ft.

F ig .  11 D ia g r a m m e  d e s  v a le u rs  d e  C -c o h é s io n — e n  liv res  p a r  p ie d  c a r r é  ( Ib ./s q . f t .)  d e  p ie d  e n  p ie d  d e  p r o f o n d e u r :  m =  m o y e n n e  d e s  C ;
i = m o y e n n e  d e s  C  im p a i r s ;  /> =  m o y e n n e  d e s  C  p a irs .  C o m p a ra is o n  e n t r e  le s  r é s u l ta ts  d ’e s sa is  e t  la  v a le u r  2 - 7 3 5 ' ra m e n é e  a u  
so l a v e c  S' =  (2 SCbD2) /6

D ia g r a m  o f  th e  v a lu e s  o f  C  in  lb ./s q .  f t. p e r  f t. o f  d e p th :  m  =  m e a n  o f  C  v a lu e s ;  i =  m e a n  o f  o d d  C  v a lu e s ;  a n d  p  th e  m e a n  o f  e v e n  C 
v a lu e s . C o m p a r is o n  b e tw e e n  th e  te s t  r e s u lts  a n d  th e  v a lu e  o f  2 - 7 3 5 ''r e d u c e d  to  a  so il o f  S '= (2 -S C b D 2)/6
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C e  ta b le a u  d o i t  ê tre  c o n s id é ré  e n jo in te m e n t  a v e c  la  F ig . 12. T h is  ta b le  is to  be  re a d  in  c o n ju n c t io n  w ith  F ig . 12.

F o r m e  d e s  
fo n d a t i o n s  

e t

d im e n s io n s

N o .

A n g le

d e

r e n v e r s e m e n t

M o m e n t s  o b te n u s  a u x  
e s s a is ,  r a m e n é s  a u  

n iv e a u  d u  s o l  (x )

F o r m u le  A F o r m u le  B

T .H .  l im i te  (y )

x

y

T . H  l im i te  (z)
x

z
ft.Ib . m  kg ft. lb . m  kg ft. lb . m  kg

■
2 '  x  2 ' 
D  =  5 '

A i 5° 0 7 ' 70 ,00 0 9,700 72,8 00 10,070 0-96 70 ,90 0 9,80 0 0-99

7°  4 1 ' 
10° 4 6 '

85 .000
89.000

11,700
12,300

73,00 0 10,100
1 1 6  
1 -22

70 ,90 0 9,80 0 1-20
1-25

a3 7°  2 1 ' 
10° 2 0 '

72 .00 0
74.00 0

9,9 50
10,200

73,00 0 10,100
0-99  
1 -01

70 ,90 0 9,8 0 0
1 -01 
1-04

©  
6  =  2 '  
D  =  5 '

Bi 4 °  3 6 ' 
7°  3 6 '

57 .000
61.000

7,9 00
8,400 63,30 0 8,8 00

0-90
0-96

70 ,90 0 9,80 0 0-8 0
0-86

b2 5° 0 2 ' 
8 ° 2 2 '

84 .000
90.00 0

11,600
12,400 63,30 0 8,800

1 -33
70,900 9,80 0

1-19

1-42 1-27

Bj 7°  57 ' 
11 ° 2 0 '

60 ,000
66,000

8,300
9,1 00 63,30 0 8,8 00

0-95  
1 -04

70 ,9 0 0 9,8 00 0-85
0-93

©
<j> =  2 
D  =  6 ' 6"

C i 5 “ 0 2 ' 127 ,000 17,600 108,600 15,000 1-17 126,200 17,450 1 -01

c2 6° 0 1 ' 
7°  4 0 '

115 .000
118.000

15,900
16,300 106,700 14,800 1 08 

1-10
126,200 17,450 0-91

0-93

c3 6 ° 4 8 ' 
9 °  0 8 '

132 .000
141.000

18,200
19,500 106,700 14,800

1-24 
1 -32 126,200 17,450 1-05

1-12

,  ®  
4> =  2 ' 
D  =  8 '

D ,
6 ° 0 5 ' 
8° 0 9 '

165.000
174.000

22,8 00
24,000 168,900 23 ,30 0

0-98  
1 -03 183,720 25 ,4 0 0 0 -90

0-95

d2 6 ° 0 5 ' 
9 ° 5 9 '

147.000
155.000

20,3 00
21,4 00 168,900 23,300

0-87
0-92 183,720 25 ,4 0 0 0-80

0-84

Dj 5° 19 ' 
8° 13 '

117.000
138.000

16,200
19,100 167,500 23 ,10 0

0-70
0-82 183,720 25,4 00 0-6 4

0-75

C e ta b le a u  d o i t  ê tre  c o n s id e ré  e n jo in te m e n t a v e c  la  F ig . 13. T h is  ta b le  is to  b e  re a d  in  c o n ju n c t io n  w ith  F ig . 13.

N o .

F o r m e  
d e  la  
b a s e

D im e n s io n s  
d e  ta  
b a s e  
<j> o u  
e x b

P r o f fe i tr

D

H a u te u r

d e

t ir a g e

H

P o id s

d u

p o te a u

M o m e n t  l im i te

o b te n u

a u x

e s s a is

f o r m u l e  A f o r m u l e  B

a v e c  
D '  =  0

a v e c  
D '  =  0 -3  m

a v e c  
D "  =  0

a v e c  
D "  =  0 -3  m

m
in .

m
in .

m
in .

k g
lb .

m  k g  
f t. l b.

m  kg  
ft .lb .

m  k g  
f t.lb .

m  kg  
f t.lb .

m  k g  
f t.lb .

6 X A •
0-419

1 6 i

0-914
3 6

2-26
8 9

52
1 1 5

1,205
8 ,7 3 6

2,416
1 7 ,4 7 5

1,968
1 4 ,2 3 5

1,893
1 3 ,6 9 2

1,202
8 ,6 9 4

6 X E •
0-419

J 6 i

0-914
3 6

2,39
9 4

91
2 0 0

1,316
9 ,5 4 2

2,434
1 7 ,6 0 5

1,983
1 4 ,3 4 3

1,917
1 3 ,8 6 6

1,218
8 ,8 1 0

6 Y A •
0-419

m

0-914
3 6

2-23
8 7 \

52
1 1 5

1,335
9 ,6 7 7

2,416
1 7 ,4 7 5

1,968
1 4 ,2 3 5

1,888
1 3 ,6 5 6

1,198
8 ,6 6 5

6 Y E •
0-419

m

0-914
3 6

2-54
1 0 0

54
1 2 0

1,180
8 ,5 5 7

2,416
1 7 ,4 7 5

1,968
1 4 ,2 3 5

1,942
1 4 ,0 4 6

1,235
8 ,9 3 3

7X A ■ 0-432
1 7 x 1 7

0-914
3 6

2-39
9 4

54
1 2 0

3,183
2 3 ,0 7 2

>  5 ,756  
> 4 1 ,6 3 3

>  4 ,688
> 3 3 ,9 0 8

>  3 ,852  
> 2 7 ,8 6 2

>  2 ,5 12  
> 1 8 ,1 6 9

7 X E ■
0-432

1 7 x 1 7
0 -914

3 6

2-53
9 9 i

54
1 2 0

3,059
2 2 ,1 7 6

>  5 ,756  
> 4 1 ,6 3 3

> 4 ,6 8 8
> 3 ,3 0 8

>  4 ,0 00  
> 2 8 ,9 3 2

>  2 ,5 44
>  1 8 ,4 0 0

7 Y A ■
0-432

1 7 x 1 7

0 -914
3 6

2 -3 7 5

9 3 i

91
2 0 0

2 ,4 1 0 ?
1 7 ,4 7 2 1

>  5 ,786 
> 4 1 ,8 5 0

>  4 ,71 2  
> 3 4 ,0 8 2

>  3 ,948 
> 2 8 ,5 5 6

>  2 ,508  
> 1 8 ,1 4 0

7 Y E ■
0-432

1 7 x 1 7

0 -914
3 6

2-49
9 8

54
1 2 0

3,770
2 7 ,3 2 8

>  5 ,756 
> 4 1 ,6 3 3

>  4 ,6 88  
> 3 3 ,9 0 8

>  3 ,988 
> 2 8 ,8 4 5

>  2 ,5 36
>  1 8 ,3 4 3

N o ta : les chiffres penches donnent les valeurs en unités Anglaises. Pour les essais No. 7 on a pris dans le calcul les valeurs minima s u i v a n t e s = 2 et /?*> 12.

1 46



7,000ft. Ih

.d

1601  
o

0  2 4 6 8 10 12 14 16 18 20 22 24 
Moments limites formule (A) m t

Moments limites formule (A)

F ig . 12 R e s u l ts  d e  l’a p p l ic a t io n  a u x  fo n d a t io n s  d e  M r . S im p s o n  d e s  
fo rm u le s  f ra n ç a ise s  A e t  B F e v r ie r  1957 . C o m p a ra is o n  
e n t r e  les ré s u l ta ts  d ’e ssa is  e t  la  fo rm u le  f ra n ç a is e  A M  l im  =  
2 7 -4 5A/b2/3

R e s u lts  o f  th e  a p p l ic a t io n  to  M r . S im p s o n ’s f o u n d a t io n s  o f  
th e  F r e n c h  fo r m u la e  A a n d  B. o f  F e b r u a r y  1957. C o m -  
p a r is o n  b e tw e e n  th e  te s t  r e s u lts  a n d  th e  F r e n c h  fo rm u la  
A M  l im  = 2 7 -4 5 A /ij2 /3

a t te n d r e  a v e c  d e s  fo n d a tio n s  a u s s i  p e u  p ro fo n d e s  (3 p ied s 

s eu lem e n t)  la  fo rm u le  A  d o n n e  d e s  v a le u rs  u n  p e u  t r o p  élevées.

P a s co n tre  la  fo r m u le  B  e s t  exc e lle n te

L es c a lcu ls  s o n t  fa its  u n e  fo is  av ec  m o r t  t e r r a in  n u l, u n e  fo is  

av ec  u n  m o r t  te r ra in  d e  1 p ie d , p a rc e  q u e  l’a r t ic le  d u  B ritish  
W e ld in g  J o u r n a l  m e n tio n n e  u n e  c o u c h e  su p erficie lle  d ’h u m u s  

d e  1 p ied .

L es  fo n d a tio n s  7 o n t  é té  ca lcu lé es  a v e c  les v a le u rs  m in im a  d e 

K =  2  e t  p i =  12, c o r r e s p o n d a n t  a u x  m e ille u re s  b u tée s  réa lisé es 
d a n s  m es p ro p re s  essa is . I l  é ta i t  é v id e n t q u e  la  b u té e  ex cep 
t io n n e lle  ré a lisé e  p a r  R o s c o e  c o r re s p o n d a it  à  d es  v a le u rs  

su p é rieu re s .
A u jo u rd ’h u i n o u s  d isp o so n s  d ’u n  e n se m b le  d e  230  essa is en  

vra ie  gra nd eu r,  to u s  ex écu té s  d a n s  les c o n d it io n s  trè s  v ar iées . 
S u r  ves  230 , u n  seu l (1) a  d o n n é  u n e  v a le u r  n e t te m e n t  in fé r ie u re  
à  ce  q u e  les fo rm u le s  A c t B  p e rm e tta ie n t  d e  p ré v o ir .

N o u s  ig n o ro n s  la  ra is o n  p ro fo n d e  p o u r  la q u e lle  la  n a tu re  d es  
te r re s  n e  p a r a î t  p a s  in te rv e n ir . S o u h a ito n s  q u ’e lle  so it  
d é c o u v e rte  d ’ici le  p ro c h a in  C o n g rè s .

J. Kér isel  (F ra n c e )

M o n s ie u r  le  p ré s id e n t,  m e ss ieu rs , e n  c o n c lu s io n  d e  n o tr e  

séa n ce  d ’h ie r , le  M . V a rg a s  d e m a n d a i t  s ’il y  a v a it  e ffec tiv em en t 
u n e  re la t io n  e n tre  la  ré s is ta n c e  d e  p o in te  d u  p é n é tro m è tre  e t 
la  fo rc e  p o r ta n te  d es fo n d a tio n s , la rg e s  o u  é tro ite s . J e  v o u d ra is  

in te rv e n ir  à  p ro p o s  d e  c e tte  in té re s sa n te  q u e s tio n .
A  u n e  p r o fo n d e u r  d o n n é e  D  d a n s  u n  m ilie u  d e  d en s ité  

h o m o g è n e  d e  d e n s ité  y ,  la  s u rc h a rg e  e s t y D  e t  n o u s  a v o n s  c o n 
v e n u  d e  d é s ig n e r p a r  N q x  y D  l ’u n e  o u  l’a u t r e  d es  q u a n tité s  
p ré c é d e n te s  d o n t  n o u s  n o u s  p o s o n s  la  q u e s tio n  d e  s a v o ir  si e lles 
so n t  ég ales  o u  d iffé ren te s.

Moments limites formule B m k g

Moments limites formule B 7.0C?0ft.lt>

F ig . 13 E ss a is  d e  K .  H .  R o s c o e  e t  A . N .  S c h o lf ie ld . R é s u l ta ts  d e  
l’a p p l ic a t io n  a u x  fo n d a t io n s  d e s  fo rm u le s  f ra n ç a is e s  A e t  
B. C o m p a ra is o n  e n t r e  d e s  r é s u l ta ts  d ’e s sa is  e t  la  fo rm u le  
f ra n ç a is e  B, a v e c  D "  =  0 -3  m  

K . H . R o s c o e  a n d  A . N .  S c h o lf ie ld ’s te s ts . R e s u l ts  o f  th e  
a p p l ic a t io n  to  fo u n d a t io n s  o f  th e  F r e n c h  f o rm u la e  A a n d  
B. C o m p a r is o n  b e tw e e n  th e  r e s u lts  o f  te s ts  a n d  th e  
F r e n c h  fo rm u la  B , w i th  D "  =  0 -3  m

P u isq u e  le p é n é tro m è tre  e s t d e s c e n d u  à  la  m êm e  p ro fo n d e u r  
q u e  la  fo n d a tio n , ce  q u i m ’e st p a r u  e ssen tie l e s t d ’é tu d ie r  p lu s  

p a r tic u liè re m e n t la  v a r ia t io n  d e  N q a v e c  le  d ia m è tre  d  d u  

p é n é tro m è tre ,  to u te s  ch o ses  ég a le s d ’a illeu rs .

N o u s  a v o n s  in d iq u é , F ig . 12 d e  n o tr e  a r tic le  3 a /1 5, les 

p re m iè re s  d e  n o s  ex p é rie n c es  e n  sa b le  d e  N e m o u rs , trè s  se rré  

av e c  te n e u r  e n  e a u  d e  1 -5 p e r  c e n t a v ec  p é n é tro m è tre s  d e  5, 10 

e t  20  m m .

D e p u is  lo rs  n o u s  a v o n s  f a i t  d es  e x p e rie n c es  in s itu  d a n s  la  
fo rê t  d e  F o n ta in e b le a u  e t  à  D u n k e rq u e ,  to u jo u r s  d a n s  d es 
sab le s  se rré s , m a is  av ec  d es te n e u rs  e n  e a u  su p é rie u re s .

S u r  le  d ia g ra m m e , n o u s  a v o n s  p o r té  en  a b sc is se s  l’ex p re ss io n  

sa n s  d im e n s io n  ég a le  a u  r a p p o r t  d e  la  p ro fo n d e u r  D  a u  ra y o n  
h y d ra u liq u e  d /4  d e  la  se c tio n  d u  p é n é tro m è tre  o u  e n c o re  4 D /d .

E n  o rd o n n é e s , n o u s  a v o n s  p o r té  le s v a le u rs  d e  N q. P o u r  
u n e  m ê m e  p r o fo n d e u r  re la t iv e  o n  c o n s ta te  e n c o re  q u e  N q e s t 
d ’a u ta n t  p lu s  g ra n d  q u e  le d ia m è tre  e s t p lu s  p e tit .  C ec i tie n t-il  
à  l’effet d e  la  g ro sse u r  d es g ra in s  d o n t  les p lu s  g ro s  n e  d é p a s se n t 
p a s  2 /1 0  m m  d a n s  to u s  les c a s  o ù  a  d es é q u ilib re s  d e  p o in ç o n 

n e m e n t?  L a  q u e s tio n  e s t o u v e r te . N o u s  n o u s  b o rn o n s  p o u r  
le  m o m e n t à  l ’é tu d e  e x p é r im e n ta le . E n  to u s  cas , c e tte  c o n 

s ta ta t io n  e s t à  r a p p ro c h e r  des  o b s e rv a tio n s  d u  E . C . W . A . 
G e u z e  c o n c e rn a n t  la  p e n te  d u  d ia g ra m m e  d u  p é n é tro m è tre  q u i 
v a r ie t  en  ra is o n  in v e rse  d u  d ia m è tre  a u  v o is in a g e  d ’u n e  c o u ch e  

ré s is ta n te .

N o u s  c o n s ta tio n s  au ss i q u e  N q p o u r  u n  m ê m e  d ia m è tre  
c ro it ,  p u is  d é c ro it, ce  q u i  v e u t  d ire  q u e  la  p re s s io n  y D  x  N q a  
te n d a n c e  à  se  s ta b ilis e r  à  p a r t i r  d ’u n e  c e r ta in e  p ro fo n d e u r ,  

ré s u lta t  à  ra p p ro c h e r  d es o b s e rv a tio n s  d u  H . Z w eck .
F in a le m e n t,  p o u r  é lim in e r le  p a r a m è tre  te n e u r  e n  e a u  q u i  

a u g m e n te  N q trè s  n o ta b le m e n t,  n o u s  so m m e s  re v e n u s  a u  
la b o ra to ir e  d es p o n ts  e t  ch au ssée s  e t  n o u s  a v o n s  re c o m m e n c é  
les e x p érie n c es  av e c  d u  sa b le  d e  N e m o u rs  séc h é à  l’é tu v e  e t
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n o u s  a v o n s  m u ltip lié  les d ia m è tre s  e n  u t i l is a n t  c eu x  d e  5, 10, 
20, 40, 60 e t  80 m m . L es  c o n c lu s io n s  d e m e u re n t les m êm es . 
P ra tiq u e m e n t,  à  u n e  m ê m e  p r o fo n d e u r  a b s o lu te , o n  o b t ie n t  les 

v a le u rs  su iv an te s  d e N q, s u iv a n t le  d ia m è tre  :

d iam ètre 5 m m 10 20 40 60 80
600 430 330 240 160 97

P o u r  u n  m è tre  d e  p ro fo n d e u r  a b s o lu e  les ch iffres  s o n t  les 

su iv a n ts  :

d 40 60 80
N q 180 130 98

L es  in te rv a lle s  se  re s s e r re n t  m a is le  se n s d e  la  v a r ia t io n  re s te  

le  m êm e.
P o u r  d es sa b le s  n o n  se rré s , les v a r ia t io n s  s o n t  b e a u c o u p  p lu s  

faib les.
E n  co n c lu s io n , le s ré s u lta ts  d u  p é n é tro m è tre s  s o n t  à  m in o re r ,  

d ’a u ta n t  p lu s  q u ’o n  les a p p liq u e  à  d es fo n d a tio n s  p lu s  la rg e s  e t  

à  d es m ilie u x  d e  p lu s  e n  p lu s  ser ré s . C ec i e s t  c o n c ilia b le  av ec  
les c o n c lu s io n s  d e  C . Va n der  Veen e t  L . Boer sma (3 b /1 5 ) q u i, 

d ’u n e  p a r t  n ’o p è re n t  p a s  e n  m ilie u  s e r ré  e t , d ’a u t re p a r t ,  se  
t ie n n e n t  e n  d e ç à  d es p re ss io n s  ex trêm e s d u  c ô n e  p o u r  fa ire  le u r  

c o m p a ra iso n .
Je  les re jo in s  s u r  le u r  p ro p o s i t io n  d e  la  n o rm a lis a tio n  d u  

d ia m è tre . J ’a jo u te ra i  m ê m e  q u ’il e s t e ssen tie l d e  n o rm a lis e r  le  
sy s tè m e  d e  m o b ilis a tio n  d e  b u té e  d e  p o in te , c ’e s t-à -d ire  le 

d é p la c e m e n t r e la t i f  d e  celle-ci, la  b u té e  c ro is s a n t av ec  celu i-c i.

G . de Jossel in de Jong (N e th e r la n d s )

T h e  G e n e ra l  R e p o r te r  h a s  p o in te d  o u t  th a t  fo r  th e  d e te rm in a 

t io n  o f  s lip  lin e  fie ld s o n ly  so m e  s im p le  so lu tio n s  a re  a v a ila b le  
a n d  th e  m o re  c o m p lic a te d  cases , e sp ec ia lly  th o s e  ta k in g  a c c o u n t  

o f  th e  w e ig h t o f  th e  m e d iu m , n e e d  te d io u s  n u m e ric a l  tre a tm e n t.
I  s h o u ld  lik e  to  d ra w  a t te n t io n  to  a  g ra p h ic a l  c o n s tru c tio n  

w h ic h  p e rm its  a  s im p le  a n d  s tra ig h tfo rw a rd  d e te rm in a tio n  o f  

th e  sh a p e  o f  th e  s lip  lin e  fie ld . T h is  m e th o d  is a n  e x te n s io n  o f  
th e  m e th o d  w h ic h  P ra g e r  in  1953 d ev e lo p e d  fo r  m a te r ia ls  w ith  
<f> =  0  a n d  co n s is ts  e sse n tia lly  o f  th e  c o n s tru c tio n  o f  th e  c h a ra c te r 

is tics  in  th e  sa m e  w ay as th e  s o lu t io n  o f  K o t t e r ’s e q u a tio n s  d o e s  
m a th e m a tic a lly .

T h e  c h a ra c te r is tic s  in  th e  p h y s ic a l p la n e  a re  th e  s lip  lin es , 
a n d  in  th e  s tre s s  p la n e  th e  p a th s  fo llo w ed  by  th e  p o le  a re  ta k e n  
a s th e  o th e r  c h a ra c te r is tic s .

F o r  m a te r ia ls  w ith  <f> u n e q u a l to  z e ro  th e  p ro c e d u re  is b a s e d  
o n  th e  ru le , t h a t :

I f  a  slip  line is fo llo w e d  in th e  p h y s ic a l  p la n e  th e  p o le  w ill fo llo w  
a p a th  th a t is o r ie n te d  in th e d irec tio n  o f  th e  co n ju g a ted  s lip  line.

T h e  in tro d u c tio n  o f  th e  self-w eig h t o f  th e  m e d iu m  e n ta ils  th e  
fo llo w in g  ru le :

T he  ver tica l d ista nc e b etw een  th e p o le  p a th s  equals th e  h o r izo n ta l  
p ro je c tio n  o f  p o in ts  in th e  slip - line f ie ld  tim e s  y  th e  specific  
w eight.

W ith  th e se  ru le s  w e  c a n  c o n s tr u c t  th e  w h o le  s lip - lin e  fie ld  
s ta r t in g  f ro m  s tre s s  c o n d itio n s  a lo n g  th e  b o u n d a r ie s  in  a  s im p le  

w ay , b e c a u se  th e  o n ly  th in g  to  d o  is to  d ra w  p a ra lle l  lines.
T h e  c o n s tru c tio n  a p p lie d  to  a  sh a llo w  fo o tin g  is g iv en  in  

F ig . 14. T h is  so lu t io n  is  id e n tic a l  t o  L u n d g re n ’s s o lu tio n  

o b ta in e d  m a th e m a tic a lly  in  1953. F ig . 15 g ives th e  b e a r in g  

ca p a c ity  fa c to r  N v c o m p a re d  w ith  th e  v a lu e  g iv en  b y  T e rz a g h i 
a s  a  fu n c tio n  o f  d e p th  d iv id e d  b y  b re a d th .

T h e  G e n e ra l  R e p o r te r  a lso  p o in te d  o u t  t h a t  w e c a n n o t  b e  
sa tis fied  i f  th e  m o v e m e n ts  o f  th e  sy s te m  a r e  n o t  a c c o u n te d  fo r .

A p p lic a t io n  o f  th e  h o d o g ra p h  in  th e  w ay  P ra g e r  d o e s  w o u ld  
g ive th e  n e x t ru le :

Th e en dp o in t o f  th e v e lo c ity  v e c to r  f o r  p o in ts  a lo n g  a  s lip  line  

fo llo w s  th e  d irectio n  o f  th e  co n ju g ate  slip  line in suc h  a  w a y  th a t  

d iss ip a tio n  o f  en erg y is p o s it iv e .

H o w e v e r, f o r  m a te r ia ls  w ith  <j> u n e q u a l  to  z e ro  th e  r o ta t io n s  
w h ic h  a re  n o t  d isc r im in a te d  fo r  <f> = 0 g ive a n  a d d i t io n a l  c o m p li 
c a t io n . A  u n iq u e  s o lu t io n  o f  th e  v e lo c ity  fie ld  is o b ta in e d  o n ly  

i f  th e  r o ta t io n s  re q u ire d  b y  th e  b o u n d a ry  a re  sa tis fied  b y  o n e  

ex c lu sive  ro ta t io n .  I f  th e re  is a  r a n g e  o f  p o s s ib le  r o ta t io n s  th e  
s o lu t io n  is u n d e te rm in e d . I f  n o  o th e r  r o ta t io n s  re q u ir e d  by  

o n e  p a r t  o f  th e  b o u n d a ry  c a n  b e  m e t  b y  a n o th e r  p a r t  th e re  is 
a n  in te rn a l  c o n tra d ic t io n ,  w h ic h  in d ic a te s  t h a t  a n o th e r  slip - 
lin e  p a t te r n  h a s  to  b e  a d o p te d .

F ig . 16 sh o w s th e  v e lo c ity  d is tr ib u tio n  f o r  th e  sh a llo w  
fo o tin g  i f  th e  m o v e m e n t o f  th e  fo u n d a tio n  is re s tr ic te d  to  a

F ig . 14
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t r a n s la t io n  o n ly , w h ic h  m a k e s  a n  a n g le  b e tw e en  +  a n d  — 
{(77/4 )  —(</>/2)} w ith  th e  v e r tic a l. T h e  a d d i t io n a l  ro ta t io n  c a n  
o n ly  b e  z e ro  h e re  a n d  so  th e  v e lo c ity  d is tr ib u tio n  is u n iq u e ly  
d e te rm in e d . I n  b o th  cases th e  s lip - lin e  fie ld  is th e  sa m e , th e  
r e s u lta n t  fo rc e  is th e  sam e , b u t  th e  m o v e m e n t is q u i te  d iffe ren t.

I n  th e se  s o lu tio n s  th e  v e lo c ity  fie ld  co n se rv e s  v o lu m e  a n d  th e  
in te rn a l  d is s ip a tio n  en e rg y  e q u a ls  th e  w o rk  d o n e  b y  th e  e x te rn a l  
force . T h e  so lu t io n  is k in e m a tic a lly  c o n s is te n t.

F ig . 15

S p ec ia l a t te n t io n  m u s t  b e  d ra w n  to  th e  f r ic t io n  c h a r a c te r  o f  
so ils w h ic h  d is tin g u ish e s  th e m  f ro m  m a te r ia ls  w ith  a  p la s t ic  

p o te n tia l . A  m a te r ia l  w ith  <f> =  0  fo llo w s th e  p r in c ip le  o f  d e  
S a in t  V e n a n t  w h o  in fe r re d  th a t  th e  o r ie n ta t io n  o f  s tre s s  te n s o r  
a n d  d e fo rm a tio n  te n s o r  co in c id e . T h is  c o in c id e n c e  d o e s  n o t  
h o ld  fo r  a  m a te r ia l  w ith  <f> ■£ 0  w h e re  th e re  m a y  b e  a  d iffe ren ce  in  

o r ie n ta tio n  f ro m  — ±<f> to  +  i<f>.

A n o th e r  c o n s e q u e n c e  is th e  a b se n c e  o f  a  p la s t ic  p o te n tia l .

I t  h a s  b e e n  e s ta b lish e d  by  D r u c k e r  a n d  P ra g e r ,  in  1952, t h a t  
if  su c h  a  m a te r ia l  s h o u ld  h a v e  a  p la s t ic  p o te n tia l  th is  w o u ld  

e n ta il  a  v o lu m e  d i la ta t io n  d u r in g  p la s t ic  flow . I n  re a li ty  th e  
d ila ta n c y  is less th e n  c o m p u te d  f ro m  th is  th e o ry . S o  w e in fe r 
t h a t  o n ly  a  p a r t  o f  th e  g ra in  c o n ta c ts  m a y  h a v e  a  p la s t ic  p o te n tia l  
b u t  th e  m a jo r ity  h a s  n o t  g o t  o n e . T h is  a b se n c e  o f  a  p la s tic  

p o te n tia l  p ro h ib i ts  th e  u se  o f  th e  a t tra c tiv e  th e o re m s  d ev e lo p e d  
in  l im it d es ig n .

J . Fel d (U .S .A .)

I  w a n t  to  c o m m e n t firs t o n  P a p e r  3a /3 1  b y  D . E . Pol shin a n d  
R . A . Toka r . T h e  ta b u la t io n s  o f  re c o m m e n d e d  c r i te r ia  o f  
d iffe ren tia l s e ttle m e n ts  fo r  v a r io u s  ty p es  o f  s tru c tu re s  a re  a  new

a n d  im p o r ta n t  c o n tr ib u t io n  to  f o u n d a t io n  en g in ee rin g . D u r in g  
a  c a re fu l c h e c k  o n  14 sev en -s to re y  re in fo rc e d  c o n c re te  f ra m e  
a p a r tm e n ts  w h e re  fo u n d a t io n  p ro v is io n  w as p a r t ly  in a d e q u a te  
a n d  s tre n g th e n in g  w as  p ro v id e d , i t  w as  fo u n d  th a t  n o  s tru c tu ra l  
d is tre ss  in  th e  c o n c re te  flo o rs  o r  th e  b r ic k  w alls , in  th e  fo rm  o f  
o n e  s to re y  c u r ta in  w alls , w a s  n o te d  w ith  d iffe re n tia l se ttle m e n ts  
b e tw e e n  a d ja c e n t c o lu m n s  o f  a b o u t  0-0 04L . T h is  is tw ice  th e  
v a lu e  n o te d  a s  ite m  2(a ) in  T a b le  2  o f  3 a /3 1 . S o m e c ra c k s  in 
th e  b r ic k w o rk  w ere  fo rm e d  in  o n e  b u ild in g  w h e re  th e  d iffe ren tia l 

se t tle m e n t b e tw e e n  tw o  a d ja c e n t  e x te r io r  c o lu m n s  ex cee d ed  th e  
v a lu e  o f  0  004 L .

T h e re  is, h o w ev e r , a  m o re  im p o r ta n t  p o in t  to  b e  c o n s id e re d  in 
a  s tu d y  o f  th is  n a tu re .  S t ru c tu ra l  f ra m e s  o f  m u lti- s to re y  h e ig h t 
a re  g e n e ra lly  m u c h  m o re  r ig id  th a n  th e  fo o tin g s , ev en  w h e re  th e  
fo u n d a t io n  is a  m a t  o r  c o m b in e d  fo o tin g . A  d iffe ren tia l 
s e t tle m e n t u p se ts  th e  n o r m a l  d is tr ib u tio n  o f  lo a d  re a c tio n . 
N o rm a lly  it  o p e ra te s  bene fic ia lly : th e  s tif fe r fo o tin g  receiv es 
m o re  th a n  its  sh a re  o f  b u ild in g  lo a d  a n d  th e  se ttle d  fo o tin g  is 
re lie v e d  o f  lo a d in g . T h is  te n d s  to  b a la n c e  u n i t  lo a d in g  n e a r e r  
to  th e  c a p a c ity  o f  th e  lo c a l so il to  s u p p o r t  th e  lo a d in g  a t  eq u a l 

se ttle m e n ts . H o w e v e r, ca se s  h a v e  b e e n  o b s e rv e d  w h e re  th e  

s t ru c tu re  is so  s tif f  th a t  se t tle m e n t u n d e r  o n e  fo o tin g  cau ses  a  
c o m p le te  t ra n s fe r  o f  lo a d in g  to  th e  a d ja c e n t  c o lu m n , o r  l in e  o f  
c o lu m n s , w ith  s tru c tu ra l  fa i lu re  d u e  to  o v e r lo a d in g . U n d e r  

su c h  c o n d itio n s  th e  p e rm iss ib le  d iffe re n tia l s e ttle m e n ts  m a y  be  
s tru c tu ra l ly  u n sa fe . A  d e sc r ip tio n  o f  su c h  cases is g iv en  by  
m e  in  a r tic le s  p u b lis h e d  in  P ro c. A m e r . S o c . c iv. E n g rs .,  S e p a ra te  
632  (1955) a n d  J . B o sto n  S o c . civ. E n g s ., p . 10 8-12 7 , 1956. I 

q u e s tio n  w h e th e r  i te m  2 (b ) o f  T a b le  2  is a  m isp r in t,  a  v a lu e  o f
0  00 7L  seem s excessiv e ev en  fo r  s a n d  a n d  c lay  in  h a r d  c o n 

d i t io n  fo r  p e rm iss iv e  d iffe ren tia l se ttle m e n t.

I  s h o u ld  lik e  n o w  to  say  s o m e th in g  a b o u t  P a p e r  3 a /9  by
H . Gr asshoff. T h is  su b je c t  c a n  b e  a p p ro a c h e d  f ro m  e i th e r  a  

sc ien tif ic  o r  a n  e n g in e e rin g  p o in t  o f  v iew . T h e  sc ien tif ic  s tu d y  
c a n  sh o w  th e  v a r ia t io n  in  b e n d in g  m o m e n ts  re s u lt in g  f ro m  a  
g re a t  n u m b e r  o f  a s s u m e d  re la t iv e  rig id itie s . T h e  e n g in ee rin g  
a p p r o a c h  is o n ly  in te re s te d  in  th e  a n s w e r to  tw o  q u e s tio n s :

(1) is th e  d es ig n  sa fe, (2 ) is th e  d es ig n  e co n o m ic a l.
F o r  in d iv id u a l fo o tin g s , g e n e ra lly  sq u a re , c a r ry in g  a  sing le  

lo a d , th e  u s u a l  c r i te r ia  o f  d es ig n  d im e n s io n s  a r e  th e  s h e a r  a n d  
b o n d  stre sse s. S in ce  th e ir  v a lu e s  a re  m a x im u m  a t  th e  se c tio n s  

c lo se  to  th e  c o lu m n  face, w h e re  th e  to ta l  m u s t  b e  th e  sam e , n o  
m a tte r  w h a t th e  d is tr ib u tio n  o f  c o n ta c t  p re s su re , th e re  is n o  

v a lu e  in  a s su m in g  o r  c o m p u tin g  an y  d is tr ib u tio n  ex ce p t in  th e  
s im p le s t o n e . T h is  is e sp ec ia lly  t ru e  fo r  fo o tin g s  o n  fa ir ly  

r ig id  so ils. A  s lig h t g a in  in  re in fo rc e m e n t c a n  b e  o b ta in e d  fo r  

la rg e  fo o tin g s  i f  re d u c tio n  in  c o n ta c t  p re s su re  w ith  de flec tio n  
is a ssu m e d . I  d e sc rib ed  th is  in  S ec tio n  26, V ol. I l l  o f  th e  1956 

A m e ric a n  C iv il E n g in ee rs  P ra c tic e  (N e w  Y o rk ;  J o h n  W iley).
H o w e v e r, i f  c o d e  o r  sp e c if ic a tio n  l im ita t io n  ex is ts  o n  th e  

m a x im u m  u n i t  b a se  p re ssu re , a n y  m o d if ic a tio n  fro m  a ssu m e d  
u n ifo rm  c o n ta c t  p re s su re  m u s t  in c re a se  th e  size  o f  th e  fo o tin g  
to  k ee p  th e  m a x im u m  v a lu e  b e lo w  th e  re q u ire d  m ax im u m . 

S u c h  size in c re a se  w ill m o re  th a n  o v e rc o m e  th e  sav in g  in  re in 
fo rc e m e n t co s ts .

F r o m  th e  c r i te r io n  o f  sa fe ty , u n ifo rm  d is tr ib u tio n  h a s  re su lte d  
in  fo o tin g  d es ig n s th a t  h a v e  se rv ed  th e  d e s ire d  p u rp o s e  w ith  n o  

re c o rd e d  u n s a fe  o r  excess iv e d e fle c tio n  c o n d itio n s . A s f a r  as 
e c o n o m y  is c o n c e rn e d , th e  u n ifo rm  d is tr ib u tio n  d es ig n  is e q u a l 
to  th e  d es ig n  f ro m  a n y  o th e r  a s s u m p tio n , u n le ss  a  h ig h e r  u n i t  
p re s su re  is p e rm itte d  in  th e  m id d le  a re a s  o f  sp re a d  fo o tin g s .

S u c h  p e rm iss io n , in  m y  o p in io n , is ju s tif ie d  b ec au se  th e  ce n tre  
a re a s  o f  lo a d e d  so ils  a re  m o re  re s tr a in e d  to  la te ra l  flow  a n d  
th e re fo re  c a n  c a r ry  g re a te r  lo a d  c o n c e n tra tio n  a t  e q u a l d e fo rm a 
t io n  v e rtica lly . I n  th e  U .S .A . th e  g en e ra l c o d e  c o n tro ls  o n  
m a x im u m  c o m p u te d  v a lu es  m a k e  i t  a lm o s t im p o ss ib le  to  ta k e  
a d v a n ta g e  o f  su c h  a d d e d  s tre n g th .

A s f a r  a s c o m b in e d  fo o tin g s  a re  c o n c e rn e d , th e re  is little
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ev id en ce  th a t  e x is tin g  d es ig n s  o n  th e  ba s is  o f  u n ifo rm  d is tr i 
b u t io n  a re  n o t  s tru c tu ra l ly  sa fe  a n d  s a tis fa c to ry . W h e re  th e  
fo o tin g  a re a  is c h o s e n  to  p ro v id e  u n ifo rm  s u p p o r t  a t  th e  
m a x im u m  p e rm iss iv e  u n i t  v a lu e , a n y  o n e  o f  th e  fo u r  ca se s 
d e s c r ib e d  by  th e  a u th o r  w o u ld  re q u ir e  w id e r  fo o tin g s  to  k eep  
th e  m a x im u m  u n i t  a t  su c h  v a lu e . F o r  th e  c o n ta c t  p re s su re  
s u m m a tio n  m u s t e q u a l th e  su m  o f  th e  lo a d in g s .

U n it  c o n ta c t  p re ssu re s  o f  tw o  tim e s th e  a v e rag e  fo r  th e  
fo o tin g s  o n  so f t a n d  o n  s tif f c lay  (F ig s. 7 a n d  8) a n d  th re e  tim es  
th e  a v e ra g e  fo r  th e  fo o tin g s  o n  lo o se  a n d  o n  firm  sa n d s  (F ig s . 9 
a n d  10), w o u ld  re q u ir e  in c re a se  in  fo o tin g  w id th s  w h ic h  w o u ld  
se rio u s ly  m o d ify  th e  in d ic a te d  sa v in g s f ro m  b e n d in g  m o m e n t 
re d u c tio n s . O p tim u m  e c o n o m y  re q u ire s  a  c h a n g e  in  fo o tin g  
sh a p e , w id e r  w h e re  th e  c o n ta c t  p re s su re s  a re  g re a te r ;  b u t  th is  
e n ta ils  th e  in c re a se  in  co s ts  f ro m  th e  s im p le  re c ta n g u la r  p la n  in  
fo rm w o rk  a n d  re in fo rc e m e n t d e ta ils .

W h e re  fo o tin g  a re a s  a re  la rg e r  th a n  n ec essa ry  b e ca u se  o f  
so m e  a rc h ite c tu ra l  o r  fo u n d a tio n  re a so n s , su c h  a s  in  fu ll f lo o r  
a re a  m a ts , I  h a v e  u se d  a n  a s s u m p tio n  re c o m m e n d e d  by  M e y e r 
h o f , o f  a rb i t r a ry  a s s ig n m e n t o f  a re a s  sy m m etric a lly  p o s it io n e d  
u n d e r  e a c h  lo a d  to  p ro v id e  b e a r in g  a t  th e  d e s ire d  c o n ta c t  
p re s su re  v a lu e  a n d  d es ig n in g  m o m e n ts  f ro m  su c h  d is tr ib u tio n .

B u ild in g  fra m e s  o f  m u ltip le  s to r ie s  a re  ex tre m e ly  rig id , 
b e y o n d  a n y  c o m p u te d  v a lu es. T h is  h a s  b e e n  in d ic a te d  b y  th e  
w ay  th a t  s t ru c tu re s  h a v e  re s is te d  c o lla p se  w h e n  so m e  fo o tin g s  
a n d  c o lu m n s  h a v e  b e c o m e  n o n -o p e ra t iv e  fro m  e x tre m e  se ttle 

m e n t o r  lo ss  d u e  to  b la s t  ex p lo s io n . C ases  o f  c o m p le te  lo a d  

t ra n s fe r  f ro m  o n e  lin e  o f  c o lu m n  s u p p o r ts  to  a d ja c e n t  c o lu m n s  
h a v e  b e e n  fo u n d  w h e n  e x te r io r  c o n d itio n s  c a u s e  re la t iv e  se ttle 

m e n ts  o f  less th a n  1 in . C ases  o f  n o  a p p a r e n t  in ju ry  to  b o th  

s teel a n d  c o n c re te  fra m e s  h a v e  b ee n  n o te d  w h e re  c o lu m n s  a re  

fo u n d  to  h a v e  a  re la t iv e  se ttle m e n t a s m u c h  as  2 in . w ith  re sp e c t 
to  th e ir  n e ig h b o u r in g  su p p o r ts .

P a p e r  3 a /9  is a n  ex trem e ly  in te re s tin g  an a ly s is  o f  th e  p ro b le m  
a n d  co v ers  th e  su b je c t  w ell. T h e  d isc u ss io n  is in  n o  w ay  
in te n d e d  to  q u e s tio n  th e  sc ien tific  v a lid ity  o f  th e  p a p e r , m ere ly  
to  p o in t  o u t  th a t  th e  p ra c tic a l  e c o n o m ic a l a sp ec ts  o f  th e  

p ro b le m  m u s t  n o t  b e d is re g a rd e d .

E. de Beer  ( B e l g i u m )

In  h is  c o n tr ib u tio n  (3 a /3 3 ) P . E . Raes o u tlin e s  th e  im p e r 

fe c tio n s  o f  A n d e rs e n ’s m e th o d  fo r  d e te rm in in g  th e  b e a r in g  
c a p a c ity  u n d e r  a  fo o tin g . T h e se  im p e rfe c tio n s  a re  w ell k n o w n . 

In d e e d , A n d e rs e n ’s m e th o d  is a n  e x tre m e  m e th o d , a n d  th u s  
o n ly  o n e  e q u ilib r iu m  c o n d it io n  is c o n s id e re d . F u r th e rm o re ,  

i t  is n o t  a  ‘p u r e ’ e x tre m e  m e th o d  as  it  n e ce ss ita te s  a  m o re  o r  
less a rb i t r a ry  a s s u m p tio n  c o n c e rn in g  th e  d is tr ib u tio n  o f  th e  so il 
re a c tio n s  a lo n g  th e  a s su m e d  s lip  su rfa c e  a n d  c o n s id e rs  b u t  o n e  

p a r a m e te r  fo r  d e te rm in in g  th e  lo c a tio n  o f  th a t  su rfa ce .
I n  h is  m e th o d  A n d e rs e n  m a k e s  th e  sa m e  a s s u m p tio n s  w ith  

re g a rd  to  so il r e a c tio n s  a s  th o s e  m a d e  in  th e  m e th o d  o f  th e  

v e r tic a l slices o f  F e llen iu s . T h e  sa m e  im p e rfe c tio n s  a s  th o se  
m e n tio n e d  b y  P . E . R a e s  fo r  th e  m e th o d  o f  A n d e rs e n  ex is t a lso  
fo r  t h a t  o f  F e lle n iu s . N e v e rth e le ss , th is  l a t te r  m e th o d  h a s  
b e en  u se d  ex ten siv e ly  fo r  c o n tro llin g  th e  e q u ilib r iu m  o f  s lo pes . 
A s th e  m e th o d  o f  F e lle n iu s  g ives a c c e p ta b le  v a lu e s  in  ca se s 
w h e re  th e  fo rc e s  d u e  to  th e  w e ig h t o f  th e  so il a re  p re d o m in a n t ,  
th e  sa m e  c a n  b e  sa id  fo r  th e  m e th o d  o f  A n d e rs e n .

U p  to  th e  p re s e n t  tim e  n o  e x a c t  m e th o d  seem s to  ex is t fo r  
d e te rm in in g  th e  b e a r in g  c a p a c ity  u n d e r  a  fo o tin g  e s ta b lish e d  

o n  a  so il su b je c t to  g ra v ity . S o m e  m e th o d s  in v o lv e  su rfac e s  
w h ic h  a re  k in e m a tic a lly  p o ss ib le , b u t  w h ic h  d o  n o t  fu lfil a ll 
s ta tic  c o n d itio n s . O th e r  m e th o d s  fu lfil a ll th e  s ta t ic  c o n d itio n s  

b u t  in v o lv e  s lid in g  su rfa ce s  w h ic h  a re  k in e m a tic a lly  im p o ssib le . 
A ll m e th o d s  w h ic h  a c tu a lly  ex is t fo r  d e te rm in in g  th e  b e a r in g  
c a p a c ity  o f  so ils  w h ic h  a re  su b je c t to  g ra v ity , e v e n  i f  th ey  a re  
m o re  in tr ic a te  a n d  a re  in  so m e  w ay  m o re  e x a c t  th a n  th e  c ru d e

m e th o d  o f  A n d e rs e n , a re  n e v e rth e le ss  a ll  b a s e d  o n  so m e  m o re  
o r  less a rb i t r a ry  a s s u m p tio n s  a n d  a re  n o t  a t  th e  sa m e  tim e  
k in e m a tic a lly  a n d  s ta tic a lly  p o ss ib le . F o r  th a t  re a s o n , a s  lo n g  
a s th e  e x a c t  s ta tic a lly  a n d  k in e m a tic a lly  p o ss ib le  s o lu tio n  fo r  a  
so il su b je c te d  to  g ra v ity  h a s  n o t  b een  fo u n d , w e h a v e  a d o p te d  
th e  re su lts  o f  A n d e rs e n ’s m e th o d  in  a ll ca se s w h e re  th is  m e th o d  
g av e  lo w e r v a lu e s  th a n  o th e r  m e th o d s  b a s e d  o n  k in e m a tic a lly  
p o ss ib le  su rfa ce s , a n d  w h ic h  d id  n o t  re s p e c t  a ll  s ta t ic  e q u a tio n s . 
W e  h a v e  e m p lo y e d  th is  m e th o d  sin ce  1948. S in ce  th e n  m a n y  
im p ro v e m e n ts  h a v e  b e e n  m a d e  in  c o n n e c tio n  w ith  th e  p ro b le m  
o f  th e  b e a r in g  c a p a c ity  o f  fo o tin g s  in  so ils  su b je c t to  g ra v ity  
(p a r tic u la r ly  by  M e y e rh o f , L u n d g re n  a n d  M o rte n s e n , B rin c h  
H a n s e n  a n d  th e  re v ise d  fo rm u la e  o f  C a q u o t-K e r is e l) .  I t  is 
th u s  in te re s tin g  to  c o m p a re  th e  re s u lts  o b ta in e d  w ith  th e se  
d iffe re n t m e th o d s  w ith  th o s e  o b ta in e d  b y  th e  c o m b in a tio n  o f  
B u is m a n -M iz u n o - A n d e rs e n ,  w h ic h  w e h a v e  e m p lo y e d  sin ce  
1948.

T h e  b e a r in g  c a p a c ity  fa c to rs  o b ta in e d  b y  d iffe re n t m e th o d s

F ig .  17

fo r  a  fo o tin g  e s ta b lis h e d  o n  th e  su rfa c e  o f  a  so il su b je c t to  

g ra v ity , w h e n  c = 0, a n d  fo r  d iffe re n t v a lu e s  o f  th e  an g le  o f  
f r ic t io n  <f> a re  sh o w n  in  F ig . 17. T h e  v a lu e s  o b ta in e d  fo r  
t h a t  fa c to r  w ith  th e  c ru d e  m e th o d  o f  A n d e rs e n  a re  a lm o s t th e  
sa m e  as th o s e  o b ta in e d  b y  M e y e rh o f  in  th e  la te s t  im p ro v e m e n t 
w h ic h  h e  h a s  in tro d u c e d  to  h is  m e th o d , a n d  w h ic h  is b a s e d  o n  
th e  re su lts  o f  L u n d g re n  a n d  A n d e rs e n .

F ig . 18 g ives th e  b e a r in g  c a p a c ity  f a c to r  dg/b y k a s  a  fu n c tio n  

o f  th e  an g le  o f  f r ic t io n  <f>, w h e n  P biykf3 =  0-5 . I n  th e se  fo rm u la e  
th e  sy m b o ls  h a v e  th e  fo llo w in g  m e a n in g :

D g =  th e  b e a r in g  c a p a c ity  ( t /m  o r  t / f t . )  
dg =  th e  b e a r in g  c a p a c ity  p e r  u n i t  o f  su rfa c e  ( t /m 2 o r  t /s q .  ft .)  
b  =  th e  to ta l  w id th  o f  th e  fo o tin g  (m  o r  ft .)  

y/c = t h e  v o lu m e  w e ig h t o f  th e  so il to  b e  in tro d u c e d  fo r  th e  
c a lc u la tio n  o f  th e  e ffectiv e s tre sse s 

Pb =  th e  o v e rb u rd e n  p re s s u re  a t  th e  fo u n d a tio n  lev el o n  b o th  
side s o f  th e  fo o tin g .

T h e  v a lu es  o b ta in e d  w ith  th e  c o m b in a tio n  o f  B u is m a n -  

M iz u n o -A n d e rs e n  in  th e  ca se  P b/ y kb =  0-5  a re  a  lit t le  h ig h e r
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th a n  th o s e  o b ta in e d  by  M e y e rh o f  o r  o th e r  m e th o d s . T h is  
re s u lt  c o u ld  b e  ex p ec te d . In d e e d , th e  re su lts  o f  th e  m e th o d s  
o f  M e y e rh o f , C a q u o t-K e r is e l ,  e tc ., in  th e  cases w h e re  P b ^  0 
a n d  Y k ^ O ,  a re  b a s e d  o n  th e  a p p lic a tio n  o f  th e  p r in c ip le  o f  
s u p e rp o s it io n , w h ic h  g ives to  lo w  v a lu es , i.e. v a lu es  o n  th e  sa fe  

side.
O n  th e  c o n tra ry ,  th e  a p p lic a tio n  o f  th e  c o m b in a tio n  o f  

B u is m a n -M iz u n o - A n d e rs e n  c o n s id e rs  fo r  e a c h  ca se  o n e  w ell 
de fin ed  s lid in g  su rfa c e , a n d  d o e s  n o t  n e e d  th e  in tro d u c t io n  o f  
th e  p r in c ip le  o f  su p e rp o s it io n . I n  th e  ca se  o f  P b ly k b ^  0  th e  
a p p lic a tio n  o f  th e  m e th o d  o f  A n d e rs e n  g ives h ig h e r  v a lu es  fo r  
th e  b e a r in g  c a p a c ity  th a n  th o s e  o b ta in e d  by  o th e r  m e th o d s , 
c o n tra ry  to  th e  s ta te m e n t  o f  P . E . R a e s  th a t  th is  m e th o d  g ives 
lo w e r v a lu e s  a lw ay s. T h is  s ta te m e n t  is p ro b a b ly  b a s e d  o n  th e  
re su lts  o f  th e  e x a m p le  in c lu d e d  in  th e  p a p e r .  I t  m u s t  h o w e v e r 
be  s ta te d  th a t  th e  m e th o d  u se d  in  th e  e x am p le  d iffe rs  f ro m  th e

c irc le  r  s in  <f> a n d  its  lev e r a rm  is K s in  rj> w ith  K > \ .  T h e  v a lu e  
o f  th e  fa c to r  K  d e p e n d s  o n  th e  d is tr ib u tio n  o f  th e  so il re a c tio n s  
a lo n g  th e  s lip  su rfa c e . W h e n  th e  a n g le  in  th e  c e n tre  is 29=tt, 
th e  fo rm u la e  o f  O h d e  in d ic a te  th a t ,  w ith  a  u n ifo rm  d is tr ib u tio n  
K =  1 -6 2 5  a n d  w ith  a  p a ra b o lic  d is tr ib u tio n  K =  1 -0 6 4 . I n  th e  
ca se  c o n s id e re d  th e  d is tr ib u tio n  is n e i th e r  u n ifo rm  n o r  p a r a 
b o lic , a s  it  is n o t  ev en  sy m m e tric a l. T h e  ex a c t v a lu e  o f  K  is n o t  
k n o w n , b u t  i t  is c e r ta in  th a t  K  is m u c h  h ig h e r  t h a n  1.

T h e  v a lu e s  o f  th e  b e a r in g  c a p a c ity  fa c to r  Vb a s  a  fu n c tio n  o f  
K , f o r  <£ =  3 0  d eg rees , a re  in d ic a te d  in  F ig . 19 , to g e th e r  w ith  
th e  v a lu e  o f  p =  r jb  w h e n  th e  m e th o d  g iv en  in  h is  e x a m p le  by  
P . E . R a e s  is fo llo w ed . F o r  K =  1 -2 4  th e  v a lu e  Vb fo u n d  w ith  
th e  c irc u la r  su rfa c e  is th e  sa m e  as  th e  cla ss ica l v a lu e  ^ = 1 8 - 4
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m e th o d  o f  A n d e rs e n  fo r  th e  fo llo w in g  re a s o n s :  F ir s t ,  in  th e  
e x a m p le  th e  s lip  su rfa c e  co n s is ts  o f  o n e  circ le . I n  th e  m e th o d  

o f  A n d e rs e n  th e  a s s u m e d  s lip  su rfa c e  co n s is ts  o f  tw o  circ le s 
w ith  ra d ii  r  a n d  r +  D .  T h e  v a lu e  o f  th e  le n g th  D  is

D  =  £ * • =  ^
Yk Y

W ith  y  =  0  o n e  g e ts  D =  oo.

F o r  a  s lip  su rfa c e  w ith  r +  D =  oo th e  c o r re s p o n d in g  b e a r in g  
c a p a c ity  fa c to r  Vb = N q is a lso  in fin ite . T h is  c lea rly  in d ic a te s  
th a t ,  in  th e  ca se  o f  a  so il w ith o u t  w e ig h t, th e  m e th o d  o f  A n d e r 
se n  g ives m u c h  h ig h e r  v a lu e s  fo r  th e  b e a r in g  c a p a c ity  fa c to r  
th a n  th e  re a l  o n e s . F u r th e r m o r e ,  th e  v ery  b ig  d isc re p a n c y  
b e tw e en  th e  in fin ite  v a lu e  a n d  th e  re a l  v a lu e  sh o w s th a t  th e  
m e th o d  o f  A n d e rs e n , a p p lie d  to  th e  ca se  w h e re  th e  fo rce s  d u e  
to  th e  g ra v ity  a re  ze ro , h a s  n o  lo n g e r  an y  p ra c tic a l  m ea n in g .

S eco n d ly , in  th e  m e th o d  o f  th e  e x a m p le  th e  th re e  e q u ilib r iu m  
c o n d itio n s  a re  c o n s id e re d . T h e  m e th o d  is th u s  n o  lo n g e r  a n  
ex tre m e  m e th o d  as in  th e  ca se  o f  th e  A n d e rs e n  m e th o d .

F u r th e r m o r e ,  in  th e  e x a m p le  th e  a rb i t r a ry  a s s u m p tio n  is 
m a d e  th a t  th e  re s u lta n t  o f  th e  so il re a c tio n s  is ta n g e n tia l  to  th e  
f r ic t io n  c irc le  r  s in  <f>; b u t  a c tu a lly  th is  re s u lta n t  R  is o u ts id e  th e

fo u n d  w ith  th e  slip  su rface  o f  P ra n d tl .  A s th e  c irc u la r  su rfa c e  

is n o t  th e  t ru e  s lip  su rfa c e , it  m u s t  g ive fo r  Vb a  h ig h e r  v a lu e  th a n  
18-4 in d ic a tin g  th a t  th e  v a lu e  o f  K  is c e r ta in ly  h ig h e r  th a n  1 -24. 
T h e  ra d iu s  o f  th e  c r i t ic a l  c irc le  is la rg e r  th a n  r  = pb =  2-636. 
T o  e a c h  a rb it ra r i ly  a ssu m e d  d is tr ib u tio n  o f  th e  so il re a c tio n s  
a lo n g  th e  c irc u la r  s lip  su rfa c e  c o r re s p o n d s  a  v a lu e  o f  th e  fa c to r  
K  a n d , a s  is in d ic a te d  in  F ig . 19, o f  th e  b e a r in g  c a p a c ity  fa c to r

vb.
I n  F ig s . 20  a n d  21 th e re  a re  g iv en  re sp ec tiv e ly  fo r  <f> =  30 degree s 

a s a  fu n c tio n  o f  th e  fa c to r  K , th e  v a lu es  o f  th e  fa c to r  p = r jb  a n d  

th e  fa c to r  dgly kb, f o r  d iffe ren t v a lu es  o f  th e  fa c to r  (P bly kb). 
F r o m  th e se  fig u re s it  c a n  b e  se e n  th a t  th e  v a lu e  o f  dgj y kb  is  v ery  
sen s itiv e  to  th e  v a lu e  o f  K ;  th u s , w h e n  th e  m e th o d  o f  th e  
ex a m p le  o f  th e  P a p e r  3a/33  is fo llo w e d , i t  is n e c e ssa ry  to  k n o w  
ex a c tly  th is  v a lu e , a n d  b y  ta k in g  K =  1 0 0  a  v e ry  b ig  e r r o r  o n  

th e  sa fe  s id e  c a n  b e  m a d e .
I t  is th e re fo re  c le a r  th a t  th e  m e th o d  fo llo w ed  in  th e  e x a m p le  

g iv en  in  th e  p a p e r  is n o t  to  b e  m is ta k e n  w ith  th e  m e th o d  o f  
A n d e rs e n . T h e  c o n c lu s io n  th a t  th e  re s u lts  o b ta in e d  a re  c o n 

s id e ra b ly  o n  th e  sa fe  s id e  p e r ta in  to  th e  m e th o d  o f  P . E . R a e s  
w h o  a rb it ra r i ly  a d o p te d  K =  1 in  a  m e th o d  w h ic h  d iffe rs  fro m  
th a t  o f  A n d e rs e n  fo r  th e  tw o  re a so n s  a lre a d y  g iv en .
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O n  th e  c o n tra ry ,  w ith  th e  m e th o d  o f  A n d e rs e n  th e  b e a r in g  
c a p a c it ie s  o b ta in e d  a re  e q u a l o r  h ig h e r  t h a n  th o s e  g iv en  by  
o th e r  m e th o d s . T h is  is c le a rly  s h o w n :  f irs t, b y  th e  g ra p h s  o f  
F ig s . 17 a n d  18; sec o n d ly , b y  th e  fa c t  th a t  th e  u n a l te re d  m e th o d  
o f  A n d e rs e n  fo r  th e  c a se  P b l y $  =  oo in s te a d  o f  th e  m u c h  lo w e r 
re a l  v a lu e  ( F 6 =  18-4 f o r  <£ =  30 d e g re e s ) ; a n d  th ird ly , b y  th e  
fa c t  t h a t  in  th e  c a s e  <£ =  0  a n d  =  0  th e  m e th o d  o f  A n d e rs e n  
g iv es a  b e a r in g  c a p a c ity  f a c to r  Kc=  6-28 in s te a d  o f  th e  ex a c t 

v a lu e  5-12.

F ig . 20

A s th e  m e th o d  o f  A n d e rs e n  g ives h ig h e r  v a lu es  th a n  th e  ex a c t 

o n e s  in  th e  k n o w n  e x tre m e  ca ses i t  m a y  b e  ex p e c ted  th a t  th is  
w ill a lso  h o ld  in  th e  in te rm e d ia te  ca ses , fo r  w h ic h  n o  e x a c t 
s o lu t io n  ex ists. T h is  is im p o r ta n t  fo r  m a k in g  th e  fo llo w in g  
re a so n in g . I n  th e  ca ses w h e re  th e  m e th o d  o f  A n d e rs e n  g ives 
h ig h e r  v a lu e s  th a n  th o s e  o b ta in e d  b y  o th e r  a p p ro x im a te  
m e th o d s , th e  re su lts  o f  A n d e rs e n  s h o u ld  o f  c o u rs e  b e  d isc a rd e d . 
I n  th e  ca se s w h e re  A n d e rs e n  g ives lo w e r v a lu e s  th a n  th o s e  
o b ta in e d  b y  o th e r  m e th o d s , th e  re su lts  o f  th e se  o th e r  m e th o d s  
s h o u ld , fo r  re a so n s  o f  sa fe ty , b e  re jec te d  a s  th e y  a re  h ig h e r  th a n  

th e  v a lu e s  o f  A n d e rs e n  w h ic h  a re  a lre a d y  p o ss ib ly  to o  h ig h .

T h u s , o u r  a im  is n o t  to  s ta te  t h a t  th e  m e th o d  o f  A n d e rs e n  g ives 
th e  e x a c t  v a lu e s , b u t  t h a t  in  a  c e r ta in  ra n g e  i t  c a n  b e  u se d  to  
e l im in a te  th e  re s u lts  o b ta in e d  b y  o th e r  m e th o d s .

W ith  th is  c o m p a ra t iv e  m e th o d  w e o b ta in e d  th e  N y v a lu es  
in d ic a te d  o n  F ig . 17. I t  a p p e a rs  th a t  th e y  a r e  v e ry  c lo se  to  
th o s e  w h ic h  h a v e  re c e n tly  b e e n  p u b lis h e d  by  M e y e rh o f  a n d  
C a q u o t-K e r is e l .  T h re e  d iffe re n t w ay s o f  a p p ro a c h in g  th e  
p ro b le m  n o w  ex is t;  a s  th e y  g ive n e a r ly  th e  sa m e  re s u lts  i t  m ay  
b e  s ta te d  th a t  th e y  s u p p o r t  o n e  a n o th e r .

K- * . 
r  s in  <fi

G. F. Sower s (U.S.A.)

I  s h o u ld  lik e  to  a d d  so m e  b r ie f  w o rd s  o f  d is se n t w ith  re g a rd  
to  th e  d isc u ss io n  o n  th e  b e a r in g  c a p a c itie s  o f  sa n d s .

D u r in g  th e  la s t  te n  y e a rs  I  h a v e  m a d e  p la te  lo a d  te s ts  o n  so m e  
o f  th e  sa n d  d e p o s its  in  th e  s o u th -e a s te rn  p a r t  o f  th e  U .S .A . 
L a rg e  a re a s  o f  th e  S ta te s  o f  N o r th  a n d  S o u th  C a ro l in a , G e o rg ia ,  

F lo r id a ,  A la b a m a  a n d  M iss is s ip p i a re  u n d e r la in  b y  d e p o s its  
o f  c le a n , u n ifo rm  sa n d s . T h e se  sa n d s  a re  m e d iu m  fin e  g ra in e d , 
a n g u la r  q u a r tz . T h e y  a re  la rg e ly  b e a c h  d e p o s its  a n d  te r ra c e  
d e p o s its  o f  P le is to c e n e  a n d  re c e n t ag e. P la te  lo a d  te s ts  w e re  
m a d e  u s in g  p la te s  f ro m  1 ft . s q u a re  to  3 f t .  s q u a re :  th e  p la te s  

w e re  fre e  to  ro ta te  u p o n  lo a d in g . A t  th e  tim e  th e  te s ts  w ere 
c a r r ie d  o u t  u n d is tu rb e d  sa m p le s  o f  th e  sa n d s  w ere  s e c u re d  a n d  
te s te d  in  th e  la b o ra to ry  to  d e te rm in e  th e ir  re la t iv e  d e n s ity  a n d  
sh e a r  re s is ta n c e . T h e  re la tiv e  d e n s it ie s  ra n g e d  f ro m  30  to  70
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p e r  c e n t, a n d  th e  a n g le s  o f  in te rn a l  f r ic t io n  f ro m  33 to  n e a r ly  
40  d eg rees . T h e  b e a r in g  c a p a c ity  w as  c a lc u la te d  f ro m  th e  
sh e a r  te s t  re s u lts  u s in g  T e rz a g h i’s g e n e ra l sh e a r  fa i lu re  an a ly s is . 
I n  a ll cases i t  w as  fo u n d  th a t  th e  c o m p u te d  b e a r in g  c a p a c ity  
w as  a p p ro x im a te ly  30  p e r  c e n t g re a te r  t h a n  th e  m e a su re d  
b e a r in g  ca p a c ity .

A . La za r d (F ra n c e )

M . le  R a p p o r te u r  g é n é ra l a y a n t  d e m a n d é  u n e  d isc u s s io n  a u  
s u je t d e s  F a c te u rs  d e  S é cu rité , je  v o u d ra is  s o u lig n e r  les d eu x  
p o in ts  su iv a n ts  :

(1) A u  c o u r s  d e  la  C o n fé re n c e  E u ro p é e n n e  d e  S ta b il ité  des  
T a lu s , il y  a  e u  d e  n o m b re u se s  d isc u ss io n s  s u r  ce  s u je t  e t  j e  n e  
m e  su is  p a s  tro u v é  d ’a c c o rd  a v e c  b e a u c o u p  d e  p a r tic ip a n ts .  
J ’a i d ’a ille u rs  e x p r im é  m o n  o p in io n  d a n s  u n  a r t ic le  d a n s  le 
re v u e  fra n ç a ise  T ra va u x , S e p te m b re  1955.

J e  v e u x  s im p le m e n t n o te r  q u e , d e  te m p s  e n  te m p s , o n  tro u v e  
d es ex em p les  d a n s  le sq u e ls  o n  n e  d iv is e  p a s  C  e t  t a n  <j> p a r  u n  
u n iq u e  coeffic ie n t F . J . B r in c h  H a n s e n  a  lu i-m ê m e  d o n n é  

l ’e x e m p le  d a n s  so n  b e a u  liv re . H ie r  a p rè s  m id i, a u  c o u rs  d e  la  
v is ite  d u  L a b o r a to i r e  d e  l’Im p e r ia l  C o lleg e , A . W . S k e m p to n  

n o u s  a  d é c la ré  q u ’il n ’a v a i t  p u  e x p liq u e r  u n  g lis sem e n t d e  ta lu s  

d a n s  la  R é g io n  L o n d o n ie n n e  q u ’e n  a d m e tta n t  C = 0  av e c  u n  <j> 
c o n s ta n t  : c e  q u i  re v ie n t  à  p re n d re  f =  oo p o u r  la  c o h é s io n  e t  

F =  1 p o u r  le  f ro tte m e n t. L . B je r ru m  e n  fa i t  a u ta n t  p o u r  
e x p liq u e r  d es g lis se m en ts  e n  N o rv è g e . C ’e s t a u ss i u n  p e u  la  

te n d a n c e  d e  F .  W a lk e r  d a n s  so n  r a p p o r t  g é n é ra l d e  la  D iv is io n  6, 
q u a n d  il in d iq u e  q u ’a u x  U .S .A . il n e  t ie n t  c o m p te  q u e  d u  f r o t te 

m e n t  p o u r  c o n s tru ire  u n e  d ig u e  s ta b le .

(2) M o n  D ire c te u r , R o b e r t  L év i, q u i  e s t u n  sp é c ia lis te  b ie n  

c o n n u  d u  c a lc u l  d es m a rg e s  d e  s é c u rité  p a r  le  m o y e n  d e s  ca lc u ls  
p ro b a b il is te s  d a n s  le s c o n s tru c tio n s  e n  A c ie r  e t  e n  B é to n , a  

ré c e m m e n t p ro n o n c é  d e v a n t  le  C o m ité  F ra n ç a is  d e  M é c a n iq u e  
d es So ls  u n e  C o n fé re n c e  re la t iv e  à  l’in t r o d u c t io n  d es C a lc u ls  

P ro b a b il is te s  e n  M é c a n iq u e  d es Sols. I l  a  d e m a n d é  q u ’o n  lu i 

s o u m e tte  u n e  fo rm u le  p o u r  la  t r a i te r  se lo n  ses c o n c e p tio n s . A  
m o n  r e to u r  j e  c o m p te  lu i d o n n e r  u n e  fo rm u le  d e  N . J a n b u  (q u e  

n o u s  d is c u te ro n s  L u n d i)  e t  j ’e sp è re  q u e  d a n s  q u e lq u e s  m o is  u n  

a r t ic le  p o u r r a  ê tre  p u b lié  d a n s  G éotechnique  fa is a n t  c o n n a ît re  

a u x  m é ca n ic ie n s  d es S ols d es c o n c e p tio n s  p ro b a b il is te s  e n tiè re 
m e n t n o u v e lle s  p o u r  eu x .

R . Piet kowski (P o la n d )

T h e re  is o n e  fu r th e r  p ro b le m  a m o n g  th e  m a n y  p ro b le m s  

a s s o c ia te d  w ith  so il m e c h a n ic s  to  w h ic h  I  s h o u ld  lik e  to  re fe r . 
I t  is th e  p ro b le m  o f  te m p e ra tu re  p e n e tra t io n  in  so ils , a n d  
p a r t ic u la r ly  in  c o n n e c tio n  w ith  so il  h e a v in g  o n  ro a d s . T h is  

p ro b le m  h a s  b e e n  e x a m in e d  b y  m a n y  sc ie n tis ts  a n d  I  w o u ld  
p a r t ic u la r ly  m e n tio n  th e  w o rk  o f  G u n n a r  B esk o w  o f  S w ed en . 

S eco n d ly  th e re  is th e  q u e s tio n  o f  free z in g  o f  fo u n d a tio n s  u n d e r  
co ld  s to ra g e  p la n ts ;  th is  w as  d e a l t  w ith  b y  S te fa n  o f  V ie n n a  a n d  
m o re  fu lly  by  R u c k li  o f  S w itz e r la n d  in  h is  b o o k . I t  m ig h t b e  

a d d e d  th a t  so m e  sp e c ia l ca ses su c h  a s  th e  fre ez in g  o f  g ro u n d  
u n d e r  s k a tin g  r in k  fo u n d a tio n s  h a v e  b e e n  i l lu s tra te d  in  m y  

p a p e r  (3 a /3 0 ) . T h ird ly , th e  p ro b le m  o f  te m p e ra tu re  p e n e tra 
t io n  in  so il a rise s  in  th e  c a se  o f  h e a tin g  o f  so ils  u n d e r  c e r ta in  
b u ild in g s  in  w h ic h  in d u s tr ia l  p la n ts  a re  h o u se d .

I n  m y  c o n s u lt in g  p ra c tic e  I  h a v e  e n c o u n te re d  a ll th e se  
p ro b le m s , a n d  a s  I  h a v e  n o t  b e e n  a b le  to  f in d  a n y  a n sw ers  in  
e x is tin g  l i te r a tu re  re la t in g  to  a ll ca ses o f  so il c o n d itio n s  it  h a s  
b een  n ec essa ry  fo r  m e  to  e x a m in e  ev e ry  c a se  m yself.

T h e  p ro b le m s  o f  so il fre e z in g  a n d  h e a tin g  a re  c o m p lic a te d  by  
ch an g es  in  th e  s ta te  o f  w a te r , by  th e  ve ry  d iffe ren t r a te  o f  h e a t  
c a p a c ity  o f  th e  so il m in e ra l  sk e le to n  a n d  o f  th e  w a te r . F o r  
in s ta n c e , th e  c h a n g e  o f  te m p e ra tu re  o f  1 ° C . o f  1 k g  o f  d ry  
s a n d  w ith  p o ro s i ty  o f  35 p e r  c e n t w ill re q u ire  a b o u t  0-15  k ca l.

T h e  sa m e  c h a n g e  o f  1 k g  o f  w a te r  re q u ire s  1 k c a l, a n d  a  c h a n g e  
o f  1 k g  o f  ice  in to  w a te r  re q u ire s  80 k c a l. A  c h a n g e  o f  1 k g  o f  
w a te r  in to  v a p o u r  re q u ire s  539  k c a l. T h e  v a r ie ty  o f  th e se  
f ig u re s  illu s tra te s , f ro m  a  th e rm o d y n a m ic  p o in t  o f  v iew , th e  
in flu en ce  o f  w a te r  c o n te n t  a n d  o f  its  ch a n g e s  o f  s ta te . O n e  
c a n  re a d ily  a p p re c ia te  t h a t  th e  w a te r  p re s e n t  re q u ire s  la rg e  
q u a n t i t ie s  o f  h e a t  a n d  m a k e s  th e  p ro ce sse s  o f  h e a t  p e n e tra t io n  
s ig n ific an tly  s lo w er. I n  n a tu r e  q u ite  d iffe re n t p ro ce sse s  a re  
fo u n d  in  d ry  so il, w e t so il a n d  in  so il w ith  s te a d y  c a p illa ry  
su p p ly  o f  w a te r  d u r in g  free z in g . N e v e rth e le ss , i t  is p o ss ib le  
to  e x a m in e  a ll th e se  p ro b le m s  in  te rm s  o f  fig u re s a n d  fu n c tio n s  
o f  tim e . T h e  q u e s tio n  o f  so il h e a v in g  u n d e r  s k a tin g  r in k  
fo u n d a tio n s , w h ic h  is o n e  d a n g e r , is d e a l t  w ith  in  m y  p a p e r , 
a n d  is e x a m in e d  o n  th e  b a s is  o f  F o u r ie r ’s law  w ell k n o w n  in  
th e rm o d y n a m ic s . T h e  fu ll w o rk  t re a t in g  o n  v a r io u s  cases o f  
th e rm a l  p e n e t r a t io n  in  so ils  w ill b e  p u b lis h e d  in  P o lis h  to g e th e r , 
I  h o p e , w ith  a n  E n g lish  su m m a ry . I  h a v e  d e v o te d  m y se lf  to  
th e se  p ro b le m s  w ith  g re a t  in te re s t  fo r  m a n y  y ea rs , a n d  I  ta k e  
th e  lib e r ty  o f  re c o m m e n d in g  th is  to p ic  fo r  s tu d y  by  o th e rs .  
T h e re  is st il l m u c h  w o rk  to  b e  d o n e .

R . H . G . Pa r r y (U .K .)

T h e  u se  o f  s ta n d a r d  lo a d s  in  th e  o e d o m e te r  m ay  le a d  to  a n  
e r r o r  in  s e ttle m e n t c a lc u la tio n s .

W h e n  a  clay  is d e p o s ite d  a n d  c o n s o lid a te d  it  fo llo w s lin e  A B  
o n  th e  v o id s  ra t io -c o n s o l id a t io n  p re s s u re  p lo t,  th e  p re ssu re  

sca le  b e in g  lo g a ri th m ic . I f  u p l if t  a n d  e ro s io n  fo llo w  i t  m o v es  
f ro m  B  to  C  w h ic h  is th e  c o n d i t io n  a t  w h ic h  th e  e n g in e e r  fin d s  

it.  F u r th e r  lo a d in g  cau se s  it  to  m o v e  a lo n g  c u rv e  C D .

F ig . 2 2

I n  th e  la b o ra to ry , h o w ev e r , a  s ta n d a r d  firs t lo a d  is o f te n  
u se d  (a  c o m m o n  v a lu e  is i  to n /s q .  ft.) . T h e  sa m p le , u n d e r  
th is  lo a d , m o v es  to  p o in t  E  i f  it  h a s  access to  fre e  w a te r . 
F u r th e r  lo a d in g  cau se s  it  to  m o v e  a lo n g  c u rv e  E F . T h e  
co effic ien t o f  c o m p re ss ib ility , M v, is ta k e n  f ro m  th e  c u rv e  E F l 
b a se d  o n  a  se lected  lo a d  in c re m e n t A p .  I n  fa c t  th e  v a lu e  o f  
M v s h o u ld  b e ta k e n  fro m  c u rv e  C D .

T h e  a p p l ic a tio n  o f  s ta n d a r d  lo a d s , th e n , a s u s e d  in  m a n y  
la b o ra to r ie s  is lik ely  to  le ad  to  a n  o v e r -e s tim a tio n  o f  c o n s o lid a 

t io n  fo r  o v e r -c o n s o lid a te d  clay s a n d , p e rh a p s , a n  u n d e r 
e s t im a tio n  fo r  n o rm a lly  c o n s o lid a te d  clay s. T h e  firs t lo a d  
s h o u ld  n o rm a lly  b e  e q u iv a le n t  to  th e  effective  o v e rb u rd e n  
p re ssu re .

P . W . Rowe (U .K .)

I  ag re e  w ith  th e  G e n e ra l  R e p o r te r ’s v iew s re g a rd in g  th e  u se  

o f  sa fe ty  fa c to rs  w ith  th e  fo llo w in g  re s e rv a tio n s  in  th e  c a se  o f
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c o m p o s ite  s tru c tu re s  a n d  d e fo rm a tio n  p ro b le m s . F o r  e x am p le , 
in  P a p e r  3 a /3 5  th e  s teel f ra m e  fa ile d  b e fo re  th e  fo u n d a tio n s , 
w h ic h  w ere  p u lle d  s u b se q u e n tly  to  fa ilu re . I f  sm a lle r  fo u n d a 
t io n s  h a d  b e e n  u se d  in  o rd e r  to  e n s u re  s im u lta n e o u s  c o m p o s ite  
fa i lu re , th e  g re a te r  d eg ree  o f  a n g u la r  r o ta t io n  a s so c ia te d  w ith  
th e  so il s tra in s  a t  fa i lu re  w o u ld  h av e  led  to  la rg e r  m o m e n ts  in  
th e  s teel s t ru c tu re . I t  d o es  n o t  fo llo w  th a t  s ta n d a r d  fa c to rs  o f  
sa fe ty  a p p lie d  to  th e  so il a n d  s teel re sp ec tiv e ly  w ill ne cessa rily  
le a d  to  e c o n o m ic a l d es ig n  a n d  th is  a p p e a rs  to  b e  a  d e fo rm a tio n  

p ro b le m .
I t  is w ell k n o w n  th a t  th e  u ltim a te  b e a r in g  c a p a c ity  o f  fo u n d a 

t io n s  o n  s a n d  in c re a se s  w ith  fo u n d a tio n  w id th  w h e re a s  th e  
a llo w a b le  b e a r in g  p re s s u re  m u s t  be  d e c re a se d  in  o rd e r  to  c o n tro l  
th e  se ttle m e n t. D e fo r m a t io n  c o n tro ls  d es ig n  fo r  fo u n d a tio n s  
w id e r  th a n  2 \  ft . a n d  th is  is a  ca se  w h e re  a  sa fe ty  fa c to r  a p p lie d  
to  th e  lim itin g  sh e a r  s tre n g th  h a s  lit tle  m ean in g .

T-K. Tan (C h in a )

T h e  m e a su re m e n t o f  th e  ‘e la s tic  m o d u lu s ’ E { t)  w h ic h  is a  

fu n c tio n  o f  tim e  is c o m p lic a te d . T h e  m e a su re m e n t o f  th e  
co e ffic ie n t o f  la te ra l  e x p a n s io n  v(t)  is m u c h  m o re  in tr ic a te , as 
in  a d d i t io n  to  th e  in c re a s in g  tim e  effect o f  la te ra l  p re s s u re  a lso  

th e  d e c re a s in g  t im e -fu n c tio n  d u e  to  c o n s o lid a t io n  w ill b e  

m e a su re d . T h e  m e a su re m e n ts  h a v e  b e en  p e r fo rm e d  in  a  n ew  
ty p e  o e d o m e te r  in  w h ic h  th e  r in g  is e la s tic a lly  s u p p o r te d , a n d  

in  w h ic h  it  is p o ss ib le  to  m e a su re  la te ra l  s tre sses  a s  a  fu n c tio n  

o f  tim e .
T h e  c u rv e s  h av e  th e  fo llo w in g  te n d e n c y :

(1) F i r s t  d e c re a s in g  u n t i l  a  c e r ta in  m in im u m  a n d  th e n  

in c re a s in g  a g a in , a p p ro a c h in g  a  c e r ta in  lim it, w h ic h  h o w e v e r 
h a s  n o t  b e e n  m e a su re d  a c c u ra te ly , a s  th e  te s ts  h av e  o n ly  b een

Fig. 23

c a r r ie d  o u t  fo r  a b o u t  o n e  w eek . T h e  firs t p a r t  o f  th e  c u rv e  is 
l in e a r  w ith  (r )t ,  w h ic h  is in  a g re e m e n t w ith  th e  p re d ic tio n  
f ro m  m y  th e o ry , a s  sh o w n  by  c u rv e  A  in  F ig . 23.

(2) I t  h a s  b e e n  o b se rv e d  th a t  th e  m in im u m  o c c u rs  a f te r  th e  

‘ p r im a ry  h y d ro d y n a m ic  p e r io d ’ h a s  b e en  p assed .

A c c o rd in g  to  G . P . T s c h e b o ta r io f f  a n  u l t im a te  n e u tra l  re s t-  
v a lu e  w ill o c c u r ;  th is  te n d e n c y , h o w e v e r , I  h a v e  o b se rv e d  o n ly  
fo r  h ig h  p e rm e a b le  c lay s w ith  h ig h  w a te r  c o n te n t  w ith in  th e  
s h o r t  p e r io d  o f  a  few  d ay s , a s  in  c u rv e  B .

T h is  e x p e r im e n ta l p h e n o m e n o n  th ro w s  a  c o m p le te ly  d iffe re n t 
lig h t o n  th e  n e u tra l  e a r th  p re s s u re  a g a in s t  b u lk h e a d s , re ta in in g  
w alls , e tc .,  a n d  sh o w s c lea rly  th e  effect o f  la te r a l  c re e p  o r  flow , 
w h ic h  u n t i l  n o w  h a s  b e e n  c o m p le te ly  ig n o re d  in  th e  c u r re n t  

th eo rie s . T h is  p h e n o m e n o n  sh o w s th a t  th e  d e v ia to r ic  s tre sse s 
a f te r  a p p l ic a tio n  o f  th e  lo a d  a re  in c re a s in g  (d u e  to  c o n s o lid a 
t io n )  a n d  g ra d u a lly  d ec re a se  d u e  to  re la x a t io n  u n d e r  u n c o n fin e d  
c o m p re ss io n .

A. Vesic (Y u g o s lav ia )

In  d iscu ss in g  P a p e r  3 a /9  b y  H . Gr asshoff , J . F e ld  le ft u s 
w ith  th e  im p re s s io n  th a t  th e  d e s ig n  o f  fo u n d a tio n s  w ith  th e  
a s s u m p tio n  o f  a  u n ifo rm  d is tr ib u tio n  o f  p re s su re  s h o u ld  b e  
alw ay s  sa fe  a n d  e co n o m ic a l.

W e  c a n  a g re e  to  a  c e r ta in  e x te n t  th a t  su c h  a n  a s s u m p tio n  is 
o n  th e  sa fe  s id e , b u t  w e c a n n o t  a g re e  th a t  i t  is a lso  a lw ay s  
e c o n o m ic a l. I f  w e h a v e , fo r  in s ta n c e , a  fo u n d a t io n  r a f t  s u p 
p o r t in g  a  ve ry  r ig id  s u p e rs tru c tu re  (F ig . 24) th e n  w ith  a  d is 
t r ib u t io n  o f  p re s su re s  o b ta in e d  a f te r  H . G ra s s h o f f  (cu rv e  a)

Fig. 24 D is tr ib u tio n  o f  pressures un d er  a  fo u n d atio n  su pp orting  
very rigid su p ers truc tu re (curve a). C urve b  show s th e 
correspo ndin g  uniform  d istr ibu tion  

R ép arti tio n  des pressions sous une  fo n da tion  su p p o rtan t 
superstruc tu re très rig ide (cou rbe a). L a courbe b rep ré 
sen te  la rép a rtitio n  uniform e  co rresp on dan te

th e  b e n d in g  m o m e n ts  a re  m u c h  re d u c e d  c o m p a re d  to  th o s e  
c o m p u te d  w ith  th e  a s s u m p tio n  o f  u n ifo rm  d is tr ib u tio n  o f  

p re s su re s  (cu rv e  b). A  c o n s id e ra b le  e c o n o m y  o f  re in fo rc in g  
s tee l c a n  b e  o b ta in e d  a s s u m in g  n o n -u n ifo rm  d is tr ib u tio n .

T h is  n o n -u n ifo rm  d is tr ib u tio n  is in tro d u c e d  o n ly  f o r  th e  
d es ig n  o f  s t ru c tu ra l  m e m b e rs  o f  th e  fo u n d a tio n  u n d e r  w o rk in g  

c o n d itio n s , a n d  h a s  n o th in g  to  d o  w ith  th e  e s t im a t io n  o f  
b e a r in g  ca p a c ity . T h e  la t te r  is b a se d  o n  th e  c o n s id e ra tio n s  in  
th e  p la s t ic  ra n g e , fo r  w h ic h  th e  a ssu m e d  d is tr ib u tio n  c u rv e  is o f  
q u ite  a n o th e r  sh a p e .

G e n e ra l R e p o r te r

W h e n  lis ten in g  to  th is  im p o r ta n t  a n d  in te re s tin g  d isc u ss io n  

to d a y  I  w as  re m in d e d  o f  th e  w o rd s  o f  a  fa m o u s  p h y s ic is t w h o , 
so m e  y e a rs  ag o  w h e n  w av e  m e c h a n ic s  w e re  b e in g  d e v e lo p e d , 
s a id :  ‘I t  is a  d e p lo ra b le  fa c t  t h a t  p h y s ic s  is b e c o m in g  to o  
d ifficu lt fo r  p h y s ic is ts ’ ! I  h a v e  th e  im p re ss io n  th a t  a  s im ila r  

th in g  is h a p p e n in g  h e re , a n d  th a t  so il m e c h a n ic s  n o w  a re  
b e c o m in g  to o  d ifficu lt fo r  so il e n g in ee rs ! U n d e r  v a ry in g  s ite  
c o n d itio n s  w e fin d  w id e  d isa g re e m e n t b e tw e e n  v a r io u s  m e a s u re 

m e n ts , w h ic h  is, p e rh a p s , n o t  s u rp r is in g ; b u t  w h a t  is s u rp r is in g  
is t h a t  w e fin d  s im ila r  d isc re p a n c ie s  in  te s ts  m a d e  u n d e r  c o n 
t ro lle d  la b o ra to ry  c o n d itio n s . O f  c o u rse , w e h a v e  e v e n tu a lly  

to  re a c h  a g re e m e n t b e tw e e n  te s t  re su lts  i f  so il m e c h a n ic s  is to  
d e se rv e  th e  t i t le  o f  a  S cience, a n d  I  th in k  w e sh a ll re a c h  th a t  
a g re e m e n t, a l th o u g h  i t  m a y  ta k e  a  few  m o re  c o n fe re n c e s  to  d o  
so . O n  a c c o u n t  o f  a ll th is , I  th in k  th a t  I  m a y  b e  ex cu sed  i f  I 

d o  n o t  a t te m p t  to  su m  u p  th e  d iscu ss io n  in  a n y  w ay.

K . Ter za ghi, P re s id e n t (U .S .A .)

T h e  su b je c t o f  th is  se s s io n  h a s  b e e n  m o s t th o ro u g h ly  a n d  
ex p e rtly  c o v e re d  in  th e  g e n e ra l r e p o r t  by  J . B r in c h  H a n s e n , a n d

154



t h a t  a p p lie s  a lso  to  h is  g e n e ra l r e p o r t  o n  th e  se c o n d  p a r t  o f  th e  
d isc u ss io n  d e a lin g  w ith  fo u n d a tio n s . T h e re fo re , a ll I  c a n  d o  
to  m a k e  so m e  c o n t r ib u t io n  to  th e  su b je c t is to  d e sc rib e  a  few  
in c id e n ts  a n d  o b s e rv a tio n s  w h ic h  h a v e  b e e n  in s tru m e n ta l  in  
h e lp in g  m e  to  fo rm  m y  o w n  a t t i tu d e  to w a rd s  fo u n d a tio n  
p ro b le m s  in  g en e ra l.

M a n y  y e a rs  a g o  w h e n  I  s til l c o n s id e re d  lo a d in g  te s ts  o n  
b e a r in g  p la te s  a n  e sse n tia l p a r t  o f  su b so il e x p lo ra t io n  a t  th e  site  
fo r  fo u n d a tio n s , I  h a d  to  d e s ig n  th e  fo u n d a tio n s  fo r  a n  a p a r t 
m e n t h o u se . T h e  a re a  to  b e o c c u p ie d  b y  th e  b u ild in g  h a d  th e  
sh a p e  o f  th e  le tte r  U . T h e  su b so il  c o n s is te d  o f  sa n d , sa n d y  
g ra v e l a n d  sa n d  m ix ed  w ith  so m e  silt, a n d  i t  a p p e a re d  to  b e  
re la tiv e ly  h o m o g e n e o u s ;  th e re fo re  I  d e c id e d  to  e s ta b lis h  th e  
s t ru c tu re  o n  s p re a d  fo o tin g s . T h e  d es ig n  w as  p re c e d e d  b y  six  
e x p lo ra to ry  b o r in g s  a n d  fo u r  lo a d in g  te s ts  p e r fo rm e d  a t  th e  lev el 
o f  th e  b a s e  o f  th e  fo o tin g s . B ec au se  b o th  th e  te s t  b o r in g s  a n d  
th e  lo a d in g  te s ts  fu rn is h e d  fa irly  id e n tic a l  re s u lts  I  fe lt  ju s tif ie d  
in  a s su m in g  th a t  th e  su b so il w as  h o m o g e n e o u s  in  a ll h o r iz o n ta l  
d ire c tio n s . T h e  s e ttle m e n t o b s e rv a tio n s  o n  th e  fin ish e d  s tru c 
tu re  sh o w e d  th a t  m y  a s s u m p tio n  w as  ju s tif ie d  fo r  th e  w h o le  

a re a  e x c e p t fo r  o n e  c o rn e r  fo o tin g  w h ic h  se ttle d  2  in . m o re  
th a n  th e  o th e rs  a n d  th e  sh e a r  c ra c k s  c a u se d  b y  th e  excess 

su b s id e n c e  o f  th is  fo o tin g  w e re  a n  ug ly  sig h t. S in ce  th a t  

m ish a p  I  a lw ay s to o k  g re a t  p a in s  to  fin d  o u t  p r io r  to  d e s ig n in g  
a  fo o tin g  fo u n d a t io n  th e  lo c a tio n  o f  th e  so f te s t s p o ts  w ith in  

th e  a re a  to  b e  o c c u p ie d  b y  th e  s tru c tu re . I n  c o n n e c tio n  w ith  

th e se  e ffo rts  I  le a rn e d  to  a p p re c ia te  th e  s ta n d a r d  p e n e tra t io n  
te s t.

T h e  s ta n d a r d  p e n e t r a t io n  te s t  w as  m e n tio n e d  re p e a te d ly  

d u r in g  th is  c o n fe re n c e — so m e tim e s  in  a  c o m p lim e n ta ry  a n d  
so m e tim es  in  a  less c o m p lim e n ta ry  v e in . T h e re fo re  i t  m a y  b e 

a p p r o p r ia te  to  sa y  a  few  w o rd s  a b o u t  th e  ro le  w h ic h  I  a ss ig n  

to  th is  te s t  in  m y  o w n  p ra c tic e .
I  c o n s id e r  th e  te s t  m e re ly  as  a  m e a n s  fo r  o b ta in in g  p re lim in a ry  

in fo rm a tio n  c o n c e rn in g  th e  d eg ree  o f  h o m o g e n e ity  o f  th e  su b 

so il o f  s tru c tu re s  to  b e  e s ta b lis h e d  o n  s a n d  a n d  as  a  b a s is  fo r  
e s t im a tin g  th e  u p p e r  lim itin g  v a lu e  f o r  th e  s e ttle m e n t o f  th e  

fo o tin g s . T h e  n e x t s te p  d e p e n d s  o n  e c o n o m ic  c o n s id e ra tio n s . 

I f  th e  b u ild in g  is re la tiv e ly  sm a ll i t  is m o re  e c o n o m ic a l  to  
d es ig n  th e  fo o tin g s  o n  th e  b a s is  o f  th e  u p p e r  lim itin g  v a lu e  o f  

th e  s e ttle m e n ts  th a n  to  m a k e  f u r th e r  in v e s tig a tio n s . O n  th e  
o th e r  h a n d ,  i f  th e  s t ru c tu re  is la rg e  a n d  th e  lo a d s  to  b e  c a r r ie d  

b y  th e  fo o tin g s  a re  h e a v y  i t  is in d ic a te d  to  su p p le m e n t th e  

re s u lts  o f  th e  in te r p re ta t io n  o f  th e  p e n e t r a t io n  d a ta  by  lo a d in g  
te s ts  to  b e  p e r fo rm e d  in  th o s e  lo c a tio n s  w h e re  th e  s ta n d a r d  

p e n e tra t io n  te s ts  re v e a le d  th e  p re se n c e  o f  th e  lo o se s t  a n d  th e  

d e n se s t p o r t io n s  o f  th e  su b so il.
I f  th e  fo o tin g s  o f  a  b u ild in g  a r e  to  b e  e s ta b lis h e d  o n  c lay  th e  

d a ta  re q u ire d  fo r  th e  d e s ig n  o f  th e  fo o tin g s  s h o u ld  b e  se c u re d  
fro m  th e  re s u lts  o f  so il  te s ts  o n  S h e lb y  tu b e  sa m p le s . T h e  
d e s ig n  o f  th e  fo u n d a t io n  fo r  th e  S h a m ro c k  H o te l  in  H o u s to n ,  
T ex as , is a n  ex a m p le . T h e  h o te l  re s ts  o n  a  s t r a tu m  o f  s tif f  c lay  

w ith  g re a t  d e p th . T h e  la y o u t  o f  th e  b u ild in g  c a lle d  fo r  e s ta b 
l ish in g  th e  b a s e  o f  th e  fo o tin g s  a t  d e p th s  ra n g in g  b e tw e e n  a b o u t

13 a n d  30  ft. a n d  w ith in  th is  ra n g e  o f  d e p th  th e  u n c o n fin e d  
c o m p re ss iv e  s tre n g th  o f  th e  c lay  in c re a se d  m o re  o r  less 

e r ra tic a lly  f ro m  2-1 to  5-0  to n s /s q .  ft . T h e  n u m b e r  o f  fo o tin g s  
w as  250  a n d  th e ir  size  ra n g e d  b e tw e e n  5 x 5  a n d  20  x  20  ft.

I n  o rd e r  to  d e r iv e  a n y  b en e fit  f ro m  a  th e o re tic a l  se t tle m e n t 
in v e s tig a tio n  i t  w o u ld  h a v e  b e e n  n ec essa ry  to  d e te rm in e  th e  
s u b so il  c o n d it io n  fo r  e a c h  o n e  o f  th e se  fo o tin g s  a n d  th e  tim e  
a n d  e x p e n d itu re  in v o lv e d  in  su c h  a n  o p e r a t io n  w o u ld  h a v e  b ee n  
p ro h ib itiv e . T h e re fo re  I  a ss ig n ed  to  th e  ‘a llo w a b le  so il p re s 
s u r e ’ su c h  a  v a lu e  th a t  th e  se ttle m e n t o f  th e  la rg e s t fo o tin g  w ill 
n o t  e x ceed  th e  m a x im u m  to le ra b le  d iffe ren tia l se ttlem en t. 
T h u s  th e  p ro b le m  w as re d u c e d  to  c o m p u tin g  th e  se ttle m e n t o f  
th e  la rg e s t fo o tin g  a n d  th is  w as  d o n e  o n  th e  a s s u m p tio n  th a t  

th e  su b so il c o n d itio n s  a t  th e  s ite  o f  th e  fo o tin g  w ere  id e n tic a l

w ith  th e  m o s t  u n fa v o u ra b le  o n e s  d isc lo sed  by  th e  b o r in g  
re su lts .

A  th ird  p ro b le m  w h ic h  h a s  re q u ire d  m y  a t te n t io n  f ro m  tim e  
to  tim e  is th e  fo re c a s t  o f  th e  to p o g ra p h y  o f  th e  b o w l o f  s u b 
sid e n ce  p ro d u c e d  by  th e  c o n s o lid a t io n  o f  c lay  s t r a ta  d u e  to  
lo ca l lo w erin g  o f  th e  w a te r  ta b le  b y  p u m p in g . T h is  p ro b le m  
p re se n ts  i tse lf  in  c o n n e c tio n  w ith  th e  d es ig n  o f  th e  fo u n d a tio n s  
fo r  p u lp  a n d  p a p e r  m ills.

T h e  o p e ra tio n  o f  su c h  m ills  re q u ire s  la rg e  q u a n tit ie s  o f  w a te r . 
I f  th e  w a te r  is o b ta in e d  b y  p u m p in g  f ro m  d e e p -se a te d  a q u ife rs , 
th e  g ro u n d  su rfa c e  lo c a te d  a b o v e  th e  b o w l-sh a p e d  d e p re ss io n  
in  th e  p ie z o m e tr ic  su rfa c e  o f  th e  a q u ife r  su b sid es. T h e  r a t io  
b e tw e e n  th e  su rfa c e  su b s id e n c e  a n d  th e  c o r re s p o n d in g  lo w e rin g  
o f  th e  p ie z o m e tr ic  su rfa c e  is ro u g h ly  th e  sam e  a t  ev e ry  p o in t  o f  
th e  su b s id in g  a re a .

F o r  e c o n o m ic  re a so n s  th e  c e n tre  o f  g ra v ity  o f  th e  a re a  
o c c u p ie d  by  th e  w ell sy s te m  is lo c a te d  as  c lo se  to  th e  m ill a s  
c o n d i t io n s  p e rm it. T h e re fo re  th e  m ill b u ild in g s  a re  lo c a te d  o n  
th e  s lo p e  o f  th e  b o w l o f  d e p re ss io n  p ro d u c e d  by  d ra in in g  th e  
su b so il.  Y e t  a  s lig h t t i l t  o f  th e  b a s e  o f  th e  b u ild in g s  c o n ta in in g  

p a r t  o f  th e  m e c h a n iz e d  e q u ip m e n t  m ay  in te r fe re  w ith  th e  
o p e ra tio n  o f  th e  m a c h in e ry . T h e re fo re  i t  is n ec e ssa ry  to  

e s t im a te  in  a d v a n c e  th e  m a x im u m  s lo p e  o f  th e  sid es  o f  th e  bo w l 
o f  su b s id e n c e  a n d  to  a d a p t  th e  la y o u t  o f  th e  w ell sy s te m  to  th e  

f in d in g s . T h e  c o m p u ta tio n  o f  th e  su b s id e n c e  is in ev ita b ly  
b a s e d  o n  th e  s im p lify in g  a s s u m p tio n  th a t  th e  c lay  s t r a tu m  

su b je c t  to  c o n s o lid a tio n  is h o m o g e n e o u s .

A  few  y ea rs  a g o  I  fac ed  a  p ro b le m  o f  th is  k in d  in  s o u th e rn  
T ex as . T h e  w a te r  su p p ly  sy s te m  co n s is te d  o f  tw o  ro w s  o f  d eep  

w ells. T h e  a q u ife rs  w ere  lo c a te d  b e tw e en  th e  d e p th s  o f  600  ft . 
a n d  1 ,000 ft. a n d  w ere  s e p a ra te d  f ro m  e a c h  o th e r  a n d  o v e r la in  
b y  b e d s  o f  s tif f c lay . T h e  b o r in g  re c o rd s  in d ic a te d  th a t  th e  c lay  
s t r a ta  w e re  fa irly  h o m o g e n e o u s . I n  th e  sa m e  g e o lo g ica l 

p ro v in c e  th e re  w ere  s im ila r  w a te r  su p p ly  sy s tem s w h ic h  h a d  
b ee n  in  o p e ra tio n  fo r  20  y e a rs  a n d  d e ta ile d  re c o rd s  h a d  b e e n  

k e p t  o f  th e  re s u lt in g  su rfa c e  su b s id e n ce . I n  o rd e r  to  g e t 
in fo rm a tio n  re g a rd in g  th e  e r r o r s  in v o lv e d  in  a ssu m in g , in  m y  

s u b s id e n c e  c o m p u ta tio n ,  t h a t  th e  c lay  s t r a ta  w ere  h o m o g e n e o u s , 
I  c o n s u lte d  th e  a v a ila b le  re c o rd s , w ith  th e  fo llo w in g  re su lts . 

T h e  c u rv e s  o f  e q u a l su b s id e n c e  h a d  n o  m o re  th a n  a  re m o te  

re s e m b la n c e  to  th e  th e o re tic a l  c u rv e s , a n d  th e  m a x im u m  s lo p e  
o f  th e  side s o f  th e  b o w l o f  su b s id e n c e  w as u p  to  six  tim e s  a s  

g re a t  a s  th e  s lo p e  c o m p u te d  o n  th e  b a s is  o f  a s su m in g  th a t  th e  

c lay  s t r a ta  a re  h o m o g e n e o u s .
O n  a c c o u n t o f  th e  u n c e r ta in tie s  in v o lv e d  in  th e o re tic a l  se t tle 

m e n t fo re c a s ts  o f  a n y  k in d , I  a m  h a p p y  to  le a rn  f ro m  th e  p a p e rs  
w h ic h  h a v e  b e e n  p re s e n te d  a t  o u r  co n fe re n c e  th a t  th e  co lle c tio n  
o f  c a se  re c o rd s  is b e in g  r ig o ro u s ly  p u rs u e d .

N . Ja nbu (N o rw a y )

T h e  re su lts  o f  a  la rg e  n u m b e r  o f  c o m p re h e n s iv e  fu ll-sca le  
te s ts  fo r  d e te rm in in g  th e  lim it o v e r tu rn in g  m o m e n t  o f  iso la te d  

f o u n d a tio n s  h a v e  b e e n  r e p o r te d  b y  A . La za r d in  P a p e r  3 a /1 9 . 
F u r th e r m o r e ,  th e  s ta b ili ty  o f  fre e  a n d  t ie d  p ie rs  h a s  b een  
s tu d ie d  b o th  th e o re tic a lly  a n d  ex p e r im e n ta lly  b y  K . A . Roscoe 

in  P a p e r  3 a /3 5 .
I n  th is  c o n n e c tio n  it  is b e lie v e d  to  b e  o f  su p p le m e n ta ry  in te re s t  

to  g ive a  b r ie f  a c c o u n t  o f  so m e  m o d e l te s ts  o n  free  m a s t  fo u n d a 
t io n s  c a r r ie d  o u t  a t  th e  N o rw e g ia n  G e o te c h n ic a l  In s ti tu te  d u r in g  

th e  sp r in g  o f  1957.
S ev era l m o d e l m a s t  fo u n d a tio n s  in  d ry , u n ifo rm , fine  sa n d  

w e re  te s te d  to  fa i lu re  b y  t il t in g  p ro d u c e d  b y  a  g ra d u a lly  in 
c re a s in g  h o r iz o n ta l  fo rc e  P . T h e  d im e n s io n s  o f  th e  fo u n d a tio n , 
th e  re la tiv e  d en s ity  o f  th e  sa n d  a n d  th e  d e p th -w id th  r a t io  D rIB  

w e re  v a r ie d  a p p re c ia b ly . F o r  th e  in te r p re ta t io n  o f  th e  te s t 
re s u lts  a  s im p le  w o rk in g  h y p o th e s is  fo r  d e te rm in in g  th e  lim it 
m o m e n t  w as  a d o p te d , F ig . 25.
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I f  A  is th e  p o in t  o f  a p p l ic a tio n  o f  th e  re s u lta n t  fo u n d a tio n  
p re ssu re  a t  fa ilu re , m o m e n t  e q u ilib r iu m  re q u ire s , w h e n  u til iz in g  

th e  n o ta tio n s  d e fin ed  in  F ig . 25,

T entative values o f  b, m  and  mo (equ ation  2)

P ( H +  D f )  =  b G B + m y D f L . . .  (1)

in  w h ic h  b < 0-5.
T h is  s im p le  e q u a t io n  sh o w s th a t  th e  e x te rn a l  m o m e n t 

P ( H + D f )  is re s is te d  by  tw o  c o m p o n e n ts ,  o n e  d u e  to  w e ig h t 
b G B  a n d  o n e  d u e  to  e a r th  p re s s u re  m y D / 3L .  E q u ilib r iu m  in  
h o r iz o n ta l  a n d  v e r tic a l d ire c tio n s , w h ic h  w o u ld  re q u ir e  a  c lo sed  
fo rc e  p o ly g o n  in  F ig . 25 a, w ill n o t  b e  d isc u sse d  in  d e ta il  b e cau se  
o f  its  m in o r  im p o r ta n c e .

T h e  m o d e l te s ts  w e re  c a r r ie d  o u t  fo r  th e  p u r p o s e  o f  d e te r 
m in in g  th e  d im e n s io n le s s  fa c to rs  b  a n d  m . T h e  te s ts  h a v e  so  fa r

(a)

<b)
Er -- a(K p - Ka ) y  O f L

Fig. 25

b ee n  c a r r ie d  o u t  in  th e  la b o ra to ry  fo r  d en se  a n d  lo o se  sa n d , 
c o r re s p o n d in g  to  a v e ra g e  re la t iv e  d e n s it ie s  o f  ro u g h ly  80  a n d  
25 p e r  c e n t re sp ec tiv e ly . T h e  re su lts  o f  a  few  su p p le m e n ta ry  
fie ld  te s ts  o n  a  m u c h  la rg e r  sc a le  a re  a lso  a v a ila b le .

T h e  te s t  re su lts  a re  g iv en  in  F ig . 26  o n  a  d im e n s io n le s s  sca le  
a s  o b ta in e d  w h e n  d iv id in g  e q u a t io n  1 b y  G B ,

P ^H + D ^  =  b  +  m ^  
G B  G B

( l a )

T h is  sh o w s th a t  th e  in te rc e p t  a t  th e  o rd in a te  in  F ig . 26 is 
e q u a l to  b, w h ile  th e  in c lin a tio n  o f  th e  s t ra ig h t  lin es  d ra w n  
th ro u g h  th e  o b s e rv a tio n  p o in ts  d e fin e  m .  F r o m  F ig . 26  i t  is 

q u ite  a p p a r e n t  t h a t  th e  re la tiv e  d e n s ity  o f  th e  sa n d  h a s  a  c o n 
s id e ra b le  in flu en ce  o n  th e  v a lu e  o f  m  (i.e . o n  th e  re s is tin g  
e a r th  p re ssu re  m o m e n t)  b u t  o n ly  a  v e ry  sm a ll in flu en ce  o n  b  
(i.e . o n  th e  re s is tin g  m o m e n t  d u e  to  w e ig h t) . O n  th e  b a s is  o f  
th e  te s t  re su lts  te n ta t iv e  v a lu e s  o f  b  a n d  m  a re  su g g ested  fo r 
sa n d , a s  sh o w n  in  th e  ta b le :

Relative
density

Approx.

r
b m mo R em arks

Loose 33 + 0-40 0 -5 -1 0 0-075
M edium 39 + 0-45 1 -5-2-0 0-100 y D f}L > 0 -2 G B
D ense 45 + 0-50 2-5-3 0 0-125

Moment equilibrium about 

A requires:

P(H+Df )-b G B  + m y D f L 

where m = moment about 

A of resultant earth pressure 

when y  ,D f ,B  and L are 

equal to unity. (Herein b 6  0-5 i

F o r  c o m p a r is o n , i t  is o b s e rv e d  th a t  th e  m o d e l te s t  o n  a  free , 
ro u g h , s q u a re  p ie r , a s  d e sc r ib e d  by  K . A . R o s c o e  in  P a p e r  3 a /3 5 , 
le a d s  to  a  v a lu e  o f  m  o f  a b o u t  1-5, w h ic h  c o r re s p o n d s  to  a 
m e d iu m  d en se  s a n d  a c c o rd in g  to  th e  ta b le  o f  te n ta t iv e  v a lu es . 
T h is  is a  ve ry  in te re s tin g  s u p p le m e n ta ry  te s t  re s u lt ,  s in ce  th e  
im p o r ta n t  p a r a m e te r  y D ^ L / G B  m u s t  b e  a b o u t  10 in  R o sc o e ’s 
te s t  w h ile  th e  m a x im u m  v a lu e  o f  th is  p a r a m e te r  in  F ig . 26 is 
ju s t  3-2.

T h e  m o s t  im p o r ta n t  v a lu e  in  e q u a t io n  1 is m , fo r  w h ic h  o n e

Moment about A of resultant 

earth pressure Er =Ep-Ea,

MAE;ad(K p-Ka)yD ?L  

that is:

m=ad(Kp-Ka) = m0 (Kp-K„) 

from which it is readily seen that 

m0 = ad  <  Vs

Illus tratio n  o f  th e definition o f  m  a n d  ni0. (a) W orking 
hypothesis; (b) n o ta tion  and  derivation 

Illus tratio n  de la définition de m  et mo- (a) H ypothese de 
travail ; (b) n o tatio n  et dérivation

00
es

Q+
V_
CL

1

b = 0 5  

m= 3 0

Formula '

P(H+Df )= bGB+myDf L

Symbols, lab. tests:

• Dense sand Dr =60V»t 

° Loose sand Dr =250/» i 

Field tests:

■ Dense 1 G=J050 kg

■ Medium [  H=4 9  m

1Loose J D=B=L=075m

Parameter: V ----- -
GB

Fig. 26 T est results

R ésultats des essais

c a n  d e r iv e  a  ve ry  s im p le  fo rm u la  o n  th e  b a s is  o f  th e  id ea lized  
c o n d itio n s  sh o w n  in  F ig . 2 5a

m  =  m 0(K p - K a) (2)

F ro m  c la ss ica l e a r th  p re s s u re  th e o ry  it is re a d ily  see n  th a t  
m 0 = a d ^ i  fo r  a  l in e a r  e a r th  p re s s u re  d is tr ib u tio n  w ith  d e p th . 
H o w e v e r, a s s u m in g  r o u g h  ( r =  1) w alls  th e  te s t  re s u lts  in d ic a te d  

a  so m e w h a t sm a lle r  v a lu e  o f  m 0 a s  w as  ex p e c ted  d u e  to  th e  
n o n - lin e a r  p re s s u re  d is tr ib u tio n . I t  is a lso  a p p a r e n t  t h a t  th e  

m Q v a lu e  d e p e n d s  to  a  c e r ta in  d e g re e  o n  th e  re la tiv e  d en s ity , 
a n d  p o ss ib ly  a lso  o n  th e  D fI B  r a t io .  T e n ta tiv e  v a lu e s  o f  m 0 
a s  in te rp re te d  f ro m  th e  te s ts  a re  g iv en  in  th e  ta b le .

O n  th e  b a s is  o f  d e fo rm a tio n  m e a su re m e n ts  i t  w as  p o ss ib le  to  
o b se rv e  th a t  th e  c e n tre  o f  ro ta t io n  m o v e d  c o n s id e ra b ly  d u r in g  
e a c h  te s t, a n d  u su a lly  in  a  d iffe ren t fa s h io n  fo r  th e  v a r io u s  
re la tiv e  de n sitie s .

T h e  te s t ser ies a re  b e in g  c o n t in u e d  to  e n a b le  a  m o re  d e ta ile d  
s tu d y  o f  th e  p a ra m e te rs  b, m  a n d  m 0. T h e  d e s ira b le  a im  w o u ld  
b e  to  o b ta in  a  c o n t in u o u s  v a r ia t io n  o f  b  a n d  m  a s  fu n c tio n s  
o f  4>, a n d  o th e r  ty p ic a l c h a ra c te r is tic s  w h ic h  m a y  in flu en ce  th e  
v a lu e s  o f  th e se  fa c to rs .
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