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The General Reporter
P rofessor  M e y e r -P e te r 's clear p resen ta tion  o f  th e d ifficu lties 

en cou n tered  in  th e  design  o f  th e  M arm orera  dam  form s an 
ex cellen t in tro d u ctio n  to  this a ftern o o n ’s sessio n , d e m o n ­

strating  th e  im p orta n ce o f  th e different sub jects w h ich  w e have 
to  discu ss.

T h e first part o f  our d iscu ssion  deals w ith th e  stab ility  o f 
s lo p es. I h ave  su ggested  th a t th e  d iscu ssion  sh o u ld  be c o n ­

cen tra ted  o n  th e lim ita tio n s o f  th e <p =  0  an alysis  and  th e m e ­

th od s w h ich  sh ou ld  be a p p lied  in  cases "where th e q> =  0  a n a ­

lysis d oes n o t form  a reliable basis for th e design  o f  slo p es.

T h e n ext q u estio n  con cern s th e stab ility  o f  earth dam s. I w ill 
briefly m en tio n  a few  o f  th e  m o st im p orta n t p o in ts  w hich  are 
rela ted  to  th is  p rob lem .

I f  w e are in  th e s itu a tion  w here w e need  to  ca lcu la te  the 
sta b ility  o f  an  ea rth  dam , w e h ave  to  decid e i f  th e  a n a lysis  is 
to  be carried  o u t in  term s o f  to ta l stresses— w h ich  m eans th at 
w e d irectly  u se  th e  shea r stren gth  fo u n d  by co n so lid a ted  un-
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F ig . 1 A p p a re illa ge  p o u r  les essa is  de fo n d a tio n  su r d o u b le  c o u ch e 
A p p aratu s fo r T w o -L a y er  F o u n d a tio n  T ests

drained  tests— or in term s o f  e ffective  stresses— u sin g  drain ed 
tests  or co n so lid a ted  un drained  tests  w ith  p o re  pressure m ea s ­

urem en ts.

It is m y  p erson a l o p in io n  th a t o n ly  an  a n a lysis  in  term s o f 
effective stresses w ill lead  to  th e r ight resu lt. T h is in v o lv es , 
h ow ever , th e  difficu lty  o f  h a v in g  to  estim a te  th e  p o re  w ater 
pressures for th e different cases w h ich  sh o u ld  be covered  by 
th e stab ility  ana lysis .

F or th is reason  I p rop o se  fo r d iscu ssio n  th e  p o re  w ater 
pressures du ring  co n stru ctio n , du ring  ra p id  draw d ow n , and 
I w ou ld  lik e  to  add  a specia lly  d an gerou s c o n d itio n , n am ely 
a rapid d raw -d ow n in so il w ith  d isso lv ed  air  in  th e  p o re  w ater.

A  q u estio n  w h ich  is re la ted  to  th e  stab ility  an a ly sis  is w h ich 
placem en t w ater co n ten t sh o u ld  be a im ed  a t du ring  c o m p a ctio n  
o f  im p erv iou s fills in  ea rth  dam s.

T h is q u estion s seem s to  h ave  div ided  earth dam -engin eers 
into  tw o  grou p s, a dry grou p  and  a w et g rou p . F ro m  b oth 
grou p s co n tr ib u tio n s to  th e d iscu ssion  w ill b e  g iv en  an d  I h o p e 
th at w e th ereby  w ill o b ta in  m ore in form ation  a b o u t th e  e x ­

periences o n  w h ich  th e  tw o  different p o in ts  o f  v ie w  are  based .

T h e fourth  part o f  our d iscu ssion  is re la ted  to  seep ag e  and 
g rou n d -w ater prob lem s. I do  n o t b e lieve th at m uch  fu n d a ­

m en ta l progress has been  m ad e sin ce  1948 o n  th is q u estion , 
but very va lu ab le  field  in form ation  has been  pu b lished .

F ig . 2 P h o to g ra p h ie  avec ex p o s it io n  co n tin u e  p en d an t le  p o in ç o n n e ­

m en t. L es  d eu x  p la n s d e  ru ptu re v erticau x  s o n t  v is ib le s d an s la 
p artie cen tra le  au d ro it d es  b ord s de la fo n d a tio n  
C o n tin u o u s  E xp o su re P h o to g ra p h  D u rin g  P un ch in g . T h e  T w o  
V ertical P lanes o f  R u p tu re are V is ib le  in  th e  C en tral Part B en eath 
th e  F ou n d a tio n  B ou n d arie s

I h o p e  th at the d iscu ssion  w ill be liv ely  desp ite  th e fact th at 
th is is  th e  last sess io n  o f  th e C onféren ce .

L e  r a p p o r te u r  g é n é r a l p r o p o s e  d e  c o n c e n tr e r  la  d is c u s s io n  s u r  le s 
th è m e s  s u iv a n ts :  la  v a l id ité  d e  l ’a n a ly s e  rp =  0 , le s  p r e s s io n s  in te r ­

s t it ie l le s ,  la  te n e u r  e n  e a u  lo r s  d e  la  m is e  e n  p la c e  e t  le s  p r o b lè m e s 
d e  f i ltr a t io n .

MM. A. Mayer, R. L’Herminier et P. Habib (présenté par 
M. Mayer)

D a n s  sa  co m m u n ic a t io n  lors de la  sess io n  4 , le  19 a o û t, 
M . B u tto n  (d e  G ran d e-B retagn e) a  p o sé  la  q u estio n  d es fo n ­

d a tio n s  sur d o u b le  c o u c h e  d e m atériau x  d e caractér istiq u es 
m éca n iq u es différentes.

M . B u is so n , R ap p orteu r  gén éra l, a b ien  v o u lu  in d iq u er qu e 
la  q u estio n  p o u v a it se  traiter sur m o d èle  réd u it et n o u s  av on s 
précisé  q u e des essa is  a va ien t déjà  é té  fa its  a u  L a b o ra to ire  du 
B â tim en t e t  d es T ravau x  P u b lics  à P aris. -  F a u te  de tem p s, il 
n ’a p as é té  p o ss ib le  de don n er , lors  d e  la  d iscu ssio n  d e la  ses ­

s io n  4 , les  résu lta ts des essa is . L e  fa it cep en d a n t q u ’ils  o n t  é té 
en trep ris à  l ’o c c a s io n  d ’a cc id en ts  de d igues fo n d ées  sur des 
co u c h es  su p erp osées d e sa b le  e t  d e v a se  n o u s  a  su ggéré d ’en 
ex p o ser  les  résu lta ts à  l ’o c c a s io n  de l ’é tu d e  de la  sta b ilité  des 
ta lu s  e t  des d igues.

P lu sieurs a cc id en ts  a v a ien t eu  lieu , o ù  le  m u r d e  q u a i, fo n d é 
sur u n e  co u c h e  d e sab le  rem p lissan t u n e so u ille  d e  va se , s ’éta it 
a ffa issé  d e p lu sieu rs m ètres, vertica lem en t, dan s des co n d itio n s 
qu i ren d a ien t im p o ssib le  l ’a p p lica tio n  des m éth o d es d ’étu d es 
usu elles par les  su rfaces d e g lissem en t.

O n  d éc id a  d e fa ire d es essa is  sur m o d è le  réd u it en  u tilisan t 
d eu x  co u ch es , la  co u c h e  sup érieure co n stitu ée  par du  sa b le  fin, 
la  c o u c h e  in férieu re  par u n e gra isse  co n s is ta n te  de coeffic ien t 
de fro ttem en t n u l.1)  C es essa is  o n t é té  co n fiés  à  M . T c h e n g  qui 
les  a réalisés à  la  su ite  d e ceu x  ex p o sés  dan s la  co m m u n ica tio n  
(C o m p tes  R en d u s 1953 , v o l. II, p. 283).

L e pr in cip e de l ’essa i e st in d iq u é  sur les F ig . 1 e t  2.

A u ss i lon g tem p s qu e l ’ép a isseu r  de la  co u c h e  de sab le  n ’a t ­

te in t p a s p lu sieu rs fo is  le  d iam ètre d e la  ch arge  ap p liq u ée  en 
surface, le  c isa illem en t du sab le  se  p rod u it su ivan t d eu x  p lan s 
verticau x  et la  co u c h e  p lastiq u e  in fér ieu re est p o in ç o n n é e 
co m m e par un  m a n d rin  ay an t p ou r sec tio n  d ro ite  c e lle  de la 
p la q u e  ch argée  (F ig . 2). C e  ty p e de rupture  se  p rod u it p ou r 
des ép aisseu rs d e sa b le  largem en t supérieures à ce lle  nécessaire 
à  la  fo rm a tio n  des cou rb es c la ss iq u es du  ty p e  sp ira le  lo g a r ith ­

m iq ue. C e m o d e  de ru pture, à n o tre co n n a issa n ce , n ’a ja m a is 
é té  décrit. L orsq u e l ’ép aisseur du  sab le  a tte in t 4  à 5 fo is  le 
d iam ètre  d e la  fo n d a tio n , o n  retrou ve les  surfaces  c la ssiq u es 
(.P e y n irc io g lu , C o m p tes  R en d u s 1948). L e  ta u x  d e trava il e st 
a lo rs ég a l à  ce lu i qu e l ’o n  o b tien t sur u n e co u c h e  d e sab le 
sem i-in finie.

D e s  e ssa is  so n t en  cou rs p ou r o b ten ir  d es in d ica tio n s q u a n ti ­

ta tiv es  sur le s  co n d itio n s  d e  rép artition  d ’u n e ch arge  par u n e 
c o u c h e  d e sa b le  o u  d e  m atériau x  sans c o h é s io n  su rm on tan t u n e 
c o u c h e  p la stiq u e . M a is , dès à p résen t, o n  p eu t co n sid érer 
c o m m e cer ta in  q u e la  rép artition  à  45°, h ab itu e llem en t ad o p tée , 
est tro p  op tim iste .

C ette  o b serv a tio n  p eu t co m p o rter  d e très n om b reu ses a p p li ­

c a tio n s :  en  prem ier lieu  les  m urs d e  q u a i fo n d és  sur m assifs 
en  en ro ch em en ts  a ssis  sur du  sa b le  rem p lissan t un e so u ille 
creu sée d an s u n e va se  m o lle , q u i o n t é té  à  l ’o rig in e de cette 
étu d e , e t  au ssi les  essa is  d e m o d u le  d e réaction  effectu és sur

') L e p rin c ip e d es m a q u ette s  en  gra isse  c o n sista n te  p o u r  l ’é tu d e  de la 
ru ptu re lo rsq u e  la  résistan ce au  c isa ille m en t e s t co n sta n te  est du à M . 
Frontard.
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un e fo n d a tio n  de m atériaux  graveleu x  a ssise  sur un e p la teform e 
d ’arg ile  o u  de lim o n . L ’a m élio ra tio n  d u e à la  présen ce de la 
co u c h e  d e fo n d a tio n  p ou rra , de fa ço n  sy stém atiq u e, n e  pas 
être  a u ssi im p o rta n te  q u ’o n  aura it p u  l ’espérer.

The authors treat the problem o f  the foundation o f  dikes on a 
layer consisting o f  two different materials. M odel tests have been 
carried out using sand for the upper layer, and grease for the lower 
layer. The results obtained show that the usually accepted 45° 
spreading o f load is too  optimistic.

Mr. R. Peterson1) (presented by Mr. W. Schriever)

T h e  <p =  0  m eth o d  o f  a n a lysis  is  favou red  fo r  stab ility 
stu d ies in  c la y  b y  th e  P .F .R .A . in  co n n ec tio n  w ith  its  p ro ­

g ram m e o f  w ater d eve lo p m en t p rojects  in  W estern  C anada. 
A lth o u g h  th ere  h a v e  been  o n ly  a  lim ited  n u m ber o f  o p p o rtu n ­

ities to  ch eck  th is  m eth o d  a g a in st a c tu a l b eh av io u r, it h as been 
n o te d  th a t in  severa l ca ses  fa ilu re  h a s occu rred  w here  there w as 
a ca lcu la ted  fa cto r  o f  sa fe ty  in  ex cess  o f  1.5. T h ese  ca ses  h ave 
been  a sso c ia ted  w ith  sa tu ra ted  h ig h ly  p la stic  c lays an d  it 
app ea rs th a t su ch  b eh av io u r is in  lin e  w ith  th e  fin d in gs o f  
C a sa g ra n d e  an d  W ilso n  a s n o te d  by  th e  reporter. T h ey  fo u n d  
th a t un der su sta in ed  lo a d in g  th e  stress required to  ca u se  fa ilu re 
in  c la ys  an d  cla y  sh a les is  con sid era b ly  less th an  th e  stren gth  
in d ica ted  by  n o rm a l lab o ra to ry  co m p ressio n  te sts . T h e  fo llo w ­

in g  is a n  exp erie n ce  w ith  ea rth  d yk es o n  a h ig h ly  p la stic  c la y 
fo u n d a tio n  near W in n ip eg , C an ad a.

T h e  p roject in v o lv ed  a b o u t 8 m iles  o f  d yk e up to  20  ft. in 
h eig h t, co n s is tin g  o f  a c la y  co re  w ith  granu lar sh ou ld ers. T h e 
fo u n d a tio n  w as a h igh ly  p la stic  c la y  w ith  a liq u id  lim it o f  75 
to  100  a n d  a p lastic ity  in d ex  o f  55 to  70  w ith  a na tu ra l w ater 
co n ten t vary in g  from  35 to  60% . W h ile  th e  d yk es w ere d e ­

sign ed  m ain ly  o n  th e basis o f  gen era l co n sid era tio n s, th e  sta b ility 
w as ch eck ed  a ssu m in g  an arc th ro u g h  th e  co re  an d  th e  fo u n ­

d a tio n , u sin g  th e  <p =  0  m eth o d  w ith  th e stren gth  based  o n  
u n con fin ed  co m p ressio n  tests. T h e an a lysis  in d ica ted  th at 
th e  m in im u m  factor  o f  sa fe ty  w as a b o u t 1.5. N o  m ov em en ts 
o f  th e  co m p le ted  dyk es occu rred  im m ed ia te ly  fo llo w in g  c o n ­

stru ction  an d  it w a s th erefo re a ssu m ed  th at th e  d yk es w ou ld  
be stab le . H o w ev er , severa l fa ilu res occu rred  from  6 m o n th s 
to  4  years fo llo w in g  co n stru ctio n . T h ese  w ere  o n  arcs  th rou gh  
th e  co re  an d  th e  fo u n d a tio n  w ith  ea ch  in v o lv in g  a  len g th  o f  
em b an k m en t 100 ft. to  4 0 0  ft. In  th e  areas w here  fa ilu res o c ­

curred, it is b e lieved  th at th e  co m p u ted  fa cto r o f  sa fety  w as o f  
th e  gen era l order o f  1.5 to  2 .5 . F o llo w in g  th is  ex p erien ce and 
th e  rep ort o f  stu d ies o f  C a sa g ra n d e  and  W ilso n , a few  creep 
tests  in v o lv in g  su sta in ed  lo a d s  h ave  been  carried  o u t o n  h igh ly 
p la stic  clay . T h e resu lts in d ica te  stren gth  lo sse s  o f  a t lea st 50 % 
o f  th e  n o rm a l va lu e, a trend very sim ilar to  th a t rep orted  by 
C a sa g ra n d e  and  W ilso n . T h is w o u ld  seem  to  b e th e  m o st lo g ica l 
ex p la n a tio n  for  th e  d e la yed  fa ilu res in  th e  field .

In  v iew  o f  th e  a b o v e  an d  u n til su ch  tim e as fu rther stu d ies 
h ave  been  carried  o u t it w o u ld  seem  th a t h igh  co m p u ted  sa fety 
fa cto rs  are ju stif ied  for  th is  ty p e  o f  m ateria l.

M . W. Schriever donne lecture d’une com m unication de M. R . P e ­

terson  concernant la rupture de digues reposant sur des argiles plas ­

tiques. Ces digues ont été calculées sur la base de la méthode d’ana­

lyse <p — 0, le coefficient de sécurité calculé dépasse 1,5. D es dé ­

sordres se sont produits de 6 mois à 4 ans après la construction. Se 
basant sur quelques essais l’auteur attribue ces ruptures au fluage 
qui, parfois, diminue jusqu’à 50% la résistance au cisaillement.

') Prairie F arm  R eh a b ilita tio n  A d m in istra tio n , S a sk a to o n , C an ad a

Prof. L. Suklje

L e  R a p p orteu r  gén éra l M . B je rr u m  a p rop o sé  qu e la  d iscu s ­

s io n  p o rte  sur les  lim ites d e la  va lid ité  de la  m éth o d e  <p =  0. 
D a n s  les  n om b reu ses an alyses d e g lissem en ts exécu tées en 
Y o u g o sla v ie , au  L ab orato ire  des S o ls  à  l ’E T S à Ljub ljana, n ou s 
n ’a v on s p a s eu  so u v en t l ’o cca s io n  de recourir au x  avan tages 
d e  la  m éth o d e  <p =  0. I l s ’a g issa it , cep en d an t, dan s la  p lupart 
des cas de g lissem en ts ayan t lieu  dan s des co u ch es  désagré ­

g ées  e t  d éco m p o sées  de m arnes, de grès, d e sch istes, e tc ., d o n c 
d an s des so ls  p o u r  lesq u els  l’ap p lica tio n  d e la  m éth o d e  <p =  0 
n ’a  ja m a is  é té  recom m an d ée. P our les  g lissem en ts très fréquents 
d an s le  flysch  éo cèn e  n o u s a v on s fa it  l ’ex p érien ce su ivan te :

S i n o u s  m etto n s des éch a n tillo n s d e ce tte  arg ile  lim o n eu se 
e t sab leu se, p rod u ite  par la  d ésagrégation  et par la  d é co m p o ­

s it io n  dan s les app areils  de c isa ille m en t, à l’é ta t rem an ié près 
de la  lim ite  d e liq u id ité , n o u s  co n sta to n s  par un  essa i d em i- 
len t -  c ’est-à -d ire  av ec  u n e grad u atio n  de la  con tra in te  ta n gen - 
tie lle  d e a/ 4 0  to u tes  les  c in q  m in u tes -  un  an g le  d e fro ttem en t 
q u i varie , se lon  la  co m p o s it io n  m in éra lo g iq u e des so ls , d e  16 
à  26°. Les valeurs  m o y en n es des éch a n tillo n s pris to u t près des 
su rfaces d e g lissem en t varient en tre 16 et 20°; les  va leu rs co r ­

resp on d an tes d e la  lim ite  de liq u id ité  s ’é lèv en t de 52 à 54% , et 
ex cep tion n e llem en t ju sq u ’à 108%  -  p ou r les  m atériaux  co n te ­

nan t de la  terra ro ssa ; le s  valeurs  d e l ’in d ice  de p la stic ité  so n t 
de  29 à 31 , resp . 74% . L a  résistan ce  au  c isa ille m en t des m o ttes 
iso lées  co rresp on d , par ra pp ort à ce t  an g le  d e c isa illem en t, aux 
p ression s q u i d ép assen t les p ression s g éo lo g iq u es  actu elles. 
C ep en d an t les  so ls  g lissen t, so u v en t sur des p en tes ay an t un e 
in c lin a iso n  de 13 o u , en co re  sur des p en tes m o in s in clinées, 
si la  surcharg e p rod u ite  par les  rem b la is  ca u se  les co n d itio n s 
de g lissem en t éq u iva len tes. O n  n e  p eu t p as arriver dan s le  d o ­

m a in e  des co n d itio n s  d e g lissem en t déterm inées par les essa is 
géo tech n iq u es , m êm e ceu x  ex écu tés av ec  des éch a n tillo n s re ­

m an iés, au trem en t q u ’en  ten an t co m p te  d e la  sou sp ressio n  et 
de  la  p ression  du cou ran t de l ’ea u . C o m m e il y a dans cette 
m asse arg ileu se , d ’a illeu rs peu p erm éa ble , d e n o m b reu x  p as ­

sa ges o ù  l ’eau  p eu t circuler, et, co m m e n o u s l’a v on s co n sta té 
q u elq u efo is , u n e sa tu ra tion  év id en te  des so ls , un tel effet d ’eau 
souterra in e est prob able .

Les surfaces de g lissem en t so n t très cla irem en t d éve lo p p ées , 
ord in airem en t près d e la  lim ite  inférieure de la  zo n e  d e d é ­

sa grégatio n , c ’est-à -d ire  près des co u ch es so lid es  qu i, dans les 
d o m a in es  des g lissem en ts, se  trou ven t gén éra lem en t à u n e p ro ­

fo n d eu r d e 6 à 12 m . Q u elq u efo is  un secteu r im p o rta n t des 
surfaces  de g lissem en t est à peu près para llèle à la  su rface de 
la  p en te ; e lles o n t cep en d an t, lo r sq u ’e lles  se  fo rm en t so u s l’in ­

fluen ce d e la  surcharge des rem b la is, un e fo rm e circu la ire a ssez 
régu lière. P ou r év iter  la  résistance  plus é lev ée  des m o ttes  iso lées , 
les surfaces  d e g lissem en t ch erch en t des v o ies  de m oin d re 
résista n ce en tre les  m o ttes  e t  pren n en t a lors u n e fo rm e o n ­

du lée. L a  m ise  en  a c tio n  d e  la  résista nce a u  c isa ille m en t to ta le 
q u i, dan s les  différentes parties de la  su rface de g lissem en t e t 
d an s un  so l h é térogèn e n ’est pas sim u lta n ée, p eu t, d e m êm e, 
jo u e r  u n  rô le  n o n  négligeab le .

U n e  co rresp o n d an ce  très ne tte  en tre les p ério d es de p lu ies e t 
les  v itesses d e d ép lacem en t fu t co n sta tée , b ien  q u e la  su rface 
d e  g lissem en t a it  é té  très p ro fon d e , dans le  cas du  gra nd  g lisse ­

m en t en reg istré à Z a lesin a  (C roatie), d éve lo p p é  d an s des c o u ­

ch es d e  R a ib l supérieur. L a  su p p o sit io n  q u e la  résista n ce au 
c isa illem en t est co n sta n te  n ’a pu  être  a p p liq u ée, m êm e pas 
au x  an a lyses des g lissem en ts prod u its  d an s les  arg iles m aritim es 
tertia ires . B ien  q u e ces arg iles so ien t a ssez  h o m o g èn es , leur 
co h é sio n  d im in u e con sid érab lem en t dans la  d irection  de la  sur ­
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face. E n  ou tre, e lle  p eu t être  in flu en cée , par ex em p le , par un e 
m in ce co u c h e  sab leuse.

E n  ce  qu i con cern e l ’effe t exercé par la  p ression  du co u ran t 
o u  la  so u s-p ressio n  d ’ea u , n o u s  a v on s ob servé  leur  efficacité 
très ne tte  sur les b ord s graveleu x  des retenu es d e la  D ra v e , o ù  
les pen tes n a tu relles, ay an t u n e  in c lin a iso n  en tre 38 et 42 °, o n t 
été  érod ées par les  o sc illa tio n s q u o tid ien n es du n iveau  d e l ’eau. 
L a  p erm éa b ilité  du grav ier n ’é ta it  p as su ffisan te  p o u r  em p êch e 
l ’effet d e la  p ression  retard ée  du co u ran t d e l ’eau .

E n  gén éra l, les exp érien ces a cq u ises m on tren t qu e l’eau  so u ­

terrain e peu t en  réa lité  réd uire à rien la  stab ilité  des ta lu s, n o n  
seu lem en t par la  d isso lu tio n  des fo rces d e co h é sio n  (a d h ésion ), 
m ais au ssi par l ’effe t m éca n iq u e  de la  so u s-p ressio n  o u  d e la 
p ressio n  du  co u ran t. Si l ’o n  co n sta te  q u e les  ca lcu ls  g éo m éca ­

n iq u es d o n n en t, p ou r l’ap p récia tion  des ta ssem en ts, des valeu rs 
p lu tô t p essim istes, il fa u t co n sta ter  q u e dan s b eau co u p  d e cas, 
il sera it d ifficile  de p rév oir, sur la  b a se  d ’exam en s superficiels 
des so ls , les  g lissem en ts qu i se so n t p rod uits . L e ca lcu l m on tre ­

ra it un e sécu rité  qu i n ’ex iste  pas.

I l fa u t d o n c  ch o is ir  a v ec  p ru d en ce les  bases  des ca lcu ls  qui 
serven t à l ’ap p récia tion  de la  stab ilité  des co n stru ctio n s aussi 
im p ortan tes q u e le  so n t les  d igues en  terre. D a n s  les  cas o ù  
l ’effet m écan iq u e  d e l ’eau  in terstitie lle  n ’est p as su ffisam m ent 
c la ir , il co n v ien t d ’app liq uer des h y p o th èses  e t  des m éth od es 
de ca lcu l p lu s pessim iste s. Il faud ra , so u s le  m êm e p o in t d e vue, 
recon sid érer  ég a lem en t l ’a p p lica tio n  d e la  m éth o d e  <p =  0.

T h e  a u t h o r  e x p la in s  th a t  m o s t  o f  th e  la n d s lip s  in  J u g o s la v ia  o c c u r  
in  h e te r o g e n e o u s  c la y  s o i l s ,  to  w h ic h  th e  <p =  0  a n a ly s e s  c a n n o t  b e 
a p p l ie d  w it h  s u c c e s s . T h e  s h e a r in g  s tr e n g th  o f  th e  s lo p e s  c a n  b e  re ­

d u c e d  to  th e  v a lu e s  w h ic h  c o r r e s p o n d  o n ly  t o  a c tu a l e f fe c t iv e  p r e ssu r e s . 
I t  is  o f  g r e a t  im p o r ta n c e  to  in c lu d e  th e  in f lu e n c e  o f  p o r e -w a te r  
p r e ss u r e  a n d  th e  p r e ss u r e  o f  th e  f lo w in g  w a te r  w ith in  th e  m a ss if .

Mr. W. G. Holtz
T h ere w ere  a few  p o in ts  o n  th e q u estio n  o f  p o re  pressures 

as m easured  by th e  U n ited  S tates B u reau  o f  R ec la m a tio n  w hich 
th e  R ep orter b rou g h t o u t. D u r in g  th is  d iscu ssio n  sess io n , M r. 
W a lk e r  w ill h a n d le  th e  field  m ea su rem en ts  o f  p o re  pressures; 
I w ill d iscu ss fo r a m o m en t th e q u estio n  o f  th e lab oratory  p ore 
pressu re  tests . L et m e read  th e  R ep or ter’s co m m en t : “ In  th e 
B ureau o f  R ec la m a tio n  E a r th  M a n u a l  (1 951), a p ore  pressure 
app ara tu s for  th e  d irect lab oratory  m easurem ents  o f  co n stru c ­

t io n  p ore  pressures o n  sea le d  sam p les, is described . H ow ever , 
th e sam ples are lo a d ed  w ith  h yd rosta tic  pressures; as it is 
k n o w n  th at th e  pr in cipa l stress ra tio  in  th e  d am  is far b e lo w  
un ity , this p roced u re  m ay lea d  to  m u ch  to o  h igh  va lu es o f  p ore 
o n e, th is p roced u re  m ay  lea d  to  m u ch  to o  h igh  va lu es o f  pore 
pressures, p articu larly  fo r  so ils  co m p a cted  a t re la tive ly  low  
m o istu re  co n ten ts .”

M ay I exp la in  th at th e  p o re  pressure test sh o u ld  n o t  b e c o n ­

fu sed  in  an y  w ay  w ith  th e tr iaxia l shear te st or  w ith  p ore  pres ­

sure m ea su rem en ts  for  th e  triaxia l shea r test. T h e  o r ig in a l pur ­

p o se  o f  th e p o re  pressure  test describ ed  in  th e M a n u a l w a s to  
stud y  th e  vo lu m e ch an g e  versus p o re  pressure ch aracteristics, 
as a ch eck  o n  th e v a lid ity  o f  our m eth o d  o f  estim a tin g  pore 
pressures by  th e  use o f  B o y le 's and  H e n r y 's  law s. T h is m eth od  
w as describ ed  by H i l f  in  th e la st  co n feren ce  p roceed in gs and 
h as been  describ ed  by  o th er B u reau  auth ors in  severa l p u b li ­

c a t io n s 1) sin ce  1939. V ery  g o o d  corre la tion s w ere  ob ta in ed  be-

') S ee  a lso : L . W. H a m ilto n  (1 9 39 ): T h e  E ffects o f  In terna l H y d r o ­

s ta tic  P ressu re o n  th e S h earin g  S tren gth  o f  S o ils . P ro c. A .S .T .M ., v o l. 39, 
p . 1100; and  W. G. H o ltz  (1 9 48 ): T h e  D eterm in a tio n  o f  L im its fo r  th e 
C o n tro l o f  P la cem en t M o is tu re  in  H ig h  R olle d -E arth  D a m s . P roc. 
A .S .T .M ., v o l. 48, p . 1240.

tw een  ou r L ab oratory  p ore pressure  te st an d  ou r  m eth od 
o f  co m p u tin g  th e p ore  pressure from  v o lu m e ch an ge .

W e really  d o  n o t use th is te st to  a grea t ex ten t any  m ore, 
b ecau se it has fu lfilled its research  valu e. W e n o w  use th e  o n e ­

d im en sio n a l co n so lid a tio n  te st to  co m p u te  th e  p ore  pressure 
valu es required fo r d esign  and  co n stru ctio n  co n tro l pu rp oses. 
T h e  p ore  pressure  te st is u sed  o n ly  to  stu d y  th e  ch an g es o f 
v o lu m e versus p ore  pressure o n  sea le d  so il sp ec im en s, an d  the 
v ario u s lo a d s  are app lied  by h y d ro sta tic  p ressu re  a ll arou n d 
th e sea led  sp ec im en . T h e m eth o d  o f  a p p ly in g  th e stresses  and 
th e  stress d istr ib u tion s are rea lly  o f  n o  co n seq u en ce  in  th e  test, 
as o n ly  th e  v o lu m e ch an g es, an d  their re la tion  to  th e  resu ltin g 
p o re  pressures w ere desired .

W h ile  I am  at th e  speak ers’ stan d , I w o u ld  lik e  to  d iscu ss 
an oth er m atter  th a t I h ave  been  th in k in g  a b o u t sin ce  D r . T er- 
z a g h i  ta lk ed  a b o u t “ so il c r e e p ” la st  T u esd ay . T h e  sam e th in g 
has ju st  been m en tio n ed  by M r. S c h r ie v e r , w h o  h as ju st  p re ­

sen ted  M r. P e te r s o n ’s  d iscu ssion . A s  y o u  m ay recall, D r . T er- 
z a g h i  m en tio n ed  th a t in  so m e  cases creep  started  w hen  th e 
stresses  w ere o n ly  a b o u t 50 % o f  th e  m ax im u m  d eviato r stresses 
m easured  in  th e  la b ora tory . W h ile  our tr iaxia l shea r research 
h as n o t been  directed to w ard s th e  stud y o f  creep , so m e o f  th e 
resu lts th at w e h ave  o b ta in ed  m ay  b e a p p licab le  to  creep  stu d ies. 
W e h ave  estab lish ed  in  th e  lab ora tory  th a t th e  m ax im u m  pore 
pressu re  occu rs a t th e  m in im u m  v o lu m e p o in t, as it sh ou ld . 
A t th is  p o in t, o f  cou rse , th e  e ffective  m in or  p r in cip a l stress is 
a lso  a m in im u m . It h as b een  o b served  th a t fo r  severa l types 
o f  p la stic  so ils  a t v a r io u s m o istu re  c o n d itio n s, th e  m in im u m  
v o lu m e  m ay o ccu r  a t so m e fraction  o f  th e  m a x im u m  d eviato r 
stress. In  so m e  in stan ces th e  m in im u m  v o lu m e c o n d itio n  h as 
occurred  a t less th an  o n e -h a lf o f  th e  m ax im u m  d evia tor stress. 
B eyo n d  th is p o in t, th e  vo lu m e o f  th e  sp ec im en  in creases. A s 
shearin g  m o v em en t ta k es p la ce  as a d d itio n a l stresses  are  a p ­

p lied , w e  m igh t say  th a t th e  shear fa ilu re h as a lready  begu n . 
P erhap s it is near th e  stress c o n d itio n  co rresp o n d in g  to  th e 
m in im u m  v o lu m e  co n d itio n  th a t creep  m ay  start. W e h ave 
con sid era b le  lab oratory  data , so m e  o f  w h ich  h as been  p u b ­

lish ed  by o th er so c ie tie s ,2) th a t ca n  b e  stu d ied  i f  an y  o f  y o u  
are in terested.

L ’a u te u r  r é p o n d a n t  à  u n e  q u e s t io n  d u  r a p p o r te u r  g é n é r a l e x p o s e  
q u e  le  B u r e a u  o f  R e c la m a t io n  e f fe c tu e  la  m e s u r e  d e  la  p r e s s io n  in te r ­

s t it ie l le  e n  f o n c t io n  d e s  v a r ia t io n s  d e  v o lu m e . C e s  m e s u r e s  s o n t  fa ite s 
à  l ’a id e  d ’u n  œ d o m è tr e . E n  o u tr e  le s  r é s u lta t s  o b te n u s  d a n s  le s  la b o r a ­

to ir e s  d u  B u r e a u  o f  R e c la m a t io n  in d iq u e n t  q u e  le  f lu a g e  c o m m e n c e  
p r o b a b le m e n t  s o u s  l ’e f fe t  d e s  te n s io n s  q u i c o r r e s p o n d e n t  a u x  c o n ­

d i t io n s  d u  v o lu m e  m in im u m .

Mr. T. Middlebrooks
Y o u r  G enera l R ep orter has a sk ed  m e to  say  a  few  w ord s o n  

th e  p o licy  o f  th e U .S . C orp s o f  E n gin eers, co n cern in g  th e 
p lacem en t m oistu re  and  d en sity  in  earth  dam s.

S afe ty  an d  eco n o m y  are th e  p rim e co n tro llin g  fa cto rs. A fter 
sa fety  has been  assu red , w e  strive to  bu ild  th e  m o st e co n o m ica l 
structu re as p oss ib le . T h is m ean s th at p la cem en t m o is tu re  and 
density  w ill vary  w ith  field co n d itio n s. D r. L ô fq u is t  o f  S w ed en 
h as an  ex ce llen t ex a m p le  w h ich  h e is presen tin g  in  h is  d is ­

cu ssio n . In his ca se  th e  co re  m ateria l w as to o  w et fo r n orm al 
co m p a ctio n . It w as p laced  a t a  h igh  m oistu re  co n ten t an d  ro lled

*) W. G. H o ltz  (1 9 47 ): T h e  U se  o f  th e  M a xim u m  P rin c ip al S tress  R atio  
as th e F a ilu re  C riter io n  in  E va lu a tin g  T riax ia l S h ea r T ests  o n  E arth 
M ateria ls . P ro c. A .S .T .M ., v o l. 4 7 , p . 1067, 1947); and  A . A . W agner 
(1 9 50 ): S h ear C h aracteristics  o f  R em o ld ed  E arth  M ateria ls . A .S .T .M ., 
S y m p o siu m  o n  T riax ia l T estin g  o f  S o ils  and  B itu m in o u s M ixtu res, 
S .T .P . N o . 106, p . 192, 1950.
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o n ly  w ith  a  tractor, an d  ca refu l p o re  pressure ob servation s 
w ere m a d e during  and  after th e  con stru ctio n .

In  a d d itio n  to  th e  regu lar cr iteria  rela tin g  to  stab ility  and 
p erm eab ility  w e  g iv e  sp ecia l a tten tio n  to  th e  co re  m ateria l in 
order th a t it m ay  sa tis fy  th e fo llo w in g  cr iter ia :

(1 ) It m u st b e p la ced  a t a d en sity  an d  a t a  m oistu re , w h ich 
w ill n o t  a llo w  fu rth er co n so lid a tio n  o n  sa tu ra tion .

(2) It m u st b e su fficien tly  p la stic  so  th a t differen tia l settle ­

m en t w ill n o t  ca u se  crack s to  d eve lo p  th ro u g h  it.

B o th  o f  th ese  criteria ca n  be ea sily  satisfied  w h en  th e core 
m ateria l is p la ced  w ell o n  th e w et sid e  o f  an  o p tim u m . In fact 
th is is th e  o n ly  w ay  cr iterion  2 ca n  be fu lly  satisfied.

Y o u  w ill certa in ly  a sk : w h a t a b o u t p ore  p ressu re?  M y 
answ er is th a t it is ju st  an oth er  fa c to r  w h ich  m u st be co n sid ered 
in  an y  design . It is n o t a n  overrid ing  or co n tro llin g  fa cto r. 
M y su g g estio n  is th a t in  ca ses  w here  p o re  pressure  w ill decrease 
th e  sta b ility , th a t th e p rev io u sly  m en tio n ed  criteria  b e app lied 
to  o n ly  th e  cen tra l p o rtio n  o f  th e  co re  or im p erv iou s section , 
say  a t w id th  o f  J to  i  th e  h e ig h t o f  th e  dam .

It is m y o p in io n  th a t th e  dan ger o f  d eve lo p in g  ex cessiv e  p o re 
pressures in  m od ern  ro lle d  fill d am s h as been  greatly  over- 
em p h azised . I assu re  y o u  th a t th e  dan ger o f  p la c in g  th e fill on 
th e  dry sid e  o f  o p tim u m  ca n  b e m u ch  greater. It is a  sim p le 
m atter to  in sta ll p iezom eters an d  o b serve  th e p ore  pressure  as 
it d eve lo p s. T h e dan gers in h eren t in  a dry fill are n o t app arent 
in  m o st ca ses  u n til th e  reservoir  is fu ll.

In  answ er to  th e  G en era l R ep orter’s sp ec ific  q u estio n , o n  
w h a t m o d ifica tion s in  cross sectio n s are con tem p la ted  by th e 
C orp s o f  E n gin eers, d u e to  p la cem en ts  o n  th e w et s id e , m y 
answ er is n o n e . W e w ill ch eck  th e  stab ility  du ring  co n stru ctio n  
m ore c lo se ly  a n d  in sta ll m o re  p iezom eters. S in ce an y  pore 
p ressu re  w h ich  d eve lo p s w ill d issip a te  q u ick ly  after co n stru c ­

tio n  is  com p leted , a low er factor  o f  sa fety  is to lera ted  du ring 
th is period . E ffective  stresses  are u sed  in  th e  sta b ility  a n a lysis 
for  a ll ca ses.

B efo re  c lo sin g  I  w o u ld  lik e  to  m ak e a few  co m m en ts  co n cern ­

in g  M r. W a lk e r 's  pap er , o n  th e  d esign  o f  ea rth  d am s for  per ­

v io u s  fo u n d a tio n s.

I  regret th a t I m u st stron g ly  d isagree w ith  m y A m erican  
co lleag u e , co n cern in g  B lig h 's  an d  L a n e 's  th eory  in  th e  design 
o f  ea rth  d am s o n  p erv io u s fo u n d a tio n .

I t  m igh t b e ad m itted  th a t B lig h 's  C reep th eory  w as o f  va lu e 
in  1916  even  th o u g h  a t th a t tim e D a r c y 's  la w  w as a v a ila b le  and 
w o u ld  h ave  g iv en  m u ch  m ore usefu l in fo rm a tio n . It is a lso  
co n sid ered  p o ss ib le  th at L a n e 's  w e ig h ted  creep  th eory  m ay h ave 
had so m e  a p p lica tio n  to  co n crete  structu res in  1935. H o w ev er , 
in  th e  year 1953 , th e  sc ien ce  o f  S o il M ech a n ics  has d eve lo p ed  
to  su ch  an  ex ten t th a t th ese  ru le -of-th u m b  th eorie s h ave  no

F ig . 3 T w o  A n a lysis  M e th o d s  fo r  a R o c k  F ill D a m

D e u x  m éth o d es  d ’a n a ly se  d ’un barra ge en  en roch em en t

D ia g r a m m e in d iq u a n t le s p récip ita tio n s

p la ce  in  m o d e m  ea rth  d am  design . E ven  in 1935 C rea g er , 
H a r za ,  an d  J u s tin  co n sid ered  th a t L a n e 's  creep  th eory  had on ly 
lim ited  a p p lica tio n . C a sa g ra n d e , in  h is  d iscu ssio n  o f  th e pap er, 
p o in ted  o u t th at th e  u se  o f  creep  th eory  co u ld  g iv e  m islead in g 
resu lts an d  h e o u tlin ed  so u n d  sc ien tific  pr in cip les w h ich  co u ld  
b e used .

L ’a u te u r  e s t  d ’a v is  q u e  le  n o y a u  d ’u n  b a r r a g e  e n  te rre  d o i t  ê tre 
m is  e n  p la c e  à  u n e  d e n s ité  e t  u n e  te n e u r  e n  e a u  te lle s  q u ’il n ’e n  r é ­

s u l t e  a u c u n e  c o n s o l id a t io n  p e n d a n t  la  s a tu r a t io n . E n  m ê m e  te m p s 
il e s t  n é c e s s a ir e  q u e  le  n o y a u  s o i t  s u f f is a m m e n t  p la s t iq u e  a fin  q u ’a u ­

c u n e  f is s u r a t io n  n ’a p p a r a is s e  à  la  s u i te  d e  ta s s e m e n ts  d iffé r e n tie ls .

E n  m a tiè r e  d e  p r e s s io n  in te r s t it ie lle  l ’a u te u r  e s t  d ’a v is  q u e  c e t t e  
q u e s t io n  n ’e s t  p a s  d e  p r e m iè r e  im p o r ta n c e . P o u r  le s  s ta d e s  d e  c o n s ­

tr u c t io n  o n  p e u t  c a lc u le r  u n  c o e f f ic ie n t  d e  s é c u r ité  in fé r ie u r  à  ce lu i 
d e  l ’o u v r a g e  d é fin itif .

E n  r é p o n s e  à  u n e  q u e s t io n  p o s é e  p a r  M . W a lk e r ,  s u r  la  fo n d a t io n  
d e s  b a r r a g e s  e n  terre  s u r  d e s  c o u c h e s  p e r m é a b le s , l ’a u te u r  e s t  d ’a v is 
q u e  la  m é t h o d e  d e  B lig h  e t  L a n e  e s t  d é p a s s é e  a u jo u r d ’h u i.

Mr. B. Lôfquist
I h ave  tw o  su b jects fo r d iscu ssion . F irstly  I w ish  to  draw 

a tten tio n  to  th e  paper by M r. N o n v e ille r  “ T h e stab ility  o f  dam  
s lo p es  co m p o sed  o f  h e tero g en eou s m a ter ia l” (P roceed in gs 1953, 
vo l. II, p. 268).

W h en  u sin g  th e Sw edish  circle m eth o d  fo r an a ly sin g  th e 
stab ility  o f  th e  up stream  s lo p e  du ring  rapid d raw -d ow n , th e 
d istr ib u tion  o f  th e n orm al stresses  a lo n g  th e slip  su rface ou gh t 
to  be con sid ered  in so m e ca ses . I w ill n o t g o  in to  d eta ils , but 
w ill g iv e  an  exam ple.

F ig . 3 sh o w s a rock  fill d am  w ith  an im p erv iou s ea rth  co re. 
A n  an alysis  acco rd in g  to  usu al m eth o d s g iv es a sa fe ty  fa cto r 
o f  1.3 (m eth o d  I in  F ig . 3). D u e  to  pore w ater pressure, the 
shearin g  resista nce is very lo w  in th e core . S tab iliz in g  fo rces 
are m ain ly  m o b ilized  in th e low er part o f  th e slip  circle in the 
rock  fill.

In th e an alysis  in  th e figure b e lo w  th e sim p le  a ssu m p tio n  is 
m ad e th a t n o  shearin g  resista n ce ex ists  in th e bou nd ary  su rface 
o f  th e  co re. T h e  w eigh t o f  th e  upper right part o f  th e rock  fill 
in creases th e n orm al pressure o n  th e  low er h o r izo n ta l slip 
p lane. T h e  sa fe ty  fa cto r is 2.1.

A  d eta iled  in v estig a tio n  m ay  resu lt in a so m ew h a t low er 
facto r th an  2 .1 , bu t th e  ex a m p le  sh o w s th at th e stab ility  o f  th e 
up stream  s lo p e  in  such  dam s is m ore fa vorab le  th an  is ev id en t 
from  th e a n a lysis  m eth od s usu a lly  app lied .

T h e  seco n d  sub ject is “ P la cem en t m oistu re  c o n te n t” . In 
m o st parts o f  S can d in av ia  th e co n stru ctio n  sea son  fo r ea rth
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dam s is a b o u t 6 m o n th s. T h e sum m er c lim ate , h ow ever , is 
o ften  w et and  th e na tu ra l m oistu re co n ten t o f  th e im p erv iou s 
earth is high. F ig . 4 sh o w s a p rec ip ita tion  diagram  for  an actu al 
dam  site . D u r in g  th e few  days w ith o u t rain th e air w as hu m id 
and th e w et fill co u ld  n o t dry ou t. U n d er th ese co n d itio n s 
th e  n orm al ro lled  fill m eth o d  is n o t a p p licab le . A n  earth  core 
w ith  a lternatin g  dry layers and  w et layers is d an gerou s in  v iew  
o f  p o ss ib le  un even  settlem en ts .

T h erefore du ring  th e  la st tw o  years th e  Sw ed ish  S tate  P ow er 
B oard  h as app lied  a w et fill co n stru ctio n  m eth o d  w h ich  renders 
p o ss ib le  co n tin u a tio n  o f  th e  w ork  ev en  du ring  rain. T h e  prin ­

c ip les are g iv en  in  F ig . 5. T h e  upper part o f  th e  figure sh o w s 
c o m p a ctio n  curves by variou s k in ds o f  co m p a ctio n  for a ty p ica l

F ig . 5 D ry  D e n s ity  an d  P er ­

m ea b ility  vs. W ater 
C o n ten t by  D ifferen t 
C o m p a ctio n  
P oid s  v o lu m étr iq u e  sec 
et p erm éa b ilité  en  fo n c ­

tio n  de la ten eu r en  ea u

im p erv iou s m o ra in e  w ith  practically  n o  c la y  co n ten t. It is 
s im ilar to  th e m ateria l in  th e  co re  o f  th e M arm orera  D a m  
a b o u t w h ich  w e h ave  heard in th e  lectu re o f  P ro f. M e y e r -P e te r .

C o m p a ctio n  w ith  sh eep sfo o tro llers  (u pp er  cu rv e A ) g iv es an 
o p tim u m  w ater co n ten t o f  7%. A t  th is w ater co n ten t th e  dry 
d en sity  has a m in im u m  i f  th e  so il is n o t  a t a ll co m p a cted  (low er 
cu rv e B ); a  m a x im u m  ex ists, h ow ever , a t a b o u t 14% fo r  th is 
cu rve. A  h eav y  b u lld ozer  g iv es th e  c o m p a ctio n  cu rv e C  w ith  
an  o p tim u m  m oistu re co n ten t o f  12%. T h e w et fill m eth o d  
p resu p p oses th at th e p lacem en t m o is tu re  co n ten t is h e ld  at 
a b o u t th is va lu e  and  th a t th e  so il is  co m p a cted  o n ly  w ith  a 
h eavy  bu lld ozer.

In fa ct, th is  m eth o d  is ad v a n tag eo u s a lso  in o th er respects. 
T h e low er  part o f  th e  d iagram  sh ow s th e  in fluence o n  perm e ­

ab ility . T h e perm eability  is a b o u t th e sa m e a t th e  h igher w ater 
co n ten t as a t th e  P rocto r op tim u m . M o st im p o rta n t is, h o w ­

ever, th at th e p o ssib le  ra nge o f  varia tion s in perm ea bility  is 
m u ch  sm aller  w ith  th e  w et fill m eth od  th an  w ith  th e  ro lled  fill 
m eth od . I f  a layer in  th e core is n o t co m p a cted , th e p e n n e - 
ab ility  still rem ains g o o d . T h e earth co re  w ill be m u ch  m ore 
h o m o g en eo u s  th an  by any  dryer m eth od .

T h e pore  w ater pressu re is in itia lly  a b o u t 100% , bu t ow in g 
to  th e com p arative ly  high perm ea bility , th e co n so lid a tio n  tim e 
is short. In tw o  dam s 75 and  100 ft. in heigh t th e c o n so lid a tio n  
tim e w as o n ly  1 -2  m onth s.

T h e  to ta l settlem en t in lab ora tory  tests  is 4 -5 % , but as a resu lt 
o f  th e  rapid co n so lid a tio n  th e com p leted  d am  settles on ly 
a b o u t 0.2% .

T h e  w et fill co n stru ctio n  m eth od  is su ita b le  in  w et c lim ates 
fo r  d am s o f  sm a ll and m ed iu m  height. T h e  co re  w id th  ou g h t 
to  be restricted  in  co n sid era tio n  o f  co n so lid a tio n  and  o f  s ta ­

b ility , and  a lso  b ecau se o f  th e  fact th at tru cks c a n n o t be driven 
o n  th e  co re  fill.

M an y en gin eers ob ject to  a m oistu re co n ten t so  far a b o v e 
th e  P rocto r op tim u m  va lu e, b u t m y o p in io n  is th a t th e  w et 
fill m eth o d  is su itab le  fo r co n d itio n s  su ch  as are prevalen t in 
great parts o f  S can d in av ia  and  in m an y  o th er p laces.

S e  r é fé r a n t à  l’a r t ic le  d e  M . N o n v e ille r  l ’a u te u r  e x p o s e  le s  r a is o n s 
p o u r  le s q u e lle s  il c o n s id è r e  la  m é th o d e  s u é d o is e  p r é fé r a b le , p o u r  le 
c a lc u l  d u  ta lu s  a m o n t  d ’u n  b a r ra g e  e n  te rr e  h é té r o g è n e , a u x  m é th o d e s  
a n a ly t iq u e s  c o u r a m m e n t  a p p liq u é e s  (F ig . 3 ).

E n  r a is o n  d e s  c o n d it io n s  c l im a t iq u e s  d e  la  S u è d e  (F ig . 4 ) ,  le s 
in g é n ie u r s  s e  s o n t  v u  r é c e m m e n t  c o n tr a in t s  d e  c o m p a c te r  le  m a té r ia u  
d u  n o y a u  d e s  b a r r a g e s  e n  terre  d e  p e t ite  e t  d e  m o y e n n e  g r a n d e u r 
a v e c  u n e  te n e u r  e n  e a u  s u p é r ie u r e  à  l ’o p t im u m  d e  P r o c to r  e t  a v e c  d e s 
b u lld o z e r s  lo u r d s . L e s  r é s u lta t s  s o n t  il lu s tr é s  p a r  la  F ig .  5.

Mr. A. L. Little
I  sh o u ld  lik e  to  draw  a tten tion  to  tw o  ca ses  o f  pore w ater 

pressu re m easu rem en ts  bein g  carried  o u t in  Brita in .

In  ca se  A  th e  m ea su rem en ts  w ere m ad e in  th e s lo p es  o f  a dam  
at present un der co n stru ctio n  in  W ales. T h e  d am  w hich  has 
a p u d d le  co re  is  s itu a ted  in  a g la c ia ted  va lley  and  is bein g  bu ilt 
o f  th e  lo c a l b ou ld er c la y ; th e  m atrix  o f  th is  m ateria l h av in g 
a liq u id  lim it o f  25%  w ith  a p la stic  ra nge o f  8%. T h e m ateria l 
is bein g  co m p a cted  so  th a t th e  m atrix  h as an  average dry 
d en sity  o f  128 lb s ./ft3 w h ich  is 95%  o f  th e  P rocto r m axim u m  
dry d en sity  for th e  m atrix  on ly , and  a t a  m o is tu re  co n ten t o f 
12% com p ared  w ith  th e P rocto r o p tim u m  o f  10% ; i.e . th e  fill 
is w etter th an  o p tim u m  as p laced .

P ore  pressure ce lls  w ere in sta lled  by th e  B u ild in g  R esearch 
S ta tio n  in  th e  dow n -stream  s lo p e  la st sum m er. C on stru ction 
w o rk  cea sed  in  O ctob er  1952  for  th e  w inter.

D u r in g  b u ild in g , as m ateria l w as p laced , th e  p o re  w ater 
pressure im m ed ia te ly  increased  to  n early  100%  o f  th e  to ta l 
pressure. T h is pressure  th en  ra p id ly  d rop p ed  to  a b o u t 70%  
o f  th e  to ta l pressure. T h erea fter  o b serv a tio n s o f  th e  p ore  w ater 
pressures w ere  co n tin u ed  an d  it w as fo u n d  th a t th e  d iss ip a tio n 
o f  pressure w a s m u ch  slo w er th an  h ad  b een  a n tic ip a ted . T o  
o b ta in  m o re in fo rm a tio n , s im p le  stan d -p ip es w ere  in sta lled . 
T h e  read in gs fro m  th e  stan d -p ip es w ere fo u n d  to  a gree very 
w ell w ith  th e  read in gs o f  th e pressu re  ce lls. In v estig a tio n s w ere 
m a d e o n  th e stab ility  o f  th e  ban k , un der th e  gu id an ce  o f  P rof. 
S k e m p to n ,  u sin g  th e  m easured  va lu es o f  p ore  w ater pressure. 
C alc u la ted  va lu es o f  p o re  w ater pressure  from  lab orato ry 
m ea su rem en ts  o f  so il prop erties w ere  p rod u ced , w h ich  agreed 
w ith  th e  observed  va lu es.

It is in terestin g  to  co m p a re th ese  resu lts so m e  for  an oth er 
ea rth  d a m  b ein g  bu ilt in  S cotla n d . T h is seco n d  d a m  w h ich  has 
a n  articu lated  co n crete  co re  is a lso  b e in g  bu ilt o f  b ou ld er clay , 
b u t o f  a m ore p erm eab le  ty pe . T h e  liq u id  lim it o f  th e  w h o le 
m ateria l co u ld  n o t b e d eterm in ed  b ecau se o f  th e  large  nu m ber 
o f  sto n es  w h ich  it co n ta in ed , but th e  liq u id  lim it o f  th e m atrix 
m ateria l is app reciab ly  low er  th an  in th e  prev io u s case .

In  th is  seco n d  d am  a sim ilar in sta lla tio n  o f  pressu re  ce lls  and 
s tan d -p ip es h as been  m ad e, but n o  ap p reciab le  pore w ater 
pressu re has been  recorded . In d eed , w ater p ou red  in to  th e 
sta n d -p ip es drained  aw ay  q u ite  rapidly .

In th is ca se  th e  co m p a ctio n  g a v e  a m atrix  dry d en sity  o f 
a b o u t 130 lb s ./ft3, w h ich  w as 95%  o f  P ro ctor, an d  a t a m o istu re 
co n ten t o f  7%  com p ared  w ith  th e  o p tim u m  o f  8% ; in  o th er 
w ord s th e  fill is dryer th an  op tim u m .

It is th u s in terestin g  to  see  th a t slig h tly  u n favou rab le  c o n ­

d itio n s o f  p lac in g  m ay  h ave  a seriou s effect, at an y  rate , w h en 
th e  fill is o f  a c la y  type w ith a rela tive ly  lo w  perm ea bility . 
T h ese  resu lts illu strate very w ell th e “ tigh t-rop e  w a lk ” referred 
to  by M r. B je rru m  in  his gen era l report.
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L ’a u te u r  d o n n e  q u e lq u e s  in d ic a t io n s  su r  d e s  o b s e r v a t io n s  d e  p r e s ­

s io n  in te r s t it ie lle  fa ite s  s u r  d e u x  b a r ra g es  e n  terre  e n  G r a n d e -B r e ta g n e , 
d o n t  le s  n o y a u x  s o n t  c o n s t itu é s  d e  m o r a in e s  d e  fo n d s . D a n s  l ’u n  
( te n e u r  e n  e a u  12 %, o p t im u m  d e  P r o c to r  10  %) la  p r e s s io n  e s t  m o n té e  
j u s q u ’à  100%  d e  la  p r e s s io n  to ta le  p o u r  to m b e r  b ie n t ô t  à  7 0% . D a n s  
l ’a u tr e  (te n e u r  e n  e a u  7 %, o p t im u m  d e  P r o c t o r  8 % ) o n  n ’a  p a s  c o n s ­

ta té  d e  p r e s s io n  in te r s t it ie lle .

Mr. A. Penman
T h e  P ie zom eter  A p p aratu s ju st m en tio n ed  by M r. L i t t le  w as 

d eve lo p ed  a t th e B u ild in g  R esearch  S ta tio n  in  E n g la n d . It 
c lo se ly  fo llo w s th a t u sed  by th e  U .S . B u reau  o f  R ec la m a tio n , 
an d  co n sists  o f  a  p iezo m eter  p o in t w h ich  is bu ried  in  th e  fill 
o f  th e earth dam , and  is co n n ected  by p o ly th en e  tu b e  (3 m m  
bore x 1 m m  w all) to  a G a u g e  H o u se  o u tsid e  th e dam . P ore 
w ater can  pass from  th e fill th rou gh  a p o ro u s s to n e  to  th e  w ater 
co n ta in ed  in  th e  p o ly th en e  tu be, and  its  pressure is tran sm itted 
to  a B o u rd o n  G a u g e  w h ich  fo rm s part o f  th e app ara tu s in sid e 
th e  G a u g e  H o u se  (F ig . 6).

T w o  p o ly th en e  tu bes are co n n ec te d  to  ea ch  p o in t, so  th at 
w ater ca n  b e circu la ted  to  fill th e  tu b es in itia lly , and  to  rem ove 
any gas w hich  m ay su b seq u en tly  occu r. D e-a ired  w ater is c ir ­

cu la ted  from  a perspex  pressure ta n k  by p u m p in g  air in to  a 
ru bber b ladd er  (b each  ba ll) co n ta in ed  in th e  ta nk . T h e  w ater 
returns, ca rry in g  air b u bb les, to  a seco n d  p erspex  ta n k , and 
c ircu la tio n  is co n tin u ed  un til n o  further bu bb les  appear. E ith er 
o f  th e tw o  tu bes from  th e  p o in t can  be co n n ected  to  th e  B o u r ­

d o n  G a u g e , an d  a difference in  read in g  sh o w s th e  presen ce o f 
air in  th e  tu b es, w h ich  is rem oved  by fu rther c ircu la tion .

T h is app ara tu s h as been  in sta lled  in  tw o  earth d am s in  G reat 
B rita in  w h ich  w ill b e  a b o u t 120 ft. h igh  w hen  co m p le te . In  o n e 
o f  th em , in  S co tla n d , n o  p o re  w ater p ressures d eve lo p ed  du ring 
co n stru ctio n , w h ile  in  th e  o th er, in  W ales, th e  in itia l pore- 
pressures h ave  been  100%  o f  th e  overbu rd en . F ill p lacem en t 
w as sto p p ed  la st w inter, and  th e m easured  d iss ip a tio n  has 
agreed  fa irly  w ell w ith  T e rz a g h i's  co n so lid a tio n  th eo ry , u sin g 
th e  resu lts o f  o ed o m eter  tests  o n  th e  fill m ateria l.

T w o  m eth o d s have been used  to  ca lcu late  th e in itia l po re- 
p ressu res:

(a) T h e B ureau m eth o d , em p lo y in g  B o y le 's  and  H e n r y 's 
L aw s for th e com p ressib ility  and so lu b ility  o f  the a ir  in th e fill, 
u sin g  th e  resu lts o f  o ed o m eter  tests  on  sam p les 4 in . diam eter 
x 4  in . lo n g  (10  cm  diam eter  x 10 cm  lon g ).

(b)  D irec t m easurem ent o f  pore-p ressu re  d eve lo p ed  in a 
sa m p le  o f  fill co m p a cted  in to  a tr iaxia l cell. H y d ro sta tic  pres ­

sure w as ap p lied  to  th e sam p le th rou gh  th e rubber en ve lo p e , 
an d  th e d eve lo p ed  pore-pressure  m easured by a serv o-a pp aratus 
w h ich  required n o  vo lu m e ch an ge.

B o th  m eth od s w ere in fair agreem en t, and  agreed  w ith  the 
p o re  pressures m easured  in th e dam s.

I th in k  a ll I need  to  say  here is th at th e average p lacem en t 
w ater co n ten t o f  th e  dam  in W ales  w as a b o u t 2% a b o v e  its 
P rocto r op tim u m , w hereas the’ dam  in S cotla n d  w as p laced  at 
ab o u t 2% b e lo w  th e P rocto r op tim u m . W e th in k  th ese  ex ­

am p les su b stan tia te  th e B u reau  m eth od  o f  estim atin g  in itia l 
p ore pressures an d  illustrate  th e h igh  pressures w h ich  can  
d eve lo p  w hen  fill is p la ced  a b o v e  its P rocto r op tim u m  w ater 
co n ten t. B efore I s to o d  up I th ou g h t w e w ere very co n cern ed 
a b o u t th e W elsh  dam , b ecau se  o f  th e h igh  pore-pressures th at 
h ave  d eve lo p ed , bu t after w h at M r. M id d le b r o o k s  has ju st sa id , 
I th in k  w e p rob ab ly  sh o u ld  begin  to  w orry a b o u t th e dam  in 
S cotla n d  !

L ’a u te u r  d é c r it  l ’a p p a r e il p ié z o m é tr iq u e  m is  a u  p o in t  p a r  la  
B u ild in g  R e s e a r c h  S ta t io n  e t  d o n n e  le s  p r e m ier s  r é su lta ts  d e s  m e ­

s u r e s  e f fe c tu é e s  a v e c  c e  d e r n ie r  a in s i q u e  le s  m é t h o d e s  d e  c a lc u l d e 
la  p r e s s io n  in it ia le .

Mr. F. C. Walker
B efo re  g ettin g  o n  to  th e  sub ject o f  grou n d  w ater, I w o u ld  

lik e  to  d iscu ss M r. M id d le b r o o k s ' co m m en ts, for a m om en t. 
I am  fu lly  in  a g reem en t w ith  m o st o f  M r. M id d le b r o o k s ' c o m ­

m en ts. B u t th ere is a difference in  ou r ex periences th a t is 
large ly  con n ected  w ith  our design  practices . I f  M id d le b r o o k s

F ig. 6 P iezo m eter  U sed  by th e B u ild in g 
R esearch  S ta tion  
A p pare il p ie zo m étr iq u e  m is au 
p o in t par la B u ild in g  R esea rch 
Sta tion
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had been in m y p o s it io n  and  I in  h is , ou r  p o licy  p o s it io n s  m igh t 
w ell b e reversed.

T h e B ureau o f  R ec la m a tio n  h as d o n e  th e bu lk  o f  its  w ork 
in  th e h ig h  dry p la in s and  in th e m o u n ta in s  o f  th e  W estern 
part o f  th e  U .S . T h e C orp s o f  E n gin eers, o n  th e o th er han d , 
has con cen trated  m o st o f  its w ork  o n  th e w et low er  a llu via l 
va lleys w here  th e so ft fo u n d a tio n s  are th e rule. In  co n seq u en ce 
it is p ractica l fo r us, in  th e  B ureau o f  R ec la m a tio n , to  ta k e 
a d v a n tag e  o f  an y  p o ssib le  sav in g  in  stru cture by co n sid era tio n  
o f  th e p o re  pressures to  red uce  th e  c o s t  o f  th e  dam . In  on e 
in stan ce  w e stud ied recen tly , w e  fo u n d  th at o n  a d a m  co stin g 
ap p rox im ate ly  10 m illion  do llars, w e co u ld  red uce  th e co sts  o f 
th at d am  by ap p rox im ate ly  1 m illio n  do llars, by req u irin g c o n ­

tro l fo r th e pore pressures. O n  th e  o th er han d , I m u st further 
em p h a size  M r. M id d le b r o o k s ’ p o in t, th at there is a great d anger 
in  con stru ctin g  em b an k m en ts to o  dry.

W h en  I h ad  to  present papers fo r  th e  1948 H ig h  D a m s 
C on feren ce and  th e  R o tterd a m  C on feren ce , I w as n o t  y et in 
a p o s itio n  to  say  w heth er  it w as p racticab le  to  co n tro l pore 
pressures and  prepare d esign s a ssu m in g  su ch  co n tro l. W e had 
su ch  p la ns un der w ay  b u t d id  n o t  h ave  th e ev id en ce  o f  per ­

form ance. I did n o t th in k  th at w e had su ffic ien t new  in for ­

m a tion  to  presen t to  th is grou p  a t th is tim e, to  m ak e th e  pre ­

pared paper w orth  w h ile . H o w ev er , o n  th e  n u m erou s d iscu s ­

s io n s I h ave heard here, I see  th at I h ave  been  m istak en . W e 
have fo u n d  th at th e p o re  pressures can  b e con tro lled  un der 
co n stru ctio n  an d  k ep t to  very  lo w  va lu es, un der th e  c lim atic 
co n d itio n s  w ith  w h ich  w e h a v e  had  to  w ork  in th e  B ureau o f 
R ecla m a tio n . I w ill read ily  ad m it th a t in  E n g la n d  an d  in 
S w ed en  an d  in  m an y  trop ica l cou n tr ies su ch  procedu res are 
im p o ssib le . B u t i f  th ere is m o n ey  to  b e saved  an d  th e  c lim a te 
perm its th en  I th in k  th a t it is w ell w o rth  w h ile  to  g o  after pore 
pressure co n tro l. O ur ex p erien ce lea d  m e to  b e lieve th a t a 
stru cture o f  less th an  100 ft. in  h e ig h t w ill n o t sh o w  a  great 
sav in g  in  co st, w heth er  p ore  pressures are con sid ered  a t high 
valu es or  a t lo w , b ecau se o th er factors in  th e  d esign  p re ­

d o m in a te . B u t for  a d am  o f  a b o u t 200  ft. h e ig h t, co stin g 
ap p rox im ate ly  3 m illion  do llars, w e ca n , i f  w e ca n  keep  th e 
p o re  pressures d o w n  to  a b o u t 30%  up lift, red u ce th e  co sts  o f  
th a t structure by a b o u t 500,000  do llars. I f  it is ch eap er to  ta k e 
a  fo u n d a tio n  an d  rem o v e th e  m ateria l th at ca n  read ily  c o n ­

so lid a te , a b o u t w h ich  M r. M id d le b r o o k s  is so  con cern ed , th at 
sh o u ld  be an  e c o n o m ic  fa cto r to  consider. I f  o n  th e  fo u n d a ­

tio n s su ch  as M r. M id d le b r o o k s  h ad  to  co n ten d  w ith , it is im ­

p o ssib le  to  rem ove th e  fo u n d a tio n  to  a so lid  b ase, o f  cou rse , 
it is m ore practicab le  to  d esign  for settlem en t and to  accep t 
hig h  p ore pressures. In  th e C orp s o f  E ngineers , there is by 
n o  m ean s a u n ifo rm  p o licy  in  th e  trea tm en t o f  p ore  pressures, 
at lea st as far as I have been  ab le  to  find , so  th a t there is o n e 
grou p  th a t sim p ly  m ak es a d irect shea r test and  th is is n o t 
adju sted  for p ore  pressure  an d  n o  co rrectio n  for  p ore  pressure 
is m ad e in  a dam . T h a t proced u re has th e  a d v a n tag e  o f  s im ­

plic ity , it has th e d isad van tage  o f  un certain ty  as to  w h a t pore 
pressures tru ly  m ay  be.

M r. M id d le b r o o k s  a lso  co m m en ted  o n  m y paper o n  seep age, 
th a t th e  m eth o d s o f  B lig h  and  L a n e  h ad  lo n g  sin ce  fa llen  in to 
disuse. M y co m m en t o n  th e paper w as in ten d ed  to  sh o w  th at 
th ese  surveys p rov ided  a m ean s fo r recogn iz in g  a varia tion  in 
perm eab ility  b etw een  th e  h o r izo n ta l perm eab ility  and  th e ver ­

tica l perm eab ility  in  m ateria ls, w h ich  has sin ce  to  a large  exten t 
been forgotten  by  m o st S o ils  E ngineers . In  co n seq u en ce  dam s 
are o cca s io n a lly  b e in g  d esigned  w h ich , I th in k , m ay b e in  a 
d an gerou s c o n d itio n . O n th e dam  to  w h ich  I referred w e fell 
in to  th at error. W e design ed  th e dam , w h ich  w e fe lt w as a d e ­

q u ate ly  sa fe  aga in st p ip in g , w ith  th e ra tio  o f  ap p rox im ate ly 
1 0 :1  b etw een  th e  h e ig h t o f  th e reservoir  an d  th e  d ista n ce  the 
w ater w o u ld  h a v e  to  flow . N ev erth e less, un der th is  c ircu m ­

stan ce  p ip in g  d id  d eve lo p  an d  I can  o n ly  attr ib u te  th at to  th e 
fa c t  th at th e  fo u n d a tio n s h ave  a  h ig h  h o r izo n ta l perm eab ility 
as com p ared  to  th e  vertica l perm eab ility . B o th  th e  C orp s o f 
E n gin eers an d  th e  B ureau o f  R ec la m a tio n  are in  th e p rocess 
o f  d esig n in g  d am s o n  p erv io u s fo u n d a tio n s  for f lo o d  co n tro l 
pu rp oses. Su ch  stru ctures m ay  sta n d  for  years w ith o u t ever 
bein g  filled and  th en , w h en  su d d en ly  filled by  f lo o d  flow s there 
is n o  ch a n ce  to  ta k e p recau tion ary  m easures. I fee l th erefore 
th a t th is fa cto r  is o n e  th a t n eed s con sid era b le  a tten tion  w h en  
su ch  structu res are bu ilt. W e c a n n o t y et effective ly  te st such 
fo u n d a tio n s , and  sh o u ld  th erefo re ta k e  a d van tage  o f  a ll p o s ­

s ib le  em p ir ica l k n o w le d g e  in  fo rm u la tin g  ou r designs.

L’auteur est d’avis que pour les barrages en terre construits dans 
des régions à climat plutôt sec, le contrôle de la pression interstitielle 
est nécessaire. Il permet de construire économ iquem ent, surtout pour 
les barrages dont la hauteur dépasse 70 m.

En ce qui concerne la m éthode de B ligh  et L a n e , l’auteur est d’avis 
que cette m éthode empirique indique clairement la différence entre 
la perméabilité horizontale et la perméabilité verticale. Ce point est 
important notamm ent pour les fondations de barrages et digues re­

posant sur des sols de fondation perméables. A  plusieurs occasions 
cette considération a été négligée et des dom m ages s’en sont suivis.

Mr. Ch. I. Mansur1) (presented by Mr. W. J. Turnbull)
C o n tro l o f  seep age b en eath  d am s or levees fo u n d ed  o n  p er ­

v io u s  m ateria ls  m ay be ach iev ed  w ith  vary in g  degrees o f  effec ­

tiven ess by  to e  drain s, p erv io u s la n d sid e  b lan k ets, cu to ffs, 
im p erv io u s r iversid e b lan k ets , an d  d ra in ag e  w ells  a lo n g  th e 
d ow n stream  to e  o f  th e  em b an k m en t.

A s  sh o w n  by R . A .  B a rro n  (P roceed in gs 1953, v o l. II, p . 195), 
sh a llo w  to e  drain s are n o t very  effective  in  red ucin g  su b stratu m  
pressures w here  th e  fo u n d a tio n  is stratified or b eco m es m ore 
p erv io u s w ith  depth . B a rro n  a lso  su g g ests  th a t for su ch  c o n ­

d itio n s  pressure  red u ctio n  ca n  be ob ta in ed  m o re  effective ly  by 
m ean s o f  r e lie f (or d rain age) w e lls  th a t penetrate  d o w n  in to  th e 
m ore p erv io u s strata .

In  stu d y in g  th e  co n tro l o f  seep ag e  b en eath  lev ees  a lo n g  th e 
M ississip p i R iver b y  m eans o f  d ra in age  w ells , severa l sand 
m o d els  w ere co n stru cted  an d  tested  w ith  b o th  h o m o g en eo u s 
an d  stratified sand  fo u n d a tio n s .2) T h e resu lts o f  th ese  stu d ies 
illu strate  th e fa c t th a t i f  e ffective  pressure red u ctio n  is  to  be 
ob ta in ed  w ith  drain age w ells , it is necessary  th a t th e  screen s fo r 
th e  w ells  p en etrate  a d eq u a te ly  th e  deep er , m ore p erv io u s strata .

O n e o f  th e m o d els  tested  h a d  an im p erv iou s to p  stratu m , an 
o p en  seep ag e en tran ce face , and  a p erv io u s fo u n d a tio n  100 ft. 
deep  co n sis tin g  o f  three strata  o f  sa n d -2 5 , 25 , and  50 ft. th ick , 
w ith  rela tive  perm eab ilities o f  1 :2 :6 .4  dow n w ard , resp ectively . 
T h e  lin e  o f  w ells  w a s 1000  ft. from  th e  o p en  seep ag e en tran ce 
or river. W ells o n  100-ft. cen ters fu lly  p en etratin g  th e  coarse 
san d  stratu m  red uced  th e  pressure  lan d w ard  o f  th e lev ee  to  
5 per cen t o f  th at o n  th e lev ee; w hereas w ells  o n  th e  sa m e 
sp a cin g , b u t o n ly  p en etratin g  th e  to p  25 ft. o f  fine san d , o n ly 
red u ced  th e  lan d w ard  pressures to  4 2  per cen t o f  th a t o n  th e 
levee. In a h o m o g en eo u s  san d  stra tu m  o f  th e  sa m e d im en sio n s, 
th e  sa m e “ 25 per c e n t” p en etratio n  w ells  red uced  th e  pressure 
lan d w ard  o f  th e  w ells  to  15 per cen t o f  th at o n  th e  lev ee .

') E n gineer , E m b a n k m en t and  F o u n d a tio n  B ra n ch , S o ils  D iv is io n , 
W ate rw ays E xp erim en t S ta tio n , C orp s o f  E n gin eers, V ic ksb urg , M issis ­

s ip p i, U .S .A .

2) Turnbull, W . J .,  and  M ansur, C. I . : R e l ie f  W ell S ystem s fo r  D a m s 
and  L ev ees— S ep a ra te  N o . 192, A m er ica n  S o c ie ty  o f  C iv il E ngineers.
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L ’a u te u r  d é c r it  d e s  e s s a is  d e  p u its  f i ltr a n ts  s u r  m o d è le s  r é d u its 
d a n s  d e s  c o u c h e s  s tr a tif ié e s  d e  p e r m é a b ili té s  d iffé r e n te s . D e s  e s s a is 
o n t  m o n tr é  u n e  d im in u t io n  d e  la  p r e s s io n  e f f ic a c e  lo r s q u e  le s  p u its 
s o n t  p r a t iq u é s  d a n s  le s  c o u c h e s  in fé r ie u r e s  d o n t  la  p e r m é a b ili té  e s t 
p lu s  g r a n d e .

The General Reporter
T h e ch airm an , P ro fessor  D . W . T a y lo r , h as a sk ed  m e to  

m a k e a few  rem arks before  w e lea ve  th e  im p o rta n t q u estion s, 
th a t w ere  n o w  d iscu ssed .

F ro m  w h a t w e h a v e  heard  to d a y  and from  in fo rm a tio n  o b ­

ta in ed  from  th e  pap ers and  from  p rev io u s d iscu ssio n s I th in k 
w e m ay  co n c lu d e  th at th e  <p =  0  an a lysis  fo rm s a reliab le  basis 
fo r  an  ev a lu a tio n  o f  th e  stab ility  in  sa tu rated  h o m o g en eo u s 
c lay . F o r  d esign  p u rp oses it is , h ow ever , necessary  to  co n sid er 
a p o ssib le  ch a n g e  in  sa fety  fa cto r  w ith  tim e. I f  th e  ch an g e 
in  e ffective  stresses  w ith  tim e resu lts in  an  in crease in  sa fety 
fa cto r , n o  fu rther an a ly sis  is req uired . If, h ow ever , a  decrease 
in  effective  stresses  lead s to  red uced  sta b ility , th e  <p =  0  a n a ­

ly sis  sh o u ld  be fo llo w ed  by an ad d itio n a l an alysis  o f  th e  final 
stab ility .

O n e o f  m y  E n g lish  co lleag u es  d escrib ed , th e  o th er d ay , th e 
<P =  0  a n a lysis  as an  “ en d  o f  co n str u c tio n ” m eth o d . I lik e 
very m u ch  th is  d esig n a tio n , an d  I th in k  it is w orth  w h ile  re ­

m em b erin g  i f  th e  m eth o d  is used  for  design  p u rp oses.

T h e  stab ility  o f  s lo p es  in  s tiff fissured c la y  ca n n o t b e  analysed 
by an  ord in ary <p =  0  ca lcu la tion . A s  p o in ted  o u t by T e rza g h i 
in  1936 an d  co n firm ed  by  E n g lish  exp erien ces in  1948 by 
S k e m p to n  th e  shea r stren gth  o f  s tiff fissured  c la ys  m ay d ecrea se 
w ith  tim e in  cases w here th e  fissures ca n  op en .

V ery  few  ex a m p les  are k n o w n  w h ich  a llo w  a ju d g em en t o f 
th e  re liab ility  o f  th e  <p =  0  a n a lysis  as a basis fo r  design  o f 
s lo p es  an d  cu ttin gs in  o v er-co n so lid a ted  clays. S u ch  c lays are 
k n o w n  to  b e d ila ta n t, w h ich  m ea n s th at a part o f  th e  un drain ed 
shea r s tren gth s is d u e to  n ega tiv e  pore w ater pressures. It m ay, 
th erefo re, be p o ssib le  in  so m e  cases th a t a  so ften in g  tak es p la ce 
w ith  tim e as, for  ex am p le , is k n o w n  to  b e th e  ca se  in  co m p a cted  
cla ys . P rob ab ly  th e  s lid e  describ ed  by M r. P e te r so n  b e lo n g ed  
to  th ese  cases, th e  n a tu ra l w ater co n ten t o f  th e  c la y  b e in g  o f  th e 
sa m e order as th e  p la stic  lim it.

It w as in terestin g  to  learn  a b o u t th e  p o licy  an d  exp erien ces 
o f  th e  W aterw ays E xp erim en t S ta tio n  an d  th e  B u reau  o f  R e ­

c la m atio n . A s  I u n d erstoo d  th e  co n tr ib u tio n  to  th e  d iscu ssion  
I th in k  w e m igh t agree th at th e  sta b ility  o f  a ro lled  earth dam  
has to  be a n a lysed  in  term s o f  e ffective  stresses. P ore  w ater 
pressures h ave  to  be con sid ered  fo r th e  vario u s sta b ility  cases 
and  du ring  co n stru ctio n  th e  sta b ility  sh o u ld  b e co n tro lled  by 
direct m ea su rem en ts  o f  p ore  w ater pressures.

A s  p o in ted  o u t by M r. M id d le b r o o k s  a h igh  p la cem en t w ater 
co n ten t o f  th e co re  or a cen tra l part o f  th e  co re  in  a  ro lled  earth 
dam  is  a rem ed y  w h ich  ca n  b e u sed , i f  necessary , to  cou n teract 
th e  da n ger o f  crack s du e to  u n even  settlem en ts. O n  th e  o th er 
h an d  D r . L ô fq u is t  prefers a  h ig h  p la cem en t w ater co n ten t fo r 
tech n ica l reason s in d ep en d en tly  o f  th e da n ger o f  crack in g.

T h a t a h igh  p lacem en t w ater co n ten t resu lts in  h igh  pore 
w ater pressures h as been  clearly  d em on stra ted  b y  M r. L i t t l e 's 
an d  M r. P e n m a n 's  ob serv a tio n s from  tw o  E n g lish  ea rth  dam s. 
In th is co n n ec tio n  I w o u ld  recom m en d  earth  d am  en gin eers to 
stu d y  th e exp erien ces co llec ted  from  slips in  E n g lish  earth 
da m s w ith  p u d d le  c la y  cores.

L e  r a p p o r te u r  g é n é r a l fa it  u n  r é su m é  d e  la  d is c u s s io n :  la  m é t h o d e  
<p = 0  a  s e s  l im ite s , e l le  n ’e s t  p a s  a p p l ic a b le  d a n s  le s  c a s  s u iv a n ts : 
v a r ia t io n s  d e s  c o n tr a in te s  e f fe c t iv e s , a r g ile s  r ig id e s  e t  f is s u r é e s  e t 
p r é c o n s o lid é e s  a v e c  d e s  p r e ss io n s  in te r s t i t ie lle s  n é g a t iv e s . I l c o n s t a t e

q u ’u n  g r o u p e  d ’in g é n ie u r s  p r é fé r e  u t il is e r  su r  le  f la n c  h u m id e  d e  la  
c o u r b e  P r o c to r . F in a le m e n t , le  r a p p o r te u r  r e c o m m a n d e  l ’é tu d e  d e s 
e x p é r ie n c e s  r e c u e ill ie s  e n  A n g le te r r e  su r  le s  b a rra g es  á  n o y a u x  fo u lé s  
(p u d d le  c o r e s ) .

Prof. K. Terzaghi
In h is  gen era l rep ort M r. B je rru m  has ca lled  our a tten tion  

to  th e  differences o f  o p in io n  w h ich  ex ist con cern in g  th e  w ater 
co n ten t a t w h ich  th e  co n stru ctio n  m ateria ls fo r th e  im perv ious 
sec tio n  o f  earth d am s sh ou ld  be p laced  and  th e  su b seq u en t d is ­

cu ssio n s h a v e  sh o w n  th at this is a  con troversia l issu e  ind eed.

S o m e en gin eers  recom m en d  p la c in g  th e  m ateria l a t a w ater 
co n ten t sligh tly  a b o v e  th e o p tim u m  b ecau se  th ey  w ish  to  a v o id  
th e  fo rm a tio n  o f  crack s across th e d a m  and  su b seq u en t fa ilu re 
by p ip in g  d u e to  th e  w iden in g  o f  th e  crack s by sub su rfa ce 
ero sion . T h e recen t fa ilu re  o f  th e S to c k to n  D a m  in C alifo rn ia 
w as prob ab ly  cau sed  by su ch  a process. O n  th e  o th er han d  the 
a d v o ca tes  o f  p la c in g  th e  m ateria l a t a  w ater co n ten t s ligh tly 
b elo w  th e  op tim u m  are gu ided  by th e  in ten tio n  o f  red u cin g  th e 
p orew ater pressures to  th e in ev itab le  m in im u m , b eca u se  an 
in crease o f  th e  porew ater pressures is a sso c ia ted  w ith  a decrease 
o f  th e factor  o f  sa fe ty  o f  th e  slo p es  o f  th e  d am  w ith  resp ect to 
slid in g . H en ce , i f  o n e  is ca lle d  u p o n  to  d esign  a h o m o g en eo u s 
earth  dam  o n e  has th e ch o ice  b etw een  th e  devil an d  th e  deep  sea .

I p erson a lly  prefer th e  deep  b lu e sea  to  th e  devil b eca u se  if

I fa ll in to  th e sea  I m ay  sw im  bu t i f  th e  devil gets  a h o ld  o f  
m e I am  o u t o f  luck . T h e  deep  blue sea  corresp on d s to  p la c in g 
th e  m ateria l a t a w ater co n ten t sligh tly  b e lo w  th e  op tim u m , 
becau se o n e  ca n  a lw ays design  a d am  in  su ch  a  m ann er th at 
th e  fo rm a tio n  o f  crack s rem ains re la tive ly  in co n seq u en tia l 
w h ereas th e  p o re  w ater pressures in ev itab ly  red u ce th e  shearin g 
resista n ce o f  th e  m ateria l. A n  increase o f  th e  p ore w ater pres ­

sure requires fla tten in g  th e s lo p es , w h ich  increases  th e  co st o f 
th e  dam .

T h e dan ger o f  ero sion  in  crack s across h o m o g en eo u s  earth - 
d am s ca n  be e lim in ated  by p rov id in g  th e d am  w ith  a narrow  
vertica l co re  m ad e o u t o f  filter m ateria l. In 1947 I design ed 
a d am  eq u ip p ed  w ith  such  a co re. T h e d am  is lo ca ted  w est o f 
R io  d e Janeiro . It is a b o u t 110 ft. h igh  an d  it is m ad e o u t o f 
resid u al, la teritic  clay . T h e drain cu rta in is su p p lem en ted  by 
a row  o f  filter w ells  w h ich  w ere drilled  th rou gh  bad ly  fissured 
d eco m p o sed  gn eiss in to  sou n d  rock . T h e degree  o f  sa tu ra tion 
o f  th e  co n stru ctio n  m ateria l w as kep t b etw een  th e lim its  o f  80% 
an d  90% . T h e d ow n stream  p o rtio n  o f  th e  dam  rests on  a 
h o rizo n ta l filter layer and  as a co n seq u en ce  n o  w ater ca n  en ter 
th is part o f  th e dam . T h e reservoir w as filled  tw o  years ago. 
T h e  drain age system  op erates str ictly in  a cco rd an ce  w ith  the 
fo reca st an d  th e lo ss  o f  w ater du e to  seep ag e is very  sm all b e ­

ca u se  th e in tegrity  o f  th e creep  layer co v er in g  th e sub m erged  
po rtio n s o f  th e  s lo p es  o f  th e  va lley  o n  b o th  sid es  o f  th e  d am  
w as re-e stab lished  b efo re th e reservoir w as filled.

O n  an oth er  d am  o f  a sim ilar k in d  I inserted a th ick  layer  o f 
silty  san d  b etw een  th e  up stream  s lo p e  o f  th e  b od y  o f  th e dam  
and  th e  gravel b a se  o f  th e riprap. T h e d am  is a lso  eq u ip p ed 
w ith  a filter co re. I f  a cra ck  is form ed  across th e dam , th e silty 
sand  is w ashed  in to  th e crack  an d  sin ce  th e silty  sand  ca n n o t 
pa ss across th e filter core , th e  cra ck  is rap id ly sea led . T h is c o n ­

c lu s io n  h as been  con firm ed  by lab oratory  tests .

S in ce th e  program m e o f  th is  sess io n  a lso  in clu d es seep age 
prob lem s I w ish  to  add  a few  rem arks co n cern in g  th e  p ro tec ­

tio n  o f  dam s aga in st p ip in g  in  th o se  rath er freq uent insta nces 
in  w h ich  th e w ater p erco la tes th rou gh  sed im en ts  w ith  an  erratic 
pattern o f  stratificatio n , w h ile  a t th e sam e tim e th e  co n stru ctio n  
o f  a c u to ff  is im practicab le  or u n eco n om ica l. O n  su ch  co n d i ­
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tion s th e estim a tes  o f  th e lo ss  o f  w ater d u e to  seep a g e  are 
utterly  un reliab le and  th e  lo c a t io n  o f  th e  p o in ts  w h ere su b ­

surface ero s io n  m ay  start are u n k n o w n  before  co n stru ctio n 
begins. A t th e presen t tim e I am  en ga g ed  in th e d esign  o f  no 
less th an  three dam  sites w here  such  co n d itio n s  prevail.

A t o n e  o f  th ese sites w ater w ill e sca p e  o u t o f  a reservoir 
th ro u g h  a buried va lley  to w ard s th e  fo o t  o f  a very steep  and 
rather u n stab le  slo p e. T h e site  is describ ed  and  illu strated  by 
F ig . 9 in m y paper “ F ifty  Y ears o f  S u b so il E x p lo r a tio n ” in 
th e  third  vo lu m e o f  th e  P roceed in gs o f  th is C on feren ce . T h e 
da n ger o f  p ip in g  du e to  sub su rfa ce ero s io n  is b e in g  e lim in ated  
by th e  co n stru ctio n  o f  a drain age cu rta in across th e  na rrow est 
part o f  th e buried v a lley . T h e  filter m ateria l h as been  d ep o sited  
in  su p erim p osed  tu nn els. D u r in g  th e e x ca v a tio n  o f  th ese  tu n ­

ne ls a  large p o ck et o f  op en -w ork  gravel h as been  en cou n tered  
in  sp ite  o f  th e fact th at n o n e  o f  th e  te st trench es lo ca ted  a t th e 
tw o  en ds o f  th e  buried va lley  d isc lo sed  th e  ex isten ce  o f  su ch 
a  gravel in  th e v a lley  fill.

T h e  d im en sio n s and  th e degree  o f  co n tin u ity  o f  th e b od ie s 
o f  o p en -w o rk  gravel are u n k n o w n  and  c a n n o t b e a scerta in ed  
at a reason ab le  co st. T h erefore an estim a te  o f  th e  lo sses  du e 
to  seep age  is im practicab le  and  th e drain age co n d u its  have 
been d im en sio n ed  o n  th e basis  o f  an  estim a te  in v o lv in g  th e 
m o st u n favorab le  a ssu m p tion s c o m p a tib le  w ith  th e  geo lo g ica l 
ch aracter o f  th e site .

A t  an oth er site, loca ted  in  th e Sierra N e v a d a , an earth d am  
is to  be b u ilt , th e  cen tre-lin e o f  w h ich  in tersects  o n e  sm all ice- 
co n ta c t de lta  and  three term in al m ora in es separated  from  each 
oth er by a th in an d  d isco n tin u o u s till sheet. T h e  till rests on 
a  th ick  stratum  o f  flu v io -g la c ia l m ateria l, lo c a lly  covered  by 
lacu str in e clay . T h e flu v io -g la c ia l stratu m  rests o n  an  o ld er  till 
sheet. A  bu lld ozer cu t th rou gh  o n e  o f  th e  m ora in es d isclo sed 
an  erratic pattern o f  stratificatio n  d istorted  by th e  effects o f  an 
ice-th ru st p rod u ced  by a tem p ora ry  ad v a n ce  o f  th e  p reced in g 
P le is to cen e  g lacier . D ep o s its  o f  th is k in d  h a v e  been  p iled  up 
by N a tu re  in  a sh ort tim e and  w ith  ap p a llin g  care lessn ess. A  
few  years a g o  I h ave  seen  in  th e  C an ad ian  R o ck ies  tw o  large 
term in al m orain es w h ich  did n o t yet ex ist in  1915.

T h e Sierra N ev a d a  dam  is un der con stru ction . Y e t w e d o  
n o t k n o w  and  ca n n o t find o u t w hether  th e  lo ss  o f  w ater du e 
to  seep ag e  w ill be o n e , five or  15 ft3/sec . W e a lso  d o  n o t  k n o w  
w hat th e  h yd rosta tic  pressure co n d itio n s  w ill be in  th e  san d s 
un derly in g  the up per till after th e  reservoir is filled . T h erefore, 
th e  fo llo w in g  m easures have been  tak en . B leed er w ells  have 
been  in sta lled  a lo n g  th e  to e  o f  th e dam , w ith a sp acin g  betw een

50 and  200 ft., and a large p ile  o f  filter m ateria l has been 
accu m u la ted  c lo se  to  th e m id p oin t o f  th e  row  o f  w ells. D u r in g 
th e first filling o f  th e reservoir th e  h y d ro sta tic  pressu re  c o n ­

d ition s in th e p ore w ater o f  th e su b so il benea th  th e  to e  o f  the 
dam  w ill be determ ined  by m eans o f  ob serv a tio n  w e lls  located 
b etw een  th e b leed er  w ells. I f  th e  o b serv a tio n s sh o w  th at at 
so m e p o in ts  th e ex istin g  p rov isio n s aga in st p ip in g  are in ad e ­

qu ate , sup p lem en ta ry  bleed er w ells  w ill be drilled  a t th ese 
po in ts. Sp rings w hich  co m e o u t o f  th e groun d  dow n stream  
from  th e d am  w ill be covered  w ith inverted filters. T h e  d rain age 
co n d u its  h ave  been  d im en sio n ed  on  th e basis o f  th e m o st 
p essim istic  a ssu m p tion s con cern in g  th e q u an tity  o f  d isch arge .

I do  n o t d o u b t th at m o st o f  th e p ractic in g  en gin eers in th e 
au d ien ce prefer p rob lem s o f  this k in d  to  th e  m ore co n v en tio n a l 
on es. S o il m ech an ics com b in ed  w ith en gin eerin g  g e o lo g y  
m akes us keen ly  aw are  o f  th e  vario u s haza rd s in vo lv ed  in th e 
project and w e h ave  a lso  learn ed  h o w  to  act as so o n  as the 
lo c a tio n  o f  th e danger  p o in ts is d isc lo sed  by th e resu lts o f  our 
ob servation s. A t th e  sa m e tim e w e  h ave th e co m fo rtin g  fee ling

th at w e are m ore th an  m ere ca lcu la tin g  m ach in es. W e h ave  an 
op p o rtu n ity  to  act as en gin eers w h o  m a tch  th eir w its  aga in st 
th e  trea ch eries an d  in con sisten cie s o f  natu re . T h is h as been 
th e essen ce  o f  en gin eerin g  ever sin ce  th is p ro fessio n  ca m e in to  
ex isten ce .

L’auteur parle en faveur de la mise en place à une teneur en eau 
légèrement inférieure à l’optimum, la mise en place à une teneur 
en eau plus élevée entraînant une pression interstitielle qui réduit la 
résistance au cisaillement. Cette m éthode exige des talus à pentes 
plus faibles et, de ce fait, cause une augm entation du coût de la 
construction. Mais, d’autre part, lorsque l’on construit avec une 
faible teneur en eau, il convient de prendre des mesures pour em ­

pêcher l’eau de s ’écouler par les fissures. On peut éliminer le danger 
d’érosion interne en exécutant des filtres verticaux dans la partie aval.

L’auteur cite un cas où l’on a inséré, du côté am ont, une couche 
de sable limoneux entre l’assise de l’enrochement et le m assif d’appui.

Si des fissures venaient à se produire, le sable limoneux serait en ­

traîné dans les fissures et, étant donné qu’il ne peut passer au travers 
de la zone filtrante, il les colmatera rapidement. L’auteur décrit 
égalem ent des mesures destinées à prévenir la filtration et l’érosion 
à travers des couches perméables de stratification irrégulière dans 
les cas où  la construction d’un diaphragme est impossible. D ans le 
premier des cas cités, l’eau de filtration est détournée au m oyen d’un 
écran filtrant construit conform ém ent à une technique em ployée dans 
les mines. D ans le deuxième cas, une série de puits filtrants ont été 
installés au pied du barrage; leur nombre peut être augmenté si la 
nécessité s ’en fait sentir après l’achèvement des travaux. Les sources 
qui pourraient apparaître sont aveuglées à l’aide de filtres inversés.

L’auteur conclut en disant que la plupart des ingénieurs praticiens 
qui se trouvent dans l’auditoire préfèrent ce genre de problèmes aux 
problèm es traditionnels. La com binaison de la mécanique des sols 
et de la géologie technique nous amène à détecter tous les imprévus 
qu’un grand projet ne manque pas de rencontrer. L ’ingénieur a 
égalem ent appris quelles sont les mesures à prendre dès que le ré­

sultat des observations signale un point dangereux. Ces travaux 
lui apportent la conviction stimulante d’être plus qu’une simple 
machine à calculer. Ils nous fournissent l’occasion d’appliquer nos 
connaissances et de triompher des tricheries et des inconsistances de 
la nature. Telle a été l’essence de notre rôle depuis l’origine de notre 
profession.

M. J. Abollado
U n  des p rob lèm es les  plus é tu d iés  d an s les co m m u n ica tio n s 

présen tées  au  3 e C on grès d e  la  M éca n iq u e  du S o l e s t  ce lu i des 
rapp orts en tre les  n a p p es d ’ea u  e t  les  riv ières; u n e é tu d e  ap p ro ­

fo n d ie  s ’avère nécessa ire  d an s les  p rob lèm es de fo n d a tio n  et 
d ’éta n ch é ité  des barrages d e retenue.

Il sem b le q u ’il y a des cas de caractér istiq u es différentes de 
ceu x  en v isa g és, av ec  gra nd  so in , il e s t  vrai, dan s diverses c o m ­

m u n ica tio n s présen tées  sur ce  th èm e. E n  effet, il s ’ag it d e ri ­

v ières av ec  des ép aisseu rs  d ’a llu v ion s con sid érab les et d e per ­

m éab ilité  app réciab le  dans des c lim ats p lu tô t h u m id es, c ’est- 
à-d ire o ù  le  déb it de la  rivière et ce lu i du cou rs d ’eau  ph réa ­

tiqu e so n t com p arab le s et d ’une certa in e im p orta n ce.

Je cro is in téressan t d ’étu d ier ces  p h én om èn es dan s d ’autres 
p ays, à c lim ats arides o u  sem i-a rid es, dan s lesq u els  l ’a lim en ­

ta tion  lo c a le  des n ap p es e s t  très irrégu lière, p articu lièrem en t 
en  fo n c tio n  du tem p s, e t  o ù  la  rivière, p roven an t d ’une rég ion 
plus é levée , a v ec  p réc ip ita tion s plus a b o n d a n tes  e s t  la  sou rce 
d ’eau  d e la  zo n e  e t  o ù , en  p lu s, les  a llu v io n s ap p ortées so n t en 
q u a n tité  m o in s grand e e t  d e natu re  lim o n eu se  o u  arg ileu se.

D a n s  ces  co n d itio n s, les  n ap p es so n t a lim en tées e t  c o n ­

trô lées par la  rivière e t  c ircu len t dans le  roch er p ou r  au tan t qu e 
sa nature, plus o u  m oin s p erm éa ble , le  perm et.

T el est le  ca s , par ex em p le , des a m én agem en ts de la  R ivière 
M u lu ya , s itu és dan s le  nord  du M a ro c , dan s la  zo n e  fro n tière
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des p rotectora ts e sp a g n o l et fran ça is  o ù  les  d eu x  ad m in istra ­

tio n s so n t en  train d e m en er à b o u t en  co m m u n  la  m ise  en 
valeu r d e terrains de b o n n e  q u a lité  au xq u els  l ’ea u  fera  d on ner 
d e m agnifiques ren dem ents  (F ig . 7).

Q u ’il n o u s so it  perm is d e fa ire u n e p etite  d igression  g é o lo ­

g iq u e in d isp en sab le , c ro y o n s-n o u s, pou r la  p lu s ex a cte  com p ré ­

h en s io n  du  p h én om èn e. Les terrains affectés  par les  travaux  du 
barrage du M ech ra  K lila  sup érieur, m is à part les a llu v io n s et 
terrasses du quatern aire récen t (Q ), so n t situ és d an s les  deux 
é ta g es  K im érid gien  (K m  1) e t  P ortlan d ien  (P t) e t  dan s les  c o u ­

ch es inférieure  ( M l)  e t  m o y en n n e  (M 2 ) du  M iocèn e . Le K im é ­

ridgien  inférieur est fo rm é par un m a ssif  ca lca ire , légèrem en t 
d o lo m itiq u e , avec  q u elqu es g éo d es e t  co n d u its  d e d isso lu tio n  ; 
le  K im érid gien  m o y en  est fo rm é par des ca lca ires littés  c o m ­

pren an t q u elqu es jo in ts  m arn eux, e t  le  K im érid g ien  sup érieur 
par des m arnes ca lca ires a vec  in terca la tion s m inces d e ca lcaires.

L e P ortlan d ien  co m p ren d  des ca lca ires m arneux  en  b an cs 
d ’ép aisseur m o y en n e e t  le  M iocèn e  in férieur est rep résen té par 
un faciès dé tr itiq ue d e co n g lo m éra ts  e t  de grès. L e M iocèn e 
m o y en  est fran ch em en t m arneux.

T ecto n iq u em en t il s ’ag it d ’u n e structure d e  grand s b locs 
fa illés , d an s le  Jurassique , qu i se  so n t d ép lacés les un s par rap ­

p ort au x  autres et, en  p lu s, par deux  d iscord an ces m arquées 
en tre ce  terrain e t  le  M io cèn e  inférieur (p h ase  pré-rifienn e) et 
en tre ce lu i-c i et le  M io cèn e  supérieur.

A u  p o in t d e vu e  qu i n o u s in téresse , je  n e  retiendrai q u e la  
grand e fa ille  d e la  rive d ro ite , para llè le  à  la  rivière e t  a v ec  un 
rejet d e p lu s d e  cen t m ètres, a in si q u e les deux  tran sversa les 
de  deux  ravin s du  m êm e cô té . L a  prem ière  est rem p lie  par des 
p rod u its  arg ileu x  du ty p e im perm éab le , tan d is q u e les  deux 
autres  n e  le  so n t pas. C elle  q u e n o u s d ésign on s par les  lettres 

f i f i  a é té  le  s iè ge  d ’im p ortan tes c ircu la tio n s ca rstiq u es c ’est 
p o u rq u o i le barrage a é té  im p la n té  en  a m o n t de ce tte  fa ille.

F ig . 7 S itu a tion  de l ’am én ag em en t de la  rivière M u lu ya 
D a m  S ite  on  th e M u lu y a  R iver

------sJ fa e a u jc  d 'e a u ,  de- Louxd. e t d e j  pcé z& rriè tre s  —
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--------------- lîqnt ph r éat iqu e  à gauche de

Zone 4 paroi» '•  V « " *  f« ' M«

imperméabilisées _________ L.qne phréatique à droite de

la cjrande faille

Zone libre

F ig . 8 C o u p e  p assa n t par le s so n d a g es  102, 106 e t  107 
S ectio n  T h ro u g h  B oreh o le s  102, 106 and  107

L e roch er  le  plus su sp ect, au p o in t de vu e im p erm éab ilité , est 
le  ca lca ire  d o lo m itiq u e  qu i est ba ign é par la  retenu e sur q u el ­

qu es cen ta in es de m ètres en  a m o n t du  barrage.

D e s  in v estig a tio n s m in u tie u ses à  l ’a id e de so n d a g es e t  d e 
galer ies o n t é té  fa ites  et, q u o iq u e  q u elq u es déta ils n ’a ie n t pas 
été  éc la ircis, les  résu lta ts  o b ten u s m ériten t de retenir l ’a tten ­

tion .

T o u tes  les m esures sy stém atiq u es en registrées par des tu bes 
p iézom étriq u es m on tren t q u e le  n iveau  de la  n ap p e p h réatiqu e 
est p artou t inférieur à ce lu i d e la  rivière et d ém on tren t c la ire ­

m en t l ’in flu en ce des varia tion s d e ce tte  dernière. N o u s  a llon s 
étu d ier  en  d éta il les  co u p es cara ctér istiqu es.

D a n s  la  prem ière co u p e  tran sversa le  (F ig . 8) à la  rivière l ’on 
v o it  u n e d én ivella tion  m arq u ée en tre les  nap pes d e ch aq u e cô té

F ig . 9 C o u p e  p a ssa n t p ar le s so n d a g es  102 an d  110 
S ec tio n  T h ro u g h  B oreh o le s  102 an d  110

d e  la  fa ille , ce  qu i in d iq u e q u e ce tte  dernière est im perm éab le . 
L ’en trée  d e l’eau  dan s la  rive d ro ite  se  vérifie su rtou t d an s la 
co u c h e  d e grav iers de la  base d e la  terrasse. L a  p en te  d e la  lign e 
piézom étr iq u e  est plus a ccen tu ée  du cô té  ca lca ire  portla n d ien 
q u e du cô té  terrasse, in d iq u an t par là  un e perm éab ilité  m oin s 
é lev ée  q u e la terrasse. L a  seco n d e  co u p e  (F ig . 9 ), en  av a l de 
la  p récéd en te , traverse un e ép aisseu r plus p etite  du tertiaire 
et, p ou r  u n e raison  a n a lo gu e , p résen te  u n e p en te  m oin s p ro ­

n o n cée  d an s les  m arnes m iocèn es. C eci fa it qu e le  bord sur la 
fa ille  du n iveau  p iézom étriq u e est m o in s bas qu e dans la co u p e 
antérieure.

Les d eu x  autres  co u p es (F ig . 10 e t  11), p ara llèles à la  rivière 
e t  qu i, en  q u elq u e  sorte , m etten t en  rap p ort les  deux  co u p es 
précéd en tes d o n n en t des résu lta ts q u e n o u s  p en so n s être  plus 
in téressan ts  en core.

D a n s  la  co u p e  à d ro ite  de la  fa ille  (F ig . 10) n o u s trou von s 
u n e n ap p e p h réatiqu e d e fa ib le  p en te , sa u f d an s la  p rox im ité 
du ravin av a l dan s leq u e l il n o u s a é té  im p o ssib le  de déterm in er

I ¡Maison so n d eu r s

MULUYA
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F ig . 10 C o u p e  a d ro ite  d e  la  fa ille  -  so n d a g es  29  e t 27

S ec tio n  o n  th e R ig h t H a n d  S id e  o f  th e  F a u lt— B oreh o le s  29 
and  27

F ig . 12 P ip in g  U n d er  th e  A sh le y  W eir— D im e n s io n s  in  m m

P h é n o m è n e d e  renard so u s  le  b arra ge d ’A sh le y  -  d im en sio n s 
en  m m

a u cu n e n ap p e ph réatiqu e; les  n iv ea u x  d éterm in és sur la  rive 
ga u ch e d escen d en t ra p id em en t, d én o ta n t u n e  im p erm éab ilité 
d ’en sem b le sur le  cô té  du rav in f xf x.

Il est in téressan t de n o ter q u e des so n d a g es  en  p rofon d eu r 
ex écu tés à un e cen ta in e  de m ètres en  a v a l du rav in o n t lo ca lisé 
dans la  rivière un  n iveau  p h réatiqu e p lu s bas en core  peut-être 
d an s un  L u sitan ien  plus m arneux  o u  im perm éab le .

N o u s  n ’a von s pas déterm iné le  n iveau  en  a m o n t d e la  fa ille; 
Afî', c ’est dans cette  zo n e  qu e d o iven t être ex écu tés les travaux 
d ’ancrage du v o ile  au barrage d an s le  K im érid gien  supérieur 
m arn eux qui se trou ve au  n iveau  de la  rivière, à l ’ex trém ité 
ga u ch e de ce tte  co u p e , à qu elq u e hu it cen t m ètres en  a m o n t 
du barrage.

T h e  a u th o r  d e s c r ib e s  g r o u n d w a te r  c o n d it io n s  in  a n  a r id  z o n e  a t 
M e c h r a  K li la  (N o r t h e r n  M o r o c c o ) .  T h e  g r o u n d w a te r  c o m e s  fr o m  
t h e  r iv e r  M u lu y a  a n d  th e  g r o u n d w a te r  le v e ls  a r e  d e p e n d e n t  o n  th e 
v a r y in g  r o c k  p e r m e a b ili ty  a n d  o n  th e  e x is te n c e  o f  c r a c k s  in  th e 
s o lu b le  l im e s to n e .

Prof. Z. Bazant, Jr.

I t  is genera lly  a ccep ted  th a t th e  v a lid ity  o f  any  sc ien tific 
th eory  is p roved  if  th e  th eory  is in  agreem en t w ith  tests  and 
ex p erien ce. T h e au th or com p ared  his th eory  o f  fa ilu re  by 
shea r in v ib ra tio n le ss  ca ses  w ith  th e  tests  in  F ig . 8 o f  h is  article 
(P ro ceed in g s 1953, vo l. II, p . 203) an d  th e  resu lts are sa tis ­

factory . In  order to  p rov id e  further relevan t ev id en ce  by ex ­

p erien ce o n e  ca se  o f  p ip in g  un der th e  n o n -o v erflow  sec tio n  o f 
a w eir  is g iv en  b e lo w . It is th e  A sh ley  W eir near P ittsfie ld , 
M a ss., U .S .A ., w here th e  p ip in g  to o k  p lace  in 1909 (F ig . 12). 
T h e  d im en sio n s o f  th e w eir w ere g iv en  by Z ie g le r  (1927). T h e 
d im en sio n s ratio  w as d j 2 b  =  1 .5 /1 4 .9  = 0 . 1 ,  and th e head 
at th e m o m en t o f  p ip in g  w as h  =  10 .66  m . S im p lify in g  th e 
fo u n d a tio n  to  th e  fo rm  o f  F ig . 5 b w e o b ta in  for fine  sand 
w ith o u t v ib ra tion  (<p ^  12°) 

h
K 1-  =  5.8. 

a
Profil 107- 118'.110’

S*I18'

A s o n  th e v erge o f  stab ility  K x =  1, th e  first ap p ro x im a tio n  
o f  th e ap p rop riate  depth  o f  fo u n d a tio n  sh o u ld  be 

10.66
d  =

5.8
=  1.8 m .

F ig . 11 C o u p e  à g au ch e  de la  fa ille  -  so n d a g es  107, 118 e t 110

S ec tio n  o n  th e L eft H a n d  S id e  o f  th e  F a u lt— B o reh o les  107, 118 
an d  110

T h e co m p u ted  d  d iffers fro m  d  a ssu m ed  in th e  ra tio  d l  2 b. 
T h erefore w e rep eat th e co m p u ta tio n  ch o o s in g  an oth er  d  un til 
w e find by tria l th e  final so lu tio n  d  =  2.1 m , fo r w h ich  the 
co m p u ted  d  eq u a ls th e  a ssu m ed  o n e . T h e  a c tu a l depth  b e in g 
o n ly  i  =  1.5 m , th e p ip in g  acco rd in g  to  th e  a u th o r’s th eory 
d eve lo p ed  o f  necessity .

T h e  th eory  o f  v ib ra tio n  ca ses  h as n o t y e t been  p rov ed  by 
tests . T h e  va lu es o f  th e  a n g le  w ith  %  v ib ra tion  recom m en d ed 
by th e  au th or  as d ep en d en t o n ly  o n  th e  gra in  s ize  are a great 
s im p lifica tion  o f  a very  co m p lex  case . It seem s th a t th e  an g le 
<PV is n o t o n ly  a fu n ctio n  o f  th e  gra in  size  b u t a lso  o f  th e  relative 
density  o f  th e  su b so il, o f  th e  head  an d  th e  disch arge o f  w ater 
flow in g  ov er  th e w eir an d  fin ally  o f  th e  area , th e  m ass and  th e 
d irectio n  o f  v ib ra tion  o f  th e  ap ron . T h erefore  o n ly  ex p erien ce 
o n  ex istin g  projects can  decid e w h eth er th e  th eory  is a p p licab le , 
and  w e ca n  ex p ect to  find o n ly  th e  lo c a l v a lu e  o f  q>v d ep en d in g 
o n  th e  ty p e o f  co n stru ctio n  o f  th e  w eir. In order to  test the 
ap p licab ility  o f  th e  th eoretica l so lu tio n  w e  g iv e  th e  fo llo w in g  
tw o  exa m p les:

A s  th e  first ex a m p le  re la ting  to  v ib ra tin g  structu res o f  th e 
sp illw ay  sec tio n s o f  w eirs le t  u s co n sid er  th e  L lo y d  D a m  o n  
th e  river Ind u s n ear K h airpu r (F ig . 13). A fter  K h o s la  (1936) 
th e h ead  is th ere h =  5.83 m . W e a ssu m e for  th is  sand  (Z>50 =  
0 .3  m m ) w ith  th e  a n g le  <pv v ib ra tion  =  3°, fo r  w h ich  w e ta k e 
th e  coeffic ien t K 2 =  0.61 for  G t =  1.8 (F ig . 3; P roceed in gs 
1953, v o l. II, p. 201). F u rther  w e insert in to  e q u a tio n  (22) th e 
k n o w n  K 6 =  0 .1 6  w h ich  is th e  average o f  th e va lu es m easured 
by e lectric  a n a lo g y  up stream  an d  d ow n stream  from  th e  sh eet 
p ile  w a ll at th e  to e . T h en  w e ob ta in  

h K 2 0.61 
K l ~ d = l ^  =  ~ 0 A 6

assu m in g  th e  v a lid ity  o f  ou r  th eory  fo r d l l b  =  3 .6 6 /5 8  =  0 .0 6 
to o . I f  w e  ta k e  K x =  2  fo r th e  sh eet p ile  w a ll w e  fina lly  ob ta in  
th e depth

^ 2-5-83 i t d  =  ———— =  3.1 m .
3.8

T h e  actu a l d ep th  o f  th e  sh ee t p ile  w a ll b e lo w  th e b ase is 3 .6 6  m  
w h ich  is in  g o o d  a g reem en t w ith  th e  a b o v e  co m p u ta tio n . It is 
assu m ed  in th e c o m p u ta tio n  th at th e  d ep th  o f  scou r, from  w hich 
w e m ea sure  th e  d ep th  o f  th e  fo u n d a tio n , co in c id es  w ith  th e 
depth  o f  th e  w eir base.

A s  th e  seco n d  ex a m p le  o f  v ib rating  structures le t us c o n ­

sid er  th e  R o se tta  W eir o f  th e  M o h a m m a d  A ly  D a m  o n  the 
river N ile  a t E l M a n ash i ( W e h e , 1949). T h e w eir  has fo u r  ro w s
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o f  sh eetin g  (F ig . 14). T h e  head  is h =  3 .8 0  m  an d  th e  ratio 
d j l b  =  3 .0 5 /6 0  =  0 .05  < 0 . 1 .  W e a ssu m e th at th e d o w n ­

stream  h eavy  riprap is carried  aw ay  an d  th e  sco u r  reach es the 
b ase o f  th e w eir. F o r  fine sand  an d  silt , w ith  th e a n g le  a t v ib ra ­

t io n  <pv =  1°, w e  ta k e it th at 
h

K x ~d =  2 1

acco rd in g  to  F ig . 5 b , ro u g h ly  n eg lectin g  th e  in ner sh eet p ile 
w alls .

In sertin g  K x =  2 fo r th e  sh eet p ile  w a ll w e  o b ta in  th e  first 
ap p ro x im a tio n

, 2 .3 .8 0  „ _
d  =  ---------=  3 .6 0  m .

2.1

T h e co m p u ted  d  d iffers from  th e  assu m ed  d  =  3.05  m . T h e 
final so lu tio n  is ob ta in ed  by tria l and  sh o w s d  =  4 .0  m . T h e 
co m p u ted  d  is greater th an  th e  actu a l d , b eca u se  w e d id  n o t 
ta k e  in to  a cco u n t th e  in fluence o f  th e  inn er  sh eet p ile  w alls . 
T h is o m iss io n  increases th e  resid u al h ead  hT and  co n seq u en tly 
d  to o .

T h e  agreem en t o f  th eory  w ith  ex p erien ce o f  cou rse  w ill h a v e 
to  b e ex em p lified  in  cases d ea lin g  w ith  different d j l b .  F u rther 
th e  an g les w ith <pv vib ra tion  su g g ested  by  th e  au th or  h ave  still 
to  be verified  by tests . U n til th is  h as been  d o n e, it m ay  be 
ob jected  th a t th e  su g g ested  <p„ m ay  rep resent th e  an gles o f 
sh earin g  resista n ce m u ltip lied  by  so m e  u n k n o w n  fa cto rs  o f 
sa fe ty .

F in a lly  o n e  im p rovem en t can  be ad d ed  to  th e ch art in  F ig . 3 
(P roceed in gs 1953, v o l. II, p. 201). T h e  lim it re la tive  pressu re 
h e a d /;r/r fis  1.11 fo r G , =  1.8, <p =  1 4 °5 5 ',a n d  1 .6 6 fo r G , = 2 .2 , 
<p =  15° 50'. T h is h o ld s  fo r  th e  su p p o sit io n  th at w e ca n  om it 
th e seco n d  m ax. %  w h ich  is lo c a ted  n ear +  Y  an d  w h ich  a p ­

pears fo r G i =  1.8 b eg in n in g  from  hrj d  =  1.05, for  G , =  2 .0 
from  1.31 an d  fo r G t =  2 .2  from  1.57. N o  centers  o f  tria l 
circ les fa ll in  th e  q u adran t b e lo w  th e  ax is  + Y ,  b ecau se  a b o v e 
th e  cen ter th is w o u ld  p resu p p ose a  h o rizo n ta l c o m p o n en t o f  
m ov em en t o f  san d  gra in s b e in g  aga in st th e h o rizo n ta l c o m ­

p o n en t o f  th e  d irectio n  o f  seep ag e  in  th e  up per part o f  th e 
segm en t. T h erefore so m e  tran sien t zo n e  m a y  a lso  ex ist in  th e 
up per le ft qu adran t a lo n g  +  Y. I t  seem s ju stifiab le  to  exc lu d e 
th is  tran sien t zo n e  fro m  ou r co n sid era tio n s an d  w ith  it th e  se ­

co n d  m ax. <pv.
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L ’a u te u r  a  a p p l iq u é  sa  th é o r ie  d u  s o u lè v e m e n t  h y d r a u liq u e  (v o ir  
C o m p t e s  R e n d u s  1 9 5 3 , v o l .  I I ,  p . 2 0 3 )  à  q u e lq u e s  e x e m p le s  tiré s  d e 
la  l i t té r a tu r e  te c h n iq u e  e t  a  tr o u v é  u n e  b o n n e  c o n c o r d a n c e .

F ig . 14 R o se tta  W eir o n  th e  R iv er N ile  
L e barra ge d e  R o se tta  su r le N il

Fig.13 L lo y d  D a m  o n  th e R iv er  Ind u s 
L e barrage de L lo yd  su r l’ln d u s

Mr. T. Edelman
I sh o u ld  lik e to  say  a few  w ord s a b o u t a  rem ark  th a t th e 

G en eral R ep orter m a d e a b o u t m y pa p er~ (P roceed ings 1953, 
v o l. II, p . 219). In th is paper I sh ow ed  th at th e  co m p ressib ility 
o f  th e  so il d o es  n o t in fluence  th e resu lts o f  an  in flow  test. M r. 
B je r r u m  b e lieves th is to  b e w ron g , an d  h e  su g g ests  th at th e 
error resu lts from  th e  a ssu m p tio n  th a t th e  sa m e m o d u lu s o f 
vo lu m e ch an g e  can  b e u sed  fo r co n so lid a tio n  and  for  sw ellin g .

I  sh o u ld  lik e to  sta te  here th a t I  u sed  th is a ssu m p tio n  w ith  
th e  in ten tio n  n o t to  m a k e th e  d eriv ation  o f  m y form u la e  to o  
in tricate . T h e  resu lt o f  th is sim plified d eriv a tion  w as to  n eg lect 
th e in fluence o f  com p ressib ility  over th e w h o le  ran ge o f  va lu es 
w h ich  th e  m o d u lu s o f  e la stic ity  m ay h ave  in  an y  ex istin g  so il.

T h erefore it seem s to  m e th a t it d o es  n o t m atter w heth er  th e 
m od u lu s o f  com p ressib ility  fo r  sw ellin g  is five or ten  tim es 
greater th an  th e  m o d u lu s fo r  co n so lid a tio n , th ese  differences 
b ein g  a lw ays o f  secon d ary  im p o rta n ce  com p ared  to  th e  fact 
th at it a llo w s  us to  n eg lect co m p ressib ility  for  ea ch  v a lu e  th e 
m od u lu s o f  co m p ressib ility  m ay p o ssess . T h erefore I be lieve 
it to  be right th at th e co m p ressib ility  o f  th e so il d o es  n o t d is ­

p rove th e  resu lts o f  a p iezom eter  test. T h is co n c lu s io n  seem s 
to  be confirm ed  by th e  resu lts o f  th e  m an y  p iezom eter  tests 
o b ta in ed  in  th e field by D u tc h  agricultural engineers.

L ’a u te u r  r é p o n d  a u  r a p p o r te u r  g é n é r a l q u i a  c r it iq u é  s a  fo r m u le  
p o u r  le s  e s s a is  d e  p e r m é a b ili té . L a  d é r iv a t io n  d e  fo r m u le  m o n tr e  
q u ’il e s t  p e r m is  d e  n é g lig e r  la  c o m p r e s s ib il ité  d u  s o l  p o u r  to u te s  le s 
v a le u r s  p o s s ib le s  e x is ta n t  d a n s  la  n a tu r e . U n e  d iffé r e n c e  e n tr e  le s 
v a le u r s  d e s  m o d u le s  p o u r  c o m p r e s s io n  o u  d ila ta t io n  n ’in f lu e n c e  d o n c  
p a s  la  v a l id ité  d e  la  fo r m u le .

Mr. A. Lazard
I sh o u ld  lik e  to  say  so m e w ord s o n  a p rop o sa l o f  ou r  G enera l 

R ep orter w ith  w h ich  I ca n n o t agree ; h e  sa id  th a t th e  b est w ay 
o f  co m p u tin g  th e sa fety  fa cto r  is to  d iv id e C  and  tg <j> by th e 
sam e n u m ber n.

L et u s co n sid er th e  ca lcu la tion s  o f  dry s lo p es . T h ere are three 
sta ges :

(1) W e m ak e a d o u b le  h y p o th esis  : w e k n o w  th e ex a ct va lu es 
o f  C  a n d  tg  <p in  each  p o in t, and  th at th ese va lu es are co n sta n t 
in  th e  w h o le  m ass.

T h is d o u b le  h yp oth esis  is very  q u estio n a b le  bu t w e ca n n o t 
d o  better fo r th e  m om en t.

(2) W e m ake ca lcu la tion s fo r  a g iv en  in c lin a tio n  o f  th e free 
surface.

^ |F o r  a flat surface th e p rob lem  has been  so lv ed  by  F ren ch  
scien tists : R e sa l, F ro n ta rd , C a q u o t, M a n d e ! . In  a paper (Tra ­

vau x , 1947 and  1948) I have sh o w n  th at for s lo p es  th at are n o t 
to o  great the resu lts o b ta in ed  by th e Sw edish  m eth od  are nearly 
correct. In m ore co m p lex  cases w e ca n  o n ly  u se  th e Sw edish 
m eth o d , but w e m ust bear in  m ind  th at it is o n ly  an a p p ro x i ­

m a tion  an d  th at it m ay  lea d  to  errors.

(3) W e h ave  tried to  a llo w  a safe ty  m arg in . T h e p ro p o sa l o f 
th e gen era l reporter ca n  be w idely  a p p lied  but I d o  n o t  th ink

~T5b6pVWS///777Z
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th at it is a lw ays correct. In m y o p in io n  it is n o t ad v isab le  to  
d eal in  th e  sam e m ann er w ith  C  th at is a stress and  w ith  tg  rp 
th a t is d im en sio n less. In  d o in g  so  w e lea ve  H  =  C /tg  rp c o n ­

stan t, w h ich  q u an tity  M r. C a q u o t  ca lled  h y d ro sta tic  pressure 
a n d  w h ich  is o f  su ch  great im p o rta n ce  in  h is  th eorem  o f  co r ­

r e sp o n d in g  sta tes.

T h ere are several w ays o f  a llo w in g  sa fety  m arg in s but if w e 
w an t to  g o  o n  u sin g  th is m easure I sh o u ld  lik e to  m ak e a  p ro ­

p o sa l to  th e  C on feren ce: M y p ro p o sa l is based  u p o n  sta tistics 
and p rob ab ilities to  an  ex ten t w h ich  is n o w  freq u en tly  a d o p ted  
in  Structural E n gin eerin g: le t  us ta k e in to  a cco u n t th e  sca t ­

tering.

I p r o p o se  to  ta k e  th e  m ean  va lu es m in u s a certa in  m u ltip le 
(say  3 or 4  tim es) th e arith m etic  m ean  d ev ia tio n  ea ch  fo r C  
a n d  tg  <p in  co h e siv e  so ils . In  order to  answ er M essrs . C a sa - 
g ra n d e  and  G e u z e 's  q u estio n s I  p r o p o se  th a t th e sca tter in g 
sh o u ld  be determ in ed  in  fu tu re  research .

F in a lly  I th in k  th a t w e are un der a m isa p p reh en sio n  w hen 
w e b e liev e  a sa fe ty  o f  1.5 ap p rox im ative ly  h as b een  en sured . 
Th ere are m an y  exam p les o f  cases in  w h ich  slid es h ave  o c ­

curred w ith  su ch  a sa fe ty  fa cto r. M r. B je rr u m  h im se lf referred 
to  such  a ca se  tw o  d ays a g o .

L’auteur n’est pas d’accord avec le rapporteur général quand 
celui-ci propose de définir un facteur de sécurité en divisant C et 
tg rp par le même nombre n.

Cette manière de faire -  déjà fort répandue -  paraît incorrecte car 
elle traite sur le même pied une quantité telle que C qui est une con ­

trainte et une quantité telle que tg rp qui est sans dimension. Ce fai­

sant d’ailleurs, on laisse constante la quantité H  =  C/tg <p qui joue un 
si grand rôle dans le théorème des états correspondants de M. Caquot.

L’auteur suggère de prendre en com pte la dispersion des résultats 
et de ne retenir pour C et tg rp que leur valeur m oyenne diminuée 
d’un certain nombre de fois (par exemple 1,5 ou 2) l’écart quadra­

tique moyen. Si l’on connaît à peu près l’intervalle de variation pos ­

sible de tg rp pour les sols pulvérulents, l’étude de la dispersion de C 
et tg rp pour les sols cohérents n’a pas encore été entreprise sérieuse­

ment.

II existe de nombreux exemples de glissements de talus où le fac ­

teur de sécurité, appliqué à la méthode suédoise, était soi-disant 
de 1,5.

Messrs. C. I. Mansur and J. R. Compton1)
M r. W a lk e r  (P roceed in gs 1953 , v o l. II, p. 294) h as prop erly 

em p h asized  th e im p o rta n ce  o f  c o n tro llin g  seep a g e  in  th e  design 
o f  earth dam s fo u n d ed  o n  p erv io u s fo u n d a tio n s. B e fo re  prop er 
seep ag e  co n tro l m easures ca n  b e d ev ised , it is necessary  first to  
ach iev e  an un derstan d in g  o f  th e  factors in v o lv ed  in  th e  seep ag e 
p rob lem . S o m e o f  th ese  in c lu d e  th e  h ead  o n  th e  d am , ch arac ­

ter istics o f  the dam  an d  fo u n d a tio n  in clu d in g  d im en sio n s, 
perm ea bility , degree  o f  stratificatio n , lo c a t io n  o f  seep age entry 
(th ickn ess an d  p erm eab ility  o f  up stream  b lan k etin g ), seep age 
ex it, and  h an d lin g  o f  seep ag e  w ater after it em erges. T h e  co st, 
perm an en ce, and  m a in ten an ce  o f  th e  co n tro l m easures are a lso 
o f  great im p orta n ce.

B efore  th e  a b o v e  fa cto rs  ca n  b e ev a lu a ted  p rop erly  and 
co n tro l m easures d esign ed , it is n ecessary  to  o b ta in  a rea so n ­

ab ly  clear p ictu re  o f  th e g e o lo g y  an d  prop erties o f  th e fo rm ation  
in vo lv ed  by m ean s o f  field  ex p lo ra tio n  an d  lab oratory  tests. 
T h e field ex p lo ra tio n  m ay  necessar ily  in c lu d e  th e  ta k in g  o f 
u n d istu rb ed -typ e sam p les, and  p u m p in g  tests  to  determ ine th e 
perm ea bility  o f  th e  p erv io u s aqu ifer  an d  p o ss ib ly  o f  ind iv idu al 
strata  by  m ean s o f  p iezom eters an d  w ell- flo w  m eters. R ea so n -

') E n gin eers, E m b an k m en t a nd  F o u n d a tio n  B ra nch , S o ils  D iv is io n , 
W ate rw ays E xp erim en t S ta tio n , C orp s o f  E n gineers, V ic k sb u rg , M issis ­

s ip p i, U .S .A .

ab ly  un distu rbed  sam p les o f  san d , w here gravel is n o t presen t, 
ca n  be o b ta in ed  by use o f  Sh elby  tu b e sam plers, d r illin g  m ud , 
an d  prop er  tech n iq u e .2)

M r. W a lk e r  h as p o in ted  o u t th a t even  w ith  th e  b est e x p lo ­

ra tion  an d  testin g  the true natu re o f  a  fo u n d a tio n  c a n n o t be 
p red icted  w ith  a h igh  degree  o f  reliab ility , an d  because o f  th is 
a n d  th e  app arent lack  o f  agreem en t b etw een  th eo retica l a n a ­

lyses and  field o b serv a tio n s he seem s to  fa vor an  em p ir ica l 
a p p roach , or  o n e  based  la rge ly  o n  field o b serv a tio n s, to  th e 
p rob lem . In  d ea lin g  w ith  a nu m b er o f  seep ag e  p rob lem s in 
co n n ec tio n  w ith  d am s and  lev ees  b u ilt  by th e  C orp s o f  E n g i ­

neers, m a th em a tica l form u la s, flow  n ets, an d  b o th  san d  and 
e lectr ica l a n a lo gy  m o d els  h ave  been  m o st h e lp fu l to  th e w riters 
in  u n d ersta n d in g  and  so lv in g  specific seep ag e  p rob lem s. O f 
cou rse , precise agreem en t b etw een  th e resu lts o f  su ch  an a lyses 
and  field p erfo rm an ce sh o u ld  n o t b e exp ected  b u t neith er  is it 
required  i f  a su itab le  fa cto r  o f  sa fe ty  is in corp orated  in  th e 
d esign . T h e  pr in cipa l p rob lem  in  seep ag e  an a lyses by m ean s 
o f  m a th em a tica l form u la s, flow  nets , and  m o d e ls  is n o t in  th e 
m eth o d s b u t in  th e  co rrect d eterm in ation  o f  th e  ch aracteristics 
o f  th e  fo u n d a tio n , and  prop er  a p p lica tio n  o f  th e  form u la s, flow  
n e ts , or m o d e ls  to  th e  prob lem . H o w ev er , w ith  reason ab ly 
g o o d  k n o w led g e  o f  th e  ch aracteristics o f  th e  fo u n d a tio n , prop er 
u se o f  th e  a b o v e  to o ls  o f  a n a lysis , and  by  exerc is in g  g o o d  e n g i ­

n eerin g  ju d g m en t b ased , w here  p o ssib le , o n  field ex p erien ce and 
a ctu a l o b serv a tio n s, it is b eliev ed  th a t a better so lu tio n  can  b e 
ob ta in ed  in th is w a y  th an  w ith  to o  m u ch  d ep en d en ce  on  em ­

p ir ica l m eth od s.

M r. W a lk e r  lis ts  tw o  pr in cipa l m ean s o f  red ucin g  th e  seep ag e 
pressures a t th e  d ow n stream  to e  o f  a d am  o n  a p erv io u s fo u n ­

d a tio n  : n am ely , an  im p erv iou s c u to ff  tren ch  b en eath  th e  c e n ­

tral or  up stream  sec tio n  o f  th e  dam , or a system  o f  re lie f w ells 
benea th  th e  dow n stream  sectio n  or a t th e  d ow n stream  to e  o f 
th e  dam .

T h e resu lts o f  a  s tu d y 3) o f  th e efficacy  o f  partia l cutoff's by 
th e  W aterw ays E xp erim en t S ta tio n  sh o w ed  th a t cu to ffs  w ith 
less  th an  a b o u t 95%  p en etratio n  o f  th e  p erv io u s fo u n d a tio n  
effected  litt le  sig n ifican t red u ctio n  o f  seep ag e pressures and 
flow . W here th e d ep th  o f  th e  p erv io u s fo u n d a tio n  is su ch  th at 
a co m p lete  c u to ff  ca n  be co n stru cted  eco n o m ica lly , th e  c u to ff 
tren ch is con sid ered  to  be sup erior to  a re lie f w ell sy stem , sin ce 
o n c e  co n stru cted  it req uires n o  m a in ten an ce  and  is a p o sitive 
con tro l.

W here th e  d ep th  o f  p erv io u s fo u n d a tio n  is great, say  in  ex ­

cess o f  30 ft., carefu l co n sid era tio n  sh o u ld  be g iv en  to  th e 
in sta lla tio n  o f  a system  o f  re lie f w ells  in  th e fo u n d a tio n  b en eath  
th e  d ow n stream  t o e 4). S u ch  a system  can  b e d esign ed , w hich 
w ill red u ce th e  seep age  pressures b en ea th  th e  dow n stream  to e 
to  to lera b le  lim its . W h ile  m ain ten an ce  m ay  be required  o c ­

ca s io n a lly , prop er  d esign  and  carefu l in sta lla tio n  w ill red uce 
th e  m a in ten an ce  co sts  to  re la tive ly  in sign ific an t figures.

M r. W a lk e r  h as p resen ted  so m e very in terestin g  and  w o rth ­

w h ile  field  ob serv a tio n s o n  h y d ro sta tic  pressure co n d itio n s  in 
and  b en eath  d am s lo c a ted  o n  p erv io u s fo u n d a tio n s. T h e  v a lu e 
o f  th e  ob serv a tio n a l d ata  w o u ld  h ave  been  en h a n ced , had 
gen era l in fo rm a tio n  o n  th e  ch aracteristics o f  th e  fo u n d a tio n  
so ils  been  sh o w n  o n  F ig s . 1 -6 .

!) G oode , T. B. (1 9 50 ): A  N e w  M e th o d  fo r O b ta in in g  U n d istu rb ed  
San d  S am p le s. E n g in eer in g  N ew s-R ec o r d , O ctob er  12, v o l. 145, pp. 40-42 .

a) M an sur, C. I .,  and  P erret, W . F.: E ff ica cy  o f  Partial C u to ffs for 
C o n tro llin g  U n d erseep a g e  B en eath  D a m s an d  L ev ees C on str u cted  on 
P erv iou s F o u n d a tio n s . (V o l. 5.)

•) Turnbull, W . J ., a nd  M ansur, C. I. (1 9 53 ): R e lie f  W ell S ystem s fo r 
D a m s a nd  L ev ees. S ep arate  N o . 192, A m erican  S o c ie ty  o f  C iv il E n gi­

neers.

222



In all m ajor hy d rau lic  structures w here  seep a g e  m ay b e a 
p rob lem , an  ad eq u ate  n u m ber o f  h y d ro sta tic  and  seep ag e 
m easu rin g  fa cilities  sh o u ld  be in corp orated  in  th e  b a sic  design . 
S u ch  sh o u ld  b e prop erly  in sta lled , m a in ta in ed , o b served  at 
ap p rop riate  in terva ls and reservo ir sta g es, an d  th en  th e  d a ta 
a n a lyzed  ca refu lly . S u ch  in fo rm a tio n , a lth o u g h  se ld o m  directly 
a p p licab le  to  an oth er  specific p rob lem , is in v a lu a b le  to  th e en g i ­

neer  d esig n in g  seep a g e  co n tro l m easures.

L e s  a u te u r s  é n u m è r e n t  d ’a b o r d  le s  fa c te u r s  q u i in f lu e n c e n t  le s 
p r o b lè m e s  d e  f i ltr a t io n . A  l ’o p p o s é  d e  M . W alker , q u i e s t  p a r tisa n  
d e s  m é t h o d e s  e m p ir iq u e s  e t  d e s  o b s e r v a t io n s  su r  p la c e , le s  a u te u r s 
s o n t  d ’a v is  q u ’il e s t  p o s s ib le  d e  c a lc u le r  la  f i ltr a t io n  a v e c  e x a c t itu d e . 
L o r s q u ’il e s t  p o s s ib le  d e  p é n é tr e r  l e  s c h is te  p e r m é a b le  j u s q u ’à  la  z o n e  
im p e r m é a b le , il e s t  p r é fé r a b le  d e  c o n s t r u ir e  u n  m u r  p a r a fo u ille . L o r s ­

q u e  l ’é p a is s e u r  d e  la  z o n e  p e r m é a b le  d é p a s s e  10  m , le s  a u te u r s  p r é ­

c o n is e n t  le s  p u it s  f i ltr a n ts  p o u r  r é d u ir e  la  p r e s s io n  d e  la  f i ltr a t io n . 
F in a le m e n t  ils  p r o p o s e n t  d ’in c o r p o r e r  d a n s  to u s  le s  o u v r a g e s  h y d r a u ­

liq u e s  d e s  a p p a r e ils  p o u r  la  m e s u r e  d e  la  f i ltr a t io n  e t  d e  la  p r e s s io n  
h y d r o s ta t iq u e .

M. U. Nascimento
Je vou d ra is  m e  ra pp orter à  deux  p o in ts  du  su jet de ce tte 

sess io n .

L e  prem ier co n cern e  les  m o u v em en ts  len ts des ta lu s du s aux 
varia tio n s vo lu m étr iq u es des so ls  du  fa it des varia tion s sa iso n ­

n ières d ’h u m id ité , te ls  q u ’ils  o n t é té  ob servés dan s le s  arg iles 
b asa ltiq u es de la  rég io n  d e L isb o n n e.

Sch ém atiq u em en t, o n  p eu t exp liq u er ces m o u v em en ts  d e la  
fa ço n  su ivan te:

L o rsq u ’o n  v o lu m e d ’arg ile  d e p o id s  P ,  rep osan t sur un plan 
h o r izo n ta l, su b it un  retrait <r, les  efforts de c isa ille m en t /  d éve ­

lo p p és en tre l’arg ile  et l ’ap p u i so n t égau x . L e  retrait au x  e x ­

trém ités e s t  <5/ 2, e t  l ’qxe du v o lu m e n e se d ép lace  p as (F ig . 15 a).

I l en  est de m êm e dan s le  cas d ’un e d ila ta tio n  (F ig . 15 b).

M ais  si le  v o lu m e se  trou ve sur un e p en te , sa  sta b ilité  étan t 
assu rée, l ’a llu re  d u  p h én om èn e  e st  différente.

E n  effe t (F ig . 16 a ), a u x  deux  forces / ,  rep résen ta nt la  résu l­

ta n te  n u lle , v ien t s ’ajo uter la  co m p o sa n te  ta n gen tie lle  T  du 
p o id s prop re qu i, é ta n t la  résu ltan te  du systèm e des fo rces 
a g issa n t sur le  v o lu m e, l ’o b lig e  à  d escen d re , retrait (F ig . 16a) 
e t  d ila ta tio n  (F ig . 16 b) s ’é ta n t prod uits.

L a  co n séq u en ce  pratiq u e de ce  p h én om èn e  est un  m o u v e ­

m en t vers le  bas, en tre les  co u ch es superficielles des ta lu s arg i ­

leu x , d o n t la  va leu r p eu t p a rfo is  être  très élevée.

C e p h én o m èn e  a  é té  ob servé  sur un  m o d èle  so u m is  à des 
varia tio n s d ’hu m id ité .

CONTRACTION
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2~  F ig . 15 C as d e  co n tra c tio n  
e t  d e  d ila ta tio n  sur 
p la n  h o r izo n ta l 
C a se  o f  C on tra ctio n  
an d  D ila ta tio n  o n  a 
H o riz o n ta l P la ne

Y
r r

L e d eu x ièm e p o in t q u e je  voud rais  m en tion ner se rapp orte 
à la  p ression  in terstitie lle  co m m e facteur de la  stab ilité  des 
ta lus des barrages en  terre.

O n  a d m et d ’h a b itu d e  dan s les ca lcu ls de s ta b ilité  q u e la  p h ase 
so lid e  a u -d essou s de la  lig n e  de satu ration  sub it la  p o u ssée 
d ’A rch im èd e. D a n s  m o n  article « C ap illar ity  and  S o il C o h é ­

s io n » , auq uel j ’ai déjà fa it référence dans la  prem ière sess io n , 
je  d ém on tre  q u e ce tte  p o u ssée  ne peu t ex ister  qu e si la  su cc io n

CONTRACTION

F ig . 16 C as d e  co n tra c tio n  e t de 
d ila ta tio n  su r p lan  in c lin é 
C a se  o f  C on tra ctio n  and 
D ila ta tio n  o n  a S lo p in g  
P la ne

cap illa ire  est co n sta n te  en  profon deur. Je cro is  d o n c  q u ’il y 
aura it a v an ta g e  à prendre en  co n sid éra tio n  l ’in fluence  d e la 
su cc io n  cap illa ire  d an s d e te ls  cas.

R éféren ces

A ranles, E . de, e t Oliveira, e tc. (1 9 51 ): L ’é tu d e  du s o u s -so l des ro u tes.

R ap p o rt p ortu gais p résenté au  IX ' C on g rès In tern a tion a l de la  R o u te ,

2* Q u estio n , 30, L isb on n e.

In  th e  firs t p a r t o f  h is  c o n tr ib u t io n  th e  a u th o r  g iv e s  a  s c h e m a t ic  
d e s c r ip t io n  o f  th e  in f lu e n c e  e x e r te d  o n  c la y s  b y  s e a s o n a l  v o lu m e  
v a r ia t io n s  d u e  to  c h a n g e s  in  th e  w a te r  c o n te n t . W h e n e v e r  s u c h  
v a r ia t io n s  ta k e  p la c e  o n  a  s lo p e , c r e e p  is  th e  r e su lt .

In  th e  s e c o n d  p a r t  h e  p o in ts  o u t  th e  im p o r ta n c e  o f  c a p il la r y  s u c ­

t io n  in  th e  s ta b ility  o f  e a r th  d a m  s lo p e s .

M. B. M. Rajcevic

C on sid éran t les  q u estion s p ro p o sées  p ou r  la  d iscu ssion , il 
n o u s  a  paru  in téressan t d e d on n er q u elqu es p réc ision s sur la 
tech n iq u e  q u e n ou s e m p lo y o n s  pou r la  c o n s tru c tio n  d es  b a rra g es 
en  terre .

A u  co u rs d e ces  dernières ann ées, n o u s a v on s projeté et c o n s ­

truit u n e d o u za in e  d e barrages en terre, d ’o ù  n o u s a von s tiré 
n otre prop re expérience .

N o tr e  tech n iq u e ne com p ren d  pas la  m éth o d e P rocto r de 
co n trô le  sur le  ch an tier , n i m êm e la m éth o d e de co m p a ctag e 
en  lab orato ire .

N o u s  d éterm in on s la  d en sité  sèch e à o b ten ir  au m oyen  d ’e s ­

sa is  à l ’œ d om ètre; cette  densité  d o it corresp ond re  à un e c o n ­

s o lid a tio n  de 100%  sou s un e ch arge éga le  à la  surcharge que 
su p p orte  ch aq u e p o in t du barrage. N o u s  n e fa ison s d o n c  qu e 
le  co m p a cta g e  nécessaire  pou r atteindre  ce  résu lta t, d ’o ù  l ’é c o ­

n o m ie  de no tre tech n iq ue.

E n  ce  qu i con cern e la  ten eu r en  eau  lors de la  m ise  en  p la ce , 
n o u s  ne trava illon s p as avec la  ten eu r en  eau  o p tim u m  déter ­

m in ée  par l ’essa i P rocto r. N o u s  trava illon s av ec  u n e ten eu r en
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F ig . 17 R ésis ta n ce  au  cisa illem en t en  fo n c t io n  d e  la  ten eu r en  ea u  
R ela tio n sh ip  B etw een  S hea r R es is ta n c e  and  W ater C on ten t

eau  ég a le  o u  m êm e supérieure à la  ten eu r en  ea u  n atu relle  du 
m atériel, su ivan t les  c ircon stan ces, la  seu le  co n d itio n  é ta n t qu e 
cette  ten eu r en  eau  so it  inférieure  à 80%  de la  ten eu r e n  eau 
d e sa tu ra tion .

D a n s  les  cah iers d e ch arges o n  p rév o it qu e la  to léran ce  a d ­

m ise  p ou r la  ten eu r en  ea u , e s t  fo n c tio n  d e  la  résista n ce au 
c isa illem en t, ce tte  résista nce au  c isa illem en t d evan t to u jou rs 
rester supérieure à la  valeu r c h o is ie  p ou r  les  ca lcu ls  de sta b ilité . 

C e q u i p récèd e e st  co n crétisé  par le  sch ém a d e la  F ig . 17. 
T o u tes  ces va leu rs so n t déterm inées, n o n  seu lem en t par des 

essa is  d e  lab orato ir e , m a is  au ssi par des essa is  d e co m p a cta g e 
sur le  ch an tier  à l ’éch elle  de la  grand eu r naturelle.

C ette  m éth o d e  n o u s  perm et n o ta m m en t d e pou rsu ivre les 
travau x  p en d an t u n e p lu s grand e p ér io d e  de l ’ann ée, ce  qui 
est  u n e sou rce  d ’éco n o m ies .

C ette  tech n iq u e  n ’est peut-être p as ap p lica b le  d an s to u s  les 
pa ys, m ais  e lle  s ’est m on trée particu lièrem ent av an ta g eu se  en 
Y o u g o sla v ie , é ta n t d o n n é  la  structu re é co n o m iq u e , le  c lim at et 
la  natu re  des so ls  du p ays (F ig . 18).

R éféren ces

M id dlebroo ks , T. A .  (1 9 52 ): P ro gress in  E arth -D a m  D es ig n  an d  C o n ­

s tru c tio n  in  th e U n ite d  S ta tes. C iv il E n gin eer in g , N .Y .,  v o l. 22, n o . 9, 
pp . 7 0 2 -7 1 0 .

F ig . 18 Barrage de V la sin a  -  Prem ier barra ge en  terre co n stru it en  
Y o u g o s la v ie  (1 937). P ro jet: B. M . R a jie v ic 
V la sin a  D a m — th e F irst E arth D am  B u ilt in  Y u g o sla v ia  (1947 ). 
D esig n er: B . M . R ajiev ic

R a jcevic, B ogdan  (1 9 48 ): Z em lja n e v od o ja ze . R a d , B eo gra d .

R a jie v ic , B ogdan  (1 9 51 ): V la sin sk a  zem ljan a  v o d o ja za . B eograd . 
R ajcevic, Bogdan  (1 9 51 ): G eo m eh a n ick e  a n a lize  pri gradnji zem ljan ih  

v o d o ja za . E lektrop riv red a , B eo gra d .

R a jie v ic , M . B ., Jevdjevic, V. M .  (1 9 51 ): S o m e  S p ecia l F ea tu res  o f  D e ­

sign s and  C on stru c tio n s  fo r  E arth D a m s  an d  R ock fill D a m s  in 
Y u g o sla v ia . IV  C on gress  o n  L arge D a m s, v o l. 4 , N e w  D e lh i.

T h e  a u t h o r  g iv e s  s o m e  d e ta i ls  o f  1 2  e a r th  d a m s  c o n s tr u c te d  in  
J u g o s la v ia . T h e  d ry  d e n s ity  t o  b e  o b ta in e d  in  th e  d a m  is  c a lc u la te d  
o n  th e  b a s is  o f  o e d o m e te r  te s t s . T h is  d e n s ity  s h o u ld  c o r r e s p o n d  to  
a  c o n s o l id a t io n  o f  100%  u n d e r  th e  lo a d  a t  e v e r y  p o in t  in  th e  d a m . 
T h e  m o is tu r e  c o n t e n t  o f  th e  m a te r ia l u s e d  s h o u ld  b e  le s s  th a n  80%  
o f  s a tu r a t io n . A  v a r ia t io n  is  a l lo w e d  in  s o  fa r  a s  th e  r e s u lt in g  s h e a r  
s tr e n g th  is  h ig h e r  th a n  t h a t  a s s u m e d  in  th e  s ta b ility  a n a ly s is  ( F ig .  17). 
T h is  m e th o d  m a k e s  it  p o s s ib le  to  e x te n d  th e  w o r k in g  p e r io d  a n d  is 
m o r e  e c o n o m ic a l  (F ig . 18).

Mr. A. Wackernagel

T h e p la c e m e n t  m o is tu re  c o n ten t is to  be a d a p ted  to  th e  re ­

qu irem en ts  o f  th e  different parts o f  th e  structure.

A  ty p ica l ca se  fo r  vary in g  th e  p la cem en t m oistu re  co n ten t 
w as en co u n tered  du ring  co n stru ctio n  o f  K o n a r  I D a m  in  Ind ia .

T h e d am  is b u ilt  o f  earth  w ith  a  cen tra l co n crete  sp illw ay . 
T h e  jo in t  b etw een  th e  earth  an d  th e  co n crete  parts is  b u ilt  a t 
a  pressure  h ead  o f  130 ft.

T h e jo in t  is sub ject to  large  d ifferentia l settlem en ts, i.e . n o  
settlem en t o f  th e  co n crete  d am  an d  fu ll se ttlem en t o f  th e  a d ­

jo in in g  ea rth  dam . A lso  du ring  ea rth q u ak es co n sid era b le  d if ­

ferentia l m ov em en ts  m a y  occu r.

F u rth erm ore th e da n ger o f  p ip in g  h ad  to  b e  p reven ted  a lo n g  
th e  con crete-earth  jo in t.

T h e  p rob lem  h as b een  so lv ed  by insertin g  a c la y  b lan k et 
betw een  th e  co n crete  su rface an d  th e  earth fill.

T h e  c la y , w ith  a  fraction  o f  40%  p assin g  N o . 200  m esh , an 
o p tim u m  m oistu re  co n ten t (O M C ) o f  15% an d  a p la stic  lim it 
o f  16 % w as p laced  a t a m o is tu re  co n ten t o f  18 %, b e in g  b oth  
o n  th e  w et sid e o f  O M C  and  o f  th e p la stic  lim it, th us a llo w in g  
fo r con sid erab le  differen tia l m o v em en ts  w ith o u t rupture. T h e 
m ateria l w as co m p a cted  by  h a n d  and  la ter  o n  by p n eu m atic 
tam pers reach in g  a degree o f  c o m p a ctio n  o f  86%  m a xim u m  
stand ard  P roctor  d en sity , th is b e in g  eq u iv a len t to  115 lb s ./cu .ft .

T h e fa ces o f  th e  co n crete  d am  are everyw h ere in c lin ed , so  
th at a ll gap s du e to  m o v em en ts  sh o u ld  b e c lo se d  im m ediate ly 
by th e overbu rd en  pressure. T h e  m axim u m  pressure grad ien t 
a lo n g  th e  jo in t is a p p rox im ate ly  1 : 2.

A t th e  sa m e tim e th e  m ain  earth fill, co n sistin g  o f  M uram  
and  d e co m p o sed  rock  (see  P roceed in gs 1953, v o l. II, paper 8/11 
by E . and  G . G ru ner),  is p laced  1-2%  o n  th e dry sid e  o f  O M C . 
T h is is p o ssib le  firstly b ecau se  th e  fo u n d a tio n  co n sists  o f  rig id 
m ateria l, seco n d ly  b ecau se th e  P roctor  cu rve is fairly flat and 
th ird ly  b ecau se th e  ad d itio n a l settlem en t o n  sa tu ra tion  in th e 
lab oratory  am o u n ted  to  o n ly  0.1 % o f  th e h e ig h t o f  th e sam p le 
fo r an  overbu rd en  o f  60 ft. o f  so il ,  th e  settlem en t fo r  th e sam e 
overbu rd en  before  sa tu ra tion  b e in g  2% , if  th e  m ateria l is p laced 
at 3% o n  th e dry sid e o f  O M C .

L ’a u te u r  p r é s e n te  u n  e x e m p le  p o u r  la  d is c u s s io n  d e  la  te n e u r  en  
e a u  lo r s  d e  la  m is e  e n  p la c e . P o u r  le  b a r r a g e  e n  te rr e  d e  K o n a r  I 
la  te n e u r  e n  e a u  a p p liq u é e  à  la  j o n c t io n  e n tr e  la  p o r t io n  e n  te rr e  e t 
la  p o r t io n  e n  b é t o n  e s t  s u p é r ie u r e  à  l ’o p t im u m  P r o c to r  e n  r a is o n  d es 
ta s s e m e n ts  d iffé r e n tie ls  p r é v u s . P o u r  la  p a r t ie  e n  te rr e  o n  a  c h o is i 
u n e  te n e u r  e n  e a u  su r  le  c ô t é  s e c  d u  O M C , d e s  e s s a is  p r é a la b le s  a y a n t 
r é v é lé  u n  fa ib le  t a s s e m e n t  lo r s  d e  la  s a tu r a t io n .
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