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T h e  C h airm an

I  w elcom e delegates to  th e  n in th  session , th e  la s t o f  o u r  

co nference . T h is  m o rn in g  w e a re  to  d iscuss e a r th  dam s, 

slopes a n d  o p en  excav ations, a n d  I call o n  th e  G en e ra l R ep o rte r.

G en era l R ep o rte r

P rev io u s R e p o rte rs  h av e  p ro p o se d  v a rio u s m e th o d s  fo r su b ­

d iv id ing  so il eng ineering . I  like  a  th ree-s tag e  d iv is ion  th a t  

m o re  o r  less co rre sp o n d s  to  th e  b a c k g ro u n d  o f  th e  v a rio u s 

p o r tio n s  o f  o u r  m em b ersh ip . T h o se  w hose  co n ta c t w ith  soil 

h as  largely  b een  in  o u r  halls  o f  lea rn in g  w ill o f  necessity  fav o u r 

a  th eo re tic a l ap p ro a c h , p ilin g  th eo ry  u p o n  th eo ry  in  a n  a tte m p t 

to  ex p la in  o b serv ed  p h en o m en a .

A s w e p ro ceed  in to  th e  m o re  p rac tica l w o rld  o f  a c tu a l c o n ­

s tru c tio n  w e see so  m an y  v io la tio n s o f  th e  basic  a ssu m p tio n s 

o f  th eo re tic a l a p p ro ach es  a n d  s itu a tio n s  w hich  th eo re tica l 

k n ow ledge  does n o t  ex p la in  th a t  w e develop  a  se t o f  c o n ­

servative  p rac tices, m o re  o r  less sim p le  p ro ced u re s  w hich  w e 

h o p e  w ill p ro v e  to  b e  ad e q u a te — th a t  is, em p irica l m e th o d s. 

W ith  still m o re  experience, as w e m o v e  in to  th e  class o f  sen io r 

co n su ltan ts , w e lo se  fa ith  even  in  th e  em p irica l m eth o d s  a n d  fall 

b ack  o n  o u r  ow n  experiences as a  basis fo r  all dec isions— th a t 

is to  say , o n  case  h isto rie s.

I  h av e  tried  to  p ro p o se  a  q u es tio n  fo r  d iscussio n  in  each  o f  

these  fields o f  kno w led g e  to  give an  o p p o rtu n ity  fo r  all o u r  

m em b ersh ip  to  co m m e n t i f  they  desire. H ow ever, i f  an y o n e  

h as h a d  a n  in te restin g  p ro b lem  to  d iscuss, I  h av e  en co u rag ed  

h im  to  p re sen t it w h e th e r o r  n o t  it w as w ith in  th e  sco pe o f  m y 

p ro p o sa ls . I  h o p e  th a t  th is  m eets w ith  y o u r ap p ro v a l.

In  th e  w ritten  re p o r t  I  h av e  tried  to  su m m arize  o u r  p re sen t 

s itu a tio n  w ith  reg a rd  to  th e  s ta tu s  o f  o u r  k n o w led g e  o n  th e  

su b jec t o f  e a r th  dam s, slopes a n d  o p en  excav ations. A lth o u g h  

it  d id  n o t a p p e a r  th a t  th e re  h a d  b een  an y  sp e c tacu la r p ro g ress
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in  th is  field since the  th ird  con feren ce  in  Z u rich , th e re  w ere 

m an y  im p lica tio n s th a t  new  d evelopm en ts w hich  w o u ld  h ave 

a  m a rk e d  effect o n  o u r  fu tu re  o p e ra tio n s  w ere  in  p ro cess  o f  

dev e lo p m en t. I  hav e  p ro p o se d  fo r  genera l d iscussio n  qu estio n s 

w hich  I  h o p e  w ill h a s te n  th is  dev e lo p m en t. Ju d g in g  fro m  th e  

d iscussio ns we hav e  a lread y  h a d , th ese  dev e lo p m en ts  a re  com in g  

fa s te r  th a n  an tic ip a te d  a n d  h av e  to  som e ex ten t a lread y  been  

co v ered  in  o th e r  sessions.

A lth o u g h  th e  su b jec t o f  th is  session  consis ts  o f  th ree  p a r ts , 

in  p a s t  p ra c tic e  th ese  h av e  b een  tre a te d  by  th e  sam e p ro ced u re , 

a n d  experience  cov erin g  o n e  o f  th ese  p a r ts  h as  b een  assu m ed  to  

be  ap p licab le  to  th e  o th e rs . H o w ev er, a n  e x am in a tio n  o f  these  

th ree  p a r ts  w ill show  th a t  stresses in  th e  so ils a re  in creased  as 

a  d am  is b u ilt, th ey  a re  re lieved  as  a n  o p en  ex cav a tio n  is m ade , 

a n d  th ey  a re  ap p a re n tly  c o n s ta n t in  th e  co n d itio n  o f  n a tu ra l  

slopes. U p  to  no w  o u r  effo rts seem  to  h av e  b een  d irec ted  

p rim arily  to  th e  co n d itio n  o f  in creas in g  stresses a n d  o u r  so il 

te s tin g  p ro ced u re s  h av e  b een  developed  p rim arily  fo r th is  

c o n d itio n .

T h e re  a re  several fa c to rs  in  o u r  co m m o n  experience  th a t  

in d ica te  th a t  th e  so il s tre n g th  p a ra m e te rs  w ill b e  d ifferen t fo r 

th e  co n d itio n s  w here  stress re lie f is invo lv ed , th a t  is to  say , th e  

co n d itio n  o f  o v er-co n so lid a tio n . A t th e  sam e  tim e  th e re  a re  

m o re  a n d  m o re  s itu a tio n s  d eve lop ing  in  eng in eerin g  p ra c tice  

w here  p a s t  p rac tices  o f  accep tin g  a  ca lcu la ted  risk  a n d  rep a irin g  

th e  fa ilu res a re  n o t econo m ica lly  sa tis fac to ry . I t  seem s, th e re ­

fo re , very  d es irab le  th a t  w e give som e a tte n tio n  to  th e  fu r th e r  

d ev e lo p m en t o f  m e th o d s  fo r  m o re  effectively ev a lu a tin g  th e  

c o n d itio n s  o f  stab ility  in  ex cav a ted  slopes.

In  o u r  co n s id e ra tio n  o f  fa ilu res in  n a tu ra l  slopes, p a r ticu la r ly  

th o se  s itu a tio n s  w here  th e  physica l d im en sio n s re m a in  u n ­

ch an g ed , it d oes n o t seem  p ro p e r  to  a t tr ib u te  fa ilu re  to  a  ch an g e  

in  stress. F o r  th o se  s itu a tio n s  w e c a n  on ly  co n c lu d e  th a t  

ch an g es in  th e  s tren g th  o f  th e  so il su d d en ly  o ccu r d u e  to  som e 

ch an g e  in  th e  im m ed ia te  en v iro n m en t. B efo re  w e c a n  h o p e  

to  be ab le  to  p re d ic t p o te n tia l  in stab ility  fo r  n a tu ra l  slopes w e 

m u s t k n o w  w h a t th e  p o te n tia l ran g es in  ch an g e  o f  s tre n g th  a re  

a n d  w h a t th e  co n d itio n s  a re  th a t  cau se  them .

T h e  p re sen t s ta te  o f  o u r  k n ow ledge  is th a t  chang es in  

m o is tu re  c o n ten t, in  p a r tic u la r  chang es in  g ro u n d  w a te r  level 

a n d  co n seq u en tly  increases in  p o re  p re ssu re , a re  p rim arily  

re sp o n sib le  fo r  m an y  s lope  fa ilu res, a n d  th a t  chang es in  

s tren g th  o f  30 to  50 p e r  c en t m ay  b e  expec ted  to  o ccur. H o w ­

ever, th e  n u m b e r  o f  case  h is to rie s  w here  co m p ariso n s  h av e  b een  

m ad e  betw een  th e  a p p a re n t s tre n g th  o f  th e  so il o n  th e  basis  o f  

tests  p r io r  to  fa ilu re  a n d  th e  a p p a re n t s tre n g th  a t  th e  tim e o f  

fa ilu re  a re  fa r  to o  few  to  w a rra n t defin ite  co n clu sio n s a t  th is  

tim e.

T h e re  a re  in d ica tio n s f ro m  m an y  q u a r te rs  th a t  a  co n s id e rab le  

p a r t  o f  th e  so il s tren g th  th a t  w e a t tr ib u te  to  co h es io n  is ac tually  

th e  re su lt o f  cap illa ry  fo rces in  th e  so il p o res . I f  w e can  

develop  m eth o d s  fo r  m easu rin g  th ese  fo rces a n d  devise  a  th eo ry  

fo r  p re d ic tin g  th e ir  m ag n itu d e , a  su ita b le  c o rrec tio n  c a n  be 

ap p lied  to  th e  sh ea rin g  s tren g th . I t  is p o ssib le  th a t  th is  c o r ­

re c tio n  w ill be o f  sufficien t m ag n itu d e  th a t  sh ea rin g  s tren g th  

can  b e  red u ced  to  a  sim p le  fa c to r  d ep en d en t o n ly  o n  stress. 

I f  th is  can  be  acco m p lish ed  it sh o u ld  p ro v id e  a  new  im p e tu s  to  

th e  d ev e lo p m en t o f  m a th e m a tic a l analyses fo r  s tru c tu ra l 

ad eq u acy  th a t  h e re to fo re  h av e  b een  to o  co m p lica ted  fo r  an y  

p rac tica l u se  even a fte r  m an y  sim plify ing  a ssu m p tio n s  w ere 

m ade .

I  h av e  th o u g h t en o u g h  o f  th is id ea  to  en co u rag e  its investi ­

g a tio n  by  th e  la b o ra to ry  s ta ff o f  th e  B u rea u  o f  R ec la m a tio n  as 

rap id ly  as possib le . I  h a d  h o p ed  to  be  ab le  to  c o n tr ib u te  som e 

po sitiv e  resu lts  a t  th is  m eeting , b u t  p re ssu re  o f  o th e r  w o rk  

p rev en ted  c o m p le tio n  o f  even  a  p ro g ress  re p o r t  in  tim e. H o w ­

ever, th e  in d ica tio n  fro m  th e  w o rk  so  fa r  d o n e  is p o s itiv e  th a t  a t  

least fo r som e so il s ta te s  th e  in d ica ted  co h esio n  can  be  largely

a ttr ib u te d  to  cap illa ry  stresses. I suspec t th a t  th is  co n d itio n  

w ill a cc o u n t fo r  th e  h ig h  in d ica ted  stren g th s in  som e u n c o n ­

fined co m p ressio n  tests  w hich  h av e  led  to  a  false in d ica tio n  o f  

security .

I an tic ip a te , th e re fo re , th a t  o u r  p re sen t co n cep ts  o f  sh earin g  

s tren g th  as  fa r  as co h es io n  is co n ce rn ed  w ill go  th ro u g h  m u ch  

th e  sam e p ro cess  as  d id  o u r  ideas o f  in te rn a l fr ic tio n  w h en  th e  

p o re  p re ssu re  co n cep t w as in tro d u ced .

W e h a v e  a lread y  h a d  som e co m m e n ts  to  th e  effect th a t  

co h es io n  sh o u ld  be  e lim in a ted  f ro m  c o n s id e ra tio n , a t  least fo r  

so m e  c o n d itio n s  o f  s tab ility  analysis. T h is  is n o t  a  n ew  id ea  

to  m e : I  h av e  h e a rd  it p ro p o se d  m an y  tim es. I  h av e  n o t  fe lt 

th a t  co h es io n  sh o u ld  be o m itte d  en tire ly , b u t  I  h av e  b een  c o n ­

c e rn ed  th a t  th e  in d ica ted  values as d e te rm in e d  by  p re se n t te s t 

p ro ced u re s  a re  n o t  en tire ly  d ep en d ab le  a n d  th e re fo re , u n til 

q u ite  recen tly , I  h av e  fo llo w ed  a  p ro c e d u re  o f  ask in g  th a t  in  a  

s tab ility  analysis  a  sa fe ty  fa c to r  o f  a t  least 1 be o b ta in e d  w ith o u t 

benefit o f  cohesion .

W h en  th e  id ea  th a t  co h es io n  co u ld  to  a  la rg e  e x ten t be  

ex p la in ed  o n  th e  basis  o f  cap illa ry  a c tio n  w as d e m o n s tra te d  to  

m e by  J. W . H ilf, o n e  o f  m y  asso c ia tes  in  th e  B u rea u  o f  R e ­

c lam a tio n , it  a p p e a re d  to  o ffer a n  e x p lan a tio n  fo r  m an y  

s itu a tio n s  th a t  h av e  b een  puzz lin g  us. W e h av e  se t u p  a  

p ro g ra m m e  o f  ex p erim en ts to  m easu re  th e  cap illa ry  stresses in  

so il, a n d  a p p a ra tu s  a n d  m eth o d s  a re  being  dev elo p ed  th a t  

sh o u ld  acco m p lish  th is.

W h en  a  la rg e  n u m b e r  o f  tests  a re  m ad e  o n  a  fo u n d a tio n  o r  

e m b an k m en t m a te r ia l th e re  w ill be  co n s id e rab le  v a r ia tio n  in 

th e  so il p ro p e rtie s . F u r th e r ,  u n d e r  co n d itio n s o f  co n s tru c tio n  

a n d  o p e ra tio n  th e re  w ill be  v a ria tio n s  in  th ese  so il p ro p e rtie s  

fro m  th o se  d e te rm in ed  in  th e  la b o ra to ry  u n d e r  id ea l te s t c o n ­

d itio n s. T h e  q u es tio n  th e n  arises as to  th e  p ro p e r  ch o ice  o f  

values to  u se  in  an a ly sin g  th e  p e rfo rm an ces o f  th e  s tru c tu re .

U n til  recen tly  th e re  h a s  b een  n o  m e n tio n  o f  th e  ac tu a l 

p rac tices  u sed  in  th is reg a rd . I m yse lf h av e  u sed  a  v a rie ty  o f  

p ro ced u re s  in c lu d in g  such  req u irem en ts  a s : th a t  w ith  m in im u m  

s tren g th s  a  safe ty  fa c to r  sh o u ld  be  a t  least 1, th a t  safe ty  sh o u ld  

b e  m a in ta in e d  e ith e r w ith  th e  w o rs t m a te ria ls  u n d e r  o p tim u m  

co n d itio n s  o r  th e  av erag e  m a te r ia l u n d e r  th e  w o rs t co n d itio n , 

a n d  th a t  a  safe ty  fa c to r  o f  1 -5 sh o u ld  b e  m a in ta in e d  w ith  a  so il 

w hose  p ro p e rtie s  a re  a n  average  be tw een  th e  w o rst a n d  th e  

a p p a re n t average.

I t  is o u r  p rac tice  a t  th e  B u rea u  o f  R ec lam a tio n  to  m ak e  only  

a  few  s tren g th  a n d  c o n so lid a tio n  tests , b u t  to  m ak e  as th o ro u g h  

a  te s t as possib le . A v erag e  a n d  w o rs t c o n d itio n s  a re  de te rm in ed  

by  v isual e x am in a tio n  a n d  w ith  th e  u se  o f  A tte rb e rg  a n d  o th e r  

index  tests. T h e  re su lt is th a t  a lth o u g h  th e  in d iv id u a l tests  a re  

expensive, th e  co s t o f  a  s ite  in v estig a tio n  is re la tively  cheap . 

A lth o u g h  th e  vo lu m e o f  te s t in fo rm a tio n  is re la tively  sm all, w e 

d o  believe th a t  i t  is sufficien tly rep resen ta tiv e  a n d  th a t  it  is 

re liab le . In  ad d itio n , w e use  g ra p h ica l m e th o d s  fo r  o u r  

analyses a n d  c a n  in  co n seq u en ce  u se  ac tu a l p lo tte d  cu rves in  

th e  d e te rm in a tio n  o f  p o re  p re ssu res  a n d  co n so lid a tio n  a n d  

th ereb y  av o id  th e  difficulties th a t  som etim es o ccu r w hen  

coefficients a re  first d e te rm in ed  a n d  th e n  u sed  in  c o m p u ta ­

tions.

In  sp ite  o f  th e  n u m ero u s  test p ro ced u re s  th a t  w e h av e  av a il ­

ab le , m u ch  o f  o u r  so il eng in eerin g  is being  d o n e  a n d  will 

c o n tin u e  to  b e  d o n e  o n  th e  basis  o f  v isual ex am in a tio n s. T o  

a id  in  th is  p ra c tice  w e h av e  dev elo p ed  p ro ced u re s  fo r  th e  

id en tifica tio n  o f  so ils a s  m a te ria ls  a n d  h av e  to  so m e  ex ten t 

c o rre la ted  so il p ro p e rtie s  w ith  m a te r ia l types. H o w ev er, m o s t 

o f  u s a re  aw are  th a t  th e  p e rfo rm an ce  o f  a  soil m ass is g reatly  

d ep en d en t u p o n  th e  so il s tru c tu re , b u t  w e d o  n o t  ye t h av e  a 

s im ila r system  by  w hich  so il s tru c tu re  can  be defined . T h is  is 

certa in ly  a  m a jo r  h an d ic a p  in  o u r  being  ab le  to  exchange in ­

fo rm a tio n  o n  o u r  experiences.

W ith in  th e  B u rea u  o f  R ec lam a tio n  I  h ave en co u rag ed  the
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secu ring  o f  very  de ta iled  geo log ical d esc rip tio n s  o f  sites, p a r ­

t icu la rly  as to  th e  co n d itio n s  o f  th e  so ils in  p lace , a n d  tr ie d  to  

d isco u rag e  th e  use  o f  th o se  te rm s w hich  ap p ly  to  a  so il s tru c tu re  

w h en  d escrib ing  so il as a  m a teria l. T h a t  is, th e  te rm  ‘lo e ss ’ 

sh o u ld  n o t  be  u se d  in  p lace  o f  ‘s i l t ’. S om e o f  o u r  geologists  

h av e  b eco m e q u ite  g o o d  a t  d iffe ren tia tin g  be tw een  co n d itio n s  

w h ere  th e re  is a  sign ifican t d ifference in  en g in eerin g  p ro p e rtie s  

o f  th e  so il s tru c tu re  a n d  in  co nvey ing  th is  in fo rm a tio n ; b u t 

geo log ical c lassification  h as n o t b een  dev elo p ed  to  d isc rim in a te  

be tw een  so il s tru c tu re  w ith  d ifferin g  en g in eerin g  p ro p e rtie s  

excep t a lo n g  very  b ro a d  lines. W e n eed  so m eth in g  eq u iv a len t 

to  th e  so il c lassifica tion  system  in itia te d  by  A . C a sag ran d e  

w h ich  w ill d escrib e  so il s tru c tu re .

O u r  p re sen t ideas fo r such  a  system  invo lve a n  in itia l g ro u p in g  

acco rd in g  to  o rig in  o f  th e  so il s tru c tu re ;  th a t  is: res id u a l, 

a llu v ia l, g lac ia l a n d  aeo lian , w ith  su b d iv is io n s acco rd in g  to  

geo log ical p rac tices . B ey o n d  th is  p o in t i t  b ecom es a  m a tte r  

o f  d e te rm in in g  h o w  fa r  w e c a n  go  w ith  v isua l d isc rim in a tio n  a n d  

still m a in ta in  d efin itio n  a lo n g  lines c o m p a ra b le  to  v a ria tio n s  

in  eng ineering  p ro p e rtie s . P e rh ap s  i f  w e can  get so m e  o f  y o u r 

id eas w e m ay  be  ab le  to  lay  th e  g ro u n d  w o rk  fo r m o re  efficient 

co m m u n ic a tio n  o f  ideas a t  fu tu re  conferences.

T . K . Huizinga  (N e th e rlan d s)

I n  V ol. V  o f  th e  P ro ceed in g s o f  th e  Secon d  C on fe ren ce  A . W . 

Koppeja n, B. M . van Wamel en a n d  L . J . H . Weinber g gave 

a  c o n tr ib u tio n  o n  th e  co a s ta l flow  slid es in  th e  D u tc h  p ro v in ce  

o f  Z ee lan d . A fte r  a  d e sc rip tio n  o f  th e  p h en o m en a , th e  soil 

c h a rac te ris tic s  a n d  th e  in v estig a tio n s execu ted , a n  e x p lan a tio n  

o f  th e  re la tively  slow  ra te  o f  th e  flow  slides w as given.

T h e  slides chiefly o ccu r in  th e  o ld e r H o lo c en e  san d  layers. 

T hese  san d s a re  fine  a n d  u n ifo rm  o f  size, th e ir  den sity  o n  the  

w ho le  b e in g  below  th e  c ritica l density . T h e  p rim ary  cau se  o f  

th e  slides is th e  effect o f  tid a l s tream s o n  th e  sh o re  cau s in g  a 

s teep er slope  th a n  th e  o rig in a l o n e  a n d  seepage p ressu res d u rin g

F ig . 1

fa lling  w ater. A  local loss o f  eq u ilib riu m  m ay lead  to  a n  even 

fu r th e r  sp read in g  flow  slide.

A  flow  slide is a  g ra d u a l p ro cess w here  a t  in te rv a ls  o f  a  few  

m in u tes  so il m asses slide d o w n w ard  a n d  flow  o u t. O b se rv a tio n  

is o n ly  p ossib le  ab o v e  th e  w a te r  line, w h ere  a  steep  slope  is 

fo rm ed . T h e n  a t  a  p lace  o n e  o r  m o re  m etres lan d w ard s  c rack s 

a p p e a r  a f te r  w h ich  th e  so il m ass in  f ro n t s ta r ts  to  slide. I n  th is  

w ay  th e  slides go  o n  p ro g ress in g  a b o u t 50 m  p e r  h o u r . T h e  

d u ra tio n  o f  th e  co m p le te  p ro cess varies fro m  a  few  h o u rs  to  a  

day .

M ay  I  no w  d ra w  y o u r a tte n tio n  to  tw o  a rtic les o n  slides 

w h ere  these  p h e n o m e n a  h av e  tak en  p lace  fo r th e  g rea tes t p a r t  

in  d ry  san d -lay ers  ab o v e  th e  g ro u n d  w a te r  line, a lth o u g h  th e  

p rim a ry  cause  o f  th e  slides m u st h av e  b een  a  lo ss o f  eq u ilib riu m

below  th e  w a te r level. H e re  also  th e  san d s w ere  fine, u n ifo rm  

in size  a n d  w ith  a  low  density .

O . Linke d escribes th e  sm all ridges o f  san d -d u n es a n d  valleys 

o n  th e  isle o f  N o rd e rn e y  (G erm an y ). T h e  valleys, 20  to  60 m  

w id e a n d  som e h u n d re d s  o f  m  long , a re  fla t, a n d  cap illary  

sa tu ra te d  w ith  w ater. T h e  d u n es u p  to  4 m  h igh  w ere  on ly  

h u m id . T h e  valleys w ere  ra th e r  h a rd  b u t  by  th e  a u th o r  

a lte rn a te ly  b rin g in g  his w eig h t fro m  o n e  fo o t to  th e  o th e r  

g rad u a lly  th e  su rface  o f  th e  valley  cam e  in to  a n  u n d u la tin g  

s itu a tio n  a n d  w a te r ap p e a re d  a t  th e  su rface . T h e  b ea rin g

F ig . 2 S itu a tio n  o f  la n d s lid e , B ru n ssu m , H o lla n d  

G lis se m e n t d e  te r ra in  & B ru n ssu m , P ay s  B as

cap ac ity  d im in ished  so  th a t  the  a u th o r  co u ld  n o  lo n g er s tan d  

o n  th e  su rface , w h ich  se ttled  ov er th e  w hole  a re a  so  th a t  a  p o n d  

aro se . A fte r  a  w hile slides in  th e  n ea re s t du n es ap p ea red  

(F ig . 1).

A . A . Thiadens describes a  flow  slide in a n  o ld  o p en  b ro w n  

co a l p it  in B ru n ssu m , H o llan d , o n  10 Ju n e  1955. T h is is 

sh o w n  in  F igs. 2 a n d  3. B ro w n  co a l w as ex cav ated  h e re  in  an  

o p en  p it  fro m  1917 to  1924: th e  san d y  o v e rb u rd en  w as dep o sited  

in  th e  em p tied  p it. In  1924 th e  w o rk in g s w ere sh u t d o w n  an d  

th e  g ro u n d  w a te r  ro se  a n d  fo rm e d  a  p o n d . T h e  o ld  p it  w as 

filled o n  th e  b o t to m  w ith  sp illed  co a l, ab o v e  it a  lay er o f  a b o u t

5 m  o f  lo o se  tip p ed  san d  u n d e r  th e  g ro u n d  w a te r  level an d  above  

th a t  a  b o d y  o f  d ry  loose  san d  p a r tly  w o o d ed . In  M ay  an d
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J u n e  1955 b u t chiefly in  th e  p e r io d  7 to  10 Ju n e  th e re  w as a 

heavy  ra in fa ll, th e re  being  75 m m  in  th e  last th ree  days. T h e

F ig . 3 D is p la c e d  fire  la n e  w ith  t il te d  steps

D é p la c e m e n t d ’u n  p a ssa g e  d é b risé  m o n tra n t  u n  effet d e  
g ra d in s  en  o b liq u e

u ltim a te  cau se  o f  th is  flow  slide  m o st p ro b a b ly  w as th is  ex ­

c ep tio n a l ra in fa ll.

R eferences
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R . V. Whit ma n (U .S .A .)

I  sh o u ld  lik e  to  m ak e  a  few  re m a rk s  reg a rd in g  th e  firs t 

q u es tio n  p ro p o sed  by  th e  G en e ra l R e p o rte r , th a t  is: th e  im p li ­

c a tio n s  o f  e lim in a tin g  th e  te rm  ca lled  ‘c o h e s io n ’ f ro m  stab ility  

c o m p u ta tio n s . I  a p p rec ia ted  th e  G en e ra l R e p o r te r ’s an a lo g y  

be tw een  th e  s itu a tio n  a t  th e  p re sen t tim e  reg a rd in g  co h es io n  

a n d  th a t  a  n u m b e r o f  years ag o  reg a rd in g  th e  effect o f  p o re  

p ressu res, a n d  I  believe , even  m o re  so  a f te r  a tte n d in g  th is  

co n feren ce  a n d  ta lk in g  w ith  m an y  p eo p le  h ere , w e a re  o n  th e  

th re sh o ld  o f  u n d e rs ta n d in g  m u ch  m o re  c learly  th e  n a tu re  an d  

im p o rta n c e  o f  th is  cohesion . I  w o u ld  u rg e  th a t  a ll so il 

eng ineers b e a r  w ith  th is  q u es tio n  fo r  a  few  m o re  years, a n d  I 

th in k  th a t  w e m ay  find, in  th is  s itu a tio n  as in  th e  case  o f  the  

d ilem m a reg a rd in g  p o re  p ressu res, th a t  w e w ill a rr iv e  a t  a  

p o s itio n  w here  w e can  u n d e rs ta n d  a n d  u se  th is  co m p o n e n t o f  

sh e a r  s tren g th .

K . T erzag h i, in  h is o p en in g  rem ark s  to  th e  conference , 

em p h asized  th a t  th e  so lu tio n  to  a n  im m ed ia te  p ra c tic a l p ro b lem , 

a lth o u g h  it m ay  n o t  be  based  u p o n  ca lcu la tio n s o r  de ta iled  c o n ­

s id e ra tio n  o f  all fac to rs , is u ltim ate ly  based  u p o n  th e  in d iv id u a l’s 

fu n d am e n ta l u n d e rs ta n d in g  o f  th e  types o f  p ro cesses involved.

A lo n g  th is  lin e  I w o u ld  p re fe r, fo r th e  m o m en t, n o t  to  u se  th e  

w o rd  ‘c o h e s io n ’ b u t to  u se  th e  te rm  ‘co llo id a l p h e n o m e n a ,’ 

b ecau se  I  believe  th a t  in  a n  u n d e rs ta n d in g  o f  co llo id a l p h e ­

n o m e n a  lies th e  an sw er to  th e  question .

T h e  co llo id a l c o n tr ib u tio n  to  sh e a r s tre n g th  is th e  re su lt o f  a 

very  co m p lex  a n d  co m p lica ted  p ro cess. O th e rs  h av e  sp o k en  

o n  th is m a tte r  a lread y . I  suggest, w ith  th e  risk  o f  o v er ­

s im p lifica tion , th a t  th e  ex ten t to  w h ich  th e re  exists a  co llo ida l 

c o n tr ib u tio n  to  sh e a r  s tre n g th  is d e te rm in e d  by  th ree  fac to rs :

(1) th e  m ag n itu d e  o f  th e  in te rg ra n u la r  s tre ss ; (2) tim e, since 

th e  w a te r  lay e r w hich  is a d s o rb e d  o n  clay  p a rtic le s  c a n n o t be 

dep ressed  o r  ex p an d ed  qu ick ly  ; a n d  (3) th e  p resen ce  o r  ab sen ce  

o f  la rg e  n e t a ttra c tiv e  fo rces be tw een  p artic les .

N o w  le t us lo o k  a t  th e  G en e ra l R e p o r te r ’s q u es tio n  a n d  see 

w h a t, a t  th e  p re sen t tim e, w e m ay  s ta te  as a  p a r tia l  an sw er to  

th a t  qu es tio n . W e w o u ld  say  th a t  in  m an y  so ils th e  s tren g th  

c o n tr ib u tio n  w hich  w e call co h esio n  is in  som e m a n n e r  d e p en ­

d en t u p o n  th e  in te rg ra n u la r  stress, a n d  h en ce  th e re  is som e 

b asis  fo r  lu m p in g  to g e th e r  a ll co n tr ib u tio n s  to  sh e a r  res is tan ce  

a n d  say ing  th a t  th e  sh e a r res is tan ce  is som e fu n c tio n  o f  th e  

in te rg ra n u la r  stress a t  a  p o in t. C e rta in ly  th is  is a n  a p p ro x i ­

m a tio n , b u t  it m ay  b e  so u n d  fo r  so m e  soils, su ch  as  p re - 

co n so lid a ted  so ils w h ich  a re  given  a  g re a t len g th  o f  tim e  to  

co m e in to  w a te r  c o n te n t eq u ilib riu m . F o r  so ils w here  th e  

tim e  fa c to r  is sh o r t  w e m u s t still re ta in  in  o u r  ex p ressio n  fo r  

sh e a r s tre n g th  som e te rm  w hich  is n o t  d ep en d en t u p o n  th e  

in te rg ra n u la r  stress a t  th a t  tim e ; a n d  in  so ils w h ere  s tro n g  

a ttra c tiv e  fo rces exist betw een  p artic les , su ch  as in  recen t 

m a rin e  clays, th e re  w ill ex ist a  sh e a r re s is tan ce  w h ich  w ill n o t  

ch an g e  w ith  tim e  a n d  w hich  is n o t  d e p en d en t u p o n  th e  in te r ­

g ra n u la r  stress. T h e  ab sence o r  p resen ce  o f  such  ‘c o h e s io n ’ 

is p e rh ap s  asso c ia ted  w ith  w h e th er o r  n o t  a  clay  w ill s lake  w h en  

im m ersed  in  w ater.

A s a  final co n c lu sio n , le t m e suggest o nce  ag a in  th a t  d u rin g  

th e  n ex t few  years w e sh o u ld  co n s id e r th is q u es tio n , n o t  in  

te rm s o f  th e  s ta te m e n t ‘is th e  co h es io n  z e r o ? ’, b u t  in  te rm s o f  

u n d e rs ta n d in g  th e  n a tu re  o f  th is  co llo id a l res is tan ce  a n d  h o w  th e  

co n d itio n s  w hich  ex ist a t  a  given  tim e  m ay  affect th e  degree  th a t  

th is  re s is tan ce  w ill be  p resen t.

A . J. da  Cost a  Nunes (B razil)

M o n sieu r le p ré sid en t, m essieurs, je  v o u d ra is  d iscu te r tro is  

p o in ts  d u  ra p p o r t  général d u  P. C . R u tledge .

Je  c ra in s  q u e  la  co n c lu sio n  p ré sen tée  a u jo u rd ’h u i p a r  le 

ra p p o r te u r  généra l su r  la  lim ita tio n  de  l’u tilisa tio n  des p ieu x  

au x  te rra in s  de  b ase  p u lv é ru len ts  est p e u t-ê tre  t ro p  générale . 

Je  v o u d ra is  à  ce  p ro p o s  m en tio n n e r ce  q u ’a  d it  A . C u m m in g s, 

an c ien  p ré s id en t d u  co m ité  am érica in  d e  m écan iq u e  des so ls à  

la  P u rd u e  C o n fe ren ce  :

(P ile  F o u n d a tio n s — P ro ceed in g s o f  th e  P u rd u e  C o n fe ren ce  o n  Soil 
M ech an ics a n d  its  A p p lica tio n s , 1940.)

In  c o n n e c tio n  w ith  th is  rem o u ld in g  th eo ry , i t  is  w ell to  rem em b e r th a t  
o v er th e  w o rld  th e re  a re  th o u sa n d s  o f  s tru c tu re s  w hich  a re  b e in g  su p p o rte d  
sa tis fac to rily  b y  p iles d riv en  in to  deep  b ed s o f  s a tu ra te d  clay . H o w  th ese  
s tru c tu re s  w o u ld  h av e  b eh av ed  i f  n o  p ile s h a d  b een  u sed  is  la rg ely  a 
m a tte r  o f  con jec tu re .

D a n s  la  d iscussio n  de l ’a rtic le  de  N . B . Hôbbs (3b /8 ) o n  lit d an s 

le r a p p o r t  q u e  ‘ th e  rem ed y  is, o f  co u rse , to  c a s t th e  p iles in  

shells o f  sufficient s tren g th  to  m a in ta in  th e  o rig in a l o p e n  ho le  

a n d  to  su p p o rt  fu lly  th e  co n c re te  o f  th e  p i le ’.

J e  p en se  q u e  l’effet es t p ro v o q u é  p a r  la  fo rce  ascensionnelle  

de  la  v ib ra tio n  em ploy ée p o u r  l’ex écu tio n  d u  p ieu  e t  q u ’on  

p o u r ra i t  aussi év ite r l’acc id en t en  d a m a n t le  b é to n  a u  m o u to n  

o u  b ien  en  le c o m p rim a n t à  l’a ir  co m p rim é , o u  encore , en  fa isan t 

u n  tro u  a u  p ré a lab le  d an s  le te rra in .

F in a lem en t, d an s  so n  ap p ré c ia tio n  de  l ’a rtic le  (3 b /5 ) P . C. 

R u tled g e  d it  q u ’il n ’a p p a ra ît  p as  c la irem en t en  q u o i le flam b ag e  

e s t u n  p ro b lèm e .
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N o u s  v o u d rio n s  éc la irc ir  le fa it qu e , d an s  ce cas p a rticu lie r, 

c o m m e  il es t in d iq u é  d an s  le t i tre  m êm e de l ’a rtic le , il s’ag it 

d e  p ieu x  avec  g ra n d e  h a u te u r  lib re  au -d essu s d u  sol.

L ’é lan cem en t d u  ra p p o r t  e n tre  la  lo n g u e u r lib re  e t  le ra y o n  

d e  g ira tio n  a tte in t, a in si q u ’o n  p e u t le d éd u ire  d u  l ’artic le , 

e n v iro n  130 p o u r  u n  p ieu  de  50 cm  de d iam ètre . Si o n  t ie n t 

c o m p te  d e  la  lo n g u eu r d an s le so l ju s q u ’au  p o in t de  ro ta t io n  o n  

a u r a  e n co re  des ra p p o r ts  p lu s  g ra n d s , d o n c  u n e  réd u c tio n  

rad ica le  de  la  c h a rg e  adm issib le .

A u -d essu s de  la  co te  d ’é ro s io n , le so l es t trè s  ré s is tan t. O n  

a  d u  sab le  assez co m p ac t, d u  sab le  a rg ileu x  au ssi assez  co m p ac t 

e t  de  l’a rg ile  sab lo n n e u se  d u re . L e  n o m b re  de  co u p s d u  

c a ro tt ie r  n o rm a lisé  est d ’e n v iro n  20 à  30, en  m o y en n e  e t la  

ré s is tan ce  à  la  p é n é tra tio n  d u  cô n e  h o llan d a is  est d ’en v iro n  80 

à 150 k g /c m 2.

B. Fel l enius (Sw eden)

In  so u th -w es t Sw eden  th e  G ô ta  riv e r flow s fro m  th e  la rg e  lak e  

V a n e rn  to  th e  N o r th  Sea. O n  th e  b a n k s  o f  th is  riv e r g rea t 

lan d slid es  h av e  o c cu rred  la te ly , n am ely  a t  S u rte  a n d  G ô ta .

T h e  slid e a t  S u rte  is d escrib ed  in  P roceed ings  N o . 5 f ro m  th e  

R o y a l Sw edish  G eo te ch n ica l In s ti tu te  p u b lish ed  in  1952, a n d  

in  P ro ceed ings S e r  C a  N o . 27 fro m  th e  G eo lo g ica l Survey o f  

Sw eden  p u b lish ed  in  1956. T h e  slid e o ccu rred  o n  th e  m o rn in g  

o f  29 S ep tem b er 1950. T h e  Proceed ings  o f  th e  R o y a l Sw edish  

G eo te ch n ica l In s titu te  w as p u b lish ed  b efo re  all in vestiga tio ns

w ere  co m p le ted , b u t  th a t  o f  th e  G eo lo g ica l S urvey is m o re  

co m p le te  a n d  th e  co n c lu sio n s a re  b ased  o n  a ll th e  resu lts  o f  

geo log ical a n d  geo techn ica l investiga tio ns.

T h e  slide a t  G o ta  o c cu rred  o n  7 J u n e  1957 a t  11.25 a .m ., 

a n d  n o  d e ta ils  h av e  yet b een  p u b lish ed . I t  b eg an  in  th e  

so u th e rn  p a r t  o f  th e  slide  a re a . C rack s w ere  o b se rv ed  several 

h o u rs  p re v io u s ly ; these  grew  w id er a n d  w id er a n d  th e  slide 

s ta rte d , w h ich  cau sed  a  flood  w ave. T h e  first sm all slide 

p lu g g ed  th e  riv e r in  th e  so u th , a n d  th e  flo o d  w ave 3 k m  d o w n ­

s tre am  w as 1-5 m  h igh . T h e  w a te r  w h ich  w as ra ised  by  th e  

fo llo w ing  slides co u ld  n o t  flow  d o w n stream , so  th e re  w as a  very  

b ig  flood  w ave go in g  u p s tre am . O p p o site  th e  slid e th e  rise  o f  

th e  w a te r  w as 10 to  20 m  a n d  th e  flo o d  w ave in  th e  u p s tre am  

d irec tio n  w as 6 m  h igh , 1 k m  fro m  th e  slide. B y th e  w a te r ­

p o w er s ta tio n , L ilia  E d e t, 2 k m  u p s tre a m  fro m  th e  slide, th e re  

w ere  tw o  w aves each  3 to  3-5 m  o v er th e  o rd in a ry  w a te r  level.

I t  is p o ssib le  th a t  th e  s ta r t  o f  th e  slid e w as cau sed  by  e ro s io n  

o f  th e  riv e r b an k . T h e  e x ten t o f  th e  slide  in  th e  d irec tio n  o f  

th e  riv e r c a n  be  in d ica ted  by  th e  t ro u g h  th a t  passes a fte r  th e  

h ig h  flood  w ave, b u t  p eo p le  w h o  saw  th e  slid e  d id  n o t  o bserve 

a  tro u g h .

A . Kezdi (H u n g ary )

I  sh o u ld  lik e  to  m ak e  so m e  rem a rk s  o n  th e  fa c to r  o f  safe ty  

o f  slopes. In  th e  case  o f  a  given  slope  w e d e te rm in e  th e  re la ted  

values o f  0  a n d  c, be lo n g in g  to  v =  1, a n d  c o n s tru c t th e  cu rv e

F ig . 4  T h e  s lid e  a t  G ô ta  7, 6, 1957. T h e  u p p e r  p ic tu re , p h o to g ra p h e d  1 1 ,6 , 1957, sh o w in g  th e  s lid e  so m e  d a y s  a f te r  
i t h a p p e n e d : th e  low er, p h o to g ra p h e d  1, 6, 1955, sh o w in g  th e  sam e  p la ce  b e fo re  slid ing . T h e  s tre a m  flow s 
f ro m  le ft to  r ig h t ;  a n d  th e  so u th e rn  p a r t  o f  th e  s lid e  a re a  is to  th e  r ig h t 

G lis se m e n t d e  te r r a in  à  G ô ta ,  le  7, 6, 1957. L a  p h o to  s u p é r ie u re  p r is e  le 11, 6, 1957, m o n tre  l’é ta t  d u  
te r r a in  q u e lq u e s  jo u r s  a p rè s  le  g lis sem en t: la  p h o to  in fé rie u re , p rise  le 1, 6, 1955, m o n tre  l’é ta t  d u  
te r r a in  a v a n t  le g lissem en t. L a  r iv iè re  c o u le  d e  g a u c h e  à  d ro ite  e t  la  p a r t ie  s u d  d u  g lissem en t es t s itu ée  
vers la  d ro ite
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Fig. 5 Curve giving related values o f  c and tan <P, belonging to  the 
limiting state o f equilibrium 

Courbe m ontrant le rap p o rt entre les valeurs c et tan  0  pour 
la limite d’équilibre

Fig. 6 Coulom b lines corresponding to  the points o f curve on  Fig. 5 

Lignes de Coulom b correspondant aux points de la courbe 
dans la Fig. 5

Fig. 7 D éterm ination o f the proportional Coulom b line

D éterm ination de la ligne de Coulom b proportionelle

Horizontal displacement 0
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proportional Coulomb line

Normal stress a
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W o

Com parison o f stability factors as determined by Fröhlich 
and  Taylor

C om paraison des facteurs de stabilité déterminés par F rö h ­
lich et Taylor

Fig. 9 Effect o f  sudden draw -dow n : (a) on limiting slope angle in 
the case o f cohesionless soils; (b) on stability facto r in the 
case o f cohesive soils 

Effet d’une chute de niveau soudaine: (a) sur l’angle d’in ­
clinaison limite dans le cas de sols incohérents; (b) sur le 
facteur de stabilité dans le cas de sols cohérents



s h o w n  in  F ig . 5. T h e  fa c to r  o f  sa fe ty  can  be  d e te rm in e d  fro m  

th e  lin e  co n n e c tin g  th e  p o in t O  a n d  p o in t A  b e lo n g in g  to  th e  

rea l values o f  co h es io n  a n d  f r ic tio n ; th is  in te rsec ts  th e  v = l  

c u rv e  a t  p o in t  A '\  th e  ra t io  o f  th e  tw o  d istances O A  a n d  O A ' 

fu rn ish es th e  fa c to r  o f  safety . T h is  k n o w n  id ea  c a n  b e  ex ­

p a n d e d . W ith  th e  a id  o f  th e  cu rv e  v = l  a ll c o rre sp o n d in g  

C o u lo m b  lines c a n  be  tra c e d  in  th e  system  a, r  a n d  also  th e  

e n v e lo p e  o f  th e m  (F ig . 6). T h e  p rev io u s ly  m en tio n e d  line  

O A  gives in  th e  system  a, t  a  system  o f  ra d ia tin g  lin es w ith  

p o in t O ' as c e n tre ; th e  lin e c o rre sp o n d in g  to  p o in t A '  is 

ta n g e n tia l  to  th e  envelope. T h e  m o re  d is ta n t  th e  effective 

C o u lo m b  line  lies f ro m  th e  en v elo p e  th e  g re a te r  th e  safety . 

T h e  m in im u m  v a lu e  o f  th e  ra t io  o f  co rre sp o n d in g  sh ea rin g  

stresses fu rn ish es th e  fa c to r  o f  safety . I t  is ad v isab le  th a t  th e  

p ro p o r tio n a l C o u lo m b  line , d e te rm in e d  acco rd in g  to  F ig . 7, 

be ta n g e n tia l to  th e  en v e lo p e ; th en , a n  e lastic  s ta te  o f  stress 

d ev e lo p s in  th e  slope.

F ig . 8 co m p ares  th e  s tab ility  fa c to r  d e te rm in e d  acco rd in g  to  

T a y lo r  w ith  th a t  acco rd in g  to  F rö h lich , as a  fu n c tio n  o f  th e  

a n g le  o f  in te rn a l fr ic tio n , fo r  tw o  d iffe ren t s lo p e  angles. T h e  

d ifferences a re  a t  a  m ax im u m , 8 p e r  cen t.

F ig . 9 serves to  d e te rm in e  q u ick ly  th e  effect o f  su d d en  d ra w ­

d o w n . M a k in g  u se  o f  T e rzag h i’s w ell-k n o w n  m e th o d , th e  

s ta b ility  fa c to r  h a s  b een  d e te rm in ed . W ith  fr ic tio n  on ly , th e  

d e te rm in a tio n  o f  th e  lim itin g  s lo p e  an g le  a t  su d d en  d raw -d o w n  

is very  sim p le:

ß ^ O - 5 5  <P

W h e n  th e re  is co h es io n , to o , th e re  a re  d iffe ren t cu rv es fo r  

d iffe ren t <P values. T h e  g re a te r  th e  4>, th e  g re a te r  th e  in fluence 

o f  su d d en  d raw -d o w n .

D . P . Kr ynine a n d  R . J . Woodwa r d (P resen ted  by  R . J.

W o o d w ard ) (U .S .A .)

A  p ro p e r  w ay o f  w ritin g  th e  genera lized  C o u lo m b  e q u a tio n , 

s ta tin g  th e  eq u a lity  o f  th e  d riv in g  a n d  res is tin g  fo rces, d epen ds 

o n  a n  a d e q u a te  u n d e rs ta n d in g  o f  th e  fa c to rs  co n tro llin g  so il 

s tren g th . F o r  exam ple , in  c o n tra s t  to  th e  <f> =  0 m e th o d , w hich  

o m its  fr ic tio n  as  a  c o m p o n e n t o f  so il s tren g th , th e  G en e ra l 

R e p o r te r  p ro p o ses  as a n  item  o f  d iscussio n  th e  essen tia l e lim in a ­

t io n  o f  co h es io n  as a  fa c to r  in  s tab ility  analysis. T h e  G en e ra l 

R e p o r te r  o f  D iv is io n  5 ask s th e  co n feren ce  to  d iscuss if  th e  

<f> =  0  m e th o d  sh o u ld  give p lace  to  th e  C ', <j>', u m e th o d , a n d  fo r 

lo n g -te rm  stab ility  co m p u ta tio n s , even  to  th e  C ' =  0  m e th o d .

T hese  suggestions o f  th e  tw o  G en e ra l R e p o r te rs  re fer, h o w ­

ever, to  h o m o g en eo u s  e a r th  m asses, th ro u g h  w hich  b o th  soil 

m ateria ] a n d  w a te r  a re  d is tr ib u te d  un ifo rm ly . In  su ch  cases 

th e  sh ea rin g  (o r fa ilu re) su rface  is cu rv ed , as b o th  o b se rv a tio n s 

a n d  c o m p u ta tio n s  (e.g. by  F ro n ta rd )  show . K ry n in e  an d  

W o o d w a rd  h av e  o b serv ed  m an y  slides in  n a tu ra l  slopes in 

C a lifo rn ia , h ow ever, in  w hich  slid ing  occu rs o n  a  p rac tica lly  

p la n e  sh ea rin g  su rface , w hich  is ro u g h ly  p a ra lle l to  th e  slope 

o f  th e  g ro u n d  su rface ; a n d  h av e  a rr iv e d  a t  th e  co n c lu sio n  th a t  

su ch  sh e a r fa ilu res a re  d u e  p rim arily  to  g eo tech n ica l n o n - 

u n ifo rm ity  o f  th e  m ass in  w h ich  th e  fa ilu re  h as  o ccu rred . Such 

is th e  case  w hen  a  w ea th e red  m an tle  cov erin g  a  ro c k  o r  stiff clay  

m ass if  slides dow n . In  m an y  o f  these  slides w a te r  fro m  heavy  

o r  p e rs is ten t ra in s  p e rco la tes  d o w n  u n til  a  com ple te ly  sa tu ra te d  

lay er is fo rm e d  a t  th e  in te rface  o f  th e  w ea th e red  a n d  so u n d  

m ate ria ls . T h e  g ro u n d  w a te r  th en  s ta r ts  to  flow  d o w n h ill w ith  

th e  fo rm a tio n  o f  a  te m p o ra ry  aq u ife r. T h e  tra n s fo rm a tio n  

fro m  s ta tic  to  k in e tic  energy  resu lts  in  a  b u ild -u p  o f  bo d y  forces 

cau sed  by  th e  w a te r  flow , w h ich  ad d s  to  th e  g rav ity  ac tio n .

P a p e r  6 /27  by  M . Var gas a n d  E . Pichl er  dep ic ts in  p a r t  a 

s i tu a tio n  very  s im ila r to  th a t  described  ab o v e  a n d  o b serv ed  by 

K ry n in e  a n d  W o o d w a rd  in  C a lifo rn ia . In  th e  slide  o f  P a p e r 

6 /27 , w hich  o ccu rred  in  B razil, th e re  c a n  be n o  q u es tio n  as to

w hy th e  slid ing  su rface  is ro u g h ly  p lan e  ra th e r  th a n  cu rved . 

I t  is m o re  difficu lt to  ex p la in  w hy p la in  sh ea rin g  su rfaces a re  

fo u n d  in  m o re  geo log ically  h o m o g en eo u s slopes, su ch  as 

d escrib ed  in  P a p e r 6 /24  by  A . W . Skempt on a n d  E . A . de Lor y. 
I t  seem s p ro b a b le  th a t  d u r in g  p e rio d s  o f  d ry in g  o u t  o f  a  clay  

m ass th e  u p p e r  lay er n e a r  th e  su rface , w hich  m ay  b e  ca lled  

lay er A , loses w a te r  a n d  acq u ires  s tre n g th  b ecau se  o f  desicca tio n . 

T h is  effect g ra d u a lly  decreases w ith  d e p th ; u n d e r  th e  d esiccated  

m a te r ia l th e re  is a  fu lly  sa tu ra te d  layer, w h ich  w e m ay  ca ll lay er

B , a n d  w hich  h as  co n s id e rab le  s tren g th , p a r tly  becau se  o f  

n eg a tiv e  p o re  p re ssu re  (ten sio n ) n e a r  its  u p p e r  b o u n d a ry . R a in  

w a te r  m ay  in filtra te  th ro u g h  th e  fissures o f  th e  u p p e r  d ry  layer 

w ith o u t seriou sly  d am ag in g  it. T h e  un d erly in g  sa tu ra te d  layer, 

h ow ever, a t  le a s t n e a r  its  u p p e r  b o u n d a ry , m ay  be seriously  

w eak en ed , th u s  th e  u p p e r  lay er A  lo ses th e  su p p o rt  o f  lay e r B  

a n d  b ecom es u n s tab le .

W e w ish  to  ca ll th e  a tte n tio n  o f  th e  co n feren ce  to  th e  genera l 

in ad eq u acy  o f  th e  te rm  ‘c o h e s io n ’, w h ich  in  som e cases is m is ­

le ad in g : th is  is especia lly  t ru e  w hen  a  la rg e  so il lay er ten d s  to  

m o v e  w ith  resp ec t to  th e  u n d erly in g  m ass, w ith o u t re su ltin g  in  

a  sh o r t  tim e  fa ilu re , as h a p p e n s  in  th e  case  o f  creep . O u r 

m echan ics is still a  m ech an ics o f  p o in ts  (rem em b er th e  M o h r 

circ le) w hereas w h en  d ea lin g  w ith  a  so il m ass w e n eed  a  

m ech an ics o f  ‘fie ld s’. T h e  te rm  ‘b o n d ’ m ay  o ften  d ep ic t th e  

s i tu a tio n  in  th ese  c ircu m stan ces b e tte r  th a n  co h es io n  a n d  

fric tio n . W e u se  th e  te rm  in  o u r  p ra c tice  a n d  w ere  q u ite  

sa tis fied  in  fin d in g  it  in  P ap e rs  6/11 b y  M . Gol dst ein a n d  G. 
Ter -St epa nia n a n d  la /3 1  by  U . Nasciment o. I t  sh o u ld  a lso  

b e  a d d e d  th a t  in  m an y  cases th e  decrease  o f  ‘c o h e s io n ’ a f te r  a 

p e r io d  o f  tim e  is sim ply  th e  re su lt o f  fa tig u e  o f  th e  e a r th  

m a te r ia l u n d e r  th e  a c tio n  o f  rev ersib le  stresses w h ich  h av e  gone 

th ro u g h  m an y  cycles o f  reversa l.

A . W . Skempt on (U .K .)

I  sh o u ld  lik e  to  co m m e n t o n  a  to p ic  w h ich  seem s to  h av e  

g iven  rise  to  som e co n fu sio n  in  th is  con feren ce , nam ely , th e  

q u es tio n  o f  w h e th e r th e  co h es io n  in  clays is zero . T h e  n a tu ra l  

slopes in  L o n d o n  clay , d escribed  in  P a p e r  6 /24  by  E . A . 

DeLor y a n d  m yself a n d  P a p e r 6 /12  by  D .  J . Henkel , sho w  th a t 

in  cu ttin g s  a n d  slopes th e  co h es io n  in te rcep t ten d s to  zero  w ith  

in creasin g  tim e  a f te r  th e  clay  is exposed . T h is  co h es io n  in te r ­

c e p t is s im ply  o n e  o f  th e  te rm s in  th e  C o u lo m b  e q u a tio n  fo r  

sh e a r stren g th . I t  is n o t  th e  tru e  co h es io n , a n d  it is d u e  to  o v er ­

co n so lid a tio n . N o rm a lly  co n so lid a ted  clays h av e  n o  co hesion  

in te rcep t.

W h a t w e h av e  sh o w n , in  effect, is th a t  th e  effects o f  o v e r ­

co n so lid a tio n , as expressed  by  th e  co h es io n  in te rcep t, a re  

‘w ashed  o u t ’ o f  th e  clay  in  th e  co u rse  o f  tim e : th a t  does n o t  

m ean  th a t  th e  tru e  p h y sica l co h es io n  o f  th e  c lay  is d estro yed . 

A s defined  by  H vorslev , fo r  exam ple , t ru e  co h es io n  is p re sen t 

in  a  n o rm a lly  co n so lid a ted  clay , ju s t  a s  in  a n  o v er-co n so lid a ted  

c lay. W h a t w e a re  suggesting  is th a t  w h en  a n  ov er-co n so lid a ted  

clay  is ex posed  in  a  c u ttin g  o r  a  slope, w ea th e rin g  a n d  in te rn a l 

so ften in g  a lo n g  fissures w ill u ltim a te ly  red u ce  th e  clay , in  effect, 

to  a  n o rm a lly  c o n so lid a ted  clay . T h a t  is, th e  co h es io n  in te r ­

c ep t ten d s  to  zero  w ith  tim e in  these  cases.

I w ish  to  em phasize , th e re fo re , th a t  in  d iscussin g th e  co h es io n  

in te rcep t w e a re  n o t  say ing  an y th in g  a b o u t tru e  cohesion .

A . C . Meigh (U .K .)

I  w ish  to  p re se n t som e field d a ta  co n ce rn in g  th e  sh o rt- te rm  

stab ility  o f  steep  ex cav a tio n  slopes in  L o n d o n  clay , a n d  discuss 

briefly th e  p ro b lem  o f  e s tim a tio n  o f  th e  s tab ility  o f  such  slopes. 

T h e  p o in ts  I  sha ll m ak e  a re  re lev an t to  T o p ic  fo r  D iscu ssio n  

N o . 2, a n d  also  to  th e  G en e ra l R e p o r te r ’s co m m en ts  c o n ­

c e rn in g  the  use  o f  effective-stress sh e a r-s tre n g th  p a ram e te rs  in
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(a'.L* -'"____________________27 r—________________
Blue London clay -31— '  Blue London clay

(A) (B) (C)
F ig . 10 L o n d o n  c lay  a t  a  s ite  in  E ssex . (A) s lip  a f te r  1 d a y ; ( 5 )  s lip  a f te r  19 d a y s ; (C )  s till s ta b le  a f te r  4 m o n th s

A rg ile , L o n d o n  c lay , d a n s  le  c o m té  d ’E ssex . (A ) g lis sem en t a p rè s  1 j o u r ;  (B) g lissem en t a p rè s  19 jo u r s ;  (C )  to u jo u r s  s ta b le  a p rè s

4  m o is

s tab ility  analyses in  p re feren ce  to  th e  u se  o f  to ta l  stress 

p a ram ete rs .
I t  is w ell k n o w n  th a t  th e  use  o f  th e  u n d ra in e d  s tre n g th  o f  a n  

o v er-co n so lid a ted  clay  su ch  as  th e  L o n d o n  clay  in  th e  <j> =  0 

analysis  w ill le ad  to  ca lcu la ted  fa c to rs  o f  sa fe ty  w h ich  a re  

g rea tly  in  excess o f  th e  t ru e  lo n g -te rm  fa c to r  o f  safety . I t  is 

a lso  k n o w n , th ro u g h  th e  w o rk  o f  A . W . S k em p to n  a n d  D . J . 

H en k e l, th a t  lo n g -te rm  stab ility  c a n  b e  e s tim a ted  o n  th e  basis 

o f  an  effective-stress analysis , ta k in g  in to  ac c o u n t a  p ro g ressiv e  

decrease  in  c, th e  effective co h es io n  in te rcep t. H o w ev er, as a  

p re lim in a ry  to  th e  e s tab lish m en t o f  th e  lo n g -te rm  co n d itio n  

th e re  m u st b e  a  re -d is tr ib u tio n  o f  th e  excess p o re  p ressu res, 

p rin c ip a lly  n eg a tiv e  p o re  p re ssu res , set u p  by  th e  stress changes. 

F o r  a  r ig o ro u s  es tim a te  o f  sh o rt- te rm  s tab ility  w e w o u ld  th e re ­

fo re  re q u ire  to  k n o w  th e  tra n s ie n t c o n d itio n s  o f  p o re  p ressu re , 

a n d  th e  p ro b le m  is fu r th e r  co m p lica ted  by  th e  effects o f  o p en in g  

o f  th e  fissures. T h e  p ro b le m  o f  sh o rt- te rm  stab ility  is in  fac t 

so  com p lex  th a t  i t  is d o u b tfu l w h e th e r a  sa tis fac to ry  so lu tio n  

c a n  b e  fo u n d  o n  th ese  lines. In  cases w here  ex cav a tio n s a re  

on ly  re q u ire d  to  be  o p e n  fo r  a  few  w eeks, i t  is u n eco n o m ica l to  

design  fo r  th e  e q u ilib riu m  p o re  p re ssu re  co n d itio n s , u s in g  an  

effective-stress analysis, even  i f  th e  fu ll v a lu e  o f  c’ is u se d ; w e 

a re  fo rced  to  re ly  o n  s tab ility  analyses u sin g  th e  <f> =  0 m e th o d  

a n d  b ased  o n  a n  es tim a te  o f  th e  red u ced  sh e a r  s tren g th .

F ig . 10 show s sec tions th ro u g h  th re e  slopes o f  d eep  ex cav a ­

t io n s  in  th e  L o n d o n  c lay  a t  a  site  in  Essex. S lo p e  A ,  w h ich  h as 

a  to ta l  h e ig h t o f  48-5 ft ., fa iled  w ith in  1 d ay  o f  c o m p le tio n  o f  

ex cav a tio n . T h e  firs t sign  o f  fa ilu re  w as a  b u lg in g  a t  th e  

ju n c tio n  o f  th e  b ro w n  clay  a n d  th e  u n d erly in g  b lu e  clay, 

fo llo w ed  by  a  slip in to  th e  lo w er b e rm ; 4 h o u rs  la te r  th e  slip 

ex ten d ed  b a c k  in to  th e  m a rsh  clay , a n d  som e 5 h o u rs  la te r , b ack  

in to  th e  fill. A  s tab ility  analysis sho w ed  th a t  th e  s tre n g th  o f  

th e  b ro w n  L o n d o n  clay  necessary  fo r  eq u ilib riu m  w as 970 lb ./  

sq . ft. c o m p ared  w ith  a n  av erag e  m easu red  s tre n g th  o f  a b o u t

1,700 lb ./sq . ft.
T h e  seco n d  slope  (B ), w h ich  h as a  to ta l  h e ig h t o f  45 ft ., a lso  

failed , b u t  a f te r  a  p e r io d  o f  19 days. In  th is  case  th e  s tren g th  

re q u ired  fo r  s tab ility  is 890 lb ./sq . ft.

T h e  th ird  slo p e  (C ), w h ich  h as a  to ta l  h e ig h t o f  on ly  23 ft., is 

still s tab le  a f te r  som e 4 m o n th s ;  th e  s tre n g th  re q u ire d  fo r 

eq u ilib riu m  is o n ly  650 lb ./sq . ft.

T hese  re su lts  sh o w  th a t  th e  re d u c tio n  in  sh e a r s tre n g th  w ith  

tim e, fo llo w ing  ex cav a tio n  in  th e  L o n d o n  clay , p ro g resses  a t  an  

u n exp ected ly  fa s t ra te  in  th e  early  stages.

D . J . Henkel  (U .K .)

I  w ish  to  give so m e  d e ta ils  o f  th e  types o f  fa ilu re  th a t  a re  

o ccu rrin g  o n  L o n d o n  clay  slopes o n  th e  N o r th  K e n t C o as t 

w h ere  th e  to es  o f  th e  slopes a re  b e in g  e ro d e d  by  th e  sea.

In  th e  large-sca le  c ircu la r  a rc  ty p e  o f  fa ilu re , fo llo w ed  by  th e  

d ev e lo p m en t o f  m u d  flow s in  ho llow s le ft by  m o v em en t o f  a  

la rg e  m ass o f  m a te ria l, th e  sh o u ld e rs  left be tw een  ad jacen t

slides a re  very  steep  b u t  even  in  w et w ea th e r th ey  re m a in  very  

d ry  a n d  stab le . W a te r  d ra in s  o u t  o f  th ese  sh o u ld ers  in to  th e  

ho llow s a n d  th e  p o re  p re ssu re  in  th e  sh o u ld e rs  is co n seq u en tly  

very  low . N ea rly  a ll th e  m a te r ia l rem o v ed  f ro m  th e  slopes is 

c a rr ie d  aw ay  in  th e  m u d  flow s in  th e  ho llow s. T h e  av erag e  

s lope  f ro m  th e  b each  to  th e  to p  o f  th e  slopes in  th e  a re a  w here  

th e  m u d  flow s a re  o ccu rrin g  is 1 in  3 a n d  th e  o v era ll h e ig h t o f  

th e  slopes a b o u t 200 ft.

G . Ter -St epa nia n (U .S .S .R .)

O n e  o f  th e  p ro m is in g  b ra n ch es  o f  so il m ech an ics  is th e  in ­

v es tig a tio n  o f  d e fo rm a tio n  p ro p e rtie s  o f  so ils  d u r in g  sh ea r. 

T h e  resu lts  o f  such  in v estig a tio n s m u s t se rve  as  a  b as is  fo r  th e  

c o m p u ta tio n  o f  e a r th  s lope  m o v em en ts  in  th e  in itia l p h a se  o f  

a  lan d s lid e  p ro cess, o r  w h a t w e h av e  ca lled  th e  p h a se  o f  d e p th  

c reep  o f  slopes. T h e  in v estig a tio n  o f  th e  d e p th  creep  o f  slopes 

c an  re n d e r a n  in v a lu ab le  se rv ice  in  p re d ic tin g  th e  c a ta s tro p h ic  

p h a se  o f  e a r th  slo p e  m o v em en t a n d  in  design  o f  rem ed ia l w orks 

in  th e  s tag e  w hen  th e  lan d s lid e  c o rre c tio n  is m o s t effective.

In  su ch  cases a  k n o w led g e  o f  th e  m ech an ism  o f  a  lan d slid e  

b ased  o n  th e  re la tio n sh ip  b e tw een  th e  in ten s ity  o f  th e  lan d slid e  

p ro d u c in g  fa c to rs  a n d  th e  ra te  o f  d isp lacem en t c a n  h e lp  in 

e s tim a tin g  th e  p ro p e r  tim e a n d  a m o u n t  o f  co rre c tio n  w o rk  

necessary . T h ese  re la tio n sh ip s  a re  very  in te re s tin g  f ro m  b o th  

th e  th eo re tic a l a n d  p ra c tica l p o in ts  o f  view , sho w ing  th e  lo ca li ­

z a t io n  o f  th e  sea t o f  th e  lan d slid e , a n d  its  d ev e lo p m en t a n d  

m ig ra tio n  as  w ell. Such  d a ta  c a n  se rve as  a n  im p o r ta n t 

a p p e n d ix  to  th e  re su lts  o f  field e x p lo ra tio n , th e  significance o f  

w h ich  m u s t n o t  be  u n d e r-e s tim a ted .

D u rin g  th e  la s t th re e  decades m an y  o b se rv a tio n s  o f  lan d slid e  

m o v em en ts w ere  m a d e  in  d ifferen t p a r ts  o f  th e  Soviet U n io n , 

a n d  v a lu ab le  d a ta  w ere  collected . O n e  o f  th e  re su lts  o f  th is  

h a s  b een  th e  d ev e lo p m en t o f  a  m e th o d  o f  field  o b se rv a tio n . I t  

is w ell k n o w n  th a t  th e  re feren ce  p o in t m e th o d  in  m an y  cases 

d oes n o t  give sa tis fac to ry  p rec is io n , a n d  th a t  th e  tria n g u la tio n  

m e th o d  consum es m u ch  tim e w h en  efforts a re  m a d e  to  increase  

th e  p rec is io n  o f  th e  resu lts.

W e h av e  dev elo p ed  th e  g rap h ica l d ifferen tia l m e th o d  w hich  

p e rm its  m an y  s im u ltan eo u s read in g s by  m ean s o f  o p tica l th e o ­

d o lites to  b e  m ad e  fro m  fixed sta tio n s  o n  th e  sam e  m o v in g  p o in t 

o n  th e  landslide . U sin g  th is  m e th o d  o n  m ed ium -sized  la n d ­

slides, ap p ro x im ate ly  300 m  in  w id th , w e h av e  o b ta in e d  an  

accuracy  o f  m easu rem en t ran g in g  fro m  2 to  4  m m .

O b serv a tio n s m ad e  o n  a  la rg e  lan d slid e  in  o ligocene clays in 

T ran scau cas ia  p e rm itte d  th e  m a in ten an ce  o f  safe  ra ilw ay  traffic 

fo r  severa l years. In  a n o th e r  case  th e  c a ta s tro p h ic  p h a se  o f  th e  

lan d slid e  in  low er c re taceo u s clays o n  th e  V o lga  riv e r w as p re ­

d ic ted ; th e  slide  ac tu a lly  h ap p e n e d  severa l m o n th s  a fte rw ard s.

W e believe th a t  lan d slid e  m o v em en t o b se rv a tio n s  o f  th is  

s o r t w ill be  o f  th e  sam e  v a lu e  fo r  th e  in v estig a tio n  o f  th e  la n d ­

s lide m ech an ism  as se ttlem en t o b se rv a tio n s  h av e  been  necessary  

fo r  th e  u n d e rs ta n d in g  o f  th e  science o f  fo u n d a tio n s .
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F ig . 11 C ro ss -se c tio n  th ro u g h  th e  b a n k  a t  a  s lip  site  

S c h é m a  d e  la  d ig u e  a  l’e n d ro it  d u  g lissem en t

ft

A . Ma r sl and (U .K .)

I  sh o u ld  like  to  m ak e  a  few  co m m e n ts  in  re la tio n  to  P a p e r 

6 /19  by  R. Pet er son, N . L . Iver son a n d  P. J . Riva r d.
Since th e  c a ta s tro p h ic  floods ea rly  in  1953 I h av e  b een  s tu d y ­

ing  th e  v a rio u s  asp ects o f  flood  b a n k  failu res. O n e  o f  th e  

p ro b lem s is th e  s tab ility  o f  b an k s  b u ilt  o n  so ft a lluv ia l d e p o s its ; 

th e se  co n sis t o f  very  so ft o rg an ic  silty  clays in te rsp ersed  w ith  

p e a t  h av in g  a  to ta l  th ickness o f  30 to  40  ft. a n d  res tin g  in  tu rn  

o n  g ravel o r  firm  L o n d o n  clay . T h e  L L  o f  th e  clays is in  th e  

ra n g e  o f  90  to  150, th e  P L  30 to  70, a n d  w ith  m o is tu re  co n ten ts  

a p p ro a c h in g  th e  L L . U n d is tu rb e d  u n co n fin ed  sh e a r s tren g th s 

a re  in  th e  ran g e  350 to  550 lb ./sq . ft. w ith  fu lly  rem o u ld ed  

s tren g th s  a b o u t  o n e -q u a r te r  o f  th ese  values.

M a n y  slip s o c cu rred  d u r in g  th e  em ergency  rec o n s tru c tio n  

w o rk s  d u e  to  th e  in c reased  h e ig h t o f  th e  reb u ilt  b an k s . E sti ­

m a te s  o f  th e  fa c to r  o f  safe ty  using  u n co n fin ed  co m p ressio n  tests 

a n d  <f> =  0  ana lyses w ere  in  th e  ran g e  o f  0-9 to  1 1 fo r these  c o n ­

s tru c tio n a l fa ilu res, w h ich  to o k  th e  fo rm  o f  la n d w a rd  slips 

ex ten d in g  to  th e  b o rro w  p it. T h ese  fa ilu res w ere  easily 

rem ed ied  by  m ak in g  a  new  b o rro w  p it  a t  a  g re a te r  d is tan ce  fro m  

th e  b an k .

A  m u ch  m o re  serio u s p ro b le m  w as th e  o ccu rren ce  o f  de layed  

s lip s o n  th e  riv e r side  o f  so m e  o f  th e  b an k s  a lo n g  th e  R iv e r 

T h am es. A  c ro ss-sec tio n  th ro u g h  th e  b a n k  a t  su ch  a  slip site  

is sh o w n  in  F ig . 11, w h ich  a lso  show s th e  p o s itio n s  o f  p o re  

p re ssu re  p o in ts  in sta lled  as  th e  fa ilu re  d eveloped . In  th is  case 

sm all ten s io n  c rack s d id  n o t  a p p e a r  u n til 18 m o n th s  a f te r  re c o n ­

s tru c tio n  w as co m p le ted . F ro m  th is  stag e  level a n d  d is tan ce  

o b se rv a tio n s  w ere  m ad e  o n  steel pegs sp aced  ap p ro x im ate ly

10 ft. a p a r t  o v er th e  cro ss-sec tion . D u rin g  th e  n ex t 3 m o n th s  

th e  b a n k  slip p ed  a t  a lm o s t a  stead y  ra te , th e  c re s t d ro p p in g  by  

m o re  th a n  2 ft. a n d  th e  ‘to e ’ liftin g  a b o u t  7 in . T h e re  w as a  

s lig h t ten d en cy  fo r th e  ra te  o f  m o v em en t to  increase  d u rin g  

p e rio d s  o f  h ig h e r tid es. T h e  fa c to rs  o f  safe ty  ca lcu la ted  using  

<j> =  0 a n d  effective stress analyses u sin g  th e  m easu red  p o re  w a te r 

p re ssu res  w ere  o f  th e  o rd e r  o f  1 -4 a n d  1 -2 respectively . T his  

d ifference  be tw een  th e  <f> = 0  a n d  th e  effective stress analysis 

c o u ld  possib ly  be ex p la in ed  by  th e  re -d is tr ib u tio n  o f  p o re  

p ressu re .

A  sign ifican t fa c to r  in  th is  ty p e  o f  fa ilu re  is, how ever, in  m y 

o p in io n , th e  la ck  o f  a  defin ite  ru p tu re  a t  th e  toe . In  th e  less 

d e lay ed  fa ilu res th e  h eav e  a t  th e  to e  w as a n  ap p rec iab le  p ro p o r ­

t io n  o f  th e  d o w n w ard  m o v em en t a t  th e  crest, a n d  a  defin ite  

ru p tu re  o ccu rred , in d ica tin g  a  co n d itio n  ap p ro x im a tin g  to  th a t  

u sed  in  c ircu la r slip  analysis. In  th is  case, how ever, th e  m ax i ­

m u m  u p w a rd  m o v em en t a t  th e  to e  w as on ly  a b o u t o n e -q u a rte r  

o f  th e  to ta l  d o w n w ard  m o v em en t a t  th e  c re s t a n d  th e  u p h eav a l

zo n e  w as v irtu a lly  sm o o th . Is it n o t  possib le , th e re fo re , to  

ex p la in  b o th  th e  slow  d ev e lo p m en t o f  th is  fa ilu re  a n d  th e  excess 

o f  th e  ca lcu la ted  fac to rs  o f  safe ty  by  p las tic  d e fo rm a tio n s  u n d e r 

p a r tia lly  m ob ilized  sh e a r fo rces p a r ticu la r ly  in  the  passiv e  p a r t  
o f  th e  slip ?

T h ese  asp ects on ly  cover p a r t  o f  th is  in te restin g  study , b u t  I 

feel th a t  th e  ra te  an d  ex ten t o f  th e  s tra in s  dev e lo p ed  a re  a n  

im p o r ta n t a sp ec t in  th e  p ro b lem  o f  em b an k m en ts  o n  soft 

fo u n d a tio n s . In  consequence , I  feel th a t  th e  p a p e r  by P e te r ­

so n  el al. w o u ld  be m u ch  m o re  v a lu ab le  if  de ta iled  n o tes  w ere 

m a d e  o f  th e  tim e  o f  th e  fa ilu re  a f te r  c o n s tru c tio n  a n d  th e  ra te  

o f  slipp ing , to g e th e r  w ith  th e  fac to rs  o f  safe ty  fo r each  case.

I. Th . Rosenquist  (N o rw ay )

T h e  q u es tio n  o f  th e  sh e a r  s tre n g th  o f  so ils in  n a tu ra l  slopes 

w as m en tio n ed  by  th e  G en e ra l R e p o rte r , w ho  re fe rred  to  c o n ­

fu s io n  in  th e  d iscussio n  o f  th e  co n cep t o f  cohesion . R . V.

F ig . 12

W h itm an  in th is  co n n e c tio n  re fe rred  to  th e  co llo id a l p ro p ertie s . 

S. Ma t suo h a s  p re sen ted  P a p e r 6 /15  o n  th e  effect o f  c a tio n
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exchange o n  th e  s tab ility  o f  slopes, a n d  fro m  th is  it  m ay  be  

in fe rred  th a t  th e  in flu ence o f  th e  c a tio n  exch an g e  is a n  im ­

p o r ta n t  one.

F o r  a b o u t  15 years w e h av e  w o rk ed  o n  th e  co n ce p t o f  c a tio n  

ex ch an g e  a n d  th e  ca tio n s  a b so rb e d  o n  c lay  m in era ls , a n d  I  

sh o u ld  like  to  sho w  som e resu lts  as to  th e  L L  o f  tw o  clays 

d ep en d in g  o n  th e ir  ca tio n s . F ro m  th ese  re su lts , it is sh o w n  in  

F ig . 12 th a t  base  exchange in  so ils h a s  a n  in flu ence u p o n  th e  L L , 

b u t  th is  d ep en d s also  u p o n  th e  n a tu re  o f  th e  m in era l, a n d  as lo n g  

a s  n o th in g  is s ta te d  as to  th e  m in era lo g ica l c o n d itio n s  in  

M a tsu o ’s p a p e r  th e re  is difficulty in  fin d in g  o u t  w h a t th e  

chang es m en tio n ed  by  h im  m ean . M a tsu o  h a s  h o w ev er ce r ­

ta in ly  sh o w n  th a t  base  exchange has a n  in fluence u p o n  th e  sh ear 

s tren g th .

A ll th e  re su lts  lead  u s to  assu m e th a t  th e  L L  o f  a  so il d ep en d s 

solely u p o n  th e  fo llo w ing  th re e  fac to rs : (1) th e  a m o u n t a n d  

n a tu re  o f  th e  m in e ra ls ; (2) th e  degree  o f  e lec tro ch em ica l 

s a tu ra tio n ; a n d  (3) p o la rizab ility  o f  th e  a d so rb e d  ions. T h e  

sh e a r  s tre n g th  o f  th e  so il d ep en d s u p o n  fa c to rs  1, 2, 3— th e  

sam e  fac to rs  as a re  in flu encin g  th e  L L — b u t a lso  u p o n  th e  stress 

c o n d itio n  a n d  stress h is to ry , th e  w a te r  c o n te n t, a n d  th e  d ia- 

g en e tic  c em en ta tio n  b e tw een  th e  m inera ls .

A. L. Lit t l e (U.K.)

I  w an t to  sp e ak  o n  P a p e r  6/3  by  M . Ba r -Sha ny, G . Kor l a t h  

an d  J. G . Zeit l en w h ich  describes th e  u se  o f  fa t  c lay  in  a  d am  

c o n s tru c tio n  in  Is rae l. M y  firm  is c o n fro n te d  w ith  th e  p o ss i ­

b ility  th a t  it  m ay  h av e  to  u se  a  fa t  clay  to  b u ild  a  d am  a b o u t 

90 ft. h igh  in  E n g lan d . T h is m a te r ia l h as  a  L L  o f  65 p e r  cen t 

ap p ro x im a te ly , a n d  th a t  co m p ares  rea so n ab ly  w ell w ith  th e  clay 

d escribed . I  w as very  en co u rag ed  to  fin d  th a t  in  Is ra e l th ey  

h a d  b een  b o ld  en o u g h  to  u se  clays w ith  L L  fro m  71 to  95 p e r 

cen t, an d , m o reo v e r, th ey  h a d  b u ilt  a  d am  24  m  h igh , th a t  is, 

a b o u t  75 ft. h igh , a n d  th ey  h a d  even  c o n tem p la ted  ra is in g  it 

ev en tu a lly  to  a b o u t  100 ft. I  a m  th e re fo re  in te re s ted  in  c o m ­

p a r in g  th e  b eh a v io u r o f  th e  d am s w hich  h av e , b een  b u ilt  in  

Is rae l w ith  fa t clay  w ith  tw o  very  sm all d am s w h ich  m y  firm  

h as co m p le ted  in  th is  co u n try .

T h e  tw o  d am s a re  a b o u t  th e  sam e h e ig h t as th e  o n e  a t  B eit 

N e tu fa , th a t  is, a b o u t  1 1 m  h igh . F o r  b o th  d am s w e u sed  

c lay  w ith  L L  ran g in g  fro m  65 to  88 p e r  cen t, b u t  th e re  w as 

in c o rp o ra te d  in  th e  d o w n stream  slope  som e m a te r ia l w ith  a  

L L  as  low  as 43 p e r  cen t. A lth o u g h  th e  d am s w ere  a t  d ifferen t 

sites, w ith  clays o f  q u ite  d ifferen t geo log ical ages, th e  tw o  clays 

w ere  b o th  stiff, fissured  clays, heav ily  o v er-co n so lid a ted , 

resem b lin g  on e  a n o th e r  in  th e ir  gen era l p ro p e rtie s .

W e m easu red  th e  p o re  w a te r  p re ssu re  in  th e  d am s d u rin g  

c o n s tru c tio n  a n d  a fte rw a rd s  w ith  th e  B .R .S . a d a p tio n  o f  th e  

U n ite d  S ta tes B u rea u  o f  R ec la m a tio n  ty p e  p iezo m ete r tip s  a n d  

w e m a d e  o b se rv a tio n s  th a t  ag ree  q u ite  w ell w ith  th o se  m a d e  o n  

th e  Is rae l dam s. W e also  o b serv ed  n egativ e  p o re  w a te r  p re s ­

su re  ran g in g  d o w n  to  a b o u t — 4 lb ./sq . in ., a lth o u g h  so m e  o f  th e  

p o re  w a te r  p re ssu res  w ere  a  little  h ig h e r th a n  th a t  a n d  som e o f  

th em  even cam e  in to  th e  p o s itiv e  ran g e , a lth o u g h  th ey  w ere  

still very  low . T h e re  does seem  to  be, o v e r a  p e r io d  o f  a b o u t 

18 m o n th s , som e ten d en cy  fo r  th e  p ressu res to  increase  sligh tly , 

b u t  th ey  re m a in  very  low  indeed .

I  p re su m e  th a t  th e  n eg a tiv e  p o re  w a te r  p re ssu res  a re  a s ­

so c ia ted  w ith  th e  sw elling o f  th e  clay , a s  th e  a u th o rs  o f  th e  

p a p e r  say. O bv io usly , i f  such  sw elling is ta k in g  p lace , i t  m u st 

b e  acco m p an ied  by  a  seriou s d ro p  in  s tren g th , a n d  it  is necessary  

to  ta k e  th is d ro p  in  s tren g th  in to  acco u n t in  th e  design . F o r  th e  

s tab ility  analysis w e w o rk ed  o n  th e  <£ =  0 b as is a n d  e n su red  th a t  

th e  d am  w o u ld  rem a in  s tab le  even  th o u g h  th e  co h esio n  sh o u ld  

d ro p  to  as low  as 400 lb ./sq . ft. I t  is n o t  necessary  to  co n s id e r 

a  d ro p  be low  th is  v a lu e  b ecau se  w ith  th e  very  long  p e r io d  

re q u ired  fo r  th e  co h esio n  to  d ro p  to  zero , th e  use fu l life o f  th e

d a m  w ill b e  te rm in a te d  f ro m  o th e r  co n s id e ra tio n s  a t  a  m u ch  

ea rlie r d a te .

I  w as a lso  in te res ted  in  th e  a u th o rs ’ rem a rk s  o n  d ra in ag e . 

T h ey  p o in t o u t  th a t  ro c k  to es  o r  d ra in a g e  d itches a re  n o t  rea lly  

very  sa tis fac to ry  fo r  d am s o f  th is  type. O n  th e  o th e r  h a n d , 

in  th e  tw o  d am s w hich  I  am  describ ing , fa irly  ex tensive  b la n k e t 

u n d e rd ra in s  w ere  p laced  b e n e a th  th e  d o w n stream  slopes a n d  

th ey  a p p e a r  to  be  q u ite  s a t is fa c to ry . . T h e re  is u su a lly  a  sm all 

b u t m easu rab le  d isch arg e  fro m  th e  d ra in s .

I n  th e  case  o f  co m p ac tio n , o u r  experience  fav o u rs  ru b b e r-  

ty red  ro lle rs. O n  b o th  d am s w e h a d  ru b b e r-ty re d  eq u ip m en t—• 

in  o n e  case  th e  c o n s tru c tio n  e q u ip m en t, a n d  in  th e  o th e r  case  

a  specia l co m p ac tin g  ro lle r;  it w as alw ays p ossib le  to  o b ta in  

95 p e r  cen t o f  th e  P ro c to r  m ax im u m  d ry  density  w ith o u t u n d u e  

effo rt. A  c u t h a d  to  be  m ad e  th ro u g h  o n e  o f  th ese  b a n k s  in  

c o n n e c tio n  w ith  th e  in s ta lla tio n  o f  th e  p o re  w a te r  p re ssu re  

a p p a ra tu s , a n d  th is  rev ea led  a  dense  h o m o g en eo u s  m ass, a n d  

th e re  seem ed  to  be  n o  v isual ev idence o f  stra tif ica tio n . F ro m  

th is  a n d  fro m  density  tests  w e co n c lu d ed  th a t  th e  m e th o d  o f  

c o m p ac tio n  w as q u ite  sa tisfac to ry .

W e fo u n d  th a t  a  sh eep sfo o t ro lle r  te n d e d  to  ge t b a lled  u p , 

a n d  o n  o n e  site  th e  c o n tra c to r  rem o v ed  th e  fee t f ro m  th e  sheeps ­

fo o t ro lle r  in  o rd e r  to  m ak e  it in to  a  sm o o th  ro lle r.

T h e  m o is tu re  c o n te n t in  th e  b o rro w  p it  w as a b o u t r ig h t fo r  

p lac in g  b u t  d u r in g  tra n sp o r tin g  a n d  p lac in g  th e re  w as a  

ten d en cy  fo r  th e  fill to  d ry  o u t, w h ich  red u ced  th e  m o is tu re  

c o n te n t by  a b o u t 1 p e r  cen t. In  h o t  d ry  w ea th e r it  w as neces ­

sary  to  d o  so m e w aterin g . I t  w as fo u n d , in  fac t, th a t  th e re  w as 

a  sligh t su rface  d ry in g  o u t  i f  th e  b a n k  w as le ft fo r  a  lo n g  tim e, 

a n d  it  w as th e n  necessary  to  sc rap e  o ff p e rh a p s  2 o r  3 in . b e fo re  

th e  n ex t lay er co u ld  be p laced .

O . de Schna kenbour g (F ran ce)

M o n sieu r le  p ré s id en t, m esdam es, m essieurs, m e  ré fé ra n t à  

l ’avis d u  R a p p o r te u r  G é n é ra l c o n c e rn a n t le  m a n q u e  d e  p u b li ­

c a tio n  to u c h a n t les m a té r ia u x  graveleux , je  so u h a ite  v o u s 

c o m m u n iq u e r q u e lq u es ré su lta ts  acq u is  lo rs  d e  l ’é tu d e  e t  

p e n d a n t la  p re m iè re  an n ée  de  c o n s tru c tio n  d u  b a rra g e  de  Serre- 

P o n ço n  su r  la  D u ran ce .

II s ’a g it d ’u n  n o y a u  cen tra l assis su r  u n e  c o u p u re  é ta n c h e  

sou s-a lluv ia le  e t  en se rré  e n tre  deux  rech arg es (shells) à  p e u  

p rè s  sym étriques. L es m a té r ia u x  d u  n o y a u  p ro v ie n n e n t de  

so u rces différentes, m a is  so n t to u s  co n s titu és  d e  m arn es  

d écom posées c o n te n a n t de  10 à  60 p o u r  cen t d e  squ e le ttes 

p ie rreu x  d e  5 -1 5 0  m m  de  d iam ètre , d ’a illeu rs p lu s  o u  m o in s  

friab les, les fines d u  m o rtie r  in férieu res à  5 m m  so n t fa ib lem en t 

p lastiq u es , avec  u n  in d ex  d e  p lastic ité  se s i tu a n t e n tre  8 e t  16 

p o u r  cent.

L es m a té r iau x  des rech arg es so n t des a llu v io n s c ris ta llo - 

ca lcaires m o d ern es, p lu s  o u  m o in s g rad u ées, p o ssé d a n t d e  60 

à  80 p o u r  c e n t d e  sq u e le tte  a rro n d i su p érieu rs  à  5 m m  e t a tte ig ­

n a n t  2 e t  300 m m  d e  d iam ètre . L e  sab le  in fé rieu r à  5 m m  est 

so it  c ru  (m o in s d e  5 à  6 ù  de  fines lim ono-arg ileuses) so it 

m o y en n em en t rich e  de  ces fines (25 à  30 p o u r  cen t) d o n t  l’IP  

v a rie  d e  4 à  12 p o u r  cen t.

Il y a  d eu x  faç o n  d ’é tu d ie r  d e  te ls m a té r iau x : o u  b ien  ne  

so u m e ttre  au x  essais q u e  la  fra c tio n  fine sab le  o u  m o rtie r , 

d iso n s in fé rieu rs  à  5 m m  d e  faç o n  à  u tilise r le  m a té rie l c o u ra n t 

d e  la b o ra to ire  e t à  a t tr ib u e r  en su ite  au x  m a té r iau x  co m p le ts  les 

ré su lta ts  acqu is, o u  b ien  co n s id é re r le m a té r iau x  g raveleux  lu i- 

m êm e, au q u e l cas il es t in d isp en sab le  d e  p o sséd er des ap p are ils  

d ’essai de  g ra n d es  d im en sio n s, a p p ro p rié sà  u n e  d im en sio n  

ra iso n n a b le  d e  g rav ie r le p lu s  gros.

Si l’o n  n ’é tu d ie  q u e  le  m o rtie r  su r  le sab le , o n  p e u t se 

d e m an d e r si les ép ro u v e tte s  d o iv en t ê tre  m ou lées en  fo n c tio n  

de  leu r é ta t  d an s  les v ides la issés p a r  le  sq u e le tte  o u  b ien  en  

fo n c tio n  d ’un e  co u rb e  d e  co m p ac tag e  d o n n é e  p a r  u n e  énerg ie
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a p p ro p rié e  a u  m a té r ia u  co m p le t e t  ré su lta n t so it d ’u n e  d igue 

d ’essai, so it  d ’essais de  co m p ac tag e  des p o ts  d e  g ran d es 

d im ension s.

A vec  les m o rtie rs  des m a té r ia u x  très g raveleux , il e s t m a té rie l ­

lem en t im p o ssib le  de  m o u le r  les é ch an tillo n s  re p ré se n ta n t leu r 

é ta t  d ’in te rstice . L es densités so n t si fa ib les e t  les ten eu rs  en  

eau  si élevées q u e  les ép ro u v e ttes  n ’o n t  a u cu n e  ten u e  e t  ne  

re p ré sen ten t en  soi, a u cu n e  réa lité  e t  p o u r ta n t  ces m asses 

d é trem p ées co m p o sen t, avec  le  g rav ie r des tex tu res  q u i o n t  de 

h au te s  ca rac té ris tiq u es  m écan iques.

I l  fa u d ra it  d o n c  u tilise r des sab le  e t des m o rtie rs  co m p ac tés  

d e  te lle  fa ç o n  q u e  les éch an tillo n s  a ien t q u e lq u e  ch an ce  de  

re p ré sen te r le m a té r ia u  co m p le t. O r  ce la  est au ssi im possib le  

c a r  la  d en s ité  sèche v a rie  avec  le  d iam è tre  d u  g rav ie r e t la  

te n e u r en  sq u e le tte  p ie rreu x  e t o n  n e  p e u t ja m a is  o b te n ir  ce q u e  

l ’o n  d és ire ra it p o u r  re p ré sen te r le m a té r ia u  com ple t.

O n  a  av an cé  q u ’avec m o in s de  30 p o u r  ce n t de  sq u e le tte , le 

m a té r ia u  graveleux  se c o m p o rte  co m m e so n  m o rtie r  o u  so n  

sab le  e t  q u ’a u  dessus d e  70 p o u r  cen t de sq u e le tte  c ’est ce lu i-ci 

q u i co n fère  ses p ro p re s  ca rac té ris tiq u es  a u  m a té r ia u  co m p le t, 

m a is  o n  n e  sa it p ra tiq u e m e n t p a s :  n i ce  q u i se p asse  e n tre  les 

ten eu rs  en  sq u e le tte  lim ite , n i m êm e a u  d e là  e t  en  d eçà  de  ces 

lim ites, q u ’elle est l’in flu ence réelle  d u  sq u e le tte  su r  la  com - 

p ac tab ilité , la  p e rm éab ilité , le ta ssem en t e t la  rés is tan ce  au  

cise illem en t d ’u n  m a té r ia u  graveleux .

A p rè s  q u e lq u es tâ to n n e m en ts , l ’E lec tric ité  d e  F ra n c e  a  

p ré fé ré  ex écu ter to u s  les essais d an s des ap p a re ils  de  400 m  de 

d iam è tre , afin  d ’y u tilise r, san s effet de  p a ro i, d u  g rav ie r de  

63 m m . N o u s  av o n s d o n c  co n çu  e t réa lisé  d ivers ap p are ils  

d o n t:  6 p o ts  de  c o n so lid a tio n  d ’u n e  h a u te u r  de  400 m m , 

cap ab les  d ’u n e  p re ss io n  m ax im u m  de  32 k g /c m 2 e t  u n  ap p a re il 

tr iax ia l p o u r  éch an tillo n s de  1 m  de  h a u te u r  d an s  lequel o n  p e u t 

a p p liq u e r  les p re ssio n s m ax im a  su iv an tes: a 3=  12 k g /c m 2 e t 

a l  =  80 k g /c m 2.

L o rs  d e  l’exécu tion , en  1953, d ’un e  d igue d ’essai n o u s  av io n s 

c o u v e rt to u te s  les d isp ersio n s d ’é ta t  des d ivers m a té r iau x  d an s 

les b a llan tiè res  à  l ’a id e  d ’éch an tillo n s p ré fab riq u és  a rrê té s  au x  

g ra in s  de  5 -6 3 -1 0 0  e t 200 m m . C es éch an tillo n s, a in si q u e  les 

éch an tillo n s  to u t  v en an ts , n o u s  o n t pe rm is  de tra c e r  les co u rb es  

p ra tiq u e s :  p o u r  les a llu v io n s  D s = f  (p o u r cen t en  sab le  e t p o u r  

ce n t e n  fines lim o n o  arg ileuses) p o u r  les m a té r iau x  cohésifs: 

A s = / (p o u r  cen t en  eau  e t p o u r  cen t en  squele tte ).

L es éch an tillo n s d e  sab le  e t  de  m o rtie r  de 5 m m  n o u s  o n t 

p e rm is  d e  re p ro d u ire  a u  la b o ra to ire  l ’énerg ie  p ra tiq u e ; les 

é ch an tillo n s  à  g ra in s  de  63 m m  n o u s  o n t  d o n n é  les v a leu rs  

in itia les des envo is d an s  les g ro s a p p a re ils ;  en fin , ceux  de  100 

e t  200 m m  o n t  serv i à  d é te rm in e r les bases de  c o n trô le  des 

co m p ac tag es.

O n  s ’e s t a lo rs  re n d u  co m p te  q u e  l ’énerg ie  de  co m p ac tag e  d ite  

d e  la b o ra to ire  v a ria it, en  fa it, avec  la  d im en s io n  d u  g ra in  

g raveleux , q u e , q u e lq u e  so it le  so in  q u ’o n  a it  p ris  p o u r  re p ro ­

d u ire  a u  la b o ra to ire  les co u rb es  ds = f  (p o u r  cen t en  eau ) su r  les 

sab les e t  les m o rtie rs  o b ten u s  su r  la  d ig u e  d ’essai, l’a llu re  des 

c o u rb es  é ta t  d ifféren te  e t q u ’o n  p o u v a it c h o is ir  u n e  énerg ie  

e n tre  2 o u  3 v a leu rs to u te s  aussi v a lab les  les u n es q u e  les 

au tres . Q u o iq u ’il en  so it, les essais a u  la b o ra to ire  o n t  été  

exécu tés su r  des m a té r iau x  de  63 m m  e t le  sab le  o u  le m o rtie r  

d ’in te rs tice  n o u s  in té ra ssa it b ien  m oins.

D ep u is  1953 n o u s  av o n s p u  vérifier su r  d ’au tre s  types de 

m a té r ia u x  p lu s  p la s tiq u es  m êm e, d eu x  au tre s  fa its  trè s  in té res ­

s a n ts :  (1) su r  les a llu v io n s p e rm éab les  o u  sem i p e rm éab les , les 

v a leu rs les p lu s  fo rtes  so n t fo u rn ies  p a r  u n  m a té r ia u  co m p le t 

d o n t  le  sab le  c o n tie n t en v iro n  15 p o u r  c e n t de  fines lim o n o - 

a rg ileuses q u i o n t  u n  in d ex  de  p lastic ité  de  8 à  10 p o u r  cen t. 

D e  te lles a llu v io n s so n t p lu s  ré s is tan tes  e t se ta ssen t légèrem en t 

m o in s  q u e  les a llu v io n s à  sab le  f ran ch em en t c ru . (2) S u r les 

m a té r ia u x  cohésifs réservés a u  n o y au , o n  a  c o n s ta té  q u e  le 

m o rtie r  d ’in te rs tice  est n e tte m e n t m ieux  c o m p ac té  q u a n d  il y  a

m o in s  de  30 p o u r  cen t d e  sq u e le tte  d an s  le m a té r ia u  co m p le t 

q u e  q u a n d  il es t seu l co m p ac té . L e  ra p p o r t

d s _  d en s ité  d u  m o rtie r  d ’in te rs tice  

ds d en s ité  d u  m o rtie r  c o m p ac té  seul
est égal à

as a en s iie  a u  m o rtie r  c o m p ac te  seul

104 p o u r  ce n t p o u r  10 p o u r  ce n t de  sq u e le tte

102 p o u r  ce n t p o u r  20  p o u r  ce n t de  sq u e le tte

100 p o u r  cen t p o u r  30 p o u r  cen t de  sq u e le tte

en su ite , c ’est la  d ég rin g o lad e  e t o n  a  92 p o u r  cen t p o u r  50 p o u r  

ce n t de  sq u e le tte .

S im u lta n ém en t o n  n o te  p o u r ta n t  u n e  a u g m e n ta tio n  de  la  

rés is tan ce  a u  c isa illem en t e t u n e  d im in u tio n  des tassem en ts  sou s 

ch a rg e ; les p lu s  m au v a is  ré su lta ts  so n t fo u rn is  p a r  les m a té riau x  

à  d en sité  d 's, b ase  n o rm a le  d ’é v a lu a tio n  de  la  c o m p ac tab ilité  

des m a té riau x  graveleux  q u a n d  o n  n e  trav a il a u  la b o ra to ire  q u e  

su r  le m o rtie r .

Il  es t d an g e reu x  p a r  c o n séq u en t d ’im ag in er q u e  le c o n trô le  

des co m p ac tag es de  so ls g raveleux  pu isse  ê tre  fa it  su r  le m o rtie r  

co m p ac té  avec  l ’én erg ie  s ta n d a rd  o u  avec celle ré su lta n t d ’u n e  
d igue d ’essai.

I l  n ’y a  au cu n e  difficulté avec les a llu v io n s crues ; le ta ssem en t 

est classique, im m éd ia t e t p eu  im p o rta n t.

A vec les a llu v io n s p lu s riches en  lim on-arg ile , e t, en co re  p lus 

avec les g rav ie rs à m o rtie r  cohésif , o n  n o te  des effo n d rem en ts 

co n tin u e ls  q u i d o n n e n t des co u rb es  A h = f  (p ressions) à  2 o u  3 

p o in ts  angu leux .

Ces co u rb es  m o n tre n t, p a r  exem ple, q u e  la  c o n so lid a tio n  

p ro cèd e  p a r  pa lie rs , d o n t ce rta in s  co m m en cen t p lu sieu rs  

dizain es d ’h eu res  ap rès  le ch a rg em en t. N o u s  av o n s p u , n o ta m ­

m en t n o te r  u n  ce r ta in  w eek-en d  co m p liq u é  d ’u n e  fê te  e t  d ’u n  

p o n t, q u ’a u  b o u t  de  96 h eu res  u n  m a té r ia u , p lacé , il est v ra i, à  

1 -2  p o u r  cen t d u  co té  h u m id e , q u i av a it 50 p o u r  cen t de 

sq u e le tte  p ie rreu x , s ’é ta it  ta ssé  p o u r  la  tro is ièm e  fo is e t  qu e  

la  v a leu r de  A h  é ta it  p lu s  fo r te  q u e  lo rs d u  deux ièm e tassem en t 

q u i s’é ta it  p ro d u it , jec ro is , 28 h eu res  av an t, sou s u n e  ch a rg e  de  

16 k g /c m 2. C ela  est c e rta in em e n t d û  à  l ’e ffo n d rem en t des 

v o û tes  e t  à  l ’acco m m o d em en t d u  m o rtie r .

P o u r  fin ir, je  m en tio n n e ra i q u e  n o u s au ssi, n o u s  en reg is tro n s 

des fa ib les d é fo rm a tio n s  (3 à  6 p o u r  cen t) lo rs  d u  c isa illem en t 

d ’a llu v io n s; n o u s  n o to n s  des cohésion s d ’im b riq u ag e  des g ra in s  

d e  l’o rd re  de  1 à  1-5 k g /c m 2, m êm e d an s  les a lluv ions crues. 

D e  p lu s , je  tiens à  p réc iser q u e  la  d im en sio n  des ép ro u v e ttes  

p e rm e t de  m ieux  se ra p p ro c h e r  de  la  réa lité  d an s les essais de  

c isa illem en t tr iax ia l e t  p ro b a b le m e n t de  m ieux  ré p a r tir  les 

c o n tra in te s . J e  p en se  q u e  c ’est la  ra iso n  p o u r  laquelle  n o u s  

o b ten o n s  su r  les sab les, to u te s  ch oses égales p a r  ailleu rs des 

v a leu rs <f> to u jo u rs  su p érieu res  (de  1 à  3 p o u r  cen t) à  celles qu e  

n o u s  tro u v o n s  d an s u n  triax ia l de  d iam e tre  70 m m . L e sq u ele tte  

lu i m êm e a jo u te , p a r  ailleu rs , 1 à  3 p o u r  cen t. M erc i.

A . Casagr ande (U .S .A .)

E v id ence is in creas in g  th a t  u n d e r  ce r ta in  co n d itio n s  th e  

im p erv io u s co res o f  dam s, even  p lastic  c lay  cores, c an  develop 

tran sv erse  crack s, a n d  th a t  th e  u su a l th in  filters offer insufficient 

p ro te c tio n  w h en  th e  su p p o rtin g  sec tions co n sis t o f  h ighly  

p erv io u s m ate ria ls , so  th a t  c rack s m ay  lead  to  seriou s d am ag e  

to  th e  co re  a n d  in  ex trem e cases to  p ip in g  fa ilu re . A  n u m b er 

o f  o b se rv a tio n s  o n  th e  d ev e lo p m en t o f  c ra ck in g  a n d  o n  cases 

o f  p ip in g  th a t  a lm o s t led  to  fa ilu re  h av e  n o t  b een  p u b lish ed  

b u t  a re  receiv ing  in creasin g  a tte n tio n  by  th e  designers o f  e a r th  

dam s. T h e re  is a  g ro w ing  aw areness o f  th e  seriou sness o f  th is  

p ro b le m  a n d  a  re a liz a tio n  th a t  th e  design  p ro ced u res  as 

dev e lo p ed  by  so il m echan ics o ffer u n d e r  c e r ta in  co n d itio n s 

en tire ly  insuffic ient p ro te c tio n  ag a in s t c rack s, a n d  th a t  m o re  

effective design  ag a in s t c rack s is needed.

P ro b a b ly  th e  m o s t freq u en t cau se  o f  tran sv erse  c rack s is th e
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co m b in a tio n  o f  ten s io n  a n d  sh e a r fo rces re su ltin g  fro m  

d ifferen tia l se ttlem en ts . T h e  m o st d an g e ro u s  c o m b in a tio n  

seem s to  be  a  h igh  d am  w ith  steep  ab u tm e n ts  a n d  a  th in  core. 

H ow ever, d an g e ro u s  tran sv e rse  c rack s h av e  d eveloped  a lso  in 

re la tively  low  d am s as w ell as in  essen tia lly  h o m o g en eo u s dam s. 

A m o n g  o th e r  fac to rs  th a t  h av e  c o n tr ib u te d  to  su ch  difficulties 

a re :  (1) th e  ju n c tu re  o f  co n c re te  a n d  e a r th  sec tio n s; (2) steep  

tran sv erse  slopes fo r  c lo su re  sec tio n s; (3) irre g u la r  fo u n d a tio n  

co m p ressib ility ; a n d  (4) v a r ia tio n s  in  th e  s tre s s -s tra in  p ro p e r ­

tie s o f  successive  layers in  th e  co re  in  w h ich  case  th e  c rack s 

a p p e a r  on ly  in  th e  stiffer layers.

T h e  a p p lica tio n  o f  th e  w a te r  lo ad  m ay  w iden  such  c rack s an d  

th e  w a te r  p re ssu re  in sid e  th e  c rack s m ay  assis t in  keep in g  them  

o pen .

I t  is im p o r ta n t  to  recogn ize  th a t  th in  filters d o  n o t  assu re  

suffic ient p ro te c tio n  ag a in s t c ra c k s : in  fac t, c rack s th ro u g h  th e  

c o re  m ay  be p ro p a g a te d  th ro u g h  su ch  filters. O n ly  a  su b ­

s tan tia l th ick n ess o f  w ell-g raded  m a te ria l, n o t  a  filte r b u t  a  w id e 

tra n s itio n  sec tio n  be tw een  th e  co re  a n d  a  h igh ly  p e rv io u s d o w n ­

s tream  sec tion , w ill assu re  p o s itiv e  p ro te c tio n  ag a in s t p ip in g  

fa ilu re  th ro u g h  th e  dam .

A  typ ical zo n ed  d am , such  as is th e  fav o u red  design  by  th e  

B u rea u  o f  R ec lam a tio n , d oes p ro v id e  su ch  p ro te c tio n . H o w ­

ever, in  th e  U .S .A . th e  d am  sites w h ich  assu re  a  su p p ly  o f  all 

the  m ateria ls  need ed  fo r  such  zo n ed  dam s a re  getting  ra re , a n d  

w e a re  no w  freq u en tly  faced  w ith  th e  p ro b le m  o f  bu ild in g  dam s 

a t  sites w here  w e m ay  h av e  excellent h igh ly  p e rv io u s m ate ria ls  

a n d  g o o d  co re  m ate ria ls  b u t  n o  su itab le  tra n s itio n  m ate ria ls . 

W h ereas th e  p resen tly  accep ted  desig n  m eth o d s w ill p e rm it us 

to  design  w ith  such  m a te ria ls  d am s th a t  a re  th eo re tica lly  safe, 

they  m ay  nevertheless be  p o te n tia l can d id a te s  fo r  p ip in g  

th ro u g h  th e  stru c tu re .

In  m y co n s id e red  o p in io n  it is n o t  rea listic  fo r  a n  en g in eer to  

a ssum e th a t  h is desig n  assu res  th a t  n o  tran sv erse  c rack s w ill 

d evelop  in  th e  core . H e  w o u ld  b e  m u ch  w iser to  assu m e th e  

fo llo w ing  v ie w p o in t: ‘ I believe th a t  I  hav e  designed  a  d a m  w hich  

w ill n o t  develop  an y  c rack s a n d  I  am  p ro u d  o f  m y  desig n : b u t  

n o w  I  a m  w illing to  sw allow  m y  p rid e , a n d  I  w ill assu m e  th a t  

th e  co re  w ill c ra ck  d u e  to  u n k n o w n  causes, le t u s say  sab o tag e  

by  n a tu re , e.g . a n  e a r th q u a k e , a n d  I  a sk  m y se lf: Is m y  d a m  so 

designed  a n d  c o n s tru c ted  th a t, b ey o n d  an y  h u m a n  d o u b t, th e  

c rack s c a n n o t re su lt in  p ip in g  fa ilu re?  I f  th e  an sw er to  th is

q u es tio n  is N o , th e n  I  m u st p ro v id e  a  seco n d  line o f  d efence.’ 

T h is defence w ill co n s is t p rim arily  o f  a  w ide tra n s itio n  sec tio n  

o f  w ell-g raded  m ate ria ls . O th e r chang es th a t  w ill b e  h e lp fu l 

a re  w id en in g  o f  a  th in  co re , u se  o f  c o m p ac ted  ro c k  fill in  lieu  

o f  d u m p ed  ro c k  fill, a n d  a rc h in g  th e  d a m  axis u p s tre am . 

A rch in g  w ill a ssu re  th a t  th e  w a te r  lo a d  w ill in tro d u c e  c o m ­

p re ssive  fo rces w h ich  w ill c o u n te ra c t  th e  ten s io n  forces, a n d  

th u s  ten d  to  c lose  o p e n  crack s. I n  th e  case  o f  essen tia lly  

ho m o g en eo u s d am s it  w ill b e  necessary  to  p ro v id e  co m p le te  

in te rn a l d ra in ag e  by  m ean s o f  a  v e rtica l o r  inc lined  d ra in ag e  

lay er ( ‘ch im ney  d r a in ’) w h ich  d isch arg es in to  a  h o r iz o n ta l 

d ra in a g e  b la n k e t o r  a  d ra in ag e  gallery .

F . A . Shar man (U .K .)

S om e o b se rv a tio n s  o n  a  tr ia l c lay  e m b an k m en t, b u ilt  to  

gu id e  th e  design  a n d  spec ifica tion  o f  th e  im p erm eab le  lay e r o f  

a  la rg e  rock-fill d am , h av e  a  b ea r in g  o n  th e  q u es tio n s d iscussed  

in  P ap e rs  6 /8  by  A . W . Bishop a n d  6/18  by  E . Nonveil l er .
T h e  b a n k  w as 23 ft. h ig h  a n d  th e  c lay  w as san d w ich ed  

be tw een  tw o  layers o f  filter san d , slo p ed  a t  1 to  1, a n d  k ep t 

d ra in e d  fo r  18 m o n th s . O n e  se t o f  p iezo m e te r p o in ts  w as p u t  

in  5 ft. fro m  th e  b o tto m , a n d  F ig . 13 sho w s th e  p ressu res 

rec o rd ed  a t  6 su ch  p o in ts  in  th e  d ra in ed , p o s t-c o n s tru c tio n  

p e rio d . A s c a n  b e  seen , th e re  w as a  sign ifican t rise  2 to  3 

m o n th s  a f te r  c o m p le tio n , in  sp ite  o f  th e  fa c t  th a t  n o  lo a d  w as 

a d d e d  a n d  n o  w a te r  a ccu m u la ted  in  th e  filters . W eek ly  ra in fa ll 

to ta ls  a re  sh o w n  in  b lo ck  fo rm , b u t  th e  c o r re la tio n  w ith  

p re ssu re  ch an g es is n o t  c lear.

T h e  seco n d  se t o f  p o in ts  w as a t  a  level 10 ft. ab o v e  th e  first 

se t, i.e. 8 ft. below  th e  to p . T h ey  b eh av ed  as sh o w n  in  F ig . 14. 

E v en  la rg e r  p re ssu re  increases, w ith  n o  co rre sp o n d in g  lo ad  

ch an g e , w ere  re c o rd e d  w ith  so m e  o f  th e se ; b u t  i t  w as also  

o b se rv ed  th a t  p re ssu re  d ifferences u p  to  6 ft. o f  w ater, betw een  

p o in ts  o n ly  3 ft. 6 in . a p a r t, w ere  su s ta in ed  fo r  m o n th s  o n  en d .

T h ese  o b se rv a tio n s  seem  to  sug gest th a t  fo r  a  d ra in e d  clay 

p laced  a n d  rem a in in g  w ith in  a  few  p e r  c en t o f  o p tim u m  m o is tu re  

c o n ten t, w ith  n o  co n n e c tio n  to  a  defined  w a te r  tab le , a n d  w ith  

b o u n d a rie s  w e ttin g  a n d  d ry in g  in  a  tro p ic a l c lim a te , p o re  w a te r  

d oes n o t  fo rm  a  co n tin u o u s  b o d y  th ro u g h o u t  th e  m ass  b u t  m ay  

jo in  u p  in  d iscre te  co n tin u o u s  c lo u d s w h ich  give ap p rec iab le  

p o sitiv e  p re ssu res  a t  so m e p o in ts . O u ts id e  th e  c lo u d s  th e

7 in.—
•i3 Xj

3ft i n ­o o
o In.

Q. f o  in.—

o
c:

à 1/4 in.—

o o —U:
Sep .|  Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul.

End of construction 7955 1956

Fig. 13 Pore pressure variation at 6 points (Nos. 1 to  4, 11 and  12) 18 ft. below the top  o f a drained sloping clay layer 12 ft. thick

V ariations des pressions interstitielles à 6 points (Nos. 1 à 4, 11 et 12) à une distance de 5-5 m en dessous de la surface d’une couche 
d’argile inclinée et drainée, d’un épaisseur de 3 -7 m
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End of construction 1955 1956

F ig . 14 P o re  p re s su re s  a t  5 p o in ts  (N o s . 5 to  9) 8 ft. b e lo w  th e  to p  o f  a  d ra in e d  s lo p in g  c lay  lay e r  12 ft. th ic k

V a ria t io n  des  p re ss io n s  in te rs titie lle s  à  5 p o in ts  (N o s . 5 à  9) à  u n e  d is ta n c e  d e  2-4  m  e n  d e sso u s  de  la  su rfa c e  d ’u n e  c o u c h  d ’a rg ile  
in c lin é e  e t  d ra in é e , d ’u n e  é p a is se u r  de  3-7 m

d rie r  p a r ts  o f  th e  m ass m ay  sho w  zero  o r  n eg a tiv e  p o re  

p ressu re .

M o re  im p o r ta n t excess p o re  p re ssu res  affecting  s tab ility  m ay  

o f  co u rse  develop  as a  re su lt o f  e x tra  lo a d  a n d  w a te r  level 

chang es. F o r  th e  c lay  co n ce rn ed  in  th e  tr ia l e m b a n k m e n t it 

d id  n o t  p ro v e  p o ssib le  to  e s tab lish  c o n s is ten t v a lu es o f  an y  o f  

th e  B ish o p  p a ra m e te rs  A  B  o r B  by  la b o ra to ry  tests . T h is  m ay  

h av e  b een  d u e  to  fau lty  te ch n iq u e  o r  v a riab le  m a te ria l, b u t it 

is re lev an t th a t  th e  p ro b le m  d id  n o t  su b m it to  th e  ap p lic a tio n  

o f  n o rm a l fac ilitie s a n d  co n s id erab le  effort. T h e  p o re  w a te r  

p re d ic tio n s  f ro m  th eo re tica l flow  n e ts  a t  L o k v a rk a  w ere  th e re ­

fo re  re a d  w ith  m u ch  in te rest. T h e  values o f  B  d ed u ced  a re  

ra th e r  su rp ris in g  a t  first sigh t, b u t  th is  seem s to  be  d u e  to  th e  

a u th o r ’s m e th o d  o f  c a lcu la tio n  ra th e r  th a n  to  a n y th in g  e x tra ­

o rd in a ry  in  th e  o b se rv a tio n s  them selves.

Figs. 6 a n d  7 o f  P a p e r  6/18  sho w  ho w  necessary  it is, in  c o n ­

s id e rin g  a  slip  su rface  p assin g  th ro u g h  a clay  w ith  a  com plex  

p o re  p re ssu re  p a tte rn , to  assess th e  in te rg ra n u la r , n e u tra l a n d  

excess p ressu res sep a ra te ly  fo r  each  slice. W h ere  la rg e  in te r- 

g ra n u la r  p re ssu re  chang es h av e  o ccu rred , h ow ever, it w ou ld  

n o t  seem  p ossib le  to  d raw  th e  p a tte rn s  w ith o u t som e assessm en t 

o f  p a ra m e te rs  d ep en d in g  o n  th e  com p ressib ility  o f  th e  m a teria l.

T h e  G en e ra l R e p o r te r  ex presses confid ence in  o u r  ab ility  to  

design  safe  em b an k m en ts  in  an y  k in d  o f  soil. N o  d o u b t th is  

co n c lu s io n  is co rrec t, b u t  th e  u n certa in tie s  a b o u t th e  sh e a r 

s tre n g th  o f  clay , w h ich  he  su m m arizes  so  w ell, leave ro o m  fo r 

co n s id e rab le  ad v an ce  in , fo r  in stan ce , th e  eco n o m ica l design  

o f  a  rock-fill d am  w ith  a  clay  b lan k e t.

A . C a sa g ra n d e ’s rem a rk s  o n  th e  d an g e rs  o f  c ra ck in g  o f  th in  

clay  co res p ro v o k e  th e  re flec tio n  th a t  as fa r as rock-fill d am s a re  

co n ce rn ed , th e  designer is ob liged  to  m ak e  a  ju d g m e n t o f  th e  

im p erm eab le  layer d is to rtio n s  w hich  m ay  be  cau sed  by  rock-fill 

se ttlem en t. I u n d e rs ta n d  th a t  rock -fill p ro p e rtie s  a re  deem ed

to  be  o u ts id e  th e  sco pe o f  th is  co n ference , b u t  I  th in k  it is w o rth  

rem ark in g  th a t  a lth o u g h  d u m p ed  a n d  slu iced  rock-fill w ill 

ce rta in ly  go  o n  se ttlin g  fo r lo n g  p e rio d s  by  am o u n ts  suffic ient 

to  cau se  co n s id e rab le  stresses in  layers  res tin g  o n  it, it h as  

p ro v ed  p ossib le  to  p ro d u c e  a  ro lled  ro ck-fill w h ich  d id  n o t  

se ttle  m easu rab ly  d u r in g  o r  a fte r  th e  p lac in g  o f th e  u p s tre a m  

im p erm eab le  facing .

B . Lofquist  (Sw eden)

M y  c o n tr ib u tio n  is re la ted  to  th e  sam e su b jec t as A . C asa- 

g ra n d e  h as  a lread y  sp o k en  a b o u t, i.e. c rack in g  in  e a r th  dam s.

In  th e  firs t in stan ce  I  re fe r to  P a p e r 6 /25 , by  D . H . Tr ol l ope, 
d ea lin g  w ith  an  a rc h in g  th eo ry  fo r a  tr ia n g u la r  fill. T h e  th eo ry  

is ap p lied  to  stab ility  b u t  is o f  in te rest a lso  in  o th e r  respects.

T h e  a u th o r  describes th e  stress d is tr ib u tio n  in  th e  base  o f  a  

tr ia n g u la r  fill o f  g ra n u la r , cohesion less m ate ria l. By se ttle ­

m en ts  in  th e  fo u n d a tio n , d u e  to  th e  fill, th e  v e rtica l p re ssu re  

d ecreases in  th e  c en tra l p a r t  o f  th e  fill a n d  increases in  th e  o u te r  

p a r ts . T h e  case  w here  th e  v e rtica l p re ssu re  in  th e  m id d le  

p o r tio n  is zero  is ca lled  th e  f u l l  arching case.

T h ere  is m u ch  ev idence fro m  th e  field w hich  p ro ves th a t  such  

a rc h in g  effects o ften  o ccur. In  his F ig . 6 th e  a u th o r  show s 

som e exam ples o f  p re ssu re  m easu rem en ts  in  dam s. In  o n e  o f  

th em — low er rig h t— th e  vertical p re ssu re  in  the  co re  is on ly  

a b o u t 30 p e r cen t o f  th e  w eig h t o f  th e  o v erb u rd en . H ow ever, 

th e  a u th o r  assum es th a t  th e  f u l l  arching case c a n n o t b e  fully 

a t ta in e d  in  p rac tice . T h is  m ay  be t ru e  fo r g ra n u la r , n o n - 

cohesiv e  m a te r ia l b u t, in  m y o p in io n , n o t  tru e  as fa r  as  so ils in 

g en era l a re  co n ce rn ed . In  m y ow n  experience  th e re  is on e  

e a r th  d am  a t w h ich  it  w as q u ite  ev id en t f ro m  se ttlem en t 

o b se rv a tio n s  th a t  w e h a d  th e  f u l l  arching case in  th e  co re . I 

h av e  a lso  b een  in fo rm ed  o f  o b se rv a tio n s  o n  o th e r  dam s w hich  

in d ica te  fu ll a rc h in g  co n d itio n .
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A rch in g  m ay  ta k e  p lace  in  th e  lo n g itu d in a l d irec tio n  o f  th e  

d a m  as w ell as  in  th e  tran sv e rse  d irec tio n . I  th in k  m an y  o f  

y o u  w ill rem em b er a  p h o to g ra p h  in  a  r e p o r t  to  th e  Z u rich  

C o n fe ren ce : it w as f ro m  a  d am  fa ilu re  in  C a n a d a — a co m p le te  

tu n n e l w as fo rm e d  th ro u g h  th e  d am  fro m  th e  u p s tre a m  side 

to  th e  d o w n stream  side. T h is  m ay  o bv iously  b e  a n  exam ple  

o f  a  fu ll a rch in g  case.

T h e  fu ll a rc h in g  case , even  w h en  it  o ccu rs o n ly  fo r  a  sh o rt 

tim e , rep resen ts  o f  c o u rse  a  se rio u s c o n d itio n  fo r  a  d am  as it 

m ay  give rise  to  h o r iz o n ta l c rack s o r  lo o se  zones. H o w ev er, 

th e  case  w h ere  th e  vertica l p re ssu re  decreases to  a  v a lu e  low er 

th a n  th e  w a te r  p re ssu re  a t  th e  sam e level m ay  also  b e  c o n ­

s id e red  as d e tr im en ta l to  th e  w a te r  tig h tn ess  a n d  p e rfo rm an ce  

o f  a n  e a r th  co re .

In  th is  co n n e c tio n  I  w ill a lso  re fe r to  P a p e r  6 /2  b y  G . 

Ba r oncini a n d  A . Cr oce, o n  th e  p e rfo rm a n c e  o f  th e  A rv o  

d a m  in  Ita ly . T h is  d am  h as  b een  in  u se  fo r  25 years a n d  a  new  

b o rin g  h as sh o w n  th a t  th e  co re  m a te r ia l in  th e  low er p a r t  o f  

th e  co re  h as  still a  h ig h e r w a te r  c o n te n t  a n d  d oes n o t  yet seem  

to  be  c o n so lid a ted  to  an y  m ea su ra b le  degree. T h e  a u th o rs  

ex p la in  th e  c o n d itio n  by  th e  h y p o th es is  th a t  th e  slow  co n so li ­

d a t io n  is d u e  to  a  very  low  p erm eab ility , b u t  n o  v a lu e  o f  th e  

p e rm eab ility  is sho w n . I  th in k  th e  b eh a v io u r o f  th e  A rv o  d am  

c a n  a lso  b e  ex p la in ed  by  co n sid e rin g  th e  a rc h in g  effect as o u t ­

lin ed  by  D . H . T ro llo p e .

In  a  re p o r t  to  th e  co n feren ce  o n  L a rg e  D a m s  in  N ew  D elh i, 

1951, I  h av e  sh o w n , as  a  re su lt o f  p re ssu re  m easu rem en ts  in  

dam s, th a t  th e  e a r th  p re ssu re  in  th in  co res d u e  to  a rc h in g  

effects c a n  be  co m p u te d  in  th e  sam e w ay as  p re ssu re  in  silos.

T h e  a u th o r  o f  th e  p a p e r  o n  th e  A rv o  d am  also  re p o rts  th a t  

th e  se ttlem en t o f  th e  c re s t in  v a rio u s  p o in ts  a lo n g  th e  d am  is 

in d ep en d en t o f  th e  he ig h t o f  th e  d am , a n d  th a t  th e  co re  m a te ria l 

p laced  in  th e  s tru c tu re  be low  a  p lan e  1 3 m  u n d e r  th e  c rest h as  

n o t  c o n tr ib u te d  ap p rec iab ly  to  th e  to ta l  se ttlem en t. T h is is 

a n  ex trem ely  in te re s tin g  o b se rv a tio n .

B efo re  I  c lose  I  w o u ld  like  to  p o in t o u t th a t  a rc h in g  a n d  

c ra ck in g  p h e n o m e n a  in  gen era l a re  th e  m o st im p o r ta n t re m a in ­

in g  p ro b lem s in  e a r th w o rk  design. W e h av e  in  p rin c ip a l 

so lved  im p o r ta n t q u es tio n s  o n  s tab ility , filter req u irem en ts  a n d  

so  on . M u ch  w o rk  h a s  a lso  b een  ca rr ie d  o u t in  m easu r in g  a n d  

p re d ic tin g  th e  a m o u n t o f  se ttlem en t u n d e r  v a rio u s  co n d itio n s  

b u t  w e do  n o t  kn o w  m u ch  a b o u t  w h ich  se ttlem en t o r  d ifferen tia l 

se ttlem en t c a n  be  safe  a n d  w h ich  can  b e  un safe .

A . W . Bishop (U .K .)

I  w ish  to  re fe r to  tw o  p o in ts  re la tin g  to  th e  m easu rem en t o f  

p o re  p ressu re .

T h e  G en e ra l R e p o r te r  m en tio n s  a n  in te re s tin g  d o c to ra te  

thesis  by  J. W . H ilf. U n fo r tu n a te ly  th is  is n o t  av a ilab le  to  

m o s t m em b ers  o f  th e  co n feren ce  so  I  w ill n o t  re fe r to  it in  de ta il, 

b u t  I  w ill d ra w  a tte n tio n  to  o n e  im p o r ta n t  co n c lu sio n  w hich  

occurs in  it. J . W . H ilf  show s th a t  th e  co n v e n tio n a l la b o ra to ry  

a p p a ra tu s  fo r  m easu rin g  p o re  p re ssu re  m ay  fa il to  g ive rea listic  

re su lts  in  th e  case  o f  co m p ac ted  clayey  soils, p a r tic u la r ly  if  

p laced  o n  th e  d ry  side  o f  th e  o p tim u m  w a te r  co n ten t. T h is 

is m o s t m a rk e d  if  th e  clay  fra c tio n  is h igh . I t  is d u e  to  th e  

in ab ility  o f  th e  p o ro u s  elem en t o f  th e  p iezo m ete r to  d iffe ren tia te  

betw een  th e  p o re  p re ssu re  in  th e  w a te r  p h a se  a n d  th e  p o re  

p re ssu re  in  th e  gaseous p h a se  p re sen t in  p a r tly  sa tu ra te d  soils.

A s a  resu lt o f  th e  m o re  a ccu ra te  m easu rem en ts  w hich  J. W . 

H ilf  h as  ca rried  o u t  it  is a p p a re n t th a t  in  so ils o f  th is  ty p e  a  

co n sid e rab le  e rro r  in  p o re  p re ssu re  m easu rem en t can  o ccu r, u p  

to  o n e  a tm o sp h e re  o r  m o re  in  m ag n itu d e . T h e  u se  o f  th e  

co rrec t values w ill d isp lace  th e  s tren g th  envelope  sidew ays o n  

th e  M o h r  d iag ram , a n d  w ill in  genera l lead  to  a  red u c tio n  in  th e  

v a lu e  o f  th e  in te rcep t d en o tin g  effective cohesion .

J . W . H ilf  d id  n o t  c a rry  h is  w o rk  fa r  en o u g h  to  d e te rm in e

th e  a c tu a l effect o f  th is  e r ro r  o n  s tren g th  m easu rem en ts  m ad e  

in  th e  triax ia l a p p a ra tu s , b u t  h e  in fe rred  th a t  it  m ig h t a cco u n t 

fo r  a  co n s id e rab le  p a r t  o f  th e  co h esio n  in te rcep t co n v en tio n a lly  

m easu red  in  a p p a ra tu s  o f  th is  type . H e  w en t a  little  fu r th e r , 

in  fac t, a n d  suggested  th a t  tru e  co h es io n  is neg lig ib le  in  u n ­

sa tu ra te d  soils. T h e  G en e ra l R e p o r te r  h a s  p e rh a p s  b een  less 

c au tio u s  th a n  J. W . H ilf  in  h is rem ark s  a b o u t co h es io n ; fo r, 

i f  w e lo o k  in to  th e  o th e r  w o rk  to  w h ich  h e  re fers , p a r ticu la r ly  

th a t  o f  M . J. H v o rs lev  a n d  o f  la te r  w o rk ers  w h o  h av e  exam in ed  

th e  d iffe ren tia tio n  be tw een  fr ic tio n  a n d  co h es io n , w e find  resu lts  

difficu lt to  reco n cile  w ith  th e  view  th a t  co h esio n  in  fine-g ra in ed  

so ils c an  b e  exp la in ed  aw ay  in  te rm s o f  su rface  ten sio n .

H o w ev er, i t  is q u ite  defin ite  th a t  cap illa ry  ten s io n  is re sp o n ­

sib le  fo r  a  co n s id e rab le  c o m p o n e n t o f  th e  co n v en tio n a lly  

m easu red  co h es io n  in te rcep t in  clayey so ils co m p ac ted  o n  th e  

d ry  side  o f  th e  o p tim u m  w a te r  c o n ten t. T h is  m ean s th a t  w e 

m u st b e  m o re  care fu l in  ch o o sin g  th e  ty p e  o f  p iezo m ete r e lem en t 

w h en  dea lin g  w ith  m a te ria ls  p laced  u n d e r  these  co n d itio n s . A s 

y o u  h av e  p ro b a b ly  g a th e red  fro m  th e  ra in fa ll d u r in g  th is  co n fe r ­

ence, it  is o f  less p ra c tica l im p o rtan c e  to  us in  th is  c o u n try  th a n  

p ossib ly  to  th e  U .S . B u re a u  o f  R ec lam a tio n , b u t  as  an  acad em ic  

p ro b lem  it is ex trem ely  im p o r ta n t  to  h av e  th e  p o s itio n  clarified .

J . W . H ilf ’s con clu sio n s p o in t, o f  co u rse , to  a  seriou s 

l im ita tio n  o f  m u ch  o f  th e  field p iezo m ete r eq u ip m en t n o w  in 

use. T h e  g ra in  size  o f  th e  m a te r ia l fo rm in g  th e  p o ro u s  

e lem en ts  in  th is  eq u ip m en t is su ch  th a t  it c a n  o n ly  w ith s tan d  a 

d ifference betw een  th e  w a te r  a n d  a ir  p re ssu re  in  th e  so il o f  a 

few  lb ./sq . in . I  w o u ld  like  to  ask  th e  G en e ra l R e p o r te r  

w h e th e r th e  B u re a u  o f  R ec la m a tio n  is u n d e r ta k in g  an y  re ­

assessm en t o f  th e  v a lu e  o f  u sin g  c o n v e n tio n a l p iezo m ete r tip s  

in  clay  ty p e  so ils p laced  u n d e r  ra th e r  d ry  c o m p ac tio n  co n d itio n s .

T h e re  is a  fu r th e r  p o in t  to  w h ich  I  w ish to  re fe r in  re la tio n  to  

th e  co h es io n  in te rcep t m easu red  in  s ta n d a rd  tests . A  la rg e  

in te rcep t is o ften  m easu red  a t  m o is tu re  co n ten ts  below  th e  

o p tim u m , b u t  even  if  th is  w ere  rep re sen ta tiv e  o f  th e  c h a ra c te r  

o f  th e  so il as p laced , th e  m o st c ritica l co n d itio n  in  m an y  cases 

is lo n g -te rm  s tab ility  o r  ra p id  d ra w -d o w n  w h en  sa tu ra tio n , 

e ith e r p a r tia l  o r  com ple te , h a s  b een  ab le  to  o ccur. W e find  

u n d e r  th ese  co n d itio n s , if  th ey  a re  re p ro d u c e d  in  th e  la b o ra to ry , 

th a t  th e  co hesion  in te rcep t d ro p s  very  rap id ly  w ith  a  rise  in 

w a te r  co n te n t even  th o u g h  th e  v o lu m e  m ay  re m a in  sensib ly  

co n s tan t. I n  th e  case  o f  so il co m p ac ted  o n  th e  d ry  side  o f  th e  

o p tim u m  w a te r  c o n te n t th e  v a lu e  o f  th e  co h esio n  in te rcep t m ay  

d ro p  to  o n e -h a lf o r  o n e - th ird  o f  its  in itia l va lue , a n d  it  is th is  

va lue , ra th e r  th a n  th a t  o b ta in e d  in  th e  co n v en tio n a l u n d ra in e d  

te s t, w h ich  sh o u ld  th en  b e  u sed  in  design.

In  a  series o f  te sts  recen tly  p e rfo rm ed  a t  Im p eria l C ollege th e  

sa tu ra tio n  w as ca rr ie d  o u t a t  a n  av erag e  p o re  p re ssu re  o f  a b o u t 

90  lb ./sq . in ., a  va lue  likely  to  b e  en co u n te re d  u n d e r  field  

seepage co n d itio n s  (in  c o n tra s t  to  th e  m o re  co m m o n  tech n iq u e  

o f  sa tu ra tio n  a t  a tm o sp h e ric  p ressu re). F o r  a  soil o f  re lativ ely  

low  clay  fra c tio n  co m p ac ted  a t  a  w a te r  c o n te n t 2 p e r  c e n t below  

th e  o p tim u m  th e  values o f  c ' a n d  4>' ( th e  a p p a re n t co h es io n  a n d  

ang le  o f  sh ea rin g  res is tan ce  in  te rm s o f  effective stress) w ere

9 lb ./sq . in . a n d  33£ degrees fo r th e  co n v en tio n a l u n d ra in e d  

test, a n d  0 a n d  32^ degrees fo r  th e  sa tu ra te d  sam p le  respectively. 

T h is  d ro p  in  th e  co h es io n  in te rcep t is a n  im p o r ta n t fac t w hich  

m u s t be  ta k e n  in to  ac c o u n t in  d ea lin g  w ith  s tab ility  p ro b lem s 

in  p a r tly  sa tu ra te d  soils.

T h e  la s t p o in t w hich  I  sh o u ld  lik e  to  ra ise  briefly is th a t  o f  

p o re  p re ssu re  p red ic tio n s. O n e  o r  tw o  pessim istic  sta tem en ts  

h av e  b een  m ad e  a b o u t th is  p o in t a lread y . I  th in k  th a t  th e  

difficulty arises n o t  so m u ch  in  so ils in  w hich  th e  w a te r co n te n t 

is ab o v e  th e  o p tim u m  a n d  th e  p o re  p re ssu re  is h igh , b u t in  soils 

p laced  a t  o r  below  th e  o p tim u m  w a te r  c o n ten t, in  w hich  th e  

p o re  p re ssu re  m ay  in itia lly  b e  low , o r  even  n eg ativ e  u n d e r  low  

stresses. A  p rev io u s sp e ak e r h a s  given  a n  ex am p le  o f  th is  

second  category .
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I t  w o u ld  be  in te restin g  to  k n o w  w h e th e r th e  B u rea u  o f  

R éc lam atio n , o n  th e  b as is  o f  th e  w o rk  it h a s  c a rr ie d  o u t, is 

a d o p tin g  th is ra th e r  p essim istic  a tti tu d e  a n d  is b as in g  its  designs 

o n  in tu itio n  ra th e r  th a n  o n  q u a n tita tiv e  m easu rem en t, in - 

v o k in g  o b serv ed  p o re  p re ssu res  if  difficulties a rise  d u r in g  c o n ­

s tru c tio n  ra th e r  th a n  u sin g  th em  as a  basis  fo r  design  in  th e  

p re lim in ary  stages.

A . Mayer  (F ran ce)

L e  très in té re ssan t ra p p o r t  (6 /16) d u  G . Mea r di su r la  c o n ­

so lid a tio n  d ’arg iles m olles d an s  la  fo n d a tio n  d ’u n e  d igue a u  

m o y en  de d ra in s  en  sab le  m ’a  d o n n é  l’idée  d e  d ire  ic i quelques 

m o ts  d ’u n e  é tu d e  su r  m o d è le  ré d u it q u i a  é té  fa ite  s u r  m a  

d em an d e  p a r  P . H a b ib  a u  L a b o ra to ire  d u  C .E .B .T .P . p o u r  

é tu d ie r  u n  p ro b lèm e  an a lo g u e . I l  s’ag issa it de  co n s tru ire  en  

b o rd u re  de  m er, su r  u n  te rra in  re c o u v e rt ch aq u e  jo u r  p a r  u n e  

m arée  de  4  m  u n e  d igue de  8 m  de  h a u t  destinée  à  p ro tég e r les 

te rra in s  riv e ra in s  e t  u lté rieu rem en t à  p e rm e ttre  leu r u tilisa tio n .

L e  sol, à  ce t en d ro it, es t co n s titu é  ju s q u ’à  p lu s  de  20 m  de 

p ro fo n d e u r  p a r  u n e  vase  m olle , à  fro ttem en t p ra tiq u e m e n t n u l 

e n  l ’é ta t  n a tu re l, à  co h és io n  p a r  en d ro its  de  50 g /cm 2. C ’est- 

à -d ire  q u ’u n  h o m m e n e  p e u t se ten ir d eb o u t su r  ce  te r ra in  san s 

en fo n çer. L ’ex écu tio n  d ’u n e  d ig u e  de  8 m  su r  u n e  p a re ille  

fo n d a tio n , avec  des m arées de  4  m , p a ra is sa it  im possib le . 

L ’o b je t d e  la  rech erch e  a  é té  d ’essay er de  d é te rm in e r si o n  

p o u r ra it ,  en  co n so lid a n t le te r ra in  a u  m oyens de  d ra in s  en  sab le , 

a r r iv e r  à  co n s tru ire  u n  cav a lie r en  en ro ch em en ts  de  4  m  de 

h a u t ,  à  l ’a b r i d u q u e l o n  p o u r ra i t  d ép o se r des m a té riau x  d rag u és 

san s  r isq u e  d e  les v o ir em p o rté s  p a r  la  m arée .

N o u s  av o n s ch erch é  à  é tu d ie r  le  p ro b lèm e  au  m o y en  d ’u n  

m o d è le  réd u it. D a n s  l ’im possib ilité  p ra tiq u e  o ù  n o u s  é tio n s 

de  n o u s  p ro c u re r  u n e  q u a n tité  im p o rta n te  de  vase  in tac te , il 

n o u s  a  p a ru  q u e  le te rra in  n a tu re l  p o u r ra i t  ê tre  rep ré sen té  p a r  

u n e  g ra isse  co n s is tan te , re la tiv em en t m olle , à  f ro tte m e n t n u l e t 

co h ésio n  de  l’o rd re  de  20  g. U n  g ra n d  réc ip ien t a  é té  rem p li 

d e  ce tte  g ra isse ; des d ra in s  en  sab le  y o n t  é té  im p lan tés , en  

e n fo n çan t d an s  la  g ra isse  des tu b es  q u e  l’o n  rem p lissa it de  sab le  

e t q u e  l ’o n  re tira it  p a r  la  su ite . D es essais de  ch a rg em en t 

superficie l o n t  é té  effectués d ’a b o rd  s u r  la  g ra isse  seu le, en su ite  

d an s  la  zo n e  o ù  av a ien t é té  im p lan té s  les d ra in s . I l  e s t b ien  

év id en t q u e  les p ieu x  a in si im p lan té s  n ’a v a ien t a u c u n  effet 

d ra in a n t. L ’essai d ev a it d o n c  d o n n e r u n e  fo rce  p o r ta n te  très 

in fé rieu re  à  celle suscep tib le  d ’ê tre  o b te n u e  en  p lace  d u  fa it de  

la  c o n so lid a tio n  d u  te rra in .

I l  a  m o n tré  q u e :

(1) L es d ra in s  d ev a ien t av o ir  u n e  d im en sio n  suffisante, ta n t  

e n  d iam è tre  q u ’en  lo n g u e u r p o u r  m e ttre  en  je u  la  to ta lité  de  

leu r  cap ac ité  de  ré sis tance . S in o n  la  ru p tu re  a v a it lieu  à  

l ’in té rieu r m êm e d u  sab le  d u  d ra in . L a  tê te  d u  d ra in  s ’éc rasa it 

san s  p e rm e ttre  d ’o b te n ir  la  ré s is tan ce  m ax im a  possib le . U n  

ca lcu l sim p le  p e rm e t d ’ailleu rs de  d o n n e r ce tte  lim ite.

(2) U n e  fo is ceci réa lité , o n  a  c o n s ta té  q u e  la  d ra in  a jo u ta it  

b ien  à  la  ré s is tan ce  d u  so l en  p lace  u n e  rés is tan ce  éga le  a u  p ro ­

d u it  d e  la  su rface  la té ra le  p a r  la  cohésion . C ’é ta it  ce  q u e  le 

ca lcu l in d iq u a it;  l ’expérience l’a  confirm é de  faço n  très  sa tis ­

fa isan te .

I l  y a  lieu  de  ra p p e le r  q u e  ce tte  v a leu r est u n  m in im u m  

p u isq u e  la  co h ésio n  de  la  g ra isse  re s te  in v a riab le , ta n d is  q u e  le 

so l su b ira it  u n e  c e rta in e  c o n so lid a tio n , difficile à  év a lu e r 

d ’a illeu rs e n  ra iso n  d e  l ’a c tio n  des m arées.

O n  a  a in si tro u v é  q u e  p o u r  u n e  lo n g u e u r de  10 m  c h aq u e  

d ra in  au g m e n ta it  de  8 fo is en v iro n  la  ré s is tan ce  d u  so l à  l ’e n ­

d ro it  o ù  il é ta it  im p lan té .

O n  a  ainsi p u  ca lcu le r le n o m b re  d e  d ra in s  nécessaires p o u r  

te n ir  u n e  levée en  en ro ch em en ts  d e rriè re  laq u elle  o n  v ien d ra it 

d év erser des m a té r iau x  d rag u és. B ien  en te n d u  il n ’est p ossib le  

d e  d o n n e r ici q u ’u n e  idée  généra le  d u  p ro je t. U n  sy stèm e de

c lap e ts  a u  b as  d e  la  d ig u e  e n  en ro ch em en ts  d o it  p e rm e ttre  

d ’év acu er l’eau  a p p o r té e  p a r  les p ro d u its  d e  d rag ag e , tan d is  q u e  

le  ch o ix  des m a té r iau x  d o it p e rm e ttre  d ’av o ir u n e  é tan ch é ité  

suffisan te .

I l  n o u s  a  p a ru  q u e  q u e lques m o ts  su r  ce tte  é tu d e  fa ite  d an s 

u n  cas p a rtic u lie r  trè s  vo isin  de  celu i exposé  p a r  le G . M e ard i 

c o m p lé te ra ien t u tilem en t so n  ra p p o rt.

The Chairman
I  no w  h av e  p lea su re  in  ca lling  o n  th e  la s t sp e ak e r a t  th is  

session , a n d  I  th in k  it is u n iq u e  in  th e  h is to ry  o f  o u r  science th a t  

th e  sp eak er o n  w h o m  I  n o w  ca ll is a  lad y — M rs. T ro itsk ay a , o f  

th e  U .S .S .R .

M rs. M . Tr oit skaya  (U .S .S .R .)

In  a  n u m b e r  o f  p a p e rs  p re sen ted  a t  th is  conference  m en tio n  

h a s  b een  m ad e  o f  th e  chang es in  th e  m ech an ica l p ro p e rtie s  o f  

so ils w ith  d ep th . A s a  ru le  it  h a s  b een  assu m ed  th a t  w ith  th e  

increase  in  d e p th  b o th  th e  den sity  a n d  th e  s tren g th  in crease . 

A lth o u g h  such  co n d itio n s  a re  to  be  fo u n d  in  m an y  cases, very  

o ften  th e  o p p o s ite  c a n  b e  o b se rv ed  w h en  th e  den sity  a n d  

s tren g th  o f  th e  so il d o  n o t  in crease  u n d e r  th e  self-w eight o f  th e  
soil.

T h is  is m ain ly  th e  case  w here  th e re  is a  deep  s tra ta  o f  clay  

w hich  c a n  lo se  its  w a te r  on ly  to  a  lim ited  ex ten t ow ing  to  th e  

fac t th a t  th e  p re ssu re  g ra d ien t p ro d u c e d  by  its  ow n  w eig h t is 

sm all. S am ples o f  th e  sam e soil w hen  te sted  in  th e  la b o ra to ry , 

h ow ever, sh ow  la rg e  g rad ien ts  d u e  to  th e  sm all size  o f  sam ples, 

a n d  h en ce  th e  co m pressib ility  m ay  b e  fo u n d  to  be q u ite  h igh .

I t  sh o u ld  b e  b o rn e  in  m in d  th a t  th e  co m p ressio n  o f  so ils in  

n a tu ra l  as w ell as la b o ra to ry  c o n d itio n s  is alw ays lim ited , a n d  

th e  co m p ressio n  cu rv e , w h ich  is u su a lly  a ssu m ed  to  b e  lo g a ­

r i th m ic , h a s  in  fac t a  h o r iz o n ta l a n d  a  ve rtica l a sy m p to te  c o rre ­

sp o n d in g  to  th e  lim it o f  co m p ac tio n . T h is  lim it in  its tu rn  

d e te rm in es th e  p re sen ce  o f  th e  lim it o f  s tren g th , a n d  in  p a r tic u la r  

res is tan ce  to  sh ea r, w h ich  it  is necessary  to  co n s id e r in  all 

c a lcu la tio n s  o f  s tab ility  o f  slopes, a n d  especia lly  o f  n a tu ra l  

slopes w here  th e  lo ad s c a n  b e  very  g rea t.

General Reporter
I  w ill say  o n ly  a  few  w ords in  su m m in g  u p  th e  session . I  am  

very  so rry  th a t  so  m an y  p eo p le  w h o  w an te d  to  m ak e  c o n tr i ­

b u tio n s  to  th is  session  w ere  u n a b le  to  d o  so , s ince  w e h a d  to  

e lim in a te  som e n am es ; I  feel su re  th a t  th e ir  co n tr ib u tio n s  w o u ld  

h a v e  b een  ju s t  a s  in te restin g  as th o se  th a t  w e h av e  h ea rd , b u t 

to  h av e  h e a rd  all o f  th em  w o u ld  h av e  k e p t u s h e re  a n o th e r  

h o u r  a n d  a  h a lf  a t  least.

I  h av e  o n ly  o n e  o th e r  co m m e n t to  m ak e . A . W . B ish o p  

ask ed  a  q u es tio n  as to  w h a t p ro ced u re s  m y  o rg an iza tio n  p ro ­

p o sed  to  fo llow . W e h av e  n o  se t p ro ced u re s  in  th e  B u rea u  o f  

R ec lam a tio n . A s o u r  k n ow ledge  o f  so il m echan ics chang es, 

w e c o n s tan tly  ch an g e  o u r  p rac tices. F o r  so m e  tim e  w e fo llo w ed  

th e  p ra c tic e  o f  d ry  em b a n k m e n t c o n s tru c tio n  b u t  I  a m  a t  

p re sen t engag ed  in  d irec tin g  w o rk  o n  tw o  d am s o n ly  a b o u t 

50 m iles a p a r t, o n e  w ill b e  b u ilt  w ith  a  very  w et e m b an k m en t 

a n d  th e  o th e r  a  m o d e ra te ly  d ry  e m b an k m en t b ecau se  th e  local 

co n d itio n s  d ic ta te  th a t  th a t  is th e  o n ly  p ro p e r  w ay o f  h an d lin g  

it. I  h av e  b een  in  th e  s i tu a tio n  tim e  a n d  tim e ag a in  w here , 

h av in g  to ld  so m eb o d y  th a t  th is  w as th e  w ay w e d id  so m eth in g , 

o n  th e  n ex t jo b  I  d id  it  in  exactly  th e  o p p o s ite  w ay.

W e h av e  still a  few  m in u tes  left th is  m o rn in g  a n d  I  w ill leave 

th em  to  K . T erzag h i.

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

O u r  G en e ra l R e p o r te r  h as  p ro v id ed  u s w ith  a c lear p ic tu re  

o f  th e  p re sen t tre n d  o f  th o u g h t in  tw o im p o r ta n t fields o f  so il

263



m ech an ics: th e  design  o f  e a r th  d am s a n d  th e  ev a lu a tio n  o f  th e  

degree o f  s tab ility  o f  slopes o n  n a tu ra l  g ro u n d .

D u rin g  th e  p a s t few  d ecad es m e th o d s h av e  b een  w o rk ed  o u t 

fo r  th e  design  o f  e a r th  d am s o n  a  ra tio n a l  basis . A s a  re su lt 

o f  these  d evelopm en ts e a r th  d am  fa ilu res becam e very  in fre ­

q u e n t in  sp ite  o f  th e  fac t th a t  th e  h e ig h t o f  th e  d a m s increased . 

A s la te  as 1901 th e  B o a rd  o f  C o n su ltan ts  fo r  th e  N ew  Y o rk  

W a te r  S upp ly  co n sid e red  it u n sa fe  to  b u ild  e a r th  d am s w ith  a  

h e ig h t o f  m o re  th a n  70 ft. Y e t d u r in g  th e  la s t d ecad e  e a r th  

d am s h av e  been  successfully  b u ilt  w ith  a  h e ig h t u p  to  a lm o st 

400 ft. H ow ever, in  o rd e r  to  ap p ly  ra tio n a l  m e th o d s  to  th e  

design  o f  dam s, th e  sub so il co n d itio n s  m u s t be  re liab ly  k now n. 

D a m  sites w ith  d u b io u s  fo u n d a tio n  co n d itio n s  w ere  avo ided .

A t th e  p re sen t tim e  m o s t o f  th e  desirab le  d am  sites h ave 

a lread y  been  u tilized  a n d  m o re  a n d  m o re  o ften  w e a re  co m ­

pe lled  to  c o n s tru c t e a r th  d am s a t  sites w hich  w ere  co n sid ered  

hopeless 20 o r  30 years ago . M a n y  o f  these  sites h av e  th e  

fea tu re  in  co m m o n  th a t  it is im p rac ticab le  to  d e te rm in e  th e  

essen tia l ch a rac te ris tic s  o f  th e  sub so il in  ad v an ce  o f  co n s tru c ­

tio n . In  th is  co n n ec tio n  a  b r ie f  a cc o u n t o f  som e o f  m y 

experiences w ith  d am s a t  such  sites m ay  be o f  in te rest.

O n e  o f  th e  d am s w ith  w hich  I  a m  a t  p re se n t co n n e c ted  is 

lo ca ted  in  th e  h igh  S ie rra  N ev ad a . T h e  s ite  o f  th e  d am  w as 

in v ad ed  by th e  P le is tocen e  ice shee t a t  le a s t tw ice. T h e  b ed ro ck  

is lo ca ted  a t  d ep th s  u p  to  250 ft. below  th e  valley  floor. T h e  

sed im en ts co v erin g  th e  b e d ro ck  co n sis t o f  tw o  layers o f  stony , 

locally  ra th e r  perv io u s till, sep a ra ted  fro m  each  o th e r  by  g lacio - 

fluvial sed im en ts c o n ta in in g  lenses o f  silt. T h e  u p p e r  till sheet 

su p p o rts  a  se t o f  c re scen t-sh ap ed  te rm in a l m o ra in e s  sep a ra ted  

fro m  each  o th e r  by  tro u g h s  lin ed  w ith  slope  w ash . T h e  d am  

site  in te rsec ts th re e  o f  th e  m o ra in es , a n d  o n e  a b u tm e n t res ts  o n  

a  very  perv io u s k a m e  deposit.

T h e  d am  site  w as ex p lo red  by  m ean s o f  14 b o rin g s u p  to  a  

d ep th  o f  250 ft. a n d  tw o  te s t sh a fts  w ith  a  d e p th  o f  30 ft. A  

g re a t n u m b e r o f  so il tests  w ere  p e rfo rm ed  an d , in  ad d itio n , a  

co m p e ten t geo log ist sp e n t tw o  w o rk in g  seasons a t  th e  site, 

engag ed  in  a n  a t te m p t to  u n ra v e l th e  p a tte rn  o f  s tra tif ica tio n  

o f  th e  subsoil. Y et, a t  th e  tim e  w h en  c o n s tru c tio n  s ta rte d , i t  

w as still im possib le  to  m a k e  a  re liab le  e s tim a te  o f  th e  q u a n tity  

o f  w a te r w h ich  w o u ld  escape  fro m  th e  rese rv o ir th ro u g h  th e  

sub so il o f  th e  d am . T h e  fo recas t o f  a  lo ss o f  15 cu . f t ./sec  w as 

n o  m o re  th a n  a  w ild  guess. T h e  lo ca tio n  o f  th e  lines a lo n g  

w hich  w a te r  m ay  escape o u t  o f  th e  re se rv o ir w as also  u n k n o w n .

D u rin g  c o n s tru c tio n  ske tches w ere  m ad e  o f  a ll th e  geo log ical 

deta ils  w hich  co u ld  be  seen  o n  th e  slopes o f  fresh  cu ts. Y e t 

ev en  th ese  le ft a  w ide m arg in  fo r in te rp re ta tio n . T h e re fo re  

co nclusive  in fo rm a tio n  co n ce rn in g  th e  lo ss o f  w a te r  a n d  th e  

h y d ro s ta tic  p re ssu re  co n d itio n s  in  th e  su b so il co u ld  be  o b ta in e d  

o n ly  by  d irec t o b se rv a tio n  d u r in g  th e  first filling o f  th e  reserv o ir. 

In  o rd e r  to  ge t th a t  in fo rm a tio n , 70  o b se rv a tio n  w ells w ere  

in sta lled , w ith  th e ir  lo w er en d s lo ca ted  a t  d ifferen t e levations. 

O n e  g ro u p  o f  w ells w as d rilled  w ith in  th e  a re a  o ccu p ied  by  th e  

d am , a  second  o n e  a lo n g  th e  d o w n stream  to e  a n d  a  th ird  o n e  

o n  th e  te rra in  d o w n stream  fro m  th e  d am . A s th e  p a t te rn  o f  

d ra in ag e  em erged  fro m  th e  o b se rv a tio n a l d a ta , su p p lem en ta ry  

w ells w ere  d rilled  a t  stra teg ic  p o in ts . O n  th e  basis o f  th e  resu lts  

o f  th e  p iezo m etric  read in g s , th e  s tab ility  co m p u ta tio n s  w ere 

rev ised . T h e  q u a n tity  o f  w a te r w h ich  en te red  th e  to e  d ra in  

w as m easu red  a t  tw o  p o in ts  by  m ean s o f  a u to m a tic  gauges. 

H ow ever, w hile th e  w a te r level in  th e  rese rv o ir w as risin g  th ree  

sp ring s cam e  o u t o f  th e  slopes d o w n stream  fro m  th e  dam . T h e  

sites o f  th e  sp ring s w ere  co v ered  w ith  in v erted  filters  a n d  

g aug ing  devices w ere  in sta lled  to  keep  a  co n tin u o u s  rec o rd  o f  

th e  d ischarge  o f  th e  springs. A t fu ll reserv o ir th e  to ta l  lo ss o f  

w a te r d u e  to  seepage a m o u n te d  to  a b o u t 6 cu . f t ./se c  o r  less 

th a n  o n e -h a lf o f  th e  estim a ted  a m o u n t. A b o u t 4 cu . ft./sec  

cam e  o u t  o f  th e  to e  d ra in  a n d  th e  b a lan ce  o u t  o f  th e  slopes 

d o w n stream  fro m  th e  dam . O w ing  to  th e  o b se rv a tio n s  w hich

w ere  m ad e  d u r in g  co n s tru c tio n , th e  co m p le ted  d am  is as  sa fe  

a n d  sa tis fac to ry  as if  it h a d  been  b u ilt  o n  a  fo u n d a tio n  th e  

p ro p e rtie s  o f  w h ich  w ere  fu lly  k n o w n  in  ad v an ce  o f  c o n s tru c tio n .

E n tire ly  d ifferen t w ere  th e  u n ce rta in tie s  a n d  difficu lties e n ­

c o u n te red  a t  a  d am  site  in  c en tra l B ritish  C o lu m b ia . T h e  site 

is lo ca ted  in  th e  p ro x im ity  o f  th e  u p p e r  en d  o f  a  n a rro w  can y o n  

w hich  w as ca rv ed  by  th e  riv e r o u t  o f  g ra n itic  rocks. A b o u t 

100 y ea rs  ag o  a  ro ck slid e  o f  vas t m ag n itu d e  descen d ed  in to  th e  

valley fro m  an  e lev a tio n  o f  a b o u t  2,000  ft. ab o v e  th e  valley 

floor. T h e  slide b u r ie d  th e  fo re s t w h ich  co v ered  th e  valley  

f lo o r o v er a  len g th  o f  a b o u t  five m iles b en ea th  a  lay er o f  slide 

m a te r ia l w ith  a  th ickness u p  to  100 ft. T h e  slide m a te ria l c o n ­

sis ted  o f  a  ra n d o m  m ix tu re  o f  silt, san d , g ravel a n d  w ell- 

ro u n d e d  b a s a lt a n d  an d es ite  b o u ld e rs  w ith  d iam ete rs  u p  to  

sev era l fee t. Ju d g in g  fro m  th e  te x tu re  o f  th e  slid e  d ep o sit, th e  

slid e m a te r ia l h a d  th e  consis tency  o f  liq u id  c o n c re te  d u r in g  its 

d o w n w ard  m o v em en t a n d  th e  d ep o s itio n  w as a sso c ia ted  w ith  

lo ca l seg reg a tio n  acco rd in g  to  p a rtic le  size.

T h e  d ep o s it o f  slide m a te r ia l is s e p a ra te d  f ro m  th e  o rig in a l 

g ro u n d  by  a  co n tin u o u s  lay e r co n s is tin g  o f  a  m ix tu re  o f  san d , 

g ravel, sh ru b s  a n d  b ro k e n  trees  w ith  a  d iam e te r u p  to  several 

feet. U p s tre a m  fro m  th e  a re a  co v ered  by  th e  slide  th e  riv e r 

fo rm s a  sha llow  lak e , th e  su rface  o f  w hich  is lo ca ted  a b o u t  30 ft. 

be low  th e  lo w est p a r t  o f  th e  o rig in a l su rface  o f  th e  d ep o s it o f  

slide  m a te ria l. T h e  p ro je c t in vo lved  th e  c o n s tru c tio n  o f  a  d am  

w ith  a  m ax im u m  h e ig h t o f  a b o u t  100 ft ., fo r  th e  p u rp o se  o f  

ra is in g  th e  w a te r  level in  th e  lak e  a n d  d iv e rtin g  th e  w a te r  

th ro u g h  a  la rg e  d iam e te r  ro c k  tu n n e l six m iles lo n g  to  a  p o w er 

s ta tio n  lo ca ted  o n  th e  flo o r o f  a n  ad ja c e n t valley .

P re lim in ary  su b so il ex p lo ra tio n  in v o lv ing  th e  ex cav a tio n  o f  

sev era l te s t sh a fts  sh o w ed  th a t  th e  slide  d ep o s it co n ta in e d  

p o ck e ts  a n d  veins o f  r a th e r  p e rv io u s  m a te ria l, p ro b a b ly  fo rm e d  

b y  seg reg a tio n  d u r in g  d ep o s itio n , a n d  th a t  th e  p erm eab ility  o f  

th e  c o n ta c t  lay er co n ta in in g  th e  re m n a n ts  o f  th e  b u r ie d  fo rest 

w as locally  very  h igh . N o  c o n s tru c tio n  m a te ria ls  o th e r  th a n  

th e  slide m a te r ia l a n d  ta lu s  ro c k  w ere  av a ilab le  fo r  b u ild in g  th e  

d a m ; th e  av e rag e  p e rm eab ility  o f  th e  slide  m a te r ia l being  th a t  

o f  a  silty  san d . H o w ev er, since  th e  ow ners h a d  n o  o b jec tio n s to  

severe  losses o f  w a te r  d u e  to  seepage o u t  o f  th e  re se rv o ir, I  

dec la red  th e  p ro jec t to  b e  feasib le , p ro v id e d  th e  d an g e r o f  

p ip in g  th ro u g h  th e  lay e r co n ta in in g  th e  b u ried  fo re s t w as 

e lim in a ted  by a d e q u a te  p ro v is io n s . H o w ev er it w as im p rac tic ­

ab le  to  lo c a te  th e  d a n g e r sp o ts  in  ad v an ce  o f  c o n s tru c tio n . 

S u b seq u en t b o rro w  p it  su rveys sh o w ed  th a t  th e  slid e m a te r ia l 

exposed  in  th e  b u lld o z e r cu ts  w as so  w et th a t  th e  b u lld o ze rs  

b o gged  d o w n  in  som e o f  th e  cu ts , a n d  th e  lo ca l c lim atic  c o n ­

d itio n s  e lim in a ted  th e  p o ssib ility  o f  red u c in g  th e  w a te r  c o n te n t 

by  ex p o su re  a n d  e v ap o ra tio n .

In  o rd e r  to  ta k e  fu ll ad v a n ta g e  o f  th e  av a ilab le  c o n s tru c tio n  

m a te ria ls  I  p ro v id ed  th e  d am  w ith  a  ro c k  to e  w ith  a  h e ig h t 

so m ew h at sm alle r th a n  th a t  o f  th e  d am . T h e  ro c k  to e  serves 

as a  la te ra l su p p o rt  fo r  a n  u p s tre a m  p o r tio n  m ad e  o u t  o f  slide 

m a te ria l, to  be  p laced  a t  n a tu ra l  w a te r  c o n ten t. A  stab ility  

c o m p u ta tio n  fo r  th e  u p s tre a m  slo p e  co u ld  n o t  b e  m ad e  b ecau se 

th e  fill m a te ria l h a d  to  be  p laced  a t  th e  w a te r  c o n te n t a t  w hich  

i t  w as en co u n te red . T h e re fo re  I assign ed  to  th e  u p s tre am  

su rface  o f  th e  d am  th e  co n serv a tiv e  s lo p e  o f  4 :1 ,  w ith  th e  

in te n tio n  o f  fla tten in g  th e  slope  d u r in g  co n s tru c tio n  if  i t  s ta r te d  

to  bu lge. In  o rd e r  to  av o id  excessive lo ss o f  w a te r  th ro u g h  

th e  c o n ta c t lay er be tw een  riv e r sed im en ts a n d  slide  m a te r ia l I 

sea led  th e  o u tc ro p s  o f  th is lay er to  a  d is tan ce  o f  several h u n d re d  

fee t u p s tre a m  fro m  th e  u p s tre a m  toe.

A t th e  p re se n t tim e  th e  d am  is p rac tica lly  co m p le ted . T h e  

u p s tre a m  slope  rem a in ed  s tab le  a n d  th e  leak ag e  th ro u g h  th e  

p o ro u s  c o n ta c t  lay er is sm a lle r th a n  an tic ip a ted . T h e  w a te r  

w h ich  com es o u t  o f  th e  slide  m a te r ia l w ith in  th e  a re a  co v ered  

by  th e  rock-fill passes th ro u g h  a n  in v erted  filter a n d  en te rs  a  

g au g in g  b o x  a t  th e  d o w n stream  to e  o f  th e  d am , eq u ip p ed  w ith
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a n  a u to m a tic  g aug ing  device. T h e  sp rin g s co m in g  o u t o f  th e  

g ro u n d  d o w n stream  fro m  th e  d am  a re  a lso  u n d e r  c o n tro l. 

T h e re fo re  th e  co m p le ted  s tru c tu re  is sa tis fac to ry  in  every  respect 

a lth o u g h  th e  basis  fo r  th e  o rig in a l design  w as ra th e r  sh ak y , to  

say  th e  least.
A n o th e r  to p ic  o f  th is  session  w as th e  s tab ility  o f  slopes o n  

n a tu ra l  g ro u n d . T h o se  o f  y o u  w h o  h av e  h a d  little  o r  n o  

p e rso n a l experience  w ith  lan d slid es m ay  be  o p tim is tic  en o u g h  

to  believe th a t  th e  e v a lu a tio n  o f  th e  fa c to r  o f  safe ty  o f  such  

slopes is essen tia lly  a  m a tte r  o f  sam p lin g , te s tin g  a n d  co m ­

pu tin g . H o w ev er, such  o p tim ism  is n o t  justified . In  1950 I 

m a d e  a n  a t te m p t to  define a n d  to  classify  th e  fac to rs  re sp o n sib le  

fo r  slope  fa ilu res  o n  n a tu ra l  g ro u n d . T h e  find ings w ere 

p u b lish ed  in  th e  E n g in ee rin g  G eo lo g y  (B erkey) V o lu m e o f  th e  

G eo lo g ica l S ociety  o f  A m erica . I f  y o u  rea d  th a t  p a p e r  y o u  

w ill rea lize  th a t  in  m an y  in stan ces it is im p rac ticab le  to  d e te r ­

m in e  th e  fa c to r  o f  safe ty  o f  a  s lope  w ith  re sp ec t to  slid ing  in 

ad v an ce  o f  th e  o ccu rren ce  o f  a  s lo p e  fa ilu re . T h e  b es t w e can  

h o p e  fo r  u n d e r  su ch  co n d itio n s  is to  find  o u t  w h e th e r th e  s lope  

is safe  o r  o f  d o u b tfu l stab ility . T h e  tra n s fo rm a tio n  o f  a  slope 

w ith  d o u b tfu l  s tab ility  in to  a  safe o n e  can  be  a  very  expensiv e 

o p e ra tio n  a n d  w e c a n n o t k n o w  in  ad v an ce  w h e th e r o r  n o t  th e  

in v estm en t is ju stified : th e re fo re , in  m an y  cases o f  th is k in d , 

so u n d  en g in eerin g  involves ta k in g  a  chance . I f  su ch  a  decision  

is rea ch ed , so u n d  en g in eerin g  a lso  req u ires  th e  in s ta lla tio n  o f  

all th o se  m ean s o f  o b se rv a tio n  w h ich  a re  necessary  to  recogn ize  

th e  im m inen ce  o f  a  slope  fa ilu re  a n d  to  iso la te  th e  a re a  b efo re  

th e  fa ilu re  o ccurs. A fte r  th e  fa ilu re  w e h av e  to  re -estab lish  

s tab le  c o n d itio n s  a t  m in im u m  expen se. W h en  fac ing  su ch  a  

s i tu a tio n  w e c a n n o t he lp  rea liz in g  th a t  every  b it  o f  th e  tim e  w e 

sp e n t o n  th e  s tu d y  o f  so il m ech an ics  w as w ell invested  in  sp ite  o f  

th e  fac t th a t  w e w ere  u n a b le  to  c o m p u te  th e  fa c to r  o f  safety  

o f  th e  slo p e  w ith  re sp ec t to  s lid ing  in  ad v an ce  o f  th e  o ccu rren ce  

o f  fa ilu re .

B . Aisenst ein (Israe l)

Je  m ’excuse a u p rè s  d u  R a p p o r te u r  G én é ra l de  rev en ir à  

l’a rtic le  6/1 au q u e l j ’a i p a rtic ip é , m ais j ’a i p en sé  in té re ssan t de 

c o m p lé te r ce t a r tic le  en  ré su m a n t q u e lq u es u n s des essais  q u i 

se fo n t en  Is raë l, e t q u i co n s is ten t à  re c o u v rir  u n e  ro c h e  ca lca ire  

p e rm éab le  avec  de  l’arg ile  a llu v ia le  g rasse , à  m o n tm o rillo n ite , 

a fin  d e  d é te rm in e r les co n d itio n s  les p lu s  fav o u rab les , ta n t  

te ch n iq u es  q u ’éco n o m iq u es de  l’é tan ch em en t p a r  re c o u v rem en t 

d ’u n  rése rv o ir à  fo n d  ro c h eu x  perm éab le .

Fig. 15 D iagram m e des charges 

Load diagram

L es essais  se  fo n t su r  u n e  su rface  en  p en te  d o u ce , de  2000 m 2 

q u e  l ’o n  a  e n to u ré e  d ’u n e  d igue en  te rre  de h a u te u r  m ax im a  de

5 m  c o n s ti tu a n t a in si u n  rése rv o ir q u e  l ’o n  a  rem p li d ’eau . 

A p rès  q u e  ce tte  su rface  a i t  é té  reco u v erte  de  50 cm  d ’arg ile  

co m p ac tée , les p e rte s  p a r  in filtra tio n s, de  2 m  p a r  jo u r  a v a n t le 

tra ite m e n t, to m b è re n t à  5 m m  p a r  jo u r .  C e  ch iffre, q u o iq u e

re la tiv em en t bas, é ta it  en co re  élevé e t s’a c c ru t su b item en t ap rès  

q u e lq u es m o is  ju s q u ’à  50 m m  p a r  jo u r .  L e  ré se rv o ir v idé, o n  

ap e rç u t a lo rs , à  l’e n d ro it  le  p lu s  p ro fo n d , u n  t ro u  cy lin d riq u e  

v e rtica l de  15 -20  cm  d iam è tre  q u i tra v e rsa it la  co u v e rtu re . 

O n  av a it là  u n  cas ty p iq u e  d ’é ro s io n  in te rn e  o u  ‘p ip in g ’ d an s 

l’arg ile . E n  ex am in an t d e  p lu s  p rè s  le p h én o m èn e , q u i se 

rép é ta  d ’ailleurs, o n  re m a rq u e  que, n o n  seu lem en t à  la  base  de  

l ’arg ile  o n  av a it laissé q u e lques ca illoux , m ais q u e  la  p e r te  de 

charge , m esurée  p a r  des cellules p iézo m étriq u es laissées d an s 

la  c o u v e rtu re  é ta it  —  selon  le d iag ram m e F ig . 15 —  fa ib le  d an s 

la  p a r tie  su p érieu re  se la  c o u v e rtu re  e t  g ra n d e  d an s  la  p a r tie  

in férieure . E n  m êm e tem p s o n  sav a it q u e  le gonflem en t de 

l ’arg ile, m esu ré  à  d iverses p ro fo n d e u rs , av a it  é té  très  rap id e  e t, 

n a tu re llem en t, p lu s  g ra n d  en  h a u t  q u ’en  bas. L e  p h én o m èn e  

d ’é ro s io n  in te rn e  s ’exp liqu e d o n c  s im p lem en t p a r  la  p résence 

d ’u n  m a té r ia u  g ro ssier a u  dessous le d ’arg ile  e t  p a r  la  c ré a tio n  

d ’u n  g ra d ie n t h y d rau liq u e  très  élevé d an s la  p a r tie  in férieu re  de 

la  co u v e rtu re .

D a n s  u n  deuxièm e essai o n  a  n e tto y é  co m p lè tem en t la  ro ch e , 

c o lm a té  les fissures e t m is u n e  c o u v e rtu re  d ’u n  m è tre  d ’épa isseu r, 

se re se rv an t la  p ossib ilité  d e  d im in u e r l’ép a isseu r p lu s  ta rd . 

O n  n ’a  p as  m is de filtre, ce q u i a u ra it  é té  t ro p  cher. D a n s  cet 

essai, q u i se p o u rsu it  d é jà  p rès  d ’u n  a n  le p h én o m èn e  d ’é ro sio n  

n ’a  p as  ré a p p a ru  e t  les p e rtes  p a r  in filtra tio n  so n t d ’en v iro n

1 -2  m m  p a r  jo u r .  Q u o iq u ’il en  so it, il sem ble  b ien  d u  p o in t 

d e  v u e  p ra tiq u e  q u ’u n e  c o u v e rtu re  d ’arg ile  grasse, p o u r  ê tre  

efficace, d o it ê tre  posée su r  u n  te rra in  co n v e n ab le m en t p ré p a ré , 

e t  d o it ê tre  elle -m êm e reco u v erte  d ’u n e  su rch arg e  q u i se rt aussi 

de  p ro tec tio n .

R em a rq u o n s  q u e  des p h én o m èn es d ’é ro s io n  sem blab le s o n t  

é té  observés d an s des réservo irs  p lu s  o n  m o in s g ra n d s  a u  trav e rs  

d u  silt a p p o r té  p a r  les to rren ts .

Z. Ba za nt  (C zech oslovak ia)

V ib ra tio n  o f  so il is to  b e  recogn ized  as th e  cause  o f  fa ilu re  

in  m an y  cases. U n fo r tu n a te ly  so il w h ich  is affected  by  v ib ra ­

t io n  m ak es p ro b lem s very  difficult, a n d  so  th e  so lu tio n s  o f  

v ib ra tio n  a re  scarce.

E v en  m o re  co m p lica ted  is th e  co m b in ed  effect o f  v ib ra tio n  

a n d  seepage in  cohesio n less soils. C o llap se  o f  s tab ility  a t  

co m b in ed  v ib ra tio n  a n d  seepage is som etim es desirab le , as a t  

v ib ro flo ta tio n  (S. St euer man a n d  G . J . Mur phy , P a p e r 3a/39), 

sheet-p ile  d riv in g  in  loose  sa tu ra te d  san d s (D . D . Ba r ka n, 
P a p e r  3 b / l )  o r  v ib ra tio n  o f  o p en  ca isso ns, m en tio n ed  by  T . E . 

M a o  in  d iscussio n  o f  D iv is io n  3b. S om etim es th e  co llapse  o f  

s tab ility  is u n d esirab le , as in  th e  fo llo w ing  cases: (1) p ip in g  

b en ea th  overflow  w eirs, (2) co llapse  o f  b re ak w a te rs  fo u n d ed  

o n  san d , (3) co llapse  o f  san d y  b each es d u e  to  re p e a te d  sho cks 

p ro d u c e d  by  w aves, (4) th e  su d d en  liq u e fac tio n  o f  sa tu ra te d  

san d y  em b an k m en ts  c au sed  by  th e  v ib ra tio n  o f  ro llin g  tra in s , 

eq u ip m en t m ach in e ry  o r  b lasting , (5) in s ta n tan e o u s  lo ss o f  

b ea rin g  cap ac ity  o f  sa tu ra te d  san d  d u r in g  a n  ea rth q u a k e ,

(6) s in k in g  o f  sheet-p iles u sed  as su p p o rts  o f  p u m p in g  s ta tio n s  

in  co fferdam s, a n d  so  on .

In  P a p e r 6 /4  I h av e  tried  to  e stab lish  th e  necessary  m odel 

law s a n d  to  find  th e  in flu en tia l fac to rs  by m ean s o f  d im en sio n a l 

analysis  fo r th e  case  o f  p ip ing , w h ich  is very  im p o r ta n t d u e  to  

th e  la rg e  su m s invo lved  in  th e  c o n s tru c tio n  o f  w eirs. H ow ever, 

th e  so lu tio n  o b ta in e d  needs th e  use  o f  big  m odels , th e  g rea tes t 

scale o f  red u c tio n  being  co n sid e red  to  be  1 :10 . D u e  to  th e  la rg e  

size o f  w eirs it w ill be  necessary  to  find  som e an a ly tica l p ro ced u re .

In  th e  ev a lu a tio n  o f  m y p a p e r  th e  R e p o r te r  m en tio n ed  h e  w as 

n o t  ab le  to  fo llo w  th e  a p p ro x im a te  an a ly tica l so lu tio n  w h ich  I 

p ro p o se d  in  th e  seco n d  h a lf  o f  m y artic le . T h is  w as d u e  to  th e  

fac t th a t  1 h av e  c ited  a  p a p e r  w h ich  w as n o t  accessib le  to  h im , 

b u t  a n  ab s tra c t, P a p e r  3a/22 , by  N . N . Masl ov, m ay  be  o f  help  

to  th e  readers.
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A . A . Bel es (R u m an ia )

L e  tra ite m e n t th e rm iq u e  d u  sol en  vue d ’en  o b te n ir  u n e  c o n ­

so lid a tio n , a  é té  c o n n u  dep u is lo n g tem p s, m ais  il n ’a  é té  qu e  

ra rem e n t u tilisé , e t  les m é th o d es em ployées se so n t relevées 

difficiles e t d ’u n  p rix  élevé. R écem m en t o n  a  m is a u  p o in t en  

R o u m an ie , u n e  m é th o d e  re m arq u ab le m en t sim ple  p o u r  assécher 

e t  s tab ilise r les te rra in s  d ’arg ile  e t en ray e r les glissem ents,

COmmunicat/on en tre  /e j  fo ra g e s

F ig . 16

m éth o d e  d o n t les ré su lta ts  so n t en co u rag ean ts . J ’ex p o sera i la  

m é th o d e , te lle  q u ’elle a  é té  m ise au  p o in t p a r  l ’in g en ieu r Io n  

S tânculesco .

E n  p rin c ip e , elle consis te  à  c rée r des p iliers de te rre  b rû lée , 

a y a n t u n e  g ra n d e  rés is tan ce  au  c isa illem en t. P o u r  o b te n ir  u n  

p ilie r, o n  exécu te  deux  fo rages de  20 à  40  cm  de  d iam ètre , 

esp acés d e  80 à  120 cm , qu i p é n è tre n t sou s la  zo n e  des glisse-

Fig. 17

m en ts . L es deux  fo rages so n t m is en  c o m m u n ica tio n  à  leu r 

p a r tie  in férieu re , au  m o y en  de  l’u n e  des m é th o d es in d iquées su r  

la  F ig . 16.

O n  ap p liq u e  ensu ite , à  la  su rface  d u  te rra in , su r  u n  des deux  

fo rages, u n  tu b e  m éta lliq u e  d u  m êm e d iam è tre  e t  de  150 à  

200 cm  d e  h a u te u r . A  l’a id e  d ’u n  feu , o u  avec  u n e  lam p e  à  

b en z in e  o n  échauffe  le tu b e  m éta lliq u e  p o u r  p ro v o q u e r  p a r  

tira g e , u n  c o u ra n t d ’a ir  q u i en tra în e  l’a ir  d u  fo rag e  voisin .

D ès q u e  le  c ircu it d ’a ir  e s t b ien  é tab li, o n  in tro d u it  d a n s  le

seco n d  fo rag e  u n  d isp o s itif  fo rm é  p a r  u n  tu b e  m éta lliq u e  de  

8 cm  de d iam è tre  e t 80 cm  d e  lo n g u eu r, a y a n t so u d é  à  en v iro n

10 cm  d e  l’ex trém ité  su p érieu re  u n  d isq u e  d ’u n  d iam è tre  égal à  

ce lu i d u  fo rag e  (F ig . 17). A u dessus d u  tu b e  e s t p lacé  u n  

cap u c h o n  en  tô le , de  fo rm e  co n iq u e , fixé avec des b a rre s  p e r ­

m e tta n t le p assag e  de  l’a ir. L e  to u t  est su sp en d u  à  l ’a id e  d ’un

tu b e  q u i se r t p o u r  l ’a lim en ta tio n  de  la  co m b u s tio n  avec  d u  

gaso il (F ig . 18).

O n  co m m en ce  p a r t  ch au ffer le  c ap u c h o n  à  l ’a id e  d e  c o tto n  

im b ib é  de  gaso il q u e  l’o n  p lace  su r le  d isque. U n e  fo is  b ien  

chauffé , o n  in tro d u it  le d isp o s itif  a u  fo n d  d u  fo rag e  san s tu b e  

de  tirag e  e t  o n  laisse to m b e r  le  gaso il, g o u tte  à  g o u tte , su r  le 

c ap u c h o n  chauffé .

L e gaso il p re n d  feu  e t p a r  su ite  d u  c o u ra n t d ’a ir  c rée  p a r  le

Contreforts obtenus p a r  fro /fem en the rm ique

Fig. 19

tirag e , la  flam m e est a ttiré e  d an s  le fo rag e  vo isin  e t  les gazes à 

h au te s  te m p éra tu re s  ré su lta n t de  la  co m b u s tio n  éch au ffen t d an s 

leu r p assag e  la  p a ro i  d u  fo rag e  de  tirag e  e t  e n tra în e n t la  v ap e u r 

dégagée d u  te rra in . P a r  le d ép lacem en t d u  d isp o s itif  p o r te u r  

d e  la  flam m e, o n  p e u t b rû le r  aussi u n e  p a r tie  de  la  p a ro i d u  

fo rag e  q u i n ’a  p as  d e  tu b e  d e  tirag e .

U n e  fo is la  co m b u stio n  d u  gaso il am o rcée , elle se  p o u rsu it 

d ’elle-m êm e, p o u rv u  q u e  le  gaso il a rr iv e  en  q u a n tité  suffisante 

s u r  le cap u c h o n  en  tô le  m éta llique .
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P o u r  o b te n ir  d e  b o n s ré su lta ts , la  te m p é ra tu re  des gazes de 

co m b u s tio n  ne  d o it  p as  d ép asse r 800° C , ce  q u e  l’o n  o b tie n t 

p a r  le  rég lage de  la  q u a n tité  d ’a ir  ad m ise  e n tre  le tu b e  e t  le 

c a p u c h o n . L a  te m p é ra tu re  e s t verifiée de  tem p s en  tem p s à 

l’a id e  d ’u n  p y ro m ètre . L e  d iam è tre  des p iliers ainsi réalisés, 

p e u t a te in d re  en v iro n  1 -50 m .

A fin  d ’accélérer l’assèch em en t d u  te rra in  o n  exécu te  a u to u r  

d u  g ro u p e  d e  fo rag es p o u r  le  tra ite m e n t th é rm iq u e , six à  d o u ze  

fo rag es de  5 -8  cm  de  d iam è tre  espacés de  2 5 -5 0  cm .

P o u r  réa lise r u n  g ro u p e  de  fo rag es d e  8 m  de p ro fo n d e u r , u n e  

é q u ip e  co m p o sée  d e  6 h o m m es avec  u n e  fo reu se  à  m a in , a  

b eso in  d ’u n e  jo u rn é e  e t  dem i de  trav a il. L a  d u rée  d e  la  c o m ­

b u s tio n  d o it  ê tre  d e  150 à  180 h eu res  e t  la  c o n so m m atio n  de 

gaso il a te in t  800 à  1,000 litres  p a r  g ro u p e .

L e  tra ite m e n t th é rm iq u e , d ’ap rès  la  m é th o d e  exposée, p eu t 

ê tre  u tilisé  p o u r  exécu ter des co n tre fo rts  re liés p a r  des a rcad es

E xhausteur

s u r  le  ta lu s  des déb lais , a fin  de  les stab ilise r (F ig . 19). E ta n t  

d o n n é e  la  fissu ra tio n  des m assifs d ’arg ile  d u e  =  à  l’assèchem en t, 

o n  p e u t in jec te r d u  cu t-b ack , e t m êm e u n  cou lis  de  c im en t p o u r  

im p erm éab ilise r e t co n so lid e r le te rra in .

A  C o n s ta n ta , s u r  le  lito ra l, o n  a  réu ssi à  s tab ilise r des glisse ­

m en ts  de  la  fa la ise . L a  d isp o s itio n  ad o p té e  p o u r  les fo rag es est 

in d iq u ée  su r  la  F ig . 20.
D es  rem b la is  en  a rg ile  p eu v e n t ê tre  sechés e t  stab ilisés en  

e x écu tan t des fo rages v e rticau x  e t  h o r iz o n ta u x  connectés 

(F ig . 21).

E nfin , l’in g en ieu r Io n  S tancu lesco  a  réa lisé  le red ressem en t 

d ’u n  c h â te a u  d ’eau  fo n d é  su r d u  loess e t q u i s’é ta it  incliné p a r  

su ite  d e  la  ru p tu re  d ’u n e  co n d u ite  d ’eau  q u i av a it m ou illé  le 

loess. E n  a p p liq u a n t le tra ite m e n t th é rm iq u e  à  la  zone  

im bibée, o n  a  o b te n u  sa  c o n so lid a tio n  e t, p a r  ¡’hum id ifica tio n  

d irig ée  d u  loess d u  cô té  o p p o sé , o n  a  o b te n u  le  red ressem en t d u  

ch â teau  d ’eau .

P a r  la  sim p lic ité  e t la  rap id ité  d ’éxécu tion , p a r  l’o u tillag e  fac ile 

à  réa liser, p a r  so n  p rix  re la tiv em en t ré d u it en  co m p ara iso n  au x  

au tre s  m éth o d es e t p a r  les ré su lta ts  fav o rab les  o b ten u s , le p ro ­

cédé m érite  d ’ê tre  signalé  au  co ngrès.

D . Kr smanovic  a n d  R . Jovanovic (Y ugoslav ia)

E n  ra iso n  des d o n n ées in té ressan tes o b ten u es p a r  les re ­

cherches su r le  te r ra in  e t a u  la b o ra to ire , n o u s  d ésiro ns p ré sen te r 

en  d iscussio n  quelques d é ta ils  su r  u n  g lissem ent q u i s ’est fo rm é  

d an s  u n e  série  a lte rn a n te  de  grès, m a rn e  e t sch iste , de  tria s  bas, 

trè s  p ro fo n d e m e n t rem an iée  e t  p lissée p a r  l’effet des fo rces 

te c to n iq u es  e t affaib lie  p a r  l ’a c tio n  des eaux  so u te rra in es.

P a r  dessus le g lissem ent, su r un e  lo n g u eu r de  90 m , u n e  ligne 

d e  ch em in  de  fe r  es t c o n s tru ite , q u i trav e rse  le g lissem ent en  

p a r tie  en  te rre  d écou verte , en  p a r tie  p a r  u n  tu n n e l d e  30 m  de 

lo n g  (v o ir s itu a tio n  e t pro fil géo log ique, F igs. 22 e t  23). Q u el ­

ques m ètres  a u  dessous de  la  ligne de  ch em in  de  fe r se tro u v e  le 

b assin  d ’accu m u la tio n  q u i oscille  e n tre  37-50 m  d e  h a u te u r  

p e n d a n t l ’ac tiv ité  de  la  cen tra le  h y d rau liq u e  e t 47-00 m  q u a n d  

le  b assin  est en tiè rem en t vide.

A y an t co n s ta té  q u e  le m o u v em en t d u  te rra in  é ta it  p a rfo is  n u l 

e t  q u e  d ’au tre s  fo is il d u ra it  assez lo n g tem p s, il a  é té  p ossib le  

d ’é tab lir , p a r  des o b se rv a tio n s dé ta illées su r le te rra in , q u e  les 

m o u v em en ts  é ta ien t causés p a r  deux  effets différents , e t  q u e  le 

tu n n e l se d ép laça it so it p a r  l’ac tio n  d u  n iveau  exhau ssé  des 

eau x  so u te rra in e s  d e  la  p en te  a u  dessus d u  lac  (d u ra n t les 

p ré c ip ita tio n s  a tm o sp h é riq u es  ou  les fo n tes  d e  neiges), so it p a r  

l’effet de  l ’ab a issem en t d u  n iv eau  des eau x  d u  lac.

L es o b se rv a tio n s d u  m o u v em en t d u  tu n n e l p e n d a n t les deux  

d ern iè res  années e t dem ie  so n t rep résen tées p a r  la  F ig . 24. 

D ’a u tre  p a r t  les o b se rv a tio n s  de  l’a ffa issem ent d u  te rra in  su r 

le p ro fil de  su rface  tran sv ersa l so n t m o n trées  à  la  F ig . 25, e t à 

la  F ig . 26 le tra je t  des d ifféren ts  p o in ts  d u  p ro fil su r  la  su rface  

d u  te rra in .

G râce  à  ces o b se rv a tio n s e t  au x  tra v a u x  de  recherches, la  

p ro fo n d e u r  de  la  su rface  de  g lissem ent a  é té  tro u v ée  su r  

p lu sieu rs  p o in ts  d u  p ro fil tran sv ersa l e t o n  a  c o n s ta té  q u ’elle 

a tte ig n a it u n e  p ro fo n d e u r  d ’en v iro n  30 m  (v o ir F ig . 27). A  

cau se  d u  trè s  fo r t  e t  épais p lissem en t des couch es e t de  l’a ffa i ­

b lissem en t de  la  série  séd im en ta ire , o n  a  p u  p a r  l ’ex am en  d e  la  

s tab ilité  a d o p te r  u n e  su rface  de  g lissem ent c ircu la ire , q u o iq u e  

d an s  la  n a tu re  il fa u t s’a t te n d re  à  ê tre  éca rté  d ’u n e  te lle  su rface  

idéalisée p a r  su ite  de  l ’h é té ro g én éité  d u  te rra in  (v o ir F ig . 25).

L es recherches g éo tech n iq u es o n t é té  effectuées d an s u n e  

la rg e  m esu re  à  cau se  de  l’hé té ro g én é ité  des m a té riau x . L es 

dé ta ils  a u  su je t d u  n o m b re  des éch an tillo n s exam in és so n t 

m o n tré s  à  la  F ig . 28. Il es t n écessaire  de  so u lig n er q u e  les 

rech erch es su r la  rés is tan ce  au  c isa illem en t o n t  été  faite s d ans 

les b o ites  avec cisa illem en t d irec t, la  c o n so lid a tio n  a y a n t é té  

effectuée p réa lab lem en t. C e tte  m an iè re  d e  rech erch er a  d é ­

m o n tré  q u e  la  co h és io n  chez  to u s  les m a té r iau x  é ta it  égale  à 

zéro  e t  q u e  l’ang le  de  fro ttem en t in te rn e  av a it fo r tem en t varié .

L es o b se rv a tio n s effectuées su r le  te r ra in  e t les exam ens d e  

s tab ilité  de  la  p en te  p o u r  d ifféren ts  cas (d ifféren ts n iv eau x  d u  

bassin , p en te  sa tu ré e  o u  n o n  sa tu rée) —  exécutés d ’ap rès  la  

m é th o d e  é larg ie  de  F e len iu s-T ay lo r —  o n t d o n n é e  e n  ra p p o r t  

avec  les ac tio n s des eau x  d e  la  p en te  (so u te rra in es) les ré su lta ts  

su iv an ts  (v o ir F ig . 29) :

(a) Si l’o n  a d o p te  co m m e co m p é ten te  la  v a leu r m o y en n e  de  

rés is tan ce  au  c isa illem en t avec  ang le  de  f ro tte m e n t in te rn e

Croupe c/e deux fo rages p o u r 

/e tra item en t thérm iyue

Fig. 20

fa /a /se

Zone de tra i/em ent 

therm ique
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Légende:

J  Sources

....... .......Canaux

- - - - -  Galeries

---------- Crevasses

P Piezom'etres

S  Trous de sondage

B Puits

Série gris-jaune, 
stratifiée• concassée

I I  

LA C

F ig . 22 S itu a tio n  d u  tu n n e l ‘K u k  1 A ’ d e  la  v o ie  fe r ré e  K o n j ic -  
J a b la n ic a

L o c a tio n  o f  th e  ‘ K u k  1 A ’ tu n n e l  o n  th e  K o n jic - J a b la n ic a  
ra ilw a y  lin e

Crnaja

Série gris-jaune, lamellée 

mince, très froncée

Limite supérieure de la 

zone affaiblie

Série lamellée mince rouge-bleuâtre, 
très froncée, stratifiée

Tufs calcaires

305770

Série gris - jaune-, 
stratifiée, concassée

_ -Axe de la route
fédérale No 6

F ig . 23 T u n n e l 1 K u k  1 A ’. P ro fil g éo lo g iq u e  d u  p ro fil fixe II  

‘ K u k  1 A ’ tu n n e l— g eo lo g ic a l p ro file  a lo n g  se c tio n  I I
Ancienne

Ancienne Neretva
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1956
1957

9 ' lu  11'12'1 '2  '3 4 '5  6 7 '6 ‘9  '10'11'12'

Déviation du tunnel à 

son entrée vers le lac

Affaissement du tunnel 

à sa sortie

Déviation du tunnel s à 

sortie vers le lac

Affaissement du tunnel 

à sa sortie

+  380-10

F ig . 24  R é s u lta ts  des  o b se rv a tio n s  des  d é p la c e m e n ts  d u  tu n n e l ‘K u k  1 A ’ 

R e su lts  o f  d isp la c e m e n t m e a su re m e n ts  o n  th e  ‘ K u k  1 A ’ tu n n e l

12-5606

pour le profit 

0_2^4Qm6^8^ iq0  i m m  pQur /es déplacements 

+  cca 326-00 Crevasses constatées sur le terrain le 28.10. 1955

¿ 272-00

F ig . 25 T u n n e l ‘ K u k  1 A ’. O b se rv a tio n s  des  a ffa isse m en ts  v e rtic a u x  

s u r  la  su rfa c e  d u  te r ra in , k m  1 6 + 1 4 3  

T u n n e l  ‘ K u k  1 A \  V e rtic a l s lip s  m e a su re d  a t  th e  su rfa ce  
o f  th e  s ite , k m  1 6 + 1 4 3



10 20 30 40 50 60 m  pour le profi,

0 5 10 15 20 25 30 c m  p g u r  /es 'piocem ents

'es

Niveaux du lac

Profil 1 observe 16. 10. 1955 

Profil 2 observé 17. 11. 1955

Profil 3 observé  ̂ 27. 6 . 1956 Le niveau du lac a constamment varié autour de la cote 26700" __

Profil 4 observe' 31. 6 . 1956 Le niveau du lac a baissé à la cote 254~00 à cause du vidage

[ Le nivea du lac a constamment varie autour de la cote 267-00

1 ».
> A peu près stationnaire entre les cotes 2580 et 267-0

Profil 5 observé 10. 3. 
Profil 6  observé 20. 5.

1957

1957

F ig . 26  R ésu lta ts  des d ép lacem en t su r  le  p ro fil de su rface , k m  1 6 + 1 4 3

C h ang es in  th e  su rface  p ro file  a s  a  re su lt o f  m o vem en ts, k m  1 6 + 1 4 3

O  3I&70 

Tunnel routier'Crnaja'

Fig. 27 Profil géologique transversal avec les surfaces des glissements suposées, km  16+143 

Cross-sectional geological profile w ith assumed slip planes, km 16+143
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30° 50 ' o b te n u e  a u  la b o ra to ire , la  p e n te  n a tu re lle  e t  n o n  

sa tu ré e  é ta it  s tab le  a v a n t l ’ex istence d u  bassin , avec le  coefficient 

d e  sécu rité  1 -21. C e  coefficient ba isse  avec l’exh au ssem en t d u  

n iv eau  d u  b assin  e t  descend  à  1 '09  q u a d  le  b assin  est rem pli,

(b ) Si l’o n  su p p o se  q u e  la  p e n te  a u  dessus d u  lac  est sa tu rée ,

T a b le  des  v a leu rs  m o y en n e s

No. Sortes d'essais

Nombr.
des

echan.
exam.

Valeurs
limites

Valeurs
moyennes

1 C lass if ica tio n  A C 54 C L - S F

2 P o ro s ité 29 22-70 -3 4 -9 0 % 29-70 %

3 P o id s  v o lu m é tr iq u e s 29 195-235  t /m 3 211 t /m 3

4 L im ite  d e  liq u id ité 54 1 7 -74 -3 0 -70% 26-20 %

5 L im ite  d e  p la s tic ité 54 12-06 -2 1 -30% 17-55%

6 In d ic e  d e  p la s tic ité 54 — 8-65

7 R é s is ta n c e  a u  c isa ille ­
m e n t

52 21° 30  - 4 0 °  15 30° 5 0 '

8 P é rm é a b ilité n o n  ex am in é e

9 D ’a p rè s  M .I .T . a rg ile  sab leu se â  lim o n e u se

F ig . 28

la  ré s is tan ce  a u  c isa illem en t ex igée est si g ra n d e  q u ’u n e  telle 

s i tu a tio n  p e u t ê tre  co n sid érée  co m m e im possib le . D e  ce  fa it, 

d a n s  la  n a tu re , la  s a tu ra tio n  de  la  p e n te  p e u t se p ré se n te r  seu le ­

m e n t d an s  u n e  c e rta in e  m esu re  ju s q u ’à  u n e  h a u te u r  qu i n ’est 

p a s  b eau c o u p  p lu s  g ra n d e  q u e  le n iv eau  d u  bassin .

(c) L e  degré  de  s a tu ra tio n  d e  la  p e n te  jo u e  u n  rô le  déc isif su r 

la  s tab ilité  de  ce  glissem ent. O n  a  c o n s ta té  p lu sieu rs  fo is des

m o u v em en ts  ap rès  les g ran d es p lu ies a lo rs  q u e  le n iv eau  du  

b assin  é ta it  à  p eu  p rès  le m êm e.

(d ) M êm e a v a n t l ’a p p a r it io n  des fissures su r  le  te rra in , il 

é ta it  p o ssib le  d e  c o n s ta te r  s u r  le  p ro fil d e  su rface  a p p ro x i ­

m a tiv em en t la  lim ite  su p é rieu re  d u  g lissem ent (v o ir F ig . 25).

L es o b se rv a tio n s  effectuées s u r  le  te r ra in  e t  l ’ex am en  d e  la  

s tab ilité  de  la  p e n te  q u a n t au x  baisses ra p id es  d u  n iv eau  d u  lac, 

d ep u is so n  p lu s  h a u t  n iv eau  ju s q u ’à  d ifféren ts  p o in ts  p lu s  b as , 

o n t  d o n n é  les ré su lta ts  rep résen tés  p a r  la  F ig . 30, e t il en  a  été  

c o n s ta té  ce  q u i su it  :

(a) Q u a n d  le n iv eau  des eau x  d u  b assin  ba isse  rap id em en t, 

d ’en v iro n  5 m  o u  p lu s  de  la  p lu s  h a u te  co te , la  p en te  dev ien t 

in stab le . U n  ab a issem en t ra p id e  en co re  p lu s  g ra n d  au g m en te  

ce tte  in stab ilité . C es rech erch es c o rre sp o n d e n t au x  o b se rv a ­

tio n s  fa ite s, c a r  il a  é té  c o n s ta té  à  p lu sieu res rep rises q u e  q u a n d  

le  n iv eau  d u  b assin  ba isse  ra p id e m e n t p o u r  p lu s  de  5 m , le 

tu n n e l co m m en ce  à  se m o u v o ir.

(b ) E n  p re n a n t  p o u r  b ase  les o b se rv a tio n s  d u  tra je t  des 

d ifféren ts  p o in ts  d u  p ro fil d e  su rface , o n  a  c o n s ta té  q u e  les 

d irec tio n s  d e  m o u v em en t des d ivers p o in ts  é ta ie n t d ifféren ts  

se lo n  q u e  les d ép lacem en ts é ta ie n t causés p a r  l ’ab a issem en t d u  

n iv eau  d u  b assin  o u  p a r  l’ac tio n  des eau x  d e  la  p e n te  (vo ir 

F ig . 26).

(c) L a  série  des séd im en ts d u  tr ia s  b a s , q u i e s t gén éra lem en t 

co n s id érée  im p e rm éa b le  est d ev en u e  p e rm éab le  p a r  su ite  de 

l’ex istence de  fissures.

E n  se b a s a n t su r  les o b se rv a tio n s  su r  le  te rra in , su r  les essais 

a u  la b o ra to ire  e t  su r  les analyses de  stab ilité , o n  p e u t su p p o se r 

q u e  la  v a leu r m o y en n e  de  la  ré s is tan ce  a u  c isa illem en t o b ten u e  

e t  effectuée de  la  m an iè re  décrite , ré p o n d  à  p e u  p rè s  à  la  rés is t ­

an ce  a u  c isa illem en t réelle , v u  le  fa it, q u ’avec  la  v itesse  d u  

c isa illem en t des ces m a té riau x , leu rs résis tan ces ch an g e n t trè s  

p eu . Q u e  de  p lu s  g ra n d s  m o u v em en ts  d e  la  p en te , il fa u t 

c h e rch er la  cause  d an s l ’inégalité  d e  la  su rface  d e  g lissem ent e t 

d an s le fa it q u e  les recherches o n t é té  exécu tées su r  le p ro fil le  

p lus d angereux .

Ancien lit de la Neretva cca 225-00
I—Vin Indiquent divers cas d'examen 

de la stabilité

F ig . 29 E x a m e n  d e  la  s ta b ili té  d e  la  p e n te  d u  tu n n e l  ‘ K u k  1 A ’

In v e s tig a tio n  o f  th e  s ta b ility  o f  th e  s lo p e  o f  th e  ‘ K u k  1 A ’ tu n n e l
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F ig . 30  E x a m e n  d e  la  s ta b ilité  d e  la  p e n te  d u  tu n n e l  ‘ K u k  1 A ’ lo rs  d ’a b a is se m e n t r a p id e  d u  n iv e a u  d u  la c  d e  la  
c o te  272  0 0  a u x  c o te s  267  00 , 250  00 , 235 0 0  e t  225  00  

In v e s tig a tio n  o f  th e  s ta b ility  o f  th e  s lo p e  o f  th e  ‘ K u k  1 A ’ tu n n e l in  ca se  o f  ra p id  d ra w  d o w n  o f  th e  la k e  
f ro m  a  lev el 272  00  to  a  level o f  267  00 , 250  00 , 235 00  a n d  225  00

F ig . 31 A ssa in is se m e n t d e  la  p a r t ie  u p é rie u re  p a r  c re u se m e n t d e  la  p e n te , d e  la  p a r t ie  in fé r ie u re  p a r  re m b la y a g e  d a n s  le lac 

Im p ro v e m e n t o f  th e  to p  p a r t  by  f la tte n in g  o u t th e  s lo p e  a n d  o f  th e  b o t to m  p a r t  by  p la c in g  fill in to  th e  lak e

A p rès  ex am en  des d ifféren tes p ro p o s itio n s  d ’assa in issem en t,

il a  é té  c o n s ta té  q u ’o n  p e u t le  fa ire  avec  succès u n iq u e m e n t en  

t r a n s p o r ta n t  les m asses su p érieu res  d an s le lac, a u  p ied  de  la  

p en te . L e  d éb la iem en t des m asses d e  te rre  est p rév u  ju s q u ’à 

en v iro n  la  c a lo tte  d u  tu n n e l p o u r  a u ssu re r la  c irc u la tio n  fe rro ­

v ia ire , ainsi q u e  p o u r  la  ra iso n  q u ’u n  d éb la iem en t p lu s  p ro fo n d  

m e ttra i t  en  d an g e r la  stab ilité  de  la  p en te  su p érieu re  (v o ir 

F ig . 31).

B . Ladanyi (Y ugoslav ia)

In  th e  very  in te restin g  P a p e r 6 /28 , by  J. Zel l er  a n d  R . 

Wul l imann, a  rev iew  o f  th e  re su lts  o f  146 triax ia l sh e a r  tests  

o n  n o n -co h esiv e  gravelly  san d  a n d  b o u ld e r  m a te ria ls  fo r  the 

G o sch en en a lp  d am  is p resen ted .

I  sh o u ld  like to  m ak e  som e rem a rk s  co n ce rn in g  th e  co h es io n  

o f  in te r lo ck in g  o f  g ra ins . A s s ta te d  by th e  a u th o rs  a n d  re p re ­
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sen ted  in  F ig . 6a  a n d  7 o f  th e ir  p a p e r , by  p lo tt in g  th e  re su lts  o f  

tr iax ia l sh e a r  tests  in  a  fa ilu re  stress d iag ram  o f  M o h r  an d  

d esign ing  th e  fa ilu re  envelopes co rre sp o n d in g  to  c o n s ta n t  

p o ro s itie s  a t  0-9  k g /c m 2 h y d ro s ta tic  p re ssu re , th e  envelopes 

th u s  o b ta in e d  p assed  ab o v e  th e  o rig in  o f  c o -o rd in a te s , sho w ing  

a n  a p p a re n t co h es io n  o f  th e  m a te r ia l. I  ag ree  w ith  th e  s ta te ­

m e n t o f  th e  a u th o rs  th a t  th is  co h esio n  h a s  m o st p ro b a b ly  to  be 

co n s id e red  as a n  a c tu a l p ro p e r ty  o f  th e  m a te ria l, a n d  th a t  i t  is 

d u e  to  th e  in te rlo ck in g  o f  g ra ins . H o w ev er, I  co u ld  n o t  q u ite  

ag ree  w ith  th e  d iag ram  rep resen ted  in  F ig . 6a, w h ere  th e  

c o h es io n  is a ssu m ed  to  be  c o n s ta n t a n d  eq u a l to  its  av erag e  

v a lu e  fo r  all te s ted  p o rosities.

In  c o n n e c tio n  w ith  th a t  I  sh o u ld  lik e  to  m e n tio n  th a t  th is  

p h en o m en o n  can  be  o b se rv ed  n o t  o n ly  in  co arse -g ra in ed  

g ra n u la r  m a te ria ls , b u t  also  in  fine  san d s, p ro v id ed  th a t  sh e a r 

tests  a re  ca rr ie d  o u t  w ith  a  ca re fu l c o n tro l  o f  p o ro s ity . D u rin g  

m y  rec en t stay  in  th e  S ta te  G eo te ch n ica l In s ti tu te  in  G h e n t, 

B elg ium , E. D e  B eer, d ire c to r  o f  th e  In s titu te , p ro p o se d  th a t  I 

sh o u ld  m a k e  a  series o f  tests  w ith  th e  p u rp o se  o f  in v estig a tin g  

th is  p h en o m en o n . In  th is  p ro g ra m m e  I  c a rr ie d  o u t  a b o u t  50 

te sts  in  a  rin g  sh e a r a p p a ra tu s  o n  a  d ry  u n ifo rm  san d  w ith  

p a rtic le  size  be tw een  0-15 a n d  0-30 m m . In itia l  po ro s itie s  w ere  

m easu red  very  ca refu lly  a t  a  c o n s ta n t  n o rm a l lo ad , a n d  p a r ­

t ic u la r  c a re  w as ta k e n  by  p e rfo rm in g  tests  a t  very  sm all n o rm a l 

lo ad s , so  a s  to  o b ta in  p o in ts  n e a r  to  th e  o rig in . F o r  th e  san d  

te s te d  it  w as fo u n d  th a t  w ith in  th e  ra n g e  o f  p o ro s itie s  betw een  

« =  40  a n d  n = 44 p e r  ce n t ta n  <f> in c reased  f ro m  0-57 to  0-82, 

a n d  co h es io n  o f  in te rlo ck in g  fro m  0-015 to  0-040 k g /c m 2. 

N o  cu rv in g  o f  th e  enve lopes c o u ld  be  o b se rv ed  n e a r  th e  o rig in  

o f  c o -o rd in a te s , so  th ey  w ere  a ssu m ed  to  b e  s tra ig h t lin es 

th ro u g h o u t th e  te s te d  ran g e .

I t  m ay  b e  co n c lu d ed  fro m  th e  re su lts  o f  th e  tests  m en tio n ed  

a n d  p u b lish ed  o n  th is  p ro b le m  th a t  th e  c o h es io n  o f  in te r ­

lo ck in g  o f  g ra in s  is a n  a c tu a l p ro p e r ty  o f  g ra n u la r  m a te ria ls , 

th e  m ag n itu d e  o f  w h ich  is d e p en d en t o n  th e  size, sh a p e  a n d  

ro u g h n ess  o f  g ra in s  fo r  d iffe ren t m a te ria ls , a n d  increases w ith  

th e  in itia l d en sity  b e fo re  sh e a r  fo r  a  ce r ta in  m a te ria l.

B ecause  o f  its m ag n itu d e  re la tiv e  to  th e  p a r t  o f  sh e a r  s tren g th  

c au sed  by  fr ic tio n , th e  co h es io n  o f  in te rlo ck in g  w ill n o t  h av e  a  

sign ifican t in fluence in  cases w h ere  la rg e  n o rm a l lo ad s  a re  

ap p lied , b u t  it  m u s t be  ta k e n  in to  ac c o u n t in  p ra c tica l cases o f  

sm all n o rm a l lo ad s, a n d  especia lly  fo r  th e  p u rp o se  o f  ev a lu a tin g  

th e  re su lts  o f  m o d el lo a d in g  tests  in  d ry  sa n d  p e rfo rm ed  o n  a  

la b o ra to ry  scale.

E . Nonveil l er  (Y ugoslav ia)

T h e  in te restin g  th eo re tica l co n s id e ra tio n s  o n  th e  s tab ility  o f  

s lopes given  in  P a p e r  6 /25 , by  D . H . Tr ol l ope, sho w  th a t  th e  

u su a l co n cep t o f  c ircu la r slid ing  su rfaces can  lead  to  seriou s 

o v er-estim a tio n  o f  th e  stab ility  o f  d am  slopes. I t  w as sho w n  

by S am sioe  in  1954 as w ell as by  P a p e r  6/25  th a t  th e  fo rm  o f

F ig . 32 D e v ice  fo r  te s tin g  m o d e ls  o f  d a m s

A p p a re il  p o u r  essa is  s u r  m a q u e tté s  d e  b a rra g e s

a~b rigid support fixed on lever a -c -d  
O hinge
A , B  reaction forces on hinge O , measured by proving rings M  
P* balancing weight
P  load forcing support a -b  against dam slope 

18+

slid ing  su rfaces in  tr ia n g u la r  fills a cco rd in g  to  th eo ry  can  be 

convex , ju s t  th e  o p p o s ite  o f  th e  concave  sh ap e  o n  w hich  o u r 

analyses generally  a re  based . T h is  th eo re tica l re su lt w as 

p ro v ed  o n  m odel tests o f  em b an k m en ts  lo ad ed  to  fa ilu re , w hich

F ig . 33 M o d e l o f  fine s a n d  a f te r  s lid ing

M o d è le  de  s ab le  fin  ap rè s  g lissem en t

F ig . 34 M o d e l o f  c o a rse  s a n d  a f te r  s lid in g

M o d è l d e  sa b le  g ro s  a p rè s  g lissem en t

F ig . 35 V a rio u s  s lid in g  su rfa ces  s ta r t in g  a t  p o in t  A 

S u rface s  d e  g lissem en t à  p a r t i r  d u  p o in t  A
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I c a rr ie d  o u t so  as to  s tu d y  th e  b e h av io u r o f  slopes o f  rock - 
fill dam s w ith  clay  co re , in  a  device sh o w n  in  F ig . 32. T h e  
s lope  p o r tio n  o f  th e  m odel d am  w as lo ad ed  by  fo rc in g  the  
rig id  su p p o rt  a -b ,  fixed o n  a  lever w hich  ro ta te s  a b o u t th e  
h inge O, ag a in st the  slope p o r tio n  by  increm en ting  lo ad s P  in c.

su rface  in  th e  m o d el d am s m ee t th e  slope  a n d  th e  c o re  c o r re ­
sp o n d  to  th e  eq u ilib riu m  c o n d itio n  o f  stresses a t  th o se  p o in ts . 
T h e  res is tan ce  E  ac ted  n e a r  th e  lo w er-th ird  o f  th e  len g th  in ­
vo lved  a t  a n  o b liq u ity  eq u a l to  th e  ang le  o f  fr ic tio n  o f  th e  san d  
o n  th e  su p p o rt. F ig . 36 sho w s o n e  o f  th e  m o d e ls  o f  a  d a m  w ith  
a  th in  v e rtica l clay  co re . I t  w as lo a d e d  by  im p o u n d in g  w a te r  
o n  th e  u p s tre a m  side  o f  th e  co re . T h e  s lo p e  co llap sed  a fte r 
la rg e  d e fo rm a tio n s  developed . T h e  s lid ing  su rface  w as ag a in  
convex.

T h e  resu lts  o f  these  tests  give ex p erim en ta l co n firm a tio n  o f 
th e  th eo re tica l resu lts  o f  S am sioe  a n d  T ro llo p e . A ssu m in g  
convex  su rfaces in  th e  s tab ility  analyses, lo w er s tab ility  fac to rs  
a re  o b ta in e d  th a n  th e  co n cav e  c ircu la r  su rfaces. F o r  th e  60  m  
h igh  P re u ca  d am  th e  stab ility  w as ca lcu la ted  w ith  p la in , concave  
a n d  convex  slid ing  su rfaces. T h e  resu lts  p lo tte d  in  F ig . 37 
show  c learly  th a t  th e  low est stab ility  fa c to r  is o b ta in e d  fo r 
convex  su rfaces w hich  c u t d eep  in to  th e  slope.

F ig . 36 M o d e l d a m  lo a d e d  by  w a te r  lo a d

M a q u e tte  d e  b a rra g e  c h a rg é e  h y d ra u liq u e m e n t
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F ig . 37

------ plain surfaces
------ concave surfaces

MB  =  Bishop } method of computation
------  convex surfaces

R. Pet er son (C an a d a )

A . M a rs la n d  sug gested  in  h is  d iscussio n  th a t  P a p e r  6 /19  

(R. Pet er son, N. L . Iver son a n d  P .  J . Riva r d) w o u ld  b e  m o re  

v a lu ab le  if  d a ta  w ere  in c lu d ed  w ith  re g a rd  to  th e  tim in g  o f  th e  

fa ilu res. T h is  a sp ec t h a s  co n seq u en tly  b een  re -ex am in ed  a n d  

th e re  does n o t  a p p e a r  to  be  an y  sign ifican t c o rre la tio n  betw een  

th e  e lap sed  tim e  to  fa ilu re , fo llo w ing  co n s tru c tio n , a n d  th e
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jctio• End of consfr n

C o m p a ris o n  o f  s ta b ility  fa c to rs  o b ta in e d  b y  d iffe ren t 
m e th o d s  o f  c a lc u la tio n

C o m p a ra iso n  des  fa c te u rs  d e  s ta b ilité  o b te n u s  p a r  d iffé ren tes  
m é th o d e s  d e  ca lcu l

T h e  in tensity , th e  p o in t  o f  ap p lic a tio n  a n d  th e  o b liq u ity  o f  th e  

res is tan ce  E  o f  th e  slo p e  w ere  d e te rm in ed , a n d  th e  re su ltin g  

slid ing  su rface  a t  fa ilu re  o f  th e  s lope  fo u n d  o u t. I n  F igs. 33 

a n d  34 th e  s lid ing  su rfaces o f  tw o  o f  these  m o d e l tests  a re  

sho w n . In  all th e  tests  convex  slid ing  su rfaces developed , 

w h ich  a re  s tra ig h t a t  th e  s lope  side  a n d  cu rv ed  a t  th e  co re  side .

I t  w as fo u n d  th a t  th e  ang les 8— Fig. 35— a t  w hich  th e  slid ing

0  5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

Elapsed time since start o f construction month

F ig . 38 R e la tio n sh ip  b e tw ee n  c o m p u te d  sa fe ty  f a c to r  a n d  e la p se d  
tim e  to  fa ilu re

R a p p o r t  e n tre  la  fa c te u r  d e  s é c u rité  c a lcu lé  e t le  te m p s  éc o u lé  
ju s q u ’à  la  r u p tu re

co m p u te d  safe ty  fa c to r  u sin g  th e  to ta l  s tress m e th o d . T h e  

in fo rm a tio n  fo r  each  o f  th e  a re a s  fo r  w hich  a  c o m p u ted  fa c to r  

o f  safe ty  is av a ilab le  is sh o w n  in  F ig . 38.

S ince P a p e r  6 /19  w as p re p a re d  th e  item s lis ted  th e re in  fo r  

fu r th e r  in v estig a tio n  h a v e  b een  s tu d ied  a n d  n o  im p o r ta n t new  

fac ts  h av e  b een  b ro u g h t to  ligh t. H o w ev er, in  sp ite  o f  th e  fac t 

th a t  la b o ra to ry  co m p ressio n  tests  in d ica te  very  sim ila r s tre s s -  

s tra in  cu rv es fo r  b o th  fo u n d a tio n  a n d  fill m a te ria l, i t  w o u ld  

a p p e a r  th a t  in  so m e  cases a t  least a  defin ite  ru p tu re  p la n e  h as 

deve loped  o n ly  th ro u g h  th e  d y k e  w ith  a  p la s tic  re a d ju s tm e n t in  

th e  fo u n d a tio n  a fte r  th e  fa ilu re  o f  th e  dyke. F ig . 39 show s an  

a re a  w h ere  th e  d iffe ren tia l c re s t m o v em en t w as a b o u t  16 in. 

a n d  n o  fa ilu re  p la n e  o r  h eav e  w as ev id en t a t  th e  to e . T h is 

m o v em en t s ta r te d  in  N o v e m b e r a n d  ap p a re n tly  w as p re tty  w ell 

stab ilized  by  th e  fo llo w ing  M a y  w h en  th e  p h o to g ra p h  w as 

ta k e n . In  th is  case  i t  is likely  th a t  a n  ac tu a l ru p tu re  p la n e  

o c cu rred  o n ly  in  th e  d y k e  as a  re su lt o f  p la s tic  y ield  o f  th e
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fo u n d a tio n . T h e  d ifferen tia l m o v em en t in  th e  av e rag e  case  o f  th e  c re s t a n d  30 ft. to  th e  left o f  th e  p h o to g ra p h . T h is  case  
h o w ev er w as m o re  th a n  th is , ran g in g  u p  to  a  m ax im u m  o f  c learly  show s th e  ten d en cy  fo r  c ra ck s  to  develop  as a  re su lt o f  
a b o u t 5 ft. d ifferen tia l m ovem en t.

F ig . 39 D y k e  sh o w in g  c re s t s e ttle m e n t 

D ig u e  av ec  ta s se m e n t d e  la  c rê te

U n fo r tu n a te ly  I  o n ly  h e a rd  a  p o r tio n  o f  A . M a rs la n d ’s d is ­
cussio n , b u t  it  w o u ld  a p p e a r  th a t  th e re  a re  s im ila ritie s  betw een  
th e  case w h ich  he  d escribed  a n d  th o se  co v ered  in  P a p e r  6/19. 

B o th  A . C asa g ra n d e  a n d  B . L o fq u is t h av e  d iscussed  th e

F ig . 40  E m b a n k m e n t c re s t sh o w in g  c rac k s  

C rê te  d e  re m b la i fissu rée

p o ssib ility  o f  c rack s fo rm in g  th ro u g h  h o m o g en eo u s e m b a n k ­

m en ts  a s  a  re su lt o f  d ifferen tia l se ttlem en ts  o r  m ovem en ts . 

F ig . 40  show s a  p h o to g ra p h  o f  a  c ra c k  o n  th e  c rest o f  a  33 ft. 

h igh  h o m o g en eo u s em b an k m en t. T h e  c rack  is 2 to  3 in . w ide 

a n d  ap p a re n tly  w as fo rm e d  as a  resu lt o f  a  se ttlem en t o f  a b o u t 

1 ft. (d u e  to  sa tu ra tio n  o f  th e  e m b an k m en t) a t  th e  u p s tre a m  edge

B. Ra jCevic (Y ugoslav ia)

T h e  in te n tio n  o f  th is  co m m u n ica tio n  is to  ex p la in  th e  m e th o d s  

w e use  in  s tu d y in g  e a r th  d am  desig ns a n d  in  se ttlin g  th e ir  d im en ­

s ions, in  co n n ec tio n  w ith  P a p e r  6 /17  by  A . Mysl ivec.
A t th e  F o u r th  C ongress o n  L a rg e  D a m s h e ld  in  N ew  D elh i 

in  1951 W . P. C reag er, G en e ra l R e p o r te r , m en tio n ed  P a p e r 

N o . 16 w hich  d ea lt  w ith  th e  p ro b lem . In  th is  p a p e r  it  w as 

in d ica ted  th a t  each  sm all v o lu m e in  a n  e a r th  d am  m u st be  

c o m p ac ted  to  a  d en sity  c o rre sp o n d in g  to  th a t  w hich  th e  su p e r ­

im p o sed  lo ad  w ill co n so lid a te  it to .

F u r th e r :  D a e h n  a n d  H ilf  (P a p e r 39) sho w  th a t  excessive p o re  

p ressu res a re  c re a te d  in  th e  im p erv io u s zo n e  o f  e a r th  d am s d u e  

to  th e  p re ssu res  o f  su p erim p o sed  e a r th  lo ad s  w ith in  th e  m ass 

w ith  insuffic ient tim e  fo r  co m p le te  d ra in ag e . T h ese  p o re  

p ressu res m ay  c re a te  th e  m o s t c ritica l co n d itio n  o f  th e  design.

I t  is s ta te d  th a t  th ese  excessive p re ssu res  c a n  be  e lim in a ted  

by  u sin g  a c o m p a c tio n  m o is tu re  c o n te n t 1 to  3 p e r cen t less th a n  

la b o ra to ry  o p tim u m .

I t  is in d ic a te d  th a t  th e  a m o u n t o f  su ch  p o re  p re ssu res  c a n  be  

e s tim a ted  by  triax ia l tests  o r  by  ca lcu la tio n s b ased  o n  the  

resu lts  o f  th e  less expensiv e d ra in e d  co m p ress io n  tests.

T riax ia l tests  o f  th is  ty p e  by  L ee  (P a p e r N o . 100), o n  sam ples 

a t  2  p e r  cen t ab o v e  th e  o p tim u m  w a te r  c o n te n t dev e lo p ed  a b o u t

6-3 a n d  11-2 k g /c m 2 p o re  p re ssu res  a t  7-0  a n d  14-0 k g /c m 2 

ap p lied  to ta l  stresses, respectively ; w hile  sam p les a t  2 p e r  cen t 

below  o p tim u m  dev elo p ed  o n ly  a b o u t  0-56 a n d  1-4 k g /c m 2 a t

7-0  a n d  15-0 k g /c m 2 pressu res.

D u rin g  th e  3 rd  In te rn a tio n a l C o n fe ren ce  o n  Soil M echan ics 

in  Z u rich , L . B je rru m  in tro d u c e d  a  d iscussio n  be tw een  th o se  

w h o  a re  fo r th e  w e tte r side  a n d  th o se  fo r th e  d r ie r  side, in v itin g  

th e  em in en t rep resen ta tiv es  (F . W alk er, to d a y  o u r  G en era l 

R e p o r te r , a n d  th e  la te  T . M id d leb ro o k s) o f  th ese  o p in io n s  to  

express th e ir  view s.

S ince 1950 m an y  e a r th  d am s h av e  been  c o n s tru c ted  fo llo w ing  

th e  p rin c ip le  th a t  th e  c o m p ac tio n  o f  each  zo n e  m u st re su lt in  

h y d ro s ta tic  eq u ilib riu m  o n  a p p lic a tio n  o f  th e  su p erim p o sed  

lo a d ; a t  th e  F if th  C o n g ress o n  L a rg e  D a m s I  p re sen ted  firs t 

re su lts  o n  th e  b e h av io u r o f  th ese  dam s (P a p e r N o . 91, q u es tio n  

N o . 18).

In  sp ite  o f  th is  m e th o d  being  in th e  stage  o f  d ev e lo p m en t w e 

h av e  decided  to  u se  it, d u e  to  th e  lack  o f  b e tte r  so lu tio n s , w ith  

th e  sam e ex p la n a tio n  given by  o u r  P re sid en t, P ro fe sso r T erzag h i, 

a t  th is  conference .

T h e  m e th o d  as ap p lied  to  th e  V las in a  dam , 37-5 m  h e ig h t 

(ov er 100 ft.)  is ex p la in ed  in  F igs. 41 a n d  42.

W e h av e  co n s tru c te d  a lso  th e  fo llo w ing  dam s, ap p ly in g  th e  

sam e m e th o d :

A ran d je lo v ac  d am  26 m  

O v car B a n ja  d a m  27-5 m  

V rla  I I  d am  24 0 m  

M a v ro v o  d am  60-0 m

A p p ro p r ia te  fill p re ssu re  m easu rem en t cells a re  in sta lled  in 

th ese  dam s a n d  reco rd in g s a re  b e in g  m ad e  fo r  a  few  years.

A  p a p e r p re sen tin g  th e  co m p a riso n  be tw een  e s tim a ted  a n d  

m easu red  values o f  stresses, beside  th e  genera l b e h av io u r o f  

M av ro v o  d am , is n o w  p re p a re d  fo r  th e  n ex t C ongress o n  L arg e  

D a m s  in  1958.
A cco rd in g  to  o u r  o b se rv a tio n s  w e a re  c o n te n t w ith  th e  

b e h av io u r o f  th ese  d am s, b e in g  a lso  satis fied  w ith  th e  co n s tru c ­

t io n  c o n d itio n s  w h ich  h av e  b een  sh o w n  to  b e  p ra c tic a l a n d  

sim p le  w h en  ap p ly in g  th e  te ch n iq u e  m en tio n e d  above . T h a t 

is w hy, fro m  m y p o in t  o f  view , A . M yslivec’s p a p e r  is o f  g re a t
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F ig . 41 Z o n e s  o f  d iffé ren t v o id  ra t io s

Z o n e s  av e c  in d ic es  d e  v ides  d iffé ren ts

F ig . 42  Z o n e s  o f  d iffe ren t de n sitie s  

Z o n e s  d e  d e n sité s  d iffé ren tes

in te rest, sh o w in g  th a t  th e  la b o ra to ry  co m p a c tio n  tests  sh o u ld  
n o t  be  sim ply  a p p lied  to  e a r th  dam s. I  w o u ld  lik e  to  a d d  th a t  
fro m  th e  th eo re tic a l p o in t o f  view  th e  m e th o d  is ju stified  by  th e  
fac t th a t  i t  is p o ssib le  to  e s tim a te  sh e a r re s is tan ce  a lo n g  th e  
p o te n tia l s lid ing  su rface  a n d  th a t  w e w ill n o t  h av e  se ttlem en t 
d u e  to  c o n so lid a tio n  o r  h eav e  ac tio n  cau sed  by  o v er-co m p ac ­
tio n . In  o th e r  w o rd s , th e re  w ill b e  n o  chang es in  th e  co n d itio n  
o f  a  d am  w ith  tim e, b u t w e w ill h av e  to  ca lcu la te  th e  s tab ility  
o f  a  d am  w ith  g re a te r  secu rity , s ince  w e can  d e te rm in e  fac to rs  
w ith  m o re  accu racy  acco rd in g  to  a p p ro p ria te  tests .

In  gen era l, a n d  w ith  re sp ec t to  se ttlem en ts  a n d  p o re  w a te r 
p ressu res, i t  m ay  be  co n sid e red  co n v en ien t to  h av e  th e  low er 
p a r t  o f  a  h igh  d am  co m p ac ted  to  a  h ig h er den sity  th a n  th a t  o f  
th e  u p p e r  p a r t.

A p a r t  f ro m  th e  necessity  fo r fu r th e r  re sea rch  w h ich  sh o u ld  
b rin g  fu r th e r  p ro o f  a n d  th eo re tica l co n firm a tio n , I  believe th a t  
I h av e  sh o w n  to  y o u  th e  ad v an tag es  o f  th is  te ch n iq u e  a n d  I  h o p e  
y o u  w ill believe m e w h en  I  say , a cco rd in g  to  m y  experiences o n  
d ifferen t w o rk s , th a t  th is  te ch n iq u e  is easily ap p lica b le  a n d  does 
n o t in tro d u c e  an y  difficulty a t  all.

K. L. Rao (In d ia )

In  In d ia  a  la rg e  n u m b e r o f  la rge-sized  e a r th  d am s a re  u n d e r 
c o n s tru c tio n . W ith  th e  d ev e lo p m en t o f  field  la b o ra to rie s  fo r  
lo ca tin g  c o rre c t b o r ro w  p its , p lacem en t, co m p a c tio n  a n d  
c o n tro l  p ro ced u res , i t  is p o ssib le  to  en su re  th a t  th e  em b a n k ­
m en ts  a re  q u ite  im p erm eab le  a n d  stab le . T h e re  h av e  b een  a  
few  fa ilu res  o f  e a r th  d am s in  recen t m o n th s  b u t n o n e  o f  th ese  
w as d u e  to  e ith e r o v e rto p p in g  o r  fau lty  co n s tru c tio n  o f  th e  
e m b a n k m e n t itself. F o u n d a tio n s  o f  e a r th  d am s h av e  b ecom e 
n ea rly  a s  im p o r ta n t  as th e  fo u n d a tio n s  o f  m aso n ry  dam s.

In  view  o f  th e  la rg e  size o f  th e  In d ia n  rivers , even  fo u n d a tio n  
in v estig a tio n s a ssum e spec ia l im p o rtan c e . I t  h a s  b eco m e 
a lm o s t a  necessity  to  em p lo y  geoph ysical in v estig a tio n s o f  b o th  
th e  e lec trica l resis tiv ity  a n d  sen sitiv e  re f ra c tio n  ty p es a t  
p rac tica lly  every  im p o r ta n t site  to  red u ce  th e  c o s t a n d  p e r io d  
o f  in v estig a tio n s by  d rillin g  a lo n e . W h a t is a c tu a lly  d o n e , is 
th a t  a  few  b o re  h o les a re  p u t  in  a n d  th e  d a ta  su p p lied  to  th e  
geoph ysic is t, w h o  can  th e n  a d ju s t h is c o n s ta n ts  to  su it  th e  site  
c o n d itio n s  so  th a t  h is re su ltin g  su rvey  m ay  p ro v e  m o re  accu ra te . 
A  few  b o re  ho les a re  p u t  in , a f te r  th e  su rvey  is fin ished , to  check  
th e  accu racy  o f  th e  survey . G eo p h y sica l in v estig a tio n s a re  

em p lo y ed  even  in  th e  G an g e tic  p la in , w h ere  th e  a llu v iu m  is 

several th o u sa n d  fee t deep , to  k n o w  if  an y  re la tively  im p erv io u s 

o r  d en se r layers exist.

F ig . 43 is th e  S h erv a th i d am  s ite : w ith  th e  co m p le tio n  o f  th is  

p ro je c t i t  w ill be  p o ssib le  to  g en e ra te  }  m illio n  k W  o f  p o w e r; 

th e  fu ll leng th  o f  th e  d am  is n o t  sh o w n  in  th e  illu s tra tio n . In  

acco rd an ce  w ith  th e  o rig in a l designs, a  m aso n ry  d a m  is to  be  

b u ilt  in  th e  b ed  o f  th e  riv e r w h ere  gneissic  ro c k  is ex p o sed , w ith  

e a r th  d am s o n  e ith e r  flank . T h e  ro c k  p ro file  w as d e te rm in ed  

by  geoph ysical m e th o d s  a id e d  b y  a  few  b o re  h o les. In v es ti ­

g a tio n s  h av e  rev ea led  th a t  b e n e a th  th e  to p  h a rd  c ru s t o f  3 to  

8 ft. o f  clayey lo am , d eep  layers o f  re s id u a l so ils , p in k ish  o r  

yellow ish  in  c o lo u r w ith  w h ite  p a tch es , ex ist. T h ese  h av e  

resu lted  fro m  th e  d e co m p o s itio n  o f  th e  ro c k  in s itu  du e  p ro b a b ly  

to  heavy  ra in fa ll in  th e  lo ca lity , w h ich  varies fro m  200  to  250  in. 

p e r  year. D u e  to  la te r itic  w ea th e rin g , th e  ro c k  m in era ls  h av e  

b een  d eco m p o sed  a n d  k a o lin  o r  l ith o m arg e  h a s  b een  fo rm e d , 

a n d  silica a n d  bases h av e  b een  leach ed  aw ay. T h e  o rig in a l 

s tru c tu re  o f  th e  ro c k  h a s  b een  m a in ta in e d  to  so m e  e x te n t so  

th a t  th e  so il h a s  a  low  d en sity  a n d  is p o ro u s . T h e  n a tu ra l  

m o is tu re  c o n te n t o f  th e  so il varies f ro m  24  to  54 p e r  c e n t;  w hile
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Fig. 43
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F i g .  4 4

o th e r  p ro p e rtie s  a re :  L L = 5 0 ,  P I  = 1 2 ,  d ry  den sity  70 to  
94 lb ./c u . f t ., a n d  sa tu ra tio n  85 to  90 p e r  cen t. W ith  su ch  su b ­

s t r a ta  it  is fe lt th a t  it  is n o t  safe  to  fo u n d  th e  e a r th  d a m  o n  th e  

ex istin g  g ro u n d  a n d  th a t  th e  e n tire  e a r th  to  ro c k  level h as  to  b e  

rem o v ed : i f  th is  w ere  d o n e , a  m aso n ry  d am  w o u ld  be  ch eap e r 

th a n  a n  e a r th  d am . I f  it  w ere  p o ssib le  to  av o id  a  m aso n ry  d am  

it  w o u ld  c o s t £3 m illio n  less. T h e  fa ilu res re p o r te d  in  P a p e r  

6 /19  (R. Pe t e r s o n , N . L . Iv e r so n  a n d  P .  J . Riv a r d ) o f  N o rth -  

rid g e  d a m  70  ft. h ig h  in  C a n a d a , w h ere  th e  d am  w as fo u n d ed  

o n  h igh ly  p la s tic  clay , p o in ts  to  th e  necessity  o f  a  cau tio u s  

p rac tice  in  b u ild in g  d am s o n  ligh t so ils w ith  h igh  m o is tu re  

co n ten t.

F ig . 44  is th e  s ite  o f  K o ta h  d am , w here  ag a in  th e  subso il 

p re sen ts  difficulties. T h e  p ro je c t is in ten d e d  to  p ro v id e  i r r i ­

g a tio n  fo r  a  m illio n  acres. T o  ach ieve econo m ies, a n  e a r th  

d am  h as b een  designed  acro ss  th e  riv e r ch an n e l p o r tio n , w ith  

th e  sp illw ay  lo ca ted  o n  th e  rig h t side . I t  w as rea lized  f ro m  th e  

beg in n in g  th a t  th e  r iv e r  ch an n e l w as filled  w ith  b o u ld e rs  a t  th e  

lo w er levels. T h e  design  co n sis ts  o f  a  heavy  clay  b la n k e t in  

f ro n t, a  g en ero u s ro c k  to e  w ith  filter a n d  re lie f w ells in  th e  rea r, 

a n d  a  sh ee t p ile  cu t-o ff in  th e  m id d le : th e  sh ee t p iles co u ld  n o t  

be d riv en  to  p e n e tra te  m o re  th a n  h a lf  o f  th e  a lluv ium . T h e  

sub so il is h igh ly  perv io u s, coefficient o f  p erm eab ility  b e in g  o f  

th e  o rd e r  o f  1 -8 x  10_1 cm /sec . D iscu ssio n s a n d  co n su lta tio n s  

a re  still b e in g  h e ld  as to  w h e th e r it  is necessary  to  p ro v id e  

a d d itio n a l safe ty  m easu res such  as  a  clay  g ro u t c u r ta in  below  

th e  sh ee t p iles to  th e  ro c k . S om e eng ineers in  In d ia  h o ld  th a t  

clay  in jec tion s a re  n o  g o o d , b u t  all o f  u s a re  aw are  o f  th e  u tility  

a n d  re liab ility  o f  clay  in jec tio n s to  p ro v id e  a  p o sitiv e  cu t-o ff 

u n d e r su ita b le  c o n d itio n s . A  s ta te m e n t fro m  th is  co n feren ce  

recogn izing  th is , a n d  in d ica tin g  th a t  i t  is a  g rea t a id  to  th e  soils 

en g in eer to  b e  u tilized  w here  it  p ro v es eco n o m ica l, w ill be 

help fu l. A t th e  F o u r th  In te rn a tio n a l C o n fe ren ce  o n  L arg e  

D am s , it  w as d ec id ed  th a t  th e  sh o r t  m aso n ry  c u t-o ff w all th a t  

u sed  to  b e  b u ilt  a t  th e  b o t to m  o f  th e  tre n c h  u n d e r  a n  e a r th e n  

d am  m ay  be  o m itted . T h is  h as  re su lted  in  co n sid e rab le  sav ing ,

as th e  eng ineers w ho w ere  accu sto m ed  to  such  p rac tices  do  n o t 

a d o p t th em  an y  longer.

T h e  d ifference in  tre a tm e n t o f  fo u n d a tio n s  is sh o w n  in  

P ap e rs  6 /2  (G . Ba r o n c in i a n d  A . Cr o c e ) a n d  6 /10  (D . Fin z i  

a n d  C. Nic c o l a i). T h u s, th e  tw o  I ta lia n  d am s, A rv o  a n d  S an  

V alen tin o , th o u g h  o f  eq u a l h e ig h t (i.e. 35 m ) sho w  se ttlem en ts 

o f  14 cm  a n d  40  cm  respectively . T h e  seepage w as 2 litres p e r  

sec in  th e  first a n d  25 litres p e r  sec in  th e  seco n d : b o th  a re  

fo u n d ed  o n  p e rm eab le  s tra ta . S an  V a len tin o  d am  lies o n  a  

th ick  a lluv ia l d ep o s it o f  m ed iu m  p erm eab ility  w hile in  th e  A rv o  

d am  th e  co re  h as  b een  ta k e n  to  ro c k  level. A t th e  A rv o  d am  

d u rin g  id le  p e rio d s  in  its co n s tru c tio n  w a te r  w as s tan d in g  o n  the  

d am  p a rtia lly  c o n s tru c ted , a n d  w h en  w o rk  w as resu m ed  th e  w et 

so ils w ere  n o t  rem o v ed  b u t  w ere  co v ered  w ith  d rie r  soils b efo re  

ro lling . D u rin g  su b seq u en t sam p lin g  o p e ra tio n s  o f  th e  d am  

som e p a tch es w ere  fo u n d  w hich  w ere  so  so ft th a t  i t  w as n o t 

p o ssib le  to  o b ta in  in ta c t sam ples. T h is co rresp o n d s  to  o u r 

experience  a t  H ira k u d  d am  in  In d ia .

W hile  th e  fo u n d a tio n  p ro b lem s u n d e r  bu ild in g s receive g rea t 

a tte n tio n  in  o u r  con ferences th e  sam e c a n n o t b e  sa id  o f  th e  

fo u n d a tio n  p ro b lem s u n d e r  e a r th  dam s. A s th e  fa ilu res o f  

e a r th  dam s c a n  in  th e  m a in , in  fu tu re , be  o n ly  d u e  to  fau lty  

fo u n d a tio n  tre a tm e n t it is necessary  to  co n ce n tra te  o n  this 

a sp ec t o f  th e  p ro b lem .

P . Sl iw a  (P o lan d )

In v estig a tio n s h av e  been  m a d e  o n  th e  p ro p e n s ity  o f  slides to  

fo rm  in  c e rta in  te r tia ry  clays. Seven  slid ing  te rra in s  ap p ea rin g  

in  c lay  fo rm a tio n s  o f  th e  co n tin e n ta l M iocene , m arin e  M iocene 

a n d  in  E o cen e  c lay  (sha le  d e tritu s) h av e  b een  carefu lly  

investigated .

A  classification  h as  b een  m ad e  o f  so ils investigated , o f  th e ir 

p ro p en sity  fo r  s lid ing  b ased  o n  field m easu rem en ts , an d  

o b se rv a tio n s  reg a rd in g  th e  in c lin a tio n  o f  slope  su rface  a n d  th e  

h e ig h t o f  th e  slope, as w ell as  th e  d u ra tio n  o f  s tab ility  o f  the
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slo p e  u n d e r  a  g iven  in c lin a tio n . T h e  s tab ility  o f  slopes h as  
b een  co n sid e red  as a  fu n c tio n  o f  tim e.

T h e  la b o ra to ry  in vestiga tio ns o f  th e  clays co n ce rn ed  re la ted  
to  th e ir  m in era lo g ica l c h a rac te r , g ra in -size  ch a rac te ris tic s , 
w a te r  c o n ten t, u n it  w eigh t, p o ro s ity , A tten b e rg  lim its, ra p id ity  
o f  slak in g  in  w a te r  a n d  sh earin g  res is tan ce  (an g le  o f  in te rn a l 
fr ic tio n , cohesion ).

T ab le  1 gives a  su m m ary  o f  th e  re su lts  o f  field  a n d  la b o ra to ry  
investiga tio ns. T h e  resu lts  o f  a b o u t 700 la b o ra to ry  desig na-
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t io n s  h av e  b een  c o m p a re d  w ith  th e  c lassifica tion  o f  stab ility  

b a sed  o n  field  o b se rv a tio n s a n d  m easu rem en ts.

T h e  v a lu e  o f  in d iv id u a l la b o ra to ry  ch a rac te ris tic s  o f  clay  fo r 

th e  d e te rm in a tio n  o f  th e  stab ility  o f  slopes (fac to r o f  safety ) 

h a s  b een  ana lysed , a n d  th e  co n c lu sio n  h as b een  rea ch ed  th a t  

th e  p ro p en sity  to  fo rm  slides m ay  be  b es t c h a rac te r ized  by  

g ra in  size ch a rac te ris tic s  a n d  th e  tim e  o f  s lak in g  o f  w ea th er- 

d ried  specim ens o f  c lay  in  w ater. I t  is p ro p o se d  to  ap p ly  th e  

p ro d u c t  o f  th e  p ercen tag e  o f  th e  c lay  frac tio n  a n d  th e  tim e  o f  

s lak in g  p e r  m in u te— called  ‘coefficient o f  s ta b ili ty ’— to  th e  

q u a n tita tiv e  e v a lu a tio n  o f  th e  stab ility  o f  slopes in  c lay  soils.

T -K . Tan (C h ina)

W ith  re ference  to  th e  fac to rs  cau sin g  fa ilu res in  n a tu ra l  slopes 

a f te r  a n  e lapse  o f  co n sid e rab le  tim e, m en tio n ed  in  th e  excellent 

analysis  o f  th e  G en e ra l R e p o rte r , I  w ish  to  m ak e  th e  fo llo w ing  

rem ark s.

D u e  to  th e  co m p lica ted  p ro p e rtie s  o f  clays it is n o t  very  easy  

to  de te rm in e  th e  fa ilu re  s tren g th . I t  is a  w ell-know n fac t th a t  

th e  va lue  o f  th e  u ltim a te  s tren g th  o f  clays is d ep en d en t o n  th e  

m a n n e r in  w hich  th e  sam p le  is b ro u g h t in to  th e  s ta te  o f  fa ilu re . 

F o r  in stan ce , th e  sh e a r s tren g th  o f  fa t  clays is s tro n g ly  d ep en ­

d e n t o n  th e  ra te  o f  de fo rm a tio n , th e re fo re  th e  co m m o n  ro u tin e  

te s tin g  p ro c e d u re  m ay  b e  insu fficient to  get an y  id ea  o f  th e  

lo n g -te rm  stab ility  o f  slopes. M o reo v e r th e  stress d is tr ib u tio n  

in  th e  sam ples in  som e c u rre n t te s tin g  a p p a ra tu s  is so  co m p li ­

c a te d  th a t  n o b o d y  k n o w s w h a t exactly  h as  b een  m easu red .

T h ese  sh o rtco m in g s o f  co u rse  m ay  b e  co m p en sa ted  by  a  la rg e  

fa c to r  o f  safe ty  b u t  a  m o re  ob jec tive  tre a tm e n t o f  th e  p ro b lem  

w o u ld  be  w elcom e. In  th is  re sp ec t I  w ish  to  d ra w  a tte n tio n  to  

th e  ex p erim en ta l fac t th a t  th e re  ex ists a  c e r ta in  y ie ld -stress in  

clays ab o v e  w h ich  acce le ra tin g  flow  occu rs w h ich  m ay  be 

g re a te r  th a n  c a n  be  to le ra te d  a n d  u ltim a te ly  lead  to  fa ilu re . 

B elow  th is  y ield -valu e, ca lled  / 3 by  Geuze a n d  Tan (1953), 

Tan (1957), o n ly  u n ifo rm  flow  h as b een  o b se rv ed  w ith  c o n ­

tin u o u s  re -ad ju s tm en t o f  th e  p artic les . B ecause  o f  th e  c o m ­

p lex ities o f  th e  d is in teg ra tin g  p h e n o m e n a  in  a n  e lastov iscous 

p la s tic  b o d y  such  as clay , it is m o re  ob jec tive  to  b ase  o u r  lim it 

eq u ilib riu m  th eo ries  o n  / 3 ra th e r  th a n  o n  a n  u ltim a te  fa ilu re  

s tress (Tan, 1953). I f  in  a  reg io n  o f  a n  e a r th  m ass a  ce rta in  

lim itin g  co m b in a tio n  o f  stresses is exceeded , th e n  local s tru c ­

tu ra l  d is in teg ra tio n s  w ill o ccu r w ith  g ra d u a l tra n sfe r  o f  stresses 

to  th e  n e ig h b o u rin g  reg ions. I n  c o m b in a tio n s  w ith  o th e r  

u n fa v o u ra b le  fac to rs  th is  tim e  p ro cess m ay  lead  to  a n  u ltim a te  

fa ilu re  o f  th e  slope.

T h e  d e t e r m in a t io n  o f  t h e  v is c o s i ty  a s  a  f u n c t io n  o f  th e  s h e a r ­

i n g  s t r e s s  u n d e r  v a r io u s  h y d r o s t a t i c  s t r e s s e s  is  r e c o m m e n d e d  

i n  o r d e r  t o  g e t  a  b e t t e r  in s ig h t  i n to  t h e  m e c h a n i s m  o f  l o n g - t e r m  

s t a b i l i ty  i n  e a r t h w o r k  e n g in e e r in g .  T h i s  c a n  b e  c a r r i e d  o u t  

w i th  t h e  h e lp  o f  c o m p r e s s io n  p la s to m e te r s  o f  t h e  t r i a x ia l  ty p e ,  

a s  I  h a v e  s h o w n  in  m y  d i s c u s s io n  in  t h e  f o u r t h  s e s s io n .  T h e  

e x p e r im e n ta l  p r o c e d u r e  t o  s t u d y  t h e  f lo w  u n d e r  c o n s t a n t  l o a d s  

h a s  b e e n  u s e d  b y  Haefel i a n d  Schaer er  (1946), Haefel i (1953), 

a n d  Tan (1954) a n d  is  a l s o  p r o p o s e d  b y  M . Gol dst ein a n d

G . Ter -St epanian i n  P a p e r  6 /11 . I t  is  r e a s o n a b le  t o  a s s u m e  

t h a t  t h e  s h e a r in g - s t r e s s - v is c o s i ty  r e l a t i o n s h ip  o f  s h e a r - h a r d e n ­

i n g  c la y s  w il l  n o t  b e  s o  s im p le  a s  i t  h a s  b e e n  f o u n d  f o r  f a t  c la y s  

b y  G e u z e  a n d  T a n .  T h e  c h o ic e  o f  t h e  a d m is s ib le  y ie ld  v a lu e  

a s  a  f u n c t io n  o f  t h e  e f f e c t iv e  h y d r o s t a t i c  s t r e s s  is  d e p e n d e n t  o n  

t h e  n a t u r e  o f  t h e  e a r t h  w o r k  c o n s t r u c t i o n ;  f o r  in s t a n c e  a  

v is c o s i ty  o f  1 0 13 p o i s e  f o r  a  r a i lw a y  e m b a n k m e n t  is  in a d m is s ib le  

d u e  t o  t h e  l a r g e  f lo w  e f fe c ts .  T h e r e f o r e  t h e  a n a ly s is  o f  l o n g ­

t e r m  s t a b i l i ty  is  in s e p a r a b l e  f r o m  t h e  s tu d y  o f  t h e  r h e o lo g ic a l  

p r o p e r t i e s  o f  c la y s .

A n o th e r  im p o r ta n t  fa c to r  w h ich  sh o u ld  b e  s tu d ied  in  th e  

la b o ra to ry  is th e  chem ical s tab ility  o f  th e  su b stan ce . I n  th is  

resp ec t a  m in era lo g ica l an a ly sis in  c o m b in a tio n  w ith  th e  

d e te rm in a tio n  o f  th e  p h ysicochem ica l p ro p e rtie s  m ay  b e  very  

help fu l. A  h igh  b ase  exchange cap ac ity  fo r  in stan ce  is a  s tro n g  

in d ica tio n  o f  th e  g re a t p o ssib ility  o f  chem ica l ch an g e  a n d  it  is 

ad v isab le  to  s tu d y  th e  m ech an ica l p ro p e rtie s  o f  th e  c lay  as  a  

fu n c tio n  o f  th e  a d s o rp tio n  co m p lex  (Tan, 1954).

T h e  C = 0  h y p o th es is  o f  c o u rse  is very  in te restin g  as  an  

em p irica l m e th o d  o f  design , b u t  it does n o t  ta k e  ac c o u n t o f  

th e  v iscoe lastic  a n d  p la s tic  p ro p e rtie s  o f  th e  clays.

F o llo w in g  B ikovsky , M . G o ld s te in  h a s  tr ie d  to  m ak e  a n  in ­

te re stin g  a p p ro a c h  to  th e  m ech an ism  o f  lo n g -te rm  stren g th  o f  

clays. B ased  o n  a  rh eo lo g ica l m o d e l a n d  o n  som e ex p erim en ts 

h e  p ro p o ses  th e  h y p o th es is  th a t  th e  ru p tu re  o f  clay  sam ples 

w o u ld  o ccu r a t  c o n s ta n t values o f  th e  s tra in , in d ep en d en t o f  th e  

d u ra tio n  o f  lo ad in g . I t  m ay  b e  p o in te d  o u t  th a t  th e  a u th o r ’s 

ex p erim en ts h av e  b een  c a rried  o u t o n  h a rd  a n d  b r ittle  clay  

sam ples w ith  a  P I o f  a b o u t 15 p e r  cen t, w a te r  co n ten ts  fro m  

20  to  23 p e r  cen t a n d  a  d e fo rm a tio n  o f  3 p e r  cen t a t  th e  m o m en t 

o f  fa ilu re . A s a  p a ra lle l to  M . G o ld s te in ’s ex p erim en ts it  m ay  

b e  m en tio n ed  th a t  b r i tt le  loess sam ples w ith  a  w a te r  c o n te n t 

o f  12 p e r  cen t sho w  fa ilu re  a s  so o n  as  a  c e r ta in  d e fo rm a tio n  is 

reach ed . H o w ev er I  h av e  as y e t n ev er o b serv ed  th is reg u larity  

fro m  m y experim en ts o n  n o n -b r itt le  clays w ith  h ig h e r w a te r  

c o n ten ts .

A  m o d el w h ich  is v a lid  fo r  th e  s ta te s  o f  stress b efo re  th e  y ield  

v a lu e  f i  is re a ch ed  h as b een  c o n s tru c ted  by  T a n  (1954) a n d  is 

sh o w n  in  F ig . 46. T h is  m o d el show s rev ersib le  d e fo rm a tio n s  

w ith  co m p le te  recovery  as  lo n g  as th e  H o o k e a n  sp rin g  H  is n o t  

lo o sed  a n d  exh ib its  co n tin u o u s  flow  a fte r  th e  y ie ld ing  o f  th is
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sp ring . A n  a n a lo g o u s  m o d e l is sh o w n  in  F ig . 45, a n d  a 
genera lized  m o d e l is g iven  in  F ig . 46. I t  is p ossib le  to  describe  
th e  co m p le te  sh ea rin g  p ro cess by  th is  m odel. A s so o n  as  th e  
sp rin g  is lo o sed , u n ifo rm  co n tin u o u s  flow  w ill o cc u r ; th is  is 
v a lid  fo r  stresses below  th e  y ield  v a lu e  f y  A s so o n  as / 3 is 

exceeded  th e n  th e  M axw ell e lem en ts M  g ra d u a lly  b ecom e 

d eco u p led , th e  n u m b e r o f  ac tive  d a sh p o ts  w ill decrease  a n d  th e  

viscosity  decreases as a  re su lt o f  s tru c tu ra l d is in teg ra tio n s. F o r  

s tiff a n d  b ritt le  clays th e  v iscosity  m ay  b e  very  la rg e  a n d  som e 

o f  th e  M axw ell e lem en ts m ay  q u ite  w ell be  rep laced  by spring s

Fig. 45 (a) Rheological model for clays; (b) m odel analogous to (a) 

(a) Schéma rhéloogique pour argiles ; (b) m odèle semblable 
à (a)

a n d  th e  a p p ro x im a te  m o d el th e n  o b ta in e d  is s im ila r to  th a t  o f  

M . G o ld s te in .

O b v io usly  b a sed  o n  th is  m o d e l h e  p ro p o se s  a  m e th o d  fo r 

d e te rm in in g  th e  tim e o f  fa ilu re  o f  clay  sam ples by  s tu d y in g  th e  

c o n tin u o u s  flow  u n d e r  sev eral c o n s ta n t lo ad in g s. I t  is n o t  

q u ite  c lea r h o w  th is  p re d ic tio n  can  b e  m ad e  fro m  th ese  stages 

o f  co n tin u o u s  flow , as  h is m o d e l o n ly  describes dece lera tin g  

flow  b e fo re  fa ilu re .

I w ish  to  c o n g ra tu la te  G . T e r-S tep a n ian  fo r  p re sen tin g  an  

u n co n v en tio n a l m e th o d  fo r  th e  e s tim a tio n  o f  th e  d e p th  creep

Fig. 46 Generalized m odel, in which structural disintegrations are 
described by gradual decoupling o f the Maxwell elements 

Schéma généralisé dans lequel les désintégrations struc ­
turelles sont illustrées par un  de couplage graduel des 
éléments de Maxwell

in slopes, a n d  it m ay  be reco m m en d ed  to  co m b in e  field  creep  

m easu rem en ts  o f  slopes w ith  th e  m easu rem en ts  o f  th e  rh e o lo ­

g ical q u a n titie s  in  th e  la b o ra to ry .
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J. G . Zeit l en (Israe l)

T h e  G en e ra l R e p o r te r  h as  rem ark ed , w ith  respect to  P a p e r 6/3 

(M . Ba r -Sha ny, G . Kor l a t h a n d  J. G . Zeit l in), th a t  th e  

a u th o rs  p lace  a  g re a t d ea l o f  re lian ce  in  co hesive s tren g th . 

T h is co m m e n t is ap p licab le  o n ly  to  design  values used  to  

a p p ro x im a te  s tre n g th  in  th e  specia l series o f  s tab ility  stud ies 

in c lu d ed  in  th e  p a p e r , a n d  is n o t ju stified  as th e  genera l view  o f  

th e  a u th o rs . T h e  se lec tion  o f  design  sh e a r s tren g th  o f  clays, 

p a r ticu la r ly  in  view  o f  th e  d iscussio ns d u r in g  th is  co nference , 

deserves fu r th e r  ex p lan a tio n .

A s m ay  b e  fo u n d  by  de ta iled  rea d in g  o f  th o se  sec tions o f  

P a p e r  6 /3  d ea lin g  w ith  E n g in eerin g  P ro p e rtie s  a n d  D esig n , it 

h as  been  d e te rm in ed  th a t  th e  cohesive  s tren g th  ten d s  to w ard s  

zero  w ith  sa tu ra tio n  o f  th e  clay  a t  low  n o rm a l loads. T his  

effect is ta k e n  in to  acc o u n t in  th e  sh e a r values sug gested  fo r 

fo u n d a tio n  clays te s ted  u n d ra in e d  ( C = 0 ,  <f> =  23 degrees), as 

w ell a s  in  u p s tre a m  slopes w h ere  steep  faces a re  av o id ed  in  

rec o g n itio n  o f  th e  d an g e r o f  sh a llo w  slides. E v en  fo r  d eep e r 

slide analyses , w h ere  p o re  p ressu res a re  co n sid e red  to g e th e r 

w ith  d ra in e d  sh e a r  values, th e  co h es io n  v a lu e  fo r  e m b an k m en t 

m a te r ia l is o n ly  0-2  k g /c m 2. I t  m u s t be  ap p rec ia ted  th a t  th e  

co h es io n  values sh o w n  a re  sim p ly  g ra p h ic  in te rcep ts , fo r th e  

co nven ience o f  u sing  a  lin ea r sh e a r  s tren g th  fu n c tio n , w hereas 

te s t d a ta  in d ica te  a  cu rv ed  envelope, d ro p p in g  to w ard s  zero  

co h es io n  a t  low  n o rm a l p ressu res.

T h e  co n cep t th a t  co h es io n  is n o t  a  b as ic  p ro p e rty  o f  th e  clay  

b u t a  fu n c tio n  o f  th e  stress co n d itio n s  in  th e  so il is on e  to  w hich  

th e  w rite r  sub scribes, b u t  it  is fe lt th a t  th is  p h en o m en o n  is fa r  

m o re  co m p lica ted  fo r  clays th a n  sim ply  ap p ly in g  a  negativ e  

p o re  p re ssu re  to  a  fixed fr ic tio n  angle. B asic rea so n s fo r  c o n ­

sid erin g  th is a p p ro a c h  to  be  over-sim plified  a re :  th e  difficulties 

o f  d e te rm in in g  p o re  p re ssu re  a n d  fr ic tio n  ang le  values in  

p re sen t test te ch n iq u es ; neg lect o f  ‘in te r lo c k in g ’ ; im p o rtan c e  

o f  tim e a n d  creep  fu n c tio n s; p a rtic le  su rface  a n d  chem ical 

a c tiv ity ; a n d  th e  effect o f  stress h is to ry  o n  such  fa c to rs  as 

p a rtic le  o rien ta tio n . I t  is h o p ed  th a t  p re sen t c lay  sh ea r 

s tren g th  research , in c lu d in g  th e  p ro g ram m es a t  th e  Is rae l 

In s ti tu te  o f  T ech n o lo g y  a n d  by th e  W ate r P lan n in g  fo r Israel, 

L td ., w ill he lp  in  u n d e rs ta n d in g  b e tte r  th e  b eh av io u r o f  th e  fa t 

clays.

T h e  so il en g in ee r engag ed  in  e m b an k m en t o r  fo u n d a tio n  

designs co n ce rn ed  w ith  clay  so ils is faced  w ith  a  very  p rac tica l 

p ro b lem , in  th a t  h e  m u st o ften  design  s tru c tu re s  o f  lim ited  size 

in  s itu a tio n s  w here  ex h au stiv e  sh e a r  s tren g th  d e te rm in a tio n s 

co m p le te  w ith  a ccu ra te  p o re  p re ssu re  d e te rm in a tio n s  u n d e r  all 

th e  p ossib le  te s t c o n d itio n s  a re  n o t  econo m ica lly  justified . 

H e  sh o u ld  k eep  th e  la te s t ex p lan a tio n s  o f  sh e a r s tren g th  

b eh av io u r in  m in d , b u t  w ill still h av e  to  d ep en d  o n  a  lim ited  

n u m b e r o f  tests , u n d e r  fa r  f ro m  co m p reh en siv e  co n d itio n s , in 

o rd e r to  decide  o n  th e  design  sh e a r values. H e  m u st co n sid e r 

th e  field  co n d itio n s  to  be  expec ted , a n d  w ill h av e  to  estab lish  

his req u irem en ts  fo r  te s t-sa tu ra tio n , d ra in ag e , p re ssu re  ran g e , 

tim e  o f  sh earing , ty p e  o f  a p p a ra tu s— so  as to  com e close  to  th e  

ac tu a l s itu a tio n  i f  possib le , a n d  u se  h is ju d g m e n t o f  th e  

sim ila rities a n d  d ifferences in  o rd e r  to  select p ro p e r  resu lts  fo r  

u se  in  his analyses.
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