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EXPERIMENTAL DATA CON CERN IN G CLAY SLOPES

DON N EES EXPERIM ENTALES CON CERN AN T DES TALUS DANS DES ARGILES.

E.E. DE BEER, Prof. Dr. ir. 

Universities of Ghent and Louvain, Belgium.

I NTRODUCTI ON

I n Bel gi um r at her  deep out s have been r eal i zed,  whi ch 
over  a cer t ai n hei ght  r un i nt o over consol i dat ed cl ays.  
Such cl ays pr esent  under  l ar ge di st or t i ons r esi dual  
st r engt hs whi ch ar e much smal l er  t han t he peak 

st r engt hs.  As has been shown by Skempt on [ 4] ,  BJer r um
[ l ] ,  because of  t he pr ogr essi ve char act er  of  t he de­
f or mat i ons,  i t  can be unsaf e t o check t he st abi l i t y 
of  sl opes i n over consol i dat ed cl ay*,  on t he peak 

s t r engt h val ues.

I n or der  t o oe ac i e t o def i ne cal cul at i on met i i ocs 

whi ch shoul d gi ve sol ut i ons,  whi ch at  t he same t i me 

shoul d be saf e and economi cal ,  i t  i s wor t hwhi l e t o 

di spose over  exper i ment al  dat a concer ni ng t he pr o-  

gr essi vi t y of  t he def or mat i ons wi t h t i me,  and concer ­
ni ng t he behavi our  of  fexi st i ng sl opes.

I .  pr ogr essivrry of  t he def or mat i ons.

a.  Sl opes of  a t est  pi t  i n t he Boom cl ay at  
Ant wer p.

I mpor t ant  excavat i on wor ks had t o be r eal i zed I n 
Ant wer p f or  t he new E ) t unnel  under  t he - Schel dt  r i ­
ver  at  Ant wer p.  These excavat i ons r un r at her  deep i n­
t o t he Boom cl ay.  The Boom cl ay bel ongs t o t he ol l go-  
cene ser i es ( Rupel i an st age) .  Accor di ng t o t he geol o­
gi st s i t  was over consol i dat ed under  a wei ght  of  about  
40 m of  neogene sands,  whi ch wer e af t er war ds par t l y 
or  t ot al l y er oded.  The char act er i st i cs of  t he Boom 
cl ay at  Ant wer p ar e gi ven i n Tabl e I .

For  sol vi ng t he pr obl em of  t he t empor ar y sl opes of  
t he const r uct i on pi t s of  t he vent i l at i on bui l di ngs,  
a deep t est pl t  was r eal i zed,  whi ch was l i mi t ed wi t h 
sl opes havi ng di f f er ent  i ncl i nat i ons.

a- 1.  Ver t i cal  sl ope.

The ver t i cal  sl ope i s shown on f i g.  1.  a.  I t  r uns 
over  an hei ght  of  11 m i nt o t he Boom cl ay.  Thi s sl ope 

col l apsed af t er  an exi st ence of  near l y 50 days.  Be­
hi nd t he sl ope i ncl i nomet er  wel l s had been I nst al l ed.  
The l evel  at  whi ch t he maxi mum di al  changes wer e ob­
ser ved i s I ndi cat ed wi t h t he l et t er  M on t he f i gur e.

The di al  changes at  t hi s l evel  ar e gi ven ver sus t i me 
on t he f i g.  l . b.  Al so t he dat es of  t he appear ance of  

t ensi on cr acks ar e shown.

I t  can be obser ved t hat  t he f i r st  I ncr eases of  t he 

di al  r eadi ngs occur  i n t he wel l  I Vf J» l ocat ed neat '  t he 

t oe of  t he sl ope.  The appear ance of  t he f i r st  t ensi on

Fi g.  1 Ver t i cal  sl ope of  t he t est  pi t  at  Ant wer p.

cr acks at  t he upper  sur f ace of  t he Boom cl ay occur s 
wi t h a t i me l ag of  14 days,  af t er  t he I ncr ease of  
t he di al  r eadi ngs.

At  t he moment  t he gener al  t ensi on cr ack l ocat ed 8 m
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behi nd t he cr est  of  t he sl ope occur r ed,  t he i ncl i no­
met er  wel l  l ocat ed i n t he pot ent i al  sl i psur f ace i ndi ­
cat ed al r eady bi g di st or t i ons.

Behi nd t he sl ope al so pi ezomet er s had been i nst al l ed.  
The hor i zont al  movement  of  t he t op of  t hese pi ezome­
t er s wer e r egul ar l y measur ed.  The hor i zont al  movement  
of  pi ezomet er  NP6 i s shown ver sus t i me on f i g.  1.  c.
I t  can be obser ved t hat  t he hor i zont al  movement  st ar t s 
al so wi t h a t i me l ag agai nst  t he di st or t i ons.  Fr om 
t hese obser vat i ons can be concl uded t hat  t he di st or ­
t i ons st ar t  i n t he vi ci ni t y of  t he sl ope,  cl i mb gr a­
dual l y upwar ds,  and t hat  t he occur r ence of  t he t en­
si on cr acks i s post er i or  t o t he l ar ge di st or t i ons at  
t he t oe.

Thi s f act  i s ver y wel l  known by t he br i ckmaki ng f ac­
t or i es.  I ndeed i n t he cl ay- pi t s f or  br i ckmaki ng t he 
cl ayi l s dug under  r at her  st eep sl opes by a di ggi ng 
machi ne whi ch r uns back and f or t h al ong t he cr est  of  
t he sl ope.  An event ual  sl i p i nvol vi ng t he machi ne,  
coul d r ui n t hi s cost l y equi pment .  To pr event  t hi s 
event ,  t he t oe of  t he sl ope i s put  under  per manent  
cont r ol .  As soon as bi g def or mat i ons ar e obser ved near  
t he t oe,  t he di ggi ng machi ne i s i mmedi at el y r emoved.  
Tensi on cr acks at  t he upper  sur f ace appear  wi t h a 
cer t ai n del ay af t er  t he l ar ge di st or t i ons at  t he t oe.  
Shor t l y af t er  t he t ensi on cr acks occur s t he compl et e 
col l apse.  I f  t he br i ckmaker s shoul d onl y cont r ol  t he 
occur ences of  t ensi on cr acks,  i n many occasi ons i n­
suf f i ci ent l y t i me shoul d r emai n t o r emove t he di ggi ng 
machi ne.

a- 2.  Sl ope 2: 1.

The sl ope 2: 1 i s shown on f i g.  2.  a.  Dur i ng t he 6 

mont hs of  exi st ence of  t hi s sl ope,  no r upt ur e was ob­
ser ved.  The var i at i on of  t he di al  changes wi t h t i me 
at  t he l evel s M ( f i g.  2. a)  of  maxi mum di al  change ar e 
shown on f i g.  2.  b.  The hor i zont al  el ongat i ons bet ween 
t he t ops of  t he pi ezomet er s NP10 and NP8 ar e shown on 
f i g.  2. c.  The l ar gest  di al  changes wer e obser ved f or  
t he I ncl i nomet er  I W5 l ocat ed near  t he t oe of  t he sl o­
pe.  At  t he end of  t he obser vat i on t i me t he di al  chan­
ges of  t he i ncl i nomet er  I W5 amount ed al r eady t o 168 
uni t s,  t o be compar ed t o t he amount  of  455 uni t s ob­
ser ved i n t he i ncl i nomet er  I WJ Just  bef or e col l apse 
of  t he ver t i cal  sl ope. '

Al t hough l ar ge di st or t i ons wer e obser ved i n some of  
t he i ncl i nomet er s,  no t ensi on cr acks occur r ed at  t he 
upper  sur f ace of  t he cl ay.

Fr om t he el ongat i ons obser ved bet ween t he pi ezomet er -  
t ops i t  must  however  be concl uded t hat  al r eady an ex­
t ensi ve openi ng of  t he mi cr o- f i ssur es must  have occur ­
r ed.  Thi 3 openi ng has a l ar ge i nf l uence on t he per mea­
bi l i t y and t hus on t he r at e of  adapt at i on of  t he ef ­
f ect i ve st r esses t o t he unl oaded st at e.

a- 3.  Sl ope 1: 1.
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b, The sl ope 1: 1 i s shown on f i g.  3- a* Dur i ng t he 12
mont hs of  exi st ence of  t hi s sl ope,  no r upt ur e was 
obser ved.

The var i at i on of  t he di al  changes of  t he i ncl i nome­
t er s at  t he l evel s M ( f i g.  3. a)  of  maxi mum di al chan-  

cj ge ar e shown on f i g.  3.  b.  Agai n t he l ar gest  di al
changes ar e obser ved i n t he i ncl i nomet er s l ocat ed 
near est  t o t he t oe of  t he sl ope.  No t ensi on cr acks 
wer e obser ved dur i ng t he l i f e- t i me of  t he sl ope.

Fr om t he obser vat i ons of  t he sl ope 1: 1 t he same con­

cl usi ons can be dr awn as f or  t he sl ope 2: 1.

Fi g.  2 Sl ope 2: 1 of  t he t est  pi t  at  Ant wer p.
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Tabl e I  : Physi cal  and mechani cal  pr oper t i es.

EXPERIMENTAL DATA

Boom cl ay at  Ant wer p Godar v i l Le ( Vpr esi an cl ay) Ei genbi l zen La Fi ccher ò

R2 , c
upper

mean

„ ayer

on t he 

spot  of  

t he pr e­

vi ous 

sl i de

l ower

l ayer

B1 , c cl ay K cl ay 
2 , c

per cent age < 2 H- 49 16 28 18 31 14 19 -  23

nat ur al  wat er  cont ent  w % 25 -  32 34 43 25 22 21 19 -  27

l i qui d l i mi t  w # 8 I + 8 62 69 48 68 40 37 -  50

pl ast i c  l i mi t  w % 
p

29 + 3 25 29 19, 5 22 19 17 -  20

pl ast i c i t y  i ndex i 52 37 40 28,5 46 21 2 0 - 3 0

undr ai ned shear  s t r engt h 

c ( h: dept h under  soi l  sur ­

f ace i n m)

0, 75 + 0,0 

( a)

35h ( kg/ cm2 ) 

( b)

2
peak  s t r engt h c ' ( t / m ) 1, 5 0 0, 4 3, 0 0,6 0,6 0, 4 -

<P' 19*  -  24° 19° 32° 22° 451 29° 26° 32° -

r esi dual  s t r engt h c^ ( t / m2 ) 0 0 0 0 0 0 0

<PTr
19 ° _ 24° 10 * -  15° 12* 30' ( 0) 12° ( c)  • 14* 30' ( c) 10 ° ( c) l 8* ( c) l 4°  -  l " *  

13° ( d)

( a)  sampl es not  cut  : dependi ng on l abor at or y t echni ques

( b)  sampl es pr evi ous l y  cut  : dependi ng on l abor at or y

t echni ques ,

( c)  accor di ng t o t he ci ^ar t  of  Bj er r um ( f i g. 8 ) ^r '

( d)  f r om an act ual  sl i p

18 °30 '

22°

15°

15°
9° 30 ' 

15* ( d)

t r i ax i al  t est  : r emoul ded st r engt h 

di r ect  shear  t est  : at  l east  30 movement s 

back and f or t h

sampl e I  

sampl e I I

t or s i on t est s : not  cut

pr evi ousl y cut

b.  Tempor ar y sl opes of  t he const r uct i on pi t  of  
t he vent i l at i on bui l di ng ( Ri ght  Bank) .

The f r ont - sl ope of  t he const r uct i on pi t  of  t he vent i ­
l at i on bui l di ng ( Ri ght  Bank)  i s shown on f i g.  4. a.
Thi s f r ont  sl ope had t o l ast  f or  one year .  I n or der  t o 
shor t en t he l engt h of  t he i mmer sed t unnel  t hi s sl ope 
had t o be as st eep as possi bl e.  On t he ot her  hand a 
col l apse of  t hi s sl ope shoul d have had cat ast r ophi c 
consequences.  Fr om t he mean wat er l evel  i n t he Schel dt  
r i ver  t he pi t  has a t ot al  dept h of  29 m ; t he pi t  r uns 
15 m i n t he Boom cl ay.  The l evel s of  t he maxi mum di al  
changes of  t he i ncl i nomet er s ar e shown by t he l et t er  

M on f i g.  4.  a.

The var i at i on of  t he di al  r eadi ngs at  t hese l evel s ar e 
shown ver sus t i me on f i g.  4.  b.

I t  can agai n be obser ved t hat  t he l ar gest  di al  chan­
ges occur  i n t he i ncl i nomet er s whi ch ar e t he near est  
t o t he t oe of  t he sl ope.  The i ncl i nomet er  I W101 l oca­
t ed near est  t o t he cof f er dam showed pr act i cal l y no va­
r i at i ons dur i ng t he l i f et i me of  t he sl ope.  Fr om t he 
l ocat i on of  t he poi nt s M of  maxi mum di al  change,  t he 
shape of  t he pot ent i al  sl i psur f ace,  shown wi t h a das ­

hed l i ne on f i g.  4. a can be deduced.

The r eadi ngs of  t he i ncl i nomet er  I W103, showed at  a 
cer t ai n per i od a r at her  l ar ge r at e of  i ncr ease of  t he

Cofferdam

Fi g.  4 Fr ont - sl ope of  t he const r uct i on pi t  of  t he 
vent i l at i on bui l di ng ( R. B. ) at  Ant wer p.
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di st or t i ons ( par t  AB of  f i g.  4. b) .  Fr om poi nt  B on 
t hi s r at e decr eased because t he par t  of  t he sl ope l o­
cat ed bef or e t he i ncl i nomet er  I W103, was al r eady par ­
t i al l y backf i l l ed.  Thi s par t i al  backf i l l i ng was made 
possi bl e,  because t he excavat i on of  t he const r uct i on 
pi t  on f ul l  dept h,  and al so t he concr et i ng of  t he ven­
t i l at i on bui l di ng was r eal i zed i n par t s,  i n or der  t o 
be abl e t o t ake advant age of  t he t hr ee di mensi onal  ef ­
f ect  r el at ed t o t he shor t ened l engt h of  t he sl opes.

The obser vat i ons of  t he t empor ar y sl ope of  t he con­
st r uct i on pi t  show agai n t hat  t he di st or t i ons st ar t  

near  t he t oe of  t he sl ope and cl i mb gr adual l y upwar ds.

c.  Sl ope of  t he canal  cut  at  l a Fl echf r r e.

An exi st i ng canal  f or  300 t on shi ps had t o be deepe­
ned and enl ar ged f or  1350 t on shi ps.  At  l a Fl echer e 
t he cut  i n t he di vi de bet ween t he Meuse and Schel dt  
basi ns had t o be adapt ed t o t hi s new si t uat i on.  The 
cut  r uns gener al l y i n an upper  l oam l ayer ,  and i n t he 
Ypr esi an cl ay.  When t he 300 t on canal  was bui l t  I n 
t he l at e ei ght i es r at her  ext ensi ve sl i p3 occur r ed,  
because t oo st eep sl opes had been desi gned.  Thus i n 

many par t s of  t he Ypr esi an cl ay pr evi ous sl i psur f a-  
ces exi st .

At  t he l ocat i on of  one of  such sl i psur f aces i ncl i no­
met er s wer e pl aced,  af t er  t he sl ope had been f l at t e­
ned accor di ng t o t he cont our  ABCDEF ( f i g.  5) .  At  t hat  
t i me t he bot t om of  t he canal  was st i l l  t o be deepened 
f r om l evel  + 118,90 t o l evel  + 117, 30,  t hus about

D E

t i me at  whi ch di scont i nui t y cr acks shoul d become vi ­
si bl e at  t he exi t  poi nt  E of  t he pr evi ous sl i psur f ace.  
A di scont i nui t y cr ack became per cept i bl e when i t  r ea­
ched a wi dt h of  1 t o 2 mm.

BEER

Fi g.  5 Canal  cut  at  la. Fl échér e.
Fl at t ened sl op at  t he l ocat i on of  pr evi ous 
sl i psur f aces.  Locat i on of  t he i ncl i nomet er s.

over  1, 60 m.  Fur t her  t o r eal i ze t he def enses of  t he 
canal  sl opes t empor ar el y a suppl ement ar y excavat i on of

I  m ( f r om l evel  + 117, 3°  t o l evel  + 116,30) had t o 
be pr ovi ded.  Dur i ng t he dr edgi ng wor ks t he di al  r ea­
di ngs of  t he i ncl i nomet er s st eadi l y i ncr eased.  The 
l evel s of  maxi mum di al  changes ar e shown by t he l et ­
t er  M on f i g.  5.  They cor r espond near l y wi t h t he l o­

cat i on of  t he pr evi ous sl i psur f ace.

The i ncr ease of  t he di al  r eadi ngs i s shown ver sus t i ­
me on t he f i g.  6.  Thi s f i gur e gi ves al so ver sus t i me 
t he di st ance of  t he dr edge t o t he pr of i l e i n whi ch 

t he i ncl i nomet er s ar e l ocat ed.

I t  can be obser ved t hat  t he di al  changes occur  f i r st  
i n t he i ncl i nomet er  I i (  l ocat ed near est  t o t he t oe 
of  t he sl ope,  and t hat  t he i ncr eases i n t he i ncl i ­
nomet er  I  l ocat ed mor e upwar d pr esent  a t i me- l ag of

I I  days t o t hose i n t he i ncl i nomet er  I j .  Fr om t he 
r eadi ngs of  t he I ncl i nomet er s coul d be pr edi ct ed t he

Fi g.  6 Di al  r eadi ngs at  t he canal  cut  at  Is. Fl i ch&r e.

These obser vat i ons al so show t hat  t he di st or t i ons 
st ar t  i n t he vi ci ni t y of  t he t oe,  and pr ogr ess gr adu­
al l y upwar d.

I I .  BEHAVI OUR OF EXI STI NG SLOPES I N OVERCONSOLI DATED 
CI AY5.

a.  Canal  cut  at  El genbl l zen.

The f i g.  7 gi ves a cr oss sect i on of  a canal  cut  at  
Ei genbi l zen,  whi ch now exi st s,  wi t hout  any maj or  t r ou­
bl e,  f or  about  30 year s.  The t ot al  hei ght  of  t hi s cut  
amount s t o 26, 08 m.  I t  r uns par t l y i nt o t wo cl ay 
l ayer s,  bel ongi ng t o t he Rupel i an st age ( ol i gocene) .

The char act er i st i cs of  t hi s t wo cl ay l ayer s ar e gi ven 
on t abl e I .  The r esi dual  shear  st r engt h was not  di ­
r ect l y measur ed.  However  BJer r um [ 1] ,  has publ i shed a 
ver y usef ul  char t  gi vi ng t he r esi dual  shear  angl e a-  
gai nst  t he pl ast i ci t y i ndex ( f i g.  8) .

The equi l i br i um cal cul at i ons wer e per f or med agai nst  
t he peak shear  st r engt h.

As i n st i f f  f i ssur ed cl ays i t  i s di f f i cul t  t o def i ne 
exact l y t he wat er pr essur es,  t he cal cul at i ons wer e ba­
sed on t he wor st  assumpt i ons concer ni ng t hese pr essu­
r es.  They consi st  i n admi t t i ng t hat  over  t he whol e 
t hi ckness of  a cl ay l ayer  l ocat ed bet ween t wo sand 
l ayer s t he pi ezomet r i c l evel s i n t he cl ay cor r espond 
t o t he wat er t abl e i n t he upper  sand l ayer ,  and ar e 
not  i nf l uenced by t he dr ai ned wat er t abl e i n t he l ower  

sand l ayer  [ 2].

YPRESIAN CLAY
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Fi g. 7 Cr oss sect i on of  t he canal  cut  at  El genbl l zen.  
Equi l i br i um cal cul at i on r el at ed t o t he peak 
shear  st r engt h.

Wi t h t hese assumpt i ons a f act or  of  saf et y F = 1. 8 
was f ound.

I f  t he r esi dual  angl es of  t he char t  of  BJer r um ar e 
I nt r oduced ( wi t h c 1 -  0) ,  sl l psur f aces can be f ound 

whi ch ar e no l onger  I n equi l i br i um ( f i g.  9) -

As t he cut  exi st s now f or  30 year s.  I t  must  be con­
cl uded t hat ,  ei t her  t he assumed wat er pr essur es ar e 
t oo l ar ge,  or  t hat  t he equi l i br i um of  t he sl opes 
whi ch pr esent  a ver y l ar ge saf et y f act or  agai nst  t he 
peak st r engt h,  ar e not  gover ned by t he r esi dual  an­

gl es on pr evi ousl y out  sampl es.

0  1 0  2 0  3 0  Î 0 5 0  6 0  7 0  8  0  9  0  1 0 0  110

Fi g.  8 Resi dual  angl e q>'  ver aus pl ast i ci t y I ndex 1 
( af t er  BJer r um) .  r  P
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Fi g.  9 Canal  cut  at  Ei genbi l zen.
Equi l i br i um cal cul at i on r el at ed t o t he 
r esi dual  shear  st r engt h.

b.  Canal  cut  at  Oodar vl l l e.

At  Godar vi l l e a canal  cut  exi st s,  wi t h a t ot al  hei gl t  
of  43, 05 m.  I t  r uns i nt o cl ay l ayer s bel ongi ng t o 
t he Ypr esi an st age of  t he Eocene age.  The char act e­
r i st i cs of  t he Ypr esi an cl ay l ayer s ar e gi ven on

t abl e I .

The equi l i br i um cont r ol  per f or med a^ i ns t  t he peak
shear  st r engt h,  and assumi ng t he wor st  wat er pr essur e
condi t i ons gi ves a f act or  of  saf et y F > 1. 5 ( f i g.  10) .
I f  t he r esi dual  shear  angl es cp̂, = 12*30'  , <(£ -  14* 301
accor di ng t o t he char t  of  BJer r um ar e i nt r oduced
( c1 =0)  some masses shoul d not  be I n equi l i br i um,  

r
Now t he cut  exi st s f or  about  10 year s,  wi t hout  any 
t r oubl e,  except  at  one end of  t he cut .  At  t hi s end 
whi ch was not  especi al l y st udi ed,  because t he t ot al
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Fi g.  10 Canal  out  at  Oodar vl l l e.
Equi l i br i um cal cul at i on r el at ed t o t he r esi dual  shear  st r engt h.

hei ght  t her e I s much l ess t han I n t he cent r al  par t  of  
t he cut ,  a sl i p al r eady occur r ed dur i ng t he excava­
t i on wor ks.  Wi t hout  any st udy,  t he equi l i br i um of  
t he movi ng mass was r est or ed by t he cont r act or  by an 
ext ensi on of  t he dr ai nage syst em.  Two year s ago I n a 
ver y r ai ny per i od t he same mass f ai l ed agai n.  An 
aer i al  vi ew I s gi ven on f i g.  11.  The movement  I s not  
per pendi cul ar  t o t he l ongi t udi nal  axi s of  t he Out  but  
has al so a component  t owar ds t he end of  t he cut .

St abi l i t y cal cul at i ons show t hat  I n t he upper  Ypr e-  
si an cl ay t he equi l i br i um i s gover ned by c'  ■ 0 and 

<p;  = i 5*.

That  t he mass al r eady st ar t ed t o move dur i ng t he ex­
cavat i on wor ks,  poi nt s t o t he f act  t hat  a pr evi ous 
sl i di ng sur f ace exi st ed on t hat  spot .  Al ong t hi s pr e­
vi ous sl i di ng sur f ace t he equi l i br i um i s gover ned by 
t he r esi dual  shear  par amet er s.  The char act er i st i cs 
of  t he Ypr esi an cl ay l ayer s at  t he spot  of  t he sl i de 
ar e gi ven on t abl e I .

c.  Canal  cut  at  L& Fl échèr e.

The f i g.  12 gi ves as " A"  t he cr oss sect i on of  t he 
or i gi nal  70 t on canal ,  as "B"  t he desi gned sl opes 
f or  t he 300 t on canal ,  whi ch f ai l ed,  as "c" t he sl o-
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Fi g.  11 Aer i al  vi ew of  t he cut  at  Godar vi l l e,  
wi t h a sl i de at  t he end of  t he cut .

pes whi ch f i nal l y had t o be adopt ed f or  I nsur i ng t he 
st abi l i t y of  t he 300 t on canal ,  and " D"  t he sl opes 

desi gned f or  t he 1350 t on canal .

I t  I s wor t hwhi l e t o not i ce t hat  t he sl opes of  t he 
300 t on canal  wer e f i nal l y st abi l i zed by t he con­
st r uct i on of  heavy anchor  wal l s at  t he t oe of  t he 

sl opes.

The char act ar l st i es of  t he Ypr esi an cl ay at  La Fl i -  

chf ere ar e gat her ed on t abl e I .

I n t he l ocat i ons wher e pr evi ous sl i des of  t he sl opes 
of  t he 300 t on canal  exi st ed,  t he desi gned sl opes

"D"  ( f i g.  12)  of  t he 1350 t on canal  st ar t ed t o sl i ­
de dur i ng t he excavat i on wor ks.  Equi l i br i um cal cu­
l at i ons showed t hat  t her e t he equi l i br i um was gover ­
ned tjy t he val ues c'  = 0 <p'  -  13*  I n t he Ypr esi an 
cl ay.

On t he l ocat i ons of  t he pr evi ous sl i des t he desi gned 
sl opes of  t he 1350 t on canal  wer e f l at t ened as i ndi ­
cat ed on f i g.  5. The f l at t ened sl opes had a f act or  of  
saf et y of  near l y one,  i f  t he bot t om of  t he canal  was 
dr edged t o i t s f i nal  si t uat i on.  The t empor ar y dr ed­
gi ng of  a t r ench T needed t o pl ace t he sl ope def enses,  
shoul d br i ng t he saf et y f act or  under  one.  Thi s was 
pr oven by t he di al  changes of  t he I ncl i nomet er s and 
t he f or mat i on of  f i ssur es at  t he exi t  poi nt  E ( f i g.  5) -  
The t empor ar y t r ench was t her ef or e made i n par t s,  and 
i mmedi at el y f i l l ed wi t h t he mat er i al  of  t he sl ope de­
f enses,  r eest abl i shi ng a saf et y f act or  somewhat  l ar ­
ger  t han one.

I n or der  t o obt ai n t he necessar y saf et y f act or  
(F = 1. 2)  bor ed anchor  pi l es 0 = 1 m have been pl a­
ced near  t he t oe of  t he sl ope at  I nt er val s of  4 m.
I n t he r egi ons wher e no pr evi ous sl i des exi st ed,  t he 
desi gned sl opes D ( f i g.  12)  of  t he 1350 t on canal  
have not  been al t er ed.

The wor ks ar e now f i ni shed f or  about  2 year s.  I ncl i ­
nomet er s have been pl aced whi ch ar e under  per manent  
cont r ol .

Unt i l  yet  no di al  changes have been obser ved nei t her  
i n t he zones wi t hout  pr evi ous sl i des,  as i n t he zones 
wi t h pr evi ous sl i des,  wher e t o I nsur e t he st abi l i t y 
a f l at t eni ng of  t he or i gi nal  desi gned sl opes and 
anchor  pi l es have been pr ovi ded.

( f )  DESIGN  SLO P E S  OF THE 3 00 ton CANAL 

0  FINAL SLO PES  OF THE 300 ton CANAL 

@  D ES IG N  SLO P E S  OF THE 1350ton CANAL

Fi g.  12 Canal  cut  at  La Fl echf ere.
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EXPERIMENTAL DATA

Fr om t he exper i ment al  dat a gat her ed I n Bel gi um I n 
r el at i on wi t h sl opes I n over consol i dat ed cl ays 
t he f ol l owi ng concl usi ons can be dr awn.

1*)  The di st or t i ons al ong pot ent i al  sl l psur f aces 
st ar t  I n t he vi ci ni t y of  t he t oe of  t he sl ope 
and pr ogr ess gr adual l y upwar d.  Tensi on cr acks 
at  t he exi t  of  t he sl l psur f ace pr esent  a t i me 

l ag agai nst  t he l ar ge di st or t i ons at  t he t oe.
Thi s can be expl ai ned by t he f act  t hat  t he 
r egi on of  maxi mum shear i ng st r esses I s l oca­
t ed near  t he t oe,  as I s al so cl ear l y shown by 
Haef el l  [3].

2* )  The equi l i br i um al ong pr evi ousl y exi st i ng sl l p­
sur f aces I s gover ned by t he r esi dual  shear i ng 
st r engt h par amet er s,  det er mi ned on pr evi ousl y 
cut  sampl es.

33* )  The char t  of  BJer r um [ l ]  r el at i ng t he r esi dual  
shear  angl e t o t he pl ast i ci t y I ndex,  I s a ver y 
usef ul  t ool  t o obt ai n a f i r st  I dea of  t he va­
l ue of  t he r esi dual  angl e.

4* )  Fr om t he gat her ed exper i ence cannot  be concl u­

ded t hat  I n t he r egi ons wher e no pr evi ous sl i ­
des exi st ,  t he f i nal  st abi l i t y i s necessar i l y 
gover ned by t he r esi dual  par amet er s c'  = 0 (p1.
I f  t hi s shoul d be t he case,  one shoul i  f or  ma- r  
ny pr obl ems come t o sol ut i ons whi ch ar e no l on­
ger  economi cal l y accept abl e.  The Bel gi an expe­
r i ence seems at  t he cont r ar y t o show t hat  I f  t he 
peak shear  st r engt h par amet er s cor r espondi ng t o 
t he unl oaded st r ess st at e of  t he cl ay ar e adop­
t ed st abl e sl opes can be desi gned,  pr ovi ded t hat  : 

1*)  no pr evi ous sl i di ng sur f aces exi st  
2*)  t he wor st  possi bl e assumpt i ons 

concer ni ng t he wat er pr essur es ar e 

made
3* )  l ar ge saf et y f act or s ( f or  i nst ance F = 2 

on t he cohesi on,  F = 1. 5 on t he f r i ct i on)  

ar e i nt r oduced.  I ndeed t he l ar ger  t he sa­
f et y f aot or s,  t he smal l er  t he di st or t i ons,  
al l  ot her  par amet er s bei ng equal .

CONCLUSIONS. 5“ ) The use of  anchor  wal l s or  anchor  pi l es,  as 
t hey pr event  t he di st or t i ons,  make i t  possi bl e 
t o use wi t h a l ar ger  conf i dence t he peak 
st r engt h val ues i n t he desi gn of  sl opes I n over -  
consol i dat ed cl ays.
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