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Slope Response to Reservoir Water Level Fluctuations

Reponse d'une Pente a I'Oscillation du Reservoir
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A . M U S S O  L e c t u r e r  in  G e o t e c h n i c s ,  F a c u l t y  o f  S c ie n c e ,  U n i v e r s i t y  o f  P a le r m o

SYNOPSI S A sl ope movement  occur r i ng l n t he bank of  an ar t i f i ci al  r eser voi r  i s descr i bed on
t he basi s of  dat a col l ect ed dur i ng 8 year s of  obser vat i ons.  Soi l s and r ocks consi st  of  or i gi nal l y 
j oi nt ed,  i nt ensel y weat her ed mar l y l i mest ones,  whi ch have r eached di f f er ent  st ages of  al t er at i on 
and def or mat i on i n var i ous par t s of  t he l ar ge mass I nvol ved i n t he sl i de.  St r ess i ncr ement s ar e 
i nduced by wat er  l evel  osci l l at i ons at  t he t oe.  An anal ysi s of  obser vat i ons shows t hat  basi c 
r esponse of  sl ope t o ext er nal  wat er  l evel  var i at i ons i s f ul l y dr ai ned and of  vi scous t ype.  The 
over al l  appar ent  vi scosi t y of  t he mass decr eases wi t h r at e of  wat er  l evel  r i se.

1 -  I NTRODUCTI ON

Si gni f i cant  st abi l i t y pr obl ems i n r eser voi r s may 
ar i se under  var i ous condi t i ons of  oper at i on,  
among whi ch r api d dr awdown has r ecei ved i n t he 
past  year s much mor e emphasi s t han ot her s.
Ther e ar e however  a number  of  exampl es of  r i si ng 
pool  l evel  as t he cr i t i cal  f act or  pr oduci ng 
i nst abi l i t y of  r eser voi r  banks.  The f act  was 
poi nt ed out  by Lane ( 1966)  by exami ni ng r esul t s 
of  st abi l i t y st udi es f or  par t i al  pool  as we 1!  
as f or  i nst ant  dr awdown cases.  He r ecogni zed i n 
f act ,  t hat  whi l e dr awdown condi t i on appear s 
t o be most  cr i t i cal ,  bei ng l abel l ed wi t h a 
l ower  saf et y f act or ,  t hi s i s pr i nci pal l y due t o 
t he sever e assumpt i ons i nt r oduced i n t he anal ysi s.  
The ment i oned l i ne of  t hought  was  i ncr easi ngl y 
at t r act i ng at t ent i on and l ed some aut hor s t o t he 
expl i ci t  aknowl edgement  of  " cr i t i cal  pool  l evel "  
i n expl ai ni ng most  of  t he l ar gest  l andsl i des i n 
r eser voi r s.  Kenney ( 1967)  e. g.  f ocused once 
agai n t he r esponsi bi l i t y of  t he r i se of  ext er nal  
wat er  l evel  i n causi ng t he enor mous Vaj ont  
r ocksl i de i n I t al y.
The phenomenon i s evi dent  i n t hose r eser voi r  
sl opes whi ch ar e i n condi t i on of  i nci pi ent  
mot i on,  depi ct ed by a saf et y f act or  cl ose t o 
uni t y.  St ar t i ng f r om t hi s condi t i on,  i n f act ,  
even a smal l  r educt i on of  mobi l i zed r esi st ance 
l eads t o a decr ement  of  r at e of  di spl acement s;  
on t he ot her  hand,  an i ncr ease of  t he same 
r esi st ance l eads t o an accel er at ed mot i on, whi ch 
mi ght  no f ur t her  be hel d under  cont r ol .
Thi s concept ual  f r amewor k hol ds f r equent l y i n 
t he case of  banks of  ar t i f i ci al  r eser voi r s,  
because t he pool  osci l l at i on i nduces st r ess 
var i at i ons, whi ch can al t er  si gni f i cant l y t he 
monot ony of  t he ef f ect  of  gr avi t y f i el d.  
Not wi t hst andi ng such a si mpl i f i ed scheme of  
act i ng f or ces,  t he degr ee of  geot echni cal

compl exi t y i s of t en so hi gh t hat  even a det ai l ed 
i nvest i gat i on i s not  suf f i ci ent  t o i dent i f y t he 
t r ul y r epr esent at i ve physi co- mechani cal  model  
of  t he sl ope.  One must  r ecogni ze,  t hen,  t o be 
f easi bl e onl y a br oad appr oach t o t he pr obl em, ,  
Thi s consi st s on a pr ol onged i n si t u obser vat i on 
of  t he phenomenon,  wi t h t he ai m pf  under ­
st andi ng t he physi cal  pr ocesses,  upon whi ch 
t he i nst abi l i t y of  t he sl ope depends ( Bj er r um,  
J^r st ad,  1963)  and t o est abl i sh some sor t  of  
t r i al  and er r or  cor r el at i on bet ween t he sub­
soi l  f eat ur es appear i ng pr edomi nant  and t he set  
of  dat a col l ect ed dur i ng a suf f i ci ent l y l ong t i me. 
The case r epor t ed l n t he paper  r ef er s t o a sl ope,  
bel ongi ng t o t he basi n of  a r eser voi r  i n Si ci l y,  
wher e t he set  of  descr i bed condi t i ons i s oper a­
t i ve (Jappel l i  et  al . , 1977) .
The r eser voi r  has been obt ai ned i n 1962 by 
cl osi ng t he cour se of  Di r i l l o Ri ver ,  near  t he 
si t e of  Ragol et o.
The sl i de under  cont r ol ,  l ocat ed on t he r i ght  
si de of  r eser voi r ,  has r oughl y a t r i angul ar  
shape del i mi t ed by t wo st eep gul l i es.  The 
l engt h of  sl ope i s about  600 m;  i t s wi dt h at  
shor el i ne i s appr oxi mat el y 450 m0 The mean sl ope 
of  gr ound sur f ace i s of  t he or der  of  l O9 + 15 
The vol ume of  t he sl i di ng mass i s about  6 x 10 nri  
The f i r st  si gns of  i nst abi l i t y appear ed at  t he 
t i me of  f i r st  f i l l i ng of  r eser voi r  ( 1963)  and 
became mor e and mor e evi dent  wi t h t i me.  They 
consi st ed i n deep cr acks of  var i abl e wi dt h,  
gener al l y or i ent ed par al l el y t o t he shor el i ne.
As soon as possi bl e t he si t e was  put  under  
obser vat i on and a pl an of  cont r ol s devel oped.

2 -  I NVESTI GATI ONS AND GEOTECHNI CAL CONTROLS 

The pl an i ncl udes sur f ace obser vat i ons,  expl o­
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r at i ve bor i ngs, di spl acement s measur ement s of  
deep and gr ound sur f ace poi nt s,  i n si t u por e 
pr essur e measur ement s and l abor at or y t est s on 
physi co- mechani cal  pr oper t i es of  mat er i al s 
i nvol ved i n t he sl i de.
Cont r ol  of  movement s have been car r i ed out  i n 
64 poi nt s of  t he t opogr aphi c sur f ace and wi t h
9 deep seat ed i ncl i nomet er s.
I ncl i nomet er s r eadi ngs accompani ed by accur at e 
t opogr aphi cal  cont r ol s have been t aken at  
i nt er val s of  1 m of  dept h bet ween Oct ober  1977 
and Oct ober  1978.
The sur f ace measur ement s wer e st ar t ed i n 1972 
and pr osecut ed wi t h semest r al  f r equency.  The 
pr eci si on of  di spl acement s r eadi ngs i s of  t he 
or der  of  + 1 cm ( hor i zont al )  + 1 mm ( ver t i cal ) .
A second set  of  measur ement s on sur f ace poi nt s 
has been per f or med t hr ough f i ve t ar get s (A,  C,  
f i g.  1)  l ocat ed on a West - East  opt i cal  al i gnment  
at  t he t oe of  sl ope near  shor e l i ne.

Her e t he hor i zont al  component s of  di spl acement s 
i n t he di r ect i on nor mal  t o t he al i gnment ,  i . e.  
Nor t h- Sout h,  have been r ecor ded.
The obser vat i ons wer e st ar t ed i n August  1972 
and ar e at i l l  bei ng car r i ed near l y on al t er nat e 
days, t hat  i s wi t h a f r equency much hi gher  
t han t he f or mer .

3 -  PHYSI CO- MECHANI CAL FEATURES OF THE SLI DE

The sl i di ng mass i s suppor t ed by a bedr ock of  
cr et aceous l i mest ones,  t he st r uct ur al  l ayout  of  
whi ch has been obser ved i n t he Bar one gul l y 
( f i g.  1) .  The bedr ock i s over l ai d by a t hi ck 
mant l e composed by l i mest one and mar l  i n shar p 
f r agment s ( S2)  accompani ed by a gr een or  br own 
cl ay wi t h a chaot i c st r uct ur al  pat t er n.  Some­
wher e t he or i gi nal  st r uct ur e f or med by r at her
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r egul ar  bl ocks ( S4)  wi t h t hi n cl ay l ayer s i s 
pr eser ved.
These mat er i al s mi ght  be t he out put  of  pr ocesses 
of  al t er at i on and def or mat i on,  whi ch have 
r eached di f f er ent  st ages i n var i ous par t s of  t he 
deposi t .  I t  i s t her ef or e possi bl e t hat  r el at i ve­
l y i nt act ,  connect ed t o f i r m bedr ock,  besi de 
compl et el y di si nt egr at ed zones,  exi st  i n t he 
subsoi l  ( f i g.  1) .  The ment i oned S2 and S4 soi l s 
ar e cover ed by a br own cl ayey gr avel l y si l t  
( Si )  r i ch of  or gani c mat t er .  Near  t he cont act  
of  debr i s wi t h bedr ock a ver y har d,  over consol  
i dat ed mar l y cl ay ( S3) ,  a f ew dm t hi ck,  has 
been f ound occasi onal l y i n some of  t he bor i ngs.  
Whi l e t hese var i ous t ypes of  soi l s appear  t o be 
di st r i but ed chaot i cal l y,  some gener al  f eat ur es 
on t he di sl ocat i on of  t he l ess di si nt egr at ed 
S4 can be easi l y put  f or war d.
I n f act  t he l at t er  ar e f ound mor e f r equent l y i n 
sect i on A- A'  t han i n sect i on C- C' .  Mor eover  i n 
A- A1 i t  was  not  possi bl e t o di st i ngui sh t he 
cal car eous j oi nt ed mar l  S4 f r om bedr ock.
The t wo opposi t e physi cal  si t uat i on ar e al so 
conf i r med by t he di f f er ent  behavi our  of  i ncl i ­
nomet er s i n sect i ons A-A'  and C- C1.
I n sect i on C- C1, wher e t he t r ansi t i on f r om t he 
mant l e t o t he bedr ock i s r el at i vel y evi dent ,  t he 
i ncl i nomet r l c t ubes ar e st r ongl y def or med i n 
t he vi ci ni t y of  dept h,  wher e f i r m r ock has been 
encount er ed.  Mor eover  t he movement  seems t o be 
concent r at ed at  t he base of  det r i t al  mass.
At  sect i on A- A'  on t he cont r ar y,  i t  was  not  
possi bl e t o l ocat e def i ni t el y t he boundar i es of  
t he sl i de,  as t he i ncl i nomet er  r eadi ngs show 
t hat  t he soi l - r ock mass i s i n movement  over  t he 
ent i r e dept h of  obser vat i on.
Never t hel ess, even i f  t he i ncl i nomet er s r eadi ngs 
as i ndi cat or s of  absol ut e movement s ar e t o be 
consi der ed wi t h caut i on,  t hey st i l l  mai nt ai n 
some r el i abi l i t y i n a r el at i ve sense.
Ther ef or e t he r ecor ds have been di gest ed t o 
obt ai n an i ndi cat i on of  shear  st r ai n val ues and 
of  t hei r  cour se wi t h t i me i n zones wher e t he 
hi ghest  r el at i ve di spl acement s have been measu­
r ed ( f i g.  2) .  For  sect i on C- C1 such a zone i s 
conf i ned at  t he base of  sl i di ng mass,  whi l e i n 
A- A'  i t  can be l ocat ed bet ween t he t r ue det r i ­
t al  mass and some r el at i vel y st r uct ur ed masses 
of  cal car eous mar l  of  st i l l  uncer t ai n ext ent .
One obser ves t hat  i n sect i on C- C'  ( f i g.  2a)  t he 
shear  st r ai n r at e i s hi gher  and r el at i vel y mor e 
uni f or m t han i n A- A1 ( f i g.  2b) .  Such di f f er ent  
behavi our ,  whi ch coul d be r el at ed t o t he qui t e 
di f f er ent  ext ent  of  mar l  S4 i n t he t wo sect i ons,  
conf i r ms t hat  i n t he par t  of  sl ope whi ch i s 
mor e di st ant  f r om t he Bar one gul l y ( f i g.  1)  t he 
pr ocess has under gone a s l ower  evol ut i on and 
i t  i s t her ef or e i n a l ess advanced st age.  

Al t hough ext r emel y di f f i cul t  t o obt ai n meani ng­
f ul  i n- si t u or  l abor at or y t est  r esul t s i n such 
het er ogeneous mass,  a l abor at or y geot echni cal  
i dent i f i cat i on of  mat er i al s SI ,  S2, S3 has been 
per f or med.  On one r emoul ded sampl e of  t he mar l y 
cl ay S3,  t he l i qui d l i mi t  of  whi ch was  i ndeed 
except i onal l y hi gh ( 1. 97) ,  a shear  t est  has been
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Fi g. 2 -  Shear  st r ai ns 
r eveal ed by i ncl i ­
nomet er s l ocat ed at  
sect i ons C- C’ (Ja)  
and A- A1 ( b).

per f or med,  obt ai ni ng f or  t he r esi dual  st r engt h 

o' r  = 0,  cp' = 13°

I t  i s not  sur e,  however ,  i f  t hese pr oper t i es ar e 
t he gover ni ng f act or s al ong t he zone of  sl i di ng.  
Pi ezomet er s show t hat  r eser voi r  wat er  const i ­
t ut es i n t he sl ope a near l y hor i zont al  t abl e,  
whi ch f oI Lows r eadi l y t he pool  osci l l at i ons.

4 -  KI NEMATI CS

A det ai l ed di scussi on of  t he t r end of  movement s 
of  t he sl ope has been publ i shed el sewher e ( Jap-  
pel l i  et  al . , 1977) .
I t  must  be r emember ed t hat  t he di r ect i on of  t he 
movement  i s mor e or  l ess t he same i n near l y al l  
poi nt s under  cont r ol ;  such di r ect i on I s t owar d 
t he l ake ( Sout h)  wi t h smal l  component s t owar d 
West  i n t he hi ghest  and East war d i n t he l owest  
par t  of  t he sl ope.  Maxi mum di spl acement  r at e i s 
about  10 cm/ mont h.
Fr om t he whol e set  of  hor i zont al  di spl acement s 
i t  can be r ecogni zed t hat  t he mass movement  
t akes pl ace ar ound a cent er  of  i nst ant aneous 
r ot at i on l ocat ed Sout h- East  of  t he I nt er l andi  
gul l y ( f i g.  1) .
The di spl acement s vect or s r el at i ve t o poi nt s of  
cont r ol  f al l i ng on t he sect i ons show t hat  t he 
movement  i s congr uent  wi t h di p of  bedr ock 
sur f ace ( f i g.  1) .
Because of  t hei r  f r equency,  t he r eadi ngs t aken 
at  t he t ar get s at  sl ope t oe,  appear  even mor e 
i nt er est i ng t han t he f or mer .
One can obser ve a cer t ai n anal ogy of  t r end 
dur i ng t hr ee si gni f i cant  per i ods,  i n whi ch,  
af t er  a mor e or  l ess r api d r i se,  t he r eser voi r  
l evel  has been kept  appr eci abl y const ant  f or  a 
r el at i vel y l ong t i me;  i n such per i ods t he vel o­
ci t y peaks have been r eached some t i me af t er  t he 
l evel  at t ai ned t he f i nal  el evat i ons.
The dat a col l ect ed dur i ng such per i ods ( El ,  E2, 
E3) ,  i n whi ch t he sl ope was  subj ect ed t o
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par t i cul ar l y si mpl e st r ess i ncr ement s ( f i g.  3) ,  
ar e synt het i cal l y r epor t ed i n Tabl e I .
I t  can be r ecogni zed t hat  dur i ng t he most  i mpor ­
t ant  f i l l i ng event s ( El ,  E3)  of  t he r eser voi r ,  
t he vel oci t y of  movement s has at t ai ned r at her  
di f f er ent  maxi ma wi t h di ver se t i me l ags.
The di f f er ence bet ween t he devi at or i c st r ess 
i nduced i n t he t wo cases i s not  r el evant  
consi der i ng t he cor r espondi ng sl i ght  di f f er ence 
(4 m)  i n t he excur si on of  r eser voi r  l evel .  Ne­
gl ect i ng such di f f er ence,  t he di ver se behavi our  
of  mass i n t he t wo si t uat i ons may be conven­
i ent l y r el at ed t o t he r at e of  wat er  l evel  r i se,  
i . e.  t o t he r at e of  st r ess change.
I t  must  al so be poi nt ed out  t hat  dat a do not  
show any cl ear  dependency of  sl ope r esponse on 
t he i nt ensi t y of  r ai nf al l .
The f act  can be assumed as a conf i r mat i on of  
t he hi gh dr ai ni ng capaci t y of  t he subsoi l .
For  t hat  r eason t he excess por e pr essur es,  due 
t o t he var i at i ons of  t ot al  st r esses,  may be 
pr act i cal l y negl ect ed.

TABLE I  -  Basi c r esponse of  sl ope t o mai n 
f i l l i ng event s

5 -  TENTATI VE I NTERPRETATI ON

I n or der  t o i l l ust r at e t he mechani sm of  act i ng 
and r esi st i ng f or ces on a sl ope subj ect ed t o 
buoyancy,  one may r ef er  t o f i g.  4.  Fol l owi ng 
usual  suggest i ons on t he mat t er ,  t he sl i di ng 
body i s her e schemat i cal l y r epr esent ed by t wo 
bl ocks r est i ng on a hor i zont al  and on an 
i ncl i ned pl ane,  r espect i vel y ( Kenney,  1967) ;  
t he bl ocks ar e connect ed by a r i gi d beam 
f r eel y pi vot i ng about  hi nges.  I f  onl y wei ght  
f or ces ar e act i ve,  and i n absence of  cohesi on,  
t he f r i ct i on angl e mobi l i zed f or  t he equi l i ­
br i um assumes t he expr essi on i ndi cat ed i n t he 
f i gur e.

w a te r

le v e l

1
event

r
m/month

2
m ms.l.

3
months

4
cmfmonth

5
months

El V2 315+327 6.0 10 05

E 2 32 306+324 4.0 2 1.5

E3 8 320-326 7.0 5 2.5

i
h  K

V rale of water level rise
2) from elevation to elevation
3) permanency of maximum water level
4) maximum rate of horizontal dispacements
5) time lag

E l

i f

i l

I / - t

I /
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Fi g.  3 -  Basi c r esponse of  t he sl ope t o r i ses 
of  wat er  l evel .

Fi g.  4 -  Si mpl i f i ed model  descr i bi ng t he ef f ect  
of  wat er  l evel  r i se on a di scr et e 
syst em of  masses

As t he wat er  l evel  r i ses t he mobi l i zed r esi s ­
t ance i ncr eases unt i l  bl ock A i s f ul l y sub­
mer ged ( cr i t i cal  pool  l evel ) ;  wher eupon i t  
st ar t s decr easi ng as soon as bl ock B i n t ur n 
I s bei ng submer ged.

Wi t h r ef er ence t o sect i on C- C1, assumi ng t hat  
t he sl i di ng sur f ace coi nci des wi t h t he bedr ock,  
a st abi l i t y anal ysi s conduct ed wi t h <p* = 10° ,  
c'  = 0,  shows t hat  t he saf et y f act or  i s equal  
t o uni t y,  when t he l ake i s empt y;  t he same 
f act or  dr ops t o about  0,92 at  nor mal  wat er  
st or age,  f ol l owi ng t o a var i at i on of  wat er  
l evel  of  about  20 m;  cor r espondi ngl y t he 
i ncr ement  of  mobi l i zed f r i ct i on angl e suf f i ci ent  
t o keep t he saf et y f act or  near  uni t y i s aa smal ]  
as appr oxi mat el y 1° .
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Fr om t hese r esul t s t wo f act or s emer ge wi t h 
evi dence:  f i r st l y,  i n what ever  condi t i on t he 
mobi l i zed f r i ct i on angl e i s ver y l ow;  second­
l y,  t he I ncr ease of  r esi st ance t hat  woul d be 
necessar y f or  equi l i br i um f r om an empt y l ake 
condi t i on t o maxi mum l evel ,  i s al so ver y modest ,  
even t aki ng i nt o account  t he sl i ght  di f f er ences 
bet ween t he di f f er ent  sect i ons of  sl ope.
Not e t hat  such a modest  mobi l i zed r esi st ance 
i s cl ose t o est i mat ed r esi dual  val ues f or  
cl ay S3.  Al t hough a cont i nous cl ay l ayer  
bear i ng t he sl i di ng sur f ace has not  been f ound,  
i t  i s possi bl e t her ef or e t hat  t he cl ay f i l l i ngs 
gover n subst ant i al l y t he mechani cal  behavi our  
of  t he st r uct ur ed mass.
The modest  var i at i ons of  mobi l i zed r esi st ance 
i nduced by changes of  r eser voi r  l evel  ar e 
suf f i ci ent  t o act i vat e a movement  wi t h t he 
obser ved vel oci t i es and conf i r m t hat  t he r e­
si st ance has r eached t he r esi dual  val ue on a 
l ar ge par t  of  t he sl i p sur f ace.
I n such condi t i ons even a smal l  r educt i on of  
r esi st i ng f or ces i s l i kel y t o change t he equi l ­
i br i um of  t he body;  consequent l y a condi t i on of  
dynami c equi l i br i um hol ds,  i n whi ch t he i nf l u­
ence of  i ner t i a and t he r at e of  appl i cat i on of  
ext er nal  f or ces mi ght  not  be negl i gi bl e.
Pr i or  t o t he const r uct i on of  a mat hemat i cal  
model  of  t he phenomenon i t  i s usef ul  t o at t empt  
an i ndi r ect  appr oach t o t he pr obl em,  wi t h t he 
ai m of  def i ni ng some par amet er s,  t hat  mi ght  be 
par t i cul ar l y si gni f i cant .

The di spl acement s and r at es of  di spl acement s 
r ecor ded at  t he t ar get s dur i ng t he t hr ee mai n 
f i l l i ng event s ar e i nt er pol at ed by means of  
equat i ons r epor t ed i n f i g.  5,  bei ng u0 an i ni ­
t i al  val ue of  di spl acement ,  and A and B t wo 
par amet er s wi t h di mensi ons of  a l engt h and of  
i nver se of  t i me,  r espect i vel y.
I t  i s possi bl e t her ef or e t o f i nd out  t he nume­
r i cal  val ues of  A and B,  f or  whi ch t he 
expr essi on of v  f i t s t he cor r espondi ng expe­
r i ment al  cur ves i n t he per i ods,  i n whi ch t he 
r eser voi r  l evel  has been kept  at  a cer t ai n 
el evat i on f or  a suf f i ci ent l y l ong t i me ( const ant  
st r ess) .  The aver age r esul t s obt ai ned f or  t he 
t hr ee event s r epor t ed i n t abl e I  can be r el at ed 
t o an empi r i cal  f i l l i ng par amet er  r epr esent i ng 
t he r at e of  wat er  l evel  r i se ( f i g.  5) .
The cur ve of  par amet er  A seems t o i nt er sect  
t he axi s of  t he absci ssas at  a val ue of  2. 5 
of  t he f i l l i ng par amet er ;  cor r espondi ngl y t he 
par amet er  B seems t o di ver ge.  Not e t hat  i n t hi s 
case,  t he di spl acement  i s appr oachi ng zer o.  
Wi t h some caut i on,  due t o t he l i mi t ed number  
of  anal yzabl e event s,  t hi s can al so be assumed 
as a conf i r mat i on of  t he empi r i cal  obser vat i ons 
on t he del ay,  wi t h whi ch movement s ar e pr o­
duced.
As f or  t he physi cal  meani ng of  par amet er  A,  i t  
i s evi dent  t hat  i t  r epr esent s t he f i nal  val ue 
of  di spl acement  consequent  t o a f i l l i ng event  
i n t he hypot hesi s t hat  successi vel y t he wat er  
l evel  r emai ns i ndef i net el y i n a st eady posi t i on.  
How t he r at e of  l evel  r i si ng act ual l y i nf l u­

ences t he sl ope r esponse i s not  qui t e cl ear .
I t  seems pl ausi bl e,  however ,  t o ascr i be t he 
phenomenon t o t hr ee di f f er ent  f act or s, i nvol v­
i ng t i me ef f ect s :

a)  t he consi der abl e r educt i on of  vi scosi t y 
of  t he mat er i al  f ol l owi ng t o a r api d 
appl i cat i on of  shear i ng st r ess and t he 
subsequent  i ncr ement  of  t he same vi sco­
si t y at  successi ve const ant  st r ess l evel ;

b)  t he pr esence of  uphi l l  di r ect ed seepage 
f or ces,  t he I nt ensi t y of  whi ch,  r el at ed 
t o t he di f f er ence of  pi ezomet r i c heads 
bet ween t he r eser voi r  and t he gr ound 
wat er  t abl e, i s decr easi ng wi t h t i me 
dur i ng each f i l l i ng event ;

c)  t he occur r ence of  i ner t i a at  t he begi nni ng 
of  t he f i r st  movement s.

I n f avor  of  t he f i r st  f act or  a l i mi t ed exper i ­
ment al  evi dence exi st s;  r ef er ence i s made t o a 
sl i de i n a l ar ge mor ai ni c deposi t  wi c h f or ms 
t he bank of  Gepat sch r eser voi r  i n Aust r i an 
West er n Tyr ol  ( Br et h,  1967) .

Fi g,  5 -  Par amet er s A and B descr i bi ng t he
aver age pr ogr ess of  di spl acement s and 
r at e of  di spl acement s wi t h t i me ar e 
r el at ed t o wat er  l evel  r i se.
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The ot her  f act or s coul d I n pr i nci pl e be t aken 
i nt o account  i n a mat hemat i cal  model ;  never t he­
l ess t he ver y i nt r i cat ed di st r i but i on of  per ­
meabi l i t y t ensor  wi t hi n t he deposi t  pr ecl udes 
t he possi bi l i t y of  a cor r ect  account  of  t he 
ef f ect  of  var i abl e seepage f or ces.

6 -  CONCLUDI NG REMARKS

Wi t h r ef er ence t o a sl ope under  cont r ol ,  some 
r emar ks on t he behavi our  of  ar t i f i ci al  
r eser voi r  banks subj ect ed t o osci l l at i on of  
wat er  l evel  have been pr esent ed.  Par t i cul ar l y,  
t he i nf l uence of  t he r at e of  wat er  l evel  r i se 
has been poi nt ed out .
I t  i s bel i eved t hat  t he exposed concept s may 
appl y t o al l  t he cases wher e t he sl ope i s i n 
condi t i on of  i nci pi ent  mot i on,  bei ng t he gov­
er ni ng r esi st ance at  r esi dual  val ue or  t he 
st r ess- st r ai n cur ve bei ng char act er i zed by a 
br i t t l eness i ndex equal  t o zer o.
Thi s l at t er  condi t i on excl udes t hat  pr ogr essi ve 
f ai l ur e be f ur t her  oper at i ve.
Mor eover  t he por e pr essur e var i at i on f ol l owi ng 
t he r i se of  t he r eser voi r  wat er  l evel  shoul d 
pr ompt l y be t r ansmi t t ed t o soi l  skel et on 
( dr ai ned pr ocess) .
Fi nal l y,  a syst emat i c and pr ol onged obser va­
t i on of  di spl acement s seems t o be t he onl y 
way  t o bui l d up a r at i onal ,  compr ehensi ve,  
physi cal  model  of  t he phenomena.
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