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Short-Term and Long-Term Stability of Slopes
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SYNOPSI S.  On t he Dasi s of  an anal ysi s of  l abor at or y and f i el d i nvest i gat i ons,  t he paper  
el uci dat es t he essence of  t ri e l andsl i de pr ocess i n t he case of  cycl i c var i at i on of  t he l and
sl i de- i ni t i at i ng f act or s.  I t  i s pr oposed t hat  t he t heor y of  vi scopl ast i c f l ow be used t o 
descr i be t he pr ocess of  accumul at i ng pl ast i c def or mat i on i n t he soi l s maki ng up l andsl i de sl opes.

One of  t he t ypi cal  f eat ur es i n t he dynami cs 
of  t ue l andsl i de pr ocess as i t  devel ops i n 
mi l d sl opes composed of  cl ayey soi l s i s t hei r  
cycl oci t y, whi ch i s due t o t he var i at i on of  a 
number  of  l andsl i de- i ni t i at i ng f act or s wi t h 
t i me.  Such f act or s i ncl ude t he i nt ensi t y of  
at mospher i c pr eci pi t at i on,  gr ound wat er  l evel ,  
wat er  head i n wat er - bear i ng st r at a, et c.

The over whel mi ng maj or i t y of  such sl opes may 
be i n t he st age of  st eady- st at e secul ar  cr eep}  
t hey may def onn ver y sl owl y and r ar el y go 
over  t o a st age of  pr ogr essi ve f l ow and col 
l apse.  . Engi neer i ng st r uct ur es may be l ocat ed 
on such sl opes and be i n r egul ar  use f or  l ong 
per i ods dependi ng on t hei r  sensi t i vi t y t o non-  
uni f or m def or mat i on.  Hence, t he basi c pr obl em 
i s t o pr edi ct  t he magni t ude of  l andsl i de di s 
pl acement  ( or  t he r at e of  i t s devel opment )  
over  a gi ven per i od of  t i me.  Thi s amount s t o 
a cal cul at i on of  t he l ong- t er m st abi l i t y of  
t he sl ope on t he basi s of  l i mi t i ng def or mat i on.  
3hor t - t er . i i  st abi l i t y of  mi l d sl opes i s guar an
t eed,  as a r ul e,  because t hey ar e not  subj ect  
t o cat ast r ophi c di spl acement s.

Quant i t at i ve met hods of  assessi ng l andsl i de 
di spl acement s ar e st i l l  i n an ear l y st age of  
devel opment .  Thi s i s due,  not  onl y t o t he comp
l ex mat aer aat i cal  pr obl ems i nvol ved,  but  al so 
t o t he pr obl em of  det er mi ni ng t he r heol ogi cal  
par amet er s of  t he soi l  i n t he massi f  i n si t u.  
The met hod of  det er mi ni ng t heol ogi cal  pr oper 
t i es of  soi l  by l oadi ng gi ves no r eal  i dea of  
i t s r heol ogi cal  behavi our  i n a massi f  wher e i t  
has been i n a st r essed st at e f or  a l ong t i me.  
The most  ef f ect i ve met hod i n t hi s r espect  i s 
t o det er mi ne t he r heol ogi cal  par amet er s of  t he 
soi l  i n t he massi f  f r om t he r esul t s of  an ana
l ysi s of  obser vat i ons on t he dynami cs of  t he 
sl ope i n space and t i me,  i . e. by means of  r e
ver se cal cul at i ons.

At  t he r esent  t i me,  t he pr edi ct i on of  cr eep 
def or mat i on i n sl opes, when t he def or mat i on i s 
due t o t he st at i onar y gr avi t at i onal  f i el d of  
st r esses and t he cycl i c var i at i on of  an addi 
t i onal  st r ess f i el d,  i s based on t he t heor y 
of  vi scous and vi scopl ast i c f l ow of  a mul t i pl e-  
phase soi l  medi um,  as wel l  as on t he t heor y 
of  t he pr opagat i on of  pr essur e waves i n a 
por ous def or mabl e medi um ( Tei >- Mar t i r osyan,
1971}  Tsyt ovi cl i  et  al ,  1977) .

Accor di ng t o t he second of  t hese t heor i es,  
t he accumul at i on of  pl ast i c def or mat i on i n 
t he soi l  can occur  i n t he case when an addi t i 
onal  change i n st r esses l eads t o a st r ess-  i n 
excess cf  t he l i mi t i ng l ong- t er m st r engt h of  
t he soi l  ( Fi g. l ) .  Such a change may occur  
ei t her  at  a change i n di e por e pr essur e or  
upon a change i n t he ext er nal  l oad on t he soi l  
( change i n head i n a wat er - bear i ng st r at um,  
const r uct i on of  a t ent at i ve f i l l  or  cut ,  
moi st eni ng oi  t he upper  l ayer s,  et c. ) .

Fi g. l .  Concer ni ng t he mechani sm of  accumul at i ng 
pl ast i c def or mat i on i n soi l :  1- l i mi t  of  
l ong- t er m st r engt h or  t he l oadi ng sur 
f ace}  2-  l i mi t  of  i nst ant aneous st r engt h}  
U- st r essed st at e at  a cer t ai n poi nt  i n 
t he soi l  massi f  i n a st at i onar y gr avi 
t at i onal  f i el d}  •• . - st r essed

st at e at  t he same poi nt  af t er  addi t i onal  
act i on.

Long- t er m i nst r ument al  obser vat i ons of  t he 
dynami cs of  l andsl i de devel opment . conduct ed by 
t he aut hor s ( Tsyt ovi ch, et  al , 1977) ,  i ndi cat e 
t hat  t ner e i s a r el at i onshi p bet ween t he i n
t ensi t y of  l andsl i de di spl acement s and changes 
i n t he l andsl i de- i ni t i at i ng f act or s.  I t  can be 
seen t hat  t he most  act i ve di spl acement s of  sur 
f ace and dept h benchmar ks cor r espond wi t h t he 
per i od of  i ncr eased at mospher i c pr eci pi t at i on 
and t he r i se of  t he wat er  l evel  i n t he pi ezo
met er s.  Thi s pr ocess i s descr i bed wel l  by t he
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t heor y of  t he pr opagat i on of  pr essur e waves i n 
a def or mabl e por ous medi um ( Ter - Mar t i r osyan,  
1971) .

Fi g. 2.  Resul t s of  obser vat i on of  t he dynami cs 
of  a l andsl i de s l ope: Rd- di spl acement  
of  dept h benchmar ks, Mv h- ver t i cal  and 
hor yzont al  di spl acement  of  sur f ace bench
mar ks,  K_amount  of  at mospher i c pr eci 
pi t at i on,  2 - gr oundwat er  l evel  at  
var i ous dept n i n t he massi f .

For  t hi s case, t he consol i dat i on equat i on can 
be wr i t t en i n t he gener al  f or m

'd i y  +  d  U y  -  k  ( 1 )

a t  v  d i  Xv  w  7

wher e £v i s t he vol ume st r ai n* n i s t he por osi 
t y;  Uyy i s t he por e wat er  pr essur e;  m̂,  i s t he 
coef f i ci ent  of  r el at i ve compr essi bi l i t y of  t he 
por e l i qui d;  k i s t he coef f i ci ent  of  per meabi 
l i t y;  lfw i s t ne uni t  wei ght  of  t he wat er  and

7* i s t he Lapl aci an oper at or .

On t he basi s of  t he t heor y of  vi scopl ast i c 
f l ow,  t he physi cal  equat i ons of  t he soi l  me
di um can be pr esent ed i n t he f or m

c = loi ~ &>i ■ c ~

Tl i (£) ; v '  mv ’ 
wher e £j i s t he r at e of  shear  def or mat i on;  
and <oj ar e t he act i ng and l i mi t i ng i nt ensi t i 
es of  t he t angent i al  st r esses;  mv i s t he coef 
f i ci ent  of  vol ume change of  t he soi l  and r|  ̂ i s 
t he coef f i ci ent  of  vi scosi t y i n shear .  At  

<  £>i t he shape- change def or mat i on i s of  an 
el ast i c nat ur e and can be det er mi ned i n t er ms 
of  t Ji e modul us of  sj r ess r el i ef  R,  i . e.  
t j =  &i / R,  wher eas <3̂ i s det er mi ned by a r el a
t i on of  t he f or m of

= ( Pc+ 6' ) t anY , ( 3)

wher e Pc i s t he cohesi on pr essur e;  6'  i s t he 
aver age ef f ect i ve st r ess and t an Y  i s t he 
f r i ct i on coef f i ci ent  on an oct ahedr al  ar ea.
I t  i s obsi ous t hat  when t her e ar e weai c^ soi l s 
i n t he l andsl i de sl ope,  t he val ue of  i s l ow 
and t t i e soi l s def or m at  pr act i cal l y negl i gi b
l e shear  st r esses,  i . e.  vi scous f l ow occur s.

A common sol ut i on of  equat i ons ( 1)  and ( 2) ,  
f or  t he case of  cr eep of  an i ncl i ned wat er —sa
t ur at ed st r at um due t o i t s dead wei ght , t o an 
ext er nal  l oad and t he pr essur e P̂ t )  at  t he 
l ower  boundar y t hat  var y wi t h t i me,  has been 
di scussed i n wor ks of  t he aut hor s publ i di ed i n 
1971 and 1977.

I n det er mi ni ng t he di st r i but i on l aw f or  pr es
sur e waves i n an i ncl i ned st r at um,  a sol ut i on 
was obt ai ned of  t he f or m

u , “  uw (° >t) + " Hr  PC* )  + ( 4)

wher e Vn ( t )  i s a compl ex f unct i on dependi ng 
upon t he way t he ext er nal  l oad g( t )  and t i i e 
boundar y pr essur e P( t )  var y wi t h t i me and H i s 
t he hei ght  of  t he l ayer .

Upon cycl i c var i at i on of  g( t )  and P( t ) , a cyc
l i cal l y var yi ng por e pr essur e i s devel oped i n 
an i ncl i ned st r at um.  Thi s por e pr essur e causes 
cycl i c changes i n t he ef f ect i ve st r esses whi ch 
event ual l y l ead t o an accumul at i on of  pl ast i c 
shear  def or mat i on i n t he soi l .

A compar i son of  t he r esul t s of  f i el d and l a
bor at or y i nvest i gat i ons of  soi l  cr eep def or ma
t i on wi t h t he t heor et i cal  val ues i ndi cat es 
t hat  t hey agr ee t o a sat i sf act or y ext ent .
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