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SYNOPSIS The s t abi l i t y  of  nat ur al  s l opes  i n ov er - c ons ol i dat ed I t al i an c l ay s  i s i nv es t i gat ed.
The s hear i ng r es i s t anc e par amet er s  have been meas ur ed by  l abor at or y  t es t s ,  bot h on undi s t ur bed and 
r emoul ded sampl es ,  ei t her  i n f ul l y  s of t ened or  i n t he r es i dual  s t at e.  Bot h f i r s t - t i me and per i od i c ­
al  s l i des  hav e been ex ami nat ed;  t he bac k - c omput ed angl es  of  s hear i ng s t r engt h ar e c ompar ed t o t he 
meas ur ed ones.

INTRODUCTION

I n Nor t her n I t al y ,  a l ot  of  l ands l i des  ar e r el at ed 
t o a c l ay ey  mar i ne f or mat i on,  whi c h i s named Luga 
gnano Cl ay  and i s wi des pr ead al ong t he bor der  bet  
ween t he Apenni nes  and t he Ri v er  Po Bas i n,  f r om 
Pi edmont  t o t he Adr i at i c  Sea.

Af t er  t he depos i t i on ( Lower  Pl i oc ene) , t hese c l ays  
wer e c ov er ed by  a gr eat  t hi c k nes s  of  r egr es s i v e 
s ands  and gr avel s ,  t hat  wer e s uc c es s i v el y  er oded;  
v al ues  of  t he pr ec ons ol i dat i on pr es s ur e as hi gh 
as 4000+5000 k Pa hav e been det er mi ned by  means  of  
oedomet er  t est s.

The s t udi ed ar ea i s s i t uat ed i n Sout her n Pi edmont  
( Al ess andr i a Di s t r i c t ) .

S O IL  PROPERTIES

The t y pi c al  soi l  pr of i l e,  r el at i ng t o a s l ope 
near  t he s mal l  t own of  S.  Cr i s t of or o,  i nc l udes  
t he f ol l owi ng s equenc e ( f i g.  1) :

( a)  r eddi s h br own c l ay ey  s i l t ,  der i v i ng par t l y  
f r om weat her i ng and r emoul di ng of  t he under '  
l y i ng Lugagnano Cl ay  and i nc l udi ng sand and 
gr avel  el ement s  , r es i dual  f r om t he er os i on 
of  t he c oar s e c ov er i ng ( col l uv i al  soi l ) ;

( b)  l i ght  br own s i l t  wi t h c l ay  and t r ac es  of  
sand ( i n s i t u weat her ed Lugagnano Cl ay) ;

( c)  gr ey - bl ue s i l t  wi t h c l ay  ( unweat her ed Luga ­
gnano Cl a y ) .
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Fi g.  1 Soi l  pr of i l e at  S.  Cr i s t of or o
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The l i mi t  bet ween ( a)  and ( b)  c an be r ec ogni z ed 
al s o by  means  of  dy nami c  cone penet r at i on s ound ­
i ngs.  The t es t  s pec i f i c at i ons  i n I t al y  ar e:  d i a ­
met er  of  60°  c oni c al  dr i v e poi nt  = 51 mm;  out er  
di amet er  of  t he c as i ng = 48 mm;  hammer  wei ght  =
7. 3 kN;  hammer  dr op = 0. 75 m.

Col our  ex c l uded,  no di s t i nc t i on can be made,  onl y  
on t he bas e of  i dent i f i c at i on t es t s ,  bet ween (b)  
and ( c ) . The pr ev ai l i ng l i t hot y pe i s a medi um- hi gh 
pl as t i c i t y  c l ay  ( CL- CH ac c or di ng t o t he Uni f i ed 
Soi l  Cl as s i f i c at i on Sy s t em -  f i g.  2) ;  t he c l ay  
f r ac t i on i s gener al l y  i nac t i v e ( ac t i v i t y  i ndex  
Ac = 0. 7) ;  t he c ont ent  i n CaC03 r anges  f r om 10 t o

16 %,  so t hat  t he soi l  can be def i ned as " weak l y  
mar l y  c l ay ” ; t he uni t  wei ght  y i s about  20. 5 k N/ m3.

Bes i des  t han ov er - c ons ol i dat ed,  Lugagnano Cl ay  i s 
al s o f i s s ur ed.  I n s l opes ,  f i s s ur at i on can i nduce

Fi g.  2 Pl as t i c i t y  c har t

a pr oc es s  of  s of t eni ng,  dur i ng whi c h a pr ogr es s !  
ve r educ t i on of  s hear i ng s t r engt h t ak es  pl ace.  
However ,  s of t eni ng af f ec t s  not  onl y  t he weat her ­
ed hor i z on,  but  ex t ends  i r r egul ar l y  i n dept h and 
can af f ec t  al s o some upper  par t s  of  t he gr ey  un ­
weat her ed c l ay:  some r es ul t s  of  unc onf i ned c om­
pr es s i on t es t s  on 80 mm di amet er  spec i mens ,  show 
i ng a d i f f er ent  s t r es s - s t r ai n behav i our  bet ween 
s of t ened and uns of t ened sampl es ,  ar e r epor t ed i n 
f i g.  3.

The s hear i ng r es i s t anc e ( i n dr ai ned c ondi t i ons  
f or  l ong- t er m anal yses )  has  been i nv es t i gat ed i n 
t he l abor at or y .  The f ol l owi ng par amet er s  i n 
t er ms  of  ef f ec t i v e s t r es s es  hav e been meas ur ed:

-  t he peak  v al ues  c 1 and <t>' f or  t he uns of t ened
P  P

and unweat her ed gr ey - bl ue Lugagnano Cl ay  ( by 
means  of  t r i ax i al  t es t s  on undi s t ur bed cor e 
s ampl es ) ;

-  t he s hear i ng r es i s t anc e angl e 4>̂  i n f ul l y

s of t ened c ondi t i ons  ( by means  of  t r i ax i al  t est s 
on r emoul ded spec i mens ,  at  i ni t i al  wat er  c on ­
t ent  c l os e t o l i qui d l i mi t ) , t he i nt er c ept  
c ohes i on c 1 r es ul t i ng negl i gi bl e or  nul l ;

-  t he r es i dual  angl e <t>̂ ( by means  of  di r ec t  shear

t es t s  al ong a s oi l / r oc k  cont ac t ,  ac c or di ng t o 
t he met hod pr opos ed by  Kanj i ,  1974) ,  t he i nt er  
c ept  c ohes i on c^  r es ul t i ng appr ox i mat el y  zer o.

The r es ul t s  t hat  have been obt ai ned f or  Lugagna 
no Cl ay  ar e s y nt het i c al l y  r epr es ent ed i n f i g.  4.

a'  ( kPa)

Fi g.  4 Env el opes  of  s hear i ng r es i s t anc e t es t s

The v al ues  of  (ji  ̂ ar e s l i ght l y  l ower  t han t he v a ­

l ues  t hat  can be ev al uat ed i n f unc t i on of  t he 
pl as t i c i t y  i ndex,  ac c or di ng t o Kenney ,  1959,  or  
Bj er r um and Si mons ,  1960 ( f i g.  5) .

The same c or r el at i on f or  t he meas ur ed v al ues  of  
i s f ai r l y  i n agr eement  wi t h t he r el at i ons hi p

t hat  has  been pr opos ed by  Kanj i ,  1974;  t he cor r e 
l at i on bet ween and t he c ont ent  i n c l ay  f r act i cn

agr ees  wi t h t he r es ul t s  publ i s hed by  Bl ondeau,  
1973 ( f i g.  6) .

The c ommon s i mpl i f i c at i on of  as s umi ng zer o f or  
c^  and c^  i n s t abi l i t y  anal y s es  i s endor s ed by

t he t es t  r esul t s .

0 10 £ % 20 

Fi g.  3 Res ul t s  of  unc onf i ned c ompr es s i on t es t s

j y.  B ro w n  w e a th e re d  c la y  

G re y  u n w e a th e re d  c la y

( kPa)
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Fi g.  5 Shear  r es i s t anc e angl es  <p̂  and <f>̂. 
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P E R I O D I C A L  S L I D E S

As  a f i r s t  ex ampl e of  s t abi l i t y  anal ys i s ,  a pe ­
r i odi c al  s l ope mov ement  near  S.  Cr i s t of or o,  c on ­
c er ni ng t he s af et y  of  an i mpor t ant  oi l  pi pel i ne,  
c an be sel ec t ed.

The s i t uat i on of  t he hi l l s i de i s r epr es ent ed by  
t he s ec t i on i n f i g.  7.  The angl e of  s l ope t o 
hor i z ont al  0 v ar i es  f r om 4°  near  t he bot t om of  
t he v al l ey  up t o about  16°  near  t he c r es t  of  t he 
hi l l ;  i n t he s l i de ar ea 3 = 8° .

The di mens i ons  of  t he s l i di ng ar ea ar e:
-  max i mum l engt h L = 200 m;
-  max i mum br eadt h B = 230 m.

The s ubs oi l  was  i nv es t i gat ed by  means  of  3 bor i ngs 
and 9 dy nami c  penet r at i on soundi ngs ;  t he soi l  
pr of i l e i s t he same whi c h i s r epr es ent ed i n f i g. 1.

The t r end of  t he s l i p s ur f ace was  r ec ogni z ed 
di r ec t l y  i nt o t r i al  pi t s  and i nt er pol at ed f r om 
t he r es ul t s  of  geot ec hni c al  i nv es t i gat i ons .  As  
t he dept h D i s s l i ght l y  v ar y i ng f r om 6 t o 9 m,  
t he s l i di ng mas s  i nv ol v es  not  onl y  t he c ol l uv i al  
soi l  and t he weat her ed c l ay,  but  al s o par t  of  t he 
gr ey  unweat her ed c l ay.

Open- t ube pi ez omet er s  wer e i ns er t ed i nt o bor e-  
and penet r a t i on- ho l es . Meas ur ement s  went  on f or  
6 mont hs  and al l owed t o s k et c h a pos s i b l e maxi mum 
pi ez omet r i c  l evel ,  i ndi c at i ng t hat  t he f l ow of  
wat er  i s r oughl y  par al l el  t o t he s l ope.

I n t hes e s eepage condi t i ons ,  t he f ac t or  of  s af et y  
f or  an i nf i ni t e s l ope i n c ohes i onl es s  s at ur at ed 
soi l  s l i di ng al ong a pl ane par al l e l  t o t he gr ound 
s ur f ac e i s ( Skempt on and De Lor y ,  1957)

( Y ~ m y ) cosB
(1 )

c la y  f r a c t io n  C F  in %

Y s i nB

wher e:  y = uni t  wei ght  of  s at ur at ed soi l ;
Yw= uni t  wei ght  of  wat er ;

m = r at i o bet ween hei ght  of  wat er  l evel  
abov e t he s l i p s ur f ac e and hei ght  of  
t he s l i di ng s t r at um;

4*^= mean ef f ec t i v e angl e of  i nt er nal  
f r i c t i on al ong t he s l i p sur f ace.

By  put t i ng i nt o ( 1)  F = 1,  t he mean angl e of  i n ­
t er nal  f r i c t i on at  equi l i br i um can be ev al uat ed 
by  t he ex pr es s i on

g.  6 Resi dual  angl e ver sus cont ent  i n 

c l ay f r act i on
t an<f >'  = 

m
( 2 )

R o a d

F i g .  7 S .  C r i s t o f o r o  s l i d e

3 79



11/ 10

For  y = 20. 5 k N/ m3, 6 = 8° ,  m = 5m: 8m = 0. 625,  i t
r es ul t s  d>'  = 11. 4° ;  t hi s  v al ue agr ees  wel l  wi t h 

m
t he l owes t  meas ur ed v al ues  of  ( 11* 13° ) .

A mor e r ef i ned anal y s i s  c an t ake i nt o ac c ount  t he 
c ur v i l i near  s l i di ng sur f ace,  whi c h i s r epr es ent ed 
i n f i g.  7.

By  means  of  J anbu' s  s i mpl i f i ed met hod of  s l i ces  
( Janbu et  al . ,  1956) ,  a mean v al ue of  = 11. 5°

can be comput ed,  t hat  i s v er y  c l os e t o t hat  one 
obt ai ned by  eq.  ( 2) .

F I R S T - T I M E  S L i D E S

A f i r s t - t i me s l i de has  been al s o anal ysed,  t hat  
i s s i t uat ed about  1 k m f ar  f r om t he pr ev i ous l y  
des c r i bed ar ea,  at  t he s our c e of  a smal l  s t r eam 
t r i but ar y  of  Ri v er  Al bedos a ( f i g.  8) .

The s ubs oi l  c ompos i t i on i s s i mi l ar  t o t hat  one 
i n f i g.  1,  wi t h  t he di f f er enc e t hat  t he c ol l uv i al  
c ov er  i s onl y  3 m t hi ck.

The hi l l s i de had nev er  been af f ec t ed by  ot her  
pr ec edi ng s l i des .  However ,  t he s t r eam s our c e had 
been c aus i ng a c ont i nuous  er os i on at  t he head of  
t he val l ey ;  so,  t he i nc r eas e of  t he mean angl e 
of  s l ope pr oduc ed i n 1978 a s udden mov ement  al ong 
a c ur v i l i near  s ur f ac e ( f i g.  8) .

The s l i di ng mas s  was  about  70 m l ong and 45 m 
wi de;  a geomor phol ogi c al  sur vey ,  t he i ns pec t i on 
of  a dr ai nage t r ench and 3 bor i ngs  al l owed t o 
r ec ons t r uc t  t he t r end of  t he s l i p s ur f ac e and t he 
max i mum pi ez omet r i c  l evel  at  f ai l ur e ( i n par t  
c oi nc i di ng wi t h t he gr ound s ur f ac e) : t he max i mum 
hei gt h of  t he s l i di ng mas s  was  about  1 4 m.

The s l ope f ai l ur e c oul dn' t  any how be j us t i f i ed 
by  t he meas ur ed peak  s hear  s t r engt h par amet er s  
( c^ = 55 kPa,  (j>p = 29°  -  cf r .  f i g.  4) ;  so,  t he

bac k - anal y s es  wer e c ar r i ed out  f or  f ul l y  s of t ened
c ondi t i ons  ( c'  = 0) .

s
Wi t h such hy pot hes i s ,  a mean ef f ec t i v e angl e of  
i nt er nal  f r i c t i on al ong t he whol e s l i p s ur f ac e 
can be c omput ed ( <^  = 24° ) ,  t hat  i s r at her  l ower

t han t he meas ur ed v al ues  (<f>̂ = 26* 29° ) .

Li kel y ,  t he agr eement  woul d be c l os er  i f  a r es i ­
dual  angl e c oul d be admi t t ed whi t h i n t he

s uper f i c i al  c ol l uv i al  soi l .

Fi g.  8 Ri v er  Al bedos a s l i de

C O N C L U S I O N S

St abi l i t y  anal y s es  on nat ur al  s l opes  i n Lugagna ­
no Cl ay  s t r engt hened t hat :

-  f or  f i r s t - t i me s l i des ,  t he peak  s hear  s t r engt h 
par amet er s  ar e gener al l y  not  s i gni f i c ant  and 
t he s l ope f ai l ur e oc c ur s  i n f ul l y  s of t ened 
condi t i ons ;  bes i des ,  t he mean bac k - c omput ed 
angl e of  f r i c t i on i s c l os e ( or  s l i ght l y  l ow

e r ) t o <)>1 ;
s

-  f or  per i odi c al  s l i des ,  t he v al ues  of  ar e

v er y  c l os e t o t he meas ur ed r es i dual  angl e 1(1̂ .

Thes e c onc l us i ons  ar e i n agr eement  wi t h  t he r e ­
s ul t s  t hat  had been obt ai ned f or  ot her  f i s s ur ed 
c l ays  ( e. g.  f or  London Cl ay  by  Sk empt on , 1970) .

At  l ast ,  t he i nc l i nat i on of  h i l l s i des  t hat  seem 
t o be s t abl e at  pr es ent  has  been ex ami ned.  I n 
pr ac t i c e,  onl y  s l opes  hav i ng 8 < 5*6°  ar e r eal l y  
f r ee f r om l ands l i des .  Thi s  f ac t  i s i n ac c or dan 
ce wi t h eq.  ( 2)  and wi t h t he pos s i bi l i t y ,  f or  
ev er y  s l ope,  t o bec ome af f ec t ed by  s eepage wi t h 
a p i ez omet r i c  l evel  c oi nc i di ng wi t h t he gr ound 
sur f ac e ( m = 1) .
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