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N.  Janbu,  Chai r man 

I NTRODUCTI ON

The Chai r manshi p,  t he Gener al  Repor t er s  and t he 

Panel i s t s  have dec i ded t o conduc t  t he di scuss i on 

per i ods  ar ound f i ve quest i ons:

1.  How woul d you anal yse t he l ong- t er m s t abi l i t y  of  a 

nat ur al  s l ope i n c l ayey soi l ? ( Gi ve:  Type of  

anal ys i s ,  s t r engt h par amet er s ,  t es t i ng met hods)

2.  How woul d you anal yse t he shor t - t er m s t abi l i t y  of  a 

cut  s l ope i n c l ayey  soi l ? ( Gi ve:  Type of  anal ys i s ,  

s t r engt h par amet er s ,  t es t i ng met hods)

3.  I n your  opi ni on and exper i ence,  what  ar e t he mer i t s  

and def ec t s  of  t he l i mi t  equi l i br i um and t he f i ni t e 

el ement  met hods  t o i nves t i gat e t he s t abi l i t y  of  

man- made ear t h s t r uc t ur es  ( embankment s)  f or :

-  non- homogenous  t ype of  sect i ons?

-  embankment s  bui l t  on sof t ,  compr ess i bl e 

f oundat i ons?

4.  Fr om your  r egi onal  exper i ence,  what  ar e t he mai n 

f ac t or s  whi ch shoul d be t aken i nt o account  i n 

es t abl i shi ng a l ands l i de hazar d zoni ng?

5.  Fr om your  r egi onal  exper i ence what  woul d be your  

f i r s t  choi ce of  means t o:

. -  gi ve war ni ng of  a l andsl i de?

-  pr event  a l ands l i de?

-  cor r ec t  a l ands l i de?

The gr ound r ul es f or  di scuss i on ar e as f ol l ows:

We wi l l  deal  wi t h one ques t i on at  a t i me,  f r om 1 t o 5 

A pr epar ed panel  cont r i but i on i s gi ven f i r st ,  t hen an 

i nt er change of  v i ews bet ween panel i s t s  and of f i cer s ,  

bef or e i nv i t i ng f l oor  di scusser s .  I n addi t i on,  t o 

pr epar ed f l oor  di scuss i ons  we s i ncer el y  hope f or  spon 

t aneous r eact i ons,  t o t r y  t o make t he sess i on as much 

al i ve as possi bl e.

G.  Pi l ot ,  Panel i s t ,  and P.  Pouget

CONSTRUCTI ON DE REMBLAI S SUR PENTES ARGI LEUSES 

Embankment  Cons t r uc t i on on Cl ay Sl opes

La construction de remblais sur versants naturels 
argileux plus ou moins stables est une nécessité 
dans la construction des infrastructures de trans­
port. Cette opération se révèle difficile et géné­
ratrice d'importants glissements de terrains.

L'étude de la stabilité de tels ouvrages pose un 
certain nombre de problèmes, parmi lesquels :

- quels paramètres de résistance au cisaillement 
employer pour étudier la stabilité du versant 
naturel seul ?
- comment identifier l'état de stabilité d'un 
versant ?
- comment calculer la stabilité du remblai cons­
truit sur un versant à la limite de la stabilité ?

La réponse à la première question, dans le cas 
des argiles raides surconsolidées, fréquemment 
rencontrées en France, est bien connue : la néces­
sité de tenir compte des pressions interstitielles 
comme facteur essentiel de la stabilité, oblige à 
faire l'analyse de la stabilité en contraintes 
effectives donc d 'utiliser les paramètres effec­
tifs de résistance au cisaillement. Dans le cas 
de versants argileux susceptibles de subir un 
premier glissement ce sont les caractéristiques 
de pic d'un essai consolidé drainé qui sont re­
présentatives, avec cependant une restriction sur

le terme c' dont la valeur apparaît parfois 
ainsi surestimée. Dans le cas des versants natu­
rels ayant déjà glissés, les caractéristiques 
résiduelles d'un essai consolidé drainé à la 
boite de cisaillement (alterné ou par rotation) 
représentent la résistance au cisaillement (avec 
c' = 0) mobilisée le long de la surface de glis­
sement (SKEMPTON 1964). On a eu la possibilité 
d'instrumenter en France avec des piézomètres et 
inclinomètres plusieurs sites instables d'argile 
raide, notamment dans les argiles du Lias et de 
confirmer que ce sont bien les valeurs résiduelles 
de la résistance au cisaillement qui permettent 
d'expliquer l'instabilité (BLONDEAU et al 1977)

En ce qui concerne l'identification de l'état de 
stabilité d'un versant il est bien évident que 
les seuls indices géomorphologiques annoncent 
souvent l'activité de certains glissements de 
pentes naturelles. Les cas les plus difficiles 
concernent les formations argileuses dont l'his­
toire géologique suggère l'instabilité mais dont 
les indices géomorphologiques sont insuffisants 
pour attester l'existence d'un glissement actif. 
Dans de tels cas les mesures inclinométriques 
réalisées avec les appareils récents, très précis 
permettent de détecter assez rapidement de faibles 
mouvements profonds dont l'incidence en surface
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Figure 1 - Mesure de la rotation d'un tube 1nclinomëtrique S
6,50 ra de nrofondeur dans le sol du site de Sallèdes.

est peu perceptible. Suivi, sur le versant de 
Sallèdes (Puy de Dôme) qui accueille les remblais 

expérimentaux des Laboratoires des Ponts et 
Chaussées, on a mis en évidence une zone de rup­
ture à 6,5 m de profondeur ; la figure 1 montre 
les rotations mesurées en fonction du temps à ce 
niveau avec un inclinomètre LPC dont la préci­
sion est de l'ordre de quelques 10"4 radian : 
une rotation de 40 x 10“4 radian en 6 mois révèle 
le mouvement sans ambiguité alors que le dépla­
cement en tête du tube, 4 mm pendant cette même 
période passe inaperçu. '

La question du calcul de la stabilité d'un rem­
blai construit sur versant argileux à la limite 
de stabilité demeure difficile ; elle pose en 
effet les problèmes suivants : quelles sont les 
surpressions interstitielles générées par le 
chargement du remblai ? Le calcul doit-il être 
mené en contraintes totales ou en contraintes 
effectives et quels paramètres de résistance au 
cisaillement implique-t-il ?

Pour apporter des éléments de réponse à ces ques­
tions on a construit sur le site de Sallèdes 
mentionné ci-dessus un remblai expérimental édi­
fié jusqu'à la rupture (BLONDEAU-MORIN 1980).

La hauteur du remblai mesurée à la rupture sous 
la crête de talus, 5,35 m est à rapprocher des

G.  Car t i er  and P.  Pouget  ( Wr i t t en di scussi on)

PARAMETRES D' ALARME POUR LES OUVRAGES CONSTRUI TS SUR VER­

SANTES I NSTABLES

War ni ng par amet er s  f or  Cons t r uc t i ons  on I nst abl e Sl opes

La définitioA d'un matériel d'alarme et de ses 
conditions d'utilisation nécessite un choix 
préalable et une bonne connaissance du ou des 
paramètres à surveiller. Le problème se pose 
notamment lors de la construction ou de l'ex­
ploitation de remblais sur versants argileux 
instables pour lesquels on peut suivre, soit 
les paramètres hydrauliques qui se trouvent di­
rectement à l'origine des causes du glissement, 
soit la vitesse de déplacement du sol qui gou­
verne directement la sécurité de l'ouvracre.

Si la figure 1 montre qu'il existe effectivement 
une nette concordance entre les fluctuations des 
pressions interstitielles au niveau de la sur­
face de glissement et l'évolution du phénomène, 
la corrélation n'est par contre pas simple à 
établir. Les mesures précédentes tendent par 
exemple à prouver que la vitesse des déplace­
ments (V) entie deux instants est liée non seu-

valeurs déterminées a priori selon les diverses 
méthodes mentionnées au tableau I : on note que 
ce sont les calculs en contraintes effectives 
effectuées à partir des caractéristiques rési­
duelles qui encadrent le mieux la valeur mesurée.

Un second remblai est en cours d'édification, par 
phases, afin de déterminer les paramètres d'alarme 
à retenir et de tenter de mieux maîtriser ces dif­
ficiles constructions(CARTIER-POUGET 1981).

Tableau I - Calculs prévisionnels de stabilité ; hauteur a la rupture 
du remblai de Sallèdes selon diverses méthodes.

calcul mesure non circulaire circulaire

Contraintes

totales

sclssomètre

<su>

triaxial

<Cu>

12 m 16 m

6 m 8 m

Contraintes

effectives

triaxial 
(c\ *•) 
boite
(c;.

- 7-10 m

6 m 4- 7 m
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lement au niveau moyen de la nappe (u) mais 
également à l'amplitude et au sens (alimentation 
ou drainage) des variations de pression inter­
stitielle (Au) entre ces deux instants. Cela 
impose donc que l'on réalise un enregistrement 
continu des mesures (cf figure 2). Ceci étant 
établi, on constate alors une nette corrélation 
entre la vitesse des déplacements et le coeffi­
cient de sécurité au glissement de l'ouvrage 
calculé suivant une méthode classique.

Finalement, force est de constater que si l'exis 
tence d'une chaîne "précipitations-pressions 
interstitielles-glissement-désordres sur l'ou­
vrage" plaide pour un suivi des paramètres hy­
drauliques permettant de connaître l'évolution 
de la sécurité le plus en amont possible, les 
corrélations entre les différents maillons res­
tent à établir de façon plus systématique à par­
tir de constatations et mesures in-situ et,
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F i g . l  : E v o l u t i o n  d a n s  l e  t e m p s  d e s  d é p l a c e m e n t s  e t  d e s  p r e s s i o n s  i n t e r s t i t i e l l e s

Eig. 2 : Relation entre la vitesse des déplace­
ments et les conditions hydrauliques.

dans l'avenir, grâce au développement de modèles 
rhéologiques plus performants.

Références :
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Fig.3 : Relation entre les déplacements et 
le coefficient de sécurité

PINCENT B., BLONDEAU F. (1978) Détection et 
suivi des glissements de terrain, C.R. du 
3è Congrès Int. de Géol. Ing., Madrid, (1) 
252-266.

G.  Aas ( Or al  di scuss i on)

I woul d l i ke t o comment  upon t he pr oposal  made by gener al  

r epor t er s  as t o appl y  t o so- cal l ed " l ar ge s t r ai n s t r engt h"  

i n s t abi l i t y  cal cul at i ons  of  nat ur al  s l opes i n qui ck  cl ays.

Let  us l ook at  a c l ay  el ement  al ong a t ypi cal  pot ent i al  

s l i di ng sur f ace bel ow a gent l y  i nc l i ned s l ope i n qui ck  

c l ay ( Fi g.  1) .  The di r ec t i ons  of  t he pr i nci pal  s t r esses 

ac t i ng on t hi s el ement  ar e such t hat  t he, mos t  cr i t i cal  

pl ane does not  coi nc i de wi t h t he pot ent i al  s l i di ng sur ­

f ace.  However ,  i f  one coul d i magi ne a s i t uat i on wher e al l  

of  t he el ement s  al ong t he s l i di ng sur f ace wer e subj ec t ed 

t o a st r ess condi t i on cor r espondi ng t o y i el di ng shear  

st r ess al ong t hose cr i t i cal  pl anes,  and at  t he same t i me 

t he shear  s t r engt h was f ul l y  mobi l i zed i n t he act i ve and 

pass i ve zones of  t he pot ent i al  s l i di ng body,  t he c l ay 

l ayer  woul d be f r ee t o def or m l i ke a huge shear  t est  

spec i men and at  t he same t i me devel opi ng por e pr essur es.

P a s s iv e  A c tiv e

Fi g.  1.  St r ess condi t i ons  al ong pot ent i al  s l i di ng sur ­

f ace i n qui ck  c l ay
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Of  cour se,  a compl et e f ai l ur e i n sense of  s l i di ng woul d 

not  be k i nemat i cal l y  poss i bl e al ong t hose pl anes wher e 

y i el di ng f i r s t  t ook pl ace.  However ,  i ncr eas i ng por e 

pr essur es mean decr eas i ng ef f ec t i ve s t r esses,  and i f  t he 

r i se i n por e pr essur e was r eal l y  dr amat i c ,  t he c l ay  woul d 

have t o mobi l i ze i t s f ul l  f r i c t i on angl e al so al ong ot her  

pl anes,  f or  i nst ance t hose coi nc i di ng wi t h t he pot ent i al  

s l i di ng sur f ace,  i n or der  t o compensat e f or  t he l oss i n 

ef f ec t i ve st r ess i n an ef f or t  t o wi t hs t and t he ex i s t i ng 

shear  st r esses.

As you wi l l  under s t and t he cr i t i cal  val ue of  shear i ng 

st r ess al ong t he pot ent i al  s l i di ng sur f ace i s not  a 

s i mpl e f unct i on of  t he f r i c t i on angl e of  t he qui ck  c l ay 

and t he ef f ec t i ve nor mal  st r ess on t hi s pl ane j us t  pr i or  

t o f ai l ur e.  I n cont r ar y ,  i t  i s ent i r el y  def i ned by  t he 

s t ar t  of  y i el di ng al ong any pl ane and by  t he r at e or  

ex t ent  of  t he subsequent  r i se i n por e pr essur e.

As shown i n my paper  t o t hi s conf er ence,  y i el di ng whi ch 

i ni t i at es t he s t r uc t ur e col l apse i n a qui ck c l ay t akes 

pl ace f or  a mobi l i zed f r i c t i on angl e subs t ant i al l y  l ower  

t han t he ul t i mat e val ue of  ip 1. Thi s  i s I l l us t r at ed by  an 

ef f ec t i ve st r ess pat h f r om an undr ai ned compr ess i on t r i -  

axi al  t est  i n Fi g.  2.

A r el evant  por e pr essur e par amet er  f or  t hi s qui t e pecul i ar  

condi t i on of  i ncr eas i ng por e pr essur e at  const ant  shear  

s t r esses and const ant  t ot al  s t r esses was f ound t o be t he

r at i o —; - - - - - 1- - - - -  whi ch seems t o be a r at her  con-
V  ■ A si n f  Mob 

s i s t ent  soi l  par amet er .  Thi s r at i o i s 4 -  8 t i mes hi gher  

f or  a qui ck  c l ay t han f or  a c l ay of  l ow sensi t i v i t y .  The 

val ues obser ved f or  Nor wegi an qui ck  cl ays ar e mor e t han 

suf f i c i ent  t o pr ov i de f or  a compl et i on of  t he s t r uc t ur e 

col l apse,  al t hough t he r at i o bet ween shear  st r ess and 

ef f ec t i ve nor mal  st r ess al ong t he f i nal  s l i di ng sur f ace 

j us t  pr i or  t o f ai l ur e onl y  amount i ng t o 0. 15 -  0. 20 

cor r espondi ng t o a mobi l i zed f r i c t i on angl e al ong t hi s 

pl ane of  t he or der  of  10 degr ees.

I n my opi ni on,  t he cr i t i cal  shear  st r ess al ong a pot ent i al  

s l i di ng sur f ace i n qui ck  c l ay coul d bes t  be det er mi ned,  

ei t her  on t he basi s of  t he cr i t i cal  val ue of  f r i c t i on 

angl e cor r espondi ng t o peak shear  s t r engt h i n undr ai ned 

t r i axi al  t est s -  or  f r om t he undr ai ned shear  s t r engt h 

( t h ) measur ed i n di r ect  s i mpl e shear  t est s.  The Mohr -  

Coul omb- di agr am i n Fi g. 3 i l l us t r at es  how t he cr i t i cal

B.  Tr ak  ( Wr i t t en di scuss i on)

ON STABI LI TY ANALYSI S OF FLAKE- TYPE SLI DES I N QUI C- CLAY 

SLOPES

I n a paper  t o Ses s i on XI ,  Aas  pr es en t ed  I n t er es t i ng r es ul t s  

of  s t ab i l i t y  anal y s es  of  f l ak e- t y pe s l i des  i n qui c k ,  no r ­

ma l l y  c ons o l i da t ed c l ay  s l opes  i n Sc andi nav i a.  As  det er ­

mi ned  f r om t ot al  s t r es s  anal y s es ,  t he av er age s t r engt h  mo ­

b i l i z ed on t he ac t ual  f a i l ur e s ur f ac e  i s  r e l at ed t o t he 

ef f ec t i v e  ov er bur den  pr es s ur e  by  a r at i o v ar y i ng  bet ween 

0, 15 and 0, 20.  Aas  al s o i ndi c at es  t hat  t he r es ul t s  obt a i ned 

f r om a bac k - ana l y s i s  of  ac t ual  f a i l ur es  ar e v e r y  c l os e t o 

t he one det er mi ned by  d i r ec t  s i mpl e  s hear  ( DSS)  t es t s  i n 

t he l abor at or y .

Al t hough  t he f a i l ur e c ondi t i ons  and mec han i s ms  ar e pr obab l y  

v er y  d i f f e r ent  i n s l opes  and embank ment  f oundat i ons ,  i t  i s 

s ur pr i s i ng  t o not e  t hat  s i mi l ar  r es ul t s  ar e ob t a i ned by  

bac k  c a l c u l a t i ng  t he av er age mob i l i z ed  s t r engt h  at  f a i l ur e 

under  embank ment s .  As  i nd i c at ed by  t he Gener a l  Repor t er ,  

Tr ak  et  al .  ( 1980)  hav e  f ound t hat  f or  I nor gan i c  s ens i t i v e  

c l ay s  of  med i u m t o h i gh pl as t i c i t y ,  t he mob i l i z ed  s t r engt h 

at  f a i l ur e was  equal  t o 0, 22 Op.  Thi s  r e l a t i ons h i p  was  

or i g i na l l y  p r opos ed  by  Mes r i  ( 1975)  who i n t er pr e t ed dat a

0 20 40 60 80 100

Fi g.  2.  Typi cal  ef f ec t i ve st r ess pat h f or  a qui ck  c l ay

shear  st r ess al ong a pl ane i nc l i ned 8 degr ees depends 

upon ( p' - cr i t i cal  or

TP = ti  ( f i r , P , <  . ° h )

_ t p  = »2 ( x H , p , <  , ff» )

Fi g.  3.  Mohr - Coul omb- di agr am r epr esent i ng st r ess con ­

di t i ons on s l i di ng sur f ace

A cr i t i cal  shear  s t r ess  det er mi ned i n t hi s way  has been 

f ound t o agr ee f ai r l y  wel l  wi t h t he cal cul at ed aver age 

val ue of  shear  s t r ess  al ong t he s l i di ng sur f ace i n a 

number  of  Nor wegi an l andsl i des.

gi v en by  Bj e r r um ( Fi g. l ) .  He  f ound t hat  t he mob i l i z ed  

s t r engt h  \ i Cu > whe r e  y i s t he v ane c or r ec t i on  f ac t or  

p r opos ed b y  Bj e r r um ( 1972) ,  i s  r e l a t ed t o <j p by  a r at i o 

of  about  0, 22 f or  c l ay s  wi t h  I p > 20% and s omewhat  l ess  

f or  l ow p l as t i c i t y  c l ay s .  I t  i s  i n t e r es t i ng  t o not e  t hat  

Aas  gi v es  s i mi l ar  v a l ues  of  mob i l i z ed  s t r engt h  f or  Sc and i ­

nav i an c l ay s  o f  l ow p l as t i c i t y .

Fi g . 2 s hows  t he t heor et i c a l  s a f et y  f ac t or  at  f a i l u r e  f or  

c ut s  and uns uppor t ed ex c av at i ons  p l o t t ed  agai ns t  t he p l as ­

t i c i t y  I ndex  of  t he c l ay .  On t he s ame f i gur e i s  s hown t he 

l i ne der i v ed b y  Bj e r r um ( 1972)  f r om a s i mi l a r  p l o t  f or  em­

bank ment  f ai l ur es .  I t  c an be s een t hat  t hi s  l i ne s at i s ­

f ac t or i l y  r epr es ent s  t he r e l a t i ons hi p be t ween  t he s af et y  

f ac t or  and I p f or  c ut s  and uns uppor t ed ex c av at i ons .  As  

t he c u -  0, 22 Op met hod  was  der i v ed f r om t hi s  s ame l i ne,  

i t  s houl d al s o be appl i c ab l e  t o t he des i gn of  s hor t - t e r m 

c ut s  i n s of t  c l ays .
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(after M.arl 1975)

(d)

0  20  4 0  6 0  8 0  100

1», pl ast i ci t y i ndex, (%)

Fi g.  1.  Jypi eal  r at i os f or  nor mal l y  consol i dat ed l at e 
gl aci al  and post gl aci al  c l ays .
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G. A.  Leonar ds  ( Or al  di scuss i on)

The Gener a l  Repor t er s  s t r uc k  an opt i mi s t i c  not e c on ­

c er n i ng  t he s t at e- o f - t he- ar t  f or  anal y z i ng s t ab i l i t y  of  

s l opes ,  i n s pi t e of  some r ec ent l y  publ i s hed " pes s i mi s t i c  

paper s " .  They  di d not  r ef ut e t he r eas ons  f or  t he " pes ­

s i mi s m"  r ef l ec t ed i n t he paper s  t hey  c i t ed,  and of f er  as 

t hei r  r a i s on- d ' e t r e on l y  t he f ac t  t hat  bac k - ana l y s es  of  

f a i l ur es  of t en  r es ul t  i n s af e t y  f ac t or s  appr ox i mat e l y  

equa l  t o one.  I  c annot  ac c ept  t he r a t i onal e f or  t hi s  

ar gument  bec aus e t he l i t er at ur e i s r ep l et e wi t h bac k -  

c a l c u l at ed s af e t y  f ac t or s  equal  t o one a l t hough i t  i s now 

k nown t hat  s ome of  t he pr emi s es  i n t he anal y s i s  wer e 

f aul t y .  Mor eov er ,  a number  of  bac k - ana l y s es  g i v i ng  s a f e ­

t y  f ac t or s  bot h c ons i der ab l y  gr eat er  t han and l ess  t han 

one ar e al s o ex t ant .  Howev er ,  t he f ac t  mos t  damag i ng  t o 

t hei r  ar gument  i s t hat  t her e i s no ev i denc e t he number  of  

unex pec t ed f ai l ur es  i s i n any  wa y  abat i ng .  Cons i der  t he 

c as e of  t he l ands l i de at  Tuv e ( Ber nt s on and L i ndh,  1981;  

J ans s on and St &l ,  1981) .  Who among us,  g i v en t he oppor ­

t un i t y  t o i nv es t i gat e t hat  s i t e bef or e t he f a i l ur e,  wou l d  

hav e had t he c onv i c t i on  t o i ns i s t  on ev ac uat i ng  t he publ i c  

and t o def i ne t he s i ze of  t he ar ea t o be ev ac uat ed?

Our  Nor weg i an  c o l l eagues  hav e pr ov i ded us  wi t h,  per ­

haps ,  t he f i r s t  -  and c er t a i n l y  t he bes t  -  doc ument ed 

ev i denc e of  t he anat omy  of  a l ands l i de ( i n qu i c k  c l ay )  by  

pr ov i d i ng t he f as c i nat i ng mov i e s hown dur i ng  t he Con f e r ­

enc e and by  publ i s h i ng  t wo as s oc i at ed paper s  ( Gr eger s en 

1980 and 1981) .  A c ompar i s on bet ween t he r es ul t s  of  

s t ab i l i t y  anal y s es  and what  ac t ua l l y  happened i s p r e ­

s ent ed bel ow.  To  c ons er v e s pac e,  r ef er enc e wi l l  be made 

t o Fi gur es  pr es ent ed i n Gr e g e r s e n ’ s paper s .

I p, pl ast i ci t y i ndex,  ( %)

Fi g.  2.  Theor et i cal  f ac t or  of  saf et y  at  f ai l ur e f or  cut s 

and unsuppor t ed excavat i ons  pl ot t ed agai ns t  t he 

pl as t i c i t y  i ndex of  t he c l ay ( Af t er ^ Bj er r um 1973)

Mes r i ,  G.  ( 1975) .  Di s c us s i on on " New Des i gn  pr oc edur e f or  

s t ab i l i t y  of  s of t  c l ay s " .  ASCE,  J our na l  of  t he Geot ec hn i  

c al  Eng i neer i ng  Di v i s i on,  Vo l . 1 0 1 ( GT4) , pp . 409- 412 .

Tr ak ,  B. ,  La Roc hel l e,  P. ,  Tav enas ,  F. ,  Ler ouei l ,  S. ,  Roy ,  

M.  ( 1980) .  A new appr oac h t o t he s t ab i l i t y  ana l y s i s  of  

embank ment s  on s ens i t i v e  c l ay s .  Canadi an Geot ec hn i c a l  

J our nal ,  Vo l . 17( 4) ,  p p . 526- 544 .

The Ri s s a s l i de was  i n i t i at ed by dumpi ng spoi l  f r om 

a s mal l  ex c av at i on  t o f or m a l ow embank ment  adj ac ent  t o 

Lak e Bot nen .  Ac c or d i ng  t o t he mov i e,  t hi s  i ni t i al  s l i de 

oc c ur r ed v er y  r ap i d l y  and s l i pped as a uni t  i nt o t he l ake.  

Howev er ,  as s hown by  Fi g.  3 ( Gr eger s en,  1980)  t he wi d t h  of  

t he f i l l i ng c ons t i t u t ed onl y  about  30 per c ent  of  t he wi d t h  

of  t he s l i de.  Thus ,  a l t hough t he s l i de was  appr ox i mat e l y  

2- D,  t he l oadi ng was  def i n i t e l y  3- D;  nev er t he l es s ,  ana l y ­

s i s  of  t he s l i de as s umed t he l oadi ng was  2- D.  As  t he SF 

was  c al c u l at ed t o be 1 . 50 bef or e t he f i l l i ng,  and 0 . 95 

a f t er  ( Fi g.  13,  Gr eger s en,  1980) ,  i t  c oul d har d l y  be l ess 

t han 1. 25 i f  t he l oadi ng wer e c ons i der ed t o be 3- D.  Thus ,  

i nv ok i ng wei ght ed s hear  s t r engt hs  ac c or d i ng  t o t he r e l a ­

t i ve l engt hs  al ong t he s l i p s ur f ac e c or r es pond i ng t o 

ac t i v e t r i ax i a l ,  s i mpl e s hear ,  and pas s i v e t r i ax i a l ,  and 

appr ox i mat i ng  t he s l i p  s ur f ac e by  an equi v a l ent  c i r c l e,  

c annot  be a c or r ec t  r epr es ent a t i on  of  t he mec hani c s  of  

t he s l i de —  al t hough t he bac k - c a l c u l a t ed SF was  = 1.

The i n i t i a l  s l i de r e t r ogr es s ed s l owl y  ( f or  about  35 

mi nut es )  i n a d i r ec t i on  mor e or  l ess  par a l l e l  t o t he l ake 

( Fi g.  2,  Gr eger s en,  1980 and Fi g.  3,  Gr eger s en,  1981) .  

Then,  s uddenl y ,  a l ar ge mas s  of  s oi l  -  t he l ar ges t  s i ngl e 

uni t  of  t he ent i r e  s l i de -  f i r s t  s ubs i ded and t hen s l i d i n 

a d i r ec t i on  per pend i c u l ar  t o t hat  of  t he pr ev i ous  ( and 

s ubs equent )  r et r ogr es s i on .  An ana l y s i s  of  t hi s  s l i de was  

not  pr es ent ed .  Coul d  i t  be s hown t hat  t he d i r ec t i on  of  

mov ement  c or r es ponds  t o t he mos t  c r i t i c a l  s t ab i l i t y  c on ­

d i t i on? Fur t her mor e,  t he ent i r e  s l ope di d not  s l i de;  t he 

ener gy  of  t he mov i ng mas s  was  s uf f i c i ent  t o pus h t he s oi l  

i n f r ont  of  i t  i nt o t he l ake.  Coul d an anal y s i s  s how t hat
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t he ac t ual  s l i p  s ur f ac e was  t he mos t  c r i t i c a l  one? I  hav e 

emphas i z ed e l s ewher e ( Leonar ds ,  1979 and 1981) ,  how d a n ­

ger ous  i t  i s t o gi v e ex pl anat i ons  of  onl y  a por t i on of  a 

f ai l ur e .  I f  t he c onc ept s  us ed c annot  ex p l a i n  al l  ob ­

s er v ed ev ent s ,  t hey  hav e r epeat ed l y  been s hown t o be 

f a u l t y .

I  am c onv i nc ed t hat  i mpor t ant  f ac t or s  af f ec t i ng  s t a ­

b i l i t y  of  s l opes  ( and embank ment s )  i n s of t  c l ay s  ar e not  

ev en c ons i der ed by  t he appr oac h t ak en i n t he pr es ent  

s t a t e- o f - t he- ar t .  Some of  t hes e f ac t or s  ar e s ummar i z ed 

bel ow:

1)  Sedi ment ed c l ay  depos i t s  ar e i nher ent l y  " v ar v ed"  

( Leonar ds ,  1977 and 1981) .  Thi n  s eams  wi t h  l ower  s hear  

s t r engt hs  ar e not  unc ommon y et  c ur r ent  met hods  f or  ob ­

t a i n i ng t he s t r engt h pr of i l e ar e not  we l l  adapt ed t o l o ­

c at i ng t hem.  Ev en  when  weak  z ones  ar e det ec t ed by  c hanc e 

t hey  ar e gener a l l y  i gnor ed;  " r epr es ent a t i v e"  s t r engt hs  ar e 

c hos en by  s ome " av er agi ng"  pr oc es s  and t he anal y s i s  c a r ­

r i ed out  us i ng  s l i p  c i r c l es .  For  ex ampl e,  at  Ri s s a,  bot h 

t he bor i ng  pr of i l e ( Fi g.  11)  and t he r es ul t s  of  l abor at or y  

s t r engt h t es t s  ( Fi g.  14,  Gr eger s en,  1981)  c l ear l y  s how 

ev i denc e of  a weak  s eam at  a dept h of  about  8 m.  I n t he 

f ut ur e t he l oc at i on and ef f ec t s  of  t h i n  weak  s eams  wi l l  

hav e t o be ac c ount ed f or  i n muc h bet t er  way s  t han t hey  ar e 

at  pr es ent ;  f or t unat el y ,  t he t ool s  f or  do i ng t hi s  ar e at  

h a n d .

2)  Ev en  wi t h i n  s eams  t hat  ar e c ompar at i v e l y  " homo ­

geneous " ,  t her e ar e r andom v ar i a t i ons  i n s hear  s t r engt h .  

Thes e v ar i a t i ons  ar e s uc h t hat  f or  c a l c u l a t ed s af et y  

f ac t or s  of  1. 2 t o 1. 5,  bas ed on mean s t r engt hs ,  t he pr o ­

bab i l i t y  of  f ai l ur e c oul d be as hi gh as 1 i n 10 ( Leonar ds ,  

1977) .  Thi s  means  t hat - a f ai l ed s l ope c oul d hav e a 

c or r ec t  s af e t y  f ac t or  ( bas ed on mean s t r engt hs )  of  1. 25 t o 

1. 50!  For c e f i t t i ng a s a f et y  f ac t or  of  one t o s uc h s i t ua ­

t i ons  c an har d l y  be ex pec t ed t o y i e l d  c ons i s t en t  p r ed i c ­

t i ons  of  s t ab i l i t y  i n ot her  cases .

3)  Muc h  has  been  wr i t t en  about  t he ex i s t enc e of  a 

c r i t i c a l  s hear  s t r es s  at  whi c h  t he c l ay  s t r uc t ur e br eak s  

down ( see Aa s , 1981 f or  r ec ent  r ev i ew) .  Due t o t he 

ac c ompany i ng i nc r eas e i n ex c es s  por e p r e s s u r e r  f ai l ur e 

oc c ur s  i n undr a i ned s hear  at  a v a l ue of  Tf / cr 1 whi c h  i s 

l ess  t han t an <t>' ,  wher e 4>'  i s t he angl e of  s hear i ng r e ­

s i s t anc e mobi l i z ed i n dr a i ned s hear .  The ef f ec t  i s mor e 

pr onounc ed i n h i gh l y  s ens i t i v e s oi l s ,  but  i t  a l s o  oc c ur s  

i n l ess  s ens i t i v e s of t  c l ay s .  Whi l e  t he c onc ept  i s v al i d  

i t  does  not  go f ar  enough,  bec aus e c l ay  s t r uc t ur es  c an 

br eak  down due t o s hear  c r eep and/ or  s ec ondar y  c ompr es s i on 

ev en i f  t he s t r es s  l ev el  i s not  i nc r eas ed .  For  t hi s  r ea ­

s on i t  i s nec es s ar y  t o t h i nk  i n t er ms  of  a c r i t i c a l  c om­

b i na t i on  of  v o l umet r i c  and s hear  s t r a i n  at  wh i c h  t he c l ay  

s t r uc t ur e wi l l  b r eak  down ( Leonar ds ,  et  al . ,  1981) .  

Admi t t ed l y ,  t hi s  c r eat es  a pr ob l em wi t h  t he f r ame of  

r e f er enc e f or  s t r a i ns  but  t he c onc ept  i s nec es s ar y  t o 

under s t and why  s udden undr a i ned f a i l ur es  c an oc c ur ,  wi t h ­

out  c hanges  i n l oadi ng,  i n s l opes  t hat  hav e been s t abl e 

f or  l ong per i ods  of  t i me.

4)  I t  i s we l l  r ec ogni z ed t hat  s t or ed s t r a i n ener gy  

i n r oc k s  and s t i f f  c l ay s  c an hav e pr of ound e f f ec t s  on t he 

behav i or  of  t he mas s  i f  t he oppor t un i t y  f or  r e l eas e of  t he 

s t or ed ener gy  i s pr ov i ded ( Bj er r um,  1967) .  I  be l i ev e t hat  

r e l eas e of  s t r a i n  ener gy  i s of  no l ess  i mpor t anc e i n t he 

behav i or  of  s of t  c l ay  mas s es .  For  ex ampl e,  l at er al  

s queez i ng of  a weak  c l ay  6eam i nt o t he br ook  at  Tuv e p r o ­

bab l y  t r i gger ed t he i n i t i a l  s l i de i n a d i r ec t i on  per pen ­

d i c u l ar  t o t hat  of  s queez i ng,  wh i c h  es t ab l i s hed c ondi t i ons  

nec es s ar y  f or  t he l ar ge r et r ogr es s i v e  s l i de t hat  ens ued .

A s i mi l ar  phenomenon may  hav e c aus ed s ubs i denc e and s l i d ­

i ng of  b l oc k  " B"  ( Fi g.  4,  Gr eger s en,  1981)  i n a d i r ec t i on  

per pendi c u l ar  t o t hat  a l ong whi c h  t he s l i de was  pr ev i ous l y  

r e t r ogr es s i ng .  I n t he mov i e an under wat er  " j et "  mov i ng 

r api d l y  out  i nt o Lak e Bot nen c an be obs er v ed .  I t  was  as

t hough a gi ant  t ube of  t oot hpas t e wi t h  i t s out l et  be l ow 

t he wat er  l i ne was  s udden l y  s queez ed .  Al t hough  I  v i ewed 

t he f i l m f i ve t i mes ,  I  c oul d not  es t ab l i s h  t he r e l a t i on 

bet ween t he " j et "  mov i ng out  i nt o t he l ake and t he s t at e 

of  s l i d i ng on t he l and.  Per haps  s t udy  of  t he unedi t ed 

f i l m wi l l  r ev eal  s uc h a r el at i on,  and t her eby  t hr ow l i ght  

on t he ef f ec t s  of  s udden r el eas es  i n s t r a i n  ener gy  on t he 

mec han i c s  of  l ands l i des .  I n any  c as e,  c ur r ent  met hods  of  

s t ab i l i t y  anal y s i s  do  not  c ons i der  t he ex i s t i ng  s t at e of  

s t r es s  and s t r a i n  pr i or  t o a c hange i n l oadi ng,  and henc e,  

ar e i nher ent l y  i nc apabl e of  ac c ount i ng  f or  t he dev e l opment  

of  t ens i on c r ac k s  or  f or  t he dev e l opment  of  p r ogr es s i v e 

f a i l u r e .

1 obj ec t  t o l abel i ng t he i dent i f i c a t i on  of  unc e r ­

t a i nt i es  i n t he pr es ent  s t at e- o f - t he- ar t  " pes s i mi s t i c " .

As  ev er y  pr ac t i c i ng  eng i neer  k nows  f ul l - wel l ,  t her e i s no 

es c ape f r om mak i ng pr ompt  dec i s i ons  when  dea l i ng  wi t h  

pr ac t i c a l  pr obl ems ,  i r r es pec t i v e of  t he unc er t a i nt i es  

wh i c h  ar e ex t ant .  Howev er ,  I  f i r ml y  be l i ev e t hat  such 

dec i s i ons  mus t  be made i n t he l i ght  of  ex per i enc e wi t h i n  

a g i v en geol ogi c  r eg i on -  ex per i enc e t hat  has  been c ar e ­

f u l l y  d i ges t ed i n t er ms  of  l oc al  pr ac t i c e i n s i t e i nv es t ­

i gat i on,  s ampl i ng,  t es t i ng,  and ana l y t i c a l  p r oc edur es  -  

and t hat  bet t e r  j udgment s  c an be made i f  t he eng i neer  i s 

mor e awar e of  t he nat ur e of  t he unc er t a i n t i es  i nv ol v ed 

t han i f  he i s l ess  awar e of  t hem.  I t  i s a s ober i ng 

t hought  f or  al l  of  us  t o r eal i z e t hat  v i r t ua l l y  al l  of  

t hi s  ex per i enc e i n t he r ea l m of  s l ope s t ab i l i t y  has  been 

gar ner ed f r om bac k  anal y s es  on t he bas i s  of  i nt er pr et a-  

t i ons  made f r om t he s l i de d e b r i s , and not  on t he mov ement s  

t hat  i n i t i at ed t he i ns t abi l i t y .  Ther e i s not h i ng t o gai n,  

and muc h t o l ose,  f r om pr omul gat i ng  t he v i ew t hat  pr es ent  

anal y s es  ar e,  i n t hems el v es ,  adequat e f or  des i gn  pur pos es !
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I n hi s di scuss i on on t he Gener al  Repor t  of  sess i on 11 on 

Sl ope St abi l i t y ,  Pr of essor  G. A.  Leonar ds  has r ai sed some 

obj ec t i ons  t o a comment  made by t he Repor t er s  concer ni ng 

t he pess i mi sm of  some r ecent l y  publ i shed paper s .  Unf or ­

t unat el y ,  t he br i sk  r eac t i on of ' t he di scusser  was spur r ed 

by a mi s i nt er pr et at i on of  t he Repor t er s '  comment s .  I t  i s 

al ways a chal l enge f or  a wr i t er  t o make comment s i n such 

a way  t hat  t her e r emai ns  no poss i bi l i t y  of  mi s under s t and ­

i ng» i t  i s as gr eat  a chal l enge f or  an i nvol ved r eader  

not  t o i nt er pr et  t hese comment s  i n hi s own per spect i ve.

The Repor t er s  woul d l i ke t o r ef er  t he Di scusser  t o t he 

exact  t ext  of  t he Gener al  Repor t  wher e i t  i s qui t e c l ear  
t hat  t he comment s  on " pess i mi sm"  ar e di r ec t ed onl y  t o 

t hose s t at ement s  " on t he l ack of  i mpr ovement  of  our  de ­

s i gn met hods and 6f  our  capac i t y  of  i nves t i gat e f ai l ur e" .  

On t he bas i s  of  t hei r  per sonal  pr act i cal  exper i ence,  t he 

Repor t er s  cannot  concede t hat  t he numer ous s t udi es and 

t he t - emendous amount  of  obser vat i ons  bei ng made on 

s l ope s t abi l i t y  pr obl ems ar e usel ess;  such a cont ent i on 

woul d be not  onl y  def eat i s t  but  cont r ar y  t o r eal i t y .  I t  

i s our  opi ni on t hat  we ar e pr ogr ess i ng " at  a s l ow pace 

may be,  but  per cept i bl y  t owar ds a bet t er  under s t andi ng 

of  t he soi l  behav i our  and of  t he pot ent i al  and l i mi t a ­

t i ons of  our  met hods  of  anal ys i s" .

A car ef ul  r eadi ng of  t he Gener al  Repor t  wi l l  per mi t  a 

r eader  t o j udge whet her  i t  i s j us t i f i ed t o cont end t hat  

t he " Repor t er s  st r uck an opt i mi s t i c  not e concer ni ng t he 

s t at e- of - t he- ar t  f or  anal ys i ng s t abi l i t y  of  sl opes" .  On 

t he cont r ar y ,  t he Gener al  Repor t  pr esent s t he numer ous 

c r i t i c i sms addr essed t o t he met hods of  s l ope s t abi l i t y  

anal ys i s  and st at es t hat  i t  i s i ndeed puzz l i ng t o r eal i ze 

t hat ,  wi t h al l  t hei r  appar ent  def ect s ,  t hese met hods of  

s t abi l i t y  anal ys i s  y i el d r esul t s  whi ch seem t o r ef l ec t  

r eal i t y .  I n ot her  wor ds ,  t her e ar e no f undament al  r easons 

why  t hese met hods of  anal ys i s  shoul d gi ve " t he"  good 

r esul t ;  never t hel ess ,  one has t o admi t  t hat ,  when pr op­

er l y  cal i br at ed on r egi onal  condi t i ons  and wi t h l ocal  

pr ocedur es,  t hey can become a val uabl e engi neer i ng t ool  

i f  used wi t h good engi neer i ng j udgment .  I n t hat  sense,  we 

have t o concede t hat  t hese met hods have some pot ent i al  as 

wel l  as l i mi t at i ons .

Ther e ar e many  embankment  dams and many  nat ur al  and ex c a ­

vat ed s l opes whi ch have been anal ysed wi t h success i n 

di f f er ent  par t s of  t he wor l d us i ng t hese met hods .  The 

f ac t  t hat  f r equent  f ai l ur es occur  does not  i mpl y t hat  

t he appr oach as a whol e i s usel ess;  but  i t  means t hat  

our  degr ee of  conf i dence cannot  and wi l l  cer t ai nl y  never  

be 100%.  One has t o bear  i n mi nd t hat  f or  each spec t ac ­

ul ar  f ai l ur e r epor t ed i n t he l i t er at ur e,  t her e may  be 

sever al  success f ul l y  des i gned or  anal ysed s l opes per f or m­

i ng so sat i s f ac t or i l y  t hat  t hei r  hi s t or y  i s not  wor t h 

publ  i shi ng.

R.  Lunds t r om ( Or al  di scuss i on)

DEVELOPMENT OF THE TUVE LANDSLI DE WI THI N THE PASSI VE ZONE

Com£ar i s on bet ween_t he Sur t e and Tuv e_l ands l i des

The l ands l i de at  Sur t e,  wh i c h  oc c ur r ed on t he 29 Sept ember  

1950 and t hat  at  Tuv e on t he 30 Nov ember  1977 s how many  

s i mi l ar i t i es .  The mos t  obv i ous  s i mi l ar i t i es  ar e t he i n i ­

t i al  s l i des ,  f r om wh i c h s l i des  dev e l oped bot h  bac k war ds ,  

up t he s l ope,  and f or war ds ,  down t he s l ope.  The f ac t or  

of  s af et y  i n t he ar ea i n wh i c h  t he i n i t i a l  s l i de t ook  

pl ac e was  c l os e t o 1. 0.  The i n i t i al  l ands l i de was  t r i gge ­

r ed by  t he ac t i ons  of  Man,  i n c ombi nat i on  wi t h  unf av ou ­

r ab l e nat ur a l  c ondi t i ons .  The por ewat er  pr es s ur e has  had

P.  La Rochel l e,  Co- Repor t er  ( Wr i t t en di scuss i on)

The Di scusser  qui t e r i ght l y  st r esses t he f ac t  t hat  t her e 

ar e many  i mpor t ant  f act or s af f ec t i ng t he s t abi l i t y  of  

s l opes i n c l ay  masses whi ch of t en ar e not  even c ons i d ­

er ed by t he pr esent  met hods of  anal ys i s .  The Repor t er s  

agr ee t hat  t he f or ce f i t t i ng of  a saf et y  f ac t or  of  one 

t o cases of  f ai l ur e of  such masses shoul d not  be used as 

a bas i s  t o expl ai n t he behav i our  of  t he soi l  unl ess al l  

t he f act or s  have been t aken i nt o account ;  and f or  most  

cases,  t hi s i s beyond t he poss i bi l i t i es  of  t he pr esent  
s t at e- of - t he- ar t .  Ther e i s no doubt  t hat  such cases as 

t he Tuve and Ri ssa l ands l i des  def y  by t hei r  ex t ent  and 

t hei r  compl ex i t y  t he s t at e- of - t he- ar t  of  s t abi l i t y  anal ­

ysi s .

Ten year s  ago,  t he seni or  Repor t er  was i n char ge of  t he 

geot echni cal  s t udy of  a l ar ge,  di sas t r ous  and deadl y  

f l ows l i de i n a sens i t i ve c l ay i n Sai nt - Jean- Vi anney^  

Quebec;  l i ke t he Ri ssa and Tuve l ands l i de,  t he Sai nt -  

Jean- Vi anney  f l ows l i de i s a case wher e nobody coul d have 

pr edi c t ed t he evol ut i on and ex t ent  of  t he sl i de.  Fr om 

t hat  ex t ens i ve st udy,  however ,  i t  coul d be suggest ed t hat ,  

i f  t he oppor t uni t y  had been gi ven t o make a det ai l ed st udy 

of  t he s l ope of  t he r i ver  bank whi ch f ai l ed and t r i gger ed 

t he f l ows l i de i t  mi ght  have been poss i bl e t o est abl i sh 

t hat  t he s t abi l i t y  of  t he s l ope was c l ose t o l i mi t  equi ­

l i br i um;  but  agai n,  nobody coul d have i nf er r ed t hat  t he 

saf et y  of  t he v i l l ager s  l ocat ed at  mor e t han 600 m away 

was t hr eat ened.

I n t hi s par t i cul ar  case,  a s t r at i gr aphi cal  char ac t er i s t i c  

was par t l y  r espons i bl e f or  t he spr eadi ng of  t he f l ows l i de 

over  a ver y  l ar ge ar ea,  and t hi s was i ndeed a ver y  si gni f ­

i cant  f ac t or  t o cons i der  i n t he evol ut i on of  t hat  sl i de.  

Ever  s i nce Ter zaghi  has s t r essed t he i mpor t ance of  t he 

" mi nor  geol ogi cal  det ai l " ,  t he poss i bl e occur r ence of  

anomal i es  has been a maj or  concer n f or  exper i enced engi ­

neer s deal i ng wi t h t he s t abi l i t y  of  c l ay  masses .  On many 

occas i ons  dur i ng t he l ast  f ew year s ,  Pr of essor  Leonar ds 

has gr eat l y  cont r i but ed t o our  under s t andi ng of  s t abi l i t y  

by r emi ndi ng t hi s f ac t  wi t h due i ns i st ence.  We now have 

power f ul  t ool s,  as t he pi ezocone,  t o l ocat e seams and 

ot her  di scont i nui t i es  i n c l ay  masses,  but  i t  i s not  al ways 

poss i bl e t o c l ear l y  appr ai se t hei r  i nf l uence on t he st abi ­

l i t y.

I n spi t e of  al l  our  ef f or t s  t hese di scont i nui t i es  may 

r emai n el us i ve;  however ,  we mus t  be car ef ul  not  t o s uc ­

cumb t o t he " anomal y  syndr ome"  and dec i de t hat  i t  i s us e ­

l ess t o per f or m s t abi l i t y  anal yses  because t her e may 

al ways be a pr obabi l i t y  t hat  somewher e i n t he c l ay  mass a 

s t r at i gr aphi cal  di scont i nui t y  may  be pr esent  and i nval i ­

dat e t he anal ysi s .  Ar e we gai ni ng much i n pr omul gat i ng 

t hat  pr esent  anal yses ar e,  i n t hemsel ves ,  usel ess f or  

des i gn pur poses? The Repor t er s  t hi nk t hat ,  on t he c on ­

t r ar y,  t he geot echni cal  engi neer s  woul d be l osi ng much by 

accept i ng t hat  hypot hes i s .

an adv er s e ef f ec t  i n bot h  cases .  The l ands l i de at  Sur t e 

was  pr obabl y  t r i gger ed by  pi l i ng .  At  Tuv e,  r es i dent i a l  

dev e l opment  i n c omb i nat i on  wi t h  heav y  t r af f i c  and r es u l ­

t i ng s hoc k  wav es  t hr ough t he c l ay  hav e been i n i t i a t i ng 

f ac t or s  i n t he pr es enc e of  h i gh por e- wat er  pr es s ur e .

I n a c ompar i s on,  i t  s houl d al s o be not ed t hat  t he ex t ent  

of  t he s l i des  i n bot h  c as es  was  l ar ge,  wh i c h  may  be pa r ­

t i a l l y  due t o t he i nc i denc e of  qu i c k  c l ay  i n c er t a i n  

par t s .  What  may  r equi r e s pec i al  ex p l anat i on  and has  been 

d i s c us s ed f r om di f f er ent  t heor et i c a l  poi nt s  of  v i ew i s

56. Volyme 4
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how t he l ar ge ex t ent  of  t he f o r war d - mov i ng  or  pas s i v e 

z one c oul d dev el op .  The Sur t e l ands l i de mo v ed  down t o t he 

Ri v er  Got a Al v  f r om t he i n i t i a l  s l i de  ar ea,  a d i s t anc e of  

about  350 m.  The d i s t anc e bet ween  t he l ower  l i mi t  of  t he 

i n i t i a l  s l i de at  Tuv e and t he mos t  d i s t ant  l i mi t  of  t he 

pas s i v e z one i s bet ween 350 and 400 m.

I n t he r epor t  on t he Sur t e s l i de i n t he Geol ogi c a l  Sur ­

v ey  of  Sweden ( SGU)  ( Paper  Ser  Ca No.  27)  " The Lands l i de 

at  Sur t e on t he Ri v er  Got a  Xl v "  ( C Cal den i us  and R Lund-  

s t r Sm) ,  t he under s i gned ex pl a i ns  how t he dev e l opment  of  

t he l ands l i de wi t h i n  t he pas s i v e z one c oul d t ak e pl ace.

The l ar ge k i net i c  ener gy  wh i c h  t he s l i d i ng  mas s es  r ec e i ­

v ed f r om t he i n i t i a l  s l i de and t he s ec ondar y  s l i des  wer e  

t r anf or med i nt o wor k ;  t he pas s i v e ea r t h  p r es s ur e  of  t he 

s oi l  mas s  ahead of  t he s l i d i ng  mas s es  was  ex c eeded and 

t he s l i d i ng  mas s es  wer e  d i s p l ac ed and l i f t ed.

The k i net i c  ener gy  of  t he ac t i v e s oi l  mas s es

m • v ^
The k i net i c  ener gy  of  a mas s  i n mov ement  i s — ^- - - -  i n

m * v^
t he SI S- s y s t em and - - - - - - - -  i n t he MKSA- s y s t em

2 g

wher e

m i s t he we i ght  of  t he mas s  i n Newt on ( N)  and k i l og r am 

( kg)  r es pec t i v e l y

v  i s t he v e l oc i t y  of  t he mas s  i n m/ s  and

g i s t he ac c e l er a t i on  due t o gr av i t y ,  ex pr es s ed i n m/ s 2 

( = 9 . 80665)

I n t he f o l l owi ng t he f i gur es  i n t he MKSA- s y s t em wi l l  be 

put  i n br ac k et s .

The k i ne t i c  ener gy  i s c ons equen t l y  a  wo r k  ac c or d i ng t o 

t he d i mens i ons .  I n add i t i on  t o a c er t a i n  e l as t i c  c omp r e s ­

s i on or  f r agment a t i on  of  t he mas s es ,  t he k i ne t i c  ener gy  

was  c onv er t ed i nt o wo r k  i n t he f or m of  f r i c t i on  f or c es  

ac t i ng  a l ong  t he l engt h of  t he r e t ar dat i on  mov ement .

I n t he c as es  of  Sur t e and Tuv e,  t he mas s es  f r om t he i n i ­

t i al  s l i des  and t he s ec ondar y  s l i des  r ec ei v ed l ar ge k i ­

net i c  ener gy ,  wher eas  t he mas s es  ahead of  t hem i n t he 

pas s i v e z one wer e at  r es t  when t he i n i t i a l  s l i des  s t ar t ed .

Ac c or d i ng  t o an es t i mat e,  t he v e l oc i t y  of  t he s oi l  ma s ­

s es  i n t he Sur t e s l i de amount ed t o 1. 5 m/ s  ( page 55 i n 

t he SGU paper  Ca No.  27) .  The v e l oc i t y  of  t he s oi l  ma s ­

ses  i n t he Tuv e s l i de i s g i v en as  wa l k i ng  s peed,  or  1. 5-

2 . 0  m/ s .

I f  we as s ume t hat  t he bo t t om of  t he s l i de l ay  at  a dept h 

of  12 m be l ow gr ound l evel ,  t he s oi l  mas s es  i n t he i n i ­

t i al  Tuv e s l i de c an be es t i mat ed at  appr ox .  2 . 4 • 10^  m̂  

or  appr ox .  3 . 8 • 10^  k N ( 3. 8 • 10^  t ) . Thi s  as s umes  t hat  

t he i ni t i al  s l i de i nv ol v ed an ar ea of  about  135 • 150 m2,  

wh i c h  i s j us t i f i ed f r om des c r i p t i ons  of  how t he s l i de 

dev el oped .  The s oi l  mas s es  of  t he s ec ondar y  s l i des  i n t he 

ac t i v e z one c an be es t i mat ed at  appr ox .  4 . 5 • 10^  m̂  or  

appr ox .  7. 2 * 10^  k N ( 7. 2 * 10^  t )  or  t o t a l l y  wi t h  t he 

i n i t i al  s l i de 11. 0 • 10*  k N ( 11. 0 • 105 t ) .  See Fi g.  4.

I f  we as s ume t hat  t he bo t t om of  t he s l i de l ay  at  a dept h 

of  30 m wi t h i n  t he ar ea of  t he i n i t i al  s l i de and t hat  

t he s ec ondar y  s l i des  i n t he upper  par t  l ay  at  a dept h  of  

12 m,  t he mas s es  wi t h i n  t he i n i t i a l  s l i de ar ea may  be 

es t i mat ed at  appr ox .  6. 1 • 10^ m̂  or  appr ox .  9. 7 • 10^  kN 

( 9. 7 * 105 t )  and f or  t he s ec ondar y  s l i des  at  appr ox .

8. 5 • 10^  or  appr ox .  13. 5 • 10& k N ( 13. 5 * 10$ t ) .

Thi s  c an be c ompar ed t o al mos t  f i ve 200 000 t  t ank er s  

mov i ng  at  a s peed of  3 -  4 k not s  i n t he c as e of  t he i ni ­

t i al  s l i de and al mos t  s ev en s uc h t ank er s  i n t he c as e of  

t he s ec ondar y  s l i des  or  t oget her  el ev en and a hal f

200 000 t  t ank er s  mov i ng  downwar ds  t he s l ope.

Cer t a i n  obs er v at i ons  c an be made f r om t he s l i des  i n Sur t e 

and Tuv e as r egar ds  t he manner  wh i c h  t he pas s i v e soi l  

mas s es  hav e a f f ec t ed t he ac t i v e  mas s es .  I n Sur t e,  p r o j ec ­

t i ng  t er r ac es ,  as s hown i n Fi gur e  1,  c oul d be s een i n t he 

nor t h - wes t er n  par t  of  t he s l i de l i mi t .

A s i mi l ar  pat t er n,  i n t he f o r m of  c l ay  e l ement s  t hat  had 

been s hear ed of f  c oul d be obs er v ed i n t he Tuv e s l i de 

( Fi gur e 2) .

The s ur f ac es  of  t hes e el ement s  i n Tuv e s l ope downwar ds  

i n t he d i r ec t i on  of  s l i de t r av el ,  wh i c h  i s  i n t er es t i ng 

and i s ex pl a i ned i n t he t ex t  bel ow.

Fi gur e 1.  Pr o j ec t i ng  t e r r ac es  at  t he nor t h - wes t er n  

s l i de l i mi t  at  Sur t e

Fi gur e  2.  Cl ay  e l ement s  t hat  hav e been s hear ed of f ,  i n 

t he upper  pas s i v e z one of  t he Tuv e s l i de.  

Not e  t he i nc l i nat i on of  t he s ur f ac e of  t he 

el ement s .  The d i r ec t i on  of  t he s l i de i s t o ­

war ds  t he r i ght  i n t he phot ogr aph
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The des t r uc t i v e  s hear i ng of  t he soi l  mas s es  i n t he pas s i ­

ve z one may  be ex pl a i ned as f o l l ows .  The mas s es  t hat  hav e 

s t ar t ed t o mov e,  t he ac t i v e mas s es ,  ex er c i s e a c ont i nua l  

pr es s ur e  on t he mas s es  ahead of  t hem unt i l  t he ac t i v e ma s ­

ses  hav e been r e t ar ded and c ome t o r es t .  The ac t i v e f o r ­

ces ,  as  s hown i n Fi gur e  3,  may  be obt a i ned by  c ons i der i ng  

an e l ement  wi t h i n  t he pas s i v e mas s es .

/

Fi gur e 3.  The f or c es  t hat  ac t  on an e l ement  wi t h i n  t he 

pas s i v e soi l  mas s es ,  as  l ong as  t he ac t i v e 

mas s es  r e t a i n  t hei r  k i ne t i c  ener gy  and hav e 

not  been r et ar ded

Pr o j ec t i on  a l ong t he l i ne A -  B gi ves :

yfi

4 T

T  - D • h  - I
yfz

2 (d  • ¡r + T  2 )

k d2
The hor i zont al  f or ce H has been t aken as n * , wher e

n i s a di mens i onl ess  coef f i c i ent .

The r es ul t s  of  t he i nv es t i gat i on of  Tuv e s how t hat  T  m 

c an be t ak en as  appr ox .  17 k Pa ( 1. 7 t / m2 ) ,  as s umi ng  a 

bo t t om s l i d i ng  s ur f ac e at  a dept h of  12 m be l ow t he o r i ­

gi nal  gr ound l evel .  The s hear  s t r engt h  i n t he bo t t o m s l i ­

d i ng s ur f ac e,  t ak i ng di f f er ent  por e pr es s ur e  s i t uat i ons  

i nt o ac c ount ,  c an be t ak en as  bet ween 0 and 25 k Pa  ( 2. 5 

t / m2 ) .  I n t he f i r s t  c a l c u l a t i on  of  x,  ' V  2 i s t ak en as  

10 k Pa ( 1 . 0  t / m2) . The av er age bu l k  dens i t y  i s 1. 6 t / m̂ .

I f  n,  t ak i ng c er t a i n  dy nami c  f or c es  i nt o ac c ount ,  i s t a ­

k en as 1. 5,  x  wi l l  be 0 . 54,  i . e.  t he l engt h of  t he s hea ­

r ed s oi l  e l ement  at  gr ound l evel  amount s  0 . 54  x  12 = 6 . 5 m,  

I f  n  i s t ak en t o be 1. 0,  t he v a l ue  of  x  dr ops  t o 0 . 31 

and t he l engt h of  t he el ement  at  gr ound l ev el  f a l l s  t o 

3 . 7 m.  I f  T  2 = 0,  i . e.  t he por e wat er  pr es s ur e has  r edu ­

c ed t he s hear  s t r engt h  t o 0,  t hi s  af f ec t s  t he l engt h of  

t he s hear ed- of f  e l ement s  i n t he pas s i v e z one v e r y  l i t t l e.  

The v al ue of  x wi l l  on l y  i nc r eas e f r om 0 . 54 t o 0 . 57 and 

f r om 0. 31 t o 0. 32 .

I f  we as s ume t hat  t he s l i d i ng  bot t om l i es  at  a dep t h  of  

30 m, T  m c an be t ak en t o be 27 k Pa ( 2. 7 t / m2 ) and T  2 
may  v ar y  bet ween 0 and 40 k Pa ( 4. 0 t / m2) .  For  c a l c u l a t i ng  

x , T  2 as s umed t o be r educ ed t o about  hal f ,  or  20 k Pa 

( 2. 0 t / m2) ,  bec aus e of  h i gh  por e- wat er  pr es s ur e .  The v a ­

l ue of  x  t hen amount s  t o 0. 3 7 f or  n *  1 . 0 and 0. 61 f or  

n = 1. 5,  i . e.  t he l engt h of  t he s hear ed- of f  e l ement  i n 

t he gr ound wi l l  be 11. 1 and 18. 3 m r es pec t i v e l y .  I f T  2 
*  0,  t hes e d i mens i ons  i nc r eas e neg l i g i b l y  t o 11. 7 and 

19.2 m r es pec t i v e l y .

What  may  be not ed as es pec i a l l y  i n t er es t i ng i s t hat  t he 

v al ue of  x  i nc r eas es  neg l i g i b l y  wh e n T  ^  ~ 0,  wh i c h  i s  

dependent  on t he r es i s t i ng  f or c e of  t he wei ght  of  t he e l e ­

ment .  Ev en i f  t her e i s a v er y  weak  l ayer  at  a  c er t a i n  l e ­

v el ,  t he pas s i v e mas s es  ar e s uc c es s i v e l y  s hear ed i nt o 

el ement s .  Cons equen t l y  t he s hear i ng- of f  a s i ng l e l ar ge 

el ement  a l ong t he weak  l ayer  does  not  t ak e pl ac e .  I t  c an 

be s ai d i n s ummar y ,  t hat  t he l engt h of  t he s hear ed- of f  

e l ement  at  gr ound l evel  or  a l ong t he s l i d i ng s ur f ac e -  

t he l engt h x  • D -  amount s  t o be t ween about  a t h i r d  of  

t he dep t h  of  t he s l i de f r om t he gr ound l evel ,  when n i s

1. 0 t o j us t  ov er  hal f  of  t he dept h  of  t he s l i de when n 

i s 1. 5.

Compar i s on bet ween t he k i net i c  ener gy  and t he wor k  r equi -  

r ed_ t  o_s  he a r  _ t  he _ac  t  i  v e _z one _i  n _e I cemen t  s __________________

I t  may  be r egar ded as an al mos t  i mpos s i bl e t as k  t o c a l c u ­

l at e ex ac t l y  how t he k i net i c  ener gy  i s c onv er t ed i nt o 

wor k ,  wi t h  a br eak i ng down of  t he nat ur a l  s t r uc t ur e of  

t he c l ay  and t he mov ement  of  s oi l  al ong t he s l i d i ng s ur ­

f aces .  An op i n i on as t o whe t her  t he k i net i c  ener gy  i n t he 

ac t i v e soi l  mas s es  i s s u f f i c i ent l y  l ar ge t o s hear  t he 

pas s i v e  soi l  mas s es  i nt o pi ec es  may  be obt a i ned by  r ough 

c a l c u l at i ons .  I n t he Tuv e s l i de,  t he soi l  mas s es  i nv ol v ed 

i n t he i n i t i a l  s l i de amount ed t o about  3. 8 • 10^  kN 

( 3. 8 • 105 t ) ,  as des c r i bed abov e f or  a s l i d i ng bot t om at  

a dep t h  of  12 m.  Wi t h  a v e l oc i t y  of  1. 7 m/ s ,  t hes e mas s es  

obt a i n a k i net i c  ener gy  of  appr ox .  5. 6 • 10^ k Nm ( 0. 56 • 

105 mt ) .  The soi l  mas s es  of  t he s ec ondar y  s l i des  i n t he 

ac t i v e z one c an be es t i mat ed at  appr ox .  7. 2 • 10^  k N 

( 7. 2 * 105 t )  as des c r i bed abov e .  The k i net i c  ener gy  of  
t he s ec ondar y  s l i des  amount s  t o 10. 6 • 105 k Nm ( 1 . 1* 10^  mt ) , 

g i v i ng  a t ot al  of  16 • 105 k Nm ( 1. 6 • 10^  mt ) .

I n c a l c u l a t i ng  t he wor k  r equi r ed t o mov e a soi l  mas s  i t  

i s as s umed t hat  t he und i s t ur bed s hear  s t r engt h  has  been 

t r ans f or med i nt o a d i s t ur bed s hear  s t r engt h as  a r es ul t  

of  a d i s p l ac ement  of  0 . 05 m.  Thi s  f i gur e i s pr obab l y  s ma l ­

l er  i n t he c as e of  qu i c k  c l ay .  I n t he f o l l owi ng es t i mat e,  

an av er age s hear  s t r engt h of  17 k Pa ( 1. 7 t / m2 ) has  been 

as s umed f or  al l  s l i d i ng s ur f ac es  i n t he Tuv e l ands l i de,  

wh i c h  i mpl i es  t hat  r educ t i ons  i n t he v al ue of  T  2 hav e 

not  been t ak en i nt o ac c ount  i n t hi s  c as e as  t hey  wer e abo ­

v e.  The c a l c u l a t i on  i s on l y  i nt ended t o gi v e an i nd i c a ­

t i on of  t he or der  of  s i z e of  t he wo r k  r equi r ed t o mov e 

t he soi l .  I t  i s a l s o as s umed t hat  t he s hear i ng  oc c ur s  i n 

e l ement s  wh i t h  a l engt h at  gr ound l evel  of  5 m as des c r i ­

bed abov e,  and t hat  t he bo t t om dept h  of  t he s l i de i s

12 m.  The t ot al  s ur f ac e wher e mov ement s  t ake pl ac e i s  ob ­

t ai ned as f ol l ows .  The ar ea of  t he bot t om s l i d i ng  s ur f ac e 

i s 320 x  500 m2 = 1. 6 ■ 10^ m2 and i n t he s ur f ac es  at  45°

= ^  • 12 • \ [ T • 500 = 5 . 4 ■ 105 m2 or  a t ot a l  of

7 . 0 -  105 m2 . The wo r k  i n t hes e ar eas  amount s  t o

7. 0 . 105 • 0 . 05 • 17 = 5 . 9 • 105 k Nm ( 0. 59 • 10*  mt ) .

Wi t h  t he bo t t om of  t he s l i de at  a dept h of  30 m,  t he k i ­

net i c  ener gy  of  t he i n i t i a l  s l i de at  a v e l oc i t y  of  1. 7 

m/ s  amount s  t o 14 • 10^  k Nm ( 1. 4 • 10^ mt )  and t he t ot al  

ener gy  of  t he s ec ondar y  s l i des  amount s  t o 20 • 10^ k Nm 

( 2. 0 • 10^ mt ) t g i v i ng a t ot al  of  appr ox .  34 * 10^ k Nm 

( 3. 4 * 105 mt ) .  I f  i t  i s al so as s umed f or  t he pur pos es  of  

t he es t i mat e t hat  t he av er age s hear  s t r engt h amount s  t o 

27 k Pa ( 2. 7 t / m2 ) i n al l  s l i d i ng s ur f ac es  and t hat  t he 

l engt h of  t he el ement s  s hear ed of f  amount s  t o 12 m,  t he 

wo r k  r equi r ed t o ac hi ev e a d i s p l ac ement  of  0 . 05 m a l ong 

t he s l i d i ng  s ur f ac e f or med as abov e may  be f ound t o be:

[ 7 . 6- 105 + m  • 30 {2 • 500H  • 0 . 05 • 27 = 9 . 8 - 105 k Nm

( 0. 98 • 105 mt ) .

I n a c ompar i s on bet ween t he es t i mat ed t ot al  k i net i c  e ne r ­

gy  and t he wor k  c al c u l at ed t o ac hi ev e a d i s p l ac ement  of
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0.05 in in the sliding surfaces that develop, the work 
amounts to about one third of the total kinetic energy or 
almost the kinetic energy, or less, of the initial land­
slide. There is thus a surplus of kinetic energy for 
further displacement and breaking down of the masses in 
the passive zone. To this can be added that it appears 
probable that the masses in the secondary slides have mo­
ved faster than walking speed, since these masses have 
mostly moved in areas of quick clay. Unfortunately no 
velocity has been noted for the secondary slides. However 
it should be noted that the kinetic energy is directly- 
proportional to the square of the velocity, so that a 
small increase in velocity provides a considerable addi­
tion to the kinetic energy.

The breaking down of the quick clay into more or less 
completely disturbed layers would probably have contri­
buted to the large area encompassed by the slide. It 
should be possible to liken the quick clay to a hydraulic 
fluid wedge when the masses in the active zone meet the 
passive zone. The lifting has taken place within the pas­
sive area in the slip surface zone so that the sheared- 
off elements have got he slopes shown in Figure 2.

The Tuve landsli­
de with the cour­
se of events du­
ring the slide ac­
cording to eyewit­
ness accounts.
The big figures 
show the order in 
which the diffe­
rent parts star­
ted to move (after 
U. Fait, 1978). 
Event 1 and 2 
started almost at 
the same time.

Fi gur e 4.

Conclusion

Since very large masses have been put in motion in the 
landslides at Surte and Tuve and also in many other sli­
des, it is necessary to introduce the dynamic forces into 
the explanation of the behaviour of the passive zone. The 
above facts and calculations show that it is possible to 
explain the large extension of the passive zone in the 
Tuve landslide by taking the dynamic forces into account.
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ANALYSING THE SHORT-TERM S T A B IL IT Y  OF A CUT SLOPE IN  

CLAYEY S O IL

A c c o r d i n g  t o  t h e  p r a c t i c e  I  am u s e d  t o  w o r k  w i t h  

t h e  s h o r t  t e r m  s t a b i l i t y  o f  a  c l a y  s l o p e  i s  a l ­

w a y s  a s s e s s e d  b y  a  t o t a l  s t r e s s  a n a l y s i s ,  a t  
l e a s t  a t  f i r s t ,  b e c a u s e  o f  t h e  s i m p l e r  wa y o f  
d e t e r m i n i n g  t h e  s h e a r  s t r e n g t h  o f  c l a y  a n d  o f  
t h e  e a s i e r  c a l c u l a t i o n  m e t h o d s  c o m p a r e d  w i t h  a n  
e f f e c t i v e  s t r e s s  a n a l y s i s .

I n  t h o s e  l o a d i n g  c o n d i t i o n s ,  w h e r e  r e m a r k a b l e  
c h a n g e s  i n  p o r e  p r e s s u r e  a r e  c a u s e d  o r  t h e  s o i l  

f o r m a t i o n s  a r e  c o m p l e x ,  t h e  e f f e c t i v e  s t r e s s  
a n a l y s e s  a r e  a l s o  u s e d .  When u s i n g  t h e  e f f e c - .  

t i v e  s t r e s s  a n a l y s i s ,  e n o u g h  r e s o u r c e s  s h o u l d  be 
r e s e r v e d  f o r  t h e  p u r p o s e  t o  m ake  t h e  i n v e s t i g a ­
t o r  a b l e  t o  m e a s u r e  t h e  p o r e  p r e s s u r e .  P o o r  
k n o w l e d g e  o f  p o r e  p r e s s u r e  w i l l  n o t  i n c r e a s e  t h e  
r e l i a b i l i t y  o f  a  s t a b i l i t y  a n a l y s i s .

T h e  s t a b i l i t y  a n a l y s e s  a r e  m o s t l y  p e r f o r m e d  b y  

u s i n g  c i r c u l a r  s l i p  s u r f a c e s .  I f  t h e  g e o m e t r y  
o r  s t r a t i g r a p h y  o f  a  c o n s t r u c t i o n  s i t e  s h o w s  
t h a t  s o i l  m a s s e s  w i l l  p r o b a b l y  s l i d e  a l o n g  a 

n o n - c i r c u l a r  s u r f a c e ,  t h e n  a l s o  a n a l y s e s  w i t h  
t h i s  t y p e  o f  s l i p  s u r f a c e  a r e  m a d e ,  u s u a l l y  w i t h  
t h e  m e t h o d  o f  J a n b u ,

A t o t a l  s t r e s s  a n a l y s i s  i s  o f t e n  m ade  o n  b a s i s  

o f  f i e l d  v a n e  t e s t s ,  b e c a u s e  t h i s  m e t h o d  m a k e s  
o n e  a b l e  t o  g e t  q u i c k l y  a n d  c h e a p l y  m an y  i n v e s ­

t i g a t i o n  p o i n t s  a n d  w h o l e  p r o f i l e s  t h r o u g h  t h e  
w e ak  s o i l  l a y e r s .  I t  h a s  b e e n  f o u n d  o u t  i n  
p r a c t i c e  t h a t  t h e  p e a k  s h e a r  s t r e n g t h  d e t e r m i n e d

by  s t a n d a r d  t e s t s  o f t e n  h a s  t o  b e  r e d u c e d  b e f o r e  

u s i n g  i t  i n  a  s t a b i l i t y  a n a l y s i s .  T he  t o t a l  r e ­
d u c t i o n  f a c t o r  (y)  c a n  b e  w r i t t e n  ( H e l e n e l u n d  

1977)

u = v  V  UP

w h e r e  t h e  n e e d  f o r  r e d u c t i o n  i s  a s s u m e d  t o  c o n ­

s i s t  o f  t h e  i n f l u e n c e  o f  t i m e  t o  f a i l u r e  ( y _ ) , 
t h e  i n f l u e n c e  o f  a n i s o t r o p y  (uA) a n d  t h e  i n f l u ­

e n c e  o f  p r o g r e s s i v e  f a i l u r e  ( u p ) .

I n  n o r m a l l y  o r  s l i g h t l y  o v e r c o n s o l i d a t e d  homo­

g e n e o u s ,  i n o r g a n i c  c l a y s  t h e  r e d u c t i o n  f a c t o r s  
p r o p o s e d  b y  B j e r r u m  o r  b y  t h e  S w e d i s h  G e o t e c h n i ­
c a l  I n s t i t u t e  a r e  u s e d  a n d  t h e y  h a v e  b e e n  f o u n d  

t o  w o r k  s a t i s f a c t o r i l y  i n  t h e  f r a m e  o f  t h e  u s e d  
s a f e t y  m a r g i n  ( m o s t l y  F > 1,3...1,5), T h e  

f a c t o r  o f  s a f e t y  a t  f a i l u r e  ( F f )  w i t h o u t  s h e a r  
s t r e n g t h  r e d u c t i o n  i s  o f t e n  f o u n d  t o  b e  1 , 0 . . .  
1,3 o r  l e s s ,  d e p e n d i n g  o n  t h e  s i t u a t i o n .  T h e r e  
a r e  a l s o  some e x c e p t i o n a l  c a s e s  e . g .  t h a t  o f  
K i m o l a  c a n a l ,  w h e r e  t h e  o v e r c o n s o l i d a t i o n  r a t i o  

w a s  1,5...7 a n d  F^  = 1,55...1,74 ( K a n k a r e  1969).

I n  v a r v e d  a n d  i n  o r g a n i c  c l a y s  o r  i n  c l a y s  o f  
h i g h  p l a s t i c i t y  t h e  s i t u a t i o n  c a n  b e  d i f f e r e n t .  
I n  t h e  c a s e  o f  S a i m a a  c a n a l  ( S l u n g a  1973) t h e  
c l a y  w a s  v a r v e d  a n d  s l i g h t l y  o v e r c o n s o l i d a t e d  

^ c / P A  =  1 » 3 . . . 1 , 6 ,  T f  Y 3 n e / P ;  = 0,40). D u r i n g  
t h e  e x c a v a t i o n  w o r k s  t f i f rëe  g r e a t e r  f a i l u r e s  o c -
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curred. The length of the greatest failure was 
240 m and the height of the slope about 6,3...
6,8 m. The reduction factors y according to the 
usually available methods (Helenelund 1977) are 
shown in the table 1 .

Table 1. Reduction factor y of the undrained 
vane shear strength according to 
various methods at Saimaa canal.

Reducing method (Helenelund 1977) y

Swedish Geotechnical Institute 1,00

Pilot 1,00

Bjerrum, y T - y A 0,95

/ U T 0,80

Aas ( y T - y A - y p ) 0,69

Friis, y T - y A - y p 0,71 -0,78

Dascal& Tournier (1975), y T
yA'yP

0,73

Back-analysis (Slunga 1973) o. 76 -0,79

The great difference between the Bjerrum's re­
duction factor and that from back-analysis is 
explained by the fact that Bjerrum's reduction 
factor includes the influence of the normal 
stress anisotropy, yA = 1,0 . . .1,2 . In the 
varved clay at Saimaa Canal the yA-factor is 
estimated to be 0,86. If we take into account 
separately the influence of time to failure 
yT = 0,80 according to Bjerrum's case records 
and 'the factor yA = 0,86 we get y = 0,80 x 0,86 
= 0,69 which is the same as the reduction ac­
cording to Aas and about 10 % less than the 
reduction factor 0,76 from the back-analysis.

A progressive failure has usually not been taken 
into account separately. The importance of the 
separate treatment of progressive failure will 
obviously depend on the local soil and loading 
conditions as well as the method used when re­
ducing the shear strength of the clay. There is 
often also a certain overlapping of the influ­
ence of the various factors.

In the excavation case presented in Fig. 1, the 
liquid limit of the clay is wL = 90 %, humus 
content 2,5...3 % and Tf vane/PA % °'55 (Slunga 
1979). A stagewise excavâtion method was used. 
One day after reaching the final bottom level a 

small failure occurred (length/height of the 
failured slope % 3). The reduction factors y

Fi g .  1.  Co mp a r i s o n  o f  s h e a r  s t r e n g t h  d u r i n g

v a r i o u s  s t a g e s  o f  wo r k i n g .

according to various methods are in this case 
shown in the table 2 .

Table 2. Reduction factor y according to
various methods in the case of Salo.

Reducing method y

Swedish Geotechnical Institute 0, 90

Pilot 0,80

Bjerrum, y T - y A 0,75

Bjerrum, yT 0,66

Aas ( u T - y A - y p ) 0, 55

Dacal& Tournier (1975), yT *yA .yp 0, 62

Back-analysis (Slunga 1979) 0,67-0,75

The back-analysis is made for a long slope. No 
influence of the traffic on the neighbouring 
streets is taken into account. The shear 
strength of the dry crust is assumed to be the 
same as that of the clay under the crust.

The use of various reduction methods requires 
obviously also the use of various factors of 
safety. It is therefore in important cases pre­
ferable to check the level of safety also by 
comparing the factor of safety calculated with­
out shear strength reduction to the empiric 
factor of safety at failure (Ff) according to 
the local experience taking into account the 
type of failure and of soil and the influence of 
the surrounding area.

Vane test has to be made with a normal vane 
(H = 2D) the speed of rotation being 0,1/second. 
The vane test results can be influenced by 
various factors. Some laboratory tests are al­
ways made for controlling the vane tests. The 
laboratory tests in question are often: uncon­
fined compression test, triaxial compression test 
(UU or CU), direct shear test, cone test. The 
use of vanes of various shapes can also be ac­
counted when the anisotropy or other conditions 
are exceptional.

Unconfined compression test has been found suita­
ble for testing of samples taken from dry crust 
or from other overconsolidated layers, where the 
shear strength can be influenced by fissures.
The samples are, if possible, consolidated to 
natural stress conditions.

References

Dascal, 0. & Tournier, J.P. 19 75, Embankments 
on soft and sensitive clay foundations. ASCE 
Journ. GED, Col. 101 (GT3), pp. 297-314.

Helenelund, K.V. 1977, Methods for reducing 
undrained shear strength of soft clay. Swedish 
Geotechnical Institute. Report No 3.

Kankare, E. 1969, Geotechnical properties of the 
clays at the Kimola canal area with special re­
ference to the slope stability. State Inst Tech 
Res Publ 152 Helsinki, pp. 29-30, 113-120.

Slunga, E. 1973, Discussion. Proc. 8th Int Conf 
SMFE Vol 4.3 Moscow, pp. 296-297.

Slunga, E. 1979, On stabilitetsproblem vid en 
djup sphaktgrav i gvttjig lera. (On stability 
problems of a deep excavation in organic clay): 
Nordisk Geoteknikermote i Esbo, Finland,
May 23-25 1979, pp. 508-513.

901



FACTOR OF SAFETY AND ACTUAL DI SPLACEMENTS

The conventionally applied methods of slope 

stability, based on limit equilibrium along 

potential slip surfaces, cannot provide the 

values of displacements and cannot define 

actual stress-strain conditions eitner aDove 

or Delow assumed slip surface. The stress 

distriDUtion along assumed slip surface is 

based on the assumption of the equal mobili­

zation of the avaiiaDle shear strength in all 

points laying on preselected potential slip 

surface (concept of average factor of safety). 

This distrioution does not correspond to the 

actual stress field. (Pig.l) This is why the 

slopes with materials of very different ri­

gidity are to De considered for the case of 

progressive I'ailure.

The application of conventional staDility 

analyses is therefore justified in cases 

where actual stress-strain field has no impor­

tance for practical consequencies, and when 

the displacements on the slope suriace may 

take the values which are required to mooilize

P.  Anagnost i ,  Panel i s t

tiie shear strength along potential slip sur­

faces. These displacements should not change 

the geometry of the slope and continuity or 

the soil mass.

The selection of the appropriate safety 

factor appears to Oe more matter of experi­

ence than of judgment, and precedent similar 

cases are of paramount importance in provi­

ding the confidence in the adequacy of the 

applied computations and selected safety 

factors.

The application of residual shear strengtn 

values are often associated with acceptance 

of significantly lower safety factors. This 

may De considered as equivalent safety margi- 

ne in relation to the railure state of the 

slope, but only in those problems where the 

actual displacements along the slope and in 

the ground may De accepted. (Pig.if)

Fi g.  2

The practical case of the slope designed 

with low value of Fsr (factor of safety based 

on residual shear strength), is presented he- 

re-below. (Pig.3) The slope of inclination of 

4° was composed of clay having lL<il_j% and 

consistency index Ic ^O,bO. The design of the 

cut in the lower part of the slope was oased 

on short term staDility conditions, and for 

the long term conditions the staDility factor 

of Fer = 1,10 was considered as safe assump­

tion, with residual shear strength of tfr=6°. 

The peak strength was twice the residual one, 

and the equivalent factor of safety PSp =2,2. 

The weakest zone was the contact between 

slope deposit and weathered marl underlaying 

it. The excavation was limited to appr. 2 , 5  -

3 m and remained stable, but the upper part 

of the ground appr.jO to bO m from the cut 

experienced displacements of the order of 10 

to 30 cm, and heavy damages occured in the 

houses situated bO m away from the excavation 

limit. The remedial works consisted in placing 

coarse grained fill on the lower part of the 

slope ensuring Fsr = 1, t? and after that, the 

displacements seased and further damages of 

the houses have been prevented.
T A V E N A S  e t .  a l .  1 9 8 0  
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Fig. 3

6
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The main experience that one can derive 

from the cited case is the necessity to con­

sider allowable displacements in connection 

of the applied factor of safety, and consider 

that the equivalency of factors of safety in 

relation to the peak: and residual shear 

strength is dependent on the value of displa­

cements that might take place.

If no precedent cases are availaDle for 

selecting the adequate factor of safety,- the 

staDility problems which are dependent on 

allowable displacements have to oe analysed 

Dy some stress-strain methods. The availaDle 

numerical methods are providing the possiDi- 

lity to determine probaDle displacements in 

cases when factors of safety are sufficiently 

large, i.e. when the zones where limit state 

of stress is taking place are small and can­

not significantly influence stress-strain 

distribution. The particular difficulty in 

computing the actual state of displacements 

is associated with the initial state of stoess- 

strain state which is governed Dy geological

Fi g.  5

processes in natural slopes, and foundations 

of man-made structures. The estaDlishing ra­

tional relationship Detween safety factor in 

limit equilibrium methods, and actual safety

c a s e  a

qf d  = const,

x'’ 6 n=const-

dr const 
6Tn=const.

C A S E  0

d  t const. 
C>n=const.

C A S E  C
■C Fs = V ^ n

tg-e- =* tg Â.
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margine Dased on the computed streas-strain 

state of the slope is associated with princi­

pal difficulties.

The shear and normal stresses which are 

acting on the point of the assumed slip Line 

(Pig.4) cannot be uniquely related to some 

other state of stress which is bringing that 

point into the state of limit equilibrium. 

Therefore different safety factors may be de­

rived for the same point, always defined as 

the ratio of the available shear strength and 

actual shear stress in the predetermined pJane.

(Pig.tO

The case (a) is showing the factor of 

safety derived under condition of the constant 

direction of principal stresses, case (b) is 

showing same conditions, out with critical 

values of shear and normal stress appearing 

in some other plane, case (c) is showing cri­

tical shear and normal stress acting in the 

predetermined plane, but under changed direc­

tion of principal stresses where the condi­

tion of tg'9*= tg 'P/Fg is satisfied.

The presented cases demonstrate that even 

one would start from the same definition of 

the safety factor (as the ratio of available 

strength and actual stress in the selected 

plane) still there will be possibilities to 

derive the different Pg values. It appears, 

that the right procedure is to relate the 

computed displacements (by numerical or other 

suitable methods defining approximate state 

of stresses and strains) to the safety fac­

tors determined in classical way i.e. by 

limit equilibrium methods. This is, however, 

the only way to overcome the lack of field 

experience for the particular case under con­

sideration.

0.  Or r j e ( Or al  di scuss i on)

I NDUCED PORE PRESSURES DURI NG PI LE DRI VI NG I N A CLAY 

SLOPE

In the article presented to this conference by 
Massarsch and Broms concerning pile driving in clay 
slopes it has been stated that sufficient data on soil 
conditions and test results reported in the literature 
concerning this problem, have only been available from 
six test sites.
In this discussion one more case is presented wich has 
been carried out last autumn at the city block 
Jungfru Lona in Stockholm.

The building site in which two large buildings had 
been planned, is situated close to an excavation for the 
Stockholm subway, wich was made in 1964. The soil 
consists of a top layer of gravel fill whichrestson rather 
soft clay. The planned buildings were to be founded on 
endbearing concrete piles. To reduce the pore pressure 
in the clay during pile driving, clay cores were taken 
in zones up to a distance of 15 m from the slope. No 
significant movements of the soil mass were observed 
during the pile driving. Vibrating wire piezometers were 
installed in 6 points within the zone with the lowest 
safety factor, with a distance to the nearest piles of4m.

F =2.2

Pile driving; Cu reduced ~ 2 5 %  

Pore pre ssure  <  + 20,0 m 

Dista nce  P p -* b u i ld in g -~

Fig 1 shows a section through the slope with the layer 
of gravel fill on top. The fill was excavated before 
pile driving.

Stability calculations showed that the stability safety 
factor for the slope was 2.2 in the finished state. With 
the necessary safety against failure of the slope , 1,5, 
the pore pressures in the failure zone, during pile 
driving were not allowed to rise above the level of + 20 m. 
Since clay cores were taken before the driving of the 
piles, no large exess pore pressures were expected.

As can be seen in fig 2 large pore pressures were 
obtained during the installation. These pore pressures 
decreased rather rapidly. When the pile driving started 
close to 1 and 3, the pore pressures increased. The 
high peak values decreased rather rapidly. The pore 
pressure during pile driving never did increase above 
the critical value + 20, but were as large as + 19.7m, 
even though clay cores had been taken before the 
driving of the piles.

Por e pr essur e

Building D Building D+E

Fi g. Fi g.  2
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T o  e s t i m a t e  t h e  u p p e r  l i m i t  o f  t h e  m a x i m u m  e x c e s s  p o r e  

p r e s s u r e s  t h e  f o r m u l a  b y  L o  h a d  b e e n  u s e d .

M i

T h e  f o r m u l a  g i v e s  t h e  m a x i m u m  e x c e s s  p o r e  p r e s s u r e  

A u m  a s  a  f u n c t i o n  o f  t h e  i n i t i a l  e f f e c t i v e  v e r t i c a l  

p r e s s u r e  i n  t h e  g r o u n d  b e f o r e  p i l e  d r i v i n g  a' n a n d  o f  t h e  

m a x i m u m  p o r e  p r e s s u r e  r a t i o  ( ^  ) m a x  d e t e r m i n e d  f r o m  

c o n s o l i d a t e d  u n d r a i n e d  t r i a x i a l  t e s t s .  T h e  m a x i m u m  p o r e  

p r e s s u r e  r a t i o  h a s  b e e n  g i v e n  b y  L o  ( 1 9 6 8  )  a s  a  f u n c t i o n  

o f  t h e  s e n s i t i v i t y  o f  t h e  c l a y  a s  s h o w n  i n  f i g .  3 .

SO U RC E: KWAN_YEE_ LO ,_P roc _A S C E ^  M_arch_1968

F i g .  3

I n  f a c t , t h e  f o r m u l a  b y  L o  i s  o n l y  v a l i d  i n  t h e  z o n e  o f  

m a x i m u m  p o r e  p r e s s u r e  s u r r o u n d i n g  a  p i l e .  T h e  m e a s u r e d  

p o r e  p r e s s u r e s  w e r e  e x p e c t e d  t o  b e  c o n s i d e r a b l y  l o w e r  

t h a n  t h e  c a l c u l a t e d  v a l u e s  a c c o r d i n g  t o  t h e  L o  f o r m u l a .  

T h e  c a l c u l a t e d  v a l u e s  o f  e x c e s s  p o r e  p r e s s u r e s  w e r e  

6 8 t o  7 4  k P a ,  w h i l e  i n  t h e  p r e s e n t  c a s e  t h e  m e a s u r e d  

m a x i m u m  v a l u e  w a s  2  2  k P a .

A s  c a n  b e  s e e n  f r o m  t h e  p r e s e n t  c a s e  , r a t h e r  l a r g e  p o r e  

p r e s s u r e s  c a n  o c c u r  w h e n  p i l e s  a r e  d r i v e n  i n  a  c l a y  

s l o p e  e v e n  w h e n  c l a y  c o r e s  a r e  t a k e n  b e f o r e  p i l e  

d r i v i n g .  T h e  m e a s u r e d  p o r e  p r e s s u r e s  w i c h  w e r e  o b t a i n e d  

i n  t h e  p r e s e n t  c a s e  w e r e  a s  l a r g e  a s  1 / 3  o f  t h e  m a x i m u m  

p o r e  p r e s s u r e s  d e v e l o p e d  i n  t h e  c r i t i c a l  z o n e  s u r r o u n d i n g  

a  p i l e  w h e n  n o  c l a y  c o r e s  h a v e  b e e n  t a k e n .  T h e  f o r m u l a  

o f  L o  w a s  a l s o  v e r y  u s e f u l  i n  o r d e r  t o  e s t i m a t e  t h e  u p p e r  

l i m i t  o f  t h e  m a x i m u m  e x c e s s  p o r e  p r e s s u r e s  c l o s e  t o  t h e  

p i l e  g r o u p s .
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W. W o l s k i ,  P a n e l i s t

MERITS AND DEFECTS OF THE L IM IT  E Q U IL IB R IU M  AND F IN IT E  

ELEMENT METHODS TO IN VESTIG ATE THE S T A B IL IT Y  OF EARTH 

STRUCTURES

I n  p r a c t i c a l  c a s e a  t h e  l i mi t  e q u i l i b r i u m 
me t h o d s  / L EM/  wh i c h  i n o l u d e  Swe d i s h , B i s h o p ' s , 
J a n b u ' s  a n d  Mo r g e n s t e r n ' s  me t h o d s  / t a b . l / a r e  
mo s t l y  u s e d  b y  e n g i n e e r s  wh e n  s t a b i l i t y  o f  
e a r t h  s t r u c t u r e s  i s  a n a l y s e d . Hi e  f i n i t e  e l e ­

me n t  me t h o d / FEM/ ,  a t  p r e s e n t  s t a y  o f  i t s  d e ­

v e l o p me n t  , i s  r a t h e r  u s e d  a s  a n  a u x i l l e r y  
t o o l .

T ABL E I

Me t h o d s  a n d  Pa r a me t e r s  Us e d  
i n  St a b i l i t y  An a l y s i s

Me t h o d s Pa r a me t e r s

Fe l l e n i u s  1 
Si mp l i f i e d  Bi s h o p ' s  E 
J a n b u ' s  M 
Mo r g e n s t e r n - Pr i o e ‘ s

y? An g l e  o f  
F r i o t i o n  

C Co h e s i o n

F i n i t e  El e me n t  

F E M

'P An g l e  o f  
F r i o t i o n  

C Co h e s i o n  
E Yo u n g s  Mo d u l u s  

Po i s s o n  Ra t i o  
o r  -f, c , E ^  a n d  
a d d i t i o n a l :
K  , G, e t o .

I n  s p i t e  o f  a n  u n d o u b t e d l y  mo r e  u n i v e r s a l  
o h a r a o t e r  o f  FEM,  t h e  a b o v e  p r a c t i c e  r e s u l t s  
f r o m t h e  f o u r  ma i n  d e f e o t s  o f  FEM,  wh e n  
a p p l i e d  t o  s t a b i l i t y  a n a l y s i s .  T h e s e  d e f e o t s  
a r e  a s  f o l l o ws  t

-  i n a d e q u a c y  o f  s o i l  mo d e l  u s e d ,

-  u n c e r t a i n t i e s  o f  s o i l  p a r a me t e r s  a n d  d i f f i ­

c u l t i e s  wi t h  t h e i r  a s s e s me n t ,

-  u n c e r t a i n t i e s  o f  g e o me t r y  o f  t h e  s l i d e ,

-  d i f f i c u l t i e s  t o  p r o g r a mm, a s s o c i a t e d  wi t h  
o o s t  o f  c o mp u t a t i o n  / f a r  mo r e  e x p e n s i v e  
t h a n  L EM/

Mo s t  e s e n t i a l  a mo n g  t h e  a b o v e  me n t i o n e d  d e f e ­

o t s ,  i n  o p i n i o n  o f  t h e  a u t h o r ,  a r e  d i f f i c u l  -  
t i e s  wi t h  t h e  a s s e s me n t  o f  t h e  p a r a me t e r s .  As  
a n  e x a mp l e  o f  t h e  i n f l u e n c e  o f  s o i l  p a r a mo  -  
t e r s  o n  t h e  r e s u l t s  o f  s t a b i l i t y  a n a l y s i s ,  
d i a g r a m g i v e n  b y  Ma r t i n s  a n d  o t h e r s  i n  t h e i r  
p a p e r  p r e s e n t e d  t o  t h i s  c o n f e r e n c e  i n  Vo l u me  
2 / p a g e  4 6 6 /  c a n  b e  a d o p t e d ^ a u t h o r s  u s i n g  F EM 
a c c o r d i n g  t o  Z i e n k i e wi c z  a n d  Co r me a u  / 1 9 7 V  
wi t h  t h e i r  o wn  mo d i f i c a t i o n ,  h a s  s h o wn  t h e  
i n f l u e n c e  o f  Po i s s o n  r a t i o  o n  s a f e t y  f a c t o r .  
Tal c i ng a l s o  I n t o  c o n s i d e r a t i o n  t h a t  Po i s s o n  
r a t i o  d i f f i o u l t  t o  a s s e s , o h a n g e s  wi t h  wa t e r  
o o n t e n t / f i g . 1/ ,  a s  wa s  s h o wn  b y  Wo l s k i  a n d  
o t h e r s / 1 9 7 8 /  i t  o a n  b e  c o n c l u d e d ,  t h a t  F EM 
wh i c h  e p l o l  mo r e  p a r a me t e r s  t h a n  L EM, Po i s s o n  
r a t i o  l n o l u d e d / s e e  t a b . 1 / g i v e s  t h e  r e s u l t s  
mo r e  u n c e r t a i n .

Ho we v e r ,  t h e r e  a r e  s e v e r a l  c a s e s ,  wh e n  F EM 
a p p l i e d  a s  a n  a u x i l l e r y  wa y  o f  a s s e s me n t  o f  
t h e  s t r a i n  a n d  s t r e s s  d e s t r i b u t i o n ,  ma k e  t h e  
r e s u l t s  o f  s t a b i l i t y  a n a l y s i s  b y  L EM mo r e  
r e l i a b l e .  T h r e e  e x a mp l e s  o f  s t r u c t u r e s  wh o s e  
s t a b i l i t y  a n a l y s i s  i s  mo r e  a d e q u a t e  wh e n  F EU 
i s  a p p l i e d  a r e  g i v e n  i n / f l g . 2 / . Co mmo n  f e a t u r e  
o f  t h e s e  t h r e e  o a s e s  cur e e x l s t a n o e  o f  t wo  
d i f f e r e n t  t y p e s  o f  s o i l s  t o f  h i g h  a n d  l o w
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0 2 4 6 8 10 12 t M

F i g . 1 I n f l u e n c e  o f  wa t e r  c o n t e n t  o n  M

F i g . 2 Emb a n k me n t s  wi t h  c o mp o u n d  s l i d i n g  
s u r f a c e

c o mp r e s s i b i l i t y .  St r a i n s  a n d  d i s p l a c e me n t s  
wh i o h  o o c u r e  i n  o o n t a o t  a r e a s  o f  d i f f e r e n t  
s o i l s  o o mp l i o a t e  t h e  g e o me t r y  o f  s l i d i n g  
s u r f a c e .

On e  o f  t h e  p o s s i b i l i t y e s  o f  a p p l i c a t i o n  o f  
F EM t o  a n a l y s e  t h e  s t a b i l i t y  o f  e mb a n k me n t  o n  
s o f t  s o i l s  i s  p r e s e n t e d  i n  f i g s . 3 1*1.  F i n i t e  
e l e me n t  a n a l y s i s  a n a b l e  u s  t o  e s t i ma t e  p l a s t l -  
f i e d  z o n e s  u n d e r  g i v e n  l o a d .  As s u mi n g  t h a t  
wi t h i n  t h i s  z o n e s  o n l y  t h e  r e s i d u a l  s t r e n g t h  
a r e  i n v o l v e d ,  a  s o l u t i o n  i s  mo r e  r e a l i s t i c ,  
t h a n  i n  o l a s i c a l  L EM a p p r o a c h .  I n c r e a s e  o f  
t h e  l o a d  o a u s e  a n  i n c r e a s e  o f  t h e  p l a s t i f l e d  
a r e a  wh a t  r a Be l t s  i n  d i mi n i s h i n g  o f  t h e  s a f e t y  
f a c t o r .

Su mmi n g  u p  i t  i s  wo r t h  t o  p o i n t  o u t  t h a t  F EM 
i s  s t i l l  i n  p r e l i mi n a r y  s t a g e  o f  a p p l i c a t i o n  
t o  s t a b i l i t y  a n a l y s i s .  T h i s  p r o s p e o t i v e  me ­

t h o d  n e e d s  f a r t h e r  r e s e a r c h  b o t h  o o n o e mi n g  
s o i l  mo d e l  a s  we l l  a s  me t h o d s  o f  e s t i ma t i o n  o f  
p a r a me t e r s .

Fi g .  3 De s t i i b u t i o n  o f  p l a s t i f l e d  z o n e s  wi t h  
i n c r e a s e  o f  t h e  h i g h t  o f  t h e  
e mb a n k m e n t

F i g . 4  L EM s t a b i l i t y  a n a l y s i s  wi t h  p l a s t i f l e d  
z o n e  / Ga r b u l e ws k i ,  1981  /
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M.  Dysl i  ( Wr i t t en di scuss i on)

M. le Professeur W. WOLSKI a soutenu dans son 
intervention que la méthode des éléments finis 
conduisait à des résultats fort différents de 
ceux obtenus avec les méthodes classiques d'éva­
luation de la stabilité d'une pente. Cette opi­
nion mérite une brève et légère contradiction.

Les méthodes classiques utilisent toutes une loi 
des matériaux rigide - parfaitement - plastique 
(Mohr - Coulomb) sur une surface de rupture choi­
sie à priori; elles excluent en outre toute re­
distribution des contraintes dans le massif de 
sol.
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La méthode des éléments finis permet elle 
l'usage de n'importe quelle loi des matériaux 
non linéaire. La loi facilement utilisable avec 
cette méthode et la plus proche de la loi de 
Mohr - Coulomb est une loi élasto - plastique avec 
le critère de rupture de DRUCKER et PRAGER (1952); 
le critère de Mohr - Coulomb présente en effet 
certaines difficultés d'utilisation dans un mo­
dèle d'éléments finis, car la contrainte inter­
médiaire est indéfinie. La surface de rupture 
n'y est, en principe, pas définie à priori; elle 
est l'enveloppe de la zone des éléments plasti­
fiés par dépassement des contraintes de rupture 
données par la loi choisie.

En utilisant cette méthode avec un algorithme 
itératif approprié - ce qui n'est pas le cas

ESSAI TR I AX . CU 

SUR COUCHE 5 

,/ TR IAX IAL TE S T CU 

ON TH E BED 5

x o 
o w u tr

<0 10 
ANGLE DE FR OTTEM EN T AN GLE O F FR ICTION

Fig. 1 - Exemple d'une évaluation de stabilité 
de talus par la méthode des éléments 
finis (programme ADINA)

dans beaucoup de programmes basés sur cette mé­
thode - les résultats sont en général très pro­

ches de ceux obtenus par une méthode classique; 
la figure 1 est un exemple de résultats d'une 
telle analyse par la méthode des éléments finis. 
Il faut cependant noter, qu1 avec la méthode des 
éléments finis, le coefficient de sécurité ne 
peut être appliqué qu'aux caractéristiques des 
sols et que, pour un équilibre limite, la con­
vergence du processus itératif peut être très 
longue.

La comparaison entre ces deux types de méthode 
est académique car l'usage de la méthode des 
éléments finis, pour une simple vérification de 
stabilité d'un talus, est très coûteuse relati­
vement aux méthodes classiques mêmes sophisti­
quées. La méthode des éléments finis apporte ce­
pendant un renseignement supplémentaire qui peut 
être déterminant dans beaucoup de cas: c'est 
l'évaluation des déformations. DYSLI, FONTANA et 

RYBISAR (1979), comme du reste d'autres auteurs, 
ont,par exemple, montré l'importance de la déter­
mination des déformations dans l'étude pratique 
des enceintes de fouilles.
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LANDSLI DE HAZARD ZONI NG.  OPENI NG REMARKS

Lands l i de hazar d zoni ng i nvol ves t he di v i s i on of  t he 

whol e l and sur f ace wi t hi n a chosen r egi on i nt o di sc r et e 

ar eas,  whi ch ar e t hen r anked accor di ng t o t hei r  degr ee 

of  act ual  or  pot ent i al  hazar d f r om l ands l i des  or  ot her  

mass movement s  on sl opes .  Ther e has been a gr eat  dev e ­

l opment  i n t hi s f i el d over  t he pas t  decade,  car r i ed out  

chi ef l y  by engi neer i ng geol ogi s t s  and geomor phol ogi s t s .

The i nc l us i on of  t he t heme of  l ands l i de hazar d zoni ng,  

f or  t he f i r s t  t i me,  i n t he pr ogr amme of  our  i nt er nat i o ­

nal  conf er ence i s a r ef l ec t i on bot h of  t he gr owi ng 

i mpor t ance of  t hi s ac t i v i t y  and of  t he i ncr eas i ng par t i ­

c i pat i on of  geot echni cal  engi neer s  i n i t .

An excel l ent  i nt r oduct i on t o t he subj ec t  has been pr e­

par ed f or  UNESCO by Mr  D J Var nes of  t he USGS and t he 

I AEG Commi ss i on on Lands l i des  and ot her  Mass Movement s .  

Thi s  monogr aph,  whi ch was r ef er r ed t o by our  Gener al  

Repor t er ,  i s expec t ed t o be publ i shed by UNESCO l at e

G.  Pi l ot ,  Panel i s t ,  and G.  Champet i er  de Ri bes

CARTOGRAPHI E DES GLI SSEMENTS DE TERRAI N.  LANDSLI DE 

MAPPI NG

A la suite de graves glissements de terrain sur­
venus dans les Alpes françaises en 1970, la 
Direction de la Protection Civile a lancé une 
action de cartographie des Zones exposées aux 
Risques de Mouvements du Sol (action ZERMOS).

t hi s year .  Such zonat i on i s based upon t hr ee bas i c  pr i n ­

c i pl es:  -  t hat  t he past  and pr esent  ar e f r equent l y  keys 

t o t he f ut ur e -  t hat  t he mai n condi t i ons  caus i ng l and-  
s l i di ng can be i dent i f i ed and -  t hat  degr ees of  l andsl i de 

hazar d can be est i mat ed.  The f act or s  t o be cons i der ed 

wi l l  var y  somewhat  f r om pl ace t o pl ace,  but  wi l l  t ypi ­

c al l y  i nc l ude pr esence of  f or mer  l ands l i des ,  s l ope i n­

c l i nat i on,  l i t hol ogy,  geol ogi cal  s t r uc t ur e,  geohydr ol ogy,  

et c.  Because of  t he gener al  r egi onal  nat ur e of  such 

st udi es t hey  ar e nor mal l y  car r i ed out  at  Level  1 as 

def i ned by Sal l f or s  and Tagnf or s ,  i n Vol .  3 of  t he Pr o­

ceedi ngs ,  wi t h l i t t l e geot echni cal  or  sub- sur f ace dat a.  

For  each of  t he r el evant  f act or s ,  i ndi v i dual  f ac t or  maps,  

or  cor r espondi ng dat a banks,  ar e t hen usual l y  pr oduced.  

Fi nal l y ,  t hese ar e super posed,  or  i nt egr at ed,  t o f or m a 

compos i t e map,  on t he bas i s  of  whi ch t he zonat i on i nt o 

degr ees of  l ands l i de hazar d can be made.

La méthode de travail élaborée à cette occasion 
a été appliquée â des régions morphologiquement 
et géologiquement très variées (CHAMPETIER DE 
RIBES, HUMBERT, 1974) ; il existe actuellement 
une trentaine de cartes ZERMOS établies à l'é-
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La carte d'appréciation du risque dans une ré­
gion donnée résulte de la synthèse d'informa­
tions sur les facteurs suivants :

- facteurs topographiques : une carte des pentes 
du terrain naturel est établie,
- facteurs géologiques et structuraux : sur la 
base de la documentation géologique locale, des 
photographies aériennes, d'éventuels sondages 
existants et de la visite du site, on reporte 
les éléments suivants sur une carte :

. la nature du substratum rocheux,

. les formations meubles de couverture,

. les caractéristiques structurales.
- facteurs hydrogéologiques et géomorphologiques 
la documentation hydrogéologique, la collecte 
sur place des informations, les photographies 
aériennes permettent de dresser une carte sur 
laquelle figurent notamment les indices des di­
vers types d'instabilité constatés (éboulements 
rocheux, glissements, coulées de boue etc...) 
ainsi que leur acuité (mouvements actifs, insta­
bilité "dormante" etc...).

Au niveau de ces cartes de facteurs on dispose 
donc essentiellement d'informations objectives. 
Ces informations sont rassemblées et conduisent 
à une appréciation de la stabilité par zones 
de risques (ce jugement présente alors une cer­
taine part de subjectivité).

- une représentation symbolique de la nature des 
instabilités: par traits pour les instabilités, 
par tiretés pour les instabilités potentielles.
- des zones de couleur présentant la gradation 
du risque :

. la dominante rouge marque le danger existant 
(mouvements naturels actifs),

. la dominante orange attire l'attention sur 
l'existence de conditions défavorables 
(mouvements anciens, extension possible 
de mouvements actifs ...) ,

. la couleur verte exprime la stabilité 
naturelle.

On notera que cette représentation se veut neutre 
vis à vis des temps d'apparition de nouveaux 
phénomènes naturels tandis qu'une certaine appré' 
dation de l'incidence des travaux humains peut 
être mentionnée dans les zones oranges.

On soulignera que ces cartes sont accompagnées 
d'une notice importante dans laquelle sont jus­
tifiés les jugements retenus.

D'une façon générale les cartes présentées de 
cette manière s'appuient principalement sur la 
récurrence dans une même région de phénomènes 
d'instabilité naturelle, mais ne font pratique­
ment pas appel aux concepts de mécanique des 
sols si ce n'est dans l'appréciation qualita­
tive des facteurs défavorables à la stabilité 
(hydraulique, état résiduel de résistance au 
cisaillement ...) ; les formations montagneuses 
généralement traitées se prêtent évidemment mal 
à une appréciation plus fine.

On a cependant tenté d'appliquer les résultats 
quantitatifs provenant d'études de stabilité 
dans une région peu accidentée, dans l'Est de la 
France, entre Nancy et Metz où dominent les ver­
sants argileux des argiles du Lias (BLONDEAU et

La figure 1 montre une vue d'un glissement ty­
pique de versant naturel qui affecte ces forma­
tions. On a voulu évaluer le coefficient de sé­
curité en divers points des sites argileux de 
cette zône ; cette évaluation, simplement basée 
sur une hypothèse de surface plane de glissement 
réel ou potentiel nécessite tout de même la con­
naissance de la pente du talus naturel, de l'é­
paisseur de la couche d'argile, des caractéris­
tiques mécaniques de l'argile et l'orientation 
d'un écoulement supposé uniforme.

Fig.l Vue aérienne du glissement naturel 
de Cosny dans les argiles du Lias.

Ce dernier facteur, essentiel pour l'appréciation 
de la stabilité est généralement lié, dans ces 
formations, à la présence et à la position d'un 
horizon perméable de grès fissuré fortement aqui- 
fié, situé sous la couche d'argile ; le coût de 
l'investigation permettant de fournir cette in­
formation est hors de proportion avec la dota­
tion financière d'une telle carte ; l'on a donc 
du constater que, compte tenu de ce facteur et 
des quelques autres, il était impossible de por­
ter une appréciation fine de la stabilité à ces 
échelles de l'ordre du 1/25.000.

Au plan de l'utilisation des cartes ZERMOS, on 
précisera qu'elles ne sont considérées que comme 
des documents techniques et non pas réglementaires.
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It has been emphasized in the Author's paper to 
this Conference that the classical methods of 
slope stability assessment are difficult to 
apply to slopes in residual soils and, more 
particularly, to such slopes subjected to heavy 
rainfall. This is the situation in Hong Kong, 
where only 1,050 km2 of land are occupied by 
more than five million people. Because land is 
such a scarce resource in Hong Kong, the 
Geotechnical Control Office has embarked upon a 
programme of Geotechnical Area Studies aimed at 
mapping the Territory for land resource planning 
and management purposes.

The Geotechnical Area Studies are being carried 
out in two parallel series. The 1:20,000 scale 
Studies produce sufficient information for out­
line planning purposes on a regional basis, 
whereas the 1:2,500 scale Studies are sufficient 
for detailed assessments of specific areas 
identified from the regional Studies.

. E. W.  Br and ( Or al  di scuss i on)

Each Geotechnical Area Study consists of a 
terrain evaluation, based on aerial photograph 
interpretation, and an engineering geological 
assessment, based on field reconnaissance and 
mapping and on a review of existing site 
investigation data.

A report is published at the completion of each 
Study. This is accompanied by a series of maps 
and transparent overlays, which include a terrain 
classification map, engineering geology map and 
Geotechnical Land Use Map (GLUM). Where 
appropriate, an engineering data sheet, surface 
hydrology map, landform map, erosion map, 
physical constraints map and vegetation map are 
included in addition.

The overall geotechnical assessment of an area 
is presented in the Geotechnical Land Use Map 
(GLUM), which classifies land into four classes 
according to its apparent geotechnical limitat­
ions. The GLUM classification system presently 
employed is synthesised in Table 1.

Table 1. The Geotechnical Land Use Map Classification System

CHARACTERISTICS 
OF GLUM CLASSES CLASS I I CLASS IV

GEOTECHNICAL LIMITATIONS High Extreme

SUITABILITY FOR 
DEVELOPMENT

High Low Probably Unsuitable

ENGINEERING COSTS 
DEVELOPMENT

Lov\ Normal High Very High

INTENSITY OF SITE 
INVESTIGATION REQUIRED I ntensive Very

TYPICAL TERRAIN 
CHARACTERISTICS

(Some, but not necessarily all, 
of the stated characteristics 
will occur in the respective 
Class)

Insitu terrain with 
gentle slopes (0- 15 ), 
without severe erosion 
or instability.

Cut platforms in insitu 
terrain.

Insitu terrain with 
slopes between 
15 & 30°, without 
severe erosion or 
instability.
Insitu terrain of gentle 
slopes associated with 
drainage, but w:th no 
instability.

Colluvial terrain with • 
gentle slopes (0-15 ), 
without severe erosion 
or instability.

Insitu terrain with, 
slopes between 
30 &60°. without 
severe erosion or 
instability.
Insitu terrain less than 
15 , with history of 
landslips.

Colluvial terrain less 
than 15 , with evidence 
of instability.

High to moderate fill- 
slopes.

Very steep insitu slopes 
( >60°) and cliffs.

Steep to very steep 
insitu and colluvial 
slopes, with history 
of instability.

Colluvial terrain with 
gentle slopes, but 
associated with 
instability and drainage.

NOTE THIS CLASSIFICATION SYSTEM IS INTENDED AS A GUIDE TO PLANNERS AND IS NOT TO BE USED 
FOR A DETAILED GEOTECHNICAL APPRAISAL OF INDIVIDUAL SITES

T.  St Sl  ( Or al  di scuss i on)

SURVEYI NG POTENTI AL LANDSLI DE RI SK ZONES I N SWEDEN

The surveying of potential landslide risk zones 
in developed areas has been in progress in 
Sweden for the last two years. The long-term 
object is to take preventive measures in these 
areas to give the people who live and work 
there a greater sense of security. The Swedish 
Geotechnical Institute was commissioned by the 
Government to carry out this work following the 
big landslide at Tuve.

The frequency of slides in clay in Sweden has 
increased during the twentieth century. During 
the last month we have had 3 slides. Most of 
the slides have been caused by human activi­
ties .

The cost of damage that has occurred can now be 
estimated at 50 to 100 million Swedish kronor 
per year.
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Fig. 1.

Zones of landslides
Primary 

Secondary j  r'ŝ  >nterest

Fig. 1 shows the areas in Sweden where most of 
the landslides have occurred. These zones are 
regarded in this survey as zones of primary 
interest. The total area of clay in these zones 
is about 5000 square kilometres.

Because of greatly restricted financial re­
sources, the survey will only cover a minor 
part of the areas of primary interest, mainly 
those with the highest frequency of previous 
landslides in the west coast region of Sweden.

The survey work has been divided into five 
stages. The first stage consists of locating 
areas of clay within the boundaries of the 
developed areas where the ground surface slopes 
more steeply than 1 in 50. This is a first, 
rough sorting out of the areas in which there 
are physical conditions for instability. These 
maps have been issued officially and the local 
authorities must ensure that no new buildings 
are constructed and that no changes are made 
in the ground levels in potential risk zones, 
before detailed stability calculations have 
been carried out.

The remaining four stages included in this 
overall survey are aimed at successively re­
ducing the area of the potential risk zones.
The four stages consist of: file investiga­
tions, terrain classifications, field in­
vestigations and stability calculations.

The terrain classification involves dividing 
the areas into sub-areas with different con­
ditions for instability. The division is 
carried out on the basis of high pore pressure 
potential or high shear stress potential. The 
sub-areas that do not contain either of these 
risk elements can be excluded from further 
investigations. The risk areas are further 
divided into three degrees of priority, which 
take into account the slope height and the 
depth of clay.

Finally general stability calculations are 
carried out in order to obtain a rough assess­
ment of the risk factor for the initial slides. 
It is the intention to rank the priority of 
the individual zones on the basis of assessed 
risk level. The final report will be issued 
in two years on maps showing the remaining 
pontential risk zones.

To avoid creating unrest among those who live 
and work in these risk zones and to prevent a 
drop in property values, the survey work in 
progress must be completed with detailed in­
vestigations, and preventive measures against 
slides must be taken where this if found 
necessary. Our survey work may otherwise cause 
more harm than good.

T. B.  Edi l  ( Or al  di scuss i on)

COASTAL LANDSLI DE HAZARD ZONI NG

Dét er mi nat i on des Zones à Haut  Ri sque de Gl i ssement  de 

Ter r ai n dans l es Régi ons Côt i èr es

This discussion is about the main factors which 
should be taken into account in establishing a 
landslide hazard zoning based on regional exper­
ience. The factors considered for such a zoning 
effort for the coastal areas of the state of Wis­
consin in the Great Lakes region of North America 
are presented herein. Much of the shoreline of 
Lakes Michigan and Superior in Wisconsin is an 
area of high, steep bluffs developed in uncon­
solidated glacial deposits. Most of these de­
posits are fine-grained sediments subjected per­

iodically to accelerated wave erosion due to 
fluctuating lake water levels. Extensive damage 
to property takes place due to resulting land­
slides and complex slope processes (Edil and 
Vallejo, 1977; Vallejo and Edil, 1979). These 
bluffs are natural slopes which may be subject 
to rapid evolution under the action of waves and 
other environmental forces such as surface run­
off, rain impact, freezing and thawing, etc. 
Factors considered for hazard zoning in this 
coastal area included the following:
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1. Coastal conditions: Since wave action is 
the main triggering mechanism for initiating and 
perpetuating the mass-wasting processes in 
coastal slopes its significance has to be as­
sessed. In this connection presence of shore 
protection structures, harbors, and geomorpholo- 
gical features such as wetlands and terraces are 
important. In unprotected bluff areas the se­
verity of wave action in terms of both the ero­
sion of native bluff materials and the removal 
of mass-wasting materials collected at the toe 
are to be considered. Influencing factors in­
clude wave energy (wind velocity, duration and 
fetch) and erodibility of coastal materials. 
Quantitative analysis of aerial photographs 
taken at different times combined with on-ground 
measurements has been useful in determining 
erosion rates.

2. Geological and qeotechnical investiga­
tions : These are usually limited in extent and 
generalizations are required. Relationship of 
geotechnical properties to glacial stratigraphie 
units along Wisconsin's Lake Michigan shoreline 
has been developed and used successfully 
(Mickelson et al, 1979).

3. Probabilistic techniques: By its very 
nature, hazard zoning requires the use of such 
techniques for: (a) assigning hazard potential 
and (b) choosing slope stability parameters. A 
probabilistic approach, utilizing the known li­
mited information on soil properties, bluff ge­
ometry and stratigraphy, and groundwater condi­
tions along with the Monte Carlo method of gen­
erating distribution of these variables has 
been used effectively for landslide hazard po­

R. K.  Bhandar i  ( Or al  di scuss i on;  i nvi t ed)

" SLI DE WARNI NG SYSTEMS AND METHODS OF PREVENTI ON OF 
LANDSLI DES"

DETECTI ON OF AVALANCHES

I n I ndi a,  ever y  year ,  dozens of  peopl e get  bur i ed 

under  aval anches t hat  pl ay havoc wi t h pr oper t y  and 

communi cat i on sys t em i nf l i c t i ng unt ol d mi ser y  and 

st agger i ng economi c  l oss.  I n cent r al  Eur ope al one 

near l y  100 peopl e get  k i l l ed ever y  y ear  by  aval anches;  

t he number  of  v i c t i ms al l  over  t he wor l d i s f ar  gr eat er .

OBJECTI VE

Det ect i on of  an aval anche r el ease i s essent i al  so 

t hat :

( a)  Measur i ng dev i ces,  t aper ecor der s ,  camer as 

et c.  coul d be swi t ched on.

( b)  Peopl e coul d be war ned,  r oads coul d be c l osed 

i n t i me,  and peopl e car r i ed t o shel t er s .

( c)  Assessment  coul d be made,  based on aval anche 

speed,  i f  vehi c l es  coul d t r avel  past  t he hazar d

tential assessment along the southwestern Lake 
Superior shoreline (Schultz, 1980).

4. Set-back zoning in undeveloped coastal 
areas: In order to minimize future economic 
losses, development in coastal areas may be 
limited to zones set back a certain distance 
from the shoreline.

5. Slope stabilization if economical: When 
there is extensive development in the tableland, 
structural solutions are considered. Complete 
design must include shore protection, slope 
stabilization, vegetation, etc. (Edil, 1980)
(see the table below).
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zone i n t i me or  t hey  ar e got  t o be st opped.

( d)  Road c l ear i ng or  s t abi l i zat i on oper at i ons  coul d 

be pl anned.

( e)  Resear ches coul d be advanced t o i mpr ove concer ned 

t echnol ogy .

DEVI CES FOR DETECTI ON OF AVALANCHE RELEASE

( a)  Wi r e or  speci al  swi t ches oper at ed by snow 

pr essur e t hat  el ec t r i cal l y  or  hydr aul i cal l y  r el ease 

si gnal s .  The sys t em can be used onl y  f or  one aval anche 

r el ease and t her eaf t er  r equi r es  new wi r es  t o be 

f i xed.  The t hr eat  bv secondar y  aval anches or  t hose 

occur i na i n aui ck  success i on woul d t her ef or e r emai n.

( b)  El ast i c  swi t ch pol es whi ch t ur n t o an upr i ght  

posi t i on,  ar e al so used.  These however ,  cannot ,  

cont r ol  an ex t ended ar ea.

( c)  For  speed measur ement s  of  expl os i on- i nduced

PROCESSES SOLU*]
STRUCTURAL (STABILIZATION): DESIGN

’IONS
NONSTRUCTURAL (MANAGEMENT): PREDICTION

TOE EROSION SHORE PROTECTION (groins, seawalls, etc.) SHORE RECESSION RATE (long-term,cyclic!

DEEP ROTATIONAL 
SLIPS

SLOPE STABILIZATION (regrading, dewater.) STABLE SLOPE ANGLE AGAINST DEEP SLIPS

FACE DEGRADATION 
AND SHALLOW SLIPS

SURFACE PROTECTION (vegetation, drainage) ULTIMATE ANGLE OF STABILITY
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aval anches,  phot o- el ec t r i cal  bar r i er s  ar e somet i mes 

used.  However ,  t o keep t he opt i cs  f r ee of  snow i s 

as much a pr obl em as t he c l os i ng of  r oad under  t he 

t hr eat  of  an aval anche.

( d)  Pul sed Radar ,  di scussed her ei n.

TYPES OF RADAR

1.  Smal l  economi cal  and s i mpl e dev i ces  used f or  con ­

t r ol l i ng speeds of  vehi c l es  or  t hose used f or  r ai s i ng 

al ar m agai ns t  t hi eves .  These have a r ange of  about  

40m whi ch i s l ow.  Bes i des ,  ever y t hi ng wi t hi n t he 

r esponse ar ea i s r ecor ded.  For  exampl e,  an i nsect

i n f r ont  of  r adar  ant enna can pr ovoke mor e si gnal  

t han a di s t i nc t  snow sl i de.

Thi s t ype of  Radar  i s t her ef or e not  ver y  usef ul .

2.  Pul se Radar  pr ov i des a r ange of  about  5km agai ns t  

t ar get s  wi t h a Radar  c r oss- sec t i on of  l m2,  i f  mag ­

net r ons of  5 kw peak power  ar e used wi t h f r equency  of

10 GHz.

What  does t he Radar  do?

1.  I t  det er mi nes  t he r el ease t i me t o t he pr ec i s i on of  
a second.

2.  Measur es  speed of  aval anche,  and var i at i ons  i n t he 
speed.

3.  Fr i c t i on on s l i di ng sur f ace of  t he aval anche al so 
be es t i mat ed f r om t he knowl edge of  speed of  movement .

Radar  can be mount ed on an st abl e oppos i t e s l ope( Fi g 1) .

As soon as t he i ni t i at i on of  movement  i s det ect ed,  

war ni ng coul d be f l ashed out  f or  pr ot ect i on.  For  

c l os i ng and openi ng of  hi ghways at  t he t i me of  aval ­

anches,  Fr i t zsche ( 1979)  has obser ved cer t ai n speed 
r el at i ons .  For  hi qhwavs wher e a mi ni mum speed of  

36 km/ hour  may be expect ed,  a pr ot ec t i on di s t ance of  

¿¿Om wi l l  be poss i bl e f or  an aval anche t r ack of  1km.  

For  or di nar y  r oads,  i f  vehi c l e speed of  onl y  about  

18 km/ hour  i s expect ed,  a pr ot ec t ed di s t ance of  125m 
wi l l  be poss i bl e f or  an aval anche t r ack  of  1km.  The 

pl an v i ew i s shown i n Fi g 2.

J f  t i mel y  war ni ng does ' not  r each,  Radar  can once 

agai n come t o r escue by ai di ng sear ch of  aval anche 

v i c t i ms ( Fi g 3) .  The f i r s t  aval anche v i c t i m det ec t or  

came f r om Bachl er  : t r ansmi t t er  200 KHz,  t r ans i s t or  

as r ecei ver .  The f i r s t  one used i n pr act i ce was 

devel oped by Lawt on i n 1969,  but  i t s wei ght  was t oo 

hi gh.  Now t he f r equency of  2275 Hz makes  t hi s syst em 

cons i der abl y  cheaper .  I n Aust r i a,  t he Techni cal  

Uni ver s i t y  of  Gr az has devel oped a sys t em known as

Pi eps 1 wor k i ng on t he same f r equency  but  hav i ng l esser  

wei ght .  I n 1973,  t he Swi ss Ar my di d i nt r oduce a 

t r ansmi t t er - r ecei ver  syst ems ' VS 68'  oper at i ng on a 

f r equency of  457 KHz ( wei ght  300 gms) .  I n 1978 however ,  

an i mpr oved model  ( Pi eps 2)  was i nt r oduced.  I t  wor ks  

on t he R6 bat t er i es  and r eaches a t echni cal  r ange 

of  appr ox i mat el y  45m t r ansmi t t i ng t i me 500h.

( Fr i t zsche,  1979) .

I n homogenous snow ( dr y or  humi d)  t he sear ch of  av al ­

anche v i c t i ms i s qui t e easy .  Pr obl ems ar i se,  however ,  

when snow cont ai ns  l umps t hat  cause r ef l ec t i ons  

s i mi l ar  t o t hose by t he human body.  Wel l  t r ai ned 

oper at or s  ar e t her ef or e needed f or  r ecogni s i ng such 

pseudo- t ar get s  ( Schogel  and Fr i t zsche,  1974) .
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WARNING PROCEDURES FOR POTENTIAL LANDSLIDES -  EXPERIENCES 

IN THE UNITED STATES
Des P ro c é d é s  d i v e r t i s s e m e n t  d 'u n  Eboulement de T e r r e  Po­

t e n t i e l  -  ce  q 'o n  F a i t  aux E t a t s - U n i s

L a n d s l id e  r e s e a r c h e r s  commonly t h i n k  p r i m a r i l y  o f  

“ h a rdw are"  i n  c o n s i d e r i n g  w a rn in g  s y s t e m s .  Keep 1n mind, 

how ever ,  t h a t  w arn in g  p r o c e d u r e s ,  I . e . ,  t h e  means o f  

I s s u i n g  w a rn in g s  t o  r e s p o n s i b l e  governm ent  o f f i c i a l s  and 

th e  p u b l i c ,  a r e  a v i t a l  a s p e c t  o f  arçy l a n d s l i d e  w arn in g  

s y s te m .

In t h e  “D i s a s t e r  R e l i e f  Act o f  1974" t h e  C o n g ress  o f  

t h e  U n i te d  S t a t e s  s t a t e d  t h a t  " t h e  P r e s i d e n t  s h a l l  d i r e c t  

a p p r o p r i a t e  F e d e ra l  a g e n c i e s  t o  p r o v i d e  t e c h n i c a l  

a s s i s t a n c e  t o  S t a t e  and lo c a l  governm en ts  t o  I n s u r e  t h a t  

t i m e l y  and e f f e c t i v e  d i s a s t e r  w a rn in g  1s p r o v i d e d . "  

R e s p o n s i b i l i t y  f o r  d o ing  so  w i th  r e s p e c t  t o  l a n d s l i d e s  

and o t h e r  g e o l o g i c  h a z a r d s  was d e l e g a t e d  t o  t h e  U.S. 

G e o lo g ic a l  S u rv e y ,  ¿te t h e  f i r s t  s t e p  1n d i s c h a r g i n g  t h i s  

r e s p o n s i b i l i t y ,  t h e  USGS I s s u e d  a s t a t e m e n t  o f  “Warning 

and P re p a re d n e s s  f o r  G e o l o g i c - R e l a t e d  H a z a rd s - - P ro p o s e d  

P ro c e d u re s "  (U .S .  D ep a r tm en t  o f  t h e  I n t e r i o r ,  1 9 77) .  In 

t h i s  s t a t e m e n t ,  a g e o lo g ic  h a z a r d  was d e f i n e d  a s  "a  

g e o l o g i c a l  c o n d i t i o n ,  p r o c e s s ,  o r  p o t e n t i a l  e v e n t  t h a t  

p o se s  a t h r e a t  t o  t h e  h e a l t h ,  s a f e t y ,  o r  w e l f a r e  o f  a 

g roup  o f  c i t i z e n s  o r  t o  t h e  f u n c t i o n s  o r  econony o f  a 

conm unity  o r  l a r g e r  g o vernm en ta l  e n t i t y "  ( p .  1 9 2 9 2 ) .

T h ree  c a t e g o r i e s  o f  "w arn ing"  were s e t  up u n d e r  t h i s  

s t a t e m e n t ;  dep en d in g  on t h e  m agn i tude  o f  r i s k  and t h e  

t im e  o f  p o t e n t i a l  o c c u r r e n c e  o f  t h e  g e o l o g i c  p r o c e s s ,  a 

h a z a rd  n o t i f i c a t i o n  1s I s s u e d  as  a n o t i c e ,  a w a tc h ,  o r  a 

w a r n in g .  These  c a t e g o r i e s  a r e  d e f i n e d  a s  f o l l o w s :

" N o t i c e  o f  p o t e n t i a l  h a z a r d - -T h e

com m unica t ion  o f  I n f o r m a t i o n  on t h e  

l o c a t i o n  and p o s s i b l e  m ag n i tu d e  o r  

g e o l o g i c  e f f e c t s  o f  a p o t e n t i a l l y  

h a z a rd o u s  g e o lo g ic  e v e n t ,  p r o c e s s ,  o r  

c o n d i t i o n .

“H aza rd  w a tch — The com m unlcat ion  o f  

I n f o r m a t i o n ,  a s  I t  d e v e lo p s  from a 

m o n i t o r i n g  program  o r  f rom o b s e rv e d  

p r e c u r s o r  phenomena, t h a t  a p o t e n t i a l l y

■ B.L.  Schus t er  and D. R.  Ni chol s  ( Or al  di sscuss i on)

T. Ltfken ( W r i t t e n  d i s c u s s i o n )

MAPPING OF POTENTIAL QUICK LANDSLIDE AREAS IN NORWAY

The geomor pho l ogy  of  Nor way  c l ear l y  r e f l ec t s  t he g l ac i a l  

ac t i v i t y  dur i ng  s ev er a l  per i ods  of  ex t ens i v e  g l ac i at i ons .  

I n t he v a l l ey  and f j or d d i s t r i c t s  of  wes t e r n  and nor t her n  

Nor way  c har ac t e r i z ed  by  s t eep mount a i n  s l opes  and bedr oc k  

c l i f f s ,  s now av al anc hes  and r oc k f a l l s  oc c ur  ev er y  year .  

Wher eas  i n t he l owl and r egi ons  a r ound t he Os l o f j o r d  and 

Tr ondhe i ms f j o r d ,  wher e l ar ge ar eas  wi t h  s of t  pos t g l ac i a l  

mar i ne c l ay s  ar e enc ount er ed,  qu i c k  c l ay  l ands l i des  ar e 

r e l a t i v e l y  common .

c a t a s t r o p h i c  e v e n t  o f  g e n e r a l l y  

p r e d i c t a b l e  m agn i tude  may be Imminent i n  a 

g e n e r a l  a r e a  o r  r e g i o n  and  w i t h i n  an 

I n d e f i n i t e  t im e  p e r i o d  ( p o s s i b l y  months o r  

. y e a r s ) .

"H azard  w arn1ng--T he  c o m n u n ic a t io n  o f  

I n f o r m a t io n  ( p r e d i c t i o n )  as  t o  t h e  t im e  

( p o s s i b l y  w i t h i n  days  o r  h o u r s ) ,  l o c a t i o n ,  

and m agn i tude  o f  a p o t e n t i a l l y  d i s a s t r o u s  

g e o l o g i c  e v e n t  o r  p r o c e s s "  ( p .  19292) .

To d a t e  u n d e r  t h i s  s y s t e m ,  “w a rn in g s "  have been 

I s s u e d  f o r  f o u r  l a n d s l i d e  h a z a rd s  o r  h a z a r d s  I n v o lv in g  

p o t e n t i a l  l a n d s l i d e s  a s  s i d e  e f f e c t s  o f  a n o t h e r  t y p e  o f  

g e o l o g i c  h a z a r d .  An i n t e r e s t i n g  example o f  t h e  I s s u in g  

o f  a "w arn ing"  u n d e r  t h i s  sy s tem  was t h e  1978 n o t i c e  o f  

p o t e n t i a l  h a z a rd  f o r  a  l a n d s l i d e  on P i l l a r  Mounta in 

a d j a c e n t  t o  t h e  h a r b o r  o f  t h e  C i t y  o f  K od iak ,  A la sk a .

The P i l l a r  Mounta in s l i d e ,  which a t  p r e s e n t  I s  

a p p r o x im a te ly  520 m wide a t  I t s  b a s e  and e x t e n d s  t o  an 

a l t i t u d e  o f  343 m, 1s b e l i e v e d  t o  be an a n c i e n t  s l i d e  

t h a t  1s 1n d a n g e r  o f  b e in g  r e a c t i v a t e d  b e c a u s e  o f  

e x c a v a t i o n  a t  i t s  t o e  (K a ch ad o o r lan  and S l a t e r ,  1 9 7 8 ) .  

Should  t h e  s l i d e  mass f a i l  a b r u p t l y ,  p e r h a p s  t r i g g e r e d  by 

an e a r t h q u a k e ,  1 t  would have t h e  p o t e n t i a l  o f  d i s p l a c i n g  

a l a r g e  volume o f  w a t e r  1n t h e  h a r b o r  and c r e a t i n g  a wave 

com p arab le  t o ,  o r  g r e a t e r  tlvan, t h e  d e s t r u c t i v e  tsunam i 

t h a t  h i t  t h e  C i ty  o f  Kodiak d u r in g  t h e  1964 Alaskan  

e a r t h q u a k e .  The i s s u a n c e  o f  t h e  n o t i c e  o f  p o t e n t i a l  

h a z a r d  had two p o s i t i v e  e f f e c t s :  (1)  a l e r t i n g  l o c a l  

o f f i c i a l s  and t h e  p o p u la c e  t o  t h e  d a n g e r ,  and (2)

I n d u c in g  t h e  S t a t e  o f  A laska  t o  p r o v i d e  f u n d in g  f o r  

stucly ,  I n s t r u m e n t a t i o n ,  and m o n i to r in g  o f  t h e  s l i d e  t o  

h e lp  1n s e l e c t i n g  methods o f  m i t i g a t i o n .  On t h e  o t h e r  

hand ,  l o c a l  o f f i c i a l s  and t h e  p e o p le  o f  Kodiak g e n e r a l l y  

w ere unhappy w i th  t h e  w a rn in g  b e c a u s e  o f  t h e  a l l e g e d  

n e g a t i v e  economic Im pac t  on th e  c i t y  and I t s  p o r t  

o p e r a t i o n s  c a u s e d  by p u b l i c i t y  g iv en  t h e  p o t e n t i a l  

h a z a r d .  Not t o  p r o v id e  such i n f o r m a t i o n ,  however,  c o u ld  

have  moral  and p o s s i b l y  l e g a l  I m p l i c a t i o n s .
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Due t o t he t i me and s c ope l i mi t a t i ons  o f  t h i s  s es s i on,

I  wi l l  c ons ent r at e on one of  t hes e pr oj ec t s ,  t he mappi ng 

of  pot ent i a l  qu i c k  c l ay  l ands l i de ar eas .  Mar i ne  c l ay  

depos i t s  i n Nor way  c ov er  appr ox i mat e l y  5000 k m2 , and 

about  1000 k m2 of  t hes e ar eas  may  pr es ent  a pot ent i a l  

qu i c k  c l ay  s l i d i ng danger .

The mappi ng s t ar t ed i n 1980 i n a p i l o t  ar ea of  t he 

Ver da l en  c ommuni t y  i n t he Tr ondhe i m r egi on,  and y i e l ded  

v er y  p r omi s i ng r es ul t s .  I n 1981,  NGI  has  j us t  s t ar t ed an 

e i gh t - y ear  nat i ona l  p r o j ec t  o f  mapp i ng 80% of  t he mar i ne 

c l ay  depos i t s .  The r emai n i ng  20% i s  c ons i der ed  t o l i e i n 

t he s mal l  and i s o l a t ed ar eas  i n t he s ev er al  na r r ow f j or ds  

a l ong t he c oas t  of  Nor way ,  and i s  t her e f or e  muc h  mor e 

ex pens i v e t o map t han maj o r  depos i t s  i n t he Os l o f j o r d  

and Tr ondhe i ms f j o r d  ar eas .

I n c onnec t i on  wi t h  al l  k i nds  o f  nat ur a l  haz ar ds  i n 

Nor way ,  a gov er nment a l  o r gani z at i on,  t he Nat i ona l  Fund 

f or  Nat ur a l  Di s as t er  As s i s t anc e ,  i s  r es pons i b l e  f or  

damage c ompens at i on,  s i t e i nv es t i ga t i ons  and bu i l d i ng  

of  nec es s ar y  s af et y  s t r uc t ur es .  The Nor wegi an 

Geot ec hn i c a l  I ns t i t u t e has  been engaged  by  t hi s  

o r gan i z a t i on  as  t ec hni c a l  adv i s or y  c ons u l t an t  i n 

c onnec t i on  wi t h  s now av al anc hes ,  r oc k  f al l s  and s l i des ,  

ear t h and debr i s  f l ows  and c l ay  l ands l i des .  Dur i ng  t he 

l as t  y ear s ,  t hr ee p i l o t  p r o j ec t s  on nat ur a l  haz ar d  

mapp i ng  has  been  c ar r i ed  out  ( Hes t nes  and Li ed,  ( 1980) .

The mappi ng pr o j ec t  has  t he f o l l owi ng bas i c  pr i nc i p l es :

o Onl y  pot en t i a l  qu i c k  c l ay  l ands l i de ar eas  ar e 

c ons i der ed .  The f r equenc y  of  oc c ur r enc e and t he
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nat ur e  o f  qu i c k  c l ay  l ands l i des ,  i . e.  v er y  r ap i d 

f a i l ur e wi t hou t  any  p r ev i ous  war n i ng war r an t  t hi s .  

Qu i c k  c l ay  l ands l i des  c aus e t he l a r ges t  l i f e and 

p r oper t y  l osses .

0 The  mapp i ng  ai ms  at  de l i mi t i ng  qui c k  c l ay  ar eas  wi t h  

unf av our ab l e  t opogr aphy  wi t h  r es pec t  t o  pot ent i a l  

s l i de ac t i v i t y .  I n t hi s  s t age o f  mappi ng,  nei t her  

de t a i l ed  geo t ec hn i c a l  i nv es t i ga t i ons  nor  c a l c u l at i ons  

of  s l ope s t ab i l i t y  ar e per f or med .

The mapp i ng  i s  o r gan i z ed  as  c ooper a t i v e  e f f o r t  be t ween 

t he Nor weg i an  Geol og i c a l  Sur v ey  ( NGU)  and t he Nor weg i an  

Geot ec hn i c a l  I ns t i t u t e  ( NGI ) . An ex i s t i ng  nat i onal  

p r ogr amme by  NGU t o p r oduc e  Quat e r na r y  maps  has  been 

ac c e l er a t ed t o c ov er  al l  ac t ual  ar eas  wi t h  mar i ne  c l ay s .

NGI 1s i nv es t i ga t i on  i s  bas ed  on a i r phot o  i n t er pr e t a t i on  

c ombi ned wi t h  t opogr aph i c a l  maps  i n o r der  t o r eg i s t er  

ar eas  of  po t en t i a l  l ands l i des .  NGI  t hen c hec k s  i f  qui c k  

c l ay s  c an be f ound i n t hes e ar eas  ma i n l y  by  s i mpl e 

r ot at i ona l  s oundi ngs .

I f  qu i c k  c l ay  i s  f ound i n s uc h an ar ea,  t he ar ea i s 

c l a i med as  a po t ent i a l  r i s k  o f  qu i c k  c l ay  l ands l i d i ng 

and z oned as  s uc h on t he haz a r d  maps .  On t he o t her  hand ,  

i f  no qui c k  c l ay  i s  f ound,  t he r eg i s t er ed ar eas  wi l l  

hav e no z oni ng on t he maps .

I n Nor way  t he nat i onal  bu i l d i ng  c ode s t at es :  " Gr ound 

c an on l y  be bu i l t  on i f  t her e i s  s uf f i c i en t  s af et y  

aga i ns t  s ubs i denc e,  i nundat i on,  l ands l i des ,  et c . " .

Thi s  i mpl i es  t ha t  wi t h i n  t he z oned ar eas ,  geo t ec hn i c a l  

c ons u l t an t s  s houl d be engaged  i n t he f ut ur e bef or e  any

J. . N.  Hut chi nson,  Co- Chai r man

LANDSLI DE HAZARD ZONI NG.  CLOSI NG REMARKS

For  many  geot echni cal  engi neer s ,  f ami l i ar  wi t h t he con ­

s i der abl e di f f i cul t y  of  dec i di ng t he f ac t or  of  saf et y  of  

a s i ngl e s l ope,  even wi t h t he benef i t  of  a compr ehens i ve 

s i t e i nves t i gat i on and l abor at or y  pr ogr amme,  t her e i s a 

nat ur al  t endency  t o be scept i cal  of  t he val ue of  t he 

met hods  by whi ch r egi onal  hazar d zonat i on i s car r i ed out .

1 hope t hat  t hi s af t er noon' s  di scuss i on has shown s ome­

t hi ng of  t he val ue of  such zonat i ons .

Bef or e we l eave t hi s subj ect ,  i t  i s wel l  t o r emember  t hat

A. J.  da Cost a Nunes ( Or al  di scuss i on)

MI CRO- ANCHORS

1.  I NTRODUCTI ON

The use of  pr es t r essed,  gr out ed t i e- backs i n s l ope r e ­

t ai ni ng wal l s  dur i ng t he l as t  t went y  year s  has i nspi r ed 

t he devel opment  of  a new,  mor e economi cal  met hod f or  sup 
por t i ng ver t i cal  wal l - r et ai ni ng f i l l s usi ng pr es t r esse? 

anchor s i ns t al l ed dur i ng f i l l  pl acement .  Thi s new pr o ­

cess,  cal l ed mi c r o- anchor i ng,  has been i n use s i nce 1977.

2.  ANCHOR COMPONENTS ( See Fi gur e)

Mi cr o- anchor s  cons i s t  of  pr es t r essed,  ungr out ed anchor s 

wi t h smal l  wor k i ng l oads,  composed of  pr ef abr i cat ed hor i  

zont al  pl at es set  wi t hi n t he f i l l  dur i ng i t s pl acement '  

and compact i on,  and whose ot her  component s ( r ods and f i ­

x i ng heads)  ar e s i mi l ar  t o t hose used f or  gr out ed an­

chor s.  The r et ai ni ng wal l s  ar e made of  r ei nf or ced concr e 

t e,  pour ed- i n- pl ace or  pr ef abr i cat ed sl abs or  smal l  ver ­

t i cal  col umns j oi ned t o s l abs,  i ns t al l ed manual l y  or  by

k i nd  of  c ons t r uc t i on  ac t i v i t y  i s s t ar t ed .

The map wi t h  z oned ar eas  " whi c h hav e a pot en t i a l  r i s k  

of  qu i c k  c l ay  l ands l i d e s " , wi l l  be p r oduc ed  i n t he s c al e

1 : 20 000 wi t h  5 m e l ev at i on  c ur v es .  ( I n s ome ar eas  a 

s c al e o f  1 : 50 000 may  be mor e ec onomi c al )  . Thi s  l ev el  

o f  mapp i ng  i s  f i nanc ed  by  t he Gov er nment ,  t o a t ot al  

c os t  of  Nk r .  10 mi l l .  I t  c an be ment i oned  t ha t  t he 

t ot al  r e f und  by  t he i ns ur anc e c ompani es  and c ompens at i on  

by  t he Nat i ona l  Fund  f or  Nat ur a l  Di s as t e r  As s i s t anc e  i n 

c onnec t i on  t o t he Ri s s a l ands l i de  ( Gr eger s en ,  1981)  was  

of  t he s ame or der .  Thi s  i mpl i es  t hat  i f  t he mapp i ng  

pr ogr amme c an p r ev en t  t he damage f r om one new s l i de of  

t he magn i t ude  of  t he Ri s s a s l i de,  t he i nv es t ment  wi l l  

hav e a l r eady  been  c os t  e f f ec t i v e .
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i n many  of  t he mount ai nous  r egi ons  of  t he wor l d,  and 

par t i cul ar l y  t hose such as t he Andes . and t he Hi mal ayas 

whi ch ar e mor e t ec t oni cal l y  act i ve,  t he hazar ds  pr es en ­

t ed by l ands l i des  can be par t i cul ar l y  sever e and l ead t o 

a gr eat  l oss of  l i f e.  The humani t ar i an and economi c  c on ­

t r i but i ons  whi ch can be made by l ands l i de hazar d zoni ng 

i n t hese r egi ons  i s ev i dent ,  and I bel i eve t hat  i t  i s 

par t  of  our  gener al  r espons i bi l i t y  t o do al l  we can t o 

encour age and f ur t her  such wor k .

us i ng l i ght  hoi s t i ng equi pment .  The mi c r o- anchor i ng pl a ­

t es whi ch t r ansmi t  t he l oads f r om t he r ods t o t he soi l  

ar e made up of  pr ef abr i cat ed r ei nf or ced concr et e sl abs (1) 

wi t h c r oss- sec t i ons  var y i ng f r om 6 x 30cm t o 8 x 30cm -  

and l engt hs f r om 2 t o 5m.  The anchor  r ods ( 2)  pass t hr ough 

a hol e al ong t he l ongi t udi nal  axi s of  t he sl abs and ar e 

f i xed at  t hei r  f ar  end( 3) .  The r ods ar e st eel  bar s or  -  

wi r es  al t hough of t ent i mes bar s made of  r esi ns r ei nf or ced 

wi t h f i ber gl ass ar e used i n hi ghl y  cor r os i ve soi l s .  The

914



st eel  bar s or  wi r es  shoul d be pr ot ec t ed by an ant i - cor r o ­

s i ve coat i ng.  The f i x i ng heads( 4)  ar e s i mpl y  a means oT 

connec t i ng t he anchor  r ods t o t he wa l l ( 5)  af t er  t he pr e ­

s t r ess i ng has been appl i ed.

3.  STATI C CALCULATI ONS

A r et ai ni ng wal l  i s cons i der ed t o be subj ec t  t o act i ve 

t hr us t  l oads f r om t he pr oper  soi l  mass and f r om any 

act ual  or  f ut ur e appl i ed l oads.  The f l ex i bi l i t y  of  t he 

anchor  r ods per mi t s  t he wal l  t o suf f er  t he necessar y  de ­

f or mat i ons  f or  devel opment  of  t he act i ve t hr ust .

Under  t he act i on of  t he hor i zont al  component s of  t hese 

l oads,  t he wal l  i s suppor t ed by t he anchor  r ods by pl a ­

c i ng t hem i n t ensi on.  I n t he case of  pour ed- i n- pl ace 

wal l s ,  t he sys t em can be cons i der ed t o be s i mi l ar ,  f or  

s t at i c  cal  cul at i ons , t o a f l at  s l ab whose col umns ar e t he 

anchor  r ods.  The cal  cul at i  ons ar e made usi ng t he s i mpl i ­

f i ed met hods whi ch have shown t o pr ov i de sat i s f ac t or y  

r esul t s .  Af t er  t he wor k i ng l oads of  t he anchor s have 

been det er mi ned,  t he bendi ng moment s  f or  t he var i ous waTl  

sect i ons  ar e cal cul at ed.  The wal l  t hi ckness  i s,  i n gene­
r al ,  det er mi ned f r om t he punchi ng shear  r es i s t ance t o 

t he l oad t r ansmi t ed f r om t he anchor  r ods whi ch shoul d i n 

t ur n be des i gned t o wi t hs t and t hese l oads and al so t hose 

appl i ed dur i ng t est s.

4.  ANCHOR STRENGTH

The capac i t y  of  each anchor  s l ab depends on i t s shape,  

di mens i ons ,  dept h and on t he l ocal  soi l  char act er i s t i cs .  

Under  t he l oads of  t he anchor  r od t he s l ab r es i st s,  si  ̂

mi l ar  t o a pi l e,  t hr ough i t s t i p r es i s t ance as wel l  as 

t hr ough i t s per i met er  r es i s t ance ( f r i c t i on and adhesi on) .  

Fr om t hi s pr i nc i pl e comes t he t heor et i cal  met hod f or  caj ^ 

cul at i ng t he l oad capaci t y .  I n pr ac t i ce,  t hese val ues 

ar e al ways t est ed dur i ng const r uc t i on t hr ough t he pr e-  

s t r ess i nq and t es t i ng pr ocedur es .  Pr ev i ous l y  obt ai ned - 

t est  val ues can be used t o eval uat e s t r engt hs  when soi l  

and s l ab mat er i al s  r emai n const ant  i n much t he same way 

as s t r engt hs  f or  gr out ed anchor s ar e based mor e on t est s 

t han on t heor et i cal  cons i der at i ons  f or  s oi l - anchor  i n­

t er act i on.

Bes i des t he soi 1- s l ab cont ac t  r es i s t ance,  t he compact ed 

soi l  mus t  have suf f i c i ent  s t r engt h t o r es i s t  t he s t r es s ­

es f r om a s i ngl e s l ab anchor  as wel l  as t hose f r om t he 

gr oup act i on of  t he s l ab anchor s .  Ther e ar e var i ous me ­

t hods f or  eval uat i ng t hi s s t r engt h,  cal l ed " i nt er nal  
s t r engt h" ,  one of  whi ch i s pr esent ed i n t he paper  by 

Ranke and Os t er mayer  ( 1968) .

I n t he s t udy of  soi l  s t r engt h i t  i s al so necessar y  t o -  

cons i der  t he cr eep ef f ec t  whi ch r esul t s i n t he s hor t en ­

i ng of  t he f r ee l engt h of  t he anchor  r od wi t h a decr ease 

i n i t s pr es t r ess i ng l oad.

Anot her  f ai l ur e f or m whi ch shoul d be exami ned i s t he so-

A. W.  Ma l one ( Wr i t t en di scuss i on)

TI MI NG OF LANDSLI DES I N HONG KONG I N RELATI ON TO RAI NFALL

Thi s  cont r i but i on deal s  wi t h one aspec t  of  obser vat i ons  

of  some 87 l ands l i des  r ecor ded i n Hong Kong i n t he year s

1978, 1979 and 1980; namel y  t he t i mi ng of  t he l ands l i des  

i n r el at i on t o r ai nf al l .

Hong Kong r ecei ves  on aver age 2. 2m of  r ai n annual l y .  I n 

1978 2. 1m of  r ai n f el l  i n t he 6 summer  mont hs  of  May  t o 

Oc t ober .  51 l ands l i des  wer e r ecor ded by  t he gover nment  

depar t ment  concer ned wi t h bui l di ng saf et y,  al t hough 

undoubt edl y  many  mor e occur r ed.  I n 1979,  28 l ands l i des  

wer e r ecor ded and i n 1980,  a ver y  dr y  year ,  onl y  8 wer e 
r ecor ded.  ( The 87 cases r epor t ed her e i nc l ude f ai l ur es  i n 

soi l  and decomposed r ock  cut t i ngs  and f i l l  s l opes,  boul der

cal l ed " ext er nal  f ai l ur e"  cons i der ed t o occur  al ong a 

c i r cul ar . cy l i ndr i cal  sur f ace pass i ng t hr ough t he base of  

t he wal l  ( or  bel ow i t  i f  we ar e deal i ng wi t h f i l l  pl aced 

over  sof t  soi l s)  and behi nd t he anchor s .

5.  TESTS

The t est  met hods used f or  mi c r o- anchor s  t o ver i f y  t hei r  

adequacy f or  t he act ual  s i t e condi t i ons ar e t hose cont ai n 

ed i n Br az i l i an s t andar d NB- 565/ 77 f or  gr out ed anchor sT 

t hat  i s,  accept ance,  bas i c  and qual i f i cat i on t est s.

The accept ance t est s ar e per f or med on al l  t he anchor s be 

f or e t hei r  bei ng connect ed t o t he wal l  t o ver i f y  t hei r  

s t r engt h and t hat  of  t he adj acent  soi l .  The l oad i s 

appl i ed t i l l  80% of  t he t es t  l oad l i mi t  ( whi ch i s a t mos t  

equal  t o 90% of  t he y i el di ng l oad f or  t he anchor  r ods)  at  

whi ch t i me di spl acement s  ar e measur ed unt i l  st abi l i zat i on 

i s r eached,  al t hough t he l oad must  be mai nt ai ned f or  at  

l east  15 mi nut es  i n cohesi ve soi l s  or  5 mi nut es i n non-  

cohesi ve soi l s .  I n t en per cent  of  t he anchor s t he l oads 
ar e appl i ed t i l l  t he t es t  l oad l i mi t .

The bas i c  and qual i f i cat i on t est s ar e mor e sophi s t i cat ed 

t est s des i gned t o det er mi ne mor e compl et el y  t he char act e 

r i s t i cs of  t he anchor s t o be t est ed.  The di f f er ence bet r  

ween t hem i s t hat  i n t he bas i c  t es t  a pos t er i or  ex c av a ­

t i on i s made t o exami ne " i n si t u"  t he anchor  s l ab and i t s 

cont act  wi t h t he soi l .  The t wo t est s ar e s i mi l ar  i n al l  

ot her  r espect s:  t he anchor s ar e l oaded i n var i ous cycl es 

f r om an i ni t i al  val ue F0> whi ch i s not  gr eat er  t han 10% 

of  t he anchor  r od y i el di ng l oad,  and each cycl e i s com­

posed of  i ncr eas i ng l oad s t ages,  var y i ng at  t he most  15% 

of  t he r od y i el di ng l oad,  wi t h each st age bei ng mai nt ai n 

ed unt i l  s t abi l i zat i on i s obt ai ned.  Af t er  t he max i mum - 

l oad f or  each cycl e i s r eached and s t abi l i zat i on i s ob ­

t ai ned,  t he l oad i s r educed t o t he i ni t i al  val ue F0 . A 

new l oad cycl e i s t hen begun.

Pl ot s of  l oad vs.  di spl acement  and t i me vs.  di spl acement  

ar e made f or  al l  t ypes of  t est s per f or med.  Load vs.  el as 

t i c  di spl acement  and l oad vs.  pl as t i c  di spl acement  pl ot s 

ar e obt ai ned f r om t he l oad vs.  di spl acement  cur ves and 

ar e used t o cal cul at e and ver i f y  t he f r ee l engt hs of  t he 

anchor  r ods and soi l - r od f r i c t i on.  The cr eep c har ac t e r ^  
t i cs of  t he soi l  ar e det er mi ned f or  each l oad st age f r om 

t he t i me vs.  di spl acement  cur ve.

6.  REFERENCES

6. 1 NB- 565 ( 1977)  -  Nor mas Br as i l ei r as  par a Est r ut u-  

r as Ancor adas no Ter r eno e par a Ancor agens I nj et a 

das no Ter r eno -  ABNT.

6. 2 Ranke,  Ar mi n and Os t er mayer ,  Hel mut  ( 1968)  -  Bei -  

t r ag Zur  St abi  1 i t at sunt er suchung.  Mehr f ach Ver an-  
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f al l s  and col l apses of  r et ai ni ng wal l a.  10 mor e cases ar e 

known,  but  f ul l  det ai l s  ar e not  avai l abl e) .  Mos t  of  t he 

l ands l i des  wer e snai l ,  bei ng l ess  t han 100 cu. m.  i n 

vol ume and qui t e shal l ow,  hav i ng dept h t o l engt h r at i o 

l ess  t han 0. 2.  However ,  sever al  wer e mor e t han 15m hi gh.

Now,  i t  i s  i nt ui t i vel y  obv i ous  t hat  a r ai ns t or m i s mor e 

l i kel y  t o gi ve r i se t o l ands l i des  i f  i t  occur s  at  a t i me 

when t he gr ound i s al r eady sat ur at ed.  To exami ne t he 

i mpor t ance of  ant ecedent  r ai nf al l  t he 87 r ecor ded 

l ands l i des  of  t he year s  1978,  1979 and 1980 wer e pl ot t ed 

i n t he f or m sugges t ed by  Lumb ( 1975) -  Rai nf al l  i n t he 

15 days  pr i or  t o t he l ands l i de i s pl ot t ed agai ns t
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r ai nf al l  on t he day of  t he l ands l i de*  On t hi s  bas i s  Lamb 

di s t i ngui shed bet ween " di sast er * *  days,  " seTer e"  days  and 

" mi nor "  days*  hi s c l ass i f i cat i on bei ng bas ed on number  of  

i noi dent s  per  day.

100 200 300 ¿00

15 DAYS R A IN F A L L  /  mm

500

D a t a  f o r  1 9 7 B -  1980

L a n d s l id e s  o c c u r r in g  o n  a d a y  w h e n  8 o r m ore  

la n d s l id e s  w e re  re c o rd e d  ( 3 d a y s  th u s )

L a n d s l id e s  o c c u r r in g  o n  a d a y  w h en  I l a n d s l id e  

o c c u r r e d  ( 22  d a y s  th u s  )

R e m a in in g  la n d s l id e s  ( 15 d a y s  )

A NT E CE DA NT  RAI NF AL L  AND PREDI CTI VE Z ONE S

a f W r  Lumb »9 7 5

I t  wi l l  be seen f r om exami nat i on of  t he above f i gur e 

t hat  t he dat a f or  t he 87 r ecor ded l ands l i des  i n t he 

year s  1978 t o 1980 ar e di spos ed gener al l y  as  mi ght  be 

expect ed,  i n t hat  t he dat a f or  l ands l i des  occur r i ng on a 

day  when onl y  one l ands l i de occur r ed t end t o f al l  i n t he 

l ess  sever e zones  t han t he dat a f or  l ands l i des  occur r i ng 

on a day when many  l ands l i des  occur r ed.  However  t he 

dat a ar e not  so wel l  di sposed as t hose pr esent ed by  Lumb 

and t he di f f i cul t i es  of  pr edi c t i on wi l l  be appar ent ;  

t hough i t  mus t  be s ai d t hat  t hi s  dat a i s  spar se compar ed 

t o t he dat a c i t ed by  hi m whi ch spans  many  year s,  

i nc l udi ng much mor e sever e year s  t han 1978,  1979 or  1980,

and does i nc l ude a pr edomi nance of  smal l  l ands l i des .

Pr ompt ed by  t he wor k  o f  Cr oz i er  and Gy l es  ( 1980)  i n New 

Zeal and,  t he t i mi ng of  f ai l ur es  i n r el at i on t o soi l  

moi s t ur e def i c i t  was  exami ned.  The soi l  moi s t ur e def i c i t  

dat a was  t aken f r om wor k  by  Leac h and Her ber t  ( 1982)  i n 

Hong Kong.

50.

30

20.

ft n , i1!
0 10 20 30 40 

SOI L M OISTURE OEFI CI Tlm m l

I t  i s  appar ent  f r om t he above f i gur e t hat  over  70$ of  t he 

f ai l ur es  r ecor ded t ook  pl ace on a day  when t he soi l  

moi s t ur e def i c i t  was  c l ose t o zer o -  2mm or  l ess .

I n Hong Kong,  wher e l ands l i des  pose a ser i ous  soc i al  and 
economi c  pr obl em a r el i abl e l ands l i de war ni ng sys t em 

woul d be of  gr eat  val ue.  These r esul t s  suggest  t hat  a 

war ni ng sys t em based on soi l  moi s t ur e def i c i t  and dai l y  

r ai nf al l  f or ecas t s  may  have pr omi se.
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J. N.  Hut chi nson,  Co- Chai r man 

SOME ADDI TI ONAL REMARKS

Concer ni ng met hods  of  gi v i ng war ni ng of  l andsl i des,  i t  

seems gener al l y  mor e pr omi s i ng,  and di r ect ,  t o moni t or  

pr e- s l i de movement s  al t hough,  as shown by G.  Car t i er ,  

moni t or i ng of  t he cor r espondi ng por e- wat er  pr essur es may 

al so be hel pf ul .

As a r esul t  of  t he gr eat  var i et y  of  good i nst r ument s  t hat  

have been devel oped,  case r ecor ds  of  pr e- s l i de movement  

ar e becomi ng numer ous .  I n addi t i on,  i t  i s now qui t e 

f eas i bl e t o i nst al l  syst ems whi ch ar e capabl e of  gi v i ng

aut omat i c  war ni ng of  i mpendi ng f ai l ur e.  The pr obl em 

r emai ns ,  however ,  of  dec i di ng what  l i mi t s of  movement  

can be t ol er at ed i n any  par t i cul ar  case.  To make pr ogr ess 

i n t hi s ar ea,  we need,  on t he one hand,  t o cont i nue t o 

make hi gh- qual i t y  obser vat i ons  of  pr e- f ai l ur e movement s  

i n al l  t ypes of  soi l  and r ock,  and on t he ot her  hand,  t o 

devel op sounder  geot echni cal / r heol ogi cal  t heor et i cal  and 

exper i ment al  bases agai ns t  whi ch t o compar e and eval uat e 

our  f i el d measur ement s .

N. .  Janbu,  Chai r man

CLOSURE OF SESSI ON AFTER ORAL DI SCUSSI ON

I n a shor t  whi l e t he Cl os i ng Sess i on f or  t he whol e 

conf er ence wi l l  t ake pl ace i n t hi s r oom.  We wi l l  

t her ef or e have t o wi nd up Sess i on 11 now.

I hope you wi l l  agr ee wi t h us t hat  as a whol e t hi s

Sess i on pr oved t o be success f ul ,  par t i cul ar l y  i n t he 

sense t hat  t he f l oor  has been ver y  ac t i ve dur i ng di s 

cuss i on per i ods .  Despi t e s t r i c t  t i mi ng,  sever al  

cont r i but i ons  f r om t he f l oor  had t o be r ef er r ed t o 

wr i t t en cont r i but i ons .  We apol ogi ze f or  t hat .
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A ver y  i mpor t ant  par t  of  t he Sess i on deal t  wi t h l and ­

s l i de war ni ng syst ems,  met hods  of  pr event i on,  and 

l ands l i de hazar d zoni ng.  These t opi cs  wer e gi ven par t i ­

cul ar  at t ent i on,  af t er  i nt r oduc t or y  sur veys f r om 

sever al  par t s of  t he wor l d.  New i deas about  t he pos s i ­

bi l i t y  of  advance det ec t i on of  l ands l i de have al so 

been pr esent ed t o us.  On t he ot her  hand,  t he i mpor t ant  

l egal  aspect s  of  pr oper t y  r ééval uat i on due t o hazar d 

zoni ng was not  cover ed adequat el y .  For  sever al  r easons,  

t her ef or e,  i t  i s adv i sabl e t hat  t hese new t opi cs f or m 

a par t  of  f ut ur e sess i ons on s l ope s t abi l i t y .

The c l ass i cal  t opi cs  of  s l ope s t abi l i t y ,  such as 

numer i cal  anal yses ,  shor t -  and l ongt er m cons i der at i ons ,  

and case r ecor d eval uat i ons  r ecei ved,  as usual ,  c ons i ­

der abl e at t ent i on.

Fr om a f undament al  poi nt  of  vi ew,  no maj or  new i deas 

wer e br ought  i n,  but  ev i dent l y  s t at i s t i cs ,  pr obabi l i t y  

and var i at i onal  t echni ques ar e bei ng used t o i ncr eas i ng 

degr ee.  So al so ar e f i ni t e el ement  anal yses ,  f i ni t e 

di f f er ences,  met hods  of  char ac t er i s t i cs  and vel oc i t y  

f i el ds .  Never t hel ess ,  i t  i s st i l l  t he model l i ng of  soi l  

behav i our ,  and t he cor r espondi ng soi l  par amet er s  t hat  

dec i de t he r el i abi l i t y  of  t he f i nal  numer i cal  r esul t .

I wi l l  summar i ze my  own opi ni on about  t oday ' s  st at e of  

ar t  i n s l ope s t abi l i t y  anal ys i s  as f ol l ows:

P. . M.  Acevedo,  A. L.  Kur zul ov i c  and J. P.  Mol i na ( Wr i t t en

di sc. )

ABOUT THE REGRESSI VE ANALYSI S APPLI CATI ONS

The Aut hor s  f eel  t hat  t he r egr ess i ve anal ys i s  

met hodol ogy  of  s l ope s t abi l i t y  desc r i bed i n t hei r  

paper ' ,  shoul d be accompl i shed wi t h an exampl e.  For  

t hi s pur pose,  i t  was anal ysed t he s l ope of  f i gur e 1,  

cons i der i ng

Y = 1. 85 ( t / m ) and Ysat  = 2, 10 ( t / m )

For  t he st at i c  case,  def i ned by = 0. 0 t he r esul t s 

of  t he Janbu' s  met hod of  anal ys i s^  ar e:

F( c = 1 ( t / m2) ,  ?  = 15f l ) = 0. 814 

F( c = 5 ( t / m2) ,  ?  = 35° )  = 2. 985

t hen appl y i ng equat i on ( 1) :

0. 814 = 5*  • 1, 0 + n*  • t g 152 

2, 985 = 5*  • 5. 0 + a* • t g 352

wher e:

K* = K ( G* ,  S \  u* ,  q* )
* _ » _★  _ * * * »

f! = ¡2 ( G , S , u , q )

-  we ar e over qual i f i ed t o car r y  out  numer i cal  anal yses .

-  we ar e,  by compar i son,  gr avel y  under qual i f i ed t o model  

act ual  soi l  behavi our .

Let  t hi s be a chal l enge t o us al l  f or  t he f ut ur e!

Al ong t he same l i ne:  The t ask of  des i gni ng a st abl e 

s l ope r equi r es  knowl edge of  soi l  behav i our  dur i ng a 

t r ans i t i on f r om one st at e of  equi l i br i um t o anot her ,  

di f f er ent  s t at e of  equi l i br i um -  but  st i l l  bel ow f ai l ur e,  

f or  suf f i c i ent  saf et y .  Si nce saf e des i gn i s a maj or  par t  

al so i n geot echni cal  engi neer i ng,  I dr aw t he f ol l owi ng 

conc l us i on:

-  we ar e doi ng much t oo much t est i ng on " st r engt h"  al one

-  by compar i son,  t he pr ef ai l ur e behav i our  of  soi l  st i l l  
r emai ns al mos t  unknown,  bot h f r om a f undament al  and

a pr act i cal  poi nt  of  vi ew.

Pl ease,  l et  us do somet hi ng about  i t ,  t o r emedy an al most  

i nt ol er abl e s i t uat i on.

I n c l os i ng,  l et  me,  on behal f  of  t he chai r manshi p,  be 

al l owed t o expr ess  our  gr at i t ude t o al l  cont r i but or s  

and par t i c i pant s  t o t hi s sessi on.  Thank  you -  al l  of  you!

Sol v i ng t he sys t em of  equat i ons ,  i s poss i bl e t o 

obt ai n:

5*  = 1. 695 

a* = 0, 360

Then f or  t he s l ope of  f i gur e 1 and k^ = 0. 0,  t he 

f ac t or  of  saf et y  i s def i ned by:

F = 1 . 695 • t g? + 0. 360 • c ( a)

I n t he same way ,  f or  t he sei smi c  case,  i s poss i bl e 

t o obt ai n:

F ( kh = 0. 1)  = 1. 460 • t gf  + 0. 321 • Z  ( b)

and

F ( kh = 0. 2)  = 1, 265 • t g? + 0. 290 • c ( c)

I n f i gur e 2 ar e pl ot t ed t he r el at i onshi ps  ( a) ,  ( b)  and

( c) ,  and t he r esul t s obt ai ned di r ec t l y  by means of  t he 

Janbu' s  met hod of  anal ys i s  ( dot s) .  Thi s  f i gur e i ndi ­

cat es a good agr eement  of  t he r egr ess i ve r el at i onshi ps  

f or  F and t he r esul t s  obt ai ned per f or mi ng di r ec t l y  a 

sl ope s t abi l i t y  anal ys i s .

Fi nal l y ,  i s poss i bl e t o anal yse t he ef f ec t  of  t he

scat t er i ng of  c" and J  . I t  i s assumed t hat  c- has
2

a mean val ue of  1 ( t / m ) ,  a max i mum pr obabl e of  1, 3 

( t / m2) and a mi ni mum pr obabl e of  0, 7 ( t / m2) ,  and 

a mean val ue of  30f l , a max i mum pr obabl e of  322 and a 

mi ni mum pr obabl e of  282 .
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Then i s poss i bl e t o dr aw- t he sys t em of  axi s  of  f i gur e 3 

and usi ng t he r el at i onshi p ( a) ,  dr aw t he cur ves wi t h 

cohes i on cons t ant  ĉ  = 0, 7 ( t / m2 ) .  c -■ 1, 0 ( t / m2) and 

c = 1. 3 ( t / m2) ,  and t he cur ves  wi t h angl e of  f r i c t i on 

cons t ant  i f  = 282 , ?  = 30s and ?  = 322 . The i nt er sec t i on 

of  t hese cur ves  def i nes t he mos t  pr obabl es  max i mum and 

mi ni mum val ues of  t he f ac t or  of  saf et y:  Fmax p= 1- 44 and

£ ( t / m*)

H---h
1 0 0 .7

c m«on 2 mm

ANALYSIS OF THE EFFECT OF THE SCATTERING 

OF {  AND £  IN THE SLOPE OF FIG. 1.

Fi g.  3

F . __= 1, 25,  because t he val ues  max i mum max i mor um and
mi np _  2

mi ni mum mi ni mor um,  F ( c = 1. 3 ( t / m ) ,  ♦ = 32a ) and 

F Cc = 0. 7 ( t / m2 ) ,  ^  = 28- )  ar e ex t r eme cases .
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T. K.  Chapl i n ( Wr i t t en di scuss i on)

ON CLOSI NG REMARKS BY THE CHAI RMAN

The Session Chairman (Prof. Janbu) has said that 
we are 'overqualified' in analysis; this seems 
open to question (for instance, de Josselin de 
Jong has pointed out that variational methods 
are invalid for slope stability). In current 
methods there are snags, and this contribution 
will also look at the work principle.

For the usual limit equilibrium, we use forces 
and moments. Unless the system is exactly in 
balance, uniform displacements (rotations) are 
implied when equating forces (moments). To get 
final equilibrium for a 'rigorous' solution, we 
typically have to use unbalanced forces. Thus 
we relate gravity & surcharge force movements to 
implied movements along the slip surface. Other 
(e.g. graben) deformation modes are not checked.

For a routine job it would hardly be practical 
to fully define the moving soil mass. But we 
might assume a simple displacement pattern in it 
by Eq. (1), see Fig. 1. At point P, velocity is

Vp = ( j ^ c o s ^ L / r ^ )  / j iCos6enLn/rn2 (1)
*+■

wh e r e  a p p l i e s  a t  t h e  mi d p o i n t  o f  s e c t i o n  n  o f

length L, . Work by gravity might use several 
parts of a slice. Internal shearing would often 
be ignored. Weights and surcharges are not now 
transmitted vertically downwards, so a more 
accurate vertical pressure might be given near 
the centre of a dam.
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In Britain, one assumes the main computer slice 
programs would be based on Bishop for circular 
surfaces, Morgenstern & Price for non-circular 
ones. Neither seems to specify any action if 
tension is implied, whether between slices or on 

slice bases (where u is large). An acceptable 
'rigorous' analysis would have the thrust line 
well within the moving mass, near the slip 
surface if close to a tension crack. Using the 
Morgenstern & Price method (with Morgenstern's 
own program, kindly given to the writer), one 
expects some of the thrust line outside the 
moving mass (even going off to infinity) if any 
tension occurs near the knee of the slope. The 
method may fail to converge for obscure reasons.

A slip surface which is a logarithmic spiral for 
reduced tp' , or a surface with the same physical 
property, has the same F for any normal pressure 
distribution on the failure surface (compatible 
with applied forces). If numerical methods omit 
steps to handle this, they could break down. As

the worst surface in uniform soil might be close 
to a spiral, this may not be a remote problem, 
but F is then insensitive to assumed stresses.

The 'conventional' method, as used by May and 
Brahtz in 1936 or earlier, can be made better in 
two ways: scaling all normal forces (by the same 
multiple, slightly above 1.0 in general) to get 
vertical force 'balance, and only where a slice 
is moving upwards, basing its base total force 
on W.seca instead of W.cosa (before scaling, the 
normal stress would equal the overburden stress). 
Especially if u is high, with these two changes 
it might give a good initial F value for a more 
complicated method.

To sum up, a 'black box' is only an aid to our 
engineering judgement and geological sense, and 
we must always stay wary. It would be wise to 
use more than one method on most near-critical 
failure surfaces, especially if the lowest 
acceptable F value is near or below 1.5.

S. S.  Cor i c  ( Wr i t t en di scussi on)

A CONTRI BUTI ON TO RESEARCH ON THE STABI LI TY OF NATURAL 

SLOPES

Cont r i but i on à l a Recher che de St abi l i t é des Pent es 

Nat ur el l es

T h i s  c o n t r i b u t i o n  c o n c e r n s  t h e  n a t u r a l  m u l t i  -  

l a y e r e d  s l o p e  s t a b i l i t y  (  M o k r o l u s k i  s t r e a m ,  

s o u t h  o f  B e l g r a d e  )  o n  w h i c h  a  n i n e  f l o o r  a p a ­

r t m e n t  b u i l d i n g  w i t h  a  s l a b  t y p e  s h a l l o w  f o u n ­

d a t i o n  h a s  b e e n  b u i l t .  T h e  s t a b i l i t y  o f  t h e  

s l o p e  h a s  b e e n  a n a l y z e d  b y  t h e  f i n i t e  e l e m e n t  

m e t h o d .

O n  t h e  b a s i s  o f  d a t a  f r o m  s t a n d a r d  l a b o r a t o r y  

t r i a x i a l  t e s t s  (  C U ,  d i a  3 » 8 1  c m  )  t h e  s t r e s s

-  s t r a i n  r e l a t i o n s h i p  f o r  t h e  v a r i o u s  s o i l  a n d  

r o c k  z o n e s  h a v e  b e e n  o b t a i n e d  (  F i g .  1 .  ) .

I n  t h e s e  e q u a t i o n s  6L\ • - S i a r e  p a r a m e t e r s  

w h o s e  v a l u e s  m a y  b e  e a s i l y  d e t e r m i n e d  f r o m  t h e  

r e s u l t s  o f  t r i a x i a l  t e s t s .

T h e  s t r e s s - s t r a i n  r e l a t i o n s h i p  e x p r e s s e d  b y  e q .  

( 1 )  m a y  b e  m o s t  c o n v e n i e n t l y  e m p l o y e d  i n  n o n ­

l i n e a r  s t r e s s - s t r a i n  a n a l y s e s  s i n c e  i t  e n a b l e B  

t h e  t a n g e n t  Y o u n g ' s  m o d u l u s  c o r r e s p o n d i n g  t o  

a n y  p o i n t  o n  t h e  s t r e s s - s t r a i n  c u r v e  t o  b e  d e ­

t e r m i n e d .  I f  t h e  v a l u e  o f  t h e  m i n o r  p r i n c i p a l  

s t r e s s  i s  c o n s t a n t ,  t h e  t a n g e n t  Y o u n g ' s  m o d u  -  

l u s  £  m a y  b e  e x p r e s s e d  a s

F i g .  1 .  S t r e s s - s t r a i n  c u r v e s  (  s c h e m a t i c  )

An  a n a l y t i c a l  s t r e s s - s t r a i n  m o d e l  i s  t h e n  d e  -  
v e l o p e d

Sj  -  63 = a
b ♦ 61

w h e r e

a s 06]  ♦ Hy ■ 63 + S'] - 63

s f

(1)

(2)

(3)

d( g, -  S3) 

' d 6i

a • b
(4)

F o r  t h e  p u r p o s e  o f  t h e  s t u d y  d e s c r i b e d  h e r e i n  

P o i s s o n ' s  r a t i o  w a s  a s s u m e d  t o  b e  c o n s t a n t  f o r  

e a c h  z o n e  o f  t h e  g r o u n d .

Fi g.  2.  Scheme of  t he i ncr ement al  pr ocedur e
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T h e  w e i g h t  o f  t h e  b u i l d i n g  w a s  a p p l i e d  I n  a  

s e r i e s  o f  i n c r e m e n t s .  T h e  p r o p o s e d  i n c r e m e n t a l  

p r o c e d u r e  t a k e s  i n t o  a c c o u n t  t h e  i n f l u e n c e  o f  

s t r e s s  l e v e l  a n d  c o n f i n i n g  p r e s s u r e  o n  t a n g e n t  

m o d u l u s  r a l u e s  (  f i g .  2 .  ) .

T h e  f i n i t e  e l e m e n t  a n a l y s i s  i n d i c a t e d  t h e  z o n e  

o f  g r e a t e s t  d e f o r m a t i o n s .  H e n c e ,  p o s i t i o n  o f  

l i k e l y  s l i p  s u r f a c e  i s  d e t e r m i n e d .

T h e  s a f e t y  f a o t o r  f o r  t h e  s l o p e  i s  d e f i n e d  b y  

t h e  l i m i t  d e f o r m a t i o n  m e t h o d

where
Fs =

I s
( 5)

T,- shear strength for the limit defor- 
nation ( £,= e1L)

T s- shear stress for the actual deforma­
tion c e,= els)

T h e  p r o p o s e d  s a f e t y  f a c t o r  i s  a  f u n c t i o n  o f  

b o t h  s t r e s s - d e f o r m a t i o n  a n d  s t r e n g t h  c h a r a c t e ­

r i s t i c s  o f  s o i l s .

J. N.  Hut chi nson and R. K.  Bhandar i  ( Wr i t t en di scuss i on)

" STABI LI TY OF MUDFLOWS ON NATURAL SLOPES"

( Paper  11/ 43,  Vol .  3,  by L. E.  Val l ej o)

Ther e i s  muc h  t hat  we d i s agr ee  wi t h  i n t hi s  paper .  

Al t hough i n i t i a l l y  we ac c ept ed t he,  t hen c ur r ent ,  t e r m 

" mudf l ow"  t o  des c r i be  t he mas s  mov emen t  a t  Bel t i nge 

( Hut c hi ns on 1970) ,  we r ap i d l y  c onc l uded ( Hut c hi ns on and 

Bhandar i  1971)  t ha t  s uc h f eat ur es ,  mov i ng  pr edomi nan t l y  

on d i s c r e t e  boundar y  shear s ,  wou l d  mor e  p r oper l y  be 

t er med " muds l i des " .  The t er m mud f l ow i s  now gener a l l y  

c on f i ned t o t he v e r y  r api d,  wet t er ,  l es s  c l ay ey  and mor e  

s t r eam- l i k e  mas s  mov ement s  wh i c h  c har ac t e r i s e  many  

mount a i nous  r egi ons .  I n hi s  paper ,  t he Au t hor  s eems  t o 

us e t hi s  t er m t o mean s omet i mes  mudf l ow and s omet i mes  

muds l i de,  a l s o wi t hou t  d i s t i nc t i on  t o  whe t he r  t hes e  ar e 

oc c ur r i ng  i n a s ub- aer i a l  o r  a s ub- mar i ne env i r onment .

Fur t her  c onf us i on  r es ul t s  f r om t he i n t r oduc t i on  of  

Campbe l l ' s  " s l i d i ng  and s t r eami ng s t ages " .  Wh i l e  we  do 

not  ques t i on  t he v a l i d i t y  of  t hes e i n t he c as es  s t ud i ed  

by  Campbel l  ( 1975) ,  i t  i s  i nc or r ec t  t o app l y  t hem t o t he 

Be l t i nge muds l i de,  as  i s  done i n t he paper .

The Aut hor  s t at es  t hat  h i s  s t ab i l i t y  ana l y s i s  app l i es  t o 

t he " s t r eami ng s t age"  of  a " mudf l ow" ,  bu t  t he t r eat ment ,  

i n f ac t ,  addr es s es  on l y  t he bas a l  s l i d i ng case.  A 

det a i l ed  c r i t i que o f  t he met hod o f  ana l y s i s  adopt ed,  t he 

v a l ues  of  par amet e r s  as s umed and t he c onc l us i ons  r eac hed 

wi l l  be g i v en el s ewher e .  The ma i n  p r es en t  c omment  i s 

t hat  t he r e l ev an t  c ^  v a l ue i n equat i on ( 7)  i s  t hat

obt a i n i ng  at  t he bas a l  s l i p  s ur f ac e of  t he muds l i de .  I n  

h i s  Tab l e  I I ,  howev er ,  t he Au t hor  us es  a v al ue whi c h  

app l i es  j us t  benea t h  t he dr i ed  c r us t ,  t y p i c a l l y  3 t o  4 

met r es  abov e t he bas al  s l i p  s ur f ac e  ( Hut c hi ns on 1970) .

Th e  f ac t or  o f  s a f et y  of  0 . 9 t hat  i s  t her eby  c a l c u l a t ed  i s  

t her e f or e mean i ng l es s  and t her e i s  no bas i s  f or  t he 

Au t hor ' s  c onc l us i on  3.  Si mi l a r l y  l i t t l e we i gh t  c an be  

a t t ac hed t o t he f ac t or  of  s a f e t y  quot ed i n Tab l e  I I  f or  

t he ex per i ment a l  mudf l ow,  on ac c oun t  of  t he t i ny  s c al e o f  

t hi s ,  t he abs enc e of  t he  " par t i c u l at e s t r uc t ur e"  as s umed 

i n t he Au t hor ' s  t heor y  and  t he f a i l ur e t o es t ab l i s h  t he 

r e l i ab i l i t y  of  t he c ^  v a l ue  of  0 . 03 k N/ m2 t hat  i s  used.
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ANALYSE D' UNE STABI LI TE DE PENTE DE TERRAI NS EN PLACE.  

GLI SSEMENT DE LAX ET DU ROUSTI T

RESUME:  I l  s ' agi t  apr ès di ver ses r econnai ssances  d' ut i l i ­

ser  l e pr ogr amne " STABAR"  mi s au poi nt  pour  l ' ét ude de 

s t abi l i t é pseudo s t at i que de pent es sur  des mat ér i aux  non 

homogènes à l i gnes de r upt ur e compos i t es .  (1 cer c l e sui vi  

d' une dr oi t e i nc l i née et  se t er mi nant  par  un cer c l e. . .  

choi si  par  l e pr ogr amme en f onct i on de l a nat ur e du 
mat ér i aux . )

1.  ANALYSE DU PROBLEME

1. 1.  Un gr and gl i ssement  d' or i gi ne quat er nai r e s ' ét end 

sur  1 km de l ong et  500 mèt r es  de haut eur .  Un t al us d' équi ­

l i br e ex i s t e mai s  quel ques l oupes pr oches de l a r et enue 

de Couesque ( qui  en bai gne l e pi ed)  se r emet t ent  en 

mouvement  à l a sui t e de f l uc t uat i ons  r api des  du ni veau 
souvent  en cor r él at i on avec une f or t e pl uv i omét r i e.  Or ,  

l ' expl oi t at i on de l a r et enue de Couesque dans l e cadr e 

de l ' aménagement  de t r ans f er t  d' éner gi e de Mont éz i c  va 

ampl i f i er  et  r endr e pl us f r équent s  l es mouvement s  d' eau 
au pi ed du gl i ssement .

1. 2.  Dans l a zone du Roust i t  l e bed- r ock  a ét é t r ouvé avec 

une pent e un pl us douce que 2/ 1 et  l e t er r ai n de sur f ace

avec une pent e de 3/ 2 

dégage un di èdr e d' é ­

pai sseur  c r oi ssant e 

avec l a haut eur .  Sur  

l e bed- r ock  une couche 

por euse de cai l l oux  

br oyés ( ^ =  39° ) de 

f ai bl e épai sseur  est  

l e s i ège des c i r cul a ­

t i ons d' eaux .  Sur  cet t e 

couche se t r ouve une 

couche à mat r i ce ar gi ­

l euse.

1. 3.  Tout es  l es couches di mi nuent  de pui ssance en péné ­

t r ant  dans l e l ac,  l a couche de cai l l oux  dr ai nés ne f ai t  

pl us que 20 cm d' épai sseur  à 25 mèt r es  sous l e ni veau 
nor mal  de l a r et enue. ( v i s i bl e dans l e pui t s) .
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2.  MECANI SME DE RUPTURE

2. 1.  Si  de gr osses pl ui es al i ment ent  cet  hor i zon por eux 

sur mont é d' une couche épai sse ét anche,  ou si  l a r et enue 

bai sse r api dement ,  l a quant i t é d' eau ne peut  s ' évacuer  

assez v i t e et  l ' hor i zon r es t e en pr ess i on t el l e une 

canal i sat i on.  Les pr ess i ons  cr ées et  l es f ai bl es 

car ac t ér i s t i ques  des mat ér i aux  ent our ant  cet  hor i zon 

por eux cr éent  l es condi t i ons  de r upt ur e soi t  au cont ac t  

du r ocher  c r éant  ce même mat ér i au por eux soi t  j us t e au 

dessus dans l es mat ér i aux  ar gi l eux .

2. 2.  Par  cont r e,  une r upt ur e pl us i mpor t ant e du ver sant  

sembl e peu pr obabl e car  l a nat ur e cai l l out euse des 

mat ér i aux  apr ès  r upt ur e avec él i mi nat i on pl us r api de de 

l ' eau en exès et  l a pent e gl obal e soi t  du subst r at um 

soi t  du t al us ex t ér i eur  doi vent  per met t r e de r et r ouver  

t r ès v i t e l ' équi l i br e pr écai r e et  qui  r est er a t ouj our s 

pr écai r e,  l ' avancement  du t al us es t  compar abl e à cel ui  

d' un gl aci er .

Une seul e sol ut i on per met t r ai t  une s t abi l i s at i on. . . . . . . . . .

I l  s ' agi r ai t  de but er  l e pi ed par  un appor t  de mat ér i au 

en f ai t  cet  appor t  se f er a t out  seul  pet i t  à pet i t ,  sans 

r i sque de voi r  l a val l ée se boucher  ( i l  y  a 15 mèt r es 

de haut eur  de di sponi bl e au f ond pour  l ai sser  une ex pl oi ­
t at i on nor mal e,  et  l ' appor t  pr év i s i bl e à chaque r upt ur e 

es t  l i mi t é à quel ques  cent i mèt r es ,  au vu des r el evés 

ef f ec t ués depui s  4 années) .

3.  UTI LI SATI ON DU PROGRAMME " STABAR"

La l i gne de r upt ur e compos i t e ut i l i sée l ai sse appar aî t r e:

3. 1.  Un cer c l e à l ' ent r ée qui  se r appr oche d' une dr oi t e 

i nc l i née sur  l a ver t i cal e

3. 2.  Une dr oi t e i nc l i née ( l e pr ogr amme peut  ou non choi ­

s i r  cet t e l i gne ou un cer c l e compl et  cor nue pour  l a zone 

de LAX ou l e bed- r ock  es t  pl us pr of ond) .

3. 3.  Un cer c l e pour  sor t i r  à un poi nt  déf i ni  que l ' on 

peut  f ai r e var i er  bi en ent endu.  Le pr ogr amme en choi s i t  

l e r ayon et  l a pos i t i on pour  qu' i l  soi t  t angent  à l a 

dr oi t e c i t ée en § 3. 2. ,  et  qu' i l  sor t e en f ai sant  un 

angl e avec 1' hor i zont al e.

Sans ent r er  dans l es dét ai l s  on obt i ent  r api dement  une 

s t abi l i t é l i mi t e,  l es condi t i ons  de pr ess i on d' eau ét ant  
pr épondér ant es .

R. W.  Lumsdai ne and K. Y.  Tang ( Wr i t t en di scuss i on)

ON STABI LI TY ANALYSI S I N HONG KONG

Several of the conference papers discussed 
various methods of slope stability analysis and 
their relative abilities to produce meaningful 
and useful results. Of course, new improved 
methods of analysis are useful only if they are 
used carefully and correctly in the first place. 
This aspect was the subject of an exercise that 
was recently carried out by the Geotechnical 
Control Office (GCO) of the Hong Kong Public 
Works Department.

In Hong Kong, the minimum acceptable factors of 
safety against failure of a soil slope (using 
limit equilibrium analysis) under various 
conditions have been specified in the Geotechnical 
Manual for Slopes (Geotechnical Control Office,
1979). The hilly natural terrain makes it 
necessary to work to factors of safety as low 
as 1.2 , and so the implications of errors in 
the formulation and application of the various 
methods of slope stability analysis are very 
serious. This situation prompted the GCO to 
initiate an exercise to determine the quality 
and computational correctness of slope stability 
analyses that are carried out by both private 
firms and Government offices using various types 
of calculators and computer programs.

The basis of the assessment was a set of 29 test 
problems that consisted of several well defined 
cross-sections and slip surfaces with various 
combinations of soil strength parameters, water

conditions and surcharge loadings. These 
problems were sent to all private firms and 
Government offices that are involved in the 
assessment of stability of soil slopes. Fifty- 
nine sets of solutions were submitted to the 
exercise. Eleven of the solution sets used 
'rigorous' methods of analysis (Morgenstern and 
Price, Janbu Rigorous, Sarma), 43 sets used a 
'simplified' method of analysis (Janbu's Routine 
Procedure), and 5 partial sets (which were 
ignored) used 'other' methods (Bishop Simplified, 
Modified Fellenius).

When the 'rigorous' and 'simplified' results 
were plotted separately, a wide spread of answers 
was observed for nearly all the problems (Fig.l). 
Each submission was carefully scrutinised and all 
apparent sources of error were identified. 
Participants whose submissions contained errors 
were asked to correct, recalculate and resubmit 
their problems.

The following types of errors were detected in 
the 43 sets of 'simplified' solutions :

(a) Incorrect use of Janbu's
correction factor

(b) Incomplete convergence

(c) Incorrect input data
- significant number
- minor number

74% of sets

22% of sets

50% of sets 
30% of sets
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It was difficult to determine the reason for the 
spread of answers from the 11 sets of 'rigorous' 
solutions due to the more complicated analytical 
aspects of the methods and the incompleteness of 
output that was produced by most of the programs. 
Four of the programs were found either to have 
serious deficiencies or to have been used 
incorrectly. Very few errors in input data were 
detected.

Once errors had been corrected and seriously 
deficient programs had been eliminated, the 
agreement between answers from a given type of 
analysis for any given problem was usually quite 
reasonable (Fig.2). On the basis of the set of 
29 test problems, the 'simplified' and 'rigorous' 
methods of analysis produced similar results for 
problems with cohesive soils. In problems with 
cohesionless soils the 'simplified' methods of 
analysis produced lower factors of safety 
(average - 8%) than 'rigorous' methods.

The main conclusions concerning the quality of 
slope stability analysis in Hong Kong that were 
drawn from this exercise were :

(a) The majority of firms in Hong Kong that 
carry out soil slope stability analysis 
use Janbu's Routine method of analysis.

(b) The majority of these firms have been 
using this method in an incorrect manner.

(c) Many firms use this method despite having 
access to sophisticated computer hardware.

(d) Most users of slope stability analysis 
programs in Hong Kong are very careless 
with the accuracy of the input data, even

M.  Popescu ( Wr i t t en di scuss i on)

COEFFI CI ENT OF EARTH PRESSURE AT REST I N SLOPE STABI LI TY

The r el evance of  i n- si t u st r esses t o s t abi l i t y  of  a 1t er ed 

s 1 opes , i ncl udi ng cut s  and embankment s ,  was not  wi del y  r e­

cogni zed unt i l  t he f i ni t e el ement  met hod became avai l abl e 

as a val uabl e t ool  f or  st r ess anal ysi s  ( Popescu,  1978) .

The i nher ent  s t abi 1 i t y of  nat ur al  s l opes may  be al so c ons i -  

der ed i n r el at i on t o t he ex i s t i ng st r ess f i el d i n t he 

s l ope ( Chowdhur y,  1978) .

To st udy  t he i nf l uence of  i n- s i t u st r esses on t he i nher ent  

st abi l i t y  of  uni f or m nat ur al  s l opes agai nst  f ai l ur e al ong 

pl anar  sur f aces,  a ser i es of  anal yses have been per f or med 

usi ng var i ous  val ues  of  t he coef f i c i ent of  ear t h pr essur e 

at  r est ,  Kg,  def i ned as t he r at i o of  t he ef f ec t i ve nor mal  

st r esses  on hor i zont al  and ver t i cal  pl anes r espect i vel y.

The ex i s t i ng st r ess f i el d i n an uni f or m sl ope i s r el at ed 

t o t he conj ugat e st r ess r at i o,  K,  def i ned as t he r at i o of  

t he t ot al  s t r ess on a ver t i cal  pl ane,  act i ng par al l el  t o 

t he s l ope and t he t ot al  s t r ess on pl anes  par al l el  t o t he 

sl ope,  act i ng i n a ver t i cal  di r ect i on.  The r el at i onshi p 

bet ween K and Kq  i s dependent  upon t he s l ope i ncl i nat i on,

, and t he por e wat er  pr essur e r at i o,  r u , as shown i n 

f i g. i .  Wh e n ^ =0  and r u=0,  K=K0 .

The di r ect i onal  f act or  of  saf et y,  Fs , i s def i ned as t he 

r at i o of  shear  st r engt h t o shear  st r ess  on t he r el evant  

pl ane.  Cons i der i ng l ong- t er m s t abi l i t y  of  a cohes i ve s l ope 

at  t he r esi dual  st at e as r egar ds i t s shear i ng r esi st ance 

( c =c r =0,  0=0r ) , pl ot s of  Fs / t g0 f or  di f f er ent  val ues of  

f ai l ur e pl ane i nc 1 i na t  i o n , o< , and s l ope i nc l i nat i on, ^  , ar e 

shown i n f i g. l a and l b,  r es pec t i v el y . For  any f ai l ur e pl ane

(e) The overall standard of documentation of 
slope stability analysis programs in Hong 
Kong is poor.

u n d e r  t e s t  c o n d i t i o n s .

•  •  •  •  *  i n  • • • • • • •  •
I  ---- 1-------- 1-------- 1-- — I-------- 1

1-50 1.60 1.70 1.80 1.90 2.00

F .O .S .  U S I N G  J A N B U  R O U T IN E  M E T H O D

Fig.l Initial submissions for 
problem no. 28

.
i-------- 1-------- 1-------- 1-------- 1-------- 1

1.50 1.60 1.70 1.80 1.90 2.00

F .O .S .  U S I N G  J A N B U  R O U T IN E  M E T H O D

Fig.2 Recalculated submissions for 
problem no. 28
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wi ch i s not  par al l el  t o t he sur f ace of  a s l ope,  t he f act or  

of  saf et y i s hi ghl y  dependent  on t he val ue of  Kq . I t  i s 

i nt er st i ng t o f i nd t hat  f or  hor i zont al  f ai l ur e sur f aces 

t he f act or  of  saf et y  becomes i nf i ni t e onl y  when K=0.

Whi l e t he KQ coef f i c i ent  i s one of  t he key par amet er s  i n 

anal ysi s  of  bot h nat ur al  and al t er ed s l opes,  t her e i s no 

sat i s f act or y l abor at or y  met hod of  meas ur i ng Kq  on " undi s ­

t ur bed"  sampl es,  due t o t he st r ess r el i ef  ef f ect s  on l a­

bor at or y  sampl es.  The i n- s i t u measur ement s  of  l at er al  

st r esses i s poss i bl e by means  of  t ot al  pr essur e cel l s,  

hydr aul i c  f r ac t ur e of  pr essur emet er  t est s.  The hydr aul i c  

f r ac t ur e met hod cannot  be used i n soi l s  wi t h 1 because 

hor i zont al  f r act ur es  woul d f or m and t he t est  woul d measur e 

t he over bur den pr essur e.  For  t hese soi l s  t he use of  sel f  

bor i ng pr ess ur emet er  i s advocat ed ( Wr ot h,  1975)  -

Taki ng i nt o account  t he above ment i oned cons i der at i ons ,  t he 

car ef ul  l abor at or y  t est s per f or med by Br ooker  and I r el and 

( 1965)  t o measur e magni t ude of  hor i zont al  st r esses exer t ed 
by soi l  agai nst  unyi el di ng hor i zont al  cons t r ai nt  under  

i ncr easi ng and dec r eas i ng ver t i cal  st r esses,  appear  v al u ­

abl e i n det er mi ng t he KQ as a f unc t i on of  t he st r ess 

hi s t or y  and ot her  pr oper t i es  of  t he soi l  s t udi ed.  On t he 
basi s of  Br ooker  and I r el and dat a,  compl et ed wi t h sel f  

bor i ng pr essur emet er  dat a avai l abl e i n l i t er at ur e,  t he 

f ol l owi ng r el at i onshi p was der i ved f or  det er mi ni ng at  r est  

coef f i c i ent  Kg as a f unct i on of  t he over consol i dat i on r at i o 

OCR and pl ast i c i t y  i ndex,  I p:
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Ko­

n g .1

K -  OCR - K - (  OCR- 1)  i a J M  ( 0. i ) 5+0. 005 I ) (1)

V oTr  p

wher e Knc denot es t he Ko val ue f or  nor mal l y  consol i dat ed 

cl ay,  wl ch may  be es t i mat ed f r om t he s i mpl i f i ed Jaky  r e ­

l at i onshi p ( K_c«1- s i n 9' ) or  i n t he absence of  an appr o-  
pl at e val ue of  t he ef f ec t i ve angl e of  shear i ng r esi st ance,  

f r om t he empi r i cal  r el at i onshi p :

Knc= 0. 27 l og l p + 0. 20 (2)

I t  i s t o be not ed t hat  equat i on ( 1)  r epr oduces t he ex pe ­

r i ment al  evi dence wi ch shows t hat  an opt i um condi t i on 

exi s t s  at  wl ch t he cohes i on and t he f r i ct i onal  ef f ect s r e­

t ai n t he gr eat es t  r adi al  s t r ess and consequent l y  di spl ay 

t he hi ghest  Kg val ue.  Due t o t hi s f act  at  an OCR>10,  c l ays 

of  medi um pl as t i c i t y  devel op hi gher  val ue of  KQ as compar ed 

t o ei t her  l ow or  hi gh pl ast i c i t y  c l ay.  The pr oposed c or ­

r el at i on may  be subj ect ed t o r evi s i on as addi t i onal  i nf or ­

mat i on becomes avai bl e,  espec i al l y  f r om t he meas ur ement s  

made wi t h t he pr omi ss i ng new sel f - bor i ng i nst r ument s .  

However  i t  mus t  be emphas i se t hat  such cor r el at i ons  ar e not  

a subst i t ut e f or  f ul l er  s i t e i nvest i gat i on,  but  onl y  an 

adj unc t  t hat  shoul d i ncr ease t he engi neer ' s conf i dence i n 

hi s j udgement .
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G.  Ter - St epani an ( Wr i t t en di scuss i on)

CREEP I N ALPI NE CLAYEY FORMATI ONS

Fl uage des For mat i ons  Ar gi l euses Al pi nes
( Paper  11/ 14,  Vol .  3,  by M.  Dysl i  and E.  Recor don)

ti.Dysli and Prof. E.Eecordon presented an excel 
lent paper on relationship between the rheologT 
oal properties of soils and the long-term behav 
ior of landslides; this problem is amongst the 
most important ones in m o d e m  science on land­
slides and in the soil rheology both.
Attempts made so far showed that this problem 
is difficult and depends on many factors. The 
Authors studied in detail three cases and found 
that the soil should not be considered as a 
rigid - perfectly plastic material.
The landslide at the Bois Carrien-Coupe was ob­
viously in the phase of depth creep before the 
placing of the fill; the creep rate decreased 
at first under the weight of the fill and in­
creased afterward as a result of the continuing

creep. Analogous case was observed in Sochi on 
the Black Sea shore;use of creep hodographs was 
advantageous in this case (Ter-Stepanian,1971). 
The'landslide at the Villarbeney is of great in 
terest because of the unusual soil properties 
and type of slope deformation. The zone of the 
depth creep bulged downhill while the creep rate 
decreased because of the landslide widening.
The real behavior of slopes is a result of the 
superposition of influences of seasonal changes 
(moisture, temperature, etc.) on the general 
trend. Prom this standpoint the young and old 
slopes are quite different. In young slopes as 
that of cuttings or fills the age of the induced 
stresses is short, the dynamic viscosity in­
creases rapidly with the time and it is possi­
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b l e  t o  d e t e c t  t h e  g e n e r a l  t r e n d  i n  s p i t e  o f  t h e  

i n e v i t a b l e  i n f l u e n c e  o f  t h e  s e a s o n a l  e f f e c t .  I n  

o l d  s l o p e s  t h e  s t r e s s  a g e  i s  t o o  g r e a t  c o m p a r e d  

w i t h  t h e  d u r a t i o n  o f  t h e  s t u d y  a n d  e v e n  w i t h  

t h e  h u m a n  l i f e t i m e ;  t h e r e f o r e  t h e  c h a n g e  o f  t h e  

d y n a m i c  v i s c o s i t y  i s  n e g l i g i b l e  a n d  t h e  i n f l u ­

e n c e  o f  t h e  s e a s o n a l  e f f e c t  r e m a i n s  o n l y .

T h e  e x p l a n a t i o n  o f  c h a n g e s  o f  t h e  c r e e p  r a t e  i n  

b o t h  c a s e s  -  B o i s  C a r r i e n  a n d  V i l l a r b e n e y  g i v e n  

b y  t h e  A u t h o r s  s e e m s  t o  b e  c o r r e c t  a n d  a d e q u a t e .

A  s p e c i a l  a t t e n t i o n  d e s e r v e  t h e  r e s u l t s  o f  t h e  

l a b o r a t o r y  t e s t s .  I n  e x p e r i m e n t s  w i t h  a  r o t a ­

t i o n a l  d e v i c e  w h e r e  t h e  n o r m a l  a n d  s h e a r  s t r e s ­

s e s  w e r e  a p p l i e d  s i m u l t a n e o u s l y  t h e  A u t h o r s  

f o u n d  t h a t  t h e  d y n a m i c  v i s c o s i t y  a t  h i g h  s h e a r  

s t r e s s e s  d e p e n d s  t o  a  l e s s  d e g r e e  o n  t h e  v o i d  

r a t i o  t h a n  a t  l o w  s h e a r  s t r e s s e s .  T h i s  r e s u l t  

i s  u n d e r s t o o d  s i n c e  t h e  h i g h e r  t h e  s h e a r  s t r e s s  

t h e  g r e a t e r  t h e  s t r e s s  d e p e n d e n t  p a r t  o f  t h e  

s t r e n g t h ,  i . e .  o f  t h e  f r i c t i o n .  O u r  e a r l y  t e s t s  

w i t h  t h e  m i c a  p o w d e r  ( a  m a t e r i a l  w i t h  n o  c o h e ­

s i o n )  s h o w e d  t h a t  i f  t h e  n o r m a l  a n d  s h e a r  s t r e s  

s e s  b o t h  a r e  a p p l i e d  s i m u l t a n e o u s l y  t h e  s t r e s s -  

- s t r a i n  r e l a t i o n  i s  s m o o t h  ( T e r - S t e p a n i a n , 1 9 3 6 ) .  

I t  s h o u l d  b e  e m p h a s i z e d  t h a t  r e s u l t s  o f  t h e  l a b ­

o r a t o r y  T h e o l o g i c a l  t e s t s  a r e  o f  l i m i t e d  v a l u e  

i n  a n a l y s i s  o f  t h e  d e p t h  c r e e p  o f  o l d  s l o p e s ,  

l a b o r a t o r y  s a m p l e s  a r e  s m a l l ,  t h e  s a m p l i n g  i s  

c o n n e c t e d  w i t h  t h e  d i s t u r b a n c e  o f  t h e  s o i l  s t r u c  

t u r e  a n d  c o n s i d e r a b l e  c h a n g e  o f  t h e  s t r e s s  s t a t e ,  

t h e  d u r a t i o n  o f  t e s t s  i s  t o o  s h o r t ,  t h e  g e o l o g i ­

c a l  f e a t u r e s  c a n n o t  b e  m o d e l l e d  s a t i s f a c t o r i l y .  

T h e r e f o r e  t h e  u s e  o f  t h e  f i e l d  m e a s u r e m e n t s  i s  

p r e f e r a b l e  b e i n g  f r e e  o f  t h e s e  l i m i t a t i o n s .

T h e  w r i t e r  p r o p o s e d  a  m e t h o d  e n a b l i n g  t o  d e t e r ­

m i n e  t h e  s o i l  v i s c o s i t y  b a s e d  o n  t h e  i n c l i n o m e t e r  

m e a s u r e m e n t s  o f  t h e  p l a n a r  c r e e p  ( T e r - S t e p a n i a n  

a n d  a i m o n i a n ,  1 9 7 8 ) .  T h e  d y n a m i c  v i s c o s i r y  i s

B  T 6'
( z  - d 3 )

w h e r e  a '  =  c '  c o t i f  * ;  A  =  a ' /  g  c o s +  J»w  d ^ i

B  =  A j J t a n ( V  ( A  +  f  '  d g ) ;  c * ,  y  ,  p w ,  f > ,  p ' ,

g  a n d  fb a r e  t h e  I n t e r n a t i o n a l  S y m b o l s  i n  S o i l  

M e c h a n i c s ;  z  i s  t n e  d e p t h  o f  t h e  p l a n e  u n d e r  

c o n s i d e r a t i o n ;  d  i s  t h e  d e p t h  o f  t h e  p i e z o m e t ­

r i c  l e v e l ;  d  i s p t h e  d e p t h  o f  l o w e r  b o u n d a r y  o f  

t h e  r i g i d  z o n e ;  T  i s  t h e  d u r a t i o n  o f  c r e e p  o b ­

s e r v a t i o n s  a n d  X *  i a  t h e  a n g u l a r  c r e e p  s t r a i n  

c o r r e s p o n d i n g  t o  t h i s  t i m e  i n t e r v a l .

B a s e d  o n  d a t a  c o n t a i n e d  i n  t h e  p a p e r  b y  M . D y s l i  

a n d  E . R e c o r d o n  t h e  d y n a m i c  v i s c o s i t y  o f  t h e  s o i l  

i n  V i l l a r b e n e y  t, b o r e h o l e  J M ,  d e p t h  z  =  1 5  m )  w a s  

d e t e r m i n e d  a p p r o x i m a t e l y ,  a s s u m i n g  t h a t  c 1 = 1 0  

k P a  a n d  t h e  g r o u n d w a t e r  l e v e l  i s  a t  t h e  s u r f a c e  

( d _  =  0 ) ;  t h e  r e s t  d a t a  w e r e  o b t a i n e d  f r o m  t h e  

F i g .  6  o f „ t h e  p a p e r :  d =  1 1 . 7  m ;  T  =  515 d a y s  =

=  4 . 4 5 " 1 C r  s ;  v -  =  0 . C W 9 -  U s i n g  t h e s e  d a t a  w e  g e t  

t h e  f i e l d  v a l u e  o f  t h e  d y n a m i c  v i s c o s i t y  o f  t h e  

s o i l  2 . 7 6 * 1 0 °  k P a > s .

T h e  u s e  o f  t h e  t r u e  i n i t i a l  d a t a  w i l l  e n a b l e  t o  

g e t  m o r e  r e l e v a n t  v a l u e  o f  t h e  f i e l d  v i s c o s i t y  

o f  t h e  s o i l .

R e f e r e n c e s

T e r - S t e p a n i a n ,  G .  ( 1 9 3 6 ) .  O n  t h e  i n f l u e n c e  o f  

s c a l e - l i k e  s h a p e  o f  c l a y  p a r t i c l e s  o n  t h e  

p r o c e s s  o f  s h e a r  i n  s o i l s .  P r o c . I n t . C o n f .  

S o i l  M e c h . F o u n d . E n g g . ,  H a r v a r d  ( 2 ) , 1 1 2 - 1 1 6 .  

T e r - S t e p a n i a n ,  G .  a n d  H .  ( 1 9 7 1 ) .  A n a l y s i s  o f  

l a n d s l i d e s .  P r o c .  4 t h  C o n f .  S o i l  M e c n . , 

B u d a p e s t  1 9 7 i , p p .  4 9 9 - 5 0 4 .

T e r - S t e p a n i a n ,  G .  a n d  S i m o n i a n ,  L . S .  ( 1 9 7 8 ) .

A p p l i c a t i o n  o f  r e s u l t s  o f  T h e o l o g i c a l  b a c k  

a n a l y s e s  f o r  d e t e r m i n a t i o n  o f  s l o p e  s t a b i l ­

i t y  a n d  d e f o r m a b i l i t y .  P r o c .  3 r d  I n t .  C o n g ­

r e s s  E n g . G e o l . , M a d r i d  1 9 7 8 ,  p p .  1 8 9 - 1 9 6 .

. G.  Ter - St epani an ( Wr i t t en di scuss i on)

STABI LI TY ANALYSI S OF MUDFLOWS ON NATURAL SLOPES 

Anal yse de l a St abi l i t é des Ecoul ement s  de Boue sur  des 

Pent es Nat ur el l es

( Paper  H/ 4 3 ,  Vol .  3,  by L. E.  Val l ej o)

P r o f .  L .  E. V a l l e j o  p r e s e n t e d  a  v a l u a b l e  p a p e r  

o n  m u d f l o w s  c o n t a i n i n g  i m p o r t a n t  s t a t e m e n t s . T h e  

f o l l o w i n g  d i s c u s s i o n  i s  a i m e d  a t  b r i n g i n g  t o g e t h  

e r  o u r  s t a n d p o i n t s  o n  t h e  m e c h a n i s m  o f  m u d f l o w s T  

T h e  p a p e r  d e a l s  w i t h  a  p h e n o m e n o n  w h i c h  h a s  n o t  

b e e n  s t u d i e d  s u f f i c i e n t l y  u n t i l  n o w .  T h e r e  i s  n o t  

e v e n  a  c o m m o n  o p i n i o n  a b o u t  t h e  t e r m i n o l o g y  a n d  

d e f i n i t i o n  o f  m u d f l o w s .  A  n u m b e r  o f  s y n o n y m s  i s  

u s e d  i n  t e c h n i c a l  p u b l i c a t i o n s :  m u d f l o w ,  d e b r i s  

f l o w ,  d e b r i s  a v a l a n c h e ,  e t c .  A  c o m p r e h e n s i v e  r e  

v i e w  o f  t h i s  p r o b l e m  w a s  m a d e  b y  V a m e s  ( 1 9 7 8 ) .  

T h e  p h e n o m e n a  r e f e r r e d  t o  b y  t h e  A u t h o r  h a v i n g  

s u c h  l o w  v e l o c i t i e s  a s  2  m m / d a y  o r  e v e n  4 . 5  

m / d a y  m a y  h a r d l y  b e  c a l l e d  m u d f l o w s ;  t h e y  c a n ­

n o t  c a u s e  a n y  s e v e r e  l o s s  o f  l i f e .  T h e y  s h o u l d  

b e  r a t h e r  d e n o t e d  a s  e a r t h f l o w s .

T h e  r e a l  m u d f l o w s  c a u s i n g  s e v e r e  l o s s  o f  l i f e  

a n d  p r o p e r t y ,  a s  m e n t i o n e d  b y  t h e  A u t h o r  a r e  

w i d e s p r e a d  i n  y o u n g  m o u n t a i n  c o u n t r i e s ;  t h e s e  

d i s a s t e r s  a r e  r a p i d  e v e n t s  o f  s h o r t  d u r a t i o n  

a n d  h a v e  m a x im u m  v e l o c i t i e s  m e a s u r e d  b y  m e t e r s  

p e r  s e c o n d .  T h e i r  m e c h a n i s m  r e m a i n s  s t i l l  p o o r ­

l y  i n v e s t i g a t e d .

T h e r e  a r e  a t  l e a s t  t h r e e  e n i g m a t i c  c o n t r a d i c ­

t i o n s  i n  t h e  m u d f l o w  b e h a v i o u r  w h i c h  m a y  s e r v e  

a s  t o u c h s t o n e s  f o r  e v e r y  t h e o r y  o f  m u d f l o w s :

1 .  M u d f l o w  m a s s e s  h a v e  a  v e r y  h i g h  m o b i l i t y  a l ­

l o w i n g  t h e m  t o  t r a v e l  w i t h  a  g r e a t  v e l o c i t y  a n d  

a t  t h e  s a m e  t i m e  t h e y  h a v e  a  v e i y  l o w  w a t e r  c o n ­

t e n t  u s u a l l y  n o t  e x c e e d i n g  1 4 - 1 5 % ;  o n  t h e  o t h e r  

h a n d  t h e  m u d  m a s s e s  a r e  a b l e  t o '  b e  e a s i l y  s o l i d i ­

f i e d ,  w h e n  t h e y  a r e  s t o p p e d ,  t r a n s f o r m i n g  i n t o  a  

d e n s e  m a s s  w i t h o u t  a n y  s o r t i n g ,  s o m e t i m e s  w i t h  

s o m e  s m a l l  d i s c h a r g e  o f  w a t e r .

2 .  T h e  t r a v e l i n g  m a s s e s  h a v e  a n  i n s i g n i f i c a n t  

c o r r a s i o n  e f f e c t  o n  t h e  m u d f l o w  b e d s ;  o n  t h e  

o t h e r  h a n d  t h e y  a r e  a b l e  t o  b e  e n r i c h e d  m a x i m a l ­

l y  b y  f r a g m e n t s  e x t r a c t e d  f r o m  t h e i r  b e d s .

3 .  T h e  t r a v e l i n g  m a s s e s  a r e  a b l e  t o  t r a n s p o r t  o n  

g r e a t  d i s t a n c e  l a r g e  b o u l d e r s  a n d  r o c k  f r a g m e n t s  

i n  s u s p e n d e d  s t a t e ,  t h e  v o l u m e  o f  f r a g m e n t s  e x ­

c e e d i n g  1  n r  a n d  e v e n  r e a c h i n g  u p  t o  4 —5  m 3 ,  a l ­

t h o u g h  t h e , d e n s i t y  o f  t h e  m u d  m a t r i x  ( a b o u t  1 6 0 0  

- 1 7 0 0  k g / m - 5 )  i s  m u c h  s m a l l e r  t h a n  t h e  d e n s i t y  o f  

t h e  f l o a t i n g  f r a g m e n t s  ( a b o u t  2 2 0 0 - 2 4 0 0  k g / m ” )  

a n d  t h e r e f o r e  t h e  b u o y a n c y  i s  u n s u f f i c i e n t  t o
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k e e p  t h e s e  f r a g m e n t s  i n  t h e  s u s p e n d e d  s t a t e .

T h e  w r i t e r  h a s  p r o p o s e d  s e v e r a l  y e a r s  a g o  t h e  

t h e o r y  o f  t h e  a v a l a n c h e - t y p e  m e c h a n i s m  o f  c o h e ­

s i v e  ( h y d r o d y n a m i c )  m u d f l o w s  ( T e r - S t e p a n i a n ,

1968)  w h i c h  e x p l a i n s  t h e i r  b e h a v i o u r  a s  f o l l o w s .  

L o o s e l y  d e t r i t a l  a n d  f i n e  d i s p e r s e  m a t e r i a l  i s  

f o r m e d  i n  m u d f l o w  s e a t s  a s  a  r e s u l t  o f  p h y s i c a l  

a n d  c h e m i c a l  w e a t h e r i n g ;  o n  a m p l e  w a t e r i n g  t h i s  

m a t e r i a l  i s  a b l e  t o  t r a n s f o r m  i n t o  a  m u d l i k e  

m a s s  r i c h  i n  c o l l o i d a l  a n d  c l a y  p a r t i c l e s .  H e a v y  

r a i n s  c h a n g e  t h i s  m a t e r i a l  i n t o  a  v i s c o u s  c l a y e y  

m a t r i x  w i t h  c o a r s e  f r a g m e n t s  f l o w i n g  d o w n h i l l .

T h e  d e n s i t y  o f  t h e  c l a y e y  m a t r i x  i s  m u c h  h i g h e r  

t h a n  t h a t  o f  t h e  w a t e r  ( e . g .  i f  P  =  2700 k g / n r  

a n d  w  =  120% t h e  d e n s i t y  o f  t h e  m a t r i x  w i l l  b e  

p  =  1 4 0 0  k g / m - 5 ) .  H o w e v e r  t h e  s u b m e r g e d  d e n s i t y  

o f  t h e  r o c k  f r a g m e n t s  i n  s u c h  m a t r i x  r e m a i n s  

s t i l l  h i g h  e n o u g h  a n d  t h e  b u o y a n c y  a l o n e  i s  i n ­

s u f f i c i e n t  t o  k e e p  t h e s e  f r a g m e n t s  i n  t h e  s u s ­

p e n d e d  s t a t e .  T h e  c l a y e y  m a t r i x  i s  v i s c o u s ,  l i t ­

t l e  p e r m e a b l e  a n d  i s  e x p o s e d  t o  h i g h  i n t e r s t i t i a l  

p r e s s u r e ,  d e p e n d e n t  o n  i t s  d e n s i t y  a n d  p i e z o m e t ­

r i c  h e a d .  T h e r e f o r e  a n o t h e r  f o r c e  i s  o r i g i n a t e d  

i n  t h e  c l a y  m a t r i x ,  n a m e l y  t h e  s e e p a g e  f o r c e  j ,  

w h i c h  i s  d i r e c t e d  a l o n g  t h e  f l o w  l i n e s ,  i . e .  t o ­

w a r d  t h e  f r e e  s u r f a c e  o f  t h e  m u d f l o w  a n d  i s  e q u a l  

t o  j  =  i P  g ,  w h e r e  i  i s  t h e  h y d r a u l i c  g r a d i e n t  

a n d  g  i s  S h e  a c c e l e r a t i o n  d u e  t o  g r a v i t y .  T h u s  

t h e  s e e p a g e  f o r c e  i s  a d d e d  t o  t h e  b u o y a n c y  e n a ­

b l i n g  t h e  f r a g m e n t s  t o  f l o a t .  C a l c u l a t i o n s  c o n ­

f i r m  t h a t  t h i s  m e c h a n i s m  e x p l a i n s  t h e  s u s p e n d e d  

s t a t e  o f  r o c k  f r a g m e n t s  i n  t h e  m u d f l o w s .

T h e  a b o v e m e n t i o n e d  t w o  o t h e r  c o n t r a d i c t i o n s  m a y  

b e  e x p l a i n e d  b y  t h i s  m e c h a n i s m  t o o .

T h e  c o i r a s i o n  e f f e c t  o f  m u d f l o w s  o n  t h e i r  b e d s  i s  

l o w  b e c a u s e  o f  t h e  h i g h  n e u t r a l  p r e s s u r e  i n  t h e  

m a t r i x  a n d  h e n c e  t h e  s m a l l  s h e a r  s t r e n g t h  o f  m u d ­

f l o w  m a s s e s .  O n  t h e  o t h e r  h a n d  i f  t h e  m u d f l o w  b e d  

i s  p e r m e a b l e  a n d  c o h e s i o n l e s s ,  a s  t h e  b o u l d e r  

b e d s ,  t h e  c l a y e y  m a t r i x  m a y  p e n e t r a t e  i n t o  p o r e s  

a n d  c a u s e  t h e  b u o y a n c y  e n a b l i n g  t h e  b o u l d e r s  t o  

b e  i n v o l v e d  i n t o  t h e  m o t i o n .

E a s y  s o l i d i f y i n g  o f  h y d r o d y n a m i c  m u d f l o w s  w i t h  

l i t t l e  d i s c h a r g e  o f  w a t e r  w h e n  t h e y  a r e  s t o p p e d  

f o l l o w s  f r o m  t h e  f a c t  t h a t  c o a r s e  f r a g m e n t s  a r e  

c o m p o s i n g  a  r i g i d  f r a m e w o x - K  a n a  t n e y  n a v e  g e n e r ­

a l l y  a  c o n s e r v a t i v e  s t r u c t u r e .

T h e  d e s c r i b e d  c o h e s i v e  m u d f l o w s  w e r e  d e n o t e d  b y  

t h e  w r i t e r  a s  " h y d r o d y n a m i c "  m u d f l o w s  b e c a u s e  

t h e  h y d r o d y n a m i c  o r  s e e p a g e  p r e s s u r e  e n s u r e s  t h e  

b u o y a n c y  o f  f r a g m e n t s .  T h i s  t y p e  o f  m u d f l o w s  

d i f f e r s  f r o m  t h e  c o h e s i o n l e s s  m u d f l o w s  w h i c h  

a r e  a b u n d a n t  i n  w a t e r  a n d  w h e r e  t h e  t u r b u l e n c e  

i s  t h e  m a i n  s o u r c e  o f  t h e  r o c k  f r a g m e n t  b u o y a n ­

c y ;  s u c h  m u d f l o w s  a r e  c a l l e d  t h e  " t u r b u l e n t "  

o n e s .

R e f e r e n c e s

T e r * S t e p a n i a n ,  G .  ( 1 9 6 8 ) .  O n  t h e  a v a l a n c h e - t y p e  

m e c h a n i s m  o f  c o h e s i v e  ( h y d r o d y n a m i c )  m u d ­

f l o w s .  P r o b l e m s  o f  G e o m e c h a n i c s ,  Y e r e v a n ,

N o .  2 ,  p p .  2 4 — 4 5 .

T a m e s ,  D . J .  ( 1 9 7 8 ) .  S l o p e  m o v e m e n t  t y p e s  a n d  

p r o c e s s e s .  I n :  " L a n d s l i d e s ;  A n a l y s i s  a n d  

C o n t r o l " ,  e d .  b y  R . L . S c h u s t e r  a n d  R . J . K r i -  

z e k ,  A c a d e m y  o f  S c i e n c e s ,  W a s h i n g t o n ,  D . C .  

p p .  1 1 - 3 3 .
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