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The present paper i s based on Russian i n f o r m a t i o n con
cerning the l a n d s l i d e i n v e s t i g a t i o n s done by s p e c i a l 
f i e l d s t a t i o n s l o c a t e d e i t h e r i n the regions w i t h a-
bundant s l i d e s or i n the v i c i n i t y o f a l a r g e s l i d e i n 
a s t a t e of slow motion i n which f i n a l f a i l u r e may or 
may not take place. Slides only, as d i s t i n c t from 
f a l l s and f l o w s , are considered i n t h i s paper. Rus
sian approaches t o the s l i d e c l a s s i f i c a t i o n are d i s 
cussed f i r s t , a f t e r which cracks and f i s s u r e s I n the 
s l i d i n g body are considered i n d e t a i l . Methods o f 
measurement o f the displacements a t the surface and 
of those a t a depth are described. The paper ends 
w i t h the methodology of computing the balance o f s l i d 
i n g masses a t a given slope, the negative balance be
i n g g e n e r a l l y an i n d i c a t o r of the tendency o f the s l i d e 
t o s t a b i l i z e . 

•SLIDES ONLY as d i s t i n c t from f a l l s and f l o w axe considered i n t h i s pa
per. The w r i t e r became i n t e r e s t e d i n the I n f o r m a t i o n concerning the meth
ods o f s l i d e study as used a t the present time by Russian engineering ge
o l o g i s t s and engineers. Because these simple, b u t r a t h e r e f f i c i e n t meth
ods are not w e l l known outside o f Russia, t h i s paper has been prepared 
f o r I n f o m a t i o n only. B a s i c a l l y i t represents an o u t l i n e o f s e v e r a l chap
t e r s o f a book w r i t t e n by a Russian woman engineering g e o l o g i s t ( l ) w i t h 
i n f o r m a t i o n from other sources and some w r i t e r ' s comments. 

FIELD SLIDE STATIONS 
The s l i d e research i n Russia i s done by f i e l d s l i d e s t a t i o n s l o c a t e d 

a t d i f f e r e n t p a r t s o f the country. The f i r s t s t a t i o n o f t h i s k i n d was 
organized i n I930 a t the Koutchouk-Koy s l i d e I n the Crimea; and i n the 
same year the f i r s t i n s t r u c t i o n s f o r long-term observations were published. 
Methodology o f making i n v e s t i g a t i o n s o f s l i d e s a t f i e l d s t a t i o n s was a f 
terwards g r a d u a l l y developed and discussed i n the s p e c i a l press; and i n 
19314- the f i r s t A l l - U n i o n s l i d e conference took place. 

N a t u r a l s l i d e s g e n e r a l l y are not I s o l a t e d phenomena but are spread, 
over a t e r r i t o r y c h a r a c t e r i z e d by c e r t a i n geologic and geohydrologlc con
d i t i o n s , and s i m i l a r i t y i n the development of the slopes. A s l i d e i s j u s t 
a step i n the process o f denudation or gradual slope f o r m a t i o n o f a r e g i o n . 
Therefore, a f i e l d s l i d e s t a t i o n should be l o c a t e d w i t h i n a c e r t a i n r e g i o n 
c h a r a c t e r i z e d by the abundance of s l i d e s . I t may be also l o c a t e d I n the 
neighborhood o f a huge s l i d e as i n the example o f the Crimean s l i d e a l 
ready quoted. 

Stages of a S l i d i n g Process 
A f i e l d s l i d e s t a t i o n has t o c l a s s i f y l o c a l s l i d e s and e s t a b l i s h the 

stages o f the s l i d e development i n d i f f e r e n t s l i d e types. Schematically 
speaking, i f the sequence o f s l i d e stages i n the s l i d e s o f a given type 
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i s known, the present stage o f the s l i d e may be determined, f o r Instance, 
from v i s u a l i n s p e c t i o n and the next probable stage f o r e c a s t . Slavlanov (2) 
g i v e s , f o r i n s t a n c e , the f o l l o w i n g example o f stage sequence. A r i v e r 
s t a r t s t o undermine a bank which becomes steeper, and i n which f i s s x i r e s 
appear. A new f a c t o r takes place, namely p e n e t r a t i o n o f water i n t o the 
body o f the slope through f i s s u r e s w i t h a c t i v a t i o n o f the whole process. 
The next stage w i l l be separation o f the s l i d i n g mass and i t s t r a n s l a t i o n . 
At the lower, f l a t t e r p o r t i o n s of the n a t i i r a l slope the s l i d i n g masses 
are a r r e s t e d and the f o r e p a r t o f the s l i d e ("tongue" i n Russian t e r m i n o l 
ogy) enters the water. This i s the stage o f temporary e q u i l i b r i u m . I n 
the n a t u r a l s t a t e the groimd water w i t h i n the slope has o u t l e t s f o r d i s 
charge t h a t may be covered or closed by s l i d i n g masses. Consequently the 
ground water may change i t s course and wet p o r t i o n s of the slope, hereto
f o r e dry. I n t h i s connection fissiares and pools appear a t the surface 
of the s l i d i n g mass. This stage i s c h a r a c t e r i z e d by a l t e r n a t e periods o f 
motion and r e s t . I n connection w i t h described phenomena, the r e l i e f o f 
the l o c a l i t y g r a d u a l l y smooths out and the p o s i t i o n o f the s l i d i n g mass 
i s s t a b i l i z e d on the slope. The s l i d i n g body i s f i n a l l y g r a d u a l l y cover
ed up w i t h s o i l coming from the I n l a n d or may be eroded and disappear. 

Generally, the stage sequence observations shoiild l a s t a considerable 
time and encompass a l a r g e number o f s l i d e s . Excessive automatization I n 
the use o f stage-sequence schemes should be avoided, however, and i n each 
p a r t i c i i l a r case the environment c o n d i t i o n s p r o p e r l y appraised. 

A c t i v i t i e s o f a F i e l d S l i d e S t a t i o n 
I n order t o o b t a i n a s u f f i c i e n t number of observations i n the most 

econcmlcal way, simple sets o f observations are done on a great number of 
o b j e c t s spread throiagh the r e g i o n assigned t o the s t a t i o n ; and the more 
complicated the observations the fewer the number of i n d i v i d u a l o bjects 
of study. F i n a l l y , such complicated long-term observations as s o i l or 
water balances (discussed a t t h e end o f t h i s paper) are done on a few ob
j e c t s o n l y . 

The r e g i o n assigned t o a s t a t i o n may be frcm s e v e r a l t e n t h s o f a 
m i l e t o s e v e r a l hundred miles long (e.g., along a r i v e r canyon). On a 
p o r t i o n o f the r e g i o n w i t h e s p e c i a l l y Intense s l i d e s (perhaps 12 t o 30 
ml l o n g ) , r e g u l a r v l s i i a l observations are done from one t o f o u r times a 
year; a d d i t i o n a l observations are done a f t e r heavy displacements o f ex
i s t i n g s l i d e s ; a f t e r new s l i d e s have s t a r t e d ; a f t e r heavy r a l n s t o i m s ; a f 
t e r earthquakes; d u r i n g c o n s t r u c t i o n , e t c . On some i n d i v i d u a l s l i d e s 
where I n s t r u m e n t a l survey i s done (e.g., systematic displacement meas
urement or ground water s t \ i d y ) , observations are dme every two t o f i v e 
days, and sometimes every day. 

More s p e c i f i c a l l y , t h e f o l l o w i n g types o f observation sections may 
be d i s t i n g u i s h e d : 

1. Sections c o n t a i n i n g s l i d e s a t the stages when they t h r e a t e n or 
may t h r e a t e n t h e s t a b i l i t y o f e x i s t i n g or planned s t r u c t i i r e s or f a c i l i 
t i e s . The o b j e c t i v e o f the observations i s the e l a b o r a t i o n o f measures 
te n d i n g t o decrease the a c t i v i t y o f the s l i d e and s t a b i l i z e i t . The ob
s e r v a t i o n s are short-termed and g e n e r a l l y coincide w i t h the p e r i o d o f 
p r e l i m i n a r y or f i n a l engineering i n v e s t i g a t i o n s f o r a given s t r u c t u r e . 

2 . Sections on which the a n t i - s l i d i n g s t r u c t u r e s already e x i s t and 
t h e i r e f f e c t i v e n e s s I s s t u d i e d . I n the m a j o r i t y o f cases t h e observa-



t i o n s have t o confirm complete s t a b i l i t y o f the s e c t i o n or show the r a t e 
o f s t a b i l i z a t i o n . The observations Eire raxe, but may l a s t decades. 

3. Sections w i t h t y p i c a l s l i d e s I n progress f o r o b t a i n i n g Informa
t i o n on the s l i d i n g law. Such sections may serve as f i e l d l a b o r a t o r i e s 
( f o r Instance, by observing the s t a b i l i t y o f e x p e r i m e n t a l l y excavated 
slopes under v a r i a b l e c o n d i t i o n s ) . These are u s u a l l y long-term observa
t i o n s . The f u l l - s i z e experiments are combined w i t h the work o f the i n 
doors l a b o r a t o r y where the experiments on smaller scale are done. I n com
pa r i n g the r e s u l t s the s i m i l i t u d e laws may or may not be used. I n the 
l a t t e r case the experiments are p u r e l y demonstrative, b u t may be sometimes 
h e l p f u l i n the s o l u t i o n o f some p a r t i c u l a r problems. 

Mapping o f the Region 
The s l i d e observations should be preceded by the mapping i n o f the 

whole r e g i o n under the s t a t i o n j u r i s d i c t i o n using 1:25,000 t o 1:100,000 
scales. The contours o f l a r g e s l i d e s are shown on such maps, and smaller 
s l i d e s are i n d i c a t e d by conventional signs. 

The b a s i c ' p o r t i o n of the r e g i o n under the constant observation by the 
s t a t i o n i s u s u a l l y mapped on a 1:5,000 t o 1:10,000 scale, seldom l a r g e r . 
The mapping i s supposed t o (a) give the c h a r a c t e r i s t i c s o f each i n d i v i d u a l 
s l i d e ; (b) e s t a b l i s h the dependence of the s l i d e morphology on the p e t r o g 
raphy, g e n e t i c s , l o c a t i o n of the slope making formations, and on the p l e n -
t i f u l n e s s of the a q u i f e r s ; (c) r e c o r d the presence and i n t e n s i t y o f other 
physlco-geologlc phenomena; (d) r e c o r d a l l s t r u c t u r e s , p a r t i c u l a r l y those 
designed f o r s l i d e a r r e s t i n g purposes, and a l l a r t i f i c i a l f a c t o r s t h a t may 
p o s s i b l y a f f e c t the slope s t a b i l i t y . 

I n d i v i d u a l s l i d e s are mapped on 1:500 t o 1:2,000 scale, and very l a r g e 
ones on 1:5,000 scale. I n t h i s case geologic sections are shown. I n t h i s 
connection a l l a v a i l a b l e data should be u t i l i z e d concerning the magnitude 
and d i r e c t i o n o f the displacements o f the formations, t h e i r t i p p l n g s and 
t w i s t s and other data obtained from the study o f f i s s u r e s and other de
formations a t the surface o f the s l i d e and from observations on reference 
p o i n t s . Large-scale mapping i s accompanied by b o r i n g and sampling o f s o i l s 
and rocks, and sometimes by the determination o f the d i r e c t i o n and v e l o c i t y 
o f the ground water f l o w , i n c l u d i n g pumping. Geophysical i n v e s t i g a t i o n s 
are sometimes used. The b o r i n g logs should i n d i c a t e not only the sequence 
o f s t r a t a , but also t h e i r l l t h o l o g y , and t e c h n i c a l l y important p h y s i c a l 
p r o p e r t i e s ; presence, c h a r a c t e r i s t i c s and o r i e n t a t i o n o f cracks and f i s 
sures, s l i d i n g siirfaces and sl l c k e n s l d e s (and scratches on them), also c o l 
lapsed and smashed zones. Data from bore holes have t o be checked against 
those from trenches and t e s t p i t s . A l l basic bore holes must be sunk from 
3 t o 7 f t i n t o t h e n a t u r a l ground and one or two holes go t o a deeper hor
i z o n whose I m m o b i l i t y d u r i n g the s l i d i n g process i s above doubt. When the 
s t r a t a are h o r i z o n t a l , a t l e a s t one bore hole on the slope must reach the 
e l e v a t i o n o f the bottom of the deepest hole sunk throi;igh the s l i d i n g body 
I t s e l f . 

Slope H i s t o r y 
A p u r e l y g e o l o g i c a l problem o f great Importance i s the h i s t o r y o f a 

given slope considered as a whole. For a competent g e o l o g i s t , t h i s i s the 
b a s i s o f the understanding o f the present day s l i d e s and p o s s i b l e prognosis 
o f coming ones. Often the h i s t o r y o f the slope i s connected t o the h i s t o r y 
o f a water b a s i n o r a r i v e r canyon o f which the slope i s a p a r t . 



I n a d d i t i o n t o the h i s t o r y o f the slope i n remote times the s t a t i o n 
gathers a l l p o s s i b l e I n f o m a t i o n concerning the present h i s t o r i c a l p e r i o d 
( o l d maps, newspapers, questioning o f the neighbors, e t c . ) . 

SLIDE TERMINOLOGY AND CLASSIFICATION 
The Russian term f o r the s l i d e i s "opolzen." The s l i d i n g body proper 

i s the "body of the opolzen." The v i s i b l e v e r t i c a l c l i f f - l i k e scarp where 
the s l i d i n g body separates from the r e s t o f the e a r t h mass i s " p u l l - o f f -
w a l l . " The s l i d i n g surface on which the s l i d i n g body reposes, i f p r a c t i c a l 
l y Immobilized, i s i t s "bed." The s l i d i n g body i s l i m i t e d by the r i g h t and 
l e f t " f l a n k s " or "sides," r i g h t and l e f t being considered i n the d i r e c t i o n 
of s l i d i n g . The foremost p o r t i o n of the s l i d e i s i t s "tongue" (not " t o e " ) . 

A new s l i d e changes the appearance o f the slope. The r e l i e f changes, 
f i s s u r e s and steps appear near the top o f the s l i d e , rock formation may-
become v i s i b l e , t h e r e are new ground water o u t l e t s and swampy spots. I f 
the d i s p l a c e d masses keep the new p o s i t i o n f o r a c e r t a i n time, the slope 
appearance changes again: the f i s s u r e s are g r a d u a l l y f i l l e d up, t h e i r edges 
smoothen, and the newly exposed surfaces are covered w i t h v e g e t a t i o n . This 
i s the t r a n s f o r m a t i o n of the s l i d e i n t o an " o l d s l i d e . " The d u r a t i o n o f 
t h i s t r a n s f o r m a t i o n depends on the c l i m a t e . I t may be o f the order o f sev
e r a l hundreds o f years i n dry c l i m a t e , whereas i n the presence o f consid
erable r a i n f a l l and r i c h v e g e t a t i o n two and even one year may s u f f i c e . I t 
i s necessary t o d i s t i n g u i s h between " o l d " and "ancient" s l i d e s . The l a t 
t e r are healed up s l i d e s (scars) formed i n past g e o l o g i c a l times. 

As may be concluded from Emel'ianova ( l ) , the terms "new" or "modern," 
" o l d , " and "ancient" s l i d e are used by the s t a t i o n s ' personnel. There are 
also s l i d e c l a s s i f i c a t i o n s by Popov and Maslov, discussed l a t e r . 

The slopes w i t h o l d or ancient s l i d e s or slopes w i t h o u t s l i d e s a t a l l 
may be s i m i l a r t o those on which new or modern s l i d e s are developed so f a r 
as the c o n d i t i o n s o f slope f o r m a t i o n and existence are concerned. A l l such 
slopes deserve a t t e n t i v e study i n order t o c l a r i f y the reasons why \mder 
apparently I d e n t i c a l c o n d i t i o n s the s l i d e s may or may not develop; why the 
s l i d e s may be a c t i v e or completely healed up. 

Sli d e C l a s s i f i c a t i o n 
Popov's S l i d e C l a s s i f i c a t i o n (3) i s i n r e a l i t y an adaption of F. P. 

Savarensky's (3a) c l a s s i f i c a t i o n "somewhat developed and made p r e c i s e r . " 
Savarensky, a well-known Russian g e o l o g i s t , working mostly I n engineer
i n g geology and seismology, was the f i r s t i n Russia t o introduce i n t o the 
s l i d e c l a s s i f i c a t i o n the time o f m a n i f e s t a t i o n o f the s l i d e and i t s s t a t e 
( s t a g e ) . His c l a s s i f i c a t i o n , m o d i f i e d by Popov, i s given i n Table 1. On 
the basis o f Table 1, Popov elaborated another t a b l e (Table 2) which i n 
r e a l i t y contains a small l i s t o f f e a t u r e s on which a r e g i o n a l s l i d e c l a s 
s i f i c a t i o n shoxild be based and a small l i s t of measures f o r the c o n t r o l o f 
l a n d s l i d e s . Table 2 i s formulated i n general terms and has no immediate 
p r a c t i c a l value f o r a f i e l d engineer or g e o l o g i s t . I t i s not presented 
here. 

Maslov's {k) s l i d e c l a s s i f i c a t i o n considers f o u r c h a r a c t e r i s t i c s 
of the l o s s o f slope s t a b i l i t y , namely: (a) form, whether f a l l , slump 
w i t h shear and r o t a t i o n , shear a t settlement, s l i d i n g , creep-displacement, 
creep, f l o w s , p l a s t i c and viscous deformation, sec-ular reworking o f the 



TABLE 1 

CLASSIFICATION OF SLIDES ACCORDING TO AGE AND STAGE 

Age Stage C h a r a c t e r i s t i c s Age Stage 
Of Age Of Stage 

Recent Moving With recent base 
l e v e l of er o s i o n , 
and l e v e l o f 
abrasion 

Process tending t o 
establishment o f 

Suspended. 

With recent base 
l e v e l of er o s i o n , 
and l e v e l o f 
abrasion 

e q u i l i b r i u m 
A c t i o n o f cause tempo
r a r i l y balanced by 
some " s e c u r i t y agent" 

A r r e s t e d Cause t e m p o r a r i l y 
e l i m i n a t e d 

Completed A c t i o n o f cause 
discontinued 

Ancient Exposed 

Burled 

With a d i f f e r e n t 
p o s i t i o n o f erosion 
and abrasion 

Only s o i l and eluvium 
a t the sinrface 
S l i d e covered w i t h 
l a t e r deposits 

slope; i n t o t a l seven forms i f f a l l and f l o w are not considered; (b) char
a c t e r of deformation, e.g., understanding under " s l i d i n g " a displacement 
along the planes o f s t r a t i f i c a t i o n , breaks, ancient movements, e t c . ; un
der "creep-displacement" almost h o r i z o n t a l displacement along a weak l a y e r 
o f cementing m a t e r i a l between two s t r a t a caused by l a t e r a l pressure; ( c ) 
v e l o c i t y o f deformation expressed q v i a n t l t a t i v e l y o n l y , e.g., "s m a l l and 
exceedingly small" i n cm or mm per year; (d) n a t i i r a l environment (mostly 
geology of the s i t e ) . 

Cracks and Fissures 
I n the Russian o r i g i n a l s discussed here no d i s t i n c t i o n I s made be

tween "crack" and " f i s s u r e s . " The general term used t h e r e i s equivalent 
t o English " f i s s u r e . " I n t h i s paper the term "crack" i s g e n e r a l l y used; 
the term " f i s s u r e " i s also used when r e a l closed f i s s u r e s are described. 

Cracks and f i s s u r e s a t the s l i d e surface are caused by stresses and 
displacements w i t h i n t he s l i d e body. I n the case o f an elementary (sim
p l e ) s l i d e i n clayey m a t e r i a l t h e r e are t e n s i l e stresses and t e n s i l e 
cracks and f i s s t i r e s a t the t o p o f the s l i d e ; whereas a t the tongue the r e 
may be b u l g i n g and, hence, compression cracks and f i s s i i r l n g . This i s t r u e 
i n the case o f non-sensitive c l a y . I f the c l a y i s s e n s i t i v e , or i f there 
i s a sudden increase i n the bed gra d i e n t close t o the tongue, c l a y may 
move or f l o w down and spread on the t e r r a i n . There may be also f i s s u r e s 
i n the n a t u r a l groimd above the s l i d e and below i t s tongue. 

The p o r t i o n o f the simple s l i d e between the upper (extended) and the 
lower (compressed) zones i s a "displacement zone." I f the curvature o f 
the s l i d e bed (shearing surface) i s constant, e.g., as i n the case o f a 
p e r f e c t c i r c u l E i r or plane shearing surface, the body o f the s l i d e i s not 
stressed and no fissiores are formed on i t d u r i n g the s l i d i n g process. I f , 



i n such a case, t h e r e are engineering s t r u c t u r e s b u i l t a t the " d i s p l a c e 
ment zone," they w i l l be simply t r a n s l a t e d and may be t i p p e d one way or 
the other according t o t h e i r r e l a t i v e p o s i t i o n w i t h respect t o the shear 
surface. 

Figure 1 shows the crack c l a s s i f i c a t i o n by Ter-Stepanian (k) who sub
d i v i d e s a l l cracks on the s l i d i n g body i n t o siirface cracks and deep cracks 
or f l s s \ i r e s . I n t h e i r t u r n , the surface cracks c o n s t i t u t e fowc l a r g e 
groups i n d i c a t e d on p l a n ( F i g . 1, bottom). 

Group I . Upper Cracks ( F i g s , l a and l b ) , open a t t o p , more or l e s s 
v e r t i c a l , edges not smashed. Cracks ( F i g . l b ) are i n r e a l i t y f a u l t s (or 
shear) surfaces. May be covered by the dry m a t e r i a l f a l l i n g from the up
per "shoulder." Cracks ( F i g . l a ) are t e a r ( o r t e n s i l e ) cracks, not very 
l o n g , dying out a t the ends; both shoulders are a t the same l e v e l . 

Group I I . Side Cracks (F i g s . I c , I d , l e and I f ) , along sides o f s l i d 
i n g body, r i g h t and l e f t , considered along d i r e c t i o n of movement. Each 
crack has two "shoulders," one movable on the s l i d i n g body, the other un-
movable on the r e s t o f the mass. At the beginning of the s l i d i n g process 
both shoulders have equal e l e v a t i o n s but not so a f t e r w a r d , when the shoul
ders move r e l a t i v e l y up and down, becaiise o f h o r i z o n t a l (and not v e r t i c a l ) 
displacements. However, a t the end o f the process t h e r e i s a tendency f o r 
the movable shoulder t o be lower than the unmovable a t the t o p p o r t i o n s o f 

the s l i d e , and higher a t the lower 
ones. This i s explained by the ero-
sionsQ. a c t i o n a t the cirques o f the 
s l i d e and the accumulative a c t i o n o f 
i t s tongue. 

There may be f o u r types o f 
cracks along the sides of the s l i d 
i n g body. "Pushing" cracks ( F i g . 
I c ) are formed when th e d i r e c t i o n 
o f motion makes an acute angle w i t h 
the edge o f the s l i d i n g body, and 
both compression and shear stresses 
are a c t i n g . Basic pushing cracks 
( F i g . I c ) are accompanied by sec
ondary c v i r v i l i n e a r secondary crack 
probably caused by t o r s i o n . The 
presence o f a moment i n t h i s case 
has been I n d i c a t e d i n the United 
States by A. M. R i t c h i e ( ^ p. 55 ) , 
and by the Russian i n v e s t i g a t o r s 
thanselves ( l , p. kc). "Squeezing" 
cracks ( F i g . I d ) are o f the same 
o r i g i n as cracks ( P i g . I c ) , o n l y the 
acute angle i s l a r g e r i n t h i s case. 
Also the secondary cracks are heav
i e r ; and t h e r e i s a l o n g i t u d i n a l 
r o l l o f e a r t h m a t e r i a l squeezed up 
from below. 

I f t h e l o n g i t u d i n a l sides o f 
Types o f cracks on a the s l i d i n g body are p a r a l l e l t o 

s l i d e . eeich other and t o the general d l -
Flgure 1. 



r e c t l o n o f s l i d i n g ( F i g . l e ) , the f i s s u r e s separating the s l i d i n g body 
from the r e s t o f the mass, are t y p i c a l shear f a i l u r e f i s s v i r e s covered 
w i t h " l i n e s " t h a t probably are p o r t i o n s o f the shear p a t t e r n and t r a c e s 
of wearing. I n such cases s l l c k e n s i d e s may develop a t t h e v e r t i c a l o r 
almost v e r t l c a l ' s l d e s o f the s l i d i n g body. I f the s l i d i n g body tends t o 
widen i n the d i r e c t i o n o f impending motion, "separation" cracks ( F i g . I f ) 
are observed. Roughly such cracks approach a s t r a i g h t l i n e , the shoulder* 
are o f t e n t o r n and t h e r e are no " l i n e s " and no signs o f f r i c t i o n on them. 

Group I I I . C e n t r a l Cracks, are c o n v e n t i o n a l l y termed "compression 
cracks," though i n t h e i r f o m a t i o n t e n s i l e stresses also p a r t i c i p a t e . 
"Smashing cracks" ( F i g . I g ) are i n r e a l i t y transverse closed f l s s i i r e s 
w i t h one or more transverse e a r t h r o l l s . The shoulders o f the f i s s u r e s 
are l e v e l . These cracks are formed a t the place where the movement of 
the s l i d i n g body i s decelerated by some ob s t a c l e , e.g., a heave i n the 
bed o f the s l i d e . 

"Opening" cracks are formed e s p e c i a l l y i n t h e zone between the mid
dle and the lower p o r t i o n o f the s l i d i n g body ( F i g . I h ) . These Eire t r a n s 
verse v e r t i c a l cracks, formed by t e n s i l e stresses, e.g., i n the case when 
the e a r t h m a t e r i a l accimiulated i n the lower p o r t i o n o f the s l i d e , creeps 
over some obstacle (e.g., a heave i n the bed) and breaks. The shoulders 
of these cracks are l e v e l . 

Group IV. Lower Cracks. The f i s s u r e s f o m e d a t the end o f the 
tongue ( F i g . 11) are j o i n t s connecting the s l i d e w i t h the surrounding 
s o i l mass. These f i s s i i r e s are closed, t h e i r upper shoulder i s h i g h , some
times t i p p e d and even overturned; t h e i r lower shoulder i s o f t e n hidden by 
the e a r t h m a t e r i a l . 

This p a r t i c u l a r c l a s s i f i c a t i o n does not cover a l l kinds o f cracks and 
f i s s u r e s t h a t may appear a t the surface o f a s l i d i n g body, e.g., dessica-
t l o n fissin:es; t e c t o n i c cracks, e.g., caused by f a u l t s ; weathering f i s 
sures, e t c . Besides cracks and f i s s u r e s t h e r e may be other deformations 
of the s l i d i n g body such as f o l d s , decrease and increase i n thickness and 
other phenomena known as " s l i d e t e c t o n i c s . " 

The importance and general s i g n i f i c a n c e o f cracks a t the s l i d i n g body 
i s w e l l known (^, p. 5^)J here the methodology o f crack study on the t y p 
i c a l s l i d e s o n l y as prewiticed by t h e Russian f i e l d s l i d e s t a t i o n s , w i l l be 
b r i e f l y discussed. I n d e s c r i b i n g a crack i n a r e p o r t or a paper the f o l 
l o w ing items are considered: (a) whether t h e crack i s i n d i v i d u a l or be
longs t o a s e r i e s ; (b) shape i n p l a n ( s t r a i g h t , cxirved, wavy, broken, 
e t c . ) , i t s l e n g t h and i t s o r i e n t a t i o n and p o s i t i o n on the s l i d i n g body; 
(c ) w i d t h , max, mln, average; (d) depth and s t a t e o f the v i s i b l e bottom; 
(e) w a l l a o f the crack (whether smooth, w i t h " f r i c t i o n m i r r o r s , " scratches 
or " l i n e s , " or rough, notched, smashed; ( f ) s t a t e o f the shoulder edges, 
whether sharp, f a l l e n o f f , rounded; s t r a i g h t i n p l a n t o r n , indented; (g) 
d i f f e r e n c e i n l e v e l o f the shoulders; (h) h o r i z o n t a l t r a n s l a t i o n s along 
the crack; ( i ) p o s s i b l e r e l a t i o n o f the crack t o geologic c o n d i t i o n s , e.g., 
changes I n t h e character o f the crack when I n t e r s e c t i n g d i f f e r e n t rocks; 
( j ) m a t e r i a l f i l l i n g t h e crack; ( k ) geohydrological s i g n i f i c a n c e o f the 
crack; ( l ) p o s s i b l e causes o f t h e crack. I n c e r t a i n cases p i t s and t r e n c h 
es are used f o r t h e d e t a i l e d survey o f a crack. Sometimes d e t a i l e d i n 
strumental mapping o f cracks f o r i n d i v i d u a l sections o f a l a r g e s l i d e i s 
advisable. An American example o f such mapping should be r e c a l l e d ( 7 ) . 



DEFORMATION OF STRUCTURES 
A s l i d e may occur under, or close t o , an e x i s t i n g s t r u c t u r e . I n t h i s 

case the s t r u c t u r e may be h e a v i l y damaged o r , under c e r t a i n circumstances, 
may continue i t s s e r v i c e . F i n a l l y a s t r u c t u r e (e.g., a road) may be con
s t r u c t e d on a s l o w l y progressing s l i d e . I n a l l these cases observations 
on the s t a t e of the s t r u c t u r e are needed. The primary o b j e c t i v e of these 
observations i s t o e s t a b l i s h the r e l a t i o n s h i p o f the a c t i i a l or p o s s i b l e 
damage of the s t r u c t u r e w i t h i t s p o s i t i o n on the s l i d e . I t already has 
been suggested i n t h i s paper t h a t the s t r u c t i i i r e s l o c a t e d a t the c e n t r a l 
p o r t i o n o f an elementary s l i d e are o n l y s l i g h t l y damaged, i f a t a l l . Ob
v i o u s l y , the c o n s t r u c t i o n and depth of the f o i m d a t l o n and the general con
d i t i o n o f t h e s t r u c t u r e p r i o r t o s l i d i n g are o f Importance. 

T i p p i n g and displacement o f p a r t s o f s t r u c t i i r e s are measiured i n t h r e e 
m u t u a l l y perpendicular d i r e c t i o n s and shown schematically on the plans o f 
the s t r u c t u r e . Cracks and f i s s u r e s are given s p e c i a l a t t e n t i o n . P a r t i c 
u l a r l y , t o e s t a b l i s h whether a crack i s widening or n o t , rectangular 
pieces o f t h i n glass 1 t o 3 cm wide are o f t e n f i x e d w i t h gypsm or cement 
on the shoulders o f the crack. Gypsum and cement overlays across the f i s 
sure are also used. 

DEFORMATION OF VEGETATION 
Plants may r e s i s t s l i d i n g or be e n t r a i n e d by the s l i d e according t o 

where t h e i r r o o t s are f i x e d . I n huge s l i d e s the whole r o o t system i s gen
e r a l l y l o c a t e d w i t h i n the s l i d i n g body. I n a c y l i n d r i c a l s l i d e an i s o 
l a t e d v e r t i c a l t r e e t i p s up slope; and moves forward, i . e . , down slope, 
i n t h e case o f p l a s t i c f l o w . Young t r e e s r o t a t e d by an e a r l y s l i d e grow 
v e r t i c a l l y a fterwards, a growth which permits one t o estimate how much 
time has t r a n s p i r e d since the s l i d e . I t should be r e a l i z e d t h a t bent 
t r e e s are also found i n windy regions. 

DISPLACEMENTS OF SLEDIHG BODIES 
Magnitude, d i r e c t i o n and r a t e are t o be recorded i n the study o f 

s l i d i n g body displacements. Regular siirveylng operations are performed 
on a system o f "monijments" (Russian " r e p e r " ) placed on and outside the 
s l i d e . Besides determining whether or not t h e r e i s a displacement of the 
s l i d i n g body, t h e boixndaries o f " a c t i v e " s l i d e s or those o f secondary 
s l i d e s ( c i r q u e s ) w i t h i n huge o l d s l i d e s may be determined using such ob
s e r v a t i o n s . I t may also be found whether the s l i d i n g process i s s t i l l 
p rogressing and, i f so, what k i n d o f movement i s t a k i n g place: e i t h e r d i s 
placement o f the s l i d i n g body as a monolith; or d i f f e r e n t i a l displacement 
of i t s p a r t s ; o r , f i n a l l y , a p l a s t i c f l o w . I t may be d i s c l o s e d whether 
t h e r e i s a l a t e r a l or an upward growth o f the s l i d i n g body. Data f o r the 
s t r e s s d i s t r i b u t i o n stxuSy w i t h i n the s l i d i n g body may be c o l l e c t e d . So 
f a r as the a n t l - s l i d i n g s t r i i c t u r e s are concerned, data f o r the design of 
such s t r u c t u r e s may be c o l l e c t e d , and when the s t r u c t u r e s themselves are 
constructed t h e i r e f f i c i e n c y checked. 

Observations on "monvments" are r e f e r r e d t o t h r e e m u t u a l l y perpen
d i c u l a r axes. Displacements of a p o i n t along the axes and f u l l displaxie-
ment i n space, v e l o c i t i e s o f displacement and increase or decrease of the 
t r u e distance between the monuments are determined. Changes i n the t r u e 
distance between the monimients I n d i c a t e t e n s i o n or compression close t o 
the s l i d e ' s surface. R o t a t i o n o f the s l i d i n g body about a h o r i z o n t a l or 
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Figure 2 . Approximate determina
t i o n o f the depth o f a s l i d e ( 8 ) . 

v e r t i c a l a x i s i s found from the angles o f r o t a t i o n o f l i n e AB connecting 
the two monuments A and B i n t h e v e r t i c a l o r h o r i z o n t a l plane, r e s p e c t i v e 
l y . I n t h e i r t-urn, the values o f these angles are computed from the co
ordinates o f p o i n t s A and B. 

Monument observations may be 
used f o r deteimlnlng the depth o f 
the s l i d i n g body and the c o n f i g 
u r a t i o n o f the s l i d i n g (shear) 
surface. The method proposed by 
Buckingham (8) i s described by 
Qael'lanova J l , p. 59)• Durliag a 
displacement o f the s l i d i n g body 
volume A i and ABBi ( F i g . 2 ) , may 
be assumed equal t o the volimie o f 
s o i l passed through s e c t i o n BC. 
I f t h e h o r i z o n t a l displacement o f 
p o i n t B i s A and assuming a u n i 
form d i s t r i b u t i o n of the v e l o c i 
t i e s o f the moving s o i l along ver
t i c a l BC, 

aepth BC = ^ea^AiABBl 

I f t h e s l i d i n g body i s severely 
broken dxaring the displacement, 
Eq. 1 may l e a d t o considerable 
e r r o r s . 

Location o f Monuments. The 
monuments are l o c a t e d i n l o n g i 
t u d i n a l and tr a n s v e r s e , m u t u a l l y 
perpendicular rows. The l o n g i 
t u d i n a l rows are u s \ i a l l y p a r a l l e l 
t o t he general d i r e c t i o n o f s l i d 
i n g . Some monuments sho\ild be 
placed beyond the perimeter o f the 
s l i d i n g body proper. I f the r e i s 
a water basin a t the f o o t o f the 
slope, t h e r e should be monimients 
placed i n water w i t h a t l e a s t one 
monument unmovable. A d d i t i o n a l 
l o n g i t u d i n a l montmient rows are 
needed (a) on ccmplex s l i d e s w i t h 
secondary cirques ( F i g s . 3 and k)} 
(b) on f r o n t a l s l i d e s o f considerable l e n g t h along the slope; and ( c ) when 
besides t r a n s l a t i o n a lso r o t a t i o n may be expected. Figure 5 shows a case 
when m o n o l i t h i c s l i d i n g takes place along a plane d i p p i n g o b l i q u e l y t o the 
slope. I t should be noted, however, t h a t i n many cases one good l o n g i t u d 
i n a l monument row may s u f f i c e . 

Sometimes monuments are l o c a t e d i n t r i a n g l e s as f o r a d i m i n u t i v e t r i -
a n g u l a t i o n . P r a c t i c e has shown, however, t h a t the readings obtained from 
a s u f f i c i e n t number o f m u t u a l l y perpendicular monument rows are e a s i e r t o 
aneilyze and are more l l l i i s t r a t i v e than those obtained from t r i a n g u l a r s e t s . 

Location o f monvmients f o l l o w i n g a re c t a n g u l a r g r i d may be u s e f u l i n 

Figure 3 . Location o f monimients on 
a medlimi size two-step s l i d e (sche

matic s k e t c h ) . 
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Figure h. Location of monuments on 
a hiige old s l i d e with secondary 

cirques (schematic sketch). 

the case of p l a s t i c flow and creep 
when the s o i l mass moves l i k e a 
stream of viscous l i q u i d . 

Figure 5. Location of monuments i n 
the case of an oblique s l i d e . Ar
row shows direction and angle of 
dip of the s l i d i n g plane (schematic 

sketch). 

Location of monvment rows should be f i r s t planned on a large-scale 
topographic map according to available geomorphological information. The 
plot should be then corrected i n the f i e l d by a geologist and an engineer 
together, according to the presence of cracks and sheeu: steps, conditions 
of v i s i b i l i t y , e t c . 

Monument Types. Monuments may be b a s i c , f o r long-term observations, 
and working, f o r short duration use. MommientB of e i t h e r type may be ex
posed or covered with earth. The monuments of the l a t t e r type are better 
so f a r as preservation of the monument i s concerned but often are d i f f i 
c u l t to f i n d i n the f i e l d . I t i s advisable to make a l l monuments exposed 
and to cover them only i f t h e i r safety i s threatened. 

The base of a monument should be placed below the freezing depth ex
cept f o r that case when the displacements of the mantle only are consid
ered. 

Figure 6 shows one covered monument (a) and two exposed. There are 
many types of working monvmients; concrete i s tised i n most of them fo r s t a 
b i l i t y . A very common type i s shovm i n Figure 7, l e f t . I n t h i s case the 
montmient of a metal 1 i c rod or pipe segment driven fran the bottom of a 
shallow excavation f i l l e d afterwards with concrete. I n the s o i l s subject 
to swelling t h i s type of monimient i s replaced by a concrete slab with a 
v e r t i c a l rod placed at the bottom of a r e l a t i v e l y deep p i t and f i l l e d with 
compacted c l a y ( F i g . 7, r i g h t ) . 

Duration of Monument Observations. P r a c t i c a l l y always, observations 
on a s l i d e , even i n the areas served by f i e l d stations, s t a r t a f t e r the 
s l i d e has already moved so that infoimation on a very i n i t i a l stage of 
s l i d i n g i s missing. The s l i d i n g process develops non-uniformly and there 
may be periods of quiet between the displacements, l a s t i n g scmetimes for 
years. Again, the h i s t o r y of seme s l i d e s i s limited to one displacement 
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F l g i i r e 7. 
short-term 
one I S 

T y p i c a l monuments f o r 
observations (the r i g h t 

used i n frost-expansive 
s o i l s ) . 

Figure 6. Types o f "basic monments 
f o r long-term observation. 

on l y . Therefore, i t i s not neces
sary very o f t e n t o perform f \ i l l 
surveying operations, i . e . , de
t e r m i n a t i o n o f the thr e e c o o r d i 
nates X, y, z o f a l l monuments. 
For instance, f o r intermediate 
observations o f a s l i d e , done h 
t o 6 times per year, a systematic 
determination o f one or two coordinates may s u f f i c e . The v e r t i c a l c o o r d i 
nate z may be determined by simple l e v e l i n g . The coordinate x may be foimd 
from the l o n g i t x i d l n a l monument rows, o f t e n by simple measiirement o f the 
distances between the monuments. The I m m o b i l i t y of basic monuments should 
be checked once i n awhile, however. 

Measurement o f any o f the coordinates x, y, z should be done I n dry 
weather or d u r i n g a f r e e z i n g s p e l l . Obviously no coordinate measxirement 
should be done d u r i n g v i s i b l e s l i d e movement. 

S i m p l i f i e d Observations. Regular surveying operations are expensive 
and r e q u i r e considerable time f o r t h e i r completion. S i m p l i f i e d observa
t i o n s between r e g u l a r surveying operations are performed i n order t o i n 
v e s t i g a t e whether or not the r e are displacements d u r i n g a c e r t a i n time i n 
t e r v a l and what i s the nature o f these displacements. Temporary "marks" 
are placed or m^ide a t the surface o f the s l i d i n g body f o r t h i s purpose. 
Placing one mark a t each side o f a f i s s u r e and measuring distance between 
these marks may I n d i c a t e the pressure or t e n s i o n I n the s l i d i n g body. Both 
o f these marks may be l o c a t e d a t the surface o f the s l i d i n g body, or one 
on i t , and the other o u t s i d e , i . e . , a t the unmovable s e c t i o n o f the e a r t h 
surface. A great number o f mark pedrs may operate simultaneotisly a t d i f 
f e r e n t sections o f t h e s l i d e . Marks may be l o c a t e d along the estimated d i 
r e c t i o n o f s l i d i n g and distances between them measured. To study a r a p i d 
s l i d i n g motion, a l o n g graduated r o d I s f i x e d a t the surface o f the s l i d 
i n g body along the d i r e c t i o n o f s l i d i n g . Outside the edge o f the s l i d e , 
i . e . , on t h e unmovable e a r t h surface, a telescope tube i s f i x e d perpendic
u l a r t o the r o d . Readings o f the r o d euce then p l o t t e d against times o f 
observation. 

Obviously the marks should be simple, inejqpenslve and conv e n i e n t l y 
l o c a t e d . A p a i r o f mon\ments from an e x i s t i n g longitudinaJ. monument row 
l o c a t e d on b o t h sides o f a f i s s u r e or crack may work as marks. Boulders, 
t r e e s , bTJildings and s t r u c t u r e s o f a l l k inds may a l s o be u t i l i z e d f o r the 
purpose. 
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DISPIACEME3STS AT A DEPTH 

Russian t e c h n i c a l l i t e r a t i a r e (9) advances the idea o f existence of 
a " l a n d s l i d e nidus," or t h a t r e g i o n of the slope where the l o c a l concen
t r a t i o n o f t a n g e n t i a l stresses occurs. The complete s l i d i n g cycle caused 
by these stresses c o n s i s t s of a phase o f deep creep which may l a s t f o r 
years, and a phase o f shear I n the form o f quick displacement. An o l d 
s l i d e may he healed up and become a c t i v e again, and t h i s may he repeated 
s e v e r a l times d u r i n g the long g e o l o g i c a l h i s t o r y o f the slope. Thus i n 
one s l i d e t h e r e may be t r a c e s o f s l i d i n g surfaces a t d i f f e r e n t l e v e l s . 
I t i s d i f f i c u l t t o l o c a t e the shearing surface from a bore hole even i n a 
recent s l i d e ; more c o r r e c t data are obtained from p i t s and trenches. 
Russian f i e l d s l i d e s t a t i o n s use deep monuments f o r the purpose. 

P r a c t i c a l l y a l l methods o f the f i e l d deep displacement-study are basec 
on t h e c o n s i d e r a t i o n o f deformation o f a s t r a i g h t l i n e ( u s u a l l y v e r t i c a l ) 
w i t h i n the s l i d i n g body. When i n t e r s e c t i n g a s l i d i n g siarface or a break 
the experimental s t r a i g h t l i n e i s displaced and the displacement o f the 
s l i d i n g body equals the distance between the ends o f the segments o f the 
experimental v e r t i c a l l i n e . W i t h i n a displaced b u t m o n o l i t h i c b l o c k , the 
experimental l i n e i s s t i l l s t r a i g h t , but may be t i p p e d . I n the case o f a 
p l a s t i c f l o w , the experimental l i n e i s curved and may be broken. General
l y the shape o f the curve i n t h i s case depends on the law o f v e l o c i t y 
changes along the v e r t i c a l . 

I n one type o f deep monuments t h e i r deformation i s determined by care
f u l l y excavating the e a r t h m a t e r i a l around the monument which i n t h i s case 
may be used f o r one observation o n l y . A simple type o f such monuments con
s i s t s o f a bore hole f i l l e d i n by wooden c y l i n d e r s k t o 10 i n . i n l e n g t h , 
f r e e l y standing on each other and f i l l i n g the bore h o l e . I n another type 
the bore hole i s f i l l e d w i t h some loose m a t e r i a l , e.g., g r a v e l , sand, f i n e 
c o a l , e t c . The c o l o r o f t h i s m a t e r i a l obviously should d i f f e r from t h a t 
o f the slope m a t e r i a l s . Very important i n t h i s case I s the determination 
of the o r i g i n a l d e v i a t i o n o f the bore hole from the v e r t i c a l which can be 
determined by p l a c i n g i n t o the hole a glass c y l i n d e r f i l l e d w i t h a p p r o p r i 
ate l i q u i d , e.g., a c i d a f f e c t i n g glass or some dye. I n the l a t t e r case 
the w a l l s o f the glass c y l i n d e r should be l i n e d i n s i d e w i t h paper. The 
d i f f e r e n c e between the highest and the lowest l e v e l o f l i q u i d i n the glass 
c y l i n d e r and i t s diameter f u r n i s h the data f o r computation o f the slope 
of t h e bore hole a t the l e v e l where the experimental glass c y l i n d e r i s 
placed. 

The excavation o f a monument i s c o s t l y and time consuming and i s gen
e r a l l y done when th e monvment i s displaced h o r i z o n t a l l y 3 t o 5 f t * Figure 
8 represents a sketch o f the w a l l o f an excavation showing the displEUJement 
o f a monument c o n s i s t i n g o f wooden c y l i n d e r s . The momment i s sheared, dls 
placed v e r t i c a l l y 120 cm and t i p p e d k2 cm. Symbols on the sketch mean: ( l ] 
loose yellowish-brownish c l a y , s l i g h t l y p l a s t i c ; (2) grey s t i c k y c l a y s ; (3] 
sandstone fragments and I n c l u s i o n s ; (k) shearing ( s l i d i n g ) surface; (5) 
o r i g i n a l p o s i t i o n o f monument. 

A method p e r m i t t i n g constant obseirvations o f the s l i d e displacements 
c o n s i s t s i n the excavation o f s p e c i a l p i t s and trenches w i t h n o n - r i g i d 
timber b r a c i n g . Bracing o f a c y l i n d r i c a l p i t (hole o f l a r g e diameter) may 
c o n s i s t o f concrete r i n g s I5 t o 25 cm (6 t o 10 i n . ) h i g h , l y i n g f r e e l y on 
each o t h e r . H o r i z o n t a l displacements Eire w e l l recorded by such I n s t E i l l a -
t i o n s b u t the v e r t i c a l component o f the s l i d i n g displacement cannot be cor
r e c t l y measured u n t i l the i n s t a l l a t i o n i s completely sheared. 
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BALANCE OF SKEDING MASSES 
A s l i d i n g mass may or may not 

vary i n weight d u r i n g the s l i d i n g 
process. Increase i n weight i s 
due t o (a) a c t i v e p a r t i c i p a t i o n i n 
the s l i d i n g process o f the masses 
u s u a l l y l o c a t e d a t the t o p and a t 
the sides o f the s l i d e ; (b) deep
ening o f the s l i d i n g hodyj (c) 
gradual a r r i v i n g o f e a r t h m a t e r i a l 
from t h e areas above t h e t o p o f 
s l i d e , because o f f a l l s (e.g., as 
w i t h the Crimean s l i d e s ) , and be
cause o f e r o s i o n o f these areas; 
(d) a r t i f i c i a l a d d i t i o n s t o the 
s l i d i n g mass (e.g., because o f the 
earthwork on r a i l r o a d s and h i g h 
ways l o c a t e d on the s l i d i n g body); 
(e) d e p o s i t i o n o f sediments on the 
s l i d e ' s tongue and a t the f o o t o f 
the slope (e.g., i n the case o f 
fo r m a t i o n o f a sea or r i v e r t e r 
r a c e ) . Decrease i n weight o f the 
s l i d i n g body may take place because 
of (a) the slope's f o o t abrasion, 
e r o s i o n , f l a t t e n i n g of slopes; (b) 
e r o s i o n o f the slope w i t h forma
t i o n o f ravines and g u l l i e s ; ( c ) 
s u r f i c i a l s o i l removal ( a b l a t i o n ) ; (d) a r t i f i c i a l removal o f e a r t h masses 
i n grading, b u i l d i n g o f cuts and excavations, removal o f s l i d e s or heaves 
on the r a i l r o a d s and highways; (e) subsurface erosion. What i s meant un
der the terms "balance o f s l i d i n g masses" i s the d i f f e r e n c e , p o s i t i v e or 
negative, o f the increase and decrease of the weight o f the masses con
s t i t u t i n g the s l i d i n g body. 

Displaced s o i l s are more or l e s s saturated; and besides water may be 
disp l a c e d Independently from the s o i l . Hence, s t r i c t l y speaking, the b a l 
ance o f e a r t h masses and the balance o f water should be prepared Independ
e n t l y , both o f them being the components o f the general balance o f d i s 
placed masses. Hereafter, the water balance on the slope i s not consid
ered separately from t h e earth-mass balance. 

With c i r c u l a r - c y l i n d r i c a l s l i d i n g surface the c o n d i t i o n s o f e q u i l i b 
rium o f the s l i d i n g body depend on the p o s i t i o n o f i t s center o f g r a v i t y . 
When the center o f g r a v i t y i s lowered, s t a b i l i t y o f the s l i d i n g body i n 
creases and vice-versa. Therefore, when considering a s l i d e w i t h c i r c u l a r -
c y l i n d r i c a l s l i d i n g surface, i t i s necessary t o consider separately the 
p o r t i o n s o f t h e s l i d e separated by a v e r t i c a l plane passing through i t s 
center o f g r a v i t y (deteimlned a t a c e r t a i n i n i t i a l time moment) and par-
ELLlel t o the s t r i k e o f the slope. The p o s i t i o n o f t h i s v e r t i c a l plane 
I n space i s considered constant and t h e d i s p l a c e d masses are v i s u a l i z e d 
as passing through t h a t plane. I n t h i s way, the center o f g r a v i t y of the 
s l i d e i s v i s u a l i z e d as moving i n spaxie, and not w i t h i n the e a r t h mass. 
The negative balance o f the upper p o r t i o n o f the s l i d i n g mass, and the 
p o s i t i v e balance o f i t s lower p o r t i o n mean the downward displacement o f 

Figure 8. I d e a l i z e d page from the 
f i e l d book o f a s l i d e observer 
showing t r a n s l a t i o n and r o t a t i o n o f 

a deep monument. 



Figure 9. Balance o f s l i d i n g mass
es: (1) limestone; (2) c l a y j (3) 
t o d y o f opolzen; {k) beach g r a v e l ; 
(5) removed m a t e r i a l ; (6) added ma
t e r i a l ; (7) center o f g r a v i t y ; (8) 
d i r e c t i o n and l e n g t h o f d i s p l a c e 

ment. 

the center o f g r a v i t y and increase 
i n s t a b i l i t y . The p o s i t i v e "balance 
o f the upper p o r t i o n and the nega
t i v e balance o f the lower p o r t i o n 
correspond t o decrease i n s t a b i l i t y . 
I f the s i g n o f the two "balances i s 
the same, t h e i r absolute values are 
t o he compared: 

Example: The s o l i d l i n e AED 
i n Figure 9 shows t h e p o s i t i o n o f 
the s l i d i n g body i n 19il-7, w i t h i t s 
center o f g r a v i t y a t C. 

Before I952 the f o l l o w i n g oc
c u r r e d ( f o r symbols I , I I , I I I , I V , 
see P i g . 9 ) : 

I . There was a limestone o u t f a l l , 3^0 m3 i n volume. 
I I . Because of gradual s e t t l i n g , I80 m3 o f imported g r a v e l were placed 

on the e x i s t i n g highway. 
I I I . As a r e s u l t o f t h e r a v i n e and g u l l i e s , growth I 7 0 m3 o f e a r t h were 

washed o f f . 
IV. As a r e s u l t o f abrasion, the volume o f the tongue decreased by 

1,850 m3, whereas t h e v o l m e and the regime o f sediments i n the 
shore p o r t i o n of the sea d i d not change s u b s t a n t i a l l y . No suf-
f o s l o n i n the slope was r e p o r t e d . S u f f o s i o n (term used by some 
Russian engineering g e o l o g i s t s ) i s the i n t e r n a l e r o sion and r e 
moval o f the eroded m a t e r i a l a t the base o f a slope. 

The average displacement o f t h e s l i d i n g body f o r 5 y r , I947-I952, as 
measTored along a monument row passing through the center o f g r a v i t y C was 
95 cm h o r l z o n t E i l l y and 2h cm v e r t i c a l l y . 

Assimie the f o l l o w i n g u n i t weights o f the m a t e r i a l s : limestone, 2.35 
tons per m3; g r a v e l , I.85 tons per m3; e a r t h m a t e r i a l s o f the s l i d i n g 
body ravines and g u l l i e s , 1.75 tons per m3. Then: 

1. Balance o f t h e upper p o r t i o n o f the s l i d e ABE. 
The increase i n weight c o n s i s t s o f the weight o f the limestone out

f a l l (2.35 X 3hO = 799 tons) and the weight o f Imported g r a v e l (I.85 x 
180 = 333 t o n s ) . T o t a l Increase = 799 + 333 = 1,132 t o n s . 

The volume o f the m a t e r i a l l o s t by erosion i n the ravines (17O m3) 
shoxild be broken i n t o two p a r t s . Assimie t h a t I30 m3 have been eroded I n 
the upper p o r t i o n o f the s l i d e and 1̂ 0 m3 i n the lower. This gives a l o s s 
i n weight i n t h e upper p o r t i o n o f the s l i d e equal t o 1.75 x 130 = 227 t o n s . 

Assvmie, furthermore, t h e average depth o f the s l i d i n g body a t I 8 m 
and i t s f r o n t w i d t h ( p a r a l l e l t o the s t r i k e o f the slope) a t 100 m, the 
volimie o f e a r t h m a t e r i a l s t h a t passed through s e c t i o n BE i s O.95 x I 8 x 
100 = 1,710 m3 and i t s weight 1.75 x 1,710 = 2,992 t o n s . Hence, the 
t o t a l s o i l balance o f the upper p a r t o f the s l i d e ABE i s + 1,132 - 227 -
2,992 = - 2,087 t o n s . 

2. Balance o f the lower p o r t i o n o f the s l i d e BDB. 
There i s no a d d i t i o n o f new m a t e r i a l i n t h i s p o r t i o n . The l o s s i n 
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weight equals the weight o f the abraded m a t e r i a l (1.75 x 1,850 = 3,237 
tons) and t h a t l o s s by abrasion i n the ravines (1.75 x. kO = JO t o n s ) , 
t o t a l 3̂ 307 tons. The weight o f the m a t e r i a l passed through s e c t i o n BE 
(2,992 t o n s ) i s an increase i n weight of the lower p o r t i o n o f the s l i d e . 
Thus the t o t a l balance o f the lower p o r t i o n of the s l i d e i s : 

- 3,307 + 2,992 = - 315 tons. 
Both the upper and the lower p o r t i o n o f the s l i d e have negative s o i l b a l 
ance. However, because the decrease i n weight o f the upper p o r t i o n o f the 
s l i d e i s l a r g e r than t h a t i n the lower p o r t i o n , the center of g r a v i t y has 
moved down during the 5-yr i n t e r v a l which shows a tendency f o r s t a b i l i z a 
t i o n of the s l i d e . The balance o f the s l i d e as a whole i s - 2,087 - 315 
= - 2,402 t o n s , which means t h a t the t o t a l weight o f the s l i d i n g body i s 
decreasing w i t h t ime. Again, s t r i c t l y speaking, the weight of the o u t f a l l 
(799 tons) shovild not be considered because t h i s i s a displacement o f the 
m a t e r i a l i n s i d e the slope. Under t h i s assumption the negative balance o f 
the slope as a whole would be - 2,h02 - 799 = -3,201 tons and the average 
denudation I n t e n s i t y 3,201 t 500 =6.4 tons per l i n f t o f the slope per 
year. 

OTHER ACTIVITIES OF FIELD STATIONS 
Besides the continuous measurement o f the displacements connected 

w i t h the s l i d i n g process, as described, the f i e l d s l i d e s t a t i o n s are con
d u c t i n g studies o f (a) the s l i d i n g f a c t o r s and (b) the e f f e c t i v e n e s s o f 
the a n t i - s l i d i n g measures. Study of s l i d i n g f a c t o r s i n a given environ
ment encompasses s e l s m l c i t y , meteorology, hydrology ( i n c l u d i n g b o t h sur
face and subsurface water, and water content regime o f the s l o p e ) , weath
e r i n g , e t c . An Important s l i d i n g f a c t o r i s the undermining of slopes by 
both stagnant and c u r r e n t water, and p a r t i c u l a r l y by waves. 

The a n t i - s l i d i n g measures studies are r e g u l a t i o n o f the r u n - o f f , 
drainage, mechanical stopping o f s l i d i n g masses, m o d i f i c a t i o n o f s o i l 
p r o p e r t i e s , s t a b i l i z a t i o n o f slopes, e t c . 

The Russian f i e l d s l i d e s t a t i o n s belong t o d i f f e r e n t " m i n i s t r i e s " or 
Government r e p a r t i t i o n s . Most o f the s t a t i o n s are \mder the j u r i s d i c t i o n 
of the M i n i s t r y o f Geology, though some are i n the T r a n s p o r t a t i o n M i n i s t r y , 
i n the M i n i s t r y o f Coal I n d u s t r y ( l ) , e t c . The s t a t i o n s have t o submit 
p e r i o d i c a l r e p o r t s and prepare recommendations when requested. Prognosis 
o f s l i d i n g p o s s i b i l i t i e s I s also t h e i r r e s p o n s i b i l i t y . 

CONCLUSIONS 
The w r i t e r wishes t o emphasize the p i j r e l y i n f o r m a t i v e character of 

t h i s paper. No d e f i n i t e si;iggestions are made, but t h e w r i t e r b e l i e v e s 
t h a t the idea o f stationaj:y (or r a t h e r r e g i o n a l ) l a n d s l i d e s observations 
deserves a t t e n t i o n . Besides a thorough d i s c i i s s i o n o f the subject m a t t e r — 
a discussion the w r i t e r t h i n k s v e r y d e s i r a b l e — i t seems advisable t o s t a r t 
a few f i e l d s l i d e s t a t i o n s , not n e c e s s a r i l y e x a c t l y o f the Russian t y p e , 
i n zones a f f e c t e d by l a n d s l i d e s t h a t are produced as a n a t u r a l step i n 
the denudation process o f a given r e g i o n . Another proper l o c a t i o n o f such 
f i e l d s t a t i o n s would be next t o r i v e r canyons I n which s e v e r a l dams are 
planned. Quite a few f a c t s became known when, a f t e r the c o n s t r u c t i o n o f 
a r e s e r v o i r and l o c a l collapse o f i t s shores, expensive r e l o c a t i o n o f 
threatened highways and r a i l r o a d s running p a r a l l e l t o those canyons was 
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necessary. States and counties, and i n p e r t i n e n t cases the r a i l r o a d com
panies, should be i n t e r e s t e d i n the idea. 
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