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Summary 

A brief list of [andsIide causal factors is presented and a format for reporting landslide causes is suggested. They make useful additions to the 
Landslide Report proposed by the International Geotechnical Societies;' UNESCO Working Party' on World t.andslide Inventory. 

Rdsumd 

L'auteur pr~scnte une br~ve liste des causes des glissements de terrain et sugg~.re un syst~:me de rdtdrencc destind h rendrc compte de ces causes. 
Cette listc et ce syst~me constituent un compldment utile au - Compte rendu sur un glissement de terrain ,, propoad par le Comi,'e de Travail de 
I'UNESCO pour I'[nventaire mondial des glissements de terrain, 6tabli par les Socidtds Internationales de Gdotechnique. 

1. I n t r o d u c t i o n  

The internat ional  Geotechnica l  Socie t ies '  U N E S C O  
Working Party on World Landsl ide Inventory (WP/WLI)  
has been formed from the I A E G ' s  Commiss ion  on Land- 
slides and Other Mass Movements ,  the I S S M F E ' s  Tech- 
nical Commit tee  on Landsl ides  and nominees  of  
Nat ional  Groups on the [international Society for Rock 
Mechanics .  As a contr ibut ion to the International  De- 
cade for Natural Disaster  Reduc t ion  (1990-2000),  the 
Working Party is assist ing the es tabl ishment  of  a World 
Landsl ide [inventory by suggest ing standard te rminology 
for descr ibing landslides.  The Working Party has sug- 
gested a method for report ing a landslide (WP/WLI ,  
1990) and for preparing a landslide summary (WP/WLI ,  
1991). The Party 's  working defini t ion of a landslide is 
" T h e  movemen t  of  a mass of  rock, earth or debris down 
a s lope"  (Cruden, 1991). 

In August  1989. the Working Party set up Working 
Groups to suggest  methods of  c lass i fying the rates of  
m o v e m e n t  of  landsl ides,  their  causes,  their geology,  
their act ivi ty and the distr ibution of  movemen t  within 
landslides.  

When prepar ing a landslide report for a part icular  site, 
it is of  primary importance to recognize  the condi t ions  
that caused the slope to become unstable and the 
processes  that t r iggered the movement .  Only an accurate 
diagnosis  makes it possible to proper ly  understand the 
landslide mechan isms  and to propose ef fec t ive  remedial  

measures.  The great var ie ty  of  slope movements  reflects 
the diversi ty of  factors that may disturb slope stability 
(Popescu,  1984). 

This report provides  an operat ional  approach to the 
c lass i f icat ion of  landslide causes for use in reporting 
historic  landslides,  as proposed  by the Working Party 
on World Landsl ide Inventory  (1990, 1991.). The sug- 
gested method is summar ized  in Tables 1 and 2. 

2. L a n d s l i d e  c a u s e s  a n d  t h e  f a c t o r  o f  s a f e t y  

In every  slope there are forces which tend to promote 
downslope  m o v e m e n t  and opposing forces which tend 
to resist movement .  

A general  defini t ion of  the factor of  safety, F, of a slope 
resu[ts from compar ing  the downslope  shear stress, "c, 
with the shear strength, "rt, of  the soil, a long an assumed 
or known rupture surface : F = "q-/'c. 

Start ing from this genera l  defini t ion.  Terzaghi  (1950) 
d iv ided  landslide causes into external  causes which re- 
sult in an increase of  sheraing stress (e.g. geometr ica l  
changes,  unloading the slope toe, loading the slope 
crest,  shocks and vibrat ions,  drawdown,  changes in 
water  regime) and internal causes which result  in a 
decrease  of  the shearing resistance (e.g. progress ive  
failure, weather ing,  seepage erosion).  However ,  Varnes 
(1978) pointed out there are a number  of  external  or 
internal causes which may be operat ing ei ther ko reduce 
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Table I : A brief list of landslide causal factors_ 

1. GROUND CONDITIONS 
1) Plastic weak material 
2) Sensitive material 
37 Collapsible material 
4) Wheathered material 
5) Sheared material 
6) Jointed of fissured material 
7) Adversely oriented mass discontinuities (including bedding, 

schistosity, cleavage) 
8) Adversely oriented mass discontinuities (including faults, 

unconformities, flexural shears, sedimentary contacts) 
9) Contrast in permeability and its effects on ground water 

10) Contrast in stiffness (stiff, dense material over plastic 
materials) 

2. GEOMORPHOLOGICAL PROCESSES 
t) Tectonic uplift 
2) Volcanic uplift 
3) Glacial rebound 
4) Fluvial erosion of the slope toe 
5) Wave erosion of the slope toe 
6) Glacial erosion of the slope toe 
7) Erosion of the lateral margins 
8) Subterranean erosion (solution, piping) 
9) Deposition loading the slope crest 

107 Vegetation removal (by erosion, forest fire. drought) 
3. PHYSlCAL PROCESSES 

17 intense, short period, rainfall 
2) Rapid melt of deep snow 
3) Prolonged high precipitalion 
4) Rapid drawdown fClowing floods, high tides or breaching 

of natural dams 
5) Earthquake 
6) Votcanic eruption 
7) Breaching of crater lakes 
8) Thawing of permafrost 
97 Freeze and thaw weathering 

10) Shrink and swell weathering of expansive soils 
4. MAN-MADE PROCESSES 

1) Excavation of the slope or at its toe 
2) Loading of thc slope or at its crest 
3) Drawdown (of reservoirs) 
4) Irrigation 
5) Defective maintenance of drainage, system 
6) Water leakage from services (water supplies sewers, 

stormwater drains) 
7) Vegetation removal (deforestation) 
8) Mining and quarrying (open pits or underground galleries) 
9) Creation of dumps of very loose waste 

10) Artificial vibration (including traffic, pile driving, heavy 
machinery) 

the shearing resis tance or to increase the shear ing stress. 
There are also causes affect ing s imul taneously  both 
terms of  the factor  of  safety ratio. 

In order to faci l i tate a better  unders tanding of  landslide 
causes,  reference is made  to Figure  1 which shows an 
example  of  factor of  safety variat ion as a funct ion of  
time, for a g iven slope. Seasonal  rainfall and evapora-  
tion is ref lected in seasonal  variat ions in the factor of  
safety. Should there be a long- te rm trend in groundwater  
levels ,  or changes in strength due to weather ing,  these 
will  show as a trend imposed on the seasonal variat ion.  
Sudden changes wil l  be due to short-term variat ion in 
e i ther  the strength o f  the mater ia ls  or the forces appl ied 
to the slope. 

This demonst ra tes  that seldom, if  ever, can a landsl ide 
be at t r ibuted to a s ingle causal  factor. The process  lead- 
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ing to the d e v e l o p m e n t  of  the slide has its beginning  
with the format ion of  the rock  itself,  when its basic 
propert ies  are de te rmined  and includes all the sub- 
sequent  events  of  crustal  movemen t ,  erosion and 
weather ing (Varnes, 1978). 

Table 2 : Landslide Report Section on Landslide Causal Factors. Ex- 
ample for the Hudson Slide (Terzaghi, 1950). 

Preparatory causal factors: 4.2. 4.7 
Triggering causal factors : 3.3 

The computed  value of  the f ac to r  of  safety is a clear 
and simple dis t inct ion be tween  stable and unstable 
slopes. However ,  from the phys ica l  point of  view, it is 
bet ter  to visual ize  slopes ex i s t ing  in one of  the fo l lowing  
three stages : stable, marg ina l ly  stable and act ively un- 
stable (Crozier,  1986). Stable s lopes  are those where the 
margin of  stabil i ty is su f f i c i en t ly  high to withstand all 
destabi l is ing forces. Marg ina l ly  stable slopes are those 
which will fail at some t ime in response to the desta- 
bi l is ing forces at taining a cer ta in  level  of  activity.  Fi- 
nally, ac t ive ly  unstable s lopes  are those in which 
destabi l is ing forces produce con t inuous  or intermit tent  
movement .  

The three stabil i ty stages p r o v i d e  a useful f ramework  
for unders tanding the causal factors of  landsl ides and 
c lass i fy ing them into two groups  on the basis of  their  
funct ion (Fig. 1) : 

1. Preparatory causal  factors w h i c h  make the slope sus- 
cept ible  to m o v e m e n t  wi thout  actual ly  init iat ing it and 
thereby tending to place the s l ope  in a marginal ly stable 
state. 

2. Tr igger ing  causal  factors w h i c h  initiate movement .  
These  causal factors shift the slope from a margina l ly  
stable to an ac t ively  unstable state. 

A part icular  causal  factor m a y  perform ei ther  or  both 
funct ions,  depending  on its d e g r e e  of  act ivi ty and the 
margin of  stability. 

Al though  it may be possible  to identify a single trig- 
ger ing process,  an exp lana t ion  of  ult imate causes of  a 
landsl ide invar iably  involves  a number  of  preparatory 
condi t ions  and processes .  B a s e d  on their  temporal  var- 
iability, the des tabi l i s ing p rocesses  may be grouped into 
s low changing (e.g. wea the r ing ,  erosion)  and fast chang-  
ing processes  (e.g. ear thquake,  drawdown) .  In the search 
for landslide causes,  at tention is often focused on those 
processes  within the slope s y s t e m  which provoke  the 
greatest  rate of  change.  A l t h o u g h  slow changes act over  
a long period o f  t ime to r e d u c e  the res is tance/shear  
stress ratio, often a fast c h a n g e  can be ident i f ied  as 
having t r iggered movement .  

3. A n  operational approach to the 
classification o f  l a n d s l i d e  causal factors 

Because  landslide cause a s se s smen t  is complex  and 
landsl ides  are not a lways  i nves t i ga t ed  in great  detai l ,  it 
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Fig. 1 : An example of changes in the factor of safety with time. 
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Fig. 2 : Types of causal factors of landslides. 

appears reasonable to adopt a simple classification sys- 
tem of landslide causal factors. 

When assessing landslide causes it is necessary to make 
a distinction between ground conditions and processes. 
Ground conditions are the specification of the slope sys- 
tem, the setting on which a process can act to prepare 
or trigger a failure (Brunsden, 1979). 

The proposed operational approach to classification of 
landslide causal factors is intended to cover the majority 
of landslides. It involves the consideration of the avail- 
able data from a simple site investigation and informa- 
tion furnished by other site observations. 

The classification proposed in Figure 2 and Table 1 
divides landslide causal factors according to their effect 
(preparatory or triggering) and their origin (ground con- 
ditions and geomorphological, physical or man-made 

processes). Ground conditions may not have a triggering 
function, while any ground condition or process may 
have a preparatory function. 

Ground conditions or the material and mass characteris- 
tics of the ground, can be mapped on the surface of the 
landslide and the surrounding ground and explored in 
the subsurface by drilling, trenching and adits. Mechani- 
cal characteristics can be determined by testing. 

Geomorphological processes or changes in the mor- 
phology of the ground, can be documented by pre-ex- 
isting maps, aerial photographs, surveys of the landslide, 
or careful observation over time by the local population. 

Physical processes concern the environment arrd can be 
documented at the site by instrumentation, such as 
rainfall gauges, seismographs or piezometers. Careful 
local observations over time of water wells or damage 



f rom ea r thquakes  ma y  be accep tab l e  subs t i tu tes .  Varia- 
t ions in m e c h a n i c a l  p roper t i e s  wi th  d i s tance  f rom the 
surface  may, in some  c i r cum s t ances ,  ind ica te  changes  
of  these  p roper t i e s  wi th  t ime.  

M a n - m a d e  p r o c e s s e s  can  be d o c u m e n t e d  by site obser -  
va t ions  and  f rom c o n s t r u c t i o n  or e x c a v a t i o n  records at 
the site. Separa te  i den t i f i c a t i on  of  ar t i f ic ia l  and  natura l  
1ands[ides is useful  for bo th  adm i n i s t r a t i ve  and theore t i -  
cal reasons .  

We propose  to inc lude  a new sec t ion  on  l ands l ide  causes  
in the Lands l ide  Repor t  ( W P / W L I ,  1990). This  sec t ion  
would  have  two head ings ,  n a m e l y  " P r e p a r a t o r y  causal  
f a c to r s "  and " T r i g g e r i n g  causa l  f a c to r s " .  U n d e r  each  
head ing  there will  be a list of  causal  cond i t ions  and 
p rocesses  b e l o n g i n g  to each  class ,  wh ich  are r e l evan t  
to the repor ted  l ands l ide  (Table  2). 

For  ins tance ,  Te rzagh i  (1950,  p. I05)  sugges ted  that  
a m o n g  the causes  of  the Hudson  sl ide of  1915 were " t h e  
accumula t i on  of  s tockp i l e s  of  c r u s hed  rock,  wi th  a total 
we igh t  of  abou t  25 ,000  tons a long  the upper  edge of  
the slope.. ,  the d e f o r e s t a t i o n  of  the ou tc rops  of  the 
gravel  or of  an ad j acen t  aqu i fe r  p roduced  an unprece-  
den ted  inc rease  o f  the h ighes t  e Ieva t ion  of  the wate r  
t a b l e " .  These  are p repa ra to ry  causal  p rocesses  4.2 and 
4.7 in Table 1. 

Terzaghi  also no ted  (1950  p. 105) " T h e  Hudson  sl ide 
was p receded  by unusua l ly  h e a v y  r a i n f a l l " .  This  is trig- 
ger ing process  3.3 in Table  1. 

4. Discussion 

The need  to p roper ly  r ecogn ize  lands l ide  causal  condi -  
t ions and  p rocesses  in o rder  to u n d e r s t a n d  landsl ide  
m e c h a n i s m s  and to p ropose  e f fec t ive  r emed ia l  measures  
is apparent .  

The  sugges ted  m e t h o d  for r epor t ing  lands l ide  causes  in 
the Lands l i de  Repor t  ( W P / W L I ,  1990), shou ld  s impl i fy  
acqu i r ing  and a c c u m u l a t i n g  in fo rma t ion .  

A br ie f  l ist  of  l ands l i de  causal  factors  is p roposed  in 
Table  I. Mos t  of  t hem are se lec ted  f rom a larger  list in 
Varnes  (1978)  and the i r  ope ra t ion  is d i scussed  in refer-  
ences  g iven  by Varnes .  However ,  there are some land-  
slide causal  p roces se s  w h i c h  are not cons ide red  by 
Varnes,  such as the t haw i ng  of  p e r m a f r o s t  s lopes 
(McRoper t s ,  M o r g e n s t e r n ,  1974) or  b r e a c h i n g  of  c ra te r  
lakes ( O ' S h e a ,  1954) which  have  been  inser ted  in our  
c lass i f ica t ion .  

7 4  

We p ropose  tha t  a sec t ion  on  l ands l ide  causa l  factors  
be inc luded  in the Lands l i de  Repor t  ( W P / W L I ,  1990) 
as ou t l ined  in Table  2. Tab le  I would  make  a useful  
check  list a t t ached  to the L a n d s l i d e  Repor t  form.  

The  s t ructure  of  the l ands l ide  causal  fac tors  list 
(Table  1) and the fo rmat  of  the lands l ide  causal  factors  
repor t  (Table 2) are sugges t i ons  which  can be mod i f i ed  
by  d i scuss ions  f rom w i t h i n  or  wi thou t  the Work ing  
Group.  The Work ing  G r o u p  w e l c o m e s  ca re fu l ly  docu-  
m e n t e d  p roposa l s  for  add i t i ons  or a m e n d m e n t s  to the 
Sugges t ed  Method .  
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