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AB S T R AC T :  T h e  c e n t r a ]  h i g h l a n d s  o f  S r i  L a n k a  a r e  p r o n e  t o  l a n d s l i d e s .  F r e q u e n t  a n d  d i s a s t r o u s  

l a n d s l i d e s  h a v e  c a u s e d  l o s s  o f  ma n y  l i v e s ,  a n d  d a ma g e  t o  p r o p e r t y  t o  t h e  t u n e  o f  s e v e r a l  mi l l i o n  

d o l l a r s  a p a r t  f r o m r e n d e r i n g  t e n s  o f  t h o u s a n d s  o f  p e o p l e  h o me l e s s .  A s t u d y  wa s  t h e r e f o r e  u n d e r t a k e n  

b y  t h e  Go v e r n me n t  wi t h  t h e  o b j e c t i v e  o f  i d e n t i f y i n g  t h e  c a u s e s  a n d  me c h a n i s m o f  l a n d s l i d e s .  B e s i d e s  

t h e  i n h e r e n t  g e o t e c h n i c a l  c h a r a c t e r i s t i e s , t h e  c o n s e q u e n c e s  o f  h u ma n  a c t i v i t i e s  l e a d i n g  t o  

p n v i r o n me n t a 1 d e t e r i o r a t i o n  we r e  f o u n d  t o  b e  t h e  ma j o r  c a u s a t i v e  f a c t o r s .  As  a l mo s t  a l l  t h e  p a s t  

l a n d s l i d e s  c o n s i d e r e d  h a d  o c c u r r e d  d u r i n g  o r  a f t e r  u n u s u a l l y  h e a v y  r a i n s ,  i t  ma y  b e  c o n c l u d e d  t h a t  

r a i n f a l l  i s  t h e  ma i n  t r i g g e r i n g  f a c t o r  o f  l a n d s l i d e s  i n  S r i  L a n k a .  A r i s i n g  f r o m t h e s e  s t u d i e s ,  a  

L a n d s l i d e  H a z a r d  Ma p p i n g  P r o j e c t  i s  n o w  i n  p r o g r e s s  i n  t wo  L a n d s l i d e  p r o n e  d i s t r i c t s  o f  t h e  h i l l  

c o u n t r y  v i z : B a d u l l a  a n d  Nn wa r a  E l i y a .

NATURAL CONDI TI ONS 

Phys i ogr a ph i c a l  Cha r a c t e r i s t i c s

Sr i  La nka  c ons i s t s  of  a c e nt r a l  moun t a i nous  ma s s  s t e ppi ng  

down i n t h r e e  pe ne p l a i ns  t owa r ds  t he  s ea .  The  h i ghe s t  of  

t he s e  ha s  an e l e va t i on  of  1500m t o  1800m wi t h  a f e w pe a ks  

r i s i ng t o  2000m or  250 0m a bove  s e a  l eve l .  The  a l t i t ude  of  

t he  mi dd l e  pl a i n va r i e s  f r om a bou t  700m t o 900m,  a nd t he  

l owe s t  pe ne p l a i n  ha s  ge ne r a l  l e ve l s  l e s s  t ha n  30m,  but .  

r i s e s  t o  a bo u t  100m i n s ome  l oc a t i ons .  I t  i s  mos t l y  i n t he  

h i ghe s t  pe ne pl a i n ,  a nd s ome wha t  l e s s  i n t he  mi dd l e  

pe ne p l a i n  t ha t  l a nds l i de s  a r e  a f r e que n t  phe nome non.

Ge o l ogi c a l  Cha r a c t e r i s t i c s

Roc ks  f ound i n t he  hi l l  c oun t r y  a r e  c ompos e d  of  t wo  ma i n  

t ype s ;  ( a)  me t a mo r p h o s e d  s e d i me n t s  l i ke  g a r n e t s i 1 1 i ma ni t e  

s c h i s t s  a nd gne i s s e s ,  qua r t z  a nd qua r t z  s c hi s t s ,  

q u a r t z f e l d s pa r  gr a nu l i t e s ,  ga r ne t i f e r ous  gne i s s e s ,  

c r y s t a l l i ne  l i me s t one s  ( ma r bl e s )  a nd c a l c g r a nu l i t e s ,  

g r a ph i t i f e r ous  s c hi s t s ,  a nd ( b)  c ha r nocki t . e s .  The  t r op i c a l  

r a i nf a l l  a nd t e mpe r a t u r e  i nt e ns i f y  t he  we a t he r i n g  of  t he s e  

r oc ks  ( Coor a y 1966) .

A c ompl e x  d i s t r i bu t i on  of  l i ne a me nt s ,  s ome  of  whi c h  ma y  be  

c ur r e n t l y  a c t i ve ,  a nd ge ol ogi c a l  e v i de nc e  of  s he a r e d z one s  

ha ve  be e n  obs e r ve d  by Vi t a na ge  ( 1983,  1986) .

Soi l  Ch a r a c t e r i s t i c s

Di f f e r e n t  t ype s  of  e a r t h  c ove r  obs e r ve d  a r e ;  ( a)  r e s i dua l  

s oi l s  ( b)  c o l l uvi a l  s oi l s  a nd ( c)  mi xe d  hi l l  s l ope s .

Re s i dua l  s o i l s  a r e  t he  r e s u l t  of  i n s i t u  we a t he r i n g  of  t he  

me t a mor ph i c  r oc ks  f ound  i n t he  r e gi on.  The  upp e r  l a ye r s  of  

t he  r e s i dua l  r oc ks  whi c h  ha ve  unde r gone  a g r e a t e r  de gr e e  

of  we a t he r i n g  c on t a i n  s oi l  mi ne r a l s  s uc h  a s  qua r t z ,  mi c a ,  

c l a y a nd i r on oxi de .  Cl a y  mi n e r a l s  a r e  ma i n l y  ka ol i n i t e  

a nd i l l i t e .

Col l uv i a l  t e r r a i n  oc c ur s  a t  t he  f oo t  of  r oc k s c a r ps  or  

s t e e p  mi xe d  hi l l  s l ope s .  Co l l uv i um i s  ge ne r a l l y  c ompos e d  

of  mi x t u r e s  of  r oc k b ou l de r s  a nd s oi l  ma s s e s  whi c h  f a l l  or  

r ol l  down.  I n t he  mi xe d  hi l l  s l ope s ,  s oi l  ma n t l e s  c o - e xi s t

wi t h  ou t c r ops  of  be dr oc k.  Sur f a c e  s l ope s  whe r e  s t on e s  a nd 

bou l de r s  a r e  e nc l os e d  i n t he  s oi l  or  l a i d on I t s  s ur f a c e  

ma y  a l s o  f a l l  i nt o t h i s  t ype .

Ra i nf a l l  Cha r a c t e r i s t i c s

Di f f e r e n t  pa r t s  of  Sr i  La nka  r e c e i ve  r a i ns  du r i ng  t he  

s ou t h - we s t  a nd nor t h - e a s t  mons oons ,  a nd a l s o d u i n g  t he  t wo 

i n t e r - mons oon  pe r i ods .

The  a nnua l  r a i nf a l l  i s  a s  l ow a s  750mm i n s ome  pa r t s  of  

t he  dr y z one ,  but  a s  hi gh  a s  5000mm a t  s ome  l oc a t i ons  i n 

t he  hi l l s  of  t he  we t  zone .  The  a nnua l  p r e c i p i t a t i on  i n t he  

hi l l  c oun t r y  i s  ge ne r a l l y  a bove  1700mm.  I n t he  s ou t h ­

we s t e r n  pa r t s  of  t he  c ount r y,  t he  a ve r a ge  a nnua l  r a i nf a l l  

i s  a bo u t  3750mm t o ove r  5000i nm.

The  d i s t r i bu t i on  of  l a nds l i de s  i s  c ha r a c t e r i s e d  by t he  

d i r e c t i on  of  mons oons :  i e,  on t he  nor t h  e a s t e r n  hi l l  

s l ope s  du r i ng  t he  n- e  mons oons ,  a nd on  t he  s ou t h - we s t e r n  

hi l l  s l ope s  du r i ng  t he  s - w mons oons .  Whe n  t r opi c a l  

c yc l one s  pa s s  t h r ough  t he  I s l a nd,  t he y br i ng wi t h  t he m 

unus ua l l y  he a vy  r a i ns  wi t h  s t or ms .  Some  r e c e n t  c yc l one s  

ha d d i r e c t  i nf l ue nc e  on t he  hi l l  c oun t r y  c a us i ng 

d i s a s t r o u s  l a nds l i de s .

LANDSLI DE STUDI ES- SRI  LANKA 

Pa s t  St ud i e s

Unt i l  a  f e w ye a r s  a g o , 1 i t e r a t ur e  a va i l a b l e  on  l a nds l i de s  

i n Sr i  La nka  wa s  l i mi t e d t o  a dhoc  s t ud i e s  of  s ome  

c a t a s t r oph i c  l a nds l i de s  or  pot e nt i a l  f a i l u r e  of  s l ope s  

wh i c h  pos e d  r i s k t o huma n l i f e  a nd pr ope r t y .  Mos t  of  s uc h 

s t ud i e s  ha d be e n  c onduc t e d  by t he  Ge o l ogi c a l  Sur ve y
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De pa r t me nt  of  Sr i  La nka ,  wh i c h  ma i n t a i n s  s uc h  r ec or ds .  

On l y  a s ma l l  a mount  of  pub l i s he d  l i t e r a t ur e  ha d  be e n 

e xpos e d  ou t s i d e  t he  c oun t r y  a nd t he  ove r a l l  s t a t e - o f - t he -  

a r t  of  l a nds l i de  c ont r ol  ha d be e n c ons i de r e d  poor  i n Sr i  

La nka  ( Br a nd 1984) .

Pr e s e nt  St udy

Si n c e  1985,  i n t he  ba c kgr ound  of  f r e que n t  r e c ur r e nc e s  of  

l a nds l i de s  i n t he  r e c e nt  pa s t ,  t he  Na t i ona l  Bui l d i ng 

Re s e a r c h  Or ga n i s a t i on  ( 1)  i de nt i f y ma j o r  c a us a t i ve  a nd 

c on t r i bu t o r y  f a c t or s

( 2)  f o r mul a t e  gu i de l i ne s  t o  i de nt i f y  po t e n t i a l l y  ha z a r dous  

s l ope s

( 3)  de t e r mi ne  c r i t e r i a  f or  s e l e c t i on  of  l and f or  

de ve l opme n t ,  a nd

( 4)  de ve l op  e a r l y  wa r n i ng  s ys t e ms .

Some  s a l i e nt  a s pe c t s  of  l a nds l i de s  obs e r ve d  f r om t hi s  

s t udy ( NBRO 1990)  a r e  d i s c us s e d  be l ow.  Ar i s i ng  f r om t he  

r e s u l t s  ob t a i ne d  i n t h i s  s t udy  du r i ng  1986- 90,  a de t a i l e d  

La nds l i de  Ha z a r d Ma pp i ng  Pr oj e c t  wa s  c omme nc e d  i n 1990 i n 

t wo l a nds l i de  pr one  d i s t r i c t s  ( Ba dul l a  & Nuwa r a  El i ya )  i n 

t he  c e nt r a l  hi ghl a nds ,  a nd i s  i n p r ogr e s s  h a l f - wa y  t owa r ds  

c ompl e t i on .

Di s t r i bu t i on  of  La nds l i de s

Di s t r i bu t i o n  of  pa s t  l a nds l i de s  i n Sr i  La nka  s ugge s t  t ha t  

p r a c t i c a l l y  mo s t  hi l l  s l ope s  i n t he  we t  z one  a r e  pr one  t o 

l a nds l i de s .  Ba s e d  on pa s t  r e c or ds ,  s e ve n hi l l y d i s t r i c t s  

ha ve  be e n i de nt i f i e d a s  s pe c i f i c  a r e a s  whi c h  a r e  mos t  

vu l ne r a b l e .  Fi g . 1 s hows  t he  di s t r i bu t i on  of  r e por t e d/ known 

l a nds l i de  oc c u r r e nc e s  ove r  t he  pa s t  f i ve  de c a de s .  The s e  

a r e  on l y  t he  one s  whi c h  ha ve  a f f e c t e d  l i f e  a nd pr ope r t y,  

or  wh i c h  ha ve  o t he r wi s e  r e c e i ve d t he  a t t e n t i on  of  ma n.

The  i nf l ue nc e  of  me t e or o l og i c a l  c ond i t i ons  i s  c l e a r l y 

e v i de n t  i n t ha t ;  ( a)  l a nds l i de s  ha ve  a l wa ys  oc c ur r e d  

dur i ng  t he  mons oon  pe r i ods ,  or  du r i ng  unus ua l l y  he a vy 

i n t e r mons oon r a i nf a l l ,  ( b)  e ve n t s  of  a pa r t i c u l a r  ye a r  a nd 

mo n t h  a r e  d i s t r i bu t e d  i n c l u s t e r s  a nd ( c)  e ve n t s  i n 

d i f f e r e n t  mons oon  pe r i ods  a r e  a s  d i s c us s e d  i n s e c t i on  1. 4.

Si mpl e  Da t a  Ba s e An a l y s i s

Da t a  Ba s e

Of  ove r  200 pa s t  l a nds l i de s  r e c onnoi t r e d ,  64 l oc a t i ons  

we r e  s e l e c t e d  f o r  de t a i l e d  s t udy.  A c omput e r i s e d  da t a  ba s e  

wa s  c o mpi l e d  wi t h  r e l e va nt  i n f o r ma t i on c o l l e c t e d  f o r  e a c h 

s e l e c t e d l a nds l i de  on t he  l oc a t i on  & t i me  of  oc c ur r e nc e ,  

hi s t or y,  s c a l e ,  t y pe  a nd mo de  of  f a i l ur e ,  pos s i bl e  

c on t r i bu t o r y  a nd c a us a t i ve  f a c t or s ,  p r i o r  wa r n i ng  s i gns ,  

e xt e n t  of  da ma ge  a nd de g r e e  of  r i s k,  l and us e  and 

ve ge t a t i on ,  r a i nf a l l ,  s oi l  t y p e s , 1 i t hol ogy,  t e c t on i c s  a nd 

s t r uc t u r e , ge omor pho l ogy ,  hyd r oge o l ogy  e t c .  Some  r e s u l t s  of  

a na l ys e s  a r e  gi ve n  be l ow.

La nd Us e  a nd Ve ge t a t i on  Be f or e  t he  Sl i de .

A ma j o r i t y  of  l a nds l i de s  ha ve  oc c ur r e d  i n p l a n t a t i on  a r e a s  

on s l ope s ,  wi t h  36% i n t e a , 20% i n r ubbe r  a nd 10% i n 

c oc onut .  A s i gn i f i c a n t  numbe r  we r e  on i r r i ga t e d s l ope s  

wi t h  13% i n r i c e  t e r r a c e s  a nd 8% i n v e ge t a b l e  c ul t i va t i on .  

Ve ge t a t i on  i n 51% of  t he  l oc a t i ons  wa s  l ow bus h , t oba c c o  or  

c r ops  of  s hi f t i ng  c ul t i va t i on.  Hi gh  bus h  wa s  i n 11% o f  t he  

l a nds l i de s  a nd hous e  ga r de n  i n 22%.  St r e a ms  r a n t h r ough  or  

a d j a c e n t  t o  57% of  t he  l a nds l i de s .

Ge o l ogy

70% of  t he  l a nds l i de s  we r e  on mi d s l o p e s , 13% i n be nc he s  on 

s l ope s  a nd 8% i n na t ur a l  t e r r a c e s .  I nc l i na t i on  of  t he  

s u r f a c e  s l ope  be f o r e  f a i l u r e  wa s  i n t he  16- 30 de g.  r a nge  

f or  64% of  t he  s l i de s ,  31- 45  deg.  r a nge  f or  22% a nd l e s s

t ha n  15 de g . s l ope s  i n - 14% of  s l i de s .

32% of  t he  s l i d e s  we r e  on di p s l ope s ,  22% on  s c a r p  s l ope s  

a nd t he  ba l a nc e  we r e  on i n t e r me d i a t e  s l ope s .  At  57% of  t he  

l oc a t i ons ,  qua r t z i t e  or  qua r t z i t i c  gne i s s  wa s  pr e s e n t  as  

t he  ma i n  r oc k t ype ,  a nd i n 51% a s  t he  s e c onda r y  r ock t ype .  

Cha r noc k i t e s  or  c ha r noc k l t i c  gne i s s  we r e  t he  ma i n  r oc k 

t ype s  i n 19% of  t he  s l i de s ,  a nd i n 31% a s  t he  s e c onda r y  

r ock t ype .  Bi ot i t e  gne i s s  r e pr e s e n t e d t he  r es t .

Fî£. 1 Distribution o f Landslides in Sri Lanka

I n a l l  t he  l oc a t i ons  a t  l e a s t  one  pr e domi na n t  j o i n t  pl a ne  

wa s  c l e a r l y  vi s i bl e ,  t hough  2 or  3 j oi n t  p l a ne s  we r e  s e e n 

i n s ome .  Ma ny  of  t he  j o i n t  pl a ne s  a r e  ve r t i c a l  or  ne a r l y  

ve r t i c a l .  Spa c i ng  be t we e n  t wo  j o i nt s  wa s  l e s s  t ha n 1m i n 

77% of  t he  c a s e s ,  a nd l e s s  t ha n 0 . 3m i n 24%. Compl e t e  

we a t he r i ng  ha s  a dva nc e d  t o 1/ 3 of  t he  r e gol i t h de pt h  i n 

48% of  t he  l oc a t i ons ,  t o  t he  mi dd l e  t h i r d  i n 58% a nd t o 

f ul l  de p t h  i n t he  r es t .  De p t h  t o be dr oc k  wa s  l e s s  t ha n  5m 

a t  78% of  t he  l oc a t i ons ,  wi t h  10m be i ng  t he  ma x i mum.  I n 

40% of  t he m,  t he  be dr oc k wa s  de e pe r  t ha n 3m.

RAI NFALL

Fr om t he  a na l ys i s  of  i nt e ns i t y  of  r a i nf a l l  f or  t he  

28hr , 48hr  a nd 72hr  pe r i ods  pr i o r  t o t he  e ve nt ,  i t  wa s  

f ound  t ha t  80% of  t he  s l i d e s  oc c ur r e d  whe n  t he  3- da y 

c umul a t i ve  p r e c i p i t a t i on  e xc e e de d  200mm.  The  numb e r  of  

l a nds l i de s  f or  e a c h r a nge  of  a n t e c e de n t  r a i nf a l l  i s  s hown 

i n Fi g . 2.  Thi s ,  a nd t he  obs e r va t i on  of  r a i nf a l l  pa t t e r n  a t  

ma ny  o t he r  pa s t  l a nds l i de s  he l pe d  t o  de r i ve  a t humb r ul e  

f o r  e a r l y  wa r n i ng  a s  f o l l ows : -  " i f  mor e  t ha n  200mm 

r a i nf a l l  ha d oc c ur r e d  on t he  hi l l  s l ope s  i n a  pe r i od  of  3 

da ys ,  a nd i f  we t  we a t he r  wa s  c ont i nu i ng,  t he n  t he  

pos s i b i l i t y  of  l a nds l i de s  l ooms  a he a d. "
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F ig . 2 N u m b er o f  landslides vs-antecedent cum ulative  

r a in f a l l  d u r i n g  2 4 ,4 8  a n d  12 hours

Thi s  i s  bor ne  out .  by t he  f o l l owi ng  a na l ys i s  o f  t he  

r a i nf a l l  i n t e ns i t i e s  f o r  t he  p r e c e d i ng  72 hou r s  a t  62 of  

t he  l oc a t i ons  s t ud i e d

mm Loc a t i ons

0 -  50 03

50 -  100 05

100 -  200 06

200 -  400 27

400 -  600 12

600 -  700 09

The  unde r me n t i on e d  i n f o r ma t i on  woul d  be  of  a ddi t i ona l  

i nt e r e s t  :

Pus s e l l a wa  -  1024 mm,  5 da y r a i nf a l l  i n J a nua r y  1986

l . axapana -  645 mm,  3 da y  r a i nf a l l  i n Ma y / J un  1989

Ta b l e  1 Ant . e c e nde nt  Da i l y  Ra i nf a l l  ( mm)  a t  t he  10 

s i t e s  r e f e r r e d  i n Fi g . 3.  No  a u t oma t i c  r a i n ga uge s  we r e  

f i xe d  he r e .

RAINFALL

24h r 48 hr 72 hr 4 dy 5 dy 6 dy 7 dy
Ft
msl

KY06Denapitiya 30 33 84 84 84 83 83 2500

BD08 A Blackwood 25 28 29 30 46 101 136 3400

,BD49 Agaratenna 53 115 187 257 321 410 418 3000

NW17 Unique View 34 73 98 120 150 156 161 6400

BD 06 Westmoreland 154 254 379 400 400 402 402 3500

NW10A W ellag iriya 130 261 487 640 676 676 676 3000

KT05 Panthiya 296 368 391 406 410 408 434 3000

BD46 Keenagashena 299 4 99 545 548 545 552 546 3500

BD13 Ledgerwatte 203 419 673 888 910 918 918 4000

NW07 Kurupanawela 160 414 559 612 610 612 612 5300

The  r a i nf a l l  pa t t e r n  f o r  7 da ys  pr i o r  t o  t he  f a i l u r e  i n 

t yp i c a l  l a nds l i de s  1s  s hown i n Fi g . 3.  As  obs e r ve d  i n t he s e  

Fi gur e s ,  howe ve r ,  t he r e  a r e  l a nds l i de s  wh i c h  ha ve  oc c ur r e d  

whe n  t he  3- da y  c umul a t i ve  r a i nf a l l  wa s  a s  l ow a s  50mm.  

The r e  we r e  s ome  c a s e s  whe r e  e ve n  t he  d a i l y  r a i nf a l l  

i nt e ns i t y  du r i ng  t he  3 da ys  ha s  be e n we l l  s u r pa s s e d  by 

p r e v i ous  da i l y  r a i nf a l l  du r i ng  t he  s e a s on  wi t hou t  c a us i ng  

a ny s i gn i f i c a n t  s t a b i l i t y  pr obl e ms .  Pr e d i c t i ng  of  

l a nds l i de s  ba s e d  on  r a i nf a l l  a l one  i s  t he r e f o r e  not  a 

r e a l i t y,  but  ma y  ye t  he l p  i n s a v i ng  l i ve s  f r om l a nds l i de  

di s a s t e r s .

Cumulative period

Landslide

F ig . 3 Ra in fa ll pattern during 7 days prior to failure 

in ¡0  typical landslides

MODE OF FAI LURE

On a br oa d c l a s s i f i c a t i on  of  t he  mo de  nf  f a i l ur e ,  15* of  

t he  l a nds l i de s  we r e  g r oupe d und e r  r ock a nd e a r t h  f a l l s ,  

50% as  s l i de s  a nd 15% a s  c r e ep.  60% of  t he  s l i de s  we r e  

t r a ns l a t i ona l ,  t he  r e s t  be i ng r ot a t i ona l .  Cr e e p  wa s  

obv i ous  on  s l op e s  wh i c h  we r e  r a i n f ed,  or  a l mos t  

pe r e nn i a l l y  i r r i ga t e d  f or  r i c e  or  ve ge t a b l e  c u l t i va t i on.
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The  l a nds l i de s  s t ud i e d  we r e  o f t e n  i nf l u e nc e d  by 

c on t r i bu t o r y  or  c a us a t i ve  f a c t or s ,  a nd i t  wa s  not  pos s i b l e  

t o  i s o l a t e  one  a s  t he  ma i n  f a c t or .  Ad ve r s e  huma n  

a c t i v i t i e s  a nd ne g l e c t  of  p r ope r  s l o pe  ma na ge me n t  ha ve  

c on t r i bu t e d  t o  t he  i nc r e a s e d oc c u r r e nc e  of  l a nds l i de s .  The  

c on t r i bu t i on  of  r a i nf a l l  a s  a ke y t r i gge r i ng  f a c t o r  

r e ma i ns  s i gn i f i c a n t .  Di f f e r e n t  c a us e s  o f  l a nds l i de s  a r e  

g i v e n  be l ow a s  pe r c e n t a ge s  of  t he  l a nds l i de s  whi c h  we r e  

o bs e r ve d  i n t h i s  s t udy : -

Ge omo r p h o l o g y . Ge o l o g y  & Soi l s

Causes o f  L a n d s lid e s

X
Re c u r r e nc e  of  ol d s l i d e s  37

St e e p  s l ope s  31 -  45 de g.  22

16 -  30 de g.  62

Di p of  f o l i a t i on  p l a ne s  37

Di p of  j o i n t  p l a ne s  47

Ha v i ng  f a u l t / s he a r  p l a ne s  02

Ha v i ng  c l a y  s e a ms / l a ye r s  14

Ha v i ng  c l a ye y  s o i l s  70

Ha vi ng  mi c a c e o u s  mi ne r a l s  12

Ha v i ng  r ounde d s a nds / pe bb l e s  11

Wa t e r  a nd Dr a i na ge

Po n d s / r e s e r vo i r / r i c e  f i e l ds  31

Con t ou r  i r r i ga t i on  08

Ove r f l o w of  wa t e r  c our s e s  15

Tr e nc he s  t r a pp i ng  s e d i me n t s  09

Bl oc k i ng  na t ur a l  wa t e r  f l ows  11

Ri s e  of  wa t e r  t a b l e  53

Ra p i d  d r a wdown  06

Cons t r uc t i on

Exc e s s i ve  l oa d i ng  o f  s l ope s  06

Toe  r e mova l  21

Vi br a t i on  by r oc k  b l a s t i ng  04

Ot he r s

Th u n de r s t o r m 06

I mpa c t  of  l a nds l i de s  26

Re mov i ng  f o r e s t / o t he r  c ove r  15

La nds l i de  Ha z a r d  Ma pp i ng  Pr oj e c t ,  1990- 1994

I n v i e w of  t he  Go v e r n me n t ’ s  de c i s i on  t o  c on t i nue  mor e  

de t a i l e d  s t ud i e s  on t he  l a nds l i de  ha z a r d s  i n t he  t wo  

d i s t r i c t s  of  Ba du l l a  a nd Nuwa r a  EHy a ,  a t ot a l  a r e a  of  

4525  s q. km.  r i s i ng up  f r om a bo u t  30 0m El .  t o  t he  h i ghe s t  

mount a i n,  Pi d u r u t a l a ga l a  ( 2524. 7m)  wa s  t a ke n  up f o r  s t udy,  

g i v i ng  p r i o r i t y  t o  a bou t  1200 s q. km.  c ons i de r e d  vu l ne r a b l e  

t o  huma n  l i f e  ad pr ope r t y.  Wor k  wa s  c omme nc e d  i n 1990 a nd 

i s  s c he du l e d  t o  be  c o mpl e t e d  i n 1994.

The  s c o pe  of  t h i s  p r o j e c t  i s  t o  do  f i e l d  ma p p i n g  a nd ma r k  

of f  z one s  of  hi gh,  me d i u m a nd  l ow l a nds l i de  ha z a r ds ,  us i ng 

oz a l l d  p r i n t s  of  ba s e  ma ps  t o  t he  s c a l e  of  1: 10, 000 a nd 

a e r i a l  pho t os  ha v i ng  s c a l e s  v a r y i ng  f r om 1 : 20, 000 t o 

1 : 50, 000.

Thi s  Pr o j e c t  wh i c h  1s  mu l t i - d i s c i p l i n a r y  i n na t u r e  t a ke s  

i nt o i t s  a mb i t  no t  on l y  phys i c a l  ge ol ogy,  ge omor phol ogy,  

e ng i n e e r i n g  ge ol ogy,  a nd e ng i n e e r i n g  s oi l  s c i e nc e ,  but  

a l s o  e nv i r onme nt ,  l a nd us e  p l a nn i ng  a nd huma n  s e t t l e me n t s .

CONCLUDI NG REMARKS

Of  ove r  200 l a nds l i de s  r e c onnoi t r e d ,  on l y  64 l oc a t i ons  

we r e  c ons i de r e d  i n t he  s i mp l e  a na l ys i s .  Li mi t e d  r e s our c e s

a nd t i me  we r e  c ons t r a i n t s  f or  i n- de p t h  s t udi e s  i nvol vi ng 

de t a i l e d  ge o t e c hni c a l  i nve s t i ga t i ons  a nd mo n i t o r i n g  gr ound 

move me n t  e xc e p t  a t  a f e w s e l e c t e d  l oc a t i ons .

The  s t ud i e s  i ndi c a t e d  t ha t  t he  p r e s e nc e  of  c l a y  mi ne r a l s ,  

r i s e  of  t he  wa t e r  t a b l e  a nd i t s  f l uc t ua t i on ,  oc c u r r e n c e  of  

s t e e p  hi l l  s l ope s ,  a nd s t e e p  d i ps  of  f o l i a t i on  a nd j oi n t  

p l a ne s  we r e  s ome  of  t he  ma j o r  c a us e s  of  l a nds l i de s .  

Re c ur r e nc e  of  ol d  l a nds l i de s ,  i mpound i ng of  wa t e r  i n 

ponds ,  r e s e r vo i r s  or  f o r  c u l t i va t i on  on  t he  hi l l s ,  t oe  

r e mova l  on c ut  s l ope s  du r i ng  c ons t r uc t i on,  a nd r e mova l  of  

f o r e s t  c ove r  we r e  o t he r  c a us e s  t ha t  l ed t o s e ve r a l  

l a nds l i de s .  The s e  i nd i c a t e  de f i n i t e  po i n t e r s  t o  ma i n  

c a us e s ,  a nd t he  i nve s t i ga t i ons  ne c e s s a r y  f or  upda t i ng  a nd 

i mpr ov i ng  t he m.  The  ma n  t r i gge r i ng  f a c t o r  i s  r a i nf a l l .

The  s t ud i e s  a l s o  ga ve  a n oppo r t u n i t y  t o l oca l  s c i e n t i s t s  

t o  d e v e l op  me t h o d o l o g i e s  f or  f i e l d ge o l og i c  ma ppi ng ,  

mo n i t o r i n g  of  s l ope  move me nt s ,  e a r l y  wa r n i ng  a nd be t t e r  

i n s t r ume nt a t i on  f o r  r a i nf a l l ,  s ubs ur f a c e  ge ol ogy,  

h y d r o ge o l o gy  a nd s oi l s .

REFERENCES

( NBRO -  Na t i ona l  Bu i l d i ng  Re s e a r c h  Or ga n i s a t i on )

NBR0, Sr i  La nka  ( 1986)  La nds l i de  Ha z a r ds  i n Sr i  La nka  

Vo l . I , I I  & Adde n d u m t o  Vol . I  

NBRO ( 1988)  St u dy  of  La nds l i de s  i n Sr i  La nka  -  I n t e r i m 

Re por t

NBRO ( Fe b  1990)  A St u dy  of  La nds l i de s  i n Sr i  La nka ,  wi t h  

18 vo l ume s  of  Appe nd i xe s  

NBRO ( Se p 1990)  La nds l i de  Ha z a r d  Ma pp i ng  Pr oj e c t ,  

I nc e p t i on  Re po r t  

Ke i n h o l z , Sc hne i de r  e t  al  ( 1984)  Ma pp i ng  of  Mount a i n  

Ha z a r ds  a nd Sl ope  St a bi l i t y .  Moun t a i n  Re s e a r c h  a nd 

De ve l opme n t  Vo l . 4 No . 3 

Bha nda r i  R. K.  Si mp l e  a nd Ec onomi c a l  I ns t r ume n t a t i on  a nd 

Wa r n i ng  Sys t e ms  f o r  La nds l i de s  a nd Ot h e r  Move me n t s  

C. B. R. I .  Roor ke e ,  I ndi a  

Va r n e s , Da v i d  J . ( 1984)  La nds l i de  Ha z a r d  Zona t i on,  Re v i e w of  

Pr i nc i p l e s  a nd Pr a c t i c e s  -  I n t e r na t i ona l  As s oc i a t i on  

of  En g g . Ge o l o g y , UNESCO St udy  Na t i ona l  Ha z a r ds  3 

Si t h a mp a r a p i 1 I a1 P. M. . Se na na ya ke  K. S.  & de  Si l va  G. P. R. S 

Some  Re c e n t  La nds l i de s  i n t he  Hi l l s  of  Sr i  La nka .  

Si x t h  I n t e r na t i ona l  Sy mpos i um on  Eng i ne e r i ng  

Ge ol ogy ,  1992.

Si t h a mp a r a p i 1 l ai  P. M.  a nd  Tha ya l a n  N.  Pho t o  

I n t e r p r e t a t i on  f o r  La nds l i de  Ha z a r d  Ma ppi ng .  Si x t h  

I n t e r na t i ona l  Symp o s i u m on En g i ne e r i ng  Ge ol ogy ,  1992 

Coor a y  P. G.  An I n t r oduc t i on  t o t he  Ge o l ogy  of  

Ce y l on . Na t i ona l  Mu s e u m o f  Ce yl on,  1966 

Vi t a n a g e  P. W.  1983 A St udy  of  Ge omor p h o l o g y  a nd 

Mor p h o t e c t o n i c s  i n Ce y l o n . ECAFE/ UNESCO Doc . GSM 2/ 89 

Vi t a n a g e  P. W.  1986.  Li ne a me nt s  a nd Te c t on i c s  a r ound  

Vi c t o r i a  a nd  Kot ma l e  Re s e r voi r s ,  a nd Eng i ne e r i ng  

Ge o l og i c a l  I mpl i c a t i ons .  Pr oc e d i ngs / Ma ha we l i  

Se mi na r ,  Sr i  La nka .

ACKNOWLEDGEMENTS

The  a u t hor s  a r e  i nde b t e d t o  t he  Go v e r nme n t  of  Sr i  La nka ,  

UNDP a nd UNCHS,  wi t h  who s e  j o i n t  s pons o r s hi p,  t he  s t udy  

wa s  c onduc t e d.  The y  a r e  gr a t e f u l  t o Dr . V. Amba l a va na r ,  

Di r e c t o r  Ge ne r a l  NBRO,  f o r  pe r mi s s i on  t o s u bmi t  t he  Pape r .  

The y  owe  a de pt h of  g r a t i t ude  t o  Mr . Ka l ya n  Ra y , UNCHS a nd 

Dr . R K Bha nda r i  UNCHS Ch i e f  Te c hn i c a l  Ad v i s e r  a nd Se n i o r  

En g i n e e r i n g  Ad v i s e r  f o r  t h e i r  g u i da nc e  a nd e nc ou r a ge me nt ,  

a nd t o  t he  NBRO Te a m f o r  un t i r i ng  a s s i s t a nc e  i n o f f i c e  a nd 

f i e l d  ma ppi ng .  The  a s s i s t a nc e  r e nde r e d  by 

Ms . M. Su n t h a r a l i n g a m i n c o mpos i t i on  of  t he  pa pe r  i s  a l s o 

g r a t e f u l l y  a c knowl e dge d .

* UNCHS -  Uni t e d  Na t i ons  Ce n t r e  f o r  Huma n  Se t t l e me n t s

* UNDP -  Uni t e d  Na t i ons  De ve l opme n t  Pr ogr a mme

1106


