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INTRODUCTION 

I.Yscc~ssivc~ s l o p .  yraclicnnt and  po re t -wa te r  s t r e s s  in g l ac i a l  t i l l  s o i l s  of t he  
I<:> r t ; ~  sc*ri( 's  a 11 r i ~ i ~ ; ~  ry  i a c t u r s  in d e b r i s  ava lanche  and itow o c c u r r e n c e  in 
rcsccntly loggc~cl nrcsas  o f  s o u t h e a s t  Alaska .  In i t i a l  f ield inves t iga t ions  h a v e  indi-  
cdt~,cl  t ha t  d u r i l ~ c  riionths of' Ion, r a in fa l l ,  l a t e r a l  m o ~ ~ c m e n t  of secpagc! w a t e r  in 
thc.scs s o i l s  i s  litiiitc-tl to  a  i o n ( ,  2 t o  6  inches  th i ck ,  d i r e c t l y  a b o w  an i m p e r -  
~ ~ ~ c ~ a b l ~ ~ ,  unwvat hc,rc*ti t i l l  s u r f a c e .  Seepage  o c c u r s  along i n t s r c o n n c c t e d  s o i l  
1-oids and p a r t i n g s  proclucc~tl 1)y clo\\~nslope g rowth  of roo t l e t s  aho\.cs t h i s  s u r f a c e  

I /  ( I l i shop  ant1 Stc\.ctns l [ ' O - i ,  Swanston  1 ')67a).- 

D ~ i r i n g  h i h  r a in fa l l  pc~riocls ,  the, s o i l  b e c o m e s  s a t u r a t e d ,  and thi, s e e p a g e  
/.one- thiclicbns with s \ l l ) s tan t ia l  i n c r c a s r ~ s  in flow. T h v  i n c r e a s i n g  volumo of 
wntc5r,  ~ l iov ing  I ; ~ t c * r ; ~ l l y  th rough  thc  so i l  a s  s a t u r a t e d  flow, causes a r i s e  in t he  
pi ~ % / . o ~ l l ( . t  rIc s u r f ; ~ c ( - ,  \vith two i t ~ i p o r t a n t  c o n s e q u e n c e s :  ( I  ) i n c r c a s i n c  s h e a r  
strcbss ; ~ l o n c  11otc'nti;il slicling s u r f a c c : ~  c a u s e d  by r i s ing  s e e p a g e  prvssr i rc , s  and 
i n c r e a s i n g  unit weight o f  thcs so i l  n i a t c - r i a l s ,  a n d  ( 2 )  d c c r c a s i n g  s h c a r  rcsis tanccl  
rc ,sul l ing f r o n ~  incrc!asccl pol-c,-watcr p r v s s u r e  in the  so i l .  

H i s t o r i c a l l y ,  incrc.asct l  pore-watc t r  p r e s s u r e  h a s  been  shown to  I)c a  p r i -  
n l a r y  f ac to r  in the) slicling 1nc~c11anis1-n of a g g r e g a t e  s lopes .  Dur ing  pc>r iods  of 
hc.avy r a i n ,  thcs quan t i t y  of w a t e r  in thca so i l  n a t u r a l l y  i n c r e a s e s .  On s a t u r a t i o n ,  
c a s c e s s  w i ~ t c r  1)tiilds up,  c a u s i n g  a  r i s ~  in t hc  p i e z o m e t r i c  l cvc l  o r  "frc-ct" w a t c r  
1c\.(,I in th(t so i l .  T h c  net cbffc!ct is a n  i n c r e a s e  in w a t e r  p r e s s u r e  in thv so i l  
o i l s .  Tc.rzaghi  ( 1  9 5 0 )  h a s  c o ~ n p a r c d  t h e  csffect of t h i s  i n c r e a s c d  p r c s s u r c  to  
th(8 ac t ion  of a h y d r a u l i c  jack.  T h c  h y d r o s t a t i c  p r e s s u r e  of t he  w a t e r  ca r r i c , s  
p ; ~ r t  o r  a l l  o f  the, wcight  of t h c  ovcbrlying s o i l ,  in effect  c a u s i n  it t o  I , ( ,  j ackcd 

! I  27 up o r  t o  " f loa t , "  g r c a t l y  rcducing  i t s  " s h e a r i n g  r e s i s t a n c e .  - 

Soi l  s t ab i l i t y  a n a l y s e s ,  b a s e d  on t h e o r e t i c a l  so i l  m e c h a n i c s  and  ~ n o d i f i e d  
by c,ngincc ring c s p e  r i c n c e  and p r a c t i c e ,  have  b e c o m e  s t a n d a r d  p r o c e d u r c : ~  f o r  
ctnginc:ering w o r k s  in\,olving s t e e p  n a t u r a l ,  and  c o n s t r u c t e d  s l o p e s  with a  potcn-  
t i a l  s l i d e  h a z a r d .  De ta i l cd  d e s c r i p t i o n s  of t h e o r y  and p r a c t i c a l  appl ica t ion  a r c  
p r c s r n t e d  in a  n u m b e r  of t e s t s ,  among  t h e m  T e r z a g h i  (1950,  1963) ,  T c r z a g h i  
and  Pccl i  ( 1  0 6 0 ) ,  Hotigh ( 1  957) ,  Wu ( 1  966),  T a y l o r  ( 1  965),  and E c k e l  ( 1  958). 

D i r e c t  app l i ca t ion  of t h e o r e t i c a l  s o i l  m e c h a n i c s  p r i n c i p l e s  t o  the  eva lua -  
t i on  of t he  e f f ec t s  of v a r i o u s  p h y s i c a l  p a r a m e t e r s  o p e r a t i v e  on n a t u r a l  s lope  
s o i l s  i s  diff icul t  b e c a u s e  of the  l a r g e  n u m b e r  of v a r i a b l e s  involved.  A n u m b e r  

' Nnrncs and d;~Lcs in p;~rentllrses rcfcr t o  liternlure cited, p .  16. 
' S h r ; ~ r ~ n g  rts.\lht:lric.t, IS thc rt,*lhtance to ;I s t rcs  causing o r  tending to cause two  adjacent parts ol a solid Lo slide past 

o n c   nothe her par;~llel 1 0  ;I plane tlr contacl.  



of assunip t ion .s  t~ase.( l  on iclc .al i~ct l  condi t ions  a t  t i m e  of f a i l u r e  and  c e r t a i n  m a t h -  
c , n ~ a t i c a l  s i n lp i i i i c a t i ons  a r t a  r c ~ q u i r e d  which  l i m i t  the  r e l i a b i l i t y  of quan t i t a t i ve  
r e s u l t s .  Such  a n  a n a l y s i s ,  ho\veve r ,  d o c s  pro~.idcx a  u se fu l  m e a n s  o f  e s t i m a t i n g  
t h c  f o r c e s  I<no\vn o r  1) t~l ic~vc~d t o  be ac t ing  on t h c  s l o p e s  w h e r e  s l i d i n c  h a s  o c -  
c u r r e d  and  o i  charac tcs r iz ing  s l o p e s  a c c o r d i n g  t o  t h e i r  s l i d e  suscc~p t ib i l i t y .  

T h i s  paper ( a )  r ep0  r t s  o n  the  app l i cab i l i t y  o i  s t a n d a r d  s o i l  m e c h a n i c s  
technicjucts to  an  er\r;~luation of t he  f a c t o r s  a f fec t ing  d e b r i s  ava l anch ing  in t he  
stccxp, sha l lo \v ,  p c ~ r n ~ c ~ a b l ~  t i l l  s o i l s  of s o u t h e a s t  A l a s k a  and  ( t ~ )  quan t i f i e s  t he  
r e l a t i unsh ips  i)t~twc~c,n thc.st, f a c t o r s  wh ich ,  up  t o  now, havv only  been  s u g g e s t e d  
on thc  b a s i s  oi lic~ltl  obsc , rva t ions .  

STUDY AREA 

Maybc\so Crc.c.1.r va l l c~y  on I ' r ince of W a l e s  Islancl w a s  c h o s e n  a s  t he  p r in -  
c i p a l  a r c a  o f  r c s c a r c h .  I t  w a s  t he  loca t ion  of the  f i r s t  l a r g e - s c a l e  c l c a r c u t  in 
s o u t h v a s t  A l a s k a ,  and  a n  cstc .nsive road  s y s t e n ~  had  been deve loped  a l lowing  
cxasy a c c e s s  t o  rcscctnt d e b r i s  ava lanching .  LVeathc%r r e c o r d s  had  a l s o  been m a l n -  
ta lnc~tl  f o r  I 0  ycLar s  b c i o r c ~  thc.scb s t u d i e s ,  w ~ t h  n l a jo r  d e l ~ r l s  a v a l a n c h e s  noted.  
F ina l ly ,  the, \ .all( .y I S  the, c c ~ n t c ~ r  o f  t h r  type a r e a  f o r  the  K a r t a  sol1 s e r i e s  ( G a s s  
c~t  a l .  1 0 6 7 ) .  

T h r r c .  sliclc~ ;trc,as ( f ig .  I ) in t he  va l l ey  w e r e  c h o s e n  f o r  d e t a i l e d  s tudy  on 
t h c ~  b a s i s  o f  a cccs s i I , i l i t y  and  s i m i l a r i t y  of o c c u r r e n c e .  E a c h  of thesc. deve loped  
d u r i n g  a h c ~ a v y  r a i n i a l l  pc~r io t l  in O c t o b e r  1961 and  o c c u r r c ~ t l  in t h e  s o i l  zone of 
a  cont inuous  t i l l  shc,t.t covc,ring an  c>vc:rsteepc~ned ( > 30') sou th - f ac ing  s lope .  
T i t ~ ~ l ~ c . r  w a s  harvcstc . t l  du r ing  t h e  s u m m e r  s e a s o n s  of 1955-58  by t h e  h igh - l ead  
111c.thotI. 

Figurr 1.-The north slope of Maybeso Creek valley showing the location of the three 
slides analyzed. 
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