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ABSTRACT 

+ 
Most l o c a l  a u t h o r i t i e s  r e q u i r e  a  f avou rab le  r e p o r t  on t h e  s t a b i l i t y  o f  
s l o p i n g  l a n d  b e f o r e  i s s u i n g  a  b u i l d i n g  permi t .  A v a r i e t y  o f  d i f f e r e n t  
approaches i s  used i n  maki ng s l  ope s t a b i  1  i t y  assessments rang ing  f rom 
s u p e r f i c i a l  i n s p e c t i o n s  t o  d e t a i l e d  i n v e s t i g a t i o n s  i n v o l v i n g  subsur face 
i n v e s t i g a t i o n ,  l a b o r a t o r y  t e s t i n g  and s t a b i  1  i t y  ana l ys i s .  T h i s  r e p o r t  
rev iews t h e  procedures commonly employed i n  s lope  s t a b i  1  i t y  assessments 
i n  New Zealand a t  present .  The advantages and disadvantages o f  t hese  
procedures a r e  d i  scussed and, where app rop r ia te ,  recommendations made 
as t o  t h e i  r most s u i t a b l e  appl  i c a t i o n .  

Costs f o r  s lope  s t a b i l i t y  assessments can be very  h i g h  and t h e  l e v e l  o f  
i n v e s t i g a t i o n  c a r r i e d  ou t  should be a p p r o p r i a t e  t o  t h e  n a t u r e  o f  t h e  
proposed b u i  1  d i  ng devel  opment and t h e  consequence o f  any p o t e n t  i a1 
s lope  f a i l u r e .  The avoidance o f  a  p o t e n t i a l  f a i l u r e  by, f o r  example, 



m o d i f y i n g  t h e  b u i l d i n g  l a y o u t  may p rec l ude  t h e  need f o r  c o s t l y  
l a b o r a t o r y  t e s t i n g  and s t a b i l i t y  analyses. 

The v a l i d i t y  o f  t h e  r e s u l t s  o f  a  s t a b i l i t y  a n a l y s i s  i s  governed c h i e f l y  
by t h e  r e l i a b i l i t y  o f  t h e  i n p u t  data. A thorough unders tand ing  o f  t h e  
geology o f  t h e  s l ope  and o f  t h e  groundwater c o n d i t i o n s  i s  p a r t i c u l a r l y  
impor tan t .  The f a c t o r  o f  s a f e t y  d e r i v e d  f rom an a n a l y s i s  shou ld  
t h e r e f o r e  be judged i n  terms o f  t h e  equ iva lence  t o  r e a l i t y  o f  t h e  
assumed c o n d i t i o n s  used i n  t h e  a n a l y t i c a l  model. 
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1. INTRODUCTION 

Nost  l o c a l  a u t h o r i t i e s  r e q u i r e  a  favou rab le  r e p o r t  on t h e  s t a b i l i t y  o f  
s l o p i n g  l a n d  p r i o r  t o  i s s u i n g  a  p e r m i t  f o r  b u i l d i n g .  A v a r i e t y  o f  
approaches i s  used i n  these s t a b i l  i ty assessments, f rom a s u p e r f i c i a l  
s i t e  i n s p e c t i o n  t o  a  d e t a i l e d  i n v e s t i g a t i o n  i n v o l  v i n g  subsurface 
i n v e s t i g a t i o n ,  1  abo ra to r y  t e s t i n g  and s t a b i l  i ty ana l ys i s .  No t  o n l y  can 
t h e  approach adopted vary, depending on t h e  person o r  o r g a n i s a t i o n  
under tak ing  t h e  assessment, b u t  a l s o  t h e  scope o f  t h e  work may va ry  
accord ing  t o  t h e  a b i 1  i t y  o r  w i l l i n g n e s s  o f  t h e  c l i e n t  t o  pay f o r  t h e  
l e v e l  o f  assessment ac tua l  l y  requ i red .  I n  a d d i t i o n ,  d i f f e r e n t  l o c a l  
a u t h o r i t i e s  may have d i f f e r e n t  c r i t e r i a  f o r  j u d g i n g  t h e  a c c e p t a b i l i t y  
o f  a  s lope  s t a b i l  i ty assessment. C l e a r l y ,  t h e r e  i s  a  need f o r  more 
u n i  f o rm i  ty  than  e x i  s t s  as p resen t .  

1.2 Objectives 

The p r imary  o b j e c t i v e  o f  t h i s  r e p o r t  i s  t o  h e l p  e s t a b l i s h  a  u n i f o r m  
approach t o  t h e  assessment o f  s lope  s t a b i l i t y .  The i n v e s t i g a t o r y  and 
assessment procedures norma l l y  employed a re  discussed, t h e i r  advantages 
and l i m i t a t i o n s  examined and recommendations made as t o  t h e i r  most 
a p p r o p r i a t e  a p p l i c a t i o n .  I t  i s  i n tended  t h a t  coverage o f  t h e  s u b j e c t  
i n  t h i s  manner w i l l  p rov i de  t h e  person s c r u t i n i s i n g  a  s lope  s t a b i l i t y  
assessment r e p o r t ,  e. 3. t h e  1  oca l  a u t h o r i  ty  engineer,  w i  t h  gu i  de l  i nes 
by which t o  judge i t s  adequacy and va l  i d i  ty. 

Throughout t h e  r e p o r t  r e fe rence  i s  made t o  t h e  r e l a t i v e  c o s t  o f  
d i f f e r e n t  assessment procedures. A1 so, i n  Appendix A, t y p i c a l  c o s t s  
f o r  v a r i o u s  l e v e l s  o f  assessment a re  g iven,  based on r a t e s  charged by 
consul t a n t s  i n  1986. 

The i n c 1  u s i o n  o f  t h i s  i n f o r m a t i o n  i s t o  h igh1 i g h t  t h e  cons ide rab le  
expense t h a t  t h e  developer  o r  p r o p e r t y  owner may be faced w i t h .  The 
p u b l i c  shou ld  be aware o f  these cos ts ,  and a l l  p a r t i e s  shou ld  recogn ise  
t h a t  any a t t emp t  t o  rninirnise c o s t s  by reduc ing  t h e  scope o f  



i n v e s t i g a t i o n s  nay s i  gn i  f i c a n t l y  i m p a i r  t h e  va l  i d i  t y  o f  t h e  assessment. 
I n  t h i s  respec t ,  i t  i s  e s s e n t i a l  t h a t  t h e  i n v e s t i g a t o r  c l e a r l y  s t a t e s  
i n  h i s  r e p o r t  t h e  l i m i t a t i o n s  o f  h i s  i n v e s t i g a t i o n s ,  and s u i t a b l y  
q u a l i f i e s  t h e  conc1usions reached. 

1.3 Scope 

The o v e r a l l  approach and i n d i v i d u a l  procedures d iscussed i n  t h i s  
document a re  r e l e v a n t  t o  t h e  s t a b i l i t y  assessment o f  f i l l  s lopes,  c u t  
s lopes and n a t u r a l  s lopes.  Grea te r  coverage i s  g i ven  t o  ' s o i  1  ' s lopes,  
i n  v iew o f  t h e i r  predominance i n  connec t i on  w i t h  most b u i l d i n g  works 
and r e c o g n i t i o n  o f  t h e  h i g h e r  i nc i dence  o f  s lope  f a i l u r e s  i n  these 
m a t e r i a l  s. However, procedures t h a t  a re  p r i m a r i l y  i n tended  f o r  ' r ock  ' 
s lopes a re  a l s o  d iscussed i n  v iew o f  t h e  s i g n i f i c a n t  i m p l i c a t i o n s  t h a t  
rock  s lope  f a i l u r e s  may have l o c a l l y .  

Only t h e  t e c h n i c a l  aspects  o f  a  s lope  s t a b i l i t y  assessment a re  d e a l t  
w i t h ;  such m a t t e r s  as l i a b i l i t y  o r  insurance  a r e  n o t  covered. T h i s  
document i s  n o t  i n tended  t o  f u l f i l  t h e  r o l e  o f  a  t e x t  book; each t o p i c  
o r  procedure i s  o n l y  covered i n  broad terms excep t  where a  more 
d e t a i l e d  d i s c u s s i o n  i s  cons idered  d e s i r a b l e  i n  o r d e r  t o  h igh1  i g h t  t h e  
importance o f  a  p a r t i c u l a r  t o p i c .  For  t h e  reader  who r e q u i r e s  
e l a b o r a t i o n  on a  p a r t i c u l a r  s u b j e c t ,  a  l i s t  o f  re fe rences  i s  p rov ided.  

The appendices p r o v i d e  a d d i t i o n a l  i nfor rnat ion  t o  expand on c e r t a i n  
t o p i c s  covered i n  t h e  main t e x t .  Appendix A p rov i des  t y p i c a l  c o s t s  f o r  
va r i ous  ' l e v e l s '  o f  assessment, based on r a t e s  charged by c o n s u l t a n t s  
i n  1986. Appendi x  B p rov i des  background i n f o r m a t i o n  r e g a r d i n g  t h e  
types and causes o f  i n s t a b i l i t y ,  and Appendix C b r i e f l y  ou t1  i n e s  common 
remedi a1 and p r e v e n t i  ve measures. 



2. QUALIFICATIONS OF ASSESSMENT PERSONNEL 

2.1 The Geologist and C i v i l  Engineer 

The s u b j e c t  o f  s lope  s t a b i l i t y  f a l l s  w i t h i n  t h e  f i e l d s  o f  b o t h  geology 
and c i v i l  eng ineer ing .  However, t h a t  i s  n o t  t o  say t h a t  a l l  g e o l o g i s t s  
and c i v i l  eng ineers  w i l l  n e c e s s a r i l y  have a l l  t he  r e q u i r e d  s k i 1  1 s  and 
exper ience f o r  c a r r y i n g  o u t  a  s lope  s t a b i l  i ty  assessment. A g e o l o g i s t  
who s p e c i a l i s e s  i n  m ine ra l  resource assessment may be no more 
a p p r o p r i a t e  t o  t h e  t ask  than t h e  c i v i l  eng ineer  who has spent  most o f  
h i s  work ing  l i f e  des ign ing  roads. 

The f o l l o w i n g  e x t r a c t  f rom a  keynote address by P ro fesso r  R B Peck 
(1977) h igh1  i g h t s  t h e  1  i m i t a t i o n s  o f  t h e  ' p u r e '  g e o l o g i s t  and c i v i l  
eng ineer  w i t h  r e s p e c t  t o  s lope  s t a b i l i t y  assessment : 

"Geol o g i  s t s  a r e  good a t  r e c o g n i t i o n  o f  1  andsl i d e s  and 1  andsl  i d e  
topography and a t  unders tand ing geol o g i c a l  s t r u c t u r e  and 
s t r a t i g r a p h y  , s l  i de processes and s l  i de fea tu res ,  groundwater and 
hydrogeol ogy . Geol o g i  s t s  a r e  poor  a t  q u a n t i f y i n g  p r o p e r t i e s  o f  
e a r t h  m a t e r i a l s ,  seepage pressures  and pore  pressures  and i n  
pe r fo rm i  ng equ i  1  i b r i  um c a l  c u l  a t i o n s .  They a re  overzealous i n  
c l a s s i f y i n g  s l  i d e s  w i t h  1  i t t l e  r e g a r d  t o  fundamental causes. On 
the  o t h e r  hand engineers  tend  t o  l o o k  a t  a  l a n d s l i d e  as j u s t  
another  s t r u c t u r e  b u t  a re  good a t  e q u i l i b r i u m  c a l c u l a t i o n s  and a t  
e s t i m a t i n g  seepage pressures and pore  pressures and a t  c a r r y i n g  
o u t  q u a n t i t a t i v e  s t u d i e s  o f  remedia l  measures. Engineers  are,  
however, poor  a t  v i s u a l i s i n g  t h e  anatomy o f  s l i d e s  and tend  t o  
ove r - i dea l  i s e  s l  i d e  masses. They a r e  a1 so poor  a t  p i c k i n g  most 
p robab le  s l i d e  sur faces  which a r e  o f t e n  governed by geo log i ca l  
d e t a i l s .  They a re  u s u a l l y  poor a t  p i c k i n g  o u t  d i f f e r e n c e s  f rom 
one s i t e  t o  another  and a t  i n t e r p r e t a t i o n s  o f  subsurface 
c o n d i t i o n s .  They tend  t o  i n t e r p r e t  s l i d e s  on a  mechan is t i c  
r a t h e r  than  geol o g i c a l  b a s i  s". 



2.2 The Engineering Geologist and Geotechnical Engineer 

S p e c i a l i s a t i o n  i n  b o t h  d i s c i p l i n e s  i n  r e c e n t  yea rs  has l e d  t o  t h e  
development o f  eng inee r ing  geology and geo techn ica l  eng inee r ing  and i t  
i s  t h e  p r a c t i t i o n e r s  i n  these f i e l d s  who a re  rnost s u i t e d  t o  c a r r y i n g  
o u t  a s lope  s t a b i  1  i ty assessment.. The des igna t ions  'Eng inee r ing  
Geol o g i  s t '  and 'Geotechnica l  Engineer ' were de f  i ned by P ro fesso r  
P.W. T a y l o r  i n  a  submission t o  t h e  Commission o f  I n q u i r y  i n t o  t h e  
Abbots fo rd  L a n d s l i p  D i sas te r ,  as f o l l o w s :  

"The engi  n e e r i  ng geol og i  s t  has a  thorough knowl edge o f  geology, 
and a l h  some knowl edge, acqu i red  by academic t r a i n i n g  o r  th rough 
exper ience o r  both,  o f  t h e  methods o f  eng inee r ing  a n a l y s i s  as 
appl i e d  t o  geotechn ica l  p r o b l  ems. I n s t e a d  o f  t h e  ' p u r e l y  
s c i e n t i f i c '  approach o f  t h e  t r a d i t i o n a l  geo log i s t ,  he i s  t r a i n e d  
t o  app ly  h i s  knowledge i n  a s s i s t i n g  i n  t h e  des ign  and 
c o n s t r u c t i o n  o f  c i v i l  eng inee r i ng  works. He i s  capable o f  
understanding t h e  problems faced by engineers  and o f  communicating 
w i t h  them i n  a way which i s  o f  va lue  i n  making eng inee r i ng  
dec i s ions " .  

"Amongst c i v i l  engineers,  some s p e c i a l i s e  i n  geotechn ica l  
engineer ing.  E i t h e r  by pos t -graduate  u n i v e r s i t y  s t ud ies ,  o r  by 
p r a c t i c a l  exper ience and p r i v a t e  study, such eng ineers  have 
s p e c i a l i s t  knowledge o f  s o i l  mechanics, f ounda t ion  eng inee r ing  and 
p o s s i b l y  rock  mechanics". 

Notwi t h s t a n d i  ng t h e  general  s u i  t a b i  1  i ty o f  t h e  engi  n e e r i  ng geol o g i  s t  
and geotechn ica l  engineer  f o r  c a r r y i n g  o u t  s lope  s t a b i  1  i ty  assessments, 
t h e  l i m i t a t i o n s  o f  b o t h  should be recognised;  t h e r e  a re  few who have a 
thorough unders tand ing  o f  bo th  geol ogy and eng ineer ing .  Consequently, 
p a r t i c u l a r l y  f o r  s i t e s  w i t h  complex geology o r  those i n v o l v i n g  l e s s  
convent iona l  b u i  1  d i n g  s t r u c t u r e s ,  i n t e r a c t i o n  between t h e  eng inee r ing  
geol o g i  s t  and geo techn ica l  engineer  i s  impor tan t .  

I n  t h e  f o l l  owing t e x t ,  t h e  person unde r tak i ng  t h e  assessment i s 
r e f e r r e d  t o  as t h e  ' i n v e s t i g a t o r ' .  However, where t h e r e  i s  a  c l e a r  
p re fe rence  f o r  e i  t h e r  a  geo techn ica l  engi  neer o r  an eng i  n e e r i  ng 



g e o l o g i s t  t o  under take o r  superv ise  any o f  t h e  tasks  d iscussed i n  t h i s  
document, such p re fe rence  has been s t a t e d  i n  t h e  r e l e v a n t  sec t i on .  

2.3 Local Authori ty Requi r e n t s  

The Code o f  P r a c t i c e  f o r  Urban Land Subd i v i s i on  (NZS 4404:1981) 
r e q u i r e s  t h a t  s lope  s t a b i l  i ty assessments c a r r i e d  o u t  i n  connec t ion  
w i t h  s u b d i v i s i o n  developments shou ld  be undertaken by a s o i l s  
eng ineer ' .  A s o i l s  engineer  i s  d e f i n e d  i n  t h e  s tandard  as . . . . I' a 
person who i s  c u r r e n t l y  e n t i t l e d  t o  p r a c t i c e  as a r e g i s t e r e d  engineer  
and has exper ience i n  s o i  1 s eng i  n e e r i  ng acceptab le  t o  t h e  Counci 1 ; o r  
such o t h e r  person as t h e  Counci l  may s p e c i f i c a l l y  approve as be ing  
competent. " I n  t h e  case o f  b u i l d i n g  p e r m i t  a p p l i c a t i o n s ,  t h e r e  i s  no 
general  requ i rement  w i t h  r espec t  t o  t h e  c r e d e n t i a l s  o f  t h e  person 
c a r r y i n g  o u t  t h e  s t a b i l  i ty  assessment. However, many l o c a l  a u t h o r i t i e s  
use a s tandard  form e n t i t l e d  "Statement o f  P ro fess iona l  Op in ion  as t o  
s u i t a b i l i t y  o f  l a n d  f o r  B u i l d i n g  Cons t ruc t i on " .  T h i s  fo rm must be 
s igned by a person d e f i n e d  as I I . . . .a r e g i s t e r e d  eng ineer  exper ienced 
i n  t h e  f i e l d  o f  s o i l  s  eng inee r ing  and more p a r t i c u l a r l y  l a n d  s lope  and 
founda t ion  s t a b i l i t y  (as  a p p l i c a b l e )  . . . . I I U n f o r t u n a t e l y ,  t h i  s  
requ i rement  does n o t  recogn ise  t h e  fundamental importance o f  geo log i ca l  
e x p e r t i s e  i n  s lope  s t a b i l i t y  assessment. Even i n  t h e  case o f  a s lope  
s t a b i  1 i ty  a n a l y s i  s, normal l y  performed by t h e  geotechn ica l  engineer,  an 
eng inee r ing  g e o l o g i s t  shou ld  be i n v o l v e d  t o  assess t h e  v a l i d i t y  o f  t h e  
assumptions made, p a r t i c u l  a r l y  w i t h  r e s p e c t  t o  t h e  proposed f a i l u r e  
sur faces,  and t o  assess t h e  r a t i o n a l i t y  o f  t h e  r e s u l t s .  



SITE INVESTIGATION 

3.1 General 

The aims o f  t h e  s i t e  i n v e s t i g a t i o n  f o r  a  s lope  s t a b i l i t y  assessment a re  
t o  determine t h e  n a t u r e  and d i s t r i b u t i o n  o f  t h e  s lope  for ln ing 
m a t e r i a l  s, t o  determine t h e  groundwater c o n d i t i o n s  w i t h i n  t h e  s lope  and 
t o  examine any e x i s t i n g  o r  p o s s i b l e  f u t u r e  e x t e r n a l  i n f l u e n c e s  on t h e  
s t a b i  1  i ty  o f  t h e  s lope.  

In t h i  s  s e c t i o n  t h e  procedures normal l y  empl oyed f o r  c o l  1  e c t i  ng t h i  s  
i n f o r m a t i o n  a re  o u t l i n e d .  They a r e  grouped accord ing  t o  t h e  t ype  o f  
i n v e s t i g a t o r y  a c t i v i t y  and presented i n  t h e  o r d e r  t h a t  they  should 
p r e f e r a b l y  be c a r r i e d  ou t ,  i .e .  desk s tudy f i r s t ,  f o l l o w e d  by a f i e l d  
i n s p e c t i o n  and f i n a l  l y  , a  subsurface i n v e s t i g a t i o n .  

3 -2 Desk Study 

32.1 Exist ing Documented In fomat ion  

P r i o r  t o  v i s i t i n g  t h e  s i t e ,  and c e r t a i n l y  b e f o r e  c a r r y i n g  o u t  any 
d e t a i l e d  and c o s t l y  subsurface i n v e s t i g a t i o n  work, i t  i s  recommended 
t h a t  t h e  i n v e s t i g a t o r  spend t ime  exa~ni  n i n g  what background i n f o r m a t i o n  
i s  a v a i l a b l e  f o r  t h e  s i t e  and t h e  sur round ing  area. T h i s  i n f o r m a t i o n  
rnay n o t  o n l y  p rove  u s e f u l  i n  a s c e r t a i n i n g  t h e  r e l a t i v e  s t a b i l i t y  o f  
the  s u b j e c t  s lope  b u t  may a l s o  p r o v i d e  an i n d i c a t i o n  o f  any s p e c i f i c  
s t a b i l  i ty  problem which can then be addressed a t  an e a r l y  s tage i n  t h e  
i n v e s t i g a t i o n .  T h i s  may r e s u l t  i n  a  cons ide rab le  sav ing  i n  t i m e  and 
e f f o r t .  

Re1 evan t  sources o f  background i n f o r m a t i  on may i n c l  ude : 

( a )  Prevous s i t e  i n v e s t i g a t i o n  r e p o r t s  c o v e r i n g  t h e  s u b j e c t  s i t e ,  
prepared a t  Scheme P lan Stage, 

( b )  Prev ious  s i t e  i n v e s t i g a t i o n  r e p o r t s  f o r  t h e  s u b j e c t  s i t e  i f ,  f o r  
example, t h e  proposed b u i l d i n g  development i n v o l v e s  redevelopment 
o f  a  s i t e  t h a t  has a1 ready been b u i l t  on, 



!C P rev ious  s i t e  i n v e s t i g a t i o n  r e p o r t s  f o r  ne ighbour ing  s i t e s  i f  
a1 ready devel  oped o r  i n tended  f o r  devel opment, 

( d l  Regional  s t a b i l i t y  o r  l a n d  use s t u d i e s  c a r r i e d  o u t  f o r  a  l o c a l  
a u t h o r i t y ,  catchment board, e tc . ,  

(4 Geolog ica l  maps; t h e  1 :25000 I n d u s t r i a l  S e r i e s  geo log i ca l  maps 
produced by t h e  New Zeal and Geo log ica l  Survey, c u r r e n t l y  
a v a i l a b l e  f o r  t he  m a j o r i t y  o f  t h e  Auckl and M e t r o p o l i t a n  Area, as 
we11 as f o r  Hami l ton,  a re  p a r t i c u l a r l y  u s e f u l  as a  source o f  
engi n e e r i  ng geol o g i  c a l  da ta  , 

( f )  New Zeal and Land I n v e n t o r y  Maps (NZMS 290) 
( 9 )  Techn ica l  papers i n  j o u r n a l  s, such as t h e  New Zeal and Journa l  o f  

Geol ogy and Geophysics, 
( h )  N.Z. S o i l  Bureau maps, and 
( i  U n i v e r s i t y  theses. 

3.2.2 Aeri a1 Photograph Interpretat ion 

I n  a d d i t i o n  t o  an examinat ion o f  e x i s t i n g  documented i n f o r m a t i o n ,  i t  
i s  recommended t h a t  a e r i a l  photograph i n t e r p r e t a t i o n  be c a r r i e d  o u t  f o r  
every  s i t e  s tud ied .  T h i s  technique,  and i t s  va lue  f o r  s lope  s t a b i l i t y  
assessments, i s  b r i e f l y  out1 i n e d  'below. 

Ae r i  a1 photograph i n t e r p r e t a t i o n  i nvo l  ves t h e  examinat ion  and 
i n t e r p r e t a t i o n  o f  t h e  t h r e e  dimensional  image pe rce i ved  when a p a i r  o f  
a e r i a l  photographs i s  viewed th rough a  stereoscope. I n  o r d e r  f o r  a  
s te reoscop ic  image t o  be seen, t h e  two photographs must have a  degree 
o f  o v e r l a p  (no rma l l y  60%) i n  terms o f  t h e  area covered by each 
photograph. A e r i a l  photographs a re  c l assed  as e i t h e r  o b l i q u e  o r  
v e r t i c a l  depending on t h e  ang le  o f  t h e  o p t i c a l  a x i s  o f  t h e  camera a t  
t h e  t i m e  o f  exposure. Both o b l i q u e  and v e r t i c a l  a e r i a l  photographs 
have t h e i r  uses a1 though t h e  l a t t e r  a r e  more w i d e l y  a v a i l  a b l e  as they  
form t h e  b a s i s  f o r  modern topograph ic  map p roduc t ion .  

When viewed s te reoscop i ca l  l y  , a e r i  a1 photographs p r o v i d e  t h e  
i n v e s t i g a t o r  w i t h  a  t h r e e  dimensional  overv iew o f  t h e  s u b j e c t  s i t e  and 
i t s  sur roundings.  The va lue  o f  p u t t i n g  t h e  s i t e  i n t o  i t s  w ide r  
topograph ica l  s e t t i n g  u s i n g  t h i s  techn ique cannot  be overemphasised. 
I t  i s  q u i t e  p o s s i b l e  t h a t ,  w i t h i n  t h e  1  i m i  t s  o f  t h e  s i t e  i t s e l f ,  t h e r e  
may be no evidence o f  i n s t a b i l i t y ;  however, t h e  s i t e  cannot  be 



assessed i n  i s o l a t i o n  - i t  may be, f o r  example, t h a t  t he  s i t e  i s  p a r t  
o f  a l a r g e r  1 andsl i d e  mass o r  t h a t  t h e  area upslope may be p o t e n t i a l l y  
uns tab le  and c o u l d  a f f e c t  t h e  s u b j e c t  s i t e .  Such s i t u a t i o n s  shou ld  be 
re1  a t i  v e l y  easy t o  i d e n t i  fy f rom a e r i a l  photographs whereas, on t h e  
ground, t h e  i n v e s t i g a t o r  i s  faced w i t h  many d i s t r a c t i o n s  and p o s s i b l e  
d i f f i c u l t i e s  i n  reach ing  a vantage p o i n t  f rom which t o  g a i n  an overv iew 
o f  t h e  s i  t e .  

The a e r i a l  photograph examinat ion shoul d, where app rop r ia te ,  i n c l  ude a 
comparison o f  t h e  s u b j e c t  s lope w i t h  o t h e r s  i n  t h e  area. The inc idence  
o f  i n s t a b i l i t y  on s lopes which a r e  s i m i l a r  t o  the  s u b j e c t  s lope  i n  
terms o f ,  f o r  exa~npl e, s l  ope angl  e, aspect ,  general  morphol ogy , etc. ,  
lnay forewarn o f  p o s s i b l e  s t a b i l i t y  problems on t h e  s u b j e c t  s lope. T h i s  
assumes however t h a t  ground c o n d i t i o n s  i n  t h e  s lopes be ing  compared a re  
e s s e n t i a l l y  t h e  same - t h i s  may n o t  be t h e  case. Consequently, t h e  
r e s u l t s  o f  comparat ive s tud ies ,  based on a e r i  a1 photograph 
i n t e r p r e t a t i o n ,  cannot  be cons idered conc lus i ve  un less  suppor ted by 
thorough f i e l d  check ing  ( p o s s i b l y  i n c l u d i n g  subsurface i n v e s t i g a t i o n ) .  

A e r i a l  photographs a r e  a1 so u s e f u l  i n  i d e n t i f y i n g ,  e i t h e r  d i r e c t l y  o r  
i n d i r e c t l y ,  many o t h e r  geo log i ca l  and geomorphological f e a t u r e s  bes ides 
i n s t a b i l i t y ,  e.g. rock  type, s t r u c t u r a l  d i s c o n t i n u i t i e s ,  s u p e r f i c i a l  
depos i t s  ( c o l l u v i u m  and f i l l ) ,  e t c .  Also, f o r  developed areas which 
a re  t o  be redeveloped, o l d  a e r i a l  photographs taken p r i o r  t o  i n i t i a l  
devel opment lnay revea l  t h e  presence o f  former topograph ic  fea tu res ,  
e.g. p r e - e x i s t i n g  stream courses and areas o f  i n s t a b i l i t y ,  t h a t  may 
have been obscured o r  e r a d i c a t e d  d u r i n g  t h e  course o f  development. 

Complete b l ack  and w h i t e  a e r i a l  photograph ic  coverage o f  New Zealand i s  
a v a i l a b l e  and t h i s  i s  p e r i o d i c a l l y  updated ( a t  l e a s t  every  t e n  yea rs  
f o r  any g i ven  a rea)  i n  terms o f  t h e  r a t e  o f  development and change 
t a k i n g  p l a c e  i n  v a r i o u s  p a r t s  o f  t h e  coun t ry .  There i s  an ongoing 
programme o f  coverage a t  1:25000 and 1:50000 and t h e r e  a r e  numerous 
spec ia l  surveys a t  a v a r i e t y  o f  l a r g e r  scales.  The l a t t e r  i n c l u d e  
surveys f o r  s t a t e  h i  ghways, r a i l  r o u t e s  and development p r o j e c t s  such 
as i r r i g a t i o n  and power schemes. 



For  most p a r t s  o f  New Zealand, photography i s  a v a i l  a b l e  d a t i n g  back t o  
t h e  1940's.  The Photo L i b r a r y  o f  t h e  Lands and Survey Head O f f i c e  i n  
We1 1  i ngton ho l  ds a  comprehensive c o l  1  e c t i o n  (approx imate ly  1 /2  m i  11 i o n  
photos)  o f  a l l  Crown c o p y r i g h t  and some p r i v a t e  c o p y r i g h t  a e r i a l  
photographs c o v e r i n g  t h e  whole o f  New Zealand. I n  a d d i t i o n ,  t h e  twe lve  
d i s t r i c t  Lands and Survey o f f i c e s  a1 so m a i n t a i n  t h e i r  own c o l  l e c t i o n s  
o f  photographs f o r  t h e i r  1  oca l  d i  s t r i c t s .  

A e r i a l  photographs may be examined by t h e  p u b l i c  a t  these o f f i c e s  and, 
i f  requ i red ,  cop ies  can be purchased e i t h e r  th rough t h e  Lands and 
Survey O f f i c e s  o r  d i r e c t l y  f rom New Zealand A e r i a l  Mapping L im i t ed ,  
Hast ings.  

3.3 Fie1 d Inspection 

3.3.1 General 

The o b j e c t  o f  t h e  f i e l d  i n s p e c t i o n  i s  t o  acqua in t  t h e  i n v e s t i g a t o r  w i t h  
ac tua l  s i t e  c o n d i t i o n s ,  t o  p u t  t h e  b u i l d i n g  development proposal  s  i n t o  
pe rspec t i ve  and t o  assess t h e  l i k e l y  ex i s t ence  and magnitude o f  any 
s t a b i l  i ty  problem. On t h e  b a s i s  o f  t h e  f i e l d  i n s p e c t i o n ,  t h e  
i n v e s t i g a t o r  must be a b l e  t o  dec ide t h e  need f o r  and most a p p r o p r i a t e  
form o f  subsur face i n v e s t i  g a t i o n  r e q u i  r e d  t o  e s t a b l  i sh ground 
condi  t i o n s  beneath t h e  s i t e .  

The f i e 1  d  i n s p e c t i o n  requ i res ,  above a1 1, geo log i ca l  judgement i n  
i n t e r p r e t i n g  1  andforms and making p r e d i c t i o n s  r e g a r d i n g  geol o g i c a l  
c o n d i t i o n s  on t h e  s i t e .  Accord ing ly ,  t h e  i n s p e c t i o n  should be c a r r i e d  
o u t  by an eng inee r i ng  g e o l o g i s t  and, p r e f e r a b l y ,  one acqua in ted w i t h  
1  oca l  c o n d i t i o n s  and s t a b i  1  i ty p rob l  ems. The eng inee r ing  geol o g i  s t  may 
however need t o  seek adv ice  f rom an eng ineer  w i t h  r e s p e c t  t o  t h e  
eng inee r ing  aspects  o f  t h e  proposed b u i  1  d i n g  devel opment, p a r t i c u l  a r l y  
where t h e  b u i  1  d i  ng 1  ayout  and s t r u c t u r e  i s  compl ex. 

P r o v i d i n g  t h a t  a  desk s tudy has a l r eady  been undertaken, as i s  
recommended, t h e  i n v e s t i g a t o r  shoul d  a1 ready be aware, i n  general  terms 
a t  l e a s t ,  o f  t h e  topograph ica l  and geo log i ca l  c o n d i t i o n s  o f  t h e  s i t e .  



A l  so, he shou ld  be i n  possession o f  a  s i t e  p l a n  and have been b r i e f e d  
such t h a t  t h e  proposed b u i l d i n g  l a y o u t  can be c l e a r l y  d e f i n e d  on s i  t e .  
The p l a n  shou ld  show n o t  o n l y  t h e  p o s i t i o n  and s i z e  o f  b u i l d i n g s  b u t  
a l s o  any proposed ear thworks and proposed l o c a t i o n s  f o r  se rv i ces ,  and 
e f f l u e n t  d isposa l  s y s t e m  i f requ i red .  

It may be u s e f u l ,  p a r t i c u l a r l y  f o r  s i t e s  where t h e  proposed b u i l d i n g  
l a y o u t  i s  complex, f o r  t h e  c l i e n t  t o  meet t h e  i n v e s t i g a t o r  on s i t e  a t  
t he  t i m e  o f  t h e  f i e l d  i nspec t i on .  T h i s  a1 lows any u n c e r t a i n t i e s  
r ega rd ing  t h e  b u i l d i n g  proposa ls  t o  be reso l ved  b e f o r e  l a r g e  sums o f  
money a r e  commit ted f o r  d e t a i l e d  i n v e s t i g a t i o n s .  Any erroneous 
assumptions made a t  t he  o u t s e t  may l e a d  t o  embarrassment and 
m i  sunderstanding 1  a t e r .  There have been cases f o r  example where a  
subsurface i n v e s t i g a t i o n  was c a r r i e d  o u t  on t h e  wrong s e c t i o n  because 
the  wrong s i t e  p l a n  was sen t  t o  t h e  i n v e s t i g a t o r .  

An a d d i t i o n a l  advantage o f  c l i e n t  and i n v e s t i g a t o r  meet ing  on s i t e  a t  
t h e  o u t s e t  o f  t h e  i n v e s t i g a t i o n  i s  t h a t  any obvious problems can be 
b rough t  t o  t h e  a t t e n t i o n  o f  t h e  c l i e n t  and, where poss ib l e ,  can be 
avoided by m o d i f y i n g  t h e  b u i l d i n g  1  ayout.  A1 so, any p o s s i b l e  
disagreements w i t h  r ega rd  t o  t h e  f i n a l  c o s t  o f  t h e  assessment can be 
avoided i f  t h e  c1 n'ent i s  b r i e f e d  on s i t e  r e g a r d i n g  t h e  t y p e  o f  
i n v e s t i g a t i o n  r e q u i r e d  and i t s  1  i k e l y  c o s t .  Should t h e  c l i e n t  f e e l  
t h a t  t h e  l e v e l  o f  i n v e s t i g a t i o n  proposed i s  excess ive o r  unwarranted he 
c o u l d  then  choose t o  seek adv ice  elsewhere. The o n l y  c o s t s  t h a t  would 
have been i n c u r r e d  a t  t h i s  s tage would have been a  few hours o f  t h e  
eng inee r ing  g e o l o g i s t ' s  t ime i n  c a r r y i n g  o u t  a  desk s tudy  and making 
t h e  f i e l d  i n s p e c t i o n .  

3.3.2 Observations 

The t ime  spent  i n s p e c t i n g  a  s i t e  w i l l  depend on i t s  s i z e  and 
complex i ty .  The s i t e  i n s p e c t i o n  must o f  course be thorough; ev idence 
missed a t  t h i s  s tage may r e s u l t  i n  a  m i  s d i  r e c t e d  subsur face 
i n v e s t i g a t i o n  o r  a m i  s l  ead ing assessment. 

Table 1, page 49, p resen ts  a  check l i s t  o f  observa t ions  t h a t  should be 
made. One o r  more o f  t h e  i tems 1  i s t e d  may n o t  be r e l e v a n t  t o  each s i t e  



inspected.  However, t h e  use o f  a  c h e c k - l i s t  i s  a  method ica l  approach 
t h a t  ensures t h a t  obse rva t i ons  a r e  n o t  over1 ooked. The va lue  o f  t h e  
i n d i v i d u a l  obse rva t i ons  1  i s t e d  i s  b r i e f l y  exp la i ned  be1 ow. 

3.3.2 .I Ground p r o f i l e  

Observat ions shou ld  be made o f  t h e  l and fo r r~ i s  b o t h  w i t h i n  and 
sur round ing t h e  s i  t e .  C e r t a i n  1  andfornis a r e  more commonly assoc ia ted  
w i t h  i n s t a b i l  i ty  than  o thers ;  f o r  example, t h e  heads o f  g u l l i e s  and 
o t h e r  depress ions i n  s lopes a r e  p a r t i c u l  a r l y  suscep t i  b l  e  t o  i n s t a b i  1  i ty  
due t o  t h e  i n g r e s s  o f  groundwater seepage and/or su r face  water .  

I r r e g u l a r i t i e s  i n  t h e  ground su r face  may be evidence o f  p a s t  o r  
c o n t i n u i n g  i n s t a b i l i t y ,  whether i n  t h e  form o f  a  l i n d s l i d e  o r  
p rog ress i ve  s o i l  creep. Slope ang les  shou ld  be measured r a t h e r  than 
est imated,  p a r t i c u l a r l y  a t  c r i t i c a l  l o c a t i o n s ,  e.g. on steep ground 
ad jacen t  t o  t h e  s i t e  o f  a  proposed b u i l d i n g .  A v i s u a l  e s t i m a t i o n  o f  
s lope g r a d i e n t  can be ve ry  m i s l e a d i n g  p a r t i c u l a r l y  when t h e  s lope  i s  
viewed f rom above ( a  h i g h  s lope  o f  35" l o o k s  much s teeper  than  i t  
a c t u a l l y  i s )  and, i f  a  s t a b i l i t y  a n a l y s i s  i s  c a r r i e d  ou t ,  an e r r o r  o f  
say 5 O  i n  s lope  ang le  can make a  s i g n i f i c a n t  d i f f e r e n c e  t o  t h e  
c a l  c u l  a t e d  f a c t o r  o f  sa fe t y .  I n  most cases, t h e  use o f  a tape  and 
Abney l e v e l  ( o r  c l  i noineter) shoul d  g i v e  acceptabl  e  accuracy a1 though, 
f o r  p a r t i c u l  a r l y  d i  f f  i c u l  t s i t e s ,  where more p r e c i  se da ta  i s  r e q u i  r e d  
f o r  a  s t a b i l i t y  a n a l y s i s ,  a  d e t a i l e d  topograph ic  survey may be 
warranted. 

3.3.2.2 Evidence o f  i n s t a b i l i t y  

I n  a d d i t i o n  t o  i r r e g u l a r i t i e s  i n  t h e  ground p r o f i l e ,  t h e r e  a r e  o t h e r  
s igns  t h a t  may i n d i c a t e  p a s t  o r  c o n t i n u i n g  i n s t a b i l  i ty.  Some o f  t h e  
.lore e a s i l y  r ecogn i sab le  s igns  o f  i n s t a b i l  i t y  a re  i l l u s t r a t e d  i n  F i g u r e  
1, page 50 and a re  b r i e f l y  d iscussed below. o " F i e l d  Assessment o f  Slope 
I n s t a b i l i t y "  ( C r o z i e r ,  119841) i s  a l s o  a  good gu ide and has many 
re fe rences  t o  New Zeal and examples. 

A c a r e f u l  i n s p e c t i o n  shou ld  be made f o r  any c racks  i n  t h e  ground ( t h e y  
rnay be obscured by v e g e t a t i o n ) .  The p o s i t i o n  and e x t e n t  o f  any such 



cracks  shou ld  be recorded on a  s i t e  p l an ;  they may be r e l a t e d  t o  a  
nearby topograph ica l  f ea tu re ,  e.9.  3 nearby break i n  s lope.  
nbse rva t i ons  shou ld  a l s o  be made r e g a r d i n g  c rack  a p e r t u r e  end any 
v e r t i c a l  d isp lacement  o f  t h e  ground su r f ace  across the  c rack .  The 
ex i s tence  o f  ground c racks  does n o t  n e c e s s a r i l y  i n d i c a t e  s lope  movement 
however; they may, f o r  example, develop due t o  shr inkage o f  c e r t a i n  
c layey  s o i l s  d u r i n g  pro longed p e r i o d s  o f  h o t  d r y  weather. The 
ex i s tence  o f  sh r inkage  c racks  shou ld  neve r the less  be recorded a s  they  
nay i n f l u e n c e  s t a b i l i t y  by a l l o w i n g  i nc reased  i n f i l t r a t i o n  o f  r a i n f a l l .  
I n  a d d i t i o n ,  t h e  presence o f  c l ayey  s o i l s  w i t h  h i g h  shr inkage  and 
s w e l l i n g  c h a r a c t e r i s t i c s  must be taken i n t o  account w i t h  r e s p e c t  t o  t h e  
found ing depth o f  sha l low s t r i p  and pad foundat ions .  

Observat ions shou ld  be made o f  e x i s t i n g  nearby s t r u c t u r e s  which may 
show evidence o f  ground movement i n  t h e  form o f  c racks  i n  w a l l  s  and 
pathways, jamming o f  doors i n  b u i l d i n g s ,  d i  sp l  acement o f  fence1 ines ,  
e t c .  A c a u t i o n a r y  no te  should be made however, t h a t  some s igns  o f  
d i s t r e s s  may be due t o  poor workmanship r a t h e r  than ground movement. 

Trees growlng i n  an area which has been d i s p l a c e d  by s u b s t a n t i a l  ground 
lnsovement may e x h i  b i t  t r u n k  cu rva tu re .  Such shou ld  be no ted  
a l though  i t  shou ld  be understood t h a t  a t r e e  which has a  n o n - v e r t l c a l  
o r  i r r e g u l a r  t r u n k  does n o t  n e c e s s a r i l y  Smp'ly ground movement; young 
t r e e s  growing i n  t h e  shade o f  a  l a r g e r  t r e e  (which may subsequent ly be 
removed or d i e )  may t end  t o  grow a t  an ang le  i n  o r d e r  t o  reach l l g h t .  
A c r i t i c a l  d i s c u s s i o n  o f  t h e  r e l a t i o n s h i p  between deformed t r e e s  and 
s o i l  c reep fs made by Phipps (1974).  

The presence o f  f i l l  on a s i t e  may o r  may n o t  be d e t r i m e n t a l  t o  
s t a b i  I a" t y  , depending on t h e  f i  1 I matera" m l  s used, t h e  method o f  
pl  acement and t h e  p r o v i  s i o n  o r  o the rw i  se o f  landerdrai n a p .  On more 
r e c e n t l y  developed s i t e s ,  f i l l  i n g  s h o d  d have been c a r r i e d  out i n  
accordance w l  th good eng i  n e e r i  ng p r a c t i c e  as out1  i ned i n  New Zeal and 
Standard 4431:1978, Code o f  P r a c t i c e  f o r  E a r t h  F11U f o r  R e s i d e n t i a l  
Devel opment. T h i s  s tandard  r e q u i r e s  t h a t  t h e  ground be p r o p e r l y  
prepared p r f o r  t o  f i l l  i n g  ( i n c l u d i n g  the  p r o v i s i o n  o f  any necessary 



dra inage measures) and t h a t  t h e  f i l l  shou ld  be o f  good q u a l i t y  and be 
compacted t o  a  predetermined standard.  The e x t e n t  and t h i ckness  o f  
f i l l  must a l s o  be recorded on ' a s - b u i l t '  p lans .  

I n  t h e  case o f  o l d e r  p r o p e r t i e s  however, f i l l  may have been l o o s e l y  
p laced  (e.g. end t i p p e d  f rom a  t r u c k )  w i t h o u t  compaction. O ld  f i l l i n g  
may a l s o  c o n t a i n  u n s u i t a b l e  m a t e r i a l  such as v e g e t a t i o n  which may decay 
w i t h  t ime  and l e a v e  vo ids,  p o s s i b l y  g i v i n g  r i s e  t o  subsidence. I n  
a d d i t i o n ,  f i l l  may have been p l aced  over  an o l d  d ra inage  course 
w i t h o u t  p r o v i d i n g  adequate subsurface dra inage.  

The presence o f  f i l l  may be suggested by an unna tu ra l  appearance t o  t h e  
topography o r  a  marked c o n t r a s t  i n  v e g e t a t i o n  type. The d e t e c t i o n  o f  
f i l l  on newer p r o p e r t i e s ,  where s u b s t a n t i a l  ear thworks have been 
c a r r i e d  out ,  may be much more d i f f i c u l t  t o  d e t e c t  a1 though t h i s  i n fo rm-  
a t i o n  shou ld  be a v a i l a b l e  f rom t h e  developer  o r  t h e  l o c a l  a u t h o r i t y .  

3.3.2.4 Hydrological features 

Water i s  t h e  p r i n c i p a l  t r i g g e r i n g  agent  1  ead i  ng t o  s l  ope i n s t a b i  1  i ty . 
Consequently, obse rva t i ons  rega rd ing  hyd ro l  o g i c a l  f e a t u r e s  b o t h  w i t h i n  
and i n  t h e  v i c i n i t y  o f  a  s i t e  a r e  an e s s e n t i a l  p a r t  o f  a  comprehensive 
f i e l d  i n s p e c t i o n .  A s i t e  v i s i t  made d i r e c t l y  a f t e r  ( o r  even d u r i n g )  
heavy r a i  n f a l  1  can be p a r t i c u l  a r l y  en1 i gh ten ing ;  seepage, over1 and 
f low,  ponding, e t c .  may on l y  be e v i d e n t  a t  such t imes. As i n d i c a t e d  i n  
Tab1 e  1, page 49, t h e  f o l  1  owing obse rva t i ons  r e g a r d i n g  h y d r o l  o g i c a l  
f e a t u r e s  a re  o f  p a r t i c u l a r  importance. 

The su r f ace  cove r ing ,  b o t h  on and above a  s lope, has a  s i g n i f i c a n t  
e f f e c t  on t h e  a b i l i t y  o f  r a i n  t o  i n f i l t r a t e  t h e  s lope  and a f f e c t  
groundwater cond i  t i  ons. Vege ta t ion  i s  general  l y  b e n e f i c i a l  i n  t h i s  
r espec t  as i t  reduces s o i l  m o i s t u r e  by e v a p o t r a n s p i r a t i o n  and 
i n t e r c e p t i o n .  An impermeahl e  a r t i  f i c i a l  su r f ace  c o v e r i  ng, 
e.g. conc re te  paving,  above a s lope  may be w h o l l y  e f f e c t i v e  i n  
p r e v e n t i n g  i n f i l t r a t i o n  over  t h e  paved area p r o v i d i n g  o f  course i t  i s  
n o t  s e r i o u s l y  cracked. I t s  b e n e f i t  w i l l  be wasted however i f  no 
dra inage i s  p r o v i d e d  and t h e  r u n o f f  f rom t h e  paved area d ischarges on 
t o  t h e  s lope  below. 



The p o s i t i o n  o f  e x i s t i n g  n a t u r a l  o r  a r t i f i c i a l  d ra inage  courses should 
be noted i n  r e l a t i o n  t o  t h e  l a y o u t  o f  t h e  proposed b u i l d i n g  
development. The s i z e  and na tu re  o f  dr.ainage courses may g i v e  an 
i n d i c a t i o n  o f  t h e i  r e r o s i v e  p o t e n t i a l  which cou ld  l e a d  t o  u n d e r c u t t i n g  
a t  t h e  t o e  o f  a  slope. 

Spr ings and o t h e r  seepage po i  n t s  may p r o v i d e  va l  uable  i n f o r m a t i o n  f o r  
e s t a b l i s h i n g  t h e  groundwater p r o f i l e .  The r e l a t i v e  r a t e  o f  f l o w  o f  
water f rom such f e a t u r e s  should be recorded and should be complemented 
by remarks rega rd ing  weather c o n d i t i o n s  a t  t h e  t i m e  o f  i n s p e c t i o n  and 
f o r  t h e  preceding month o r  so. Th is  i n f o r m a t i o n  w i l l  he l p  t o  assess 
any 1  i k e l y  f l  u c t u a t i o n s  i n  groundwater l e v e l  s. 

Areas o f  e x i s t i n g  wa te r logg ing  should be  noted as we1 1 as areas which 
may be sub jec t  t o  wa te r logg ing  f o l l o w i n g  pe r i ods  o f  pro longed 
r a i n f a l l .  

The p o s i t i o n s  o f  a l l  water  c a r r y i n g  se rv i ces  and o t h e r  f a c i l  i t i e s  (such 
as e x i s t i n g  water  s to rage  tanks, e f f l u e n t  i r r i g a t i o n  f i e l d s ,  soakage 
p i t s ,  e tc . )  should be recorded. The l o c a t i o n  o f  underground s e r v i c e s  
may n o t  be known p r e c i  s e l y  a1 though t h e i  r presence and approximate 
p o s i t i o n  may be i n f e r r e d  f rom manhole covers  and p o s s i b l y  f rom l i n e a r  
depress ions i n  t h e  ground sur face.  The age and c o n d i t i o n  o f  s e r v i c e  
p ipes  should be  assessed and any s igns  o f  leakage recorded. 

For s i t e s  where s lope  s t a b i l i t y  i s  subsequent ly  concluded at:  b e i m j  
marg ina l  and where se r i ous  leakage f rom se rv i ces  cou ld  t r i g g e r  move- 
ment, i t  may be necessary t o  r e l o c a t e  o r  mod i f y  e x i s t i n g  se rv i ces ,  i n  
c o n j u n c t i o n  w i t h  o t h e r  p r e v e n t i v e  measures, d u r i n g  s i t e  development. 

3.3.2.5 Slope forming materials 

P r o v i d i n g  t h a t  a  desk s tudy has a1 ready been c a r r i e d  ou t ,  t h e  
i n v e s t i g a t o r  should a l r eady  have a  general  unders tand ing o f  t h e  geology 
i n  t h e  area o f  t h e  s i t e  and should be  a b l e  t o  make p r e d i c t i o n s  
rega rd ing  t h e  na tu re  o f  t h e  s lope  fo rm i  ng m a t e r i  a1 s. Observat ions made 
d u r i n g  t h e  f i e l d  i n s p e c t i o n  a re  aimed a t  c o n f i r m i n g  ( o r  o the rw ise )  t h i s  
b a s i c  i n f o r m a t i o n  and e l a b o r a t i n g  on it. 



Exposures o f  t h e  !; lateria1 s for tn ing the  s u b j e c t  s lope a re  obv ious l y  t h e  
most r e l e v a n t  a l t h o l ~ g h  u s e f u l  i n f o r i n a t i o n  can a l s o  be ga ined f rom an 
examinat ion o f  exposures e l  sewhere i n  t h e  v i c i n i t y  o f  t he  s i t e .  
Fxposures may be a v a i l a b l e  i n  stream courses,  c u t  banks, c l i f f  faces, 
and t h e  1  i k e .  

r\ d e t a i l e d  d i s c u s s i o n  o f  schernes f o r  t h e  d e s c r i p t i o n  and c l a s s i f i c a t i o n  
o f  s lope fo rm ing  m a t e r i a l s  i s  beyond t h e  scope o f  t h i s  document. 
Yowever, numerous schemes a re  c u r r e n t l y  employed, some o f  t h e  most 
r e c e n t  and comprehensive o f  which a re  l i s t e d  i n  s e c t i o n  5.3 o f  t h i s  
r e p o r t .  U n f o r t u n a t e l y ,  these vary  n o t  o n l y  i n  t h e  terms used b u t  a l s o  
i n  t h e  d e f i n i t i o n  o f  t h e  same t e r m  I t  i s  t h e r e f o r e  v i t a l l y  i m p o r t a n t  
t h a t  t h e  sys te l~ i  o r  terms used f o r  t h e  d e s c r i p t i o n  o f  s o i l  and rock  be 
d e f i n e d  by t h e  i n v e s t i g a t o r  i n  t h e  assessment r e p o r t .  
The key t o  good d e s c r i p t i o n  i s  t o  work s y s t e m a t i c a l l y ,  and a  l i s t  o f  
suggested headings under which d e s c r i p t i o n s  can be made i s  as f o l l o w s  : 

M a t e r i a l  : 
( a )  co lou r ,  
( b )  g r a i n  s i z e  and o t h e r  t e x t u r a l  f ea tu res ,  
( c )  deqree - o f  weather ing,  
( d )  s t r eng th ,  
( e )  s o i l  o r  rock  type,  and 
( f )  o t h e r  c h a r a c t e r i s t i c s ,  such as p l a s t i c i t y ,  mo i s tu re  con ten t ,  P ~ C .  

Exposure o r  Outcrop : 
( a )  g e o l o g i c a l  s t r u c t u r e ,  e.g. d i s t r i b u t i o n  o f  d i f f e r e n t  1 i t h o l o g i c  

types, f o l d i n g  o f  t he  bedding and u n i f o r m i t y  o f  m a t e r i a l s  
compr is ing  i n d i v i d u a l  '1  ayers  ' e.g. presence o f  boul  ders,  

( b )  spacing, o r i e n t a t i o n ,  c o n t i n u i t y  and ape r tu re  o f  d i s c o n t i n u i t i e s .  

4n exalnple o f  d e t a i l e d  d e s c r i p t i o n s  o f  m a t e r i a l s  f o r r r i ng  a  c l i f f  face  
i s  g i ven  on F i g u r e  2, Page 51. 

4 colmprehensive d i s c u s s i o n  o f  da ta  c o l l e c t i n g  techniques f o r  rock  
s lopes i s  g i ven  by Hoek & Bray ( 1 9 7 7 ) .  



The te rms ' s o i l  ' and ' r o c k '  w i l l  be used i n  t h e  d e s c r i p t i o n  o f  t h e  
s l o p e  f o r m i n g  m a t e r i a l s .  There i s  however some d isagreement  o v e r  t h e  
use o f  t h e s e  terms.  They a r e  f i rm ly  e s t a b l i s h e d  i n  t h e  vocabu la r y  o f  
t h e  g e o l o g i s t ,  t h e  eng inee r ,  t h e  a g r i c u l t u r a l  i s t  e t  a1 , a1 t hough 
u n f o r t u n a t e l y  t h e  te rms a r e  used t o  mean d i f f e r e n t  t h i n g s .  I n  t h i s  
r e p o r t  t hese  terms a r e  used i n  t h e  e n g i n e e r i n g  sense. Terzagh i  & Peck 

I I (1967) d e f i n e d  s o i l s  as ... an aggregate  o f  m i n e r a l  g r a i n s  t h a t  can be 
separa ted  by such g e n t l e  mechanica l  means as a g i t a t i o n  i n  w a t e r "  and 

I' rock  as  ... a  n a t u r a l  agg rega te  o f  m i n e r a l s  connected by s t r o n g  and 
permanent cohes ive  f o r c e s " .  Terzagh i  & Peck qua1 i f i e d  t h e s e  
d e f  i n i t  i ons b y  add i  ng, " S i  nce t h e  te rms ' s t r o n g '  and 'permanent '  a r e  
s u b j e c t  t o  d i f f e r e n t  i n t e r p r e t a t i o n s ,  t h e  boundary between s o i l  and 
rock  i s  n e c e s s a r i l y  an a r b i t r a r y  one". They m i g h t  a1 so have added 
t h a t ,  n o t  o n l y  i s  t h e  t e r m  'permanent '  s u b j e c t  t o  i n t e r p r e t a t i o n  b u t ,  
i t  can h a r d l y  be app l  i e d  t o  n a t u r a l  m a t e r i a l s  wh ich a r e  s u b j e c t  t o  
weather ing .  I n  t h e  d r a f t  Method o f  S o i l  and Rock D e s c r i p t i o n  f o r  
E n g i n e e r i n g  Use (New Zeal and Geomechani cs  Soc i  e t y  [1985]) t h e  
f o l l  owing e x t r a c t  i s  r e l e v a n t  t o  t h e  d i s t i n c t  i o n  between s o i  1  and r o c k  
( s o f t  and ha rd )  : 

" O f t e n  rocks  w i t h  uncon f i ned  compress ive  s t r e n g t h  va lues  > 50 MPa 
a r e  r e f e r r e d  t o  c o l l e c t i v e l y  as ' h a r d '  r ocks  and t h o s e  < 25 MPa 
( e s p e c i a l l y  < 10 MPa) a r e  c o l l e c t i v e l y  r e f e r r e d  t o  as ' s o f t '  
rocks.  The boundary between s o i l s  and r o c k s  i s  o f t e n  a r b i t r a r i l y  
t a k e n  a t  t h e  boundary between v e r y  l ow  and e x t r e m e l y  l o w  

'I s t r e n g t h s ,  i.e. 1 MPa ... . 
The s t r e n g t h  based d i s t i n c t i o n  between s o i l  and r o c k  as g i v e n  above i s  
adopted f o r  use i n  t h i s  r e p o r t ,  a l t h o u g h  i t  i s  emphasised t h a t  t h e s e  
s t r e n g t h s  r e l a t e  t o  t h e  i n t a c t  m a t e r i a l  whereas i t  i s  t h e  mass 
c h a r a c t e r i s t i c s ,  p a r t i c u l a r l y  t h e  s t r u c t u r a l  d e f e c t s ,  o f  t h e  s l o p e  
f o rm ing  m a t e r i a l  s  t h a t  g e n e r a l l y  govern s t a b i  1  i t y .  T h i s  app l  i e s  t o  
b o t h  s o i l  and rock.  



3.3.3 Other Local Sources of  Information 

Loca l  r e s i d e n t s  may be  a b l e  t o  p r o v i d e  v a l u a b l e  s i t e  i n f o r m a t i o n .  They 
may p r o v i d e  c l u e s  as t o  t h e  cause o f  a nearby lands1  i d e  o r  p o i n t  o u t  
t h e  e x i s t e n c e  o f  some s i t e  f e a t u r e  wh ich  has been h idden  by  subsequent 
r eg row th  o f  v e g e t a t i o n  and whi ch m i g h t  o t  he rw i  se have been over1  ooked. 
Such i n f o r m a t i o n  shou ld  however be t r e a t e d  w i t h  some c a u t i o n  as t h e r e  
i s  a  tendency f o r  peop le  t o  exaggera te  even ts  such as l ands1  i d e s ,  
p a r t i c u l a r l y  w i t h  r e s p e c t  t o  t h e i  r magni tude.  A1 so, i n f o r m a t i o n  
r e g a r d i n g  t i m i n g  may be u n r e l  i a b l  e. 

3.4 Subsurface Investigation 

3.4.1 General 

The subsu r face  i n v e s t i g a t i o n  may be t h e  most c o s t l y  component o f  t h e  
s t a b i  1  i t y  assessment. To g a i n  t h e  maximum amount o f  i n f o r m a t i o n  i t  
shou ld  be des igned on a  g e o l o g i c a l  b a s i s  p r e f e r a b l y  b y  t h e  e n g i n e e r i n g  
g e o l o g i s t  who c a r r i e d  o u t  t h e  f i e l d  i n s p e c t i o n  and who shou ld  have t h e  
c l e a r e s t  i d e a  o f  1  i k e l y  ground c o n d i t i o n s  and p o s s i b l e  s t a b i l  i t y  
p r o b l  ems. The i n v e s t i g a t i o n  must a l s o  be des igned i n  t h e  c o n t e x t  o f  
t h e  proposed b u i l d i n g  development as t h e r e  w i l l  be o t h e r  c o n s i d e r a t i o n s  
bes ides  s l  ope s t a b i  1  i t y  e.g. f o u n d a t i o n  d e s i g n  and poss i  b l y  ground 
p e r c o l  a t i  on p o t e n t i a l  f o r  e f f l  uen t  d i s p o s a l .  

The d e s i g n  o f  t h e  subsu r face  i n v e s t i g a t i o n  may be i n f l u e n c e d  by  t h e  
apparen t  s t a b i l i t y  o f  t h e  s l o p e  as de te rm ined  d u r i n g  t h e  f i e l d  
i n s p e c t i o n .  Fo r  s l opes  which show s i g n s  o f  p a s t  o r  r e c e n t  i n s t a b i l  i t y  
t h e  i n v e s t i g a t i o n  w i l l  be  aimed p r i m a r i  l y  a t  d e f i n i n g  t h e  c o n f i g u r a t i o n  
and n a t u r e  o f  t h e  f a i l u r e  s u r f a c e  o r  zone. Also,  t h e  p o s s i b l e  need f o r  
c a r r y i n g  o u t  ground movement m o n i t o r i n g  shou ld  be cons idered .  Fo r  
s l opes  which a r e  a p p a r e n t l y  p r e s e n t l y  s t a b l e  t h e  t a s k  i s  l e s s  s p e c i f i c  
and hence, may be  more d i f f i c u l t .  

It i s  e s s e n t i a l  t h a t  t h e  d e s c r i p t i o n  o f  m a t e r i a l s  encountered i n  t h e  
b o r e h o l e s  o r  i n v e s t i g a t i o n  p i t s  i s  c a r r i e d  o u t  by  a  person  w i t h  
geol  o g i  c a l  t r a i  n i  ng. I d e a l l y ,  t h i s  work shou ld  be under taken  by  t h e  
e n g i n e e r i n g  g e o l o g i s t  who made t h e  f i e l d  i n s p e c t i o n  and who w i l l  be  



a b l e  t o  r e l a t e  t h e  m a t e r i a l s  encountered i n  t h e  bo reho les  o r  p i t s  t o  
t h o s e  examined d u r i n g  t h e  i n s p e c t i o n .  He would be i n  a  p o s i t i o n  t o  
m o d i f y  t h e  subsu r face  i n v e s t i g a t i o n  on s i t e  i f  found necessary.  

It i s  d e s i r a b l e  t h a t ,  f o r  a1 1  t y p e s  o f  subsur face  i n v e s t i g a t i o n ,  
samples o f  t h e  m a t e r i a l  s  encountered a r e  c o l 1  ected.  These may be o f  
v a l  ue f o r  r e f e r e n c e  d u r i n g  r e p o r t  p r e p a r a t i o n  and a r e  e s s e n t i a l  where 
l a b o r a t o r y  t e s t i n g  i s  r e q u i r e d  l a t e r .  I f  samples a r e  n o t  c o l l e c t e d  and 
a r e  subsequen t l y  found t o  be  necessary  t h e  o n l y  o p t i o n  would b e  t o  
r e t u r n  t o  t h e  s i t e  and c a r r y  o u t  a d d i t i o n a l  d r i l l i n g  o r  e x c a v a t i o n  - 
t h u s  add ing  c o n s i d e r a b l y  t o  t h e  o v e r a l l  c o s t  o f  t h e  assessment. 

The subsu r face  i n v e s t i g a t i o n  t echn iques  d i  scussed h e r e  a r e  1  i m i  t e d  t o  
t h o s e  t h a t  a r e  n o r m a l l y  c a r r i e d  o u t  i n  New Zealand f o r  s l o p e  s t a b i l i t y  
i n v e s t i g a t i o n s .  They i n c l  ude hand auger bo reho l  es , i nves t  i g a t  i on p i t s ,  
machine d r i l l i n g  and i n v e s t i g a t i o n  s h a f t s .  

3.4.2 Hand Augering 

T h i s  t e c h n i q u e  i n v o l v e s  t h e  use o f  a  1  i g h t w e i g h t ,  e a s i l y  p o r t a b l e ,  hand 
opera ted  auger i n  wh ich t h e  auger head p r o v i d e s  t h e  c u t t i n g  a c t i o n  f o r  
p e n e t r a t i o n  and a l s o  enab les  d i s t u r b e d  samples t o  be  c o l l e c t e d  f o r  
exami n a t  i on and, i f  r e q u i r e d ,  f o r  b a s i c  c l a s s i f i c a t i o n  t e s t s .  
D i f f e r e n t  s i z e  auger  heads can be  used t o  g i v e  bo reho les  r a n g i n g  f r om 
50 mm t o  300 mm i n  d iamete r .  

The dep th  o f  p e n e t r a t i o n  t h a t  can be ach ieved  v a r i e s  depending on t h e  
ground c o n d i t i o n s  encountered,  as w e l l  as t h e  p h y s i c a l  s t r e n g t h  o f  t h e  
ope ra to r .  General l y  however, hand auger b o r e h o l  es do n o t  p e n e t r a t e  much 
more t h a n  a  dep th  o f  7 metres.  Cons ide rab le  d i f f i c u l t y  may be  
encountered i n  a u g e r i n g  be low t h e  wa te r  t a b l e  due t o  c o l l a p s e  o f  t h e  
h o l e  ( c a s i n g  i s  r a r e l y  used t o  suppo r t  t h e  h o l e )  and t h e  d i f f i c u l t y  i n  
r e c o v e r i n g  samples. The occu r rence  o f  r ock  o r  o t h e r  ha rd  f ragments  o f  
o n l y  r e l a t i v e l y  modest s i z e  may a l s o  p r e v e n t  p e n e t r a t i o n .  

The main advantage o f  hand a u g e r i n g  i s  t h a t  i t  i s  r e l a t i v e l y  
i n e x p e n s i v e  and i n v l  oves 1  i g h t w e i g h t  wqui pment wh ich can be e a s i l y  
manhandled. Consequent ly ,  i t  may be used on s t e e p  o r  t h i c k l y  vege ta ted  



s i t e s  which would o the rw i se  be i n a c c e s s i b l e  t o  a  heav ie r  d r i l l i n g  r i g  
o r  excava t ion  p l a n t  (un less  o f  course t h e  f o rma t i on  o f  access t r a c k s  
was p e r m i t t e d ) .  

Dur ing  t h e  course o f  hand auger ing  t h e  s t r u c t u r e  and f a b r i c  o f  t h e  s o i l  
i s  v i r t u a l l y  comple te ly  des t royed by t h e  a c t i o n  o f  t h e  auger. However, 
t h e  d i s t u r b e d  m a t e r i a l  c o l l e c t e d  i n  t h e  auger head may be descr ibed  i n  
terms o f  s o i l  type,  c o l o u r ,  p l a s t i c i t y ,  m o i s t u r e  c o n d i t i o n ,  etc., and 
t h i s  i n f o r m a t i o n  p rov ides  a  reasonable idea  o f  changes i n  m a t e r i  a1 t y p e  
th roughout  t h e  hole.  

Soi 1 d e s c r i p t i o n s  a r e  general  l y  suppl emented by hand shear vane t e s t s  
which g i v e  s o i l  s t r e n g t h s  i n  terms o f  undra ined shear s t reng th .  The 
s i z e  o f  t h e  vane i s  r e l a t i v e l y  smal l ,  however, and t h e  presence o f  
smal l  g rave l  fragments may g i v e  m is l ead ing  r e s u l t s .  I n  a d d i t i o n ,  i t  
may n o t  be easy t o  t a k e  readings a t  t h e  most a p p r o p r i a t e  l e v e l s  i n  t h e  
auger-hole;  t h i n  bands o f  s o f t e r  m a t e r i a l  which may be p a r t i c u l a r l y  
s i g n i f i c a n t  t o  t h e  s t a b i l i t y  o f  t h e  s l ope  a r e  e a s i l y  missed. 
Never the less,  i f  t e s t s  a r e  p r o p e r l y  c a r r i e d  ou t  ( e s p e c i a l l y  w i t h  
respect  t o  r a t e  o f  r o t a t i o n  o f  t h e  shear vane) a t  c l o s e l y  spaced depth  
i n t e r v a l s ,  e.g. every  300 mm, t hey  p r o v i d e  a  very  use fu l  p r o f i l e  o f  
r e1  a t i  ve s t r e n g t h  o f  t h e  s lope  fo rming  m a t e r i a l  s. 

Th in  w a l l e d  metal  tubes may be f i x e d  t o  t h e  end o f  t h e  auger rods ( i n  
p lace  o f  t h e  auger head) and d r i v e n  o r  pushed i n t o  t h e  base o f  t h e  h o l e  
t o  c o l  1  e c t  re1 a t  i ve l  y undi  s tu rbed sampl es. S t reng th  t e s t s  may be 
c a r r i e d  o u t  on these samples t o  determine s o i l  s t r e n g t h  parameters 
a l though  i t  should be noted t h a t  t h e  use o f  smal l  d iameter  t u b e  samples 
may r e s u l t  i n  cons ide rab le  sample d i s t u rbance  due t o  w a l l  f r i c t i o n ,  
p a r t i c u l a r l y  i n  t h e  case o f  s e n s i t i v e  s o i l s .  

The main advantage o f  hand auger ing i s  t h a t ,  w i t h  t h e  except i o n  o f  t h e  
occas iona l  t u b e  sample, t h e  m a t e r i a l  c o l l e c t e d  by t h e  auger i s  i n  a  
d i s t u r b e d  c o n d i t i o n  and may comprise a  m i x t u r e  o f  s o i l  f rom ad jacen t  
l e v e l s  i n  t h e  hole.  Hence, t h e  s t r u c t u r e  o f  t h e  s o i l  i s  obscured, 
changes i n  s o i  1  t y p e  cannot be p r e c i  s e l y  d e f  i ned and, more i m p o r t a n t l y  , 



' s o f t '  o r  'weak'  zones o r  1  ayers ,  wh ich  may r e p r e s e n t  p o t e n t i a l  f a i  1 u r e  
p lanes ,  and which may be  v e r y  t h i n ,  may be missed. D e s p i t e  t h e s e  
s e r i o u s  shor tcomings,  hand a u g e r i n g  remains t h e  most cornnion sha l  l ow  
subsur face  i n v e s t i g a t i o n  t e c h n i q u e  i n  New Zealand, even on s i t e s  where 
s l ope  s t a b i l i t y  i s  a c r i t i c a l  f a c t o r .  An a l t e r n a t i v e  l o w  c o s t  
i n v e s t i g a t i o n  t e c h n i  que t h a t  p r o v i d e s  c o n t i n u o u s  c o r e  r e c o v e r y  i s  
r e q u i r e d  t o  r e p l a c e  t h e  t r a d i t i o n a l  method o f  hand auger ing .  

3.4.3 Investigation P i t s  

I n v e s t i g a t i o n  p i t s  may be  hand dug o r  excava ted  w i t h  a  back-hoe o r  
b u l l  dozer.  Hand d i g g i n g  i s  l e s s  common because o f  t h e  t i m e  i n v o l v e d  
and dep th  l i m i t a t i o n s .  However, f o r  s i t e s  which a r e  i n a c c e s s i b l e  f o r  a  
mechanical  excava to r  and /o r  where o n l y  a  s h a l l o w  dep th  i s  r e q u i r e d ,  
hand d i g g i n g  may be a p p r o p r i a t e .  

P i t s  can be excavated t o  dep ths  o f  between 4 m and 7 m depending on t h e  
t y p e  o f  p l a n t  used. L a r g e r  e x c a v a t o r s  n o t  o n l y  p r o v i d e  deeper p i t s  b u t  
a r e  a1 so g e n e r a l l y  t r a c k  mounted and may t h e r e f o r e  b e  a b l e  t o  r each  p i t "  
l o c a t i o n s  wh ich  would  b e  i n a c c e s s i b l e  t o  a  1  i g h t e r  wheeled excava to r .  
The c o s t  o f  h i r e  f o r  a  h e a v i e r  machine would  o f  cou rse  be g r e a t e r  and 
would p r o b a b l y  i n c l u d e  t h e  use o f  a t r a n s p o r t e r .  

I n  a d d i t i o n  t o  t h e  l i m i t a t i o n s  imposed b y  t h e  t y p e  o f  p l a n t ,  t h e  
occu r rence  o f  r o c k  and o f  s i g n i f i c a n t  wa te r  i n f l o w  a l s o  r e s t r i c t s  t h e  
d e p t h  o f  i n v e s t i g a t i o n  p i t s .  I n  a d d i t i o n ,  i t  i s  u n s a f e  t o  e n t e r  deep 
p i t s  t h a t  a r e  n o t  p r o p e r l y  suppor ted;  t h e  s a f e t y  aspec ts  o f  t r e n c h  
e x c a v a t i o n  a r e  covered i n  a  b o o k l e t  p u b l i s h e d  by  t h e  Depar tment  o f  
Labour ( S a f e t y  i n  C o n s t r u c t i o n  No.5, Code o f  P r a c t i c e  f o r  E x c a v a t i o n  on 
C o n s t r u c t i o n  Work under  t h e  Const r u c t i  on Act 1959).  The need t o  
p r o v i d e  s h o r i  ng w i l l  s u b s t a n t i a l l y  reduce t h e  amount o f  i n v e s t i g a t i o n  
work t h a t  can be ach ieved  i n  a  g i v e n  t ime ,  

D e s p i t e  t h e  p r a c t i c a l  d i f f i c u l t i e s ,  i n v e s t i g a t i o n  p i t s  a r e  g r e a t l y  
p r e f e r r e d  t o  o t h e r  t e c h n i q u e s  o r  s h a l l  OW i n v e s t i g a t i o n s .  They a1 l o w  
t h e  i n v e s t i g a t o r  t o  examine i n  s i t u  m a t e r i a l s  c l o s e l y  t o  make 
o b s e r v a t i o n s  r e g a r d i n g  n o t  o n l y  t h e  t y p e s  o f  m a t e r i a l s  b u t  a l s o  t h e i r  



s t r u c t u r e .  Any weak l a y e r s  can be i d e n t i f i e d ,  c l o s e l y  examined and 
t h e i r  d i s p o s i t i o n  measured. Also, o f  equal importance, d i r e c t  
observ.at ions can be made o f  groundwater f l o w  - l o c a t i o n ,  d i r e c t i o n  and 
ra te .  I n  s i t u  t e s t s ,  e.g. hand shear vane t e s t s ,  can be c a r r i e d  ou t  i n  
t h e  w a l l s  o r  base o f  t h e  p i t s  and und i s t u rbed  samples can be taken  by 
f o r c i n g  t h i n  wa l l ed  tubes  i n t o  t h e  base o f  t h e  p i t  o r  by c a r e f u l l y  
excava t i ng  b l o c k  samples. " 

I n v e s t i g a t i o n  p i t s  a r e  r a r e l y  b a c k f i l l e d  p r o p e r l y ;  no rma l l y ,  t h e  p i t  i s  
r e f i l l e d  w i t h  t h e  excavated m a t e r i a l  u s i n g  o n l y  t h e  f o r c e  o f  t h e  
back-hoe bucket  f o r  compaction. I n  a d d i t i o n ,  t h e  ground d i r e c t l y  
su r round ing  t h e  p i t  may s u f f e r  cons i de rab le  d i s t u r b a n c e  due t o  t h e  
excavat ion .  As a  r e s u l t ,  problems o f  d i  f f e r e n t i  a1 s e t t l  ement may a r i s e  
where sha l l ow  founda t i ons  a re  cons t ruc ted  on o r  ad jacent  t o  t h e  s i t e  o f  
an i n v e s t i g a t i o n  p i t .  I n v e s t i g a t i o n  p i t s  should  t h e r e f o r e  be  s i t e d  
w i t h  due c o n s i d e r a t i o n  t o  t h e  l a y o u t  o f  t h e  proposed b u i l d i n g ( s ) .  An 
i n v e s t i g a t i o n  p i t  t h a t  i s  n o t  s a t i s f a c t o r i l y  b a c k f i l l e d  may a l s o  
promote i n f i  1  t r a t i o n  o f  su r f ace  r u n o f f  i n t o  t h e  ground. 

3.4.4 Machine Drill ing 

The two techn iques  d iscussed above w i l l ,  i n  many c i rcumstances,  be 
adequate t o  d e f i n e  subsur face  c o n d i t i o n s  a t  t h e  s i t e .  However, t h e r e  
w i l l  be many cases where a  deeper subsur face  i n v e s t i g a t i o n  i s  r e q u i r e d  
and, under t hese  c i  rcumstances, machi ne d r i  11 i ng i s  normal l y  c a r r i e d  
ou t .  
There a r e  many d i f f e r e n t  machine d r i  11 i n g  techn iques  bu t ,  f o r  t h e  
purposes o f  s i t e  i n v e s t i g a t i o n s  f o r  s l ope  s t a b i l  i t y  s t u d i e s ,  t h e  o n l y  
s a t i  s f a c t o r y  method i s  one which a1 1 ows c o n t i  nuous c o r e  sampl i n g  
th roughou t  t h e  depth  o f  t h e  borehole.  Th is  i s  no rma l l y  achieved u s i n g  
machine d r i l l i n g  r i g  which p rov ides  a r o t a t y  a c t i o n  combined w i t h  a 
downward t h r u s t  ( n o r m a l l y  by hydrau l  i c  f eed ) .  Such a r i g  shou ld  be 
capab le  o f  r o t a r y  c o r e  d r i l l i n g  o f  b o t h  s o i l  and rock ,  pe r f o rm ing  i n  
s i t u  t e s t s  and o f  t a k i n g  und i s tu rbed  s o i l  samples. The d iamete r  o f  t h e  
ho les  d r i l l e d  w i l l  depend on t h e  t ype  o f  t e s t s ,  i f  any, which a r e  t o  be 
c a r r i e d  o u t  on t h e  recovered co re  samples. 

S o i l  s t r e n g t h  m a t e r i  a1 s  a r e  normal l y  recovered u s i n g  a  s t e e l  tube,  



c a l l e d  an open b a r r e l ,  which may be pushed i n t o  t h e  ground under  
h y d r a u l  i c  p r e s s u r e  o r  o t h e r  means. The s o i l  sample i s  r e t a i n e d  i n  t h e  
b a r r e l  by  f r i c t i o n  and, i f  a  n o n - r e t u r n  v a l v e  i s  p rov ided ,  by  s u c t i o n .  
R e t e n t i o n  o f  t h e  sample may be a s s i s t e d  b y  use o f  a  s p r i n g  t y p e  c o r e  
c a t c h e r  a l t h o u g h  t h i s  may cause damage t o  t h e  sample. 

Rock s t r e n g t h  m a t e r i a l s  a r e  normal l y  recovered  u s i n g  a  t r i p 1  e - tube  c o r e  
b a r r e l  wh ich  i s  advanced t h r o u g h  t h e  ground by  combined h i g h  speed 
r o t a t i o n  o f  t h e  b a r r e l  and h y d r a u l i c  p ressu re .  A c u t t i n g  a c t i o n  i s  
p r o v i d e d  by  t h e  b i t  a t  t h e  end o f  t h e  b a r r e l  wh ich may be impregnated  
w i t h  diamonds o r  f i t t e d  w i t h  t e e t h  depending on  t h e  hardness o f  t h e  
m a t e r i a l  b e i n g  d r i l l e d ,  C u t t i n g s  a r e  f l u s h e d  t o  t h e  s u r f a c e  by  w a t e r  
under p r e s s u r e  which i s  e m i t t e d  f rom p o r t s  i n  t h e  d r i l l i n g  b i t  and 
passes up t h e  o u t s i d e  o f  t h e  d r i l l  s t r i n g .  The most s u i t a b l e  c o r e  
b a r r e l  f o r  o b t a i n i n g  good qua1 i t y  c o r e  i s  t h e  t r i p l e  - t u b e  b a r r e l  
wh ich has an i n n e r  s p l i t  l i n e r  i n t o  wh ich  t h e  c o r e  i s  f e d  d u r i n g  
d r i l l i n g .  The r e t r a c t o r  c o r e  b a r r e l  i s  a  s p e c i a l i s e d  fo rm o f  t h e  
t r i p l e - t u b e  b a r r e l ;  f o r  p a r t i c u l a r l y  weak m a t e r i a l s  t h e  1 i ~ e r  i s  
advanced beyond t h e  end o f  t h e  b i t  t h e r e b y  p r o t e c t i n g  t h e  c o r e  f r o m  
washing b y  t h e  f l u s h i n g  water .  The use o f  d r i l l i n g  mud o r  foam, as an 
a l t e r n a t i v e  f l u s h i n g  medium, may a l s o  improve t h e  q u a l i t y  o f  c o r e  
samples. Foam i s  p a r t i c u l  a r l y  a p p r o p r i a t e  f o r  c o r i n g  m a t e r i a l s  wh ich  
may s w e l l  i n  t h e  presence o f  water .  

Machine d r i l l i n g  i s  expens ive;  t h e  h i r e  o f  a machine d r i l l i n g  r i g  f o r  
one day may, a t  p r e s e n t  r a t e s ,  c o s t  about  $1,200. Moreover,  t h e  
amount o f  d r i l l i n g  t h a t  can be  ach ieved  w i t h i n  t h a t  p e r i o d  o f  t i m e  may 
seem d i s p r o p o r t i o n a t e  t o  t h e  c o s t .  Machine d r i l l i n g  i s  t h e r e f o r e  
normal l y  r e s t r i c t e d  t o  i n v e s t i g a t i o n s  f o r  1 a r g e r  b u i l d i n g  developments 
o r  o t h e r  s i t e s  o f  h i g h  va lue .  

3.4.5 Investigation Shafts 

As w i t h  i n v e s t i g a t i o n  p i t s ,  l a r g e  d i a m e t e r  s h a f t s  a l s o  p r o v i d e  t h e  
i n v e s t i g a t o r  w i t h  an o p p o r t u n i t y  t o  examine m a t e r i a l  s  i n  s i t u .  I n  
t h i s  r e s p e c t ,  ' t h e y  a r e  p r e f e r r e d  t o  machine bo reho l  es. 

I n v e s t i g a t i o n  s h a f t s  a r e  genera l  l y  excava ted  u s i n g  t h e  same p l a n t  used 



f o r  c o n s t r u c t i n g  bo red  p i l e s ,  e.g. bucket -auger ,  c o n t i n u o u s  f l i g h t  
auger o r  c a b l e - t o o l  b o r i n g  p l a n t .  Such p l a n t  however i s  as c o s t l y  t o  
h i r e  as a  machine d r i l l i n g  r i g  and, b e i n g  somewhat s p e c i a l i s e d ,  may n o t  
be r e a d i l y  a v a i l a b l e  i n  t h e  area i n  wh ich t h e  i n v e s t i g a t i o n  i s  b e i n g  
c a r r i e d  o u t .  Hence, a d d i t i o n a l  t r a n s p o r t a t i o n  c o s t s  may be i n c u r r e d .  
A f u r t h e r  p r a c t i c a l  d i sadvan tage  o f  t h i s  t e c h n i q u e  i s  t h a t  t h e  p l a n t  i s  
genera l  l y  heavy and cumbersome and t h e r e f o r e  d i  f f i c u l  t i e s  may a r i s e  on 
s teep  s i t e s  o r  s i t e s  w i t h  r e s t r i c t e d  w o r k i n g  space w i t h  r e s p e c t  t o  
access and subsequent manoeuvrabi t l  i ty. 

As w i t h  i n v e s t i g a t i o n  p i t s ,  t h e  s a f e t y  o f  t h e  i n v e s t i g a t o r  i s  o f  p r i m e  
impor tance  and c a s i n g  shou ld  be i n s t a l l e d  p r o g r e s s i v e l y  as t h e  s h a f t  i s  
deepened. It i s  common p r a c t i c e  f o r  t h e  w a l l s  o f  t h e  s h a f t  t o  b e  
examined i n  1 m e t r e  stages.  Except  where ground c o n d i t i o n s  a r e  
f a v o u r a b l  e, i t  i s  cons ide red  dangerous f o r  s h a f t  i n s p e c t i o n  t o  be 
c a r r i e d  o u t ,  a i d e d  by  pumping, be low t h e  w a t e r  t a b l e  because o f  t h e  
danger o f  t h e  s h a f t  f l o o r  b u r s t i n g .  

3-4-6 Groundwater Monitoring 

The impor tance  o f  wa te r  as a  d e s t a b i l  i s i n g  agent  has a l r e a d y  been 
emphasised and any s l o p e  s t a b i l  i t y  i n v e s t i g a t i o n  would be  s e r i o u s l y  
l a c k i n g  w i t h o u t  c o n s i d e r a t i o n  o f  groundwater  c o n d i t i o n s .  The comments 
made be low r e f e r  spec i  f i c a l  l y  t o  o b s e r v a t i o n s  i n  bo reho les  (whe the r  
d r i l l e d  w i t h  a  hand auger o r  a  machine d r i l l i n g  r i g ) .  However, t h e y  
may be  e q u a l l y  appl  i c a b l e  t o  i n v e s t i g a t i o n  p i t s  o r  o t h e r  forms o f  
has been completed. 

D u r i n g  t h e  cou rse  o f  d r i  11 i n g ,  t h e  w a t e r  l e v e l  i n  a  bo reho l  e  may n o t  b e  
a t r u e  r e f l e c t i o n  o f  t h e  groundwater  l e v e l  ; wa te r  may be removed f rom 
t h e  h o l e  d u r i n g  t h e  d r i l l i n g  o p e r a t i o n  o r ,  i n  t h e  case o f  machine 
d r i  11 i ng, may be i n t r o d u c e d  f o r  f l u s h i n g  d r i l l  c u t t i n g s .  Depending on 
t h e  p e r m e a b i l i t y  o f  t h e  ground, i t  may t a k e  some t i m e  f o r  t h e  wa te r  
1  eve1 t o  s tab1  i se. T h i s  may happen m inu tes  o r  days a f t e r  t h e  d r i  11 i n g  
has been compl e ted .  

I d e a l l y  t h e r e f o r e ,  any change i n  wa te r  l e v e l  shou ld  be mon i to red .  
Also,  t h e  ground wa te r  l e v e l  may f l u c t u a t e  c o n s i d e r a b l y  depending on 



weather  c o n d i t i o n s ;  d u r i n g  p e r i o d s  o f  heavy, pro1 onged r a i n f a l l  t h e  
l e v e l  may r i s e  s i g n i f i c a n t l y .  I f  a  s t a b i l i t y  a n a l y s i s  i s  t o  b e  c a r r i e d  
o u t ,  accu ra te  p r e d i c t i o n  o f  t h e  1  i k e l y  h i g h e s t  groundwater  l e v e l  w i l l  
have a s i g n i f i c a n t  e f f e c t  on t h e  r e l i a b i l i t y  o f  t h e  a n a l y s i s .  

U n f o r t u n a t e l y ,  extended water  1  eve1 m o n i t o r i n g  i s  o f t e n  n o t  p o s s i b l e ,  
because o f  t h e  urgency w i t h  wh ich t h e  assessment i s  r e q u i r e d .  However, 
where t i m e  i s  a v a i l a b l e  i t  i s  recommended t h a t  m o n i t o r i n g  i s  c a r r i e d  
ou t .  

M o n i t o r i n g  wa te r  l e v e l s  i n  bo reho les  n o r m a l l y  r e q u i r e s  t h e  i n s t a l l a t i o n  
o f  some fo rm  o f  ' c a s i n g '  t o  a l l o w  wa te r  l e v e l  measurements t o  be made 
even i f  t h e  h o l e  c o l l a p s e s .  U s u a l l y ,  P V C  p i p e s  a r e  i n s e r t e d  i n t o  t h e  
h o l e  i m m e d i a t e l y  a f t e r  d r i l l i n g  has been completed. The p i p e  i s  
p e r f o r a t e d  f o r  a  c e r t a i n  l e n g t h  a t  t h e  base t o  a l l o w  water  t o  e n t e r .  
I n  o r d e r  t o  p r e v e n t  t h e  e n t r y  o f  s i l t ,  t h e  p e r f o r a t e d  s e c t i o n  o f  t h e  
p i p e  shou ld  be screened w i t h  graded g r a n u l a r  f i l t e r  m a t e r i a l  o r  
sheathed w i t h  f i l t e r  f a b r i c .  The b o r e h o l e  shou ld  be  capped a t  t h e  
ground s u r f a c e  t o  p r e v e n t  t h e  e n t r y  o f  r a i n f a l l  r u n o f f  wh ich  c o u l d  
a f f e c t  t h e  wa te r  l e v e l  i n  t h e  hole.  A1 though p r o b a b l y  n o t  as 
s i g n i f i c a n t  as w i t h  i n v e s t i g a t i o n  p i t s ,  t h e  e n t r y  o f  r a i n f a l l  r u n o f f  
i n t o  open bo reho les  c o u l d  b e  d e t r i m e n t a l  t o  s t a b i l i t y .  

Pos t -cons t  r u c t  i on groundwater  moni t o r i  ng shou ld  be c o n s i d e r e d  an 
e s s e n t i a l  a c t i v i t y  where p r e s c r i b e d  remed ia l  o r  p r e v e n t i v e  works 
i n v o l v e  d r a i n a g e  measures ( r e f e r  S e c t i o n  C.2 o f  Appendix C). T h i s  w i l l  
enab le  t h e  e f f e c t i v e n e s s  o f  t h e  measures t o  be checked. 

I f  t h e  f i e l d  i n s p e c t i o n  r e v e a l s  ev idence  o f  c u r r e n t  o r  r e c e n t  movement 
on a s l o p e  t h e r e  may be a  need t o  m o n i t o r  t h e  r a t e  and d i r e c t i o n  o f  
movement. Such d a t a  may b e  used t o  h e l p  d e f i n e  t h e  n a t u r e  o f  t h e  
movement, p a r t i c u l a r l y  i n  r e l a t i o n  t o  r a i  n f a l l  events .  Ground movement 
m o n i t o r i n g  may a l s o  be used t o  h e l p  d e f i n e  t h e  d e p t h  and geometry o f  
t h e  f a i l u r e  s u r f a c e  o f  zone, as  d i scussed  by C a r t e r  81 B e n t l y  (1984). 
As w i t h  m o n i t o r i n g  needs t o  be c a r r i e d  o u t  o v e r  a  l o n g  p e r i o d  o f  t i m e  
i n  o r d e r  t o  be meani ng fu1  . 



A l a r g e  v a r i e t y  o f  methods a r e  employed, r a n g i n g  f rom c o n v e n t i o n a l  
s u r v e y i n g  t o  s o p h i s t i c a t e d ,  h i g h l y  s e n s i t i v e  d e v i c e s  t h a t  a r e  i n s t a l  l e d  

i n  b o r e h o l e s  w i t h i n  t h e  u n s t a b l e  area. A d i s c u s s i o n  o f  t h e  v a r i o u s  
t y p e s  o f  i n s t r u m e n t a t i o n  a v a i l  ab l  e  f o r  ground movement moni t o r i n g  i s  
beyond t h e  scope o f  t h i  s  document. However, many t e x t s  on t h i s  s u b j e c t  
a r e  a v a i l a b l e ;  r e f e r e n c e  can be made t o  Chapter  5 i n  Hanna (1985)  o r  - 
Chapter  5  by F r a n k l i n  - i n  Brunsden and P r i o r  (1984) .  

3.6 Sampl i ng 

Samples o f  t h e  m a t e r i a l s  encountered d u r i n g  t h e  s i t e  i n v e s t i g a t i o n  a r e  
u s e f u l  f o r  r e f e r e n c e  d u r i  ng r e p o r t  p r e p a r a t i o n  and a r e  o b v i o u s l y  
e s s e n t i a l  i f  l a b o r a t o r y  t e s t i n g  i s  t o  be  c a r r i e d  ou t .  A t  t h e  s i t e  
i n v e s t i g a t i o n  p l a n n i n g  s tage  i t  may be d i f f i c u l t  t o  p r e d i c t  whether  
l a b o r a t o r y  t e s t i n g  w i l l  be requ i red .  I t  i s  good p r a c t i c e  t o  c o l l e c t  
samples as a  m a t t e r  o f  course;  i f  t h i s  i s  n o t  done, a d d i t i o n a l  c o s t s  
w i l l  be i n c u r r e d  i n  d r i l l i n g  a d d i t i o n a l  h o l e s  o r  e x c a v a t i n g  f u r t h e r  
p i t s  1  a t e r ,  s i m p l y  t o  c o l  l e c t  sampl es. 

The main purpose o f  samples i n  c o n n e c t i o n  w i t h  s l o p e  s t a b i l i t y  s t u d i e s  
i s  f o r  d e t e r m i n a t i o n  o f  shear  s t r e n g t h  parameters  f o r  use i n  s t a b i l i t y  
analyses.  Convent i onal  t u b e  and b l  ock sampl i ng t e c h n i  ques have been 
ment ioned i n  t h e  f o r e g o i n g  t e x t .  Whatever sampl ing t e c h n i q u e  i s  used, 
emphasis shou ld  be p l  aced on m in im i  s i n g  d i s t u r b a n c e  t o  t h e  sample. 
Sample d i s t u r b a n c e  can he caused by  t h e  re1  i e f  o f  i n  s i t u  s t r e s s e s  and 
mechanica l  i n t e r f e r e n c e  d u r i  ng sampl i ng, by c l  umsy hand1 i n g  d u r i n g  
t r a n s p o r t a t i o n  and by  d i s t u r b a n c e  d u r i n g  p r e p a r a t i o n  o f  t h e  sample f o r  
l a b o r a t o r y  t e s t i n g .  I n  gene ra l ,  t h e  e f f e c t  o f  sampl e  d i s t u r b a n c e  w i  11 

be a  r e d u c t i o n  i n  t h e  s t r e n g t h  parameters  measured f rom t h e  t e s t i n g .  

The s e a l i n g  o f  samples t o  p r e s e r v e  t h e i r  i n  s i t u  m o i s t u r e  c o n t e n t  i s  as 
i m p o r t a n t  as m i n i m i s i  ng sampl e  d i s t u r b a n c e .  Sampl e  d e s i c c a t i o n ,  caused 
by  i nadequate sea l  i ng , o r  subsequent e f f e c t  on t e s t  r e s u l  t s .  I t  i s  
t h e r e f o r e  c o n s i d e r e d  good p r a c t i c e  t o  t e s t  samples as soon as 

0 

c o n v e n i e n t l y  p o s s i b l e  f o l l o w i n g  sampl i ng .  T h i s  w i l l  a l s o  m i n i m i s e  any 
o t h e r  p o s s i b l e  t i m e  dependent changes i n  t h e  sarnpl e .  



3.7 . Photography 

The adage, ' A  p i c t u r e  i s  w o r t h  a  thousand words '  i s  p a r t i c u l a r l y  
r e l e v a n t  t o  s i t e  i n v e s t i g a t i o n s .  Good q u a l i t y  c o l o u r  pho tographs  o f  
t h e  s i t e ,  s u r f a c e  exposures o f  s l o p e  f o r m i n g  m a t e r i a l s  and o f  t h e  
m a t e r i a l s  recovered  f rom bo reho les  and t e s t  p i t s  a r e  v a l u a b l e  f o r  
r e f e r e n c e  d u r i  ng r e p o r t  p r e p a r a t i  on. They may a l s o  be e s s e n t i a l  i n  
r e s o l  v i n g  d i s p u t e s  a s s o c i a t e d  w i t h  t h e  subsequent per formance o f  t h e  
s l o p e  and o f  any remedia l  o r  p r e v e n t i v e  works. 



4. ASSESSMENT PROCEDURES 

4.1 I ntroduc ti on 

The i n f o r i n a t i o n  c o l  l e c t e d  d u r i n g  t h e  s i t e  i n v e s t i g a t i o n  forins t h e  b a s i s  
f o r  t h e  s t a b i l  i t y  assessment. The more d e t a i l e d  t h e  i n v e s t i g a t i o n ,  t h e  
no re  tho rough ly  t h e  s lope w i l l  be understood and hence, t h e  more 
re1 i a b l e  shou ld  be t h e  assessment o f  i t s  s t a b i l i t y .  R e s t r i c t i o n s  on 
t ime  and funds may however p l ace  a  c o n s t r a i n t  on t h e  amount o f  
i n v e s t i g a t i o n  t h a t  can be undertaken. I r l  r each ing  conc l  us ions  i n  t h e  
s t a b i l  i ty  assessment t h e  i n v e s t i g a t o r  ~ i l u s t  be consc ious o f  any 
l i m i t a t i o n s  i n  t h e  knowledge o f  t h e  s lope,  whether i n  terms o f  i t s  
geol o g i c a l  composi t i o n  o r  o f  t h e  groundwater condi  t i o n s .  Any such 
l i m i t a t i o n s  shou ld  be b rough t  t o  t h e  a t t e n t i o n  o f  t h e  c l i e n t  and 
c l e a r l y  s t a t e d  i n  t h e  assessment r e p o r t .  

C l i e n t s  who a r e  unable o r  u n w i l l i n g  t o  pay f o r  t h e  necessary, more 
c o s t l y ,  1 eve1 o f  i n v e s t i g a t i o n  must app rec ia te  t h e  1 i m i t a t i o n s  imposed 
on t h e  i n v e s t i g a t o r  i n  c a r r y i n g  o u t  t he  s t a b i l i t y  assessrnent and must 
accept t h e  consequent h i g h e r  r i s k .  

Whatever l e v e l  o f  s i t e  i n v e s t i g a t i o n  has been c a r r i e d  ou t ,  t h e  
i n v e s t i g a t o r  must address t h e  f o l l o w i n g  ques t ions  i n  making t h e  
assessment : 

a )  I s  t h e r e  evidence o f  p a s t  o r  a c t i  ve i n s t a b i  1  i ty  on t h e  s l  ope ? 
b 1 Where t h e r e  i s  evidence o f  i n s t a b i l i t y ,  i s  such i n s t a b i l i t y  

l i k e l y  t o  e i t h e r  con t i nue  o r  r e c u r ?  The i n v e s t i g a t o r  must be 
ab le  t o  d e f i n e  t h e  na tu re  o f  i n s t a b i l i t y  i n  o r d e r  t o  r e s o l v e  
t h i s  ques t ion .  

c 1 Where t h e r e  i s  no evidence o f  i n s t a b i l i t y ,  can a  p o t e n t i a l  forni 
o f  i n s t a b i l i t y  be recognised? Also,  what i s  t h e  l i k e l i h o o d  o f  
t h a t  form o f  i n s t a b i l  i ty  t a k i n g  111 ace. 

4 )  I n  a1 1  cases, w i l l  t he  proposed b u i l d i n g  development, i n c l u d i n g  
assoc ia ted  s i t e  f o rma t i on  works, be b e n e f i c i a l  o r  d e t r i m e n t a l  t o  
s t a b i  1  i ty?  

e  1 I n  a l l  cases, w i l l  t h e  proposed b u i l d i n g  development be a f f e c t e d  
i t h e  even t  o f  s lope i n s t a b i l i t y ?  



I n  t h e  fo1 l o w i n g  Sec t i ons ,  4.2 t o  4.4, t h e  f a c t o r s  i n v o l v e d  i n  
answer i  ny t hese  quest  i o n s  a r e  d iscussed.  The i n i t i a l  assessment i s  o f  
an e m p i r i c a l  n a t u r e ,  i n v o l v i n g  an exam ina t i on  o f  a1 1  t h e  o b s e r v a t i o n s  
made d u r i n g  t h e  s i t e  i n v e s t i g a t i o n .  The expe r i ence  o f  t h e  
i n v e s t i g a t o r ,  i n  te rms o f  h i s  knowledge o f  i n s t a b i l i t y  problems i n  t h e  
l o c a l i t y  and o f  t h e  s t a b i l i t y  c h a r a c t e r i s t i c s  o f  t h e  s l o p e  f o r m i n g  
m a t e r i a l s ,  i s  re1 i e d  on i n  making an e m p i r i c a l  assessment. A1 t hough  
t h e  c o n c l u s i o n s  reached may be p e r f e c t l y  v a l i d  i t  i s  o f t e n  necessary  t o  
subsequen t l y  unde r take  an a n a l y t i c a l  fo rm o f  assessment a s  d i s c u s s e d  i n  
S e c t i o n  4.5. 

4.2 Potential for  Instabi 1 i ty 

The f i r s t  s t e p  i n  t h e  s t a b i l i t y  assessment i s  t o  de te rm ine  whether  
t h e r e  i s  p o t e n t i a l  f o r  i n s t a b i l i t y  g i v e n  t h e  ground c o n d i t i o n s  as 
d e f i n e d  by  t h e  s i t e  i n v e s t i g a t i o n .  

I n  a  g e o l o g i c a l  sense, a1 1  s l opes  have p o t e n t i a l  f o r  i n s t a b i l  i t y  as a  
r e s u l t  o f  t h e  n a t u r a l  processes o f  denudat ion.  However, i n  t h e  c o n t e x t  
o f  a  s t a b i l i t y  assessment f o r  a  proposed b u i l d i n g  development,  t h e  
i n v e s t i g a t o r  must  e s t a b l  i s h  t h e  1  i k e l  i h o o d  o f  t h a t  p o t e n t i a l  b e i n g  
r e a l  i s e d  d u r i n g  t h e  ' 1  i f e t i m e '  o f  t h e  b u i l d i n g .  The 1 i f e t i m e  o f  a  
b u i l d i n g  i s  n o r m a l l y  t a k e n  t o  be 100 y e a r s  a1 though,  i n  r e a l i t y ,  t h e  
p e r i o d  may v a r y  c o n s i d e r a b l y  f rom p l a c e  t o  p l a c e  depending on such 
f a c t o r s  as demand f o r  l a n d ,  changes i n  l i v i n g  s t y l e ,  e t c .  A1 though  
most n a t u r a l  p rocesses which b r i n g  about  changes i n  s l o p e  p r o f  il es a r e  
g e n e r a l l y  e x t r e m e l y  s low  and can be d i s c o u n t e d  i n  c o n n e c t i o n  w i t h  
b u i l d i n g  developments,  t h e r e  may be excep t i ons .  Coasta l  e r o s i o n  f o r  
example can be q u i t e  r a p i d  i n  c e r t a i n  l o c a t i o n s  and an e s t i m a t i o n  o f  
t h e  r a t e  o f  e r o s i o n  s h o u l d  be c a r r i e d  o u t  f o r  a1 1 c o a s t a l  s i t e s .  A1 so, 
t h e  n o r m a l l y  s low process  o f  wea the r i ng  can be g r e a t l y  a c c e l e r a t e d ,  
w i t h  a  r e s u l t i n g  r e d u c t i o n  i n  t h e  s t r e n g t h  o f  s l o p e  f o r m i n g  m a t e r i a l  s, 
by  expos ing  subsur face  m a t e r i a l s  t h r o u g h  e x c a v a t i o n  work c a r r i e d  o u t  
d u r i n g  s i t e  f o r m a t i o n  works. 

I n  d e t e r m i n i n g  t h e  p o t e n t i a l  f o r  i n s t a b i l i t y  t h e  i n v e s t i g a t o r  seeks t o  
d e f i n e  a p o s s i b l e  f a i l u r e  mechanism w i t h i n  t h e  framework o f  t h e  s l o p e  
model ( t h e  s l o p e  model i s  t h e  fo rm and c o m p o s i t i o n  o f  t h e  s l o p e  - t h e  



t opograph  i c  p r o f i  
f o r m i n g  m a t e r i a l s  

l e  and t h e  n a t u r e  and d i s t r i b u t i o n  o f  t h e  s l o p e  
as e s t a b l  i s h e d  f rom t h e  s i t e  i n v e s t i g a t i o n ) .  Thi s  

s t e p  i n  t h e  assessment p rocess  r e q u i r e s ,  above a l l ,  an u n d e r s t a n d i n g  o f  
g e o l o g i c a l  p r i n c i p l e s  and more spec i  f i c a l  l y  o f  mass movement processes 
i n  e s t a b l  i s h i n g  t h e  s l o p e  geo logy and assess ing  p o s s i b l e  f a i  l u r e  
mechani sms. Consequent ly ,  i t  shou ld  be under taken  by  an eng i  n e e r i n g  
g e o l o g i s t  and p r e f e r a b l y  one who i s  f a m i l i a r  w i t h  l o c a l  g e o l o g i c a l  
c o n d i t i o n s  and s t a b i l i t y  problems. 

A b r i e f  summary o f  t h e  more common t y p e s  o f  s l o p e  movement and t h e  
ground c o n d i t i o n s  w i t h  wh ich t h e y  a r e  n o r m a l l y  a s s o c i a t e d  i s  p r o v i d e d  
i n  S e c t i o n  B.1, Appendix B, o f  t h i s  r e p o r t .  The reade r  i s  a l s o  
d i r e c t e d  t o  t h e  Reference s e c t i o n  (pages 43 - 48) and p a r t i c u l a r l y  t o  
t h o s e  t e x t s  on t h e  s u b j e c t  o f  s l o p e  s t a b i l  i t y  problems i n  t h i s  c o u n t r y .  
For  example, Appendix I I o f  'S lope  S t a b i  1  i t y  i n  Urban Devel opment' , 
comp i led  b y  T a y l o r ,  Hawley and R i d d o l l s  ( 1 9 7 7 ) ,  p r o v i d e s  a  v a l u a b l e  
d i s c u s s i o n  o f  s t a b i l i t y  problems p e c u l i a r  t o  s e l e c t e d  a reas  o f  New 
Zeal and. I n  t h e  d i s c u s s i o n  o f  t h e  Auckland r e g i o n ,  t h e  common 
occur rence  o f  sha l  l o w  lands1  i d e s  i n  t h e  r e s i d u a l  s o i l  man t le ,  o v e r l y i n g  
bedrock o f  t h e  Waitemata Group, i s  h i gh1  i g h t e d .  The s e c t i o n  on t h e  
C h r i s t c h u r c h  a rea  on t h e  o t h e r  hand d i scusses  t h e  d i s p e r s i v e  n a t u r e  o f  
t h e  l o e s s  s o i l s  o c c u r r i n g  i n  t h a t  a rea  and t h e  i n f l u e n c e  o f  t h i s  
p r o p e r t y  on t u n n e l  e r o s i o n  and s l o p e  i n s t a b i  1 i ty.  

The i n v e s t i g a t o r  n o t  o n l y  seeks t o  r e c o g n i s e  a p o t e n t i a l  f a i l u r e  
mechanism b u t  a l s o  t o  assess t h e  s e v e r i t y  o f  t h e  hazard  t h a t  i t  may 
rep resen t .  Again, t h i s  i s  an e m p i r i c a l  assessment r e l y i n g  on t h e  
judgement and e x p e r i e n c e  o f  t h e  i n v e s t i g a t o r  and h i s  knowledge o f  t h e  
f a c t o r s  wh ich  i n f l u e n c e  s t a b i  1  i ty. Background i n f o r m a t i  on r e g a r d i n g  
causes o f  i n s t a b i l i t y  i s  p r o v i d e d  i n  S e c t i o n  B.2 o f  Appendix B. 

An exam ina t i on  o f  o t h e r  s lopes  i n  t h e  a rea  may be  h e l p f u l  i n  mak ing 
t h i  s  assessment. Ev idence o f  i n s t a b i l i t y  on s l opes  wh ich  a r e  
s i m i l  a r  i n  t e rms  o f  ye01 o g i c a l  , hydro1 o g i c a l  and t o p o g r a p h i c  f e a t u r e s ,  
may i n d i c a t e  t h a t  t h e  s l o p e  b e i n g  i n v e s t i g a t e d  c o u l d  a l s o  be 
p o t e n t i a l l y  uns tab le .  It shoul d  be ernphasi sed however t h a t  
i n s t a b i l i t y  e l sewhere  may be due t o  s p e c i f i c  l o c a l i s e d  ground 
c o n d i t i o n s .  



Carefu l  f i e 1  d check ing  ( p o s s i b l y  i n v o l v i n g  subsurface i n v e s t i g a t i o n ) .  - i s  
needed be fo re  def i n i  t e  conc l  ? ~ s i o n s  can be drawn from a comparat i  ve 
study o f  t h i s  k i n d .  

b 
The assessnent o f  s lopes which show evidence o f  p a s t  o r  a c t i v e  
i n s t a b i l i t y  i s  i n  some respec ts  s imp le r  than f o r  those t h a t  stio\!i ~ I O  

s igns  o f  p a s t  rnovei~ent. The su r face  evidence o f  inovernewt p rov ides  an 
i n d i c a t i o n  o f  n o t  o n l y  t h e  type o f  aovement b u t  a l s o  g i ves  c l u e s  as t o  
the  depth and c o n f i g u r a t i o n  o f  t h e  f a i l u r e  su r face  o r  zone. I t  i s  
expected t h a t  t h e  subsurface i n v e s t i g a t i o n  w i  11 have been designed t o  
c o n f i r m  t h i s .  Where t ime  o r  f i n a n c i a l  c o n s t r a i n t s  have n o t  a l lowed an 
adequate unders tand ing o f  t he  t ype  and na tu re  o f  s lope  move~nent i t  i s  
w ise  t o  be conse rva t i ve  i n  making an assessment o f  t h e  r i s k  o f  
c o n t i n u i n g  o r  r e c u r r i n g  movement. 

On t h e  b a s i s  o f  t h e  i n i t i a l  e m p i r i c a l  assessment, t h e  s lope  may be p u t  
i n t o  one o f  t h e  f o l l o w i n g  c a t e g o r i e s  : 

a Slopes which show evidence o f  p a s t  o r  a c t i v e  i n s t a b i l i t y  
b Slopes i n  which a p o t e n t i a l  f a i l u r e  ~ w c t i a n i s n ~  can be recogn ised 
c ) Slopes o f  u n c e r t a i n  s t a b i l i t y  i n  which a p o t e n t i a l  f a i l u r e  

~nechani srn cannot  be p o s i t i v e l y  i d e n t i f i e d ,  and 
d )  Slopes w i t h  no p o t e n t i a l  f o r  i n s t a b i l  i t y .  

Th i  s  c a t e g o r i  s a t i o n  
e x i s t i n g  condi  t i o n .  
t h e  s t a h i l  i t y  o f  t h e  

i s  based on t h e  assessment o f  t h e  s lope  i n  i t s  
However, as  d i  scussed i n  t h e  f o l  1  owing Sect ions ,  
s lope  must a1 so be examined i n  t h e  c o n t e x t  o f  t h e  

proposed b u i l d i n g  development, and t h e  consequence o f  any f u t u r e  
i n s t a b i l i t y  must a l s o  be taken i n t o  account. 

4.3 Influence o f  Buil ding Development 

The p rev ious  s e c t i o n  examined t h e  s t a b i l i t y  assessment o f  s lopes i n  
t h e i  r e x i  s t i  ng cond i  t i on. The i n v e s t i g a t o r  niust a1 so cons ide r  t h e  
e f f e c t s  o f  t h e  m o d i f i c a t i o n s  to t h e  l a n d  due t o  t h e  b u i l d i n g  
c o n s t r u c t i o n  and assoc ia ted  s i t e  f o rma t i on  works. 

The f o l l o w i n g  m o d i f i c a t i o n s  should a l l ,  t o  a g r e a t e r  o r  l e s s e r  ex ten t ,  
he b e n e f i c i a l  t o  s t a b i l i t y :  



a )  The c o n s t r u c t i o n  o f  r e t a i n i n g  w a l l s ,  
b )  A r e d u c t i o n  i n  s lope  h e i g h t  o r  s lope  angle by excava t ion  d u r i n g  

s i t e  fo r r i ia t ion  works, 
c )  The p i n n i n g  e f f e c t s  o f  p i l e d  foundat ions ,  
d )  The c o v e r i n g  o f  p a r t  o f  t h e  s i t e  by house c o n s t r u c t i o n  o r  t h e  

fo rma t ion  o f  dr iveways and o t h e r  paved sur faces,  and 
e )  An improvement t o  n a t u r a l  dra inage by c o l l e c t i n g  su r f ace  water  i n  

p ipes  o r  1  i n e d  t renches and d i s c h a r y i n g  i t  away frorn t h e  slope. 

Conversely, t h e  modi f i c a t i o n s  1  i s t e d  he1 ow may be d e t r i m e n t a l  t o  
s t a h i 1  i ty  : 

a)  The f o rma t i on  o f  unsupported slopes, 
b )  The su rcha rg ing  o f  s lopes w i t h  f i l l  o r  s t r u c t u r e s ,  
c )  The d ischarge  o f  water  on to  o r  i n t o  a  s lope by i r r i g a t i o n  o r  

e f f l u e n t  d i sposa l  i n  p o o r l y  s i t e d  soak ho les ,  and 
d )  The removal o f  vege ta t ion .  

The c l i e n t  shou ld  be adv ised i f  t h e  b u i l d i n g  p roposa ls  a r e  l i k e l y  t o  
r e s u l t  i n  a  r e d u c t i o n  i n  t h e  s t a b i l i t y  o f  t h e  s lope.  I f  t h i s  i s  t h e  
case, a p p r o p r i a t e  n o d i f i c a t i a n s  t o  t h e  proposal  should be made. I f 
t h i s  i s  n o t  p o s s i b l e ,  a cons ide rab le  i nc rease  i n  b u i l d i n g  c o s t s  may 
a r i s e  due t o  t h e  need f o r  p r e v e n t i v e  measures. 

0 

Conversely, t h e  b u i  1 d i n g  proposal  s  may r e s u l  t i n  a cons ide rab le  
improvement i n  s t a b i l  i t y ;  i f  t h e  b u i l d i n g  works e l  i l n i na te  any r i s k  o f  
i n s t a b i l i t y ,  as f o r  example t h e  removal o f  a s lope by ear thworks,  then 
: w i l d i n g  developrnent c o u l d  be a1 lowed t o  proceed w i t h o u t  t h e  need f o r  
f u r t h e r  i n v e s t i g a t i o n  o r  assessment. 

4.4 Consequence and Avoidance o f  I n s t a b i l i t y  

The r i s k  o f  s lope  i n s t a b i l i t y  on a  s i t e  may n o t  n e c e s s a r i l y  pose a  
t h r e a t  t o  t h e  proposed b u i l d i n g  development o r  t o  o t h e r  e x i s t i n g  
b u i l d i n g s ,  e i t h e r  O H  o r  i n  t he  v i c i n i t y  o f  t h e  s i t e .  C l e a r l y ,  i f  t h e r e  
were a  p o s s i b i l i t y  o f  a  s a a l l  l o c a l i s e d  s lope  f a i l u r e  remote f rom t h e  
proposed b u i l  d i n g  s i t e ,  t h i s  woul d n o t  i n f l  uence t h e  f e a s i  b i l  i ty  and 
subsequent s a f e t y  o f  t h e  proposed b u i l d i n g .  



I n  assess ing  t h e  consequence of i n s t a b i l i t y ,  a l lowance must be made f o r  
any u n c e r t a i n t y  r e g a r d i n g  t h e  l i k e l y  e x t e n t  o f  t h e  l a n d  t h a t  would be 
a f f e c t e d  by p o s s i b l e  f u t u r e  movements. I n  cases where t h e  i n s t a b i l i t y  
may t a k e  p l a c e  downslope o f  t h e  b u i l d i n g  s i t e ,  t h e  p o s s i b i l i t y  o f  
r e t r o g r e s s i v e  movements, fo11 owing t h e  i n i t  i a1 movement, s h o u l d  be 
t a k e n  i n t o  account .  On t h e  o t h e r ' h a n d ,  where t h e r e  i s  a  p o s s i b i l i t y  o f  
a  f a i l u r e  ups lope  o f  t h e  b u i l d i n g  s i t e ,  t h e  l i k e l y  t r a v e l  d i s t a n c e  o f  
t h e  s l i d e  d e b r i s  shou ld  be cons idered.  S lope  f a i l  u res  e l  sewhere i n  
s i m i l a r  m a t e r i a l s  may g i v e  a  good g u i d e  t o  t h e  l i k e l y  t r a v e l  d i s t a n c e  
o f  s l i d e  d e b r i s .  

I f  t h e  proposed b u i l d i n g  i s  l i k e l y  t o  be a f f e c t e d  d u r i n g  i t s  l i f e t i m e ,  
t h e  l e a s t  c o s t l y  s o l u t i o n  would  be t o  a v o i d  t h e  p o t e n t i a l  hazard.  
Avoidance i n v o l v e s  s i t i n g  t h e  b u i l d i n g  a  s a f e  d i s t a n c e  f rom any a rea  
t h a t  may be a f f e c t e d  by movement o r  t h e  d e b r i s  f rom a movement. The 
i n v e s t i g a t o r  may s t i p u l a t e  i n  h i s  r e p o r t  t h a t  a  b u i l d i n g  l i n e  
r e s t r i c t i o n  shou ld  be  imposed whereby, f o r  example, t h e  b u i l d i n g  may 
n o t  b e  s i t e d  c l o s e r  t h a n  a  c e r t a i n  d i s t a n c e  t o  t h e  c r e s t  o r  t o e  o f  a  
s lope.  The avo idance s o l u t i o n  w i l l  however o n l y  be p o s s i b l e  where t h e  
s t a b i  l i t y  problem i s  l o c a l  i s e d  (does n o t  cove r  t h e  whole o r  a  
s u b s t a n t i a l  p a r t  o f  t h e  s i t e )  and where t h e  s i z e  o f  t h e  p r o p e r t y  
p r o v i d e s  scope t o  m o d i f y  t h e  b u i l d i n g  l a y o u t  and a v o i d  t h e  prob lem 
area. F i g u r e  3 ,  page 52, i l l u s t r a t e s  a  s i m p l e  example o f  u s i n g  t h e  
avo idance s o l u t i o n  i n  overcoming p o t e n t i a l  i n s t a b i  1  i t y  hazards. 

I n  cases where t h e  i n s t a b i l i t y  hazard  i s  u n l i k e l y  t o  a f f e c t  t h e  
proposed b u i l d i n g  o r  where t h e  b u i l d i n g  l a y o u t  has been m o d i f i e d  t o  
a v o i d  t h e  hazard,  b u i  1 d i  ng development may be a l l o w e d  t o  proceed. It 
must be recogn ised  however t h a t  t h e  s t a b i l i t y  problem o r  p o t e n t i a l  
p rob lem s t i l l  e x i s t s  and, as such, may p l a c e  a  severe  c o n s t r a i n t  on any 
f u t u r e  b u i l d i n g  development p l a n s  e.g. an e x t e n s i o n  t o  t h e  i n i t i a l  
b u i l d i n g  o r  c o n s t r u c t i o n  o f  an a d d i t i o n a l  b u i l d i n g .  The c o s t  o f  
remed ia l  / p r e v e n t i v e  measures, r e q u i  r ed  1  a t e r  t o  accommodate f u t u r e  
development,  c o u l d  be s u b s t a n t i a l l y  h i g h e r  t h a n  a t  t h e  p resen t .  
Also,  t h e  presence o f  t h e  o r i g i n a l  b u i l d i n g  c o u l d  c r e a t e  access 
d i f f i c u l t i e s  f o r  t h e  p l a n t  used t o  c a r r y  o u t  t h e  measures. I n  
a d d i t i o n ,  d e s p i t e  t h e  f a c t  t h a t  a f u t u r e  s l o p e  f a i l u r e  may i n  
no way j e o p a r d i z e  t h e  b u i l d i n g  i t s e l f ,  i t  w i l l  undoub ted ly  have an 



vnfavourabl  e  psycho1 o g i c a l  e f f e c t  on t h e  r e s i d e n t s  and cou l  d  a1 so 
~ h e r s e l y  a f f e c t  t h e  v a l  ue o f  t h e  p r o p e r t y .  

4.5 Analytical  Assessment 

4.5.1 General 

Discuss ion  so f a r  has cen t red  on t h e  use o f  observat ion ,  judgement and 
exper ience i n  d e f i n i n g  t h e  most l i k e l y  form o f  i n s t a b i l i t y  and 
assess ing t h e  1  i k e l  ihood o f  t h a t  i n s t a b i l  i ty occu r r i ng .  The 
conc lus ions  reached f rom t h i s  e m p i r i c a l  assessment, a l t hough  they may 
be p e r f e c t l y  v a l i d ,  can o n l y  be expressed i n  q u a l i t a t i v e  terms. An 
a n a l y t i c a l  assessment on t h e  o t h e r  hand a1 1  ows t h e  re1  a t i  ve s t a b i  1  i ty  
o f  a s lope  t o  be expressed n u m e r i c a l l y  i n  terms o f  a f a c t o r  o f  sa fe ty .  
The f a c t o r  o f  s a f e t y  o f  a  s lope  may be d e f i n e d  as t h e  r a t i o  o f  t h e  
a v a i l a b l e  shear s t r e n g t h  o f  t h e  m a t e r i a l  a long t h e  c r i t i c a l  f a i l u r e  
su r face  t o  t h e  shear s t resses  a c t i n g  on t h a t  sur face.  P u t  another  way, 
t h e  f a c t o r  o f  s a f e t y  measures t h e  f a c t o r  by which t h e  shear s t r e n g t h  
would have t o  be reduced i n  o r d e r  t o  b r i n g  t h e  s lope  t o  t h e  p o i n t  o f  
imminent f a i l u r e .  

S t a b i l i t y  analyses may be c a r r i e d  o u t  u s i n g  a  ' t o t a l  ' o r  ' e f f e c t i v e '  
s t r e s s  approach. I*1 t he  t o t a l  s t r e s s  approach i t  i s  assumed t h a t ,  
( l u r i ng  shear ing  o f  t h e  m a t e r i a l s  a long  t h e  f a i l u r e  sur face,  no dra inage 
o f  pore  wate r  occurs.  T h i s  approach i s  a p p l i c a b l e  t o  t h e  assessment o f  
s h o r t  te rm s t a b i l i t y  whereas, i n  t h e  c o n t e x t  o f  t h i s  r e p o r t ,  i t  i s  t h e  
l o n g  te rm s t a b i l i t y  o f  s lopes t h a t  i s  o f  p r i ~ i e  importance. Fo r  t h i s  
purpose, t h e  e f f e c t i v e  s t r e s s  approach, which a1 1  ows f o r  t h e  i n c l u s i o n  
o f  groundwater cond i  t i o n s  i n  t h e  a n a l y s i  s, i s most appl i cab1 e. 

A1 though, i d e a l  l y  , an e f f e c t i v e  s t r e s s  a n a l y s i s  shoul d  be c a r r i e d  ou t ,  
t he  c o s t s  o f  de te rm in ing  t h e  r e q u i r e d  i n p u t  da ta  rnay be very  h igh .  The 
e f f e c t i v e  s t r e s s  s t r e n g t h  parameters can on l y  be determined by 
expensive 1  abo ra to ry  t e s t i n g  and, i n  o rde r  t o  a c c u r a t e l y  d e f i n e  
qroundwater . cond i  t i o n s  i n  t h e  s1 ope, 1  m g  term moni t o r i  ng o f  
piezometers i s  r e q u i r e d .  I ~ I  p r a c t i c e ,  where the  budget does n o t  a l l o w  
f o r  l a b o r a t o r y  t e s t i n g ,  e f f e c t i v e  s t r e s s  s t r e n g t h  parameters a re  o f t e n  
assumed, u s i n g  va lues  which appear t o  be a p p r o p r i a t e  f o r  t h e  s lope  



f 'w i r i  i g  ynateri a1 s. I f  t h i s  i s  done i t  i s  recownended t h a t  a 
s e n s i t i v i t y  a n a l y s i s  be undertaken. Th i  s i n v o l  ves c a r r y i n g  o ~ ~ t  severa l  
s t a b i  1 i ty  analyses u s i n g  a  range o f  c ' and 7 '  va l  ues. The i n v e s t i g a t o r  
~ u s t  then examine t h e  values needed t o  a c l i i w e  a  s u i t a b l e  f a c t o r  o f  
s a f e t y  and assess how r e a l  i s t i c  these are.  An accura te  unders tand ing 
o f  groundwater c o ~ i d i  t i  ons i s d i  f f  i c u l  t t o  ach icve un l  ess p r o v i  s i o n  has 
been made f o r  l o n g  tern1 111oni t o r i n g  o f  p iezometers i n s t a l  l e d  i n  t h e  
slope. Th i  s i s  f r e q u e n t l y  n o t  p o s s i b l e  and consequent ly ,  assumptions 
have t o  be made w i t h  respec t  t o  t h e  l i k e l y  wo rs t  groundwater c o n d i t i o n s  
t h a t  t h e  s lope  may exper ience. Again, a  s e n s i t i v i t y  a n a l y s i s  may be 
c a r r i e d  o u t  t o  gauge t h e  e f f e c t s  o f  v a r i a t i o n s  i n  groundwater 
c o n d i t i o n s  on t h e  f a c t o r  o f  sa fe ty .  

Despi t e  t h e  1  ess a p p r o p r i a t e  n a t u r e  o f  t o t a l  s t r e s s  s t a b i  1  i t y  analyses 
f o r  de te rm ina t i on  o f  l o n g  term s t a b i l i t y ,  t h e  i n p u t  da ta  i s  much 
simp1 e r  t o  deterrni ne. 4 t o t a l  s t r e s s  a n a l y s i s  does n o t  r e q u i r e  
de te rm ina t i on  o f  groundwater c o n d i t i o n s  and s t r e n g t h  parameters can be 
measured by s imple,  inexpens ive  shear vane t e s t s .  

4.5.2 Methods o f  S t a b i l i t y  Analysis 

The methods o f  s t a b i l i t y  a n a l y s i s  most commonly used a t  p resen t  a re  
based on t h e  concept  o f  1  i m i  t i n g  e q u i l  i b r i u n i  i n  which t h e  s t a b i l  i ty o f  
a s lope  i s  analysed i n  terms o f  t h e  f o r c e s  o p e r a t i n g  i n  and on t h e  
s lope a t  t h e  p o i n t  o f  f a i l u r e  (when t h e  f a c t o r  o f  s a f e t y  i s  equal t o  
w e )  . F i n i t e  element methods o f  s t a b i l  i ty  a n a l y s i s ,  which i n v o l v e  
examinat ion o f  t h e  deformat ions  t h a t  occur  t t ~ r o u g h o u t  a s lope  as i t  
tends towards f a i l u r e ,  a re  n o t  d iscussed here.  Such methods a re  very  
t ime consuming (and hence c o s t l y )  and a r e  r a r e l y  warrdnted f o r  s lope  
s t a b i l  i ty  s t u d i e s  i n  connect ion  w i t h  b u i 1  d i n g  developments. The 
commonly used methods o f  s t a b i  1  i ty a n a l y s i  s  a re  b r i e f l y  d iscussed 
be1 ow. 

4.5.2.1 I n f i n i t e  slope analysis 

An i n f i n i t e  s lope  a n a l y s i s  i s  r e a l l y  o n l y  s u i t a b l e  f o r  l o n g  s lopes 
where t h e  p o t e n t i a l  f a i l u r e  sur face,  which i s  assumed t o  be p lana r ,  
runs approx imate ly  p a r a l l e l  t o  t h e  ground sur face.  I n  a d d i t i o n ,  t he  



depth t o  l e n g t h  r a t i o  s1iou1 d be slna11, i .e.  t he  f a i l u r e  su r face  s h o d  d 
be a t  a  r e l a t i v e l y  sha l lmv depth. I t  i s there  Fore most s u i  tab1 e f o r  
s h a l l  ow t r a n s 1  a t i o n a l  s l  i d e  movements i n v n l  v ing,  f o r  example, t h e  
r w e l i ~ e n t  o f  a t h i n  s o i l  mant le  over  u n d e r l y i n g  rock  o r  o t h e r  harder  
! > a t e r i a l  o r ,  converse ly ,  t h e  rnovetxnt o f  a c r u s t  o f  r e1  a t i v e l y  s t i f f  
s o i l s  over  u n d e r l y i n g  s o f t  s o i l s .  

Th i s  method may be a p p l i e d  t o  b o t h  cohes ive and cohes ion less  s o i l s  and 
has t h e  advantage t h a t  i t  can be c a r r i e d  o ~ ~ t  r a p i d l y  by s imple  tiand 
c a l c u l a t i o n .  The a n a l y t i c a l  procedure i s expl  a ined by Larnbe & Whi tman 
(19691, and Chowdhury (1978).  The c h i e f  d isadvantage o f  t h e  method i s  
t h a t  i t  i s  1  i m i  t e d  t o  t h e  geo log i ca l  s i t u a t i o n s  out1 i n e d  above. 

4.5.2.2 S l  i d i  ng block analysis 

A s l  i d i n g  b l o c k  a n a l y s i s  i s  a1 so s u i t a b l e  f o r  s lopes where t h e r e  i s  a  
we1 1  d e f i n e d  p o t e n t i a l  p l ana r  f a i l u r e  sur face,  e.g. an i n t e r f a c e  w i t h  
u n d e r l y i n g  s u b s t a n t i a l  l y  s t r onge r  m a t e r i  a1 . However, i n  t h i s  method, 
t he  f a i l u r e  su r face  need n o t  be p a r a l l e l  t o  t h e  ground su r face  and t h e  
r e s u l t s  a re  n o t  s e n s i t i v e  t o  t h e  d e p t h l l e n g t h  r a t i o .  

The s l i d i n g  rnass i s  d i v i d e d  i n t o  two o r  more b locks  and t h e  e q u i l  i b r l u n  
o f  each b l  ock i s cons idered independent ly  u s i  ng i n t e r b l  ock fo rces .  The 
a n a l y t i c a l  procedure i s exp l  a i  ned by Ctiowdhury (19713). 

4.5.2.3 Method o f  s l ices  

The Bishop Method o f  S l i c e s  assumes a c i r c u l a r  f a i l u r e  sur face.  The 
sass o v e r l y i n g  t h e  f a i l u r e  su r face  i s  d i v i d e d  i n t o  a  number o f  s l i c e s  
and t h e  f o r c e  e q u i l i b r i u m  f o r  each s l i c e  i s  considered.  The r i g o r o u s  
:nethod assumes v31ues f o r  t h e  v e r t i c a l  f o r c e s  on t h e  s ides  o f  each 
s l  i c e  u n t i l  a1 1  equat ions  a r e  s a t i s f i e d .  I n  t h e  s i m p l i f i e d  method 
however t h e  r e s u l t a n t  o f  t h e  v e r t i c a l  f o r c e s  on each s l i c e  i s  assumed 
t o  be zero.  Numerical e r r o r s  can occur  i n  t h e  a p p l i c a t i o n  o f  t h e  
s i m p l i f i e d  method when t h e  i n c l i n a t i o n  o f  t h e  base o f  a s l i c e  i s  
nega t i ve  (as may occur  near t h e  t o e  o f  a  deep-seated s l i p  su r f ace )  and 
where h i g h  pore  pressures  a re  assumed. Yowever, p r o v i d i n g  t h a t  t h e  
a n a l y s t  i s  aware o f  these p o s s i b l e  sources o f  e r r o r ,  t h e  S i m p l i f i e d  



Bishop Method has been f ou r~d  t o  g i v e  comparable r e s u l t s  t o  [ l o re  
r i g o r o u s  methods. 

I n  a d d i t i o n  t o  t h e  Bishop E.lethod, t h e  Ord inary  Method o f  S l i c e s  
i o t h c r w i  se known as t h e  Swedish C i r c l e  Flethod o r  Fe1 l e n i u s  iQAhod) 51 so 
c a t e r s  f o r  f a i l u r e  sur faces  o f  c i r c u l a r  shape. Th i s  nethod has however 
been found t o  g i v e  very  conse rva t i ve  r e s u l t s  f o r  deep f a i l u r e  sur faces  
and a l s o  where h i g h  pore-water  pressures a re  assurned. 

I n  choosing a method which assumes a c i r c u l a r  f a i l u r e  su r f ace  t h e  
i n v e s t i g a t o r  should s a t i s f y  himsol f t h a t  i t  i s  a r e a l  i s t i c  f a i l u r e  
!node; c i  r c u l  a r  r o t a t i o n a l  movements a re  general  l y  c o n f i n e d  t o  t r u l y  
homogeneous m a t e r i a l  s. 

The Janbu Method (Janbu 1954, 1957) a l l o w s  f o r  f a i l u r e  sur faces  o f  
a r b i t r a r y  shape. As w i t h  t h e  Bishop Method, t h e  p o t e n t i a l  f a i l u r e  mass 
i s  d i v i d e d  i n t o  s l i c e s .  I n  t h e  Rigorous Janbu Method t h e  f o r c e  
e q u i l i b r i u m  on each s l i c e  i s  considered.  However, assuapt ions  must be 
made rega rd ing  t h e  1  i n e  o f  a c t i o n  o f  i n t e r s 1  i c e  fo rces .  I n  t h e  
S i m p l i f i e d  Janbu Method i n t e r s l i c e  f o r c e s  a re  n o t  i n c l u d e d  and t h e  
c a l c u l a t e d  f a c t o r  o f  s a f e t y  has t o  be c o r r e c t e d  t o  a l l o w  f o r  these 
fo rces .  

The r i g o r o u s  Janbu Method i s  one o f  t h e  most commonly used methods o f  
s t a b i  1  i ty  a n a l y s i  s. I t i s  p a r t i c u l a r l y  use fu l  as i t  p rov ides  a 
r i g o r o u s  s o l u t i o n  f o r  an a r b i t r a r y  f a i l  u r e  sur face  i n  a  non-homogeneous 
s o i l  . Morgenstern and P r i c e  (1965) and Sarma (1979) have presented 
methods o f  a n a l y s i s  a l s o  a p p l i c a b l e  t o  f a i l u r e  sur faces  o f  a r b i t r a r y  
shape. However, b o t h  methods, a l though  p o s s i b l y  more accura te  than t h e  
R i  gorous Janbu Method, a re  very  d e t a i l e d  and t i m e  consuming. 
Genera l ly ,  t h e  r e l i a b i l i t y  o f  t h e  i n p u t  da ta  a v a i l a b l e  does n o t  wa r ran t  
t he  use o f  such methods. 

4.5.2.4 Stabi 1 i ty charts 

A v a r i e t y  o f  s t a b i l i t y  c h a r t s  a re  a v a i l a b l e  and a re  u s e f u l  f o r  
p r o v i d i n g  a f i r s t  approx imat ion  o f  s t a b i l  i ty.  Genera l l y ,  s t a b i l i t y  
c h a r t s  assume t h e  f o l 1  owing c o n d i t i o n s :  - 



a  ) The s lope  su r face  i s  p l a n a r  and t h e  ground above t h e  c r e s t  and 
be1 ow t h e  t o e  i s  h o r i z o n t a l  , 

b ) The s o i l  i s  homogeneous, and 
c ) The c r i t i c a l  f a i l u r e  su r face  i s  c i r c u l a r .  

From a comparison o f  va r i ous  c h a r t s ,  i t  has been found t h a t  those 
developed by Cousins - i n  Chowdhury (1978) a re  p r e f e r a b l e  i n  terms o f  
re1 i a b i l i t y  o f  t h e  s o l u t i o n  g iven,  t h e i r  s i m p l i c i t y  o f  use and t h e  wide 
range o f  s lope  ang les  and pore pressures  t h a t  may be used. The c h a r t s  
a re  presented by Chowdhury (1978) t o g e t h e r  w i t h  a  d i scuss ion  o f  t h e i r  
use. T h i s  t e x t  a l s o  e x p l a i n s  t h e  v a r i o u s  o t h e r  s t a b i l i t y  c h a r t s  
ava i  1  ab l  e. 

4.5.2.5 Rock s l  ope stabi 1 i t y  analysis 

Approp r ia te  methods o f  a n a l y s i s  f o r  v a r i o u s  modes o f  f a i l u r e  i n  rock  
s lopes a r e  g i v e n  by Hoek & Bray (1977).  

4.5.3 Input  Data 

The f o l l o w i n q  - i n f o r m a t i o n  i s  r e q u i r e d  f o r  c a r r y i n g  o u t  most methods o f  
s t a b i  1  i ty  a n a l y s i  s. The accuracy.  w i t h  which t h e  da ta  needs t o  be 
de f i ned  w i l l  depend on t h e  requ i rements  o f  t h e  p a r t i c u l a r  t ype  o f  
method used. 

4 e 5 0 3 e l  Sl ope prof  i 1 e 

A s t a b i l i t y  a n a l y s i s  should  be c a r r i e d  o u t  on t he  c r i t i c a l  s e c t i o n ( s )  
on t h e  s lope.  The c r i t i c a l  s e c t i o n  i s  t h a t  p a r t  o f  t h e  s lope  which 
appears t o  have t h e  h i g h e s t  r i s k  o f  i n s t a b i l i t y  i n  combinat ion  w i t h  t h e  
wors t  consequence o f  f a i l u r e .  The s lope  p r o f i l e  should  be measured t o  
t he  h i g h e s t  degree o f  accuracy commensurate w i t h  t h e  accuracy o f  t h e  
o t h e r  i n p u t  data.  

4.5.3.2 Groundwater condi t ions 

Re1 a t i v e l y  m ino r  v a r i a t i o n s  i n  t h e  p o s i t i o n  o f  t h e  groundwater t a b l e  
can have a  s i g n i f i c a n t  e f f e c t  on t h e  c a l c u l a t e d  f a c t o r  o f  sa fe t y .  Fo r  



h i g h  r i s k  s l opes  i t  i s  recommended t h a t  t h e  s l o p e  be ana lysed  under  t h e  
1  i k e l y  w o r s t  groundwater  c o n d i t i o n s .  I n  a d d i t i o n ,  i t  may be necessary  
t o  t a k e  account  o f  t h e  p o s s i b l e  development o f  perched groundwater.  

A s e n s i t i v i t y  a n a l y s i s  may be c a r r i e d  o u t  t o  de te rm ine  t h e  e f f e c t s  o f  
v a r i a t i o n s  i n  t h e  groundwater  t a b l e  on t h e  f a c t o r  o f  s a f e t y .  T h i s  i s  
p a r t i c u l  a r l y  u s e f u l  f o r  exami n i  ng t h e  e f f e c t i v e n e s s  o f  d r a i n a g e  
measures t o  improve t h e  s t a b i l  i t y  o f  a  s lope .  

4.5,3,3 Distr ibution o f  slope forming material s 

Prov ided  t h a t  an adequate subsur face  i n v e s t i g a t i o n  has been c a r r i e d  
ou t ,  s u f f i c i e n t  i n f o r m a t i o n  shou ld  be a v a i  l a b l e  t o  c o n s t r u c t  a  
r e a l  i s t i c  ' g e o l o g i c a l  model ' f o r  t h e  s l o p e  ( t h e  d i s t r i b u t i o n  and n a t u r e  
o f  t h e  s l o p e  f o rm ing  m a t e r i a l s )  and t o  e s t a b l i s h  t h e  most l i k e l y  fo rm 
o r  forms o f  f a i l u r e  t h a t  c o u l d  occu r  w i t h i n  t h e  model t h u s  d e f i n e d .  

4.5.3.4 Physical and mechanical properties o f  the slope forming 
materi a1 s 

The o n l y  p r o p e r t i e s  wh ich  need t o  be d e f i n e d  f o r  a  s l o p e  s t a b i l i t y  
a n a l y s i s  a r e  u n i t  we igh t  and shear  s t r e n g t h .  O the r  p r o p e r t i e s  such as 
p l a s t i c i t y ,  p a r t i c l e  s i z e  d i s t r i b u t i o n  and p e r m e a b i l i t y  may be r e q u i r e d  
f o r  c l  a s s i  f i c a t i o n  purposes,  c o r r e l a t i o n ,  e tc . ,  b u t  a r e  n o t  e s s e n t i a l  
i n p u t  d a t a  f o r  a  s t a b i l i t y  a n a l y s i s .  

U n i t  w e i g h t  can be measured b y  i n  s i t u  t e s t s  o r  l a b o r a t o r y  t e s t s  on 
u n d i s t u r b e d  t u b e  samples. Methods o f  d e t e r m i n i n g  shear  s t r e n g t h  
parameters a r e  o u t 1  i n e d  i n  t h e  f o l  l o w i n g  s e c t i o n .  

4.5.4 Shear Strength Determination 

The most  common t y p e  o f  l a b o r a t o r y  t e s t  f o r  t h e  d e t e r m i n a t i o n  o f  
e f f e c t i v e  s t r e s s  s t r e n g t h  parameters  i s  t h e  t r i  a x i a l  t e s t .  T h i s  t e s t  
a1 lows t h e  s t r e s s e s  a p p l i e d  t o  t h e  sampl e  t o  be c o n t r o l  l e d  and a1 so 
p e r m i t s  measurement o f  t h e  p o r e  water  p r e s s u r e  deve loped i n  t h e  sample 
d u r i n g  shear ing .  The t r i a x i a l  t e s t  i s  d e s c r i b e d  i n  d e t a i l  by  B ishop  
and Henkel (1976) .  T h e r e .  a r e  two t y p e s  o f  t r i a x i a l  t e s t  t h a t  a r e  



a p p r o p r i a t e  f o r  de te rm in ing  t h e  shear s t r e n g t h  o f  s o i l s  i n  terms o f  
e f f e c t i v e  s t resses ,  these being:-  

( a )  c o n s o l i d a t e d  undra ined t e s t  w i t h  pore water  p ressure  measurement 
and 

( b )  consol  i dated d r a i  ned t e s t .  

The t ype  o f  t e s t  should be chosen t o  s u i t  t h e  s o i l  t ype  be ing  tes ted .  
For  example, i n  t h e  d ra ined  t e s t ,  no b u i l d - u p  o f  pore water  pressure i s  
p e r m i t t e d  and t h e r e f o r e ,  f o r  s o i l s  o f  low permeabi l  i t y ,  such t e s t s  
cou ld  take  severa l  days t o  reach f a i l u r e .  Fo r  such s o i l s ,  t h e  
undra ined t e s t s  would t h e r e f o r e  be more convenient .  

Normal l y  , t h r e e  sub-samples o f  t h e  same m a t e r i a l  a re  t e s t e d  a t  
d i f f e r e n t  s t r e s s  1  eve1 s  and t h e  r e s u l  t s  p l o t t e d  t oge the r  t o  d e f i n e  the  
shear s t r e n g t h  parameters, c '  and Q ' .  However, m u l t i s t a g e  t e s t s  can be 
c a r r i e d  o u t  i n  which t h e  deformat ions o c c u r r i n g  i n  a  s i n g l e  sample a re  
measured a t  i n c r e a s i n g l y  h i g h e r  l e v e l  s o f  s t r ess .  Great  ca re  i s  
r e q u i r e d  however t o  ensure t h a t  t h e  sample i s  n o t  o v e r s t r a i n e d  a t  t h e  
lower  s t r e s s  l e v e l s .  M u l t i s t a g e  t e s t s  a re  p a r t i c u l a r l y  u s e f u l  where 
1  i m i  t e d  samples a re  a v a i l a b l e  o r  where t h e  s o i l  i s  heterogeneous. 

D i r e c t  shear t e s t s  may a l s o  be used t o  determine shear s t r e n g t h  
parameters i n  terms o f  e f f e c t i v e  s t resses ,  p r o v i d i n g  they  a re  c a r r i e d  
o u t  a t  a  s u f f i c i e n t l y  slow r a t e  t o  a v o i d  a b u i l d - u p  o f  pore water  
pressure (i .e. t o  s imul  a t e  d ra ined  c o n d i t i o n s )  . They a re  p a r t i c u l  a r l y  
use fu l  f o r  measur ing t h e  shear s t r e n g t h  on a  predetermined p lane  i n  a  
m a t e r i a l  by t r imming  sarnpl es a t  t h e  c o r r e c t  o r i e n t a t i o n .  A1 though i t  
may n o t  be p o s s i b l e  t o  achieve f u l l  s a t u r a t i o n  o f  t h e  sample i n  t h i s  
t e s t ,  a  h i g h  degree o f  s a t u r a t i o n  can be achieved by soak ing t h e  sample 
f o r  a s u f f i c i e n t l y  l o n g  p e r i o d  p r i o r  t o  t e s t i n g .  

For  a t o t a l  s t r e s s  ana l ys i s ,  shear s t r e n g t h  i s  g e n e r a l l y  determined 
f rom i n  s i t u  shear vane t e s t s  which a re  bo th  qu ick  and inexpens ive  t o  
perform. However, g r e a t  ca re  should be exe rc i sed  i n  c a r r y i n g  o u t  these 
t e s t s ,  t h e  r e s u l t s  o f  which can be s u b j e c t  t o  e r r o r  due t o  t h e  presence 
o f  l a r g e  s i z e  f ragments i n  t h e  s o i l  be ing  t e s t e d  o r  th rough ca re less  
t e s t i n g  by t h e  ope ra to r .  T o t a l  s t r e s s  s t r e n g t h  parameters may a l s o  be 



determined  i n  t h e  l a b o r a t o r y  by uncon f i ned  compress ion ( u n i a x i a l )  t e s t s  
o r  u n d r a i  ned t r i  a x i  a1 t e s t s .  

A l l  l a b o r a t o r y  t e s t i n g  shou ld  be c a r r i e d  o u t  i n  a  l a b o r a t o r y  r e g i s t e r e d  
by  t h e  T e s t i n g  L a b o r a t o r y  R e g i s t r a t i o n  Counci 1  o f  New Zeal and (TELARC) 
and wh ich  i s  a c c r e d i t e d  f o r  c a r r y i n g  o u t  t h e  r e q u i r e d  t e s t s  i n  
accordance w i t h  i t s  terms o f  r e g i s t r a t i o n .  

4.5.5. Results o f  S t a b i l i t y  Analysis 

4.5,5,1 Limitat ions o f  resu l ts  

The c o n t e n t i o n  t h a t  a f a c t o r  o f  s a f e t y  quoted f o r  a  p a r t i c u l a r  s l o p e  i s  
a t r u e  e x p r e s s i o n  o f  t h e  s t a b i l i t y  o f  t h a t  s l o p e  i s  a  s e r i o u s  
m i  sconcept  i on. A s i n g l e  f a c t o r  o f  s a f e t y  i s  a p p l i c a b l e  o n l y  t o  t h e  
f a i l u r e  s u r f a c e  ana lysed  and f o r  t h e  s p e c i f i c  c o n d i t i o n s  assumed i n  t h e  
a n a l y s i s .  Hence, by  v a r y i n g  t h e  c o n f i g u r a t i o n  o f  t h e  f a i l u r e  s u r f a c e ,  
t h e  s o i l  s t r e n g t h  parameters  and t h e  groundwater  c o n d i t i o n s ,  an 
i n d i v i d u a l  s l o p e  can be rep resen ted  by  a  whole range o f  f a c t o r s  o f  
s a f e t y .  I n  a d d i t i o n ,  f o r  one s p e c i f i c  s e t  o f  i n p u t  d a t a  t h e  c a l c u l a t e d  
f a c t o r  o f  s a f e t y  may v a r y  c o n s i d e r a b l y  depending on t h e  method o f  
a n a l y s i s  used, 

There i s  g e n e r a l l y  some u n c e r t a i n t y  a t t a c h e d  t o  a l l  o f  t h e  v a r i o u s  
i n p u t  d a t a  used i n  an a n a l y s i s .  The s o i l  s t r e n g t h  parameters a r e  t h e  
ma jo r  sou rce  o f  u n c e r t a i  n t y  , p a r t i  c u l  a r l y  where t h e  budget  does n o t  
p r o v i d e  f o r  l a b o r a t o r y  t e s t i n g  and, as a  r e s u l t ,  s t r e n g t h  parameters  
have t o  be assumed. Even where l a b o r a t o r y  t e s t i n g  i s  c a r r i e d  o u t ,  
e r r o r s  i n  measur ing t h e s e  i m p o r t a n t  p r o p e r t i e s  may a r i s e  due t o  sample 
d i  s tu rbance ,  t e s t i  ng e r r o r s  o r  i n a p p r o p r i a t e  t e s t  c o n d i t i o n s .  

The groundwater  c o n d i t i o n s  assumed i n  t h e  a n a l y s i s  a r e  ano the r  m a j o r  
source o f  u n c e r t a i n t y .  Unless groundwater  l e v e l s  have been m o n i t o r e d  
o v e r  a l o n g  p e r i o d  o f  t i m e  (wh i ch  i s  n o t  commonly done),  t h e  p o s i t i o n  
o f  t h e  groundwater  t a b l e  adopted f o r  t h e  a n a l y s i s  w i l l  have t o  be based 
on t h e  wa te r  l e v e l s  measured a t  t h e  t i m e  o f  t h e  subsu r face  
i n v e s t i g a t i o n ,  w i t h  some ad jus tment  t o  account  f o r  t h e  expected r i s e  i n  
t h e  w a t e r  t a b l e  under  t h e  l i k e l y  w o r s t  r a i n f a l l  c o n d i t i o n s .  



I n  some cases, t h e  1  i k e l y  f a i l u r e  mode and t he  p o s i t i o n  o f  the  
cor respond i  ng f a i  1  u r e  su r face  can be p r e d i c t e d  w i  t h  reasonabl  e  
accuracy, e.g. where t h e r e  i s  a  w e l l  d e f i n e d  s o i l / r o c k  i n t e r f a c e  and i t  
i s  a n t i c i p a t e d  t h a t  any f a i l u r e  would i n v o l v e  t rans1  a t i o n a l  movement 
a long t h a t  su r face .  In many cases however, i t  may n o t  be p o s s i b l e  t o  
d e f i n e  a  s p e c i f i c  p o t e n t i a l  f a i l u r e  su r face  and, under these 
c i rcumstances,  a  c r i t i c a l  f a i l u r e  su r f ace  w i l l  be chosen f rom the  
a n a l y s i s  o f  severa l  t r i a l  su r faces .  The c r i t i c a l  su r f ace  i s  t h e  t r i a l  
f a i l u r e  su r face  t h a t  y i e l d s  t he  l o w e s t  f a c t o r  o f  sa fe t y .  The ques t i on  
o f  whether t h i s  c r i t i c a l  su r face  rep resen ts  a r e a l i s t i c  f a i l u r e  mode 
i n t r oduces  ano ther  element o f  u n c e r t a i  n t y  r ega rd i ng  t h e  r e s u l  t s  o f  t h e  
a n a l y s i  s. 

I t  w i l l  be e v i d e n t  f rom t h e  above t h a t  cons ide rab le  judgement i s  
r e q u i r e d  i n  s e l e c t i n g  a  f a c t o r  o f  s a f e t y  a p p r o p r i a t e  f o r  a  g i ven  s lope.  
Accord ing ly  , an a n a l y t i c a l  assessment i s  i n  many ways no l e s s  
s u b j e c t i v e  than  an e m p i r i c a l  assessment. The i n v e s t i g a t o r  shoul d  
c l e a r l y  s t a t e  i n  t h e  r e p o r t  a1 1  u n c e r t a i n t i e s  and assumptions rega rd i ng  
t h e  i n p u t  da ta  used i n  t h e  a n a l y s i s  and thus,  t h e  l i m i t a t i o n s  o f  t he  
quoted f a c t o r  o f  s a f e t y .  
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In view o f  t h e  g e n e r a l l y  u n c e r t a i n  v a l i d i t y  o f  t h e  i n p u t  da ta  used i n  a 
s t a b i  1  i ty  a n a l y s i  s, and t h e  f a c t  t h a t  d i f f e r e n t  methods o f  a n a l y s i  s  
commonly y i e l d  d i f f e r e n t  f a c t o r s  o f  s a f e t y  u s i n g  t h e  same i n p u t  data,  
i t  i s  d o u b t f u l  t h a t  a  f a c t o r  o f  s a f e t y  t r u l y  rep resen ts  t h e  r e l a t i v e  
s t a b i l i t y  o f  a  s lope.  F a c t o r s  o f  s a f e t y  o f  l e s s  than  u n i t y  a r e  
f r e q u e n t l y  d e r i v e d  f rom t h e  a n a l y s i s  o f  s t a b l e  s lopes,  d e s p i t e  t h e  
r i  gorous i n v e s t i  g a t i  on and t e s t i n g  procedures used t o  d e f  i ne t h e  i npu t  
data. Conversely,  f a i  1  u res  have occur red  on s l  opes which accord ing  t o  
ana l ys i s ,  u s i n g  i n p u t  da ta  based on e q u a l l y  r i g o r o u s  i n v e s t i g a t i o n  and 
t e s t i n g  procedures,  have y i e l d e d  f a c t o r s  o f  s a f e t y  s u b s t a n t i a l l y  
g r e a t e r  than  u n i t y .  

No tw i t hs tand ing  t h e  above, t h e  f a c t o r  o f  s a f e t y  i s  a  t r a d i t i o n a l  and 
very  u s e f u l  b a s i s  f o r  d e c i s i o n  making and des ign i n  eng inee r i ng  
a c t i v i t y  and i s  e s p e c i a l l y  u s e f u l  as a  comparat ive t o o l  f o r  d e f i n i n g  



t h e  b e n e f i c i a l  e f f e c t s  on s l o p e  s t a b i l i t y  o f  remedia l  o r  p r e v e n t i v e  
measures. I n  a d d i t i o n ,  t h e  use o f  a s t a b i l i t y  a n a l y s i s  p r o v i d e s  t h e  
i n v e s t i g a t o r  w i t h  a means o f  examin ing t h e  l e v e l  o f  u n d e r s t a n d i n g  
ach ieved  w i t h  r e s p e c t  t o  t h e  s u b j e c t  s lope .  I n  t h i s  sense i t  i s  a  
u s e f u l  q u a l i t y  assurance procedure.  

It i s  cons ide red  u n d e s i r a b l e  t o  impose a  r i g i d  system whereby 
compl iance w i t h  a  minimum f a c t o r  o f  s a f e t y  i s  r e q u i r e d  i n  o r d e r  t o  g a i n  
approva l  f o r  a  b u i l d i n g  p e r m i t .  As has been found i n  o t h e r  c o u n t r i e s ,  
such an approach can r e s u l t  i n  m a n i p u l a t i o n  o f  t h e  i n p u t  d a t a  i n  o r d e r  
t o  ach ieve  t h e  r e q u i r e d  f a c t o r  o f  s a f e t y .  Such m a n i p u l a t i o n  i s  n o t  
c o n s i d e r e d  good eng i  n e e r i  ng p r a c t  i ce except  f o r  cases where t h e  
i n v e s t i g a t o r ,  m i n d f u l  o f  t h e  u n c e r t a i n t i e s  i n h e r e n t  i n  t h e  i npu t  da ta ,  
seeks t o  express  n u m e r i c a l l y  t h e  adequate s t a b i l i t y  o f  a s l o p e  wh ich  
h i s  judgement t e l l s  h im i s  q u i t e  s a t i s f a c t o r y .  

It i s  cons ide red  p r e f e r a b l e  t o  examine t h e  r e s u l t s  o f  a  s t a b i l i t y  
a n a l y s i s  on a case by  case b a s i s  and a1 low  t h e  i n v e s t i g a t o r  t o  use  h i s  
judgement i n  assess ing  t h e  v a l i d i t y  o f  t h e  r e s u l t s  i n  te rms  o f  t h e  
e q u i v a l e n c e  o f  t h e  assumed a n a l y t i c a l  model t o  r e a l  i t y .  
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Eriefly explain the gmrpho log ica l  setting o f  the subject slope. 

Cescribe the prof i  l e  of  the slope including observations regarding - slope height, s l  e gradient, slope shape (convex/cmcave) , 
irregular i t ies i n  slope profile, etc. Obsewations should extend beyord tk property ndaries, where relevant to the 
assesmnt of  tk subject slope. 

"g, 

Record locations and type of  any retaining r s l l s  or other su~port ing structures W c h  wu ld  i n f l u m e  the s tab i l i t y  of the 
scbject slope. Cbservations should be made with respect to  constructim materials and ccndition of tk structure. 

Are exposures o f  the materials forming the subject slope available for inspection? I f  not th is  fact should be stated. If they 
are, the location of the exposure(s) should be described and a1 so, shown m m accarpanying sketchlsite plan. The exposed 
rraterials should be described according to  a suitable classificatim/description sct-ene; the s c h  usej should be stated. In 
addition, the d is t r ibut ion/Went of dif ferent materials within the exposure should be described a d ,  vhem necessary for the 
sake of c lar i ty ,  I l lust rated by an accorpanying sketch. 

Pre exposures o f  materials, which are expected to k of a s i m i l a r  type o f  those forming the subject slcpe, available i n  the 
v ic in i ty  o f  the subject slope. I f  so, record a l l  relevant observations as required for G.1. 

Record distr ibut ion and extent of vegetation both m the s i t e  and, W e  relevant, beyond s i t e  bcundaries. Record vegetation 
type (e.g. grass, shrubs and/or trees) and vegetation cover (bare, sparse cover, moderate cover or dense cover). A r t i cu lar  r rote should be made regarding the presence o f  vegetation species chararacteristic o f  wt ground as \hell  as those w i t  a high 
water abstraction capability e.g. eucalyptus clnerea. Plso, any evidence of past modifications to vegetaticn cover should be 
recorded. 

Record the location of any areas \Nhere the natural ground surface has an a r t i f i c i a l  covering e.g. buildings, paved surfaces etc. 
Also record adequacy of drainap o f  surface runoff fmn these areas and the effectiveness of surface protection e.g. any holes 
o r  cracks. 

Record p s i  tion, approximate size and condit im of  pipes, m t e r  tanks, septic tanks, reservoirs etc, either on or above the 
s h j e c t  slope. P careful x n r t i n y  should be made for any evidence o f  leakage. *re undeqmnd services are inferred, 
evidence should be stated. 

Record position of  any natural drainage courses, either on s i te  or, where considered relevant, beyond s i t e  boundaries. 
Cbservaticns should be made with respect t o  water flow and level. Special attention should be paid t o  any evidence of b d  or 
bank emsim. Cbservations regarding shsurface mter courses may a1 so be made i n  th is  section. 

Recod a evidence of subsurface erosion such as piping or solution cavities (part icularly prevalent i n  loess soils, punice 2 soi ls  a limestone). 

K6 Seepage 

Record positiun of springs md other points of seepage. Were active, record flow (substantial, s l ight)  and h e r e  inactive 
state evidence e.g. staining. 

Record location of  any ponds, areas of waterlqging etc. 

Record va ther  corditions a t  tim o f  inspection and for preceding 1 mnth. 

Record any local i r regular i t ies i n  the ground prof i le  e. . hvrmod<y surface, local oversteepeni , mmtura l  depressions etc. 
The locat im o f  any such i rregular i t ies should be descri g ed and highlighted on an accanpanying 7 s etchlsi te plan. 

b r d  the location, aperture and persistence of  any cracks i n  the gmwd surface. 

Record the location and nature of any cracks i n  existing buildings, walls, pathways or other paved surfaces. Other f o m  o f  
distress may include bulging of retaining walls, subsidence of  paved surfaces, t i l t i n g  o f  or iginal ly vertical paer poles etc. 

Other p s s i b l  e direct or indirect evidence of past cr present i nstabil i ty t o  be recorded including curvature or 1 eaning o f  tree 
trunks, anunalous water seepage, areas of strongly contrasting vegetation, etc. 

Table 1 aeclc List of Field Bsenatim fir Slope Stability Cbserments. 
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APPENDIX A ASSESSMENT COSTS 

A, 1 General 

T h i s  s e c t i o n  g i v e s  an i n d i c a t i o n  o f  t y p i c a l  c o s t s  f o r  d i f f e r e n t  l e v e l s  
o f  assessment. The f i g u r e s  g i v e n  r e f l e c t  c o s t s  charged by  c o n s u l t a n t s  
i n  1986. For  t h i s  t y p e  o f  work, charges a r e  n o r m a l l y  on a  t i m e  b a s i s ,  
p l u s  d i  sbursements a t  c o s t ,  i n  accordance w i t h  t h e  A s s o c i a t i o n  o f  
Consul t i  ng Eng ineers  New Zeal and document ' Condi t i o n s  o f  Engagement f o r  
C o n s u l t i n g  Eng ineers ,  Document C, September 1985 ' .  A copy o f  t h i s  
document i s  g i v e n  on Pages 56 t o  58. 

A, 2 Desk Study On1 y 

The i n v e s t i g a t o r  may o n l y  be r e q u i r e d  t o  examine e x i s t i n g  i n f o r m a t  i o n  
r e g a r d i n g  t h e  s t a b i l i t y  o f  a  b u i l d i n g  s i t e  when, f o r  example, a  c l i e n t  
r e q u i r e s  a  second o p i n i o n  on a  p r e v i o u s  assessment. The work would  
i n v o l v e  s c r u t i n y  o f  t h e  p r e v i o u s  r e p o r t ( s ) ,  exam ina t i on  o f  any o t h e r  
e x i s t i n g  documented i n f o r m a t i o n  c o v e r i n g  t h e  s i t e  and i n t e r p r e t a t i o n  o f  
a e r i a l  photographs.  The comments would p r o b a b l y  be i n  t h e  f o rm  o f  a  
s h o r t  l e t t e r  r e p o r t .  The c o s t  f o r  a  s t u d y  o f  t h i s  t y p e  c o u l d  be o f  t h e  
o r d e r  o f  $200 - $400 depending on t h e  volume o f  e x i s t i n g  d a t a  t o  be  
reviewed. 

@ 3 Desk Study Plus Fie ld  Inspection 

I n  t h e  r e v i e w  s i t u a t i o n  ment ioned above, t h e  i n v e s t i g a t o r  has t o  r e l y  
on o b s e r v a t i o n s  made by  o t h e r s  and does n o t  have t h e  o p p o r t u n i t y  t o  
g a i n  f i r s t  hand knowledge o f  t h e  s i t e .  It may be however t h a t  
c o n d i t i o n s  on s i t e  have changed s i g n i f i c a n t l y  s i n c e  t h e  p r e v i o u s  r e p o r t  
was comp i led  o r  t h a t  c e r t a i n  f e a t u r e s  were p r e v i o u s l y  over looked.  
Hence, i t  i s  c o n s i d e r e d  d e s i r a b l e  t h a t  t h e  i n v e s t i g a t o r  i n s p e c t  t h e  
s i t e  h i m s e l f .  I n  a d d i t i o n  t o  t h e  r e v i e w  s i t u a t i o n ,  t h e  'desk s t u d y  p l u s  
f i e l d  i n s p e c t i o n '  l e v e l  o f  assessment may be a p p r o p r i a t e  f o r  g i v i n g  
a d v i c e  t o  a  p r o s p e c t i v e  purchaser .  The c o s t  o f  t h i s  l e v e l  o f  assess- 
ment, which,  i n  a d d i t i o n  t o  comments d e r i v e d  f r om e x i s t i n g  documented 
i n  f o r m a t i  on and a e r i a l  photographs,  woul d  a1 so i n c l  ude o b s e r v a t i o n s  
made d u r i n g  t h e  f i e l d  i n s p e c t i o n ,  i s  l i k e l y  t o  be up t o  $500. 



A.4 Desk Study and Fie1 d Inspection P l  us Sub-surface 
Invest igat ion 

The m a j o r i t y  o f  s lope  s t a b i l i t y  assessments r e q u i r e  a more p o s i t i v e  
i n d i c a t i o n  o f  ground c o n d i t i o n s  than can be gained f rom a s u p e r f i c i a l  
i n s p e c t i o n  o f  t h e  s i t e  and geo log i ca l  judgement. The c o s t  o f  t h e  
d i f f e r e n t  subsur face i n v e s t i g a t i o n  techniques v a r i e s  cons ide rab ly .  
Typ i ca l  c o s t s  u s i  ng v a r i  ous t echn i  ques a re  g i  ven be1 ow. 

A.4-1 Hand Augering and Invest igat ion P i t s  

I n  a  s i n g l e  day, i t  should norma l l y  be p o s s i b l e  t o  d r i l l  4 t o  5 hand 
augerholes t o  depths o f  3 t o  4 metres ( t h e  remainder o f  t h e  day m igh t  
be spent  t r a v e l 1  i n g  t o  and f rom s i t e  - n o t  i n c l u d e d  i n  t h e  c o s t  g iven  
be1 ow). The d r i l l  i n g  would be supplemented by a p p r o p r i a t e  i n  s i t u  
t e s t s  and samples would be taken i f  necessary. The c o s t  o f  t h e  hand 
auger inq, - t o g e t h e r  w i t h  a  desk study and f i e l d  i n s p e c t i o n ,  i s  l i k e l y  
t o  be up t o  about  $1,200. The assessn~ent r e p o r t  would i n c l u d e  d e t a i l e d  
l o g s  o f  t h e  boreho l  es. 

For  a  s i m i l a r  c o s t ,  i t  should be p o s s i b l e  t o  excavate a t  l e a s t  
5 i n v e s t i g a t i o n  p i t s  t o  depths o f  a t  l e a s t  4 metres. I n  v iew o f  t he  
e q u i v a l e n t  c o s t  and t h e  t e c h n i c a l  advantages o f  i n v e s t i g a t i o n  p i t s  
as o u t l i n e d  i n  Sec t i on  3.4.3, t h i s  i s  cons idered t h e  p r e f e r r e d  
techn ique f o r  s h a l l  ow subsurface i n v e s t i g a t i o n s .  

A-4.2 Machine D r i  11 i ng 

Machine d r i l l i n g ,  which i s  most commonly used f o r  deeper subsurface 
i n v e s t i g a t i o n ,  i s  s u b s t a n t i a l  l y  more expensive than the  techniques 
d i  scussed above. The c o s t  o f  d r i l l i n g  two boreholes t o  a depth o f  
10 metres, t o g e t h e r  w i t h  a  d e t a i l e d  f i e l d  i n s p e c t i o n  and desk study, 
i s  l i k e l y  t o  be i n  t h e  o rde r  o f  $3,000. 



A.4 -3 Desk Study, Fie1 d Inspection, Subsurface Invest igat ion and 
Stabil  i t y  Analysis 

The a d d i t i o n a l  c o s t  o f  a  s t a b i l i t y  a n a l y s i s  w i l l  depend on t h e  
complex i t y  o f  t h e  problem and whether t h e  shear s t r e n g t h  parameters a re  
determined by l a b o r a t o r y  t e s t i n g .  The c o s t  o f  c a r r y i n g  o u t  an a n a l y s i s  
f o r  re1  a t i v e l y  s t r a i g h t f o r w a r d  ground c o n d i t i o n s  u s i n g  assumed 
parameters may be o n l y  $200 t o  $300. However, f o r  more complex 
c o n d i t i o n s  where severa l  t r i a l  su r faces  need t o  be analysed and where 
two se t s  o f  t r i a x i a l  t e s t s  a re  c a r r i e d  o u t  t o  d e f i n e  s t r e n g t h  
parameters, t h e  c o s t  may r i s e  t o  up t o  about $2,000. 

Hence, f o r  a  s t a b i l i t y  assessment which i n v o l v e s  a  desk study, f i e l d  
i nspec t i on ,  a subsurface i n v e s t i g a t i o n  compr is ing  4-5 hand augerholes 
and a  s t r a i g h t f o r w a r d  s t a b i l  i ty  a n a l y s i s  u s i n g  assumed e f f e c t i v e  s t r e s s  
s t r e n g t h  parameters ( o r  a1 t e r n a t i v e l y  a  t o t a l  s t r e s s  a n a l y s i s  u s i n g  i n  
s i t u  shear vane r e s u l t s )  t h e  t o t a l  c o s t  c o u l d  be up t o  $1,500. I f  the  
above work were suppl eniented by an a d d i t i o n a l  two machine borehol  es, 
two se ts  o f  t r i a x i a l  se t s  and a d d i t i o n a l  a n a l y s i s  the  t o t a l  c o s t  c o u l d  
be up t o  $5,000. 



PRACTICE NOTE 

ASSOCIATION OF CONSULTING ENGINEERS NEW ZEAlAND 

CONDITIONS OF ENGAGEMENT FOR CONSULTING EXGINEERS 

A - 17 

DOCUMENT C (1985) - FOR ROUTINE WORK ON A TIME BASIS 

This Document details the standard conditions for a contract between the .  
Consulting Engineer and the Client. for routine services normally provided 
on a time and exDense basis. Other documents are available for more complex 
engagements. 1 t  is recommended that this Document be attached to a letter 
or  standard form, defining the scope of work and any special arrangements, and 
be confirmed in writing; . by the Client. 

SERVICES PROVIDED 

1. The Consulting Engineer shall perform his services in accordance with the 
reasonable standard of skill. care and diliqence generally exercised by the 
profession in New Zealand subject to any financial. physical . time or  other 
restraints imposed by the Client or necessarily resulting from the na twe  of 
the engagement. 

2 .  The Consulting Enaneer  may be required to insoect - works being constructed. 
Unless otherwise agreed in writing, this service shall be limited to periodic 
site visits to assist in interpreting the desiqn L. and to observe whether the 
works for which the Consulting ~ i g i n e e r  is the professional adviser are beinp 
carried out in general accordance with the contract documents. Any such 
observation shall not transfer to the Consulting Enqineer any of the * 

resnonsibilities of a contractor nor shall it in any way limit the responsibilities 
of a contractor to carrv out the works in accordance with h is  contract. 

RELATIONSHIP WITH CLIENT 

3 .  The terms of these conditions of engagement shall be bindinq on the   arty for 
.& 

whose ultimate benefit t h e  services a re  to be performed. (re'ferred to herein 
as  the 'T r i nc i~a l " )  whether or  not the Principal is the party by whom the 
Consulting ~ n a n e e r  is engaged. Where the Consulting Enqineer is appointed 
by an adviser to the Principal or  by some other representative acting on behalf 
of the Principal, then : 

(a) Where the adviser or other representative is actinq or  purports to act 
as agent for the Principal. then the Principal shall be the Client and 
the adviser or other representative acknowledges that he is the duly 
authorised agent of the Client and accepts these conditions on behalf 
of the Client. 

( b )  Where the adviser or  other representative does not act as agent for the 
Princinal, then the adviser or  other r e~ re sen t a t i ve  undertakes that he 
will contract with the Principal, for the'benefit of the parties referred to 
in clause 1 4 ,  to the effect that the terms of clauses 11 to 1 4  of these 
conditions shall apply to anv claim by the Principal as if  the Principal 
were the Client. and the adviser o r  other representative shall be liable 
to the ~ a r t i e s  referred to in clause 1 4  for anv failure to obtain the . benefit- of such a contract. 



4 .  Whether or not the adviser o r  other representative by whom the Consulting - 

Engineer is appointed is acting as agent for the Principal, the party bv 
whbm the Consulting ~ n g i n e e r  is apoointed snall be  Pesoonsible for ?a$ment 
of all fees and job costs and undertakes to indemnify t<e Consulting 
Enqineer for any unpaid fees or  job costs. 

FEES AND JOB COSTS 

5. The Consulting Engineer shall be entitled to monthly p r o ~ r e s s  payments of 
fees and other job costs .  

6 .  The fees shall be charzed on a t ime basis. 

7 .  The Client shall pay the Consultinq Engineer for all other job-related costs.  
includinq disbursements and telecommunication. reproduction. testinq and 
travellinq expenses. The Consultinc Engineer may add a service 'charge of 
10 oercent of invoice costs where payment to others has been made on 
beh'alf of the Client. 

8. Accounts for e n p e e r i n g  services shall be due on the 20th of the month 
following mesentation. 14here pavment is not made within 30 days of due 
date. the 'consultine. Engineer shall be entitled to recover interest from due 
date at the rate of i. 0 percent - oer month. . 

COPYRIGHT AND USE OF DOCUMENTS 

9. Copyriqht in all documents, and in the works executed from them, will 
remain 'the prooertv of the Consultinq E n ~ n e e r  . The Client shall be licensed. 
on pavment of kl f ies  and other job costs'due to the Consulting Engineer, to 
use the documents only for the specific purpose for which they were prepared.  

10. The Client shall not enter into anv contract with nor make any representations 
to a third oarty or  third parties which describe the Consulting Engineer's 
duties and- responsibilities in a manner inconsistent with the terms of this 
apeement . 

LIMITATION OF LIAB ILITY 

The Consulting Enqineer shall not be IiabIe for the commercial oerformance of .. 
the project. o r  for any loss or  damage arising bv reason of any delay in 
completion of the project. o r  for any loss of prokts .  or  for any indirect o r  
consequential loss of whatever nature.  

If the Consultinq Eng-ineer or  any subconsultant shall be found liable to 
the Client (whether under the express o r  implied terms of this agreement 
and whether in negligence or otherwise in common law) for  anv costs. loss 
or  damaqe suffered by the Client. however caused and of whatever nature.  
arising out of or  connected with the 'performance or failure of performance 
of services by the Consulting Endneer  or any subconsultant. then the 
maximum amount of that Liability in total for the aggregate of all such claims 
shall be $200.000'.  

The liability of the Consulting Enqineer or  a subconsultant to the Client 
against loss o r  damage as aforesaid shall be reduced proportionately to the 
extent that any acts o r  ommissions of the Client contributed towards any 
such loss or  damage. 



14. For the  purposes of clauses 1 1 . 1 2  and 13 of these conditions : 

( a )  the expression "Consulting Endnee r "  ;hall include all employees of 
the consulting Engineer; and 

(b) the e x ~ r e s s i o n  "subconsultan t " shall include all - ~ a r t i e s  engaqed by 
the consulting Engineer o r  by any other  subconsultant to perform 
any par t  of the services ~ r o v i d e d  for bv this engagement. and all 
employees of the  subconsh tan t  . 

The terms of clauses 11. 1 2  and 13 shall be construed as  conferring; a benefit 
on.  and being enforceable at the suit of .  every such pa r ty .  whethkr par ty  
to this contract o r  not. 

POSTPONEMENT OF SERVICES A N D  TERMINATION OF ENGAGEMENT 

IS. 

16. 

17. 

Any agreement between the Consulting En*neer and t h e  Client may be 
postponed o r  terminated by either pa r ty .  on the expiration of reasonable 
notice given in writing. 

U ~ o n  receipt of such notice from the Client. the Consulting En@neer shall 
take immediate s teps  to br ing the  services to a close and to reduce 
expenditure to a minimum. 

Upon postponement of the services o r  termination of the engagement, the 
consulting Enyineer shall be entitled to payment of fees and other job costs 
up to the effective date of pos t~onement  .. or termination and such fur ther  
fees and costs incidental to the orderly termination of the services.  

SETTLMENT OF DISPUTES 

18. In the event of any dispute arising between the Consultinq Endnee r  and 
the  Client. the matter in dispute 'shall  be referred to the Anal hecision of 
a sole arbi trator  to be appointed by the part ies .  If the parties fail to 
agree.  within one monthof one par ty  giving notice in w r i t h e  to the other  
 arty of a d i s ~ u t e  to be referred to arbi trat ion,  then ei therLparty  may 
request the president of the Institution of Professional Engineers. New 
Zealand, to a p ~ o i n t  - an arbi trator  and the arbi trator  shall be so appointed. 
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APPENDIX B TYPES AND CAUSES OF SLOPE INSTABILITY 

B o 1  Types o f  Slope Instabi l  i t y  

B o l o 1  General 

It i s  beyond t h e  scope o f  t h i s  r e p o r t  t o  d iscuss  i n  d e t a i l  t h e  g r e a t  
v a r i e t y  o f  s l ope  movement types t h a t  occur .  Ins tead ,  t h e  major  types 
are  o u t l i n e d .  F o r  t h e  reader  who r e q u i r e s  f u r t h e r  e l  abo ra t i on ,  
a t t e n t i o n  i s  drawn t o  t h e  s e c t i o n  by D. J. Varnes i n  t h e  tex tbook on 
1  andsl i d e s  e n t i t l e d ,  'Lands1 i d e s  . . Ana l ys i s  and Con t ro l  
( T r a n s p o r t a t i o n  Research Board, U.S . A * ,  1970). The s u b j e c t  o f  s lope 
movements i s  a1 so d iscussed by Sel by (1982) w i t h  f r equen t  r e fe rence  t o  

New Zeal and cond i  t i ons. A1 so, Sel by (1976) i s  a  u s e f u l  source 
document o f  New Zeal and case h i s t o r i e s  o f  s lope  i n s t a b i l  i ty. 

The c l  a s s i  f i c a t i o n  scheme developed by Varnes c a t e g o r i  ses s lope  
movements i n t o  v a r i o u s  types  based on t h e  types o f  movement and t h e  
m a t e r i a l  s  i nvo l  ved. The p r ima ry  t ypes  o f  movement i d e n t i f i e d  
i nc l ude : -  

a )  f a1  1  s, 
b  1 t opp les ,  
C )  r o t a t i o n a l  s l  i des ,  
d )  t r ans1  a t i o n a l  s l  i des ,  
e)  1  a t e r a l  spreads, 
f )  f l ows ,  and 
9)  compl ex movements. 

There a r e  no documented cases o f  l a t e r a l  spreads i n  New Zealand and 
t h e r e f o r e  t h i s  t ype  o f  movement i s  n o t  d iscussed here. A b r i e f  ou t1  i n e  
of t h e  o t h e r  t ypes  and t h e  geo log i ca l  c o n d i t i o n s  w i t h  which they  a re  
commonly assoc ia ted  i s  g i ven  be1 ow. 

F a l l s  i n v o l v e  t h e  detachment o f  a  mass o f  s o i l  o r  rock  o f  whatever s i z e  
f rom a  steep s lope  o r  c l i f f  face  a long  a su r face  on which l i t t l e  o r  no 



shear d i  sp l  acement takes  p l  ace. The detached mass descends throuah 
the  a i r  by f r e e  f a l l ,  l eap ing ,  bounding o r  r o l l i n g .  

F a l l s  a re  g e n e r a l l y  assoc ia ted  w i t h  very  steep, v e r t i c a l  o r  overhanging 
rock c l i f f s  i n  which s teep l y  d i p p i n g  d i s c o n t i n u i t i e s  a c t  as r e l ease  
sur faces.  Rock f a l l s  may be t r i g g e r e d  by removal o f  suppor t  below (by  
u n d e r c u t t i n g  caused by e ros ion  f o r  example), by h y d r o s t a t i c  p ressure  i n  
a  wate r  f i l l e d  f r a c t u r e  beh ind t h e  uns tab le  b l ock  o r  by v i b r a t i o n  
caused by an ear thquake o r  by b l a s t i n g .  A t y p i c a l  rock f a l l  s i t u a t i o n  
i s  i l l u s t r a t e d  i n  F i g u r e  B1, Page 67. 

F a l l s  a re  n o t  r e s t r i c t e d  t o  hard  rock;  fa1  1  s  i n  s o i l  and s o f t  rock  may 
occur on steep o r  v e r t i c a l  banks due t o  u n d e r c u t t i n g  by eros ion ,  s t r e s s  
r e l i e f ,  e t c .  Slab f a l l s  i n  s teep banks formed o f  weak s i 1  t s t ones  and 
sandstones a re  a  common phenomenon i n  t h e  No r th  I s l a n d  o f  New Zeal and 
r e s u l  t i n g  p r i ~ n a r i l y  f rom s t r e s s  re1  i e f  and the  development o f  v e r t i c a l  
c racks  p a r a l l e l  t o  t h e  s lope face. 

B.1.3 Toppl es 

Topp l i ng  i n v o l v e s  t h e  fo rward  r o t a t i o n  o f  an u n s t  a b l e  mass about  a  
lower  p i v o t  p o i n t  under t h e  a c t i o n  o f  g r a v i t y .  I n  t h e  sense t h a t  
l i t t l e  o r  no shear d isplacement takes  p l ace  a l ong  t h e  f a i l u r e  
s u r f a c e ( s ) ,  t o p p l i n g  i s  s i m i l a r  t o  f a l l i n g .  Toppl i n g  may a1 so be 
t r i g g e r e d  by h y d r o s t a t i c  p ressure  i n  a  f r a c t u r e  beh ind t h e  uns tab le  
mass o r  by v i b r a t i o n  caused by an ear thquake o r  by b l a s t i n g .  

Topp l ing  i s  most commonly assoc ia ted  w i t h  steep rock  faces  i n  which 
d i s c o n t i n u i t i e s  d i p  ve ry  s t e e p l y  i n t o  t h e  slope. It may a l s o  occur  i n  
steep banks formed o f  c layey  s o i l s  i n  which deep v e r t i c a l  c racks  form 
p a r a l l e l  t o  t h e  s lope  face.  The s u b j e c t  o f  t o p p l i n g  and t h e  c o n d i t i o n s  
under which t h i s  form o f  i n s t a b i l i t y  may occur i s  d iscussed by Hoek 81 
Bray (1977).  A t o p p l i n g  s i t u a t i o n  i s  i l l u s t r a t e d  i n  F i g u r e  B1, 
Page 67. 



B J . 4  Sl i des 

S l i d i n g  i n v o l v e s  t h e  movement o f  an u n s t a b l e  mass a long  a  s i n g l e  
f a i l u r e  su r f ace  o r  a number o f  sur faces .  Shear d isp lacement  takes  
p l ace  a long  most o f  t h e  f a i l u r e  su r f ace (s )  o r  zone a1 though, a t  t h e  
head o f  t h e  s l  i de ,  t h e  ground may be i n  tens ion .  S l  i d e s  may occur  i n  
e i t h e r  rock  o r  s o i l  . They a1 so vary  cons ide rab l y  i n  s i ze ;  i n  a c l  i f f -  
t o p  s i t u a t i o n  t h e  s l i d i n g  o f  t h e  s o i l  mant le  over  u n d e r l y i n g  rock  may 
i n v o l v e  o n l y  a  few cub i c  metres o f  s l  i d e  deb r i s .  A t  t he  o t h e r  end o f  
t he  s c a l e  a r e  such massive s l i d e s  as t h e  one a t  Tahunanui i n  Nelson 
which covers  about  26 hec ta res  ( r e f e r  Johnston [1979]).  S1 i d e s  a re  
c a t e g o r i  sed as e i t h e r  r o t a t i o n a l  o r  t r ans1  a t i o n a l  depending on t h e  
manner i n  which t h e  uns tab le  mass moves i n  r e l a t i o n  t o  t h e  sur round ing  
and u n d e r l y i n g  s t a b l e  ground. - 

B11 ,4 -1  Rotational s l  ides 

I n  t h i s  form o f  s l i d i n g  t h e  f a i l e d  mass r o t a t e s  such t h a t ,  a t  t h e  r ea r ,  
i t  drops i n  r e l a t i o n  t o  t he  i n t a c t  s t a b l e  ground above and, a t  t he  toe,  
the  f a i l e d  mass r i s e s  and, commonly, o v e r - r i d e s  t he  i n t a c t  ground 
be1 ow. 

R o t a t i o n a l  f a i  1  u res  a r e  normal l y  r e s t r i c t e d  t o  s o i  1  s  a1 though they  
may a l s o  occur  i n  i n t e n s e l y  f r a c t u r e d  weak rock i n  which t h e r e  i s  no 
c l e a r l y  d e f i n e d  d i s c o n t i n u i t y  p a t t e r n  which woul d  o the rw i  se c o n t r o l  t h e  
shape o f  t h e  f a i l u r e  sur face.  R o t a t i o n a l  f a i l u r e s  may a l s o  take  p l ace  
i n  compl e t e l y  o r  r e s i d u a l  weathered rock  i n  which t he  s t r e n g t h  o f  t he  
rock  i s  so reduced t h a t  shear ing  may take  p l ace  th rough t h e  body o f  t h e  
rock r a t h e r  than  b e i n g  c o n t r o l  l e d  by t h e  d i s c o n t i n u i t y  p a t t e r n  (which,  
i n  t h e  case o f  r e s i d u a l  weathered rock ,  w i l l  have been des t royed) .  I n  
essence t h e r e f o r e ,  t h e  a b i l i t y  o f  a  s lope  t o  f a i l  i n  a  r o t a t i o n a l  
manner i s  governed by t h e  absence o r  presence o f  s t r u c t u r a l  de fec t s .  
Moreover, even where r o t a t i o n a l  f a i l u r e  takes  p lace,  t h e  shape o f  t h e  
f a i l u r e  su r f ace  i s  r a r e l y  p e r f e c t l y  c i r c u l a r  as t h e  name tends t o  
imp ly .  A t r u l y  c i r c u l a r  f a i l u r e  su r face  i s  o n l y  1  i k e l y  t o  develop i n  a  
t r u l y  homogeneous m a t e r i a l .  The shape o f  the  f a i l u r e  su r f ace  may be 
i n f l u e n c e d  by even q u i t e  minor  l o c a l  v a r i a t i o n s  i n  t h e  s lope  fo rming  
m a t e r i a l  s as w e l l  as any seemingly i n s i g n i f i c a n t  s t r u c t u r e  de fec t s .  
F i g u r e s  B2, Page 68 shows t h e  t y p i c a l  form o f  a r o t a t i o n a l  s l  i d e .  



B.1.4.2 Trans1 a t  i onal S1 ides 

This  form o f  i n s t a b i l i t y  i n v o l v e s  movement o f  a f a i l e d  mass o u t ,  o r  
down and out ,  o f  t h e  s lope  a long a p l a n a r  o r  g e n t l y  u n d u l a t i n g  f a i l u r e  
sur face.  S1 i des  o f  t h i s  t ype  may occur  i n  e i t h e r  s o i l  o r  rock.  
Whatever t h e  s t a t e  o f  i n d u r a t i o n  o f  t h e  s lope  fo rming  m a t e r i a l  however, 
a p re requ i  s i t e  f o r  t r ans1  a t i o n a l  movement i s  t h e  presence o f  some p l  ane 
o r  zone o f  weakness. However, such a  d e f e c t  need no t  n e c e s s a r i l y  d i p  
ou t  o f  t h e  s lope  a long t h e  f u l l  l e n g t h  o f  t h e  f a i l u r e  sur face.  
Shal low t r a n s l a t i o n a l  s l i d e s  a r e  a common form o f  s lope i n s t a b i l i t y  i n  
New Zealand, t y p i c a l l y  i n v o l v i n g  movement o f  t h e  weaker s o i l  man t l e  
over  u n d e r l y i  ny s t r onge r  ma te r i  a1 s. Movement i s commonly a t t r i b u t e d  t o  
pe rch ing  o f  water  above t h e  i n t e r f a c e .  

The massive lands1 i d e  which occur red  a t  East Abbots ford  i n  August 1979 
was a  t r a n s l a t i o n a l  s l i d e  i n  which f a i l u r e  occur red  a long  a  ve ry  t h i n  
l a y e r  o f  c l a y  w i t h i n  t h e  Abbots ford Format ion about one met re  below t h e  
i n t e r f a c e  w i t h  t h e  o v e r l y i n g  Green I s l a n d  Sand. A t y p i c a l  example o f  a  
sha l low t r a n s l a t i o n a l  s l i d e  i s  shown i n  F i g u r e  B2, Page 68. 

T r a n s l a t i o n a l  s l i d e s  a r e  common on rock s lopes and, depending on t h e  
d i s c o n t i n u i t y  p a t t e r n ,  may occur  as p l a n a r  o r  wedge t y p e  f a i l u r e s .  
These forms o f  i n s t a b i l i t y  a r e  d iscussed i n  d e t a i l  by Hoek & Bray 
(1977). A t y p i c a l  wedge f a i l u r e ,  developed as a  r e s u l t  o f  two 
i n t e r s e c t i n g  s e t s  o f  j o i n t s  i s  i l l u s t r a t e d  i n  F i g u r e  61, Page 67. 

I n  f l o w  f a i l u r e s ,  i n  a d d i t i o n  t o  t h e  p r ima ry  shear movements a t  t h e  
i n t e r f a c e  between t h e  uns tab le  body and sur round i  ng and u n d e r l y i n g  
i n t a c t  ground, movements a re  a l s o  d i s t r i b u t e d  th roughout  t h e  f a i l e d  
mass. Flows occur  p r i m a r i l y  i n  s o i l s ,  and p a r t i c u l a r l y  those  t h a t  a r e  
p o o r l y  consol  i da ted ,  b u t  may a l s o  occur  i n  i n t e n s e l y  j o i n t e d  rock  
masses. F1 ows a r e  conimonly ve r y  r a p i d  movements i n v o l  v i n g  h i g h l y  
mob i l e  m a t e r i a l s  which may t r a v e l  l o n g  d i s tances .  The l i q u e f a c t i o n  o f  
uncompacted f i 11  m a t e r i  a1 r e s u l t s  i n  f l o w  t y p e  movements. 



S o i l  c reep i s  a  s low form o f  f l o w  movement. T h i s  phenomenon, which 
occurs on s teep s lopes th roughout  New Zeal and, i n v o l  ves impercep t i  b l  e  
movement o f  t h e  near su r face  s o i  1  s  as they  ' f l o w '  downs1 ope. A1 though 
the  p r imary  cause o f  creep i s  g r a v i t y ,  t h e  process i s  a s s i s t e d  by many 
o t h e r  aqents. - F i g u r e  B3, Page 69, i l l u s t r a t e s  some o f  t h e  common causes 
o f  s o i l  creep. I t  shou ld  be noted t h a t  t h e  e f f e c t s  o f  s o i l  creep on a 
b u i l d i n g  may be no 1 ess d i s a s t r o u s  than those r e s u l t i n g  from t h e  more 
c a t a s t r o p h i c  t ypes  o f  movement d iscussed p r e v i o u s l y .  

B.1.6 Cmpl ex Movements 

Complex movements here  means a combinat ion  o f  two o r  more types o f  
movements as d iscussed above. It i s  q u i t e  common f o r  i ns tance  f o r  
s a t u r a t i o n  o f  t h e  s l  i d e  d e b r i s  f rom a s l  i d e  type movement t o  r e s u l t  i n  
a  subsequent f l ow .  

8.2 Factors Affecting Slope Stabi l  i t y  

Bo2o1 General 

I n  o r d e r  t o  assess t h e  l i k e l i h o o d  o f  a  s lope  f a i l u r e ,  t h e  i n v e s t i g a t o r  
must weigh up t h e  r e l a t i v e  importance o f  t h e  f a c t o r s  which i n f l u e n c e  
the  s t a b i l i t y  o f  t h e  slope. A mu1 ti tude o f  f a c t o r s  a re  i n v o l  ved, some 
o f  which a re  d e t r i m e n t a l  t o  s t a b i l i t y  and some o f  which a re  b e n e f i c i a l .  
It i s  a  m isconcep t ion  t o  a t t r i b u t e  s lope  movement t o  a  s i n g l e  f a c t o r  
a1 though t h e r e  may be one, perhaps q u i t e  t r i v i a l ,  f a c t o r  which 
tri ggered movement . However, t h i s  f i n a l  event  cannot  be regarded as 
the  cause; i n  t h e  words o f  Sowers and Sowers (1970).  . . " o f t e n  t h e  f i n a l  
f a c t o r  i s  n o t h i n g  more than a t r i g g e r  t h a t  s e t  i n  mot ion  an e a r t h  mass 
t h a t  was a1 ready on t h e  verge o f  f a i l u r e .  C a l l  i n g  t h e  f i n a l  f a c t o r  t h e  
cause i s  l i k e  c a l l i n g  t h e  match t h a t  l i t  t h e  fuse t h a t  detonated t h e  
dynamite t h a t  des t royed  t h e  b u i  1  d i n g  t h e  cause o f  t h e  d i s a s t e r " .  

The f a c t o r s  i n v o l v e d  can be expressed i n  t e r m  o f  t h e  f o r c e s  r e s i s t i n g  
movement and those t end ing  t o  cause movement. S l  ope f a i  1  u r e  occurs 
when t h e  t o t a l  d i s t u r b i n g  fo rces ,  i .e. those components o f  f o r c e s  
a c t i n g  i n  t h e  d i r e c t i o n  o f  p o t e n t i a l  movement, exceed t h e  t o t a l  
r e s i s t i n g  fo rces ,  i .e. those f o r c e s  which e x i s t  due t o  t h e  s t r e n g t h  o f  



t he  s lope  fo rming  m a t e r i a l s  as w e l l  as t h e  b u t t r e s s i n g  f o r ces .  The 
va r ious  r e s i s t i n g  and d i s t u r b i n g  f o r c e s  and the  ways i n  which these 
fo rces  may be m o d i f i e d  t o  t h e  de t r imen t  o f  s t a b i l i t y  a re  out1 i n e d  i n  
the  f o l l o w i n g  sec t i ons .  Reference should a l s o  be made t o  F i g u r e  R4, 
Page 70, which i l l u s t r a t e s  many o f  t h e  f a c t o r s  d e t r i m e n t a l  t o  
s t a b i  1  i t y  . 
B.2.2 D i  s turbi  ng Forces 

The d i s t u r b i n g  f o r c e s  i n c l  ude the  f o l  1  owing: 

( a )  The we igh t  o f  t h e  s lope fo rm ing  m a t e r i a l s  and t h e  water  i n  them, 
( b )  H y d r o s t a t i c  fo rces ,  
( c )  Seepage drag f o r c e s  c rea ted  by p e r c o l a t i n g  water ,  and 
( d l  L a t e r a l  p ressure  caused by wate r  o r  i c e  i n  c racks ,  and by 

swel l  i ng o f  h y d r a t i n g  c l  ays. 
( e l  I n  a d d i t i o n ,  an inc rease  i n  t h e  t o t a l  d i s t u r b i n g  f o r c e  w i l l  

r e s u l t  f rom surcharge o f  t h e  s lope by human agencies, 
e.g. f i l l i n g ,  b u i l d i n g ,  waste o r  s t o c k p i l e s  and t h e  we igh t  o f  
water  due t o  leakage f rom serv ices .  These a d d i t i o n a l  d i  s t u r b i  ng 
fo rces  may be permanent o r  temporary. 

( f )  The e f f e c t  o f  t r a n s i e n t  d i s t u r b i n g  f o r ces  caused by earthquakes 
may a1 so need t o  be taken i n t o  account  i n  c e r t a i n  p a r t s  o f  New 
Zealand and p a r t i c u l a r l y  i n  s i t u a t i o n s  where t h e  consequence of 
s lope f a i l u r e  i s  impor tan t .  V i b r a t i o n s  f rom b l  a s t i  ng, heavy 
v i b r a t i n g  machinery and even a  nearby s lope f a i l u r e  a1 so produce 
t r a n s i e n t  d i s t u r b i n g  fo rces .  

1 

B.2.3 Resi s t ing  Forces 

The t o t a l  f o r c e  r e s i s t i n g  movement i s  t h e  sum o f  t h e  f o r c e s  due t o  
the  s t r e n g t h  o f  t h e  s lope  fo rm ing  m a t e r i a l s  as w e l l  as b u t t r e s s i n g  
fo rces .  The fo rmer  a re  expressed i n  terms o f  t h e  shear s t r e n g t h  o f  
t he  m a t e r i a l  a v a i l a b l e  t o  r e s i s t  movement over  t h e  t o t a l  area o f  t h e  
f a i  1  u r e  sur face.  

R e s i s t i n g  f o r c e s  may be reduced by a  decrease i n  t h e  s t r e n g t h  o f  t h e  
ground o r  a  r e d u c t i o n  i n  b u t t r e s s i n g  fo rces .  



B.2.3.1 . Strength reduction 

S t r e n g t h  r e d u c t i o n  o f  t h e  ground may be caused by one o r  more o f  t h e  
f o l  1  owi ng : 

An i n c r e a s e  i n  p o r e  wa te r  p ressure .  T h i s  may r e s u l t  f rom a  r i s e  
i n  t h e  groundwater  t a b l e  o r  t h e  development o f  a zone o f  perched 
water.  An i n c r e a s e  i n  po re  p r e s s u r e  r e s u l t s  i n  an e f f e c t i v e  
r e d u c t i o n  i n  i n t e r p a r t i c l e  f r i c t i o n  and hence a  r e d u c t i o n  i n  
shear  s t r e n g t h .  

An i n c r e a s e  i n  s a t u r a t i o n  i n  t h e  u n s a t u r a t e d  zone above t h e  w a t e r  
t a b l e  reduces s o i l  s u c t i o n  i .e.  t h e  i n t e r p a r t i c l e  p r e s s u r e  due t o  
c a p i l l a r y  t e n s i o n .  Th i s  a l s o  r e s u l t s  i n  a  r e d u c t i o n  i n  e f f e c t i v e  
shear  s t r e n g t h .  

P e r c o l a t i  ng w a t e r  may remove n a t u r a l  cement ing m a t e r i a l  s  bond i  ng 
a d j a c e n t  s o i l  p a r t i c l e s  l e a d i n g  t o  a  r e d u c t i o n  i n  t h e  cohes ion  
component o f  shear  s t r e n g t h .  

An i n c r e a s e  i n  m o i s t u r e  c o n t e n t  l e a d s  t o  t h e  h y d r a t i o n  and 
s o f t e n i n g  o f  c l a y  m i n e r a l s  as a  f u n c t i o n  o f  a b s o r p t i o n ,  s w e l l i n g  
and r e d u c t i o n  i n  cohes ion.  T h i s  i s  p a r t i c u l a r l y  s i g n i f i c a n t  i n  
c l a y e y  s o i l s  c o n t a i n i n g  a  h i g h  p r o p o r t i o n  o f  such c l a y  m i n e r a l s  
as m o n t m o r i l l  o n i t e  and /o r  ha1 l o y s i  t e .  

Groundwater f l o w  may l e a d  t o  e r o s i o n  a l o n g  p r e f e r r e d  d r a i n a g e  
p a t h s  w i t h i n  t h e  s l ope ,  i .em c a v i t a t i o n  and t u n n e l  e ros ion .  

Removal o f  v e g e t a t i o n  and subsequent decay o f  r o o t  systems may 
d i r e c t l y  o r  i n d i r e c t l y  reduce r e s i s t i n g  f o r c e s  i n  a  number o f  
ways. 

V e g e t a t i o n  c o v e r  on a  s l o p e  i s  c l e a r l y  b e n e f i c i a l  i n  te rms  o f  
e r o s i o n  p r o t e c t  i o n  and 1  andscape qua1 i t y .  A1 so, i t  g e n e r a l l y  has 
a  s t a b i l i s i n g  e f f e c t  on s l opes  as a  r e s u l t  o f  t h e  mechanica l  
r e i n f o r c e m e n t  o f  t h e  s o i l  mass by t h e  r o o t  system and t h e  
depl  e t i o n  o f  s o i l  m o i s t u r e  by  e v a p o t r a n s p i  r a t i o n  and r a i n f a l l  



i n t e r c e p t i o n .  Many cases have been c i t e d  o f  s l ope  f a i l u r e s  
a t t r i b u t e d  t o  vege ta t i on  c learance.  Under c e r t a i n  c i rcumstances 
however, v e g e t a t i o n  may be d e t r i m e n t a l  t o  s t a b i 1  i ty,  e.g. t h e  
inc rease  i n  shear s t resses  on s teep s lopes due t o  t r e e  surcharge 
and t h e  ove r th row ing  o f  t r e e s  by h i g h  winds i n  c l  i f f - t o p  
s i t u a t i o n s .  

9) V i b r a t i o n s  from heavy machinery, b l a s t i n g  a c t i v i t i e s ,  e tc . ,  may 
reduce t h e  s t r e n g t h  o f  s l  ope fo rm ing  m a t e r i  a1 s; i n  p a r t i c u l  a r ,  
sa tu ra ted  f i n e  sands and s i l t s  may l i q u e f y  i f  sub jec ted  t o  
i n t ense  v i b r a t i o n .  Ground v i b r a t i o n s  r e s u l  t i n g  f rom a s e i  smic 
shock a1 so i nc rease  d i  s t u r b i  ng f o r ces .  

B.2.3.2 Reduction o f  buttressing forces 

A r e d u c t i o n  o f  b u t t r e s s i n g  f o r c e s  r e s u l t s  f rom removal o f  suppor t  t o  
t h e  s lope.  T h i s  i s  no rma l l y  caused by u n d e r c u t t i n g  o f  t h e  s lope  e i t h e r  
by human a c t i v i t i e s  o r  as  a r e s u l t  o f  s t rearn / r i ve r  e r o s i o n  o r  wave 
ac t i on .  
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APPENDIX C WEMEDIAL/PREVENTIVE MEASURES 

C.1 General 

Th is  appendix dea ls  w i t h  those s i t e s  where t h e r e  i s  an unacceptab le  
r i s k  o f  i n s t a b i l i t y  and where, i n  t h e  even t  o f  a  s lope  f a i l u r e ,  t h e  
proposed b u i l d i n g  development would be a f f e c t e d  i n  some way. I n  such 
c i rcumstances t h e  o n l y  o p t i o n s  a v a i l a b l e  would be t o  e i t h e r  abandon t he  
proposed b u i  1  d i n g  devel  opment o r  t o  i1np1 ement remedia l  o r  p r e v e n t i v e  
measures. The v a r i o u s  types  o f  remedia l  and p r e v e n t i v e  measures t h a t  
a re  commonly employed t o  e i t h e r  remove t h e  r i s k  o r  reduce i t  t o  an 
acceptabl  e  1  eve1 a re  b r i e f l y  ou t1  i ned be1 ow. 

The cho ice  and des ign  o f  s u i t a b l e  r emed ia l / p reven t i ve  measures r e q u i r e s  
a  good unders tand ing  o f  t h e  e x i  s t i n g  o r  p o t e n t i a l  f a i l  u r e  mechani sni. 
It may be necessary t o  c a r r y  o u t  a d d i t i o n a l  subsurface i n v e s t i g a t i o n  
f o r  des ign  purposes. A s u i t a b l e  method o f  s t a b i l i t y  a n a l y s i s  should  be 
c a r r i e d  o u t  t o  q u a n t i f y  t h e  improvement t h a t  may be ach ieved by 
implement ing t h e  proposed measures. It i s  a l s o  i m p o r t a n t  t h a t  
c o n s t r u c t i o n  o f  t h e  remedia l  / p r e v e n t i  we works be superv i  sed; where such 
works i n v o l v e  excavat ion ,  these shou ld  be i nspec ted  t o  ensure t h a t  t he  
ground c o n d i t i o n s  encountered conform w i t h  those assumed i n  t h e  design. 
For  s i t e s  on which ground movement i s  o c c u r r i n g ,  movement m o n i t o r i n g  
should be c a r r i e d  o u t  t o  check t h e  e f f e c t i v e n e s s  o f  t h e  measures. 
M o n i t o r i n g  s h o d  d  be extended th rough a t  1  e a s t  one wet season f o l 1  owing 
comple t ion  o f  t h e  works and, o n l y  a f t e r  t h e  e f f e c t i v e n e s s  o f  t h e  
measures has been conf i rmed,  shou ld  b u i l d i n g  be a l lowed t o  proceed. 

C.2.1 General 

I n  view o f  t h e  s i g n i f i c a n t  i n f l u e n c e  o f  water  on s lope  s t a b i l i t y ,  
dra inage i s  p robab ly  t h e  most common, and may a l s o  be t h e  most 
e f f e c t i v e ,  method o f  improv ing  s t a b i l  i ty. I t  may a1 so be s u b s t a n t i a l l y  
cheaper than  o t h e r  methods. The success fu l  use o f  d ra inage  f o r  
remedying two l a n d s l i p s  i n  t h e  Auckland area i s  r e p o r t e d  by Eas t  
(1974). 



Drainage may serve  two purposes. I t  may be aimed a t  p r e v e n t i n g  
a d d i t i o n a l  wa te r  e n t e r i n g  t h e  problem area, e i t h e r  i n  t h e  form o f  
su r face  r u n o f f  o r  as groundwater. A1 t e r n a t i  v e l y  , dra inage  may be 
r e q u i r e d  t o  e i t h e r  l owe r  t h e  groundwater t a b l e  o r  p reven t  i t  f rom 

: r i s i n g  w i t h i n  t h e  problem area. 

Whatever form o f  d ra inage system i s  i n s t a l l e d ,  i t  i s  e s s e n t i a l  t h a t  
groundwater m o n i t o r i n g  i s c a r r i e d  o u t  t o  c o n f i r m  t h a t  t h e  d e s i r e d  
e f f e c t  i s  b e i n q  - achieved. M o n i t o r i n g  should be extended th rough a t  
l e a s t  one wet season f o l l o w i n g  i n s t a l l a t i o n  o f  t he  dra inage system. 

C.2.2 Interceptor Ditches 

Surface r u n o f f  may be i n t e r c e p t e d  by open o r  l i n e d  d i t c h e s .  I f  an 
i n t e r c e p t o r  d i t c h  i s  u n l i n e d  i t  i s  i m p o r t a n t  t h a t  an adequate f a l l  i s  
p rov ided  and a l s o  t h a t  i t  i s  w e l l  mainta ined;  o therwise ,  t h e  d i t c h  may 
promote r a i  n f a l l  i n f i l t r a t i o n .  

C.2.3 Cut-Off Drains 

A su r face  d i t c h  may be deepened t o  form a c u t - o f f  d r a i n  t o  i n t e r c e p t  
groundwater. The depth t o  which a c u t - o f f  d r a i n  can be cons t ruc ted  
w i l l  depend on t h e  c a p a b i l i t i e s  o f  t he  excava t ion  p l a n t  a v a i l a b l e .  The 
d r a i n  i s  normal l y  back f  i 11 ed w i t h  s u i  t a b l y  graded granu l  a r  ma te r i  a1 
which has adequate p e r m e a b i l i t y  b u t  which does n o t  a l l o w  f i n e s  t o  e n t e r  
and c l o g  t h e  d r a i n .  Where g ranu la r  m a t e r i a l  o f  t h e  c o r r e c t  g rad ing  i s  
n o t  r e a d i l y  a v a i l a b l e ,  f i l t e r  c l o t h  must be used t o  1  i n e  t h e  base and 
w a l l  s  o f  t h e  d r a i n  t rench .  The use o f  f i 1  t e r  c l o t h  i s  reconimended 
anyway as an a d d i t i o n a l  means o f  ensu r ing  the  long- te rm e f f e c t i v e n e s s  
o f  t h e  d r a i n .  Water i s  u s u a l l y  c a r r i e d  away i n  a  p e r f o r a t e d  p i p e  
i n s t a l l e d  a t  t h e  base o f  t h e  t rench.  I t  i s  impo r tan t  t h a t  t he  base of 
t he  t r e n c h  has a  p o s i t i v e  f a l l .  The d r a i n  must be sea led a t  t h e  
sur face  t o  p r e v e n t  i ng ress  o f  su r face  r u n o f f ;  t h e  d r a i n  may o therw ise  
a c t  as a 'soakage p i t ' .  Under c e r t a i n  c i rcumstances, deep c u t - o f f  
d r a i n s  may be d e t r i m e n t a l  t o  s t a b i l i t y  by e f f e c t i v e l y  reduc ing  t h e  
l e n g t h  o f  a  p o t e n t i a l  f a i l u r e  su r face  a long  which shear s t r e n g t h  can be 
rnobi 1  i sed t o  r e s i s t  movement. T h i s  should be taken i n t o  account when 
e v a l u a t i n g  t h e  expected improvement i n  s t a b i l  i ty. 



C-2.4 s Horizontal  Drains 

I . ior izonta1 d r a i n s  c o n s i s t  o f  s l  o t l e d  o r  p e r f o r a t e d  p ipes  (genera l  l y  o f  
P V C )  which a re  i n s t a l l e d  i n  pre-bored ho les  d r i l l e d  t o  i n t e r s e c t  t h e  
groundwater t a b l e  o r  o t h e r  water  b e a r i n g  zone which r e q u i r e s  
dewater ing. T h e  d r a i n s  can be i n s t a l l e d  t o  l eng ths  o f  30 m and, under 
favourable  c o n d i t i o n s ,  t o  as l o n g  as  60 m. The p ipes  should be 
i n c l i n e d  s l i g h t l y  (minimum 10") t o  a1 low g r a v i t y  f l o w  o u t  o f  t he  d ra i n .  
It i s  recommended t h a t  t he  p ipes  be sheathed w i t h  f i l t e r  f a b r i c  t o  
p reven t  t h e  e n t r y  o f  s i l t  and consequent c logg ing .  Removabl e  i n n e r  
s leeves can be p rov ided  i n  t h e  d r a i n s  f o r  p e r i o d i c  maintenance. 

C.2-5 Counterfort Drains 

These a r e  o f  t h e  same form as c u t - o f f  d r a i n s  b u t  a re  excavated 
downs1 ope th rough t h e  uns tab le  o r  p o t e n t i a l  1y uns tab l  e  area. These 
d r a i n s  improve s t a b i l i t y  p r i m a r i l y  as a  r e s u l t  o f  d ra inage a1 though 
they niay a1 so p r o v i d e  a  s i g n i f i c a n t  b u t t r e s s i n g  e f f e c t .  

C-3 Other Methods o f  Stabi l  i s a t i o n  

C.3-1 Retaining/Support Structures 

Reta in i ng  s t r u c t u r e s  i n c l u d e  those which r e l y  on t h e i r  s e l f - w e i g h t  t o  
p rov ide  t o e  .support,  i .e. g r a v i t y  s t r u c t u r e s  such as c r i b  w a l l  s  and 
yabion w a l l s ,  and those which r e s i s t  movement by a c a n t i l e v e r  e f f e c t ,  

J 

e.g. t imbe r  p o l e  r e t a i n i n g  w a l l  s  and r e i n f o r c e d  conc re te  c a n t i l e v e r  
r e t a i n i n g  w a l l  s. Ground anchors and rock  bo l  t s  r e l y  p r i m a r i l y  on t h e i r  
anchor ing f o r c e s  i n  t h e  ground t o  suppor t  uns tab le  o r  p o t e n t i a l l y  
uns tab le  masses. A d e t a i l e d  d i s c u s s i o n  o f  t h e  v a r i o u s  types o f  
s t r u c t u r e  i s  beyond t h e  scope o f  t h i s  manual. There a re  however a 
l a r g e  number o f  t e x t s  a v a i l a b l e  on t h e  s u b j e c t  o f  r e t a i n i n g  w a l l  
design. A t t e n t i o n  i s  drawn t o  t h e  r e t a i n i n g  w a l l  des ign notes  prepared 
by t h e  M i n i s t r y  o f  Works and Development, New Zeal and. 



C.3.2 Regrading 

It may be f e a s i b l e  t o  r e p r o f i l e  t h e  s i t e  by excava t ion  t o  reduce t h e  
h e i g h t  o r  ang le  o f  a s lope.  Normal ly  t h i s  w i l l  r e s u l t  i n  improved 
s t a b i  1  i ty, a1 though t h e  va l  i d i  ty o f  t h i  s assumption shoul d be checked 
by a n a l y s i s ,  as a  r e d u c t i o n  i n  t h e  normal s t r e s s  on a p o t e n t i a l  f a i l u r e  
sur face  w i l l  r e s u l t  i n  a  cor respond ing r e d u c t i o n  i n  e f f e c t i v e  shear 
s t r e n g t h  on t h a t  su r face  and may l e a d  t o  f a i l u r e .  

There may be c i rcumstances where removal o f  t h e  u n s t a b l e  mass by 
excava t ion  i s  poss ib l e ,  e.g. removal o f  a  l i m i t e d  area o f  l oose  f i l l ,  
s c a l i n g  o f  p o t e n t i a l l y  uns tab le  b locks  on rock faces, e t c .  

C.3.3 Biotechnical S tab i l  i sation Methods 

Reference has a1 ready been made t o  t h e  g e n e r a l l y  b e n e f i c i a l  e f f e c t s  o f  
v e g e t a t i o n  on s lope  s t a b i l i t y .  The use o f  se l ec ted  vege ta t ion ,  w i t h  o r  
w i t h o u t  assoc ia ted  s t r u c t u r e s ,  may be cheaper, more e f f e c t i v e  and more 
a e s t h e t i c a l l y  a t t r a c t i v e  than t h e  use o f  s t r u c t u r e s  alone. A f u l l  
manual f o r  such work i s  p rov ided  by Gray and L e i  se r  (1982).  

It shou ld  be emphasised however t h a t  d e s p i t e  the  B e n e f i c i a l  e f f e c t s  o f  
vege ta t ion ,  i t  i s  d i f f i c u l t  t o  q u a n t i f y  t h e  improvement i n  s t a b i l i t y  
achieved. A1 so, t h e  l o n g  term e f f e c t s  cannot  be r e l i e d  on; v e g e t a t i o n  
may be removed by f i r e  o r  as a  r e s u l t  o f  gardening a c t i v i t i e s .  
Accord ing ly  , f o r  h i g h  consequence s i t u a t i o n s ,  b i o t e c h n i c a l  
s t a b i l  i s a t i o n  shoul d o n l y  be cons idered as a  supplementary measure i n  
c o n j u n c t i o n  w i t h  one o f  t h e  o t h e r  techniques mentioned p r e v i o u s l y .  
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