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I t  has been r ecogni sed by Ter zaghi  ( 1962) ,  
Mul l er  ( 1964) ,  John ( 1968)  and ot her s  t hat  
t he s t abi l i t y  of  a s l ope cut  i nt o nat ur al  
r ock i s a pr obl em i n engi neer i ng geol ogy,  
combi ni ng t he ar t s of  es t i mat i on and j udg­
ment  whi ch ar e f eat ur es  of  bot h di sc i pl i nes  
The mechani sms of  s l ope f ai l ur e ar e s i mi l ar  
t o t hose f ound wi t h soi l  wi t h t hi s bas i c  
di f f er ence -  i n soi l s  t he sur f ace of  f ai l ur e 
wi l l  f ol l ow a pat h of  mi ni mum st r engt h,  
wher eas  i n r ock  s l opes,  wher e t he s t r engt h 
of  t he mat er i al  i s r el at i vel y  hi gh,  t he sur ­
f ace of  f ai l ur e wi l l  f ol l ow pr ef er r ed pl anes 
of  weakness  whi ch ar e det er mi ned by geol ogi ­
cal  f eat ur es  such as f aul t s , c ont ac t s , bed ­
di ng pl anes,  cr oss j oi nt s,  r andom j oi nt s,  
al l  of  whi ch,  f or  gener al i t y  i n t hi s paper ,  
wi l l  be r ef er r ed t o as j o i nt s . Wat er  pr es ­
sur es i n t he j oi nt s,  and t o a l esser  ext ent  
i n t he por es of  t he i nt ac t  r ock,  wi l l  pl ay 
t he same i mpor t ant  r ol e as do ' por ewat er '  
pr essur es  i n soi l s.

GEOLOGICAL PROPOSITIONS

I f  t he s t abi l i t y  of  a r ock s l ope i s t o be 
desc r i bed quant i t at i vel y ,  cer t ai n pr opos i ­
t i ons whi ch wi l l  per mi t  t he def i ni t i on of  
pr oper t i es  i n a numer i cal  f or m must  be made 
as f ol l ows :

The P r o p o s i t i o n  o f  S t r u c t u r a l  R e g i o n s  i n  the 
Rock Mass

Any nat ur al l y  occur r i ng r ock mass of  l ar ge 
si ze can be di v i ded i nt o s t r uc t ur al  r egi ons 
wi t hi n whi ch t he j oi nt i ng pat t er ns  wi l l  be 
s i mi l ar  i n a s t at i s t i cal  sense,  i . e.  i n a 
r egi on t he j oi nt s  can be gr ouped i nt o a 
l i mi t ed number  of  ' j oi nt  set s and al l  j oi nt s 
i n any par t i cul ar  j oi nt  set  wi l l  be l ndent i -  
cal  wi t hi n a r ange whi ch can be def i ned by 
s t at i s t i cal  l i mi t s.  By i dent i cal  i s meant  
t hat  t he j oi nt s ar e t he same wi t h r espect  t o 
t he 10 j oi nt  f ac t or s desc r i bed l at er .

The P r o p o s i t i o n  o f  an A b i l i t y  to D e s c r i b e  
J o i n t s  Q u a n t i t a t i v e l y

The j oi nt s  wi l l  be desc r i bed by:

( a)  The Joi nt  Dar ni ng Fac t or s ,  i . e.  t he di r ­
ec t i on of  di p ( DD)  and t he angl e of  di p 
( 6 ) .

( b)  The St r engt h Fact or s ,  i . e.  t he cons i s ­
t ency  or  har dness  of  t he r ock,  whi ch i s 
a f unc t i on of  i t s compr ess i ve s t r engt h;

t he r oughness of  t he sur f aces of  t he 
j oi nt ;  t he nat ur e of  t he gouge wi t hi n 
t he j oi nt ,  i . e.  i t s t hi ckness and i t s 
s t r engt h or  har dness.

( c)  The Fact or s Af f ec t i ng Shear  Al ong t he 
Joi nt ,  i . e.  t he appar ent  di p of  t he 
j oi nt  wi t h r espect  t o t he sl ope ( a) , 
t he cont i nui t y  of  t he j oi nt  ( k)  and 
i t s wavi ness.

The P r o p o s i t i o n  o f  the P r e d i c t i o n  o f  the 
P re sence  o f  an Unseen J o i n t

The boundar i es  of  a s t r uc t ur al  r egi on may be 
def i ned by a sur vey of  t he j oi nt s whi ch nave 
al r eady been exposed.  The f act  t hat  j oi nt s

Fi g. 1 Pr edi c t i on of  t he Pr esence of  Unseen 
Joints

of  a par t i cul ar  t ype ar e v i s i bl e when t he ex ­
cavat i on has r eached dept h Hi  i s an i ndi ca­
t i on t hat  ot her  s i mi l ar  j oi nt s ex i s t  i n t he 
r emai ni ng unseen vol ume of  t he exposed s t r uc ­
t ur al  r egi on.  Such j oi nt s  may be of  no con­
cer n when t he dept h i s Hi  but  t hey may cause 
f ai l ur e when t he dept h r eaches H2 . The r e ­
l at i onshi p bet ween t he Fact or  of  Saf et y  and 
t he hei ght  of  t he s l ope i s appr ox i mat el y  
hy per bol i c .

The t heor y  of  s l ope s t abi l i t y  i n r ock wi l l  
depend upon man' s  abi l i t y  t o def i ne t he j oi nt  
f act or s i n a numer i cal  way.  Fur t her ,  at t en ­
t i on must  al so be gi ven t o t he f act  t hat  
nat ur al  var i at i ons wi l l  ex i s t  and t hat  t he 
number s  of  j oi nt s whi ch ar e i nvol ved wi l l  
usual l y  be ver y l ar ge.  Two most  i mpor t ant  
quest i ons  t o be answer ed ar e:  how f ar  shoul d
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one go i n per f or mi ng l abor at or y  t es t s  and t o 
what  ex t ent  can one r el y  on s i mpl er  and 
coar ser  f i el d obser vat i ons  i n det er mi ni ng 
t he numer i cal  quant i t i es  necessar y  f or  
des i gn cal cul at i ons .  I n answer i ng t hese 
ques t i ons ,  t he gr eat  vol ume of  j oi nt  dat a 
r equi r ed i s a f ac t or  of  pr i me consi der at i on.

MODES OF FAILURE IN ROCK SLOPES

Fai l ur e occur r i ng on pr ef er r ed pl anes of  
weakness  i mpl i es t hat  t he f ai l ur e sur f aces 
wi l l  be pl ane or  combi nat i ons  of  pl anes.
The angl e 0 i s def i ned as t he di p angl e of  
a mean sur f ace of  f ai l ur e.  I t  shoul d be 
not ed t hat  whi l e t he angl e 0 der i ves f r om a,  
t he appar ent  angl e of  di p wi t h r espec t  t o 
t he di p di r ec t i on of  t he s l ope,  0 i s not  
necessar i l y  equal  t o a.  I t  i s i mpor t ant  t o 
under s t and t hat  di spl acement s  dur i ng f ai l ­
ur e wi l l  t ake pl ace i n t he a- di r ec t i on and 
not  i n t he 0- di r ec t i on wher e t hi s i s di f f er ­
ent  f r om a.  Four  modes of  f ai l ur e ar e 
r ecogni sed,  t hr ee of  t hem r el at i ng t o t wo-  
di mens i onal  s l i ces t hr ough t he s l ope and one 
t o a t hr ee- di mens i onal  wedge f ai l ur e.  A 
dept h of  c r ack i ng zQ at  t he t op of  t he sl ope 
i s al so accept ed.  The r ecogni sed f ai l ur e 
modes a r e :

( a)  Pl ane Fai l ur e Mode

I n Fi g.  2 t he bl ock  ABDE sl i des out  on 
t he 6- pl ane.  The angl es 0 and a may be 
t he same,  i nvol v i ng a number  of  a- j oi nt s

E D  C

Fi g.  2 Pl ane Fai l ur e Mode

l y i ng i n one pl ane ( t he or der ed syst em)  
or  i t  may  i nvol ve s t eppi ng f r om j oi nt  
t o j oi nt  wher e t hese have mean l engt hs 
Lj a and mean spac i ngs dm(5l ( s t at i s t i cal  
syst em) .  Such s t eppi ng i s cons i der abl y  
ass i s t ed i f  anot her  set  of  j oi nt s ex i s t s  
wi t h an appar ent  di p angl e i/j .

( b)  Conj ugat e Pl anes -  Zone Fai l ur e Mode

These set s of  j oi nt s  def i ned by appar ent  
di p angl es  aa , m  and a2 ex i s t  and t hese 
gi ve r i se t o pot ent i al  f ai l ur e sur f aces 
0a , S i  and $2- Bel ow t he c r ack i ng dept h 
zo,  f ai l ur e must  occur  on al l  pl anes 
s i mul t aneous l y .  The bl ock  ABKFG moves 
o u t , t he bl ock  KCDF i s a zone of  ver t i cal  
t ens i on f ai l ur e and t he bl ock  BCK i ' s a 
r egi on of  shear  f ai l ur e,  s i mul t aneous l y  
on t he 0i  and 02 pl anes.  The sol ut i on

G F E D

Fi g.  3 Conj ugat e Pl anes  -  Zone Fai l ur e Mode

i s f ound by cons i der i ng t he hor i zont al  
and t angent i al  f or ces ( P and T)  devel oped 
on t he sur f ace BE,  and t he anal ys i s  i s 
t hen car r i ed out  as f or  pl ane f ai l ur e
( a)  above wi t h P and T ac t i ng on t he f ace 
of  dept h Hj j .

( a)  Conj ugat e Pl anes -  Bl ock  Fai l ur e Mode

Agai n,  t hr ee set s of  j oi nt s  ex i s t  but  i n 
t hi s case t he shear  s t r engt h on t he 02 
pl anes i s so gr eat  t hat  f ai l ur e does not  
occur  i n t hi s  pl ane.  As t he bl ock  moves 
out  on t he 0a p l ane , an over hang devel opes

G F D

Fi g.  4 Conj ugat e Pl anes -  Bl ock Fai l ur e 

Mode

t o t he r i ght  of  poi nt  B.  Fai l ur e i n t en ­
s i on t akes pl ace,  ei t her  on t he 02 pl ane,  
as shown,  or  mor e pr obabl y ,  on t he ver t i ­
cal  pl ane t hr ough B.  An i nt ac t  bl ock  
such as BCK r ot at es  as shown by B' C' K1, 
exer t i ng a f or ce at  B'  down t he AB pl ane 
on t he f ai l i ng bl ock  ABKFG.

( d)  Thr ee- Di mens i onal  Wedge Fai l ur e Mode

I f  t wo i nt er sec t i ng pl anes ar e such t hat  
t he l i ne of  i nt er sec t i on bet ween t hem has 
a component  of  di p down t he s l ope,  t he 
wedge t hus f or med may s l i de out ,  ei t her  
as a " r i gi d body  or  as a br oken mas s , i f  
f ai l ur e al so t akes pl ace wi t hi n t he wedge.  
I n Fi g.  5 ABD r epr esent s  t he pl an of  a 
j oi nt  wi t h s t r i ke AB and di p 6i ;  BCD t hat  
of  a j oi nt  wi t h st r i ke BC and di p 62 ; t he 
i nt er sec t i on of  t he t wo pl anes i s gi ven
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P L A N

Fig. 5 Three-Dimensional Wedge Failure Mode

i n pl an by t he l i ne BD,  hav i ng an appar ent  
di p 0' .  I f  t he bl ock  r emai ns  i nt act  dur ­
i ng s l i di ng out  and i f  no separ at i on t akes 
pl ace on ei t her  j oi nt  sur f ace t hen t he 
vec t or  of  movement  i s i n t he di r ec t i on BD 
and t he r es i s t i ng f or ces on t he &i and 62 
pl anes  ar e i n t he di r ec t i on DB.  The 
anal ys i s  i s car r i ed out  by t hr ee- di men ­
s i onal  r esol ut i on of  f or ces.

I f  t he Fac t or  of  Saf et y ,  F,  i s t aken on t he 
shear  s t r engt h,  i n t he way  commonl y  used i n 
s l ope s t abi l i t y  anal ys i s ,  t he necessar y  
equat i ons  f or  t he f our  modes of  f ai l ur e may 
be set  up.  They  become somewhat  i nvol ved 
i f  cons i der at i ons  of  wat er  pr essur es  and 
combi nat i ons  of  sur char ge and zQ ar e i n ­
c l uded.  Thei r  sol ut i on r equi r es  t he use of  
a hi ghspeed comput er ,  par t i cul ar l y  when com­
bi nat i ons  of  0' s and poss i bl e event s  ar e 
t aken i nt o account .  The equat i ons  ar e not  
gi ven her e and wi l l  be publ i shed el sewher e.

The S t r e n g t h  P ar am ete r s  a p p l y i n g  to the 
0 -P1 anes

t hr ough t he i nt act  r ock and al ong j oi nt  sur ­
f aces;  i f  cm, <J>m and cj  ,<(>3 ar e t he cohes i on 
and f r i c t i on par amet er s  appl y i ng t o t he i n ­
t ac t  r ock  and t o t he j oi nt s ,  r espect i vel y ,  
and,  f i nal l y ,  i f  t m i s t he t ens i l e s t r engt h 
of  t he i nt act  r ock t hen:

s = shear  s t r engt h of  t he i nt ac t  r ock 
m f or  f ai l ur e i n t he a- di r ec t i on

= c +a . t anò 
m n m

( 1)

and
s.  = shear  s t r engt h al ong t he j oi nt  sur -  

 ̂ f aces f or  f ai l ur e i n t he a- di r ec t i on

( 2 )

I n Fi g.  6, t ak i ng uni t  wi dt hs  nor mal  t o t he 
paper  and cons i der i ng t he whol e l engt h of  
t he 0- pl ane,  R. F. ,  t he f or ce r es i s t i ng s l i d ­
i ng on t he 0- pl ane ( i n t he vec t or  di r ec t i on 
a)  i s:

RF = I AS + I AT ( 3)

As movement  t akes pl ace,  separ at i on occur s 
on t he i | >- j oi nt s pass i ng t he A( AN)  f or ces 
whi ch pr ev i ous l y  ac t ed acr oss t hem ont o 
i nt act  r ock and j oi nt s  of  t he a- di r ect i on.
As a conser vat i ve assumpt i on i t  i s t aken 
t hat  t he el ement al  f or ces ar e t r ans f er r ed 
onl y  t o t he a- j oi nt  sur f aces.  The el emen­
t al  nor mal  f or ce t hen ac t i ng on an a- j oi nt  
sur f ace i s Oj ^( Lj ^p + Lj j i , p) wher e Lj ap ^nd Li j ^p 
ar e t he pr oj ec t i ons  of  t he a and ip j oi nt s 
ont o AC,  par al l el  t o t he a- pl ane, as shown 
i n Fi g.  6:

“ S={ cmr ( Li ap) +an E( Li ap ) t an* m} +

{ c j E ( Lj ap) +an £( L. j ap+Lj  ^p ) t an$j  } . ( 4)

Cl ean j oi nt s wi t hout  gouge ar e cons i der ed 
t o have c j =o and,  i f  a j oi nt  has any cohes ­
i on,  t hi s  i s due t o t he cohes i on of  t he 
gouge mat er i al  f i l l i ng t he j oi nt .  Thi s  
gouge wi l l  nor mal l y  have a s t r engt h con­
s i der abl y  l ower  t han t he i nt act  r ock.
He n c e ’t he t er m c j Ei Lj ^ p)  t ends t o be smal l  
i n compar i son wi t h t he ot her  t er ms and,  
wi t hout  l oss of  accur acy,  equat i on ( 4)  may 
be r ewr i t t en:

ZAS = E( L■ ) ( c +0 t an*  ) + 
l ap m n mFig. El ement al  Di mensi ons and For ces on 

t he 8- Pl ane

The anal ys i s  l eadi ng t o a f ac t or  of  saf et y  
can onl y  be car r i ed out  i f  we have a k now­
l edge of  t he s t r engt h par amet er s  appl y i ng t o 
f ai l ur e about  t he mean B- pl ane.  Fi g.  6 
shows t he j oi nt s  and el ement al  f or ces act i ng 
on t hem f or  t he sur f ace of  f ai l ur e def i ned 
by t he 0- pl ane.  I f  on i s t he st r ess nor mal  
t o t he a- pl ane;  i f  i t  be assumed t hat  Mohr -  
Coul omb r el at i onshi ps  appl y  t o shear  f ai l ur e

vec t or
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. . .  ( 5)

Di v i di ng bot h s i des of  t he equat i on by 
( ELi ap+ELj ap+ELj i i p)  whi ch i s t he t ot al  l engt h 
of  t he sur f ace of  shear i ng,  AC,  and def i ni ng 
k ag,j ,, t he coef f i c i ent  of  cont i nui t y  of  t he 
a and ip j oi nt s  wi t h r espect  t o shear i ng i n 
t he a- di r ec t i on,  gi ves:

a0i|i

t hen

EL.  +EL . .
3° P 3»P 

EL.  +EL . .  +EL . 
] ap ]i | i p l op

( 6 )

s „ = shear  per  uni t  l engt h f or  shear i ng 
on t he 6- pl ane wi t h movement s  i n 
t he a- di r ec t i on

= ( 1- k c . ) ( c +a tan<| > ) + 
a0<|i m n m

k .  . Cc . +a t andi . ) 
a&i |J ]  n

( 7)

wr i t i ng

sm = s t r engt h of  t he i nt act  r ock when
t he nor mal  st r ess acr oss  t he shear ­
i ng pl ane i s a , equat i on ( 7)  
becomes:  n

=  i a - k a 0 * ) s m + k a 6 * - C j }  +  a n { k a e * - t a n < ( , j }

. . .  ( 8)
%

I f  hypot het i cal  or  appar ent  par amet er s  ca 
and <(>a appl y  t o shear i ng on t he 0- pl ane wi t h 
movement s  i n t he a- di r ec t i on,  t hen:

= c +a t an*  
a n  Ta ( 9)

Si nce our  mai n i nt er es t  i s i n k a ĝ ,  near  1. 0 
we may wr i t e :

= { ( 1- k « , ) s +k a . c . } 
aßi j i  m a0i |> j

and
t an*  = k

a0*  t an*j

. ( 10)  

. ( 1 1 )

By s i mi l ar  r easoni ng,  appl i ed t o t he EAT 
t er m of  equat i on ( 3)

= k .  . . 
t  a 0i|it

ELj »Pt

ZLj l)»pt  + I:l j i I))pt
. . . ( 12)

. ( 13)

and t  = appar ent  t ens i l e s t r engt h

= ( 1 - k . ) .  t  
t  ■ m

Equat i ons  ( 10) ,  ( 11)  and ( 13)  al l ow t he s et ­
t i ng up of  equat i ons  f or  t he di s t ur bi ng and 
r es i s t i ng f or ces f or  f ai l ur e on t he mean
0- pl ane.  Ref er r i ng t o Fi g.  7,  i f  Wg i s t he 
wei ght  of  sur char ge over  t he s l i di ng wedge 
of  wei ght  Wy,  t hen

DF = ( Wg+Ww) si n a . . . ( 14)

( RF)  = ^ { c a - ( H- zo ) cosec0. cos( 0- a)

+ ( Wg+Ww) cosa.  t an<| >a

+t a ( H- zQ) cosec0. s i n( 0- a) }  . . . ( 15)

( RF)  = DF . . . ( 16)

The sol ut i on r equi r es  knowl edge of  t he shear  
s t r engt h of  t he i nt act  r ock ( sm or  cm, i|>m 
and an ) ; t he shear  s t r engt h on t he j oi nt s

Fi g.  7 Wedge Fai l ur e of  a Sl ope

( cj , i ( i j ) ;  t he t ens i l e s t r engt h of  t he r ock 
( t m) ; t he appar ent  di p angl e of  t he j oi nt s 
( a or  lji) ; and t he coef f i c i ent s  of  cont i nui t y  
( )<a0i|j >^t ^ • The i nves t i gat i on and,  i n par t i ­
cul ar ,  t he f i el d sur vey  of  t he j oi nt s must  
be so ar r anged as t o pr ov i de t hi s neeessar y  
i nf or mat i on.

THE JO INT  SURVEY AND THE ASS IGNMENT OF 

VALUES TO THE PARAMETERS NEEDED IN THE 

AN A LY S I S

Thi s  sur vey shoul d ai m t o measur e a suf f i c i ­
ent  number  of  exposed j oi nt s  so t hat  t he 
dat a can be v i ewed s t at i s t i cal l y .  I t  has 
been f ound t hat  wher e suf f i c i ent  exposur e 
of  r ock f ace ex i s t s  a l i ne sur vey  i s qui cker  
t o conduct  and t he r esul t s  f r om i t  ar e s i m­
pl er  t o anal yse.  I t  i s pr ef er abl e t hat  a 
l i ne sur vey  be car r i ed out ,  i . e.  ever y  
j oi nt  al ong t he sel ec t ed l i ne shoul d be 
obser ved f or  t he f ol l owi ng:

( a)  Pos i t i on of  t he cent r e of  t he j oi nt  
al ong t he l i ne : t hi s  shoul d al l ow t he 
co- or di nat es  x,  y,  z t o be f i xed.

( b)  Di p angl e,  6.

( c)  Di p Di r ec t i on,  angl e DD.

( d)  Har dness of  t he r ock t o a scal e s i mi l ar  
t o t hat  used f or  t he cons i s t ency  of  soi l s
i . e.  use s i mpl e f i el d t est s  t o di v i de t he 
r ock  i nt o f i ve cat egor i es:

HI  ver y sof t  r ock  -  can be peel ed wi t h 
a kni f e,  mat er i al  cr umbl es under  f i r m 
bl ows wi t h shar p end of  a geol ogi cal  
pi ck;

H2 sof t  r ock -  can j ust  be scr aped wi t h 
a kni f e -  i ndent at i ons  1/ 16 i n.  t o 
1/ 8 i n.  wi t h f i r m bl ows of  t he pi ck 
po i n t ;

H3 har d r ock -  cannot  be sc r aped or  
peel ed wi t h a kni f e -  hand spec i men 
br eaks wi t h a f i r m bl ow of  t he hammer  
end of  t he p i c k ;

H4 ver y har d r ock  -  spec i men br eaks wi t h 
mor e t han one bl ow of  t he pi ck;

H5 ver y ver y har d r ock -  br eaks onl y  wi t h 
gr eat  di f f i cul t y  and many bl ows of  
t he pi ck.

( e)  Roughness  o f ' t he sur f aces of  t he j oi nt
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i s assessed us i ng f i ve cat egor i es:

s l i ckens i ded;  smoot h;  def i ned r i dges;  
smal l  s t eps and ver y r ough.

( f )  Gouge t hi ckness  i s r ecor ded,  agai n i n 
f i ve cat egor i es:

no gouge at  al l ;  gouge t hi ckness  O- J i n;  
t hi ckness  J- l  i n;  t hi ckness  1- 2 i n;  and,  
f i nal l y ,  gr eat er  t han 2 i n.

Al l  f i l l i ng i n bet ween j oi nt s  i s def i ned 
as gouge -  i t  mi ght  be a f aul t  br ecc i a,  
a cl ay,  or  even a cal c i t e depos i t i on i n 
t he j oi nt .

( g)  The gouge mat er i al  i s desc r i bed f i r s t l y  
by i t s or i gi n and t hen ei t her  as a soi l  
or  a r ock,  i t s har dness c l ass i f i cat i on 
bei ng not ed.  I f  t he gouge i s cons i der ed 
t o be a soi l ,  a sampl e i s t aken and t he 
At t er ber g Li mi t s  det er mi ned i n t he l abor a ­
t or y.  Fr om t hese l i mi t s  a r ough asses s ­
ment  of  t he f r i c t i on angl e may be made.

( h)  Wav i ness  of  t he exposed j oi nt  sur f ace i s 
measur ed by pl ac i ng a s t r ai ght  edge down 
di p and r ecor di ng t he l engt h bet ween hi gh 
poi nt s  of  cont act ,  t oget her  wi t h t he of f ­
set  i n bet ween t hem.

( i )  The l ongest  v i s i bl e l engt h of  t he ex ­
posed j oi nt  i s r ecor ded.

Cj )  Rock t ype.

( k)  Nat ur e and or i gi n of  t he j oi nt .

These obser vat i ons  ar e t hen used t o make
assessment s  as f ol l ows:

( a)  The s t r uc t ur al  r egi ons ar e det er mi ned 
by pl ot t i ng di p and di p di r ec t i on sequen ­
t i al l y  al ong t he sur vey l i nes.  Changes 
i n pat t er ns  i n t he pl ot s denot e boundar i es  
t o t he r egi ons and t hese ar e gener al l y  
f ound t o coi nci de'  wi t h geol ogi cal  f eat ur es 
such as f aul t s,  dykes or  cont act s.

■(b) Wi t hi n each s t r uc t ur al  r egi on t he di p 
and di p di r ec t i on ar e pl ot t ed on r ec t angu­
l ar  pl ot s  as pr oposed by Pi ncus ( 1951) .
The dat a i s al so cor r ec t ed f or  sampl i ng 
di r ec t i on and di p angl e t o gi ve equi v a ­
l ent  number s  f or  sampl i ng l i nes nor mal  
t o t he j oi nt  pl anes.  The pl ot s t aken 
t oget her  per mi t  t he def i ni t i on of  j oi nt  
set s wi t hi n t he r egi on.  Ot her  f act or s 
such as r oughness,  j oi nt  l engt hs,  et c.  
may al so be i sol at ed i n t he pl ot s  and,  
t oget her ,  t hese dat a per mi t  one t o def i ne 
t he des i gn j oi nt  set s.

( c)  The maj or  geol ogi cal  f eat ur es,  e. g.  
dykes,  f aul t s and cont act s ,  whi ch ar e 
l i kel y  t o be cont i nuous,  ar e separ at ed 
out  and t es t ed separ at el y .  I n t he des i gn 
of  t he sl ope each must  be cons i der ed 
i ndi v i dual l y .

( d)  The appar ent  di p angl e,  a,  i s cal cu­
l at ed us i ng s i mpl e t r i gonomet r y .

( e)  The number  of  j oi nt s i nt er sec t ed on a
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known l engt h of  sur vey  l i ne , i s used t o ­
get her  wi t h t he di r ec t i ons  of  t he j oi nt  
and of  t he l i ne t o cal cul at e dm, t he mean 
di s t ance bet ween j oi nt s of  t he same set ,  
measur ed nor mal  t o t he j oi nt  pl anes.

( f )  The j oi nt  l engt hs ar e used t o cal cul at e 
Lj mj  t he mean j oi nt  l engt h,  and Lj l ,  t he 
pr obabl e max i mum j oi nt  l engt h f or  j oi nt s 
wi t hi n t he set s.

( g)  The assessed har dness  of  t he r ock i s 
used wi t h t he empi r i cal  cur ve i n Fi g.  8 
t o pr edi c t  a conser vat i ve val ue of  t he 
compr ess i ve s t r engt h,  qu .

( h)  The cohes i on of  t he r ock cm i s-  t aken as
0. 16qu .

( i )  The f r i c t i on angl e of  t he i nt ac t  r ock 
(Jim i s es t i mat ed f r om t he r ock t ype.

( j )  The mean nor mal  s t r ess,  an , f or  t he sl ope 
under  cons i der at i on i s t hen j udged and used 
wi t h equat i on ( 1)  t o obt ai n sm f or  t he i n ­
t ac t  r ock of  t he sl ope.

( k)  The j oi nt  par amet er s  cj  and <)>j ar e t hen 
assessed f r om t he r oughness cat egor y.  I f  
gouge i s pr esent  t he gouge par amet er s  cj g 
and <)>jg ar e assessed and t hese ar e com­
bi ned wi t h t he c l ean j oi nt  par amet er s  c j c 
and <(>j  c , us i ng t he per cent age of  j oi nt s  
f i l l ed wi t h gouge and t he t hi ckness  of  t he 
gouge as measur es of  t he r el at i ve i nf l u ­
ences of  each.  I n t hi s way r ev i sed cj  and 
♦ j - val ues ar e f ound.

( 1)  The t ens i l e s t r engt h of  t he i nt ac t  r ock 
i s t aken as 0. 10qu .

( m)  The coef f i c i ent s  of  cont i nui t y  ar e ass es ­
sed f r om t he l engt hs of  t he j oi nt s i n r e ­
l at i on t o t he pr obabl e l engt h of  t he f ai l ­
ur e sur f ace i n t he sl ope.  Two model s  ar e 
used -  one f or  an or der ed sys t em wher e an 
obser ved j oi nt  i n an exposed f ace i s t aken 
as a l i near  model  of  t he sl ope bei ng des ­
i gned;  t he ot her  i s f or  a s t at i s t i cal  spa ­
t i al  di s t r i but i on of  t he j oi nt s i nvol v i ng 
a concept  t hat  f ai l ur e occur s by s t eppi ng 
f r om j oi nt  t o j oi nt  on t he 6 l i ne i nt er ­
sec t i ng t he j oi nt s.  The pr esence of  ot her  
j oi nt s cut t i ng acr oss t he mai n set ,  ar ound 
whi ch t he f3 l i ne f or ms,  cons i der abl y  af f ec t  
t he coef f i c i ent s  of  cont i nui t y .  These co­
ef f i c i ent s  ar e pr obabl y  t he most  di f f i cul t  
and uncer t ai n of  al l  of  t he assessed f ac ­
t or s.  Thei r  desc r i pt i on r equi r es  a separ ­
at e t echni cal  paper  whi ch wi l l  be publ i shed 
el s ewher e.

( n)  Wav i ness r ef er s  t o i r r egul ar i t i es  of  t he 
sur f ace whi ch ar e l ar ge and unl i kel y  t o be 
shear ed of f .  At t empt s  have been made t o 
det er mi ne t he wave shape f r om of f set  and 
di s t ance bet ween hi gh poi nt s  of  cont act  
wi t h a s t r ai ght  edge and r esul t s  show t hat  
a l i near  var i at i on,  whi ch i mpl i es  a t r i ­
angul ar  wave f or m,  i s as good an appr ox i ­
mat i on as any ot her  shape.  I t  i s a con­
ser vat i ve assumpt i on.  Thi s  al l ows a def i ­
ni t i on of  to, t he angl e of  wavi ness.  Thi s 
i s used t o modi f y  t he appar ent  di p angl e a.

WATER PRESSURES I N THE ROCK

As wi t h s l opes i n soi l s,  wat er  pr essur es

I n t he r ock ar e a maj or  f ac t or  caus i ng i n ­
s t abi l i t y .  Bas i cal l y ,  f l ow i n t he r ock obeys 
t he Lapl ac i an Law but  al l owances must  be made 
f or  i nf l ow and out f l ow at  t he phr eat i c  sur ­
f ace and f or  r at i os of  per meabi l i t y  whi ch 
ar e wel l  out s i de t he r anges f ound wi t h soi l s.  
The whol e t heor y  i s t i ed back t o pi ezomet r i c  
obser vat i ons  and t he pi ezomet er s  ar e i ns t al ­
l ed us i ng a sys t em of  hydr aul i c  f r ac t ur i ng 
t o ensur e connec t i on wi t h t he f i ssur es i n 
t he r ock.  The wat er  pr essur es  ar e used i n 
t he t heor y  i n t he or di nar y  way  appl y i ng t o 
soi l s wi t h t he f ur t her  assumpt i on t hat  ca 
and i)ia ar e par amet er s  wi t h r espec t  t o ef f ec ­
t i ve st r esses.

CONCL USI ON

The det er mi nat i on of  pot ent i al  pl anes of  
f ai l ur e i n a s l ope i s s t i l l  l ar gel y  a j udg­
ment  pr ocess based on many f i el d obs er va ­
t i ons of  j oi nt s and t hei r  pr oper t i es  and 
s i mpl e conser vat i ve r ul es whi ch per mi t  t he 
geomet r y  and t he s t r engt h al ong t hese pl anes 
t o be assessed.  Br i ef l y  t he pr ocess i s sum­
mar i sed as f o l l ows :

( i )  The j oi nt  dat a i s anal ysed us i ng s ui t ­
abl e comput er  pr i nt out s  whi ch may be i n ­
t er pr et ed by i nspec t i on t o y i el d s t r uc t u ­
r al  r egi ons , j oi nt  set s and maj or  geol ogi ­
cal  f eat ur es.

( i i )  Sui t abl e sor t s ar e per f or med on t he 
j oi nt  dat a t o det er mi ne t he aver age j oi nt  
pr oper t i es  f or  each j oi nt  set .

Ci i i )  Us i ng t he r esul t  f r om ( i i )  above and 
equat i ons  of  t he f or m gi ven,  es t i mat es  
ar e made of  cont i nui t y  of  j oi nt i ng on pot ­
ent i al  f ai l ur e pl anes.

( i v)  The r emai nder  of  t he r esul t s  f r om ( i i )  
ar e used t o make assessment s  of  cm, i)>m,
cj  , <|> and t m, us i ng Fi g.  8,  and val ues 
f ound i n t he l i t er at ur e.

( v)  The var i ous pot ent i al  f ai l ur e pl anes 
ar e used i n combi nat i on,  gi v i ng t he f our  
bas i c  f ai l ur e modes.  The f ac t or  of  saf e ­
t y  of  t he sl ope i s det er mi ned.
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