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FORECASTING TIME OF SLOPE FAILURE BY TERTIARY CREEP
PREDICTION  DU M OM EN T DE RUPTURE D UN  TALUS PAR FLUAGE TERTIAIRE

M. SAITO, Dr. Eng. 

Oyo Chishitsu Co.. Ltd., Tokyo, Japan

S Y N O P S IS  T h i s  p a p e r  d e s c r i b e s  th e  r e l a t i o n s h i p  b e t w e e n  c r e e p - r u p t u r e  l i f e  l e f t  b e f o r e  f a i l u r e  a n d  t r a n s i e n t  s t r a i n  

r a t e  a t  o p t i o n a l  t i m e  in  th e  t e r t i a r y  c r e e p  r a n g e .  T h i s  r e l a t i o n s h i p  w a s  fo u n d  in  f i e l d  m e a s u r e m e n t  a t  a  s i t e  o f  

l a n d s l i d e ,  a n d  c o m p o s e d  o f  m o d i f i c a t i o n  o f  t h e  r e l a t i o n s h i p  in  t h e  s e c o n d a r y  c r e e p  r a n g e .  I t  w a s  p r o v e d  t o  h a v e  

g o o d  a d a p t a b i l i t y  t o  t h e  m e a s u r e m e n t s  in  a c t u a l  c a s e s .  T h e  r e l a t i o n  c a n  b e ,  t h e r e f o r e ,  u t i l i z e  t o  e s t i m a t e  th e  r u p ­

t u r e  l i f e  o f  s l o p e  in  th e  t e r t i a r y  c r e e p  r a n g e .

July. 1 9 6 6
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S te a d y -s to te  strain rate £ in xlO~4 per min. ( log. scale)

F i g .  1 F i e l d  m e a s u r e m e n t  w i t h  a n  a u t o m a t i c  s t r a i n m e t e r  a t  A s a m u s h i  l a n d s l i d e

c r e e p ,  a n d  i t  s h o u ld  b e  a  s e r i o u s  c o n t r a d i c t i o n  th a t th e  

n e w e s t  m e a s u r e d  r e s u l t s  c a n n o t  b e  u s e d  f o r  p r e d i c t i o n  

in  s p i t e  o f  a p p r o a c h i n g  f a i l u r e .  It i s ,  t h e r e f o r e ,  u r ­

g e n t ly  n e e d e d  t o  f in d  s o m e  p o s s i b l e  m e t h o d  o f  f o r e c a s t ­

in g  a p p l i c a b l e  in  th e  t e r t i a r y  c r e e p  r a n g e .

I N T R O D U C T I O N

A  m e t h o d  o f  f o r e c a s t i n g  th e  t i m e  o f  o c c u r r e n c e  o f  s l o p e  

f a i l u r e  b y  m e a n s  o f  s t e a d y - s t a t e  s t r a i n  r a t e  h a s  b e e n  

p r o p o s e d  b y  t h e  a u t h o r  in  th e  p r e v i o u s  P r o c e e d i n g s .

T h i s  m e t h o d ,  h o w e v e r ,  i s  n o t  a p p l i c a b l e  in  t h e  t e r t i a r y  

c r e e p  r a n g e ,  b e c a u s e  o f  i n c r e a s i n g  s t r a i n  r a t e  o f  s o i l

I 00,000

10 , 0 0 0

1 ,0 0 0

1 Strain rate — rupture life relationship  

J  at each optional time ,

677



SA/ TO

T H E  S H A P E  O F  C R E E P  C U R V E  IN  T H E  T E R T I A R Y  

C R E E P  R A N G E

In  c a s e  o f  A s a m u s h i  l a n d s l i d e ,  w h i c h  o c c u r r e d  in  J u ly , 

1 9 6 6 , a n  a u t o m a t i c  r e c o r d i n g  d e v i c e  w r o t e  d o w n  l a n d s l i d e  

m o v e m e n t  o n l y  in  t h e  t e r t i a r y  c r e e p  r a n g e  b e c a u s e  o f  

l a t e  in s t a l l a t i o n  o f  t h e  d e v i c e  t o  t h e  s i t e .  B u t t r a n s i e n t  

s t r a i n  r a t e  w a s  a l s o  f o u n d  t o  s a t i s f y  t h e  r e l a t i o n  a s  in  

t h e  s e c o n d a r y  c r e e p  r a n g e ,  p a i r e d  w i t h  t h e  r u p t u r e - l i f e  

l e f t  b e f o r e  f a i l u r e ,  a s  s e e n  in  F i g .  1 . It i s ,  t h e r e f o r e ,  

c o n s i d e r e d  p o s s i b l e  t o  e x t e n d  t h e  p r e v i o u s  r e l a t i o n s h i p  

f u r t h e r  t o  t h e  t e r t i a r y  c r e e p  r a n g e  w it h  s o m e  m o d i f i ­

c a t i o n .  T h e  r e l a t i o n s h i p  b e t w e e n  c r e e p - r u p t u r e  l i f e  t r  

a n d  s t e a d y  s t a t e  s t r a i n  r a t e  £ in  t h e  s e c o n d a r y  c r e e p  

r a n g e  h a s  b e e n  e x p r e s s e d  a s  f o l l o w s :

l o 8 l 0  '
2 .3 3 0 .9 1 6  l o g j o  e ± 0 . 5 9  .............  ( 1 )

In  t h e  t e r t i a r y  c r e e p  r a n g e  t r  a n d  e m a y  b e  s u b ­

s t i t u t e d  b y  th e  t i m e  le n g t h  l e f t  b e f o r e  f a i l u r e  o r  c r e e p -  

r u p t u r e  l i f e  a n d  t r a n s i e n t  s t r a i n  r a t e  a t  o p t i o n a l  t i m e ,  

r e s p e c t i v e l y ,  a n d  n u m e r i c a l  c o n s t a n t s  2 .3 3  a n d  0 .9 1 6  

m a y  b e  e x p r e s s e d  b y  l o g  a  a n d  u n i t y ,  r e s p e c t i v e l y .  

T h e n ,  E q .  ( I )  w i l l  b e  r e d u c e d  t o  t h e  f o l l o w i n g  f o r m .

l o g  ( t r  -  t )  =  l o g  a  -  l o g  £

o r ,  b y  r e a r r a n g e m e n t ,

i  a

(2 )

( 3 )

w h e r e  t r  : t i m e  l e f t  b e f o r e  f a i l u r e ,  o r  c r e e p -  

r u p t u r e  l i f e ,  

o p t i o n a l  t i m e ,

t r a n s i e n t  s t r a i n  r a t e  a t  o p t i o n a l  t i m e ,  

a  c o n s t a n t .

A s s u m e  th a t  £ = 0  a t  t  =  t 0 , a n d  t h e n  w e  g e t

e = a  l o g  - 

o r  b y  p u tt in g

£ « ± L  

l n

( 4 )

T i  m e
Ruplure — l i f e

F i g .  2  G r a p h i c a l  a n a l y s i s  f o r  r u p t u r e - l i f e  in  th e  t e r t i a r y  c r e e p  r a n g e
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t h e  e q u a t i o n  i s  r e w r i t t e n  a s  f o l l o w s .

i 1 =  10  a  l o g  ...................

r r  "  1

G R A P H I C A L  S O L U T IO N  F O R  R U P T U R E  L I F E  IN  T H E  

T E R T I A R Y  C R E E P  R A N G E

SLOPE FAILURE BY TERTIARY CREEP

( 5 )

w h e r e  i  1 : r e l a t i v e  d i s p l a c e m e n t  b e t w e e n  tw o  

m e a s u r e d  p o in t s  

l o  '■ i n i t i a l  d i s t a n c e  b e t w e e n  t w o  m e a s u r e d  

p o in t s

T h i s  e q u a t i o n  s h o w s  a p p l i c a b i l i t y  f o r  d e f o r m a t i o n  in s t e a d  

o f  s t r a i n  a s  f o r  E q .  ( 4 ) .

E q .  ( 4 )  o r  E q .  ( 5 )  c o n t a in s  t h r e e  u n k n o w n  c o n s t a n t s  a  o r  

l o  a ,  r e s p e c t i v e l y ,  t r  a n d  t o ;  s o  c r e e p - r u p t u r e  l i f e  t r  o r  

r e m a i n i n g  l i f e  ( t r  -  t )  a t  o p t i o n a l  t i m e  c a n  b e  o b t a in e d  

w i t h  g o o d  r e l i a b i l i t y  f o r  p r a c t i c a l  u s e ,  i f  t h r e e  o r  m o r e  

p o in t s  a r e  p r o p e r l y  s e l e c t e d  o n  a  c r e e p  c u r v e .

N o w ,  l e t  u s  o n ly  u s e  E q . ( 5 )  f o r  s i m p l i f y i n g  f u r t h e r  e x ­

p l a n a t i o n .  C h o o s e  t h r e e  s u c c e s s i v e  p o in t s  ( 4 1| , t j ) ,

I 2 , t 2> a n d  ( ¿ 13 . t 3 > o n  th e  t e r t i a r y  c r e e p  c u r v e ,  s o  a s  

t o  h a v e  e q u a l  d i f f e r e n c e  o f  d i s p l a c e m e n t ,  th a t  i s  t o  s a y .

i \ 2 dly = J I 3

Pu t th e  v a lu e s  o f  e a c h  p o in t s  t o  E q . ( 5 ) ,  a n d  w e  o b t a in  

t h r e e  s i m u l t a n e o u s  e q u a t i o n s .  By e l i m i n a t i n g  t w o  c o n ­

s t a n t s  1Q a  a n d  ( t r  -  tQ) f r o m  t h e s e  e q u a t i o n s  w e  g e t  th e  

f o l l o w i n g  r e l a t i o n .

J l 2  -  à h J I 3 -  J l 2

l o g
_ L L

l o g
i r  ~ 

t r  -  l 3

F r o m  i n i t i a l  a s s u m p t i o n  f o r  s e l e c t i n g  p o in t s ,  t h is  r e ­

l a t i o n  i s  r e d u c e d  t o  th e  f o l l o w i n g  f o r m .

Date

F i g .  3  L a n d s l i d e  a t A s a m u s h i  o n  t h e  T ô h o k u  L in e
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t r  :  j i  _  t r  -  t 2 

t r  -  t 2 t r  -  t 3

o r ,  b y  r e a r r a n g e m e n t ,  w e  g e t  t h e  f o l l o w i n g  e q u a t i o n  f o r  

c r e e p - r u p t u r e  l i f e  t r .

t ?2 -  t ]  .  t3

t r  “  2t 2 - ( t l  +  t 3 )  ( 6 )

A s  f o r  t h e  r e m a i n i n g  l i f e  ( t r  -  t l ) ,  t h e  n e x t  e q u a t i o n  i s  

o b t a in e d  b y  t r a n s f o r m i n g  E q .  ( 6 ) .

_  1/ 2  ( t 2 -  t l ) 2 

t r  11 ( t 2 -  t i )  -  1/ 2  ( t 3 -  t i )

T h i 9 r e l a t i o n  m a k e s  it  p o s s i b l e  t o  s o l v e  t h e  p r o b l e m  b y  

g r a p h i c a l  m e t h o d .

In  F i g .  2  t h r e e  p o in t s  A j (  i  1 1 , t i ) ,  A 2 (  i  1 2 . t 2 )  a n d  

A 3 ( ^ 13 , t3 )  a x e  s e l e c t e d  s o  a s  t o  h a v e  e q u a l  d i f f e r e n c e  

^ 1 o f  d i s p l a c e m e n t .  A ] /  a n d  A 3 ' a r e  p r o j e c t s  o f  A i  

a n d  A 3 , r e s p e c t i v e l y ,  o n  a  l i n e  p a s s i n g  A 2 a n d  p a r a l l e l  

t o  th e  t i m e  a x i s .  M  a n d  N  a r e  m i d p o i n t s  o f  A j '  A 2 

a n d  A j ’ A 3 ' ,  r e s p e c t i v e l y .  C h o o s e  M '  a n d  N ’ o n  a  

v e r t i c a l  l i n e  p a s s i n g  A 2 s o  th a t  M 'A 2  a n d  N 'A 2  a r e  e q u a l 

t o  M A 2 a n d  N A 2 , r e s p e c t i v e l y .  T h e n ,  th e  r u p t u r e - l i f e  

c a n  b e  o b t a in e d  a s  a b s c i s s a  o f  a n  i n t e r s e c t i o n  o f  a  

s t r a i g h t  l i n e  p a s s i n g  t h r o u g h  A ^ '  a n d  N '  w i t h  a  s t r a i g h t  

l i n e  p a s s i n g  M '  a n d  p a r a l l e l  t o  th e  t i m e  a x i s .

T h e  ju s t i f i c a t i o n  o f  t h i s  p r o c e d u r e  i s  m a d e  w it h  g e o m e t ­

r i c a l  p r o c e s s .  T h e  r e s u l t  c a n  b e  o b t a in e d  e a s i l y  a n d  

r a p i d l y  w i t h  t h i s  p r o c e d u r e ;  s o  it  i s  r e c o m m e n d e d  t o  

u s e  t h i s  g r a p h i c a l  m e t h o d  a l s o  in  t h e  f i e l d  u n d e r  w a t c h ­

in g .

Dol e

F i g .  4  C o l l a p s e  o f  a  l a r g e  r e t a i n i n g  w a l l  o n  th e  O o ig a w a  R a i l r o a d s

6 8 0



SLOPE FAILURE BY TERTIARY CREEP

V E R I F I C A T I O N  O F  A P P L I C A B I L I T Y  O F  T H E  M E T H O D  

C O L L A T E D  W I T H  A C T U A L  F I E L D  M E A S U R E M E N T S

T h e r e  a r e  s e v e r a l  v a r i a t i o n s  in  a c t u a l  o p e r a t i o n  a c c o r d ­

in g  t o  i n i t i a l  t i m e  a n d  d i s p l a c e m e n t  i n t e r v a l .  T h e n ,  l e t  

u s  a d o p t ,  t o  b e g i n  w i t h ,  a  p r o c e s s  w i t h  s t a t i o n a r y  in i t i a l  

t i m e  a n d  v a r i a b l e  d i s p l a c e m e n t  i n t e r v a l  a n d  th e n  r e p e a t  

t h e  p r o c e s s  w i t h  d i f f e r e n t  i n i t i a l  t i m e .

L a n d s l i d e  a t  A s a m u s h i  o n  T fth o k u  L i n e

I n  J u ly ,  1 9 6 6 ,  a  l a n d s l i d e  o c c u r r e d  a t  A s a m u s h i  o n  th e  

T d h o k u  L i n e ,  o n e  o f  m a in  l i n e s  o f  J a p a n e s e  N a t i o n a l  

R a i l w a y s ,  b u r y i n g  8 0  m  le n g t h  o f  t r a c k ,  w i t h  1 0 0 ,0 0 0  m ^  

o f  e a r t h  m o v e m e n t ,  a n d  in t e r r u p t e d  r a i l r o a d  t r a f f i c  f o r  

2 6  d a y s .  G e o l o g i c a l l y  t h e  s i t e  c o n s i s t s  o f  l i p a r i t i c  t u f f ,  

w i t h  w e l l - d e v e l o p e d  j o i n t s  n e a r  s l o p e  s u r f a c e ,  p a r t l y  

a f f e c t e d  b y  w e a t h e r i n g  a n d  t h e r m a l  m e t a m o r p h o s i s .

D a te

F ig . 5 S lop e  fa ilu r e  on  th e  D osa n  L in e

I t  w a s  o n  t h e  2 1 s t  o f  J u ly ,  ju s t  a  w e e k  b e f o r e  f a i l u r e ,  

w h e n  a  s t r a i n m e t e r  o f  d i r e c t  r e c o r d i n g  t y p e  w a s  s e t  o n  

t h e  s l o p e .  T h e  r e c o r d  o f  m o v e m e n t  o f  th e  s l o p e  a n d  

t h e  r e s u l t s  o f  g r a p h i c a l  a n a l y s i s  a r e  s h o w n  in  F i g .  3 . 

A s  f o r  r u p t u r e - l i f e  c u r v e ,  a  f u l l  l i n e  ( 1 )  i s  f o r  i n i t i a l  

t i m e  o f  t h e  2 1 s t  o f  J u ly , a n d  s h o w s  th a t  e s t i m a t i o n  o f  

r u p t u r e - l i f e  f a l l s  in  th e  r a n g e  o f  o n e  d a y 's  d e v i a t i o n  

w i t h in  3  d a y s  b e f o r e  f a i l u r e .

O n  th e  o t h e r  h a n d ,  a  b r o k e n  l i n e  ( 2 )  i s  r u p t u r e - l i f e  

c u r v e  f o r  i n i t i a l  t i m e  o f  t h e  2 3 r d  o f  J u ly , 2 d a y s  a f t e r  

b e g in n in g  o f  o b s e r v a t i o n .  I t  s h o w s  2  d a y s  d e v i a t i o n  

e v e n  w i t h in  3  d a y s  b e f o r e  f a i l u r e .  F r o m  t h i s  r e s u l t ,  

t h e r e f o r e ,  it  c a n  b e  s a i d  th a t  t h e  b e s t  w a y  t o  h a v e  g o o d  

e s t i m a t i o n  i s  t o  b e g in  d i s p l a c e m e n t  m e a s u r e m e n t  a s  

e a r l i e r  a s  p o s s i b l e ,  in  o r d e r  t o  u t i l i z e  l o n g  d u r a t i o n  

r e c o r d .
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Co llap se of u Large Retaining W all on the Ooigawa 

Railro ad s.

The d etailed  p ro g ress o f co llap se of a retaining  w all 

was informed in the previous Pro ceed ings. In this case

10 d ays' reco rd  befo re co llap se w as obtained besid es 

the lo ng-term  reco rd s explained  befo re. Fig . 4 is the 

resu lts of graphical analy sis for 10 d ays' reco rd , and 

show s good approaching to  the fatal line.

Slope Failu re on the Dosan Line.

The d etailed  p ro g ress of slo p e failure on the Dosan 

Line w as also  informed in the previous Proceed ings.

Fig . 5 is the resu lts o f graphical analysis fo r the sam e 

reco rd , and show s exceed ingly good approaching to the 

fatal line, even fo r sho rt duration of m easurem ent.

Slid e o f a Slope on the Soya Line.

This is an exam ple o f non-slipdow n in sp ite o f fairly  

rapid  movement, and also  rep o rted  in the previous Pro ­

ceed ings. Fig . 6 is the result o f grap hical analy sis, 

and in this case rup ture-life curve show s a tendency to 

pro ceed  to one d irectio n, w ithout approaching asym p to ti­

cally  to the sp ecific  d ate-line. This ch aracteristics 

may be utilized  to  identify unstable slo p e o f no n-slip ­

down.

CONCLUSION

On the basis o f above-mentioned  facts, the co nclusio n is 

deduced that reliab le estim atio n fo r the tim e of o c cu r­

rence of slo p e failu re is expected  by means o f the sub ­

stituted  lo garithm ic curve, Eq. (5), in the tertiary  creep  

range, and the nearer failure co m es, the m o re reliab le 

estim atio n is obtained.

Oct., 1962

Dote

F i g .  6  S l i d e  o f  a  s l o p e  o n  th e  S o y a  L in e
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The author does not mean that the proposed method w ill 

take the p lace o f the fo rm er one estim ated  with steady - 

state strain  rate. Each method has its own range o f 

applicatio n acco rd ing  to  the creep  stage.

It is, therefo re, ad v isable that the tim e o f o ccurrence 

of slo p e failure is roughly estim ated  with stead y -state 

strain rate in the seco nd ary  creep  range, and p recisely  

estim ated  with transient strain  rate at optional tim e in 

the tertiary  creep  range.
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