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W . F O E R S T E R  P r o f .  D r .  R e r .  N a t .  H a b i l . ,  M i n i n g  A c a d e m i e ,  F r e ib e r g ,  G D R  

P. G E O R G I D r . - l n g . ,  C o l l e g e  o f  B u i l d i n g  E n g in e e r i n g ,  C o t t b u s ,  G D R

SYNOPSI S Modem numer i cal  met hods and comput er  t echni que of f er  a possi bi l i t y f or  a r ef i nement  
i n est i mat i on of  t i me- dependent  pr obl ems.  Thi s r epor t  out l i nes t he ut i l i zi ng of  a gener al  const i ­
t ut i ve equat i on f or  sol vi ng t i me- dependent  st r ai n and st abi l i t y pr obl ems.  An exampl e shows t he 
appl i cabi l i t y.

I NTRODUCTI ON

The t oday used met hods f or  est i mat i on of  st a­
bi l i t y consi der  t he l i mi t  st at e of  st r ess.  I t  
i s assumed,  t hat  t he f or m of  t he sl i p sur f ace 
i s known and al l  poi nt s al ong t he sl i p sur f ace 
ar e i n t he l i mi t  st at e.  The sl i di ng body i s 
t aken as i deal  pl ast i c and does not  def or m 
dur i ng t he sl i di ng pr ocess.  The par amet er s 
of  f ai l ur e cr i t er i on must  be used as bei ng 
const ant .  Measur ement s and obser vat i ons show 
cont r adi ct i ons bet ween t he r eal  mechani sm of  
mot i on and t he assumpt i ons of  t he physi cal  
model .

The devel opment  of  moder n mat hemat i cal  met hods 
and l ar ge comput er s gi ve t he possi bi l i t y t o 
ut i l i ze a gener al  st r eso- st r ai n- t i me r el at i on 
al so i n soi l  mechani cs.  Soi l s ar e ver y i nhomo-  
genous and ani sot r opi cal l y.  The pr oper t i es 
var y i n space and t i me.  The pr esent  used ex­
per i ment al  met hods do not  al l ow t o get  t hem 
cor r ect l y.  Ther ef or e i n pr act i cal  est i mat i ons 
si mpl e r el at i ons f or  t he behavi our  of  t he ma­
t er i al  must  be t aken.  They ar e connect ed wi t h

pr escr i bed st r ess pat hs and wi t h speci al  r ul es 
f or  t he exper i ment al  det er mi nat i on of  soi l  
par amet er s.

CREEP MODEL FOR SATURATED FI NE- GRAI NED SOI LS

Of t en i t  i s possi bl e t o use a pl ane st at e of  
st r ai n.  Pi g.  1 shows aB an exampl e t he gener al  
st r uct ur e f or  a sl ope.  I n a r egi on. Q.  t her e ar e

act i ng body f or ces F̂ .  At  one par t  of  t he 

boundar y Pg ar e pr escr i bed st r esses at

anot her  par t  Tu di spl acement s u^.  Lar ge def or ­

mat i ons ar e t aken i nt o account  by usi ng t he 
def or mat i on t ensor  of  Gr een.  Assumpt i on i n our  
vi sco- pl ast i c r el at i on ar e zer o st r ess r at e.  
Thi s means,  t hat  al l  changes i n l oadi ng and 
geomet r y t ake pl ace moment ar y.  Thi s i s t he 
same f or  sof t eni ng i n t he st at e of  f ai l ur e.
The r eal  st r ess- st r ai n behavi our  i s i deal i zed 
as shown i n Pi g.  2.  The used st r eBB- st r ai n r e­
l at i on descr i bes t he behavi our  i n t he f i r st

r

T r

y

i d e a l i z e d  b e h a v i o u r

Pi g.  2 Real  and i deal i zed
st r ess- st r ai n behavi our

Pi g.  1 St r esses and di spl acement s i n 
a st at e of  pl ai n def or mat i on
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and second sect i on.  Sof t eni ng i s r eal i zed by 
speci al  condi t i ons.  The Theol ogi cal  model  i s 
t hat  of  Fedder  ( 1973)  as shown i n Pi g.  3.  I t  
i nvol ves al l  i n f i ne- gr ai ned soi l s obser ved 
phenomena.  Nonl i near i t i es ar e appr oxi mat ed 
l i near l y i n sect i ons.  Fur t her  assumpt i ons ar e

( i )  i sot r opy of  t he mat er i al

( i i )  t i me- i ndependent ,  l i near l y el ast i c 
behavi our  of  vol ume def or mat i on

( i i i )  vi sco- pl ast i c behavi our  of  di st or si on

( i v)  vi sco- el ast i c unl oadi ng

r epr esent s t he r el at i on bet ween st r ai ns and 
st r esses at  di f f er ent  t i mes.  As shown i n 
Pi g.  4 b f ai l ur e happens i f  t wo condi t i ons 
ar e f ul f i l l ed!

( i )  condi t i on f or  t he st at e of  st r ess

T 0 - T f -  f 0 - f y 6 0 (5)

a  g e n e r a l i z e d  M o h r -C o u lo m b  c r i t e r i o n  an d

( i i )  c o n d i t i o n  f o r  t h e  s t a t e  o f  s t r a i n

7, -  g0 -  9 i-& - (6)

’ l l  1?2 ^ 3

Pi g.  3 Rheol ogi cal  model  gi ven by Pedder

So we have t he f ol l owi ng equat i ons as r el a­
t i ons bet ween oct ahedr al  st r ai ns ( £0, u )  and 
st r esses (60i T0 ):

( i )  f or  vol ume def or mat i on

£  = j ?«-  

0 K

( i i )  f or  di st or si on

k*1

v a l i d  i f :  6 0 < 0

Yo s  g o - g , Y -
t o

( 1 )

Tp+f r &o- f o ^

Vf  Go

(3 )

I n  F i g ,  4  c Ei re shown s t r a i n - t i m e  c u r v e s .  F o r  

% / 6 0  3 c o n s t ,  we h a v e  a  f i x e d  v a l u e  o f  .

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

T 0 i l i m  t -  = 0 0  .

T o - V

y°

Par smet er s of  mat er i al  ar e

o* Gr

^ 2 - - - - ^n

Tl i - V T)i

f o *  f 1

6 q » S - j

-  modul us of  compr essi bi l i t y

-  modul i  of  shear  def or mat i on

-  yi el d l i mi t s

-  coef f i ci ent s of  vi scosi t y

-  par amet er s of  st r ess at  f ai l ur e

-  par amet er s of  st r ai n at  f ai l ur e

I ndex f  denot es t he st at e of  f ai l ur e.

The behavi our  of  t he mat er i al  accor di ng t o t he 
above wr i t t en equat i ons shows Pi g.  4.  Pi g.  4 a
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Cr eep t est s i n a t r i axi al  appar at us wer e done.  
For  est i mat i on of  f ai l ur e par amet er s some of  
t he t est s wer e per f or med wi t h st r esses over  
l ong- t er me st r engt h.  The r esul t s wer e anal ysed 
by ut i l i zi ng a comput er  f or  det er mi nat i on of  
t he above ment i oned par amet er s.

EXAMPLE FOR APPLI CATI ON

A devel oped comput er  pr ogr amme ( Geor gi  and 
Koehl er  1979)  usi ng FEM i s based on t he de­
scr i bed const i t ut i ve equat i on.  The i ni t i al -  
boundar y val ue pr obl em was i nt egr at ed over  t he 
t i me f or  an i nt er val .  The pr ogr amme al l ows t o 
sol ve pr obl ems wi t h t he f ol l owi ng condi t i ons:

( i )  physi cal l y l i near  or  nonl i near

( i i )  geomet r i cal l y l i near  or  nonl i near

( i i i )  t i me- i ndependent  or  t i me- dependent

The i ni t i al  st at e of  st r ess i s pr escr i bed or  
can be cal cul at ed by t he comput er .  Changi ng 
t he geomet r y of  t he st r uct ur e and t he l oads i n 
t i me can be done.  The f ai l ur e t i me of  an el e­
ment  i s comput ed and i t  i s assumed t hi s el e­
ment  can onl y be l oaded by a st at e of  st r ess 
consi st ent  wi t h t he r esi dual  st r engt h.  The 
f ur t her  st r esses ar e suppor t ed by l oadabl e 
el ement s ( Mal i na 1969) .  I n t hi s way successi ve 
f ai l ur e can be model ed.

We want  t o show t he per f or mance and r esul t s 
f or  t he exampl e of  a sl ope.  Fi g.  5 shows t he 
di vi di ng of  t he cont i nuum i nt o f i ni t e el e­
ment s.  The i ni t i al  st at e of  st r ess was cal cu­
l at ed under  t he condi t i on of  nor mal  consol i da­
t i on and t hen st or ed.  The sl ops i s f or med by 
r educt i on of  t he i ni t i al  mesh.  The i ni t i al  
st at e of  st r ess gi ves t he nodel  f or ces f or  t he 
new st r uct ur e.  Then t he st r ess- st r ai n st at e i s 
cal cul at ed on t he base of  t he t heor y of  l i near  
el ast i ci t y.  Bef or e f ur t her  comput at i on i t  m u B t  

be compar ed t he st at e of  st r ess i n each el e­
ment  t o deci de bet ween r egi ons of  l oadi ng and 
such of  unl oadi ng t o get  t he r i ght  const i t u­
t i ve equat i on f or  sol vi ng t he nonl i near  t i me-  
dependent  pr obl em.  The condi t i on of  deci di ng

Scale H

0 30 60 m

Fi g.  5 Fi ni t e el ement  mesh f or  t he exampl e

Fi g.  6 Loaded and unl oaded r egi ons 
af t er  f or mi ng of  t he sl ope

tg =29.12 h

Fi g.  7 Successi on of  f ai l ur e

f ix e d  b o u n d a ry
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I t  seems ver y i nt er est i ng t o r epr esent  st r ess 
pat hs f or  el ement B A,  B,  C,  D,  E ( see Fi g.  5) .  
Fi g.  8 i l l ust r at es t he st r ess pat hs of  el e­
ment  A and t he st r ess- st r ai n behavi our  of  t he 
same el ement .  Fi g.  9 shows st r ess pat hs f or  
t he el ement s f r om B t o E.  El ement s f r om A t o D 
ar e al ways l oaded,  el ement  E get s f i r st  l oad­
i ng and t hen unl oadi ng.  The st r ess pat hs of  
el ement s f r om A t o D ar e si mi l ar  t o an act i ve 
compr essi on t est  and t he st r ess pat h of  el e­
ment  E t o an act i ve ext ensi on t est .  For  get ­
t i ng r el i abl e soi l  par amet er s such t est e must  
be per f or med.

Fi g.  9 St r ess pat hs of  el ement s B,  C,  D,  E

CONCLUSI ON

The descr i bed met hod pr ovi des a mean f or  com­
put at i on of  a st r ess- st r ai n- t i me st at e i n a 
cont i nuum and al l ows t o est i mat e t he succes­
si ve f ai l ur e as a f unct i on of  t i me.  Pr ovi ded 
t hat  r el i abl e soi l  par amet er s ar e avai l abl e 
i t  i s val uabl e f or  eval uat i on of  l ong- t er m 
pr obl ems and l ong- t er m st abi l i t y.

Fi g.  8 St r ess pat h and st r ess- st r ai n 
behavi our  of  t he el ement  A

1 -  i ni t i al  st at e of  st r ess
2 - st r ess af t er  f or mi ng of  sl ope
3 -  f ai l ur e st at e
4 - f i nal  st at e

i s t he quot i ent  Q = h  / X ^ ,  wher e A = —%/ f f 0 ;

i ndex i  denot es i ni t i al  st at e.  Q < 1 means un­
l oadi ng,  Q > 1 means l oadi ng ( see Fi g.  6) .  The 
st at e of  st r ess and st r ai n pr ovi des a f i r st  
appr oxi mat i on f or  f ai l ur e t i me i n t he st r uc­
t ur e.  Wi t h i t  a nonl i near  cal cul at i on yi el ds a 
cor r ect ed val ue f or  t he st ar t  of  f ai l ur e.  Fur ­
t her  st eps of  i t er at i on ar e necessar y.  The f i ­
nal  st at e of  st r ai ns comes up t o t he condi t i on 
of  equat i on ( 6)  at  l east  i n one el ement .

I n our  exampl e t he f i r st  el ement  f ai l ed af t er  
a t i me of  7. 04 h.  Af t er  f ur t her  f our  t i me 
st eps and ni ne st eps of  st r ess r edi st r i but i on 
a gener al  f ai l ur e of  t he st r uct ur e happened.  
The or der  of  successi on of  f ai l ur e i n el ement s 
t oget her  wi t h f ai l ur e t i mes i s shown i n Fi g.  7
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