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UN-STEADY SETTLEMENT OF CLAYS AND CONSOLIDATION 

TRANSFERTION NON-STATIONARE DE LA CONTRAINTE ET LA CONSOLIDATION

Jaroslav Eichler Véra Macekovâ

Faculty of Civil Engineering, Technical University 

Brno, Czech Republic

SYNOPSIS: This article deals with the theory of un-steady stress and its application to the theory of consolidation of clayey sols beneath constructions and to 

the theory of un-steady bearing capacity of clays. It provides the practical charts for computation of rate of settlement with different conditions of layers. There 

diagrams for the effect of the growth time of load are developed here, too.

STATI ONARY ( FI NAL)  STATE OF STRESS ( cy t  = oo)

i s g i v en by  we l l - k nown equau t i on  Fr oh l i c h  ( 1934)
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wher e v =r / z ;  i s  Fr oh l i c h  s c oef f i c i en t ,  f or  i s o t r opi c a l  

s oi l  Vf =3.  For  t he med i um of ^  =4 modu l us  i nc r eas es  wi t h 

t he dep t h  ac c or d i ng  t o E=E - z , f or  b=l  i s  For  b=0

i s  Vf  =3.  Hr uban ( 1945)  gi v es  f o^  g r owi ng  of  modu l us  wi t h  

dept h E=E V z equat i on  y =l  -  c os  ’ oi.
Ther e ar e s t eady  v a l ues  f or  v ar i ous  i n Fi g. l  gi ven.

For  t r ans f e r  of  hea t  y =( T- T ) / ( T - T ) ,  wher e  T = t emper a ­

t ur e of  ha l f - s pac e ,  Tz i s  t emper a t u r e  of  f oundat i on.

— -  =er f c  — ——  -  c os  f  «.  ( er f c  - - - - - - c os  f  ai ) ( 2)

2v^c~t 2v| f c t  
'  v

wher e  v = r / z ,  c i s  c oe f f i c i en t  of  c ons ol i dat i on,  1>t  i s 

Fr oh l i c h  s c onc en t r a t i on  f ac t or ,  t  i s  t i me i nt er v al ,  

er f c ( x ) =l - e r f ( x )  i s  Gaus s - Lap l ac e  i nt egr al .

Thes e  equat i ons  ( 2)  wer e  der i v ed  f or  f oundat i on  wi t h  r ad i ­

us  r  = 3( l oaded i n a c omput er } .  I f  r  2  3 i s  t he t i me f ac ­

t or  T,  = c  t . m,  wher e  m=( 3 / r  )  . The dep t h  of  l ay er  i s  as ­

s umed  t o Ke i n f i ni t e  and f oP i s o t r op i c al  s oi l  VF =3.  Equa ­

t i ons  ( 2)  t r ans f or m f or  c  t = oo  i n equat i on  ( 1)  f or  s t eady  

s t at e.  v

The c u r v es  of  t he f unc t i ons  t ghy p( x ) ,  ex p( - x )  and er f c ( x )  

ar e dr awn i n Fi g . 2.

Fi g. l .  St eady  s t a t e  of  s t r es s

For  UN- STEADY STRESS TRANSFER o o > c  t  > 0 

t he au t hor s  dev e l oped t hes e  equa t i ons v

J u
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Fi g . 2.  Func t i ons  of  s t r es s  t r ans f er

t r ansf er  of  heat  : 

VF = 0, 5 ~ 3

t r ansf er of  st r<

. I  Ür >
st r ess:  

3

'= r / z
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Fi g . 3.  s hows  uns t eady  t r ans f er  of  s t r es s  f or  >V=3 and 

f or  t he f unc t i on  ex p ( - x ) ( das hed l i nes )  and t he c u r v es  f or  

un- s t aedy  s t r es s  t r ans f er  f or  f unc t i on  l - t ghy p( x ) ( f ul l  l i ­

nes) .  Ther e ar e t he c ur v es  f or  er r o r  f unc t i on  er f c ( x )  her e 

t oo ( das hed and do t t ed  l i nes ) .  The upper  c u r v es  ar e f or  

s t eady  s t a t e  ( c t =o o  ) .  The c har t  r e f e r s  t o r ad i us  r  = 3.  

I f  r  £  3,  t henvwe mu l t i p l y  c  t  by  c oe f f i c i en t  m=( 3 / r  )  .
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Fi g . 3.  Un- s t eady  s t r es s  t r ans f er

DEGREE OF CONSOLI DATI ON U ( %)

i s  g i v en by  t he ar eas  of  t he c er t a i n  pr oduc t  c  t  of  un ­

s t eady  s t at e t o t he ar ea of  s t eady  s t a t e  c  t =oo , s ee Fi g.

4.  So we obt a i n  Fi g . 4.  f or  v ar i ous  f unc t i ons  f or  t he c oun ­

t i ng  of  c ons o l i dat i on.  On i t s  hor i z ont a l  ax i s  t her e i s  t he 

t i me f ac t or  1,  = c  t / r  v er s us  t he degr ee of  c ons o l i dat i on 

U,  on v er t i c al  axKs .  Then t he t i me s et t l ement  i s  equal

s t  = U ' s t =«> C3)
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Qn  t he bas i s  of  gi v en  t heor y  of  un - s t eady  s t r es s  t r ans ­

f er  i t  i s  pos s i b l e  t o p r epar e  d i ag r am enab l i ng  t he c ons o ­

l i da t i on  f or  d i f f e r en t  c ondi t i ons ,  Fi g . 5.  On i t s  ho r i z on ­

t al  ax i s  t her e i s  t he r a t i o  of  a: b of  di f f e r en t  r ec t angu ­

l ar  f oot i ngs .  The c u r v es  s how t he t i me f ac t or  V c  t / r  and 

on  v er t i c al  ax i s  t he r e  i s  degr ee  of  c ons o l i da t i on  U.  The 

dep t h  of  c l ay ey  s ubs oi l  i s  end l es s ,  h=«o  . For  r e c t angu l a r  

f oo t i ng  ( t he s i des  a, b)  i s  equ i v a l en t  r ad i us  r  = /  ab M  
val i d.

Fi g . 5.  p r es ent s  t he c u r v es  of  c ons o l i da t i on  f or  v ar i ous  

c hanges  of  modu l i

wher e  t he ex ponent  b i s  equal  - 0, 5 - 1 or  - 2.  For  t he 

c hange of  modu l us  by  Hr uban ( 1945)

E = Eq c o s  o0 ( 5)

t he das hed c ur v e H.  i s  val i d.

For  t he c hange of  modu l us  ac c o r d i ng  t o E = E yz by  Hr u ­

ban i s  VF =3, 5 v al i d.

I WT. UENCE OF THE DI FFERENT PERMEABI L I TY

I n c as e  of  d i f f e r en t  hor i z on t a l  pe r meab i l i t y  k  t  k h , or  

d i f f e r en t  modul i  Ey ^ Eh t hes e  c ur v es  ar e gi v en,  Fi g . 5.  :

c u r v e  1 i s  f or  k.  = k  or  f or  E = E.  , 
h v v h ’

c u r v e  a i s  f or  k.  = 1, 5 k  or  E = 1, 5 E.  , 
h ’ v v h ’

c u r v e  b i s  f or  = 2 k ^  or  Ey = 2Eh = c ur v e  7,

c ur v e  c  i s  f or  k.  = 5 k  or  E = 5E.  , 
h v  v  h ’

c ur v e  d i s  f o r  k h = 10 or  Ey  = 10Eh .

The d i f f e r en t  pe r meab i l i t y  k . Vk  i s  c aus ed due t o t he 

geol og i c a l  or i g i n  of  c l ay ey  s eai ment s .

tim e facto r T=cv-l

Fi g . 5.  Cha r t  of  c ons o l i da t i on  f or  d i f f e r en t  pe r meab i l i t y  

and modu l i  of  s oi l

For  t hes e  c as es  we c an s how Fi g . 6.  wher e  ar e t he r a t i os  

be t ween  t he d i f f e r en t  v a l ues  of  Poi s s on ' s  r a t i o t) =l / m,  

Po i s s on ' s  c ons t an t  m and c oe f f i c i en t  VF =m+1.  Ther e  i s  s o-  

c a l l ed  Hr uban  s s ol u t i on  m = b + 1;  i t  i s  v al i d  f or  Vr  = 

=b+ 2 and Oh d e ’ s  s o l u t i on  m = b + 2;  = l j >.+ 3.  On  v e r t i ­

c a l  ax i s  t he r e  ar e ex ponent s  b of  E = E z -  and r a t i o  n  = 

=Eh / Ey . The c oe f f i c i en t  at  r es t  0

K - _ i ___ -  V
r  m -  1 1 -V
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Ac c o r d i ng  t o 0 . Fr öhl i c h ì>F = 4 f or  b = 1.

Fi g . 6 . Ef f ec t  of  d i f f e r en t  par amet er s

Fi g . 7.  s hows  t he EFFECT OF THE GROWTH T D C  OF LOAD

on t he c ons ol i dat i on.  Thi s  c har t  was  der i v ed  f or  t he f un ­

c t i on of  s t r es s  t r ans f er  l - t ghy p( x )  and f or  d i f f e r en t  t i ­

me f ac t o r  T.

T = c  t  
s v s

wher e t  i s  t i me  bu i l d i ng  of  c ons t r uc t i on,  s ee Fi g . 7.

( 6)

Fi g. B.  Cons o l i da t i on  of  c l ay ey  l ay er

Fi g . 7.  I nf l uenc e of  i nc r eas i ng  of  p r es s ur e  on t he 

c ons o l i da t i on

CONSOLI DATI ON OF PERVI OUS AND DT ERVI OUS LAYER

When under  t he f ounda t i on  t he r e  i s  a l ay er  of  c l ay s  and 

on t he t op of  i t  t he l ay e r  i s  pe r v i ous  and on t he bo t t om 

i t  i s  per v i ous  t oo,  t he Fi g . 8.  i s  v al i d.  Th i s  f i gur e  i s  

val i d f or  d i f f e r en t  r a t i os  of  r ec t angu l a r  f oundat i ons  ( on 

t he hor i z on t a l  ax i s ) .

The l ay er s  s hown i n Fi g . 9.  ar e  of  t r ans v er s al  pe r meab i ­

l i t y  when  k.  i s  not  equa l  k  . Th i s  f i gu r e  i s  v al i d  f or  r a ­

t i o h: a = 2. v

Fi g . 10.  s hows  t he i n f l uenc e of  s and- gr av e l  c us h i on  on 

t he c ons o l i da t i on  of  c l ay s  under  t hem.  The c u r v es  ar e,  f or  

a: b s 1: 1 t o 1: 10 and f o r  r a t i o h: a = 0, 5 and 1.

Fi g . 9.  Cons o l i da t i on  of  c l ay ey  l ay e r  of  t r ans v er s a l  

pe r meab i l i t y
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Fi g . 10.  Cons o l i da t i on  of  c l ay  under  s and- gr av el  c us hi on
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Fi g . 11 s hows  s o- c a l l ed  un- s t eady  bear i ng c apac i t y .  We 

c an s ee t hat  t he c oe f f i c i en t  of  bear i ng  c apac i t y  ( e. g. Nj , )  

of  c l ay s  i nc r eas es  wi t h  t i me.  For  non l i near  s t r eng t h  we 

c an use

U 6  t g if , 

x = c( i  + ------------- -  r ( 7)

e. g.  A  = 0, 8;  f or  l i near  s t r eng t h  A.  = 1 i s  v al i d;  ( f or  

f unc t i on of  un- s t eady  t r ans f er  of  s t r es s  ex p( - x ) .

Fi g . 11.  Un- s t eady  c oe f f i c i en t  of  bear i ng  c apac i t y  

of  c l ay s  Nj ,

On t he bas i s  of  THE COMBI NATI ON OF STRESS AI O HEAT TRAN­

SFER we c an dev e l oped t he s o - c a l l ed  t her moc ons o l i da t i on  

of  c l ay s  under  c ons t r uc t i ons  wh i c h  ar e s our c es  of  heat  

( e. g.  t unnel  k i l ns ,  br i c k y ar ds ,  c h i mney s  et c . ) .  The t i me 

behav i our  of  s t r es s  i s  al s o  ef f ec t ed  by  t emper at ur e ,  s i n ­

c e  i t  i nf l uenc es  t he v i s c os i t y  of  por e  wa t er  and c ons e ­

quent l y  t he r at e of  wa t er  f i l t r a t i on.  Then t he t emper a t u ­

r e al s o i nf l uenc es  t he c ons o l i da t i on  of  c l ays .  The t i me 

f ac t or  T and c oe f f i c i en t  of  pe r meab i l i t y  k  ar e i n f o l l o ­

wi ng  r el a t i on  t o v i s c os i t y  Tj

k T° C =

k 10°C ' °llO°C & T °C

3Vio°c

( 0)

I f  t he t emper a t u r e  of  s o i l  i s  equal  t o t he c ont ac t  t em­

per a t u r e  T , we c an s peak  of  i s ot he r mi c ^ c ons o l i da t i on  

( Fi g. 12a) .  I f  T = 70 C > T = 10 C ( t emper at ur e of  s ub ­

s oi l )  we ge t  t he r eal  t her mBc ons o l i da t i on .  When we us e 

f or  t he t r ans f e r  of  s t r es s  e. g.  t he f unc t i on  l - t ghy p( x )  

and f or  t he heat  t r ans f e r  er f c ( x ) ,  we obt a i n  s o- c al l ed 

hy br i d  t her moc ons o l i da t i on .  As  an ex ampl e  we  c an s ee Fi g.  

12b.  I n t he c a s e  of  t he heat  t r ans f e r  t he c oe f f i c i en t  of  

heat  c onduc t i v i t y  gr ows  wi t h  t he dept h a = aQ z ( f ul l  

l i nes ) . The modu l us  of  s oi l  i s  c o n s t a n t E = E . I f  t he 

s t r es s  t r ans f er  t he modu l i  g r owi ng  wi t h  t he dept h non- l i -  

near  E = E ar e dc awn wi t h  das hed l i nes .  The c oe f f i ­

c i en t  of  hea t  c onduc t i v i t y ,  hor i z on t a l  and v er t i c al ,  ar e 

di f f e r en t  ah  : a = 2 : 1 and 5 : 1 .

transfer of s tre ss  : 1-tghyp(*) 

o f temper.: er f c( x)

---------E - t j f

V ^ t / r *

Fi g . 12.  Ther moc ons o l i da t i on  of  c l ay s
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