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W .  W E N K O W  P r o fe s s o r  o f  S o il  M e c h a n i c s  a n d  F o u n d a t io n  E n g in e e r in g ,  H ig h e r  I n s t i t u te  o f  A r c h i t e c t u r e  a n d  C iv i l 

E n g in e e r in g ,  S o f ia ,  B u lg a r ia

SYNOPSI S Consi der abl e set t l ement  r esul t s when t he ool l apsabl e soi l  under  exi st i ng bui l di ngs
i s st r engt hened by i nj eot i ng wat er  gl ass ( si l i oat i on) . Thi s can oause f i ssur l ng and r eduoes t he 
st r uot ur al  saf et y of  t he bui l di ngs.  I n or der  t o avoi d t hi s,  a si mpl e oal oul at i on met hod i s pr o­
posed,  based on t he r el at i on bet ween set t l ement  and ver t i oal  st r ess,  bet ween set t l ement  and quan­
t i t y of  i nj eot ed wat er  gl ass,  bet ween set t l ement  and t i me el apsed,  on t he i nor ease of  t he oube 
st r engt h wi t h t i me,  as wel l  as on t he st i f f ness of  t he bear i ng st r uct ur e of  t he bui l di ng.  The 
met hod i s appl i ed successf ul l y i n t he st r engt heni ng of  ool l apsabl e l oess under  a number  of  oul -  
t ur al  monument s i n Bul gar i a.

I NTRODUCTI ON

The appl i cat i on of  si l i oat i on f or  t he st r eng­
t heni ng of  col l apsabl e l oess under  exi st i ng 
bui l di ngs dat es as baok as 1944 ( Askal onov) .  
The i nj ect i on of  wat er  gl ass i n t he l oess 
however  oauses i t s par t i al  col l apse,  wher eby 
bui l di ngs wi t h ol der  st r uct ur es ( except  r ei n-  
f or oed oonor et e)  may set t l e unevenl y and be­
come or acked.  Thi s set t l ement  oan be avoi ded 
i f  t he i nj ect i on i s oonduct ed i n a per t ai n 
or der ,  namel y i n sect i ons of  a gi ven l engt h,  
at  a gi ven spaai ng and af t er  a gi ven t i me.

STUDI ES REQUI RED

I n or der  t o det er mi ne t he sequenoe of  i nj ec­
t i on,  i t  i s neoessar y t o conduct  t he f ol l ow­
i ng l abor at or y t est s on undi st ur bed l oess 
sampl es wi t h t he st andar d oedomet er .

( i )  Eval uat i on of  t he coef f i ci ent  of  ool -  
l apse <>' under  di f f er ent  ver t i oal

st r esses and di f f er ent  quant i t i es of  i n-

j eot ed wat er  gl ass ( wi t hy"  = 11. 3 kN/ m̂ )  
as par t  of  t he por osi t y i r ( Fi g.  1)

( i l )  Eval uat i on of  t he r el at i on bet ween 
set t l ement  af t er  ool l apse and t i me
( Fi g.  2)

( i l l )  Eval uat i on of  t he set t l ement  cur ve of  
t he nat ur al  l oess ( Fi g.  3)

( i v)  Eval uat i on of  t he oube st r engt h of
sampl es si l i oat ed wi t h di f f er ent  quan­
t i t i es of  wat er  gl ass wi t h r el at i on t o 
t he t i me af t er  si l i oat i on ( Fi g.  4) .

CALCULATI ON MODEL FOR STRI P FOUNDATI ONS

The ver t i oal  st r esses i n t he l oess due t o ac­
t ual  l oadi ng pQ ar e cal oul at ed ( Fi g.  5) » The

aot i ve zone of  ool l apse due t o i nj eot i on wi t h 
wat er  gl ass i s adopt ed t o t he dept h of  6 Z =

s50 kPa,  si noe f ur t her  deeper  6 q  i s vexy smal l

Fi g.  1.  Coef f i ci ent  of  r el at i ve ool l apse 
f or  var i ous quant i t i es of  wat er  gl ass.

Fi g.  2.  Ti me- set t l ement  r el at i on f or  var i ous 
ver t i oal  st r esses 6

and may be negl ect ed.  The aot i ve zone i s di ­
vi ded i n t hr ee or  f our  I nt er val s.  The t ot al  
col l apse

Af c0 = I * i 6 0 <1>
i s cal cul at ed f or  di f f er ent  quant i t i es of  wat er  
gl ass ( 0. 5 n,  0. 6 n and 0. 7 n) ,  wher eby 6 Q i s

eval uat ed af t er  Fi g.  1.  I f  t he set t l ement

Ah Q i s admi ssi bl e f or  t he bui l di ng,  no f ur t her
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Pi g.  4.  I nor ease of  t he uni axi al  st r engt h of  
sl l l oat ed l oess q I n t he cour se of  t i me f or  
var i ous quant i t i es of  wat er  gl ass.

Fi g*  5.  Si mpl i f i ed cal cul at i on model  f or  st r i p 
f oundat i ons.

t echnl oal  measur es ar e r equi r ed.  I f  however  
t he col l apse i s i nadmi ssi bl e we have t o eva­
l uat e:

( i )  The possi bi l i t y of  t he st r i p f oundat i on 
and possi bl y of  t he st r uot ur e above i t  
t o t r ansf er  t he l oads aot i ng on t he i n-  
j eot ed seot l on,  of  a l engt h 1 , si dewai ds

Fi g.  6.  Si l i oat i on under  a si ngl y f oundat i on.

t o a seot l on of  t he nat ur al  l oess,  of  
a l engt h 1 ( Pi g.  5) .  P0 + A p bei ng

smal l er  t han Padm f or  l oess.

( 11)  The set t l ement  of  t he nat ur al  l oess
wi t hi n t he I nt er val  1,  due t o t he addi ­
t i onal  l oadi ng A P ( Pi g*  3)

A h = r h 1 A S 1 , ( 2)

whi oh,  af t er  vai yi ng 10, 1 and A p oan

be f i t  i nt o t he l i mi t s of  t he set t l ement  
admi ssi bl e f or  t he st r uot ur e.

( i l l )  The t i me necessar y t o obt ai n t he
st r engt h r equi r ed i n t he seot l on of  
si l i oat ed l oess 1Q t o make i t  abl e t o

oar i y agai n i t s l oad ( Fi g.  4)  and t he 
t i me af t er  whi oh no oonsi der abl e addi ­
t i onal  set t l ement  ( Pi g.  2)  of  t he si l i ­
oat ed l oess may ooour .

CALCULATI ON MODEL FOR PAD FOUNDATI ONS

The t ot al  col l apse A hQ i s al so cal cul at ed af ­

t er  f or mul a ( 1) .  I f  t he col l apse I s i nadmi s­
si bl e we have t o oal cul at e:

( 1)  The capaci t y of  t he f oundat i on base t o 
r esi st  t he i ncr eased soi l  r eaot i on 
pQ +Ap» r esul t i ng f r om t he par t i al  i n-

j eot i on I  of  t he subgr ade ( Fi g.  6) .
( i i )  The set t l ement  of  t he nat ur al  l oess due 

t o i t s addi t i onal  l oadi ng A p af t er  t he 
f or mul a ( 2)  and Fi g.  3» whi oh has t o be 
smal l er  t han t he admi ssi bl e f or  t he 
st r uot ur e.  Thi s i s aohi eved agai n by 
r educi ng t he number  of  i nj ect i ons i n 
zone I  or  by r el i evi ng t he ool umn by 
si de pr oppi ng.

( i l l )  The t i me neoessaxy t o obt ai n t he
st r engt h r equi r ed i n t he seot l on of  
si l i oat ed l oess I  ( af t er  Pi g« 4)  and t he 
addi t i onal  set t l ement  ( af t er  Pi g.  2) .

EVALUATI ON OF THE WATER GLASS QUANTI TY

I t  i s est abl i shed ( Askal onov)  t hat  t he opt i mum

densi t y of  t he i nj eot i on sol ut i on i s 11. 3 kN/ n? 
The wat er  gl ass quant i t y r equi r ed t o st r eng­
t hen 1 a?  of  ool l apsabl e l oess i s eval uat ed 
af t er  Pi g.  1.  2 and 4,  dependi ng on t he f i nal  
l oess st r engt h r equi r ed and on t he avai l abl e 
t i me t o oper at e.
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