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SYNOPSI S A gr ou t i ng t ec hni que was  dev el oped t o s t abi l i z e unc ompac t ed man- made f i l l s  whi c h
wer e f or med by  dumpi ng of  ex c av a t i on and demol i t i on ma t er i a l s  f r om t he bui l di ng ac t i v i t y  i n t he 
At hens  ar ea.  Thi s  gr ou t i ng t ec hni que c ons i s t s  of  i nj ec t i ng a c emen t - ben t oni t e gr ou t  mi x t ur e t hr ough 
per f or a t ed pi pes  s ui t abl y  spaced.  Cr i t er i a wer e es t abl i s hed f or  max i mum pr es s ur es  at  i nj ec t i on 
poi n t s  and quan t i t i es  of  c emen t  i nj ec t ed.  Si mpl e qual i t y  c on t r ol  pr oc edur es  wer e adop t ed t o check  
and adj us t  pr opor t i oni ng of  t he gr ou t  mi x t ur e at  t he f i el d.  The ef f ec t i v enes s  of  t he gr ou t i ng 
me t hod i s demons t r a t ed wi t h r es ul t s  f r om bor ehol es  pr i or  and af t er  t he gr ou t i ng oper a t i ons ,  and wi t h 
da t a on gr ou t  t ake at  t he v ar i ous  i nj ec t i on poi nt s .

I NTRODUCTI ON

A number  of  s i t es  ex i s t s  at  t he s out hwes t  par t  
of  At hens  whi c h wer e us ed i n t he pas t  as bor r ow 
pi t s  of  c l ay  f or  pot t er y ,  br i c k s  and t i l es .  
Thes e bor r ow pi t s  wer e abandoned when wat er  
t abl e was  r eac hed and bac k - f i l l ed l at er  wi t h 
ex c av at i on and demol i t i on mat er i al s  f r om t he 
bui l d i ng ac t i v i t y ,  whi c h wer e dumped wi t hout  
any  s el ec t i on and wi t hout  c ompac t i on.  The 
man- made f i l l s  c ont ai n l ar ge di amet er  s t ones ,  
t i mber ,  r ei nf or c ed c onc r et e bl oc k s  and qui t e 
of t en gar bage.  Bui l di ngs  pl ac ed on such man-  
made f i l l s  s t ar t ed pr es ent i ng c r ac k s  soon af t er  
c ompl et i on of  t hei r  c ons t r uc t i on and as t i me 
pas s ed s er i ous  damages  wer e dev el oped.

The Paper  des c r i bes  a gr out i ng t ec hni que whi c h 
was  appl i ed s uc c es s f ul l y  t o s t abi l i z e a number  
of  man- made f i l l s  under  t he f oundat i ons  of  
damaged bui l di ngs  and al s o pr i or  t o t he c on ­
s t r uc t i on of  t he bui l di ngs .

Thi s  t ec hni que mak es  use of  a f l ui d gr out  
mi x t ur e whi c h penet r at es  and f i l l s  t he voi ds .
I t  i s f undament al l y  di f f er ent  f r om t he " c om­
pac t i on gr out i ng"  t echni que,  whi c h c ons i s t s  
of  i nt r udi ng a mas s  of  a v er y  t hi ck  c ons i s t enc y  
gr out  i nt o t he soi l  t hat  does  not  ent er  t he 
soi l  por es  but  r emai ns  i n a homogeneous  mas s  
and ef f ec t s  c ont r ol l ed dens i f i c at i on by  d i s ­
p l ac i ng l oose soi l .

SUBSURFACE CONDI TI ONS PRI OR TO GROUTI NG

Bor ehol es  wer e dr i l l ed and t r enc hes  wer e ex c a ­
v at ed i n or der  t o det er mi ne t he t hi c k nes s  of  t he 
man- made f i l l  and t o es t i mat e t he nat ur e and 
per c ent age of  t he was t e mat t er .

Ret ur n of  dr i l l i ng wat er  -  whenev er  us ed -  was  
not  obs er v ed i n any  of  t he bor ehol es  and t hi s  
i s anot her  i ndi c at i on of  how l oose t he man- made

f i l l  was  dumped.  Thi c k nes s  of  man- made f i l l s  i n 
t he At hens  ar ea i s us ual l y  8 t o 10 m.

Pr ov i ded t hat  no ov er s i z e s t ones  of  ot her  har d 
mat t er  was  enc ount er ed,  t he r at e of  adv anc e of  
dr i l l i ng was  of  t he or der  of  1. 5 m/ h when no 
wat er  was  us ed and about  2. 0 m/ h when wat er  was  
used.  Thes e r at es  of  adv anc e of  dr i l l i ng ar e 
about  doubl e t han t hose obs er v ed af t er  s t abi l i ­
z at i on of  t he man- made f i l l s .

Res i s t anc e t o s t andar d penet r at i on was  hi gh and 
v ar i ed bet ween 21 and r ef us al  but  based on t he 
above obs er v at i ons  t hese v al ues  s houl d be r e ­
gar ded as mi s l eadi ng.

The amount  of  was t e mat t er  was  es t i mat ed t o v ar y  
bet ween 20 and 70 per c ent  of  t he t ot al  f i l l .

Labor at or y  t es t s  on f i l l  mat er i a l  f r om v ar i ous  
s i t es  f r ee of  was t e mat t er  and ov er s i z e s t ones  
y i el ded t he r anges  of  gr adat i on and i ndex 
pr oper t i es  whi c h ar e s hown i n Fi gur es  1 and 2 
r es pec t i v el y .

A det ai l ed s t udy  of  s i mi l ar  man- made f i l l s  i n 
t he At hens  ar ea wi t h par t i c ul ar  emphas i s  on 
t hei r  c ompac t i on c har ac t er i s t i c s  has  been c on ­
duc t ed by  Kot z i as  and St amat opoul os  ( 1970) .

The nat ur al  soi l  whi c h under l i es  t he man- made 
f i l l s  was  at  al l  t he s i t es  a har d r ed- br own c l ay  
of  t he gr oup ( CL)  of  t he Uni f i ed Soi l  Cl as s i f i ­
c at i on Sy s t em wi t h l ay er s  of  v er y  dens e sand of  
t he gr oups  ( SC)  and ( SM) .

DRI LLI NG OF BOREHOLES AT I NJ ECTI ON POI NTS

Al l  bor ehol es  at  t he i nj ec t i on poi nt s  wer e r o t a ­
r y  dr i l l ed wi t h hol e d i amet er  0. 104 m.  Bor e ­
hol es  adv anc ed t hr ough t he man- made f i l l  t o t he 
nat ur al  soi l .
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U S  S T A N D A R D  S IE V E S

0. 04 m.  They  wer e per f or at ed wi t h  0. 008 m d i ­
amet er  c r os s - hol es  at  0. 10 m i nt er val s .  The 
t op t wo met er s  wer e not  per f or at ed.

Shor t l y  af t er  c ompl et i on of  eac h bor ehol e,  t he 
c as i ng was  wi t hdr awn and t he per f or at ed pi pe 
was  i ns er t ed i nt o t he bor ehol e.  The space 
bet ween t he per f or at ed pi pe and t he bor ehol e 
was  f i l l ed wi t h gr anul ar  f i l t er  mat er i al .  
Conc r et e was  pl ac ed at  t he t op one met er  ar ound 
t he pi pe,  t o pl ug t he hol e.

Fi g. 1 Range of  gr adat i on of  man- made f i l l  ma ­
t er i al  f r ee of  was t e mat t er  and c obbl es

L IQ U I D  L I M I T N A T U R A L  W A T E R  C O N T E N T

Fi g . 2 I ndex  pr oper t i es  of  man- made f i l l  ma t e r i ­
al  f r ee of  was t e mat t er

I n t he c as e of  s i t es  wi t h t he damaged bui l di ngs  
al l  bor ehol es  wer e dr i l l ed wi t hout  wat er  or  any  
ot her  dr i l l i ng f l ui d i n or der  t o mi ni mi z e t he 
di s t ur banc e of  t he man- made f i l l  by  t he wat er  
ac t i on whi c h c oul d r es ul t  i n f ur t her  damage of  
t he bui l di ngs .  Bor ehol es  wer e dr i l l ed ar ound 
t he bui l d i ngs  al ong t he ex t er nal  wal l s  and c l ose 
t o c ol umns  and poi nt s  of  ex c es s i v e s et t l ement s .  
I n t hi s  way  t he use of  t he bui l d i ngs  was  nev er  
di s c ont i nued.  Hal f  of  t he bor ehol es  was  dr i l l ed 
at  an angl e of  about  15 degr ees .  Bor ehol es  
wer e dr i l l ed i n t wo phases .  The v er t i c al  bor e ­
hol es  wer e dr i l l ed f i r s t  and af t er  gr out i ng,  t he 
i nc l i ned bor ehol es  wer e dr i l l ed i n an ef f or t  t o 
d i r ec t  t he gr out  mi x t ur e under  t he f oundat i ons  
t owar ds  t he i nt er i or  of  t he bui l di ngs .  Spac i ng 
bet ween i nj ec t i on poi nt s  v ar i ed bet ween 1. 5 and 
2. 2 m.

I n t he c as e of  a s i t e wi t hout  bui l di ngs ,  bor e ­
hol es  wer e dr i l l ed at  al l  c ol umn l oc at i ons  whi c h 
wer e s paced at  6. 3 m i nt er val s .  Al l  bor ehol es  
wer e v er t i c al  and dr i l l ed wi t h  wat er .  I n one 
oc c as i on whi l e dr i l l i ng at  one i nj ec t i on poi nt  
a l ar ge under gr ound c av i t y  was  f or med f ol l owed 
by  a s ubs i denc e wi t h s ur f ac e c r ac k s  ex t endi ng 
t o a d i s t anc e of  about  3 met er s  f r om t he dr i l l ­
i ng l ocat i on.  Thi s  s ubs i denc e whi c h was  c aused 
by  t he wat er  ac t i on on t he man- made f i l l  i s al so 
an i ndi c at i on of  how l oose was  pl ac ed t he man-  
made f i l l .

I NSTALLATI ON OF PERFORATED PI PES AT I NJ ECTI ON 
POI NTS

The per f or at ed pi pes  whi c h wer e us ed t o i nj ec t  
t he gr out  mi x t ur e had an ex t er nal  d i amet er  of

COMPOSI TI ON OF THE GROUT MI XTURE

The gr out  mi x t ur e us ed c ons i s t ed bas i c al l y  of  
wat er  and c ement  wi t h  a wat er - c ement  r at i o 
v ar y i ng bet ween 1 and 1 . 2 by  wei ght  wi t h  t he 
addi t i on of  a smal l  quant i t y  of  bent oni t e of  
t he or der  of  4 t o 6 per c ent  by  wei ght  of  c ement  
t o k eep t he c ement  i n suspens i on.

An ex t ens i v e l abor at or y  r es ear c h pr ogr am on 
c ement - bent oni t e mi x t ur es  wi t h v ar i ous  wat er -  
c ement  r at i os  and v ar i ous  bent oni t e c ont ent s  
was  c ar r i ed out  i n or der  t o s t udy  t he pr oper ­
t i es  of  t hes e gr out  mi x t ur es  and det er mi ne t he 
mos t  s ui t abl e mi x  pr opor t i ons  whi c h c oul d be 
pumped eas i l y ,  penet r at e i nt o t he voi ds ,  not  
s et t l e qui c k l y  f r om suspens i on,  and dev el op 
some s t r engt h af t er  har deni ng.

Bas i c  gr out  mat er i a l s

Some of  t he pr oper t i es  of  t he bas i c  gr out  ma ­
t er i al s  us ed wer e as f ol l ows:

Wat er :  At hens  t ap wat er
pH at  20°  C 7. 2

Cement :  Por t l and c ement  Hel l eni c  Type 
Poz z ol an c ont ent  10 per c ent
Bl ai ne f i nenes s ’, ASTM C 204 2800- 3000 c m̂ / gr  
Ti me of  set ,  ASTM C 191

i ni t i al  90- 150 mi n
f i nal  4- 5 h

Bent oni t e ( Sodi um ac t i vat ed) :
Li qui d l i mi t ,  ASTM D 423 420- 480
Pl as t i c  l i mi t ,  ASTM D 424 25- 37 
pH of  s l ur r y  wi t h wat er

c ont ent  c l os e t o l i qui d l i mi t  9. 8

The bent oni t e was  used i n a f or m of  t hi c k  s l ur r y  
whi c h was  s t or ed f or  at  l eas t  24 hour s  pr i or  t o 
i t s  us e t o ens ur e t hat  no f ur t her  s wel l i ng of  
t he mat er i al  woul d t ake pl ace.

QUALI TY CONTROL PROCEDURES

Qual i t y  c ont r ol  f or  t he pr opor t i oni ng of  t he 
gr out  mi x t ur e was  c ar r i ed out  c ont i nuous l y  at  
t he s i t e wi t h meas ur ement s  of  v i s c os i t y ,  b l eed ­
i ng,  and c ompr es s i v e s t r engt h t es t s .  The f o l ­
l owi ng s i mpl e t es t s  wer e c ar r i ed out :

Fl ow Cone

The f l ow c har ec t er i s t i c s  of  t he gr out  mi x t ur e 
wer e c hec k ed ac c or di ng t o s pec i f i c at i on CRD- C79 
of  t he Cor ps  of  Engi neer s  by  meas ur i ng t he t i me 
of  ef f l ux  of  a s t andar d v ol ume of  mi x  ( 1725 ml )  
t hr ough an or i f i c e of  s pec i f i ed di amet er .  The 
t i me of  ef f l ux  i s a meas ur e of  t he v i s c os i t y  of  
t he gr out  mi x t ur e.  The t i me of  ef f l ux  us ed
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v ar i ed bet ween 9 and 11 s ec onds  dependi ng on t he 
s ubs ur f ac e c ondi t i ons  and t he gr out  t ake at  eac h 
i nj ec t i on poi nt .

Bl eedi ng

Thi s  t es t  was  c ar r i ed out  as  f ol l ows :  t he gr out  
mi x t ur e s ampl e was  pl ac ed i ns i de a 1000 ml  gl as s  
c y l i nder  and per c ent age of  wat er  on t op of  t he 
mi x t ur e,  r el at ed t o t he t ot al  v ol ume of  t he 
sampl e was  det er mi ned at  v ar i ous  t i me i nt er val s .  
Bl eedi ng af t er  5 hour s  f l uc t uat ed bet ween 5 and
1 5 pe r c en t .

Compr es s i v e s t r engt h

Compr es s i v e s t r engt hs  wer e det er mi ned by  f ol l ow­
i ng t he bas i c  s t eps  of  ASTM C 109.  Al l  t es t s  
wer e per f or med on c y l i ndr i c al  s pec i mens  wi t h 
0. 075 m di amet er .  Due t o bl eedi ng t he hei ght  of  
t he s pec i mens  v ar i ed bet ween 0. 126 and 0. 144 m.  
Al l  s pec i mens  wer e c ur ed i n wat er .  The r es ul t s  
of  t he 28- day  s t r engt hs  v ar i ed bet ween 4000 and 
6000 kPa.

I NJ ECTI ON OF THE GROUT MI XTURE

ef f or t  was  made nev er  t o gr out  on t he f ol l owi ng 
day  i n t he v i c i n i t y  of  poi nt s  al r eady  gr out ed 
dur i ng t he pr ev i ous  day.

By  appl y i ng t he abov e c r i t er i a,  t he f ol l owi ng 
gr out  t ake v al ues  wer e obs er ved:

( i )  I n t he c as e of  t he s i t es  wi t h t he 
damaged bui l di ngs ,  f or  d i s t anc es  
bet ween i nj ec t i on poi nt s  of  1. 5,  1. 8 
and 2 . 2 m t he av er age gr out  t ake per  
i nj ec t i on poi nt  was  equal  t o 0. 96,  1. 35 
and 1. 49 t onnes  per  met er  dept h of  man-  
made f i l l  r es pec t i v el y .

( i i )  I n t he case of  t he s i t e wi t hout  bu i l d ­
i ngs  wher e di s t anc e bet ween i nj ec t i on 
poi nt s  was  6. 3 m t he av er age gr out  t ake 
per  i nj ec t i on poi nt  was  equal  t o 1. 7 
t onnes  per  met er  dept h of  man- made f i l l .

Bas ed on t he abov e dat a and on ex per i enc e i t  i s 
bel i ev ed t hat  f or  s t abi l i z at i on of  man- made 
f i l l s  under  damaged bui l di ngs ,  d i s t anc es  bet ween 
i nj ec t i on poi nt s  s houl d not  be gr eat er  t han 
2. 5 m >

Fol l owi ng mi x i ng,  t he gr out  mi x t ur e was  c o l l ec t ­
ed i nt o a t ank  adj ac ent  t o t he mi x er  f r om whi c h 
i t  was  pumped t o t he v ar i ous  i nj ec t i on poi nt s  
wi t h t he ai d of  a pi s t on pump.  The pi s t on pump 
us ed f or  al l  gr out i ng oper at i ons  was  t ype BOYLES
12 RD,  on whi c h modi f i c at i ons  wer e made t o t he 
pi s t on l i ni ng and t o t he v al v es  i n or der  t o 
c i r c ul at e and i nj ec t  t he gr out  mi x t ur e.

The gr out  mi x t ur e was  pumped t o t he i nj ec t i on 
poi nt s  t hr ough hi gh pr es s ur e r es i s t ent  r ubber  
hos es  of  0. 025 m i ns i de di amet er .  Manomet er s  
wer e i ns t al l ed at  t he out l et  poi nt  of  t he pump 
and at  t he head of  eac h per f or at ed pi pe i n or der  
t o meas ur e t he pr es s ur e of  t he gr out  mi x t ur e i nt o 
t he r ubber  hos e and t he pr es s ur e wi t h whi c h i t  
was  i nj ec t ed i nt o t he man- made f i l l .

Thr oughout  gr out i ng oper at i ons  r ec or ds  wer e k ept  
about  t he wei ght  of  c ement  i nj ec t ed and t he 
pr es s ur e c hanges  at  t he head of  eac h per f or at ed 
pi pe.

CRI TERI A ESTABLI SHED FOR GROUTI NG OPERATI ONS

The f ol l owi ng c r i t er i a wer e es t abl i s hed f or  
gr out i ng oper at i ons ,  c onc er ni ng max i mum pr es s ur e 
appl i ed and quant i t i es  of  c ement  i nj ec t ed.

Max i mum al l owabl e pr es s ur e at  t he gr out  header s  
of  eac h per f or at ed pi pe was  s pec i f i ed t o be 
equal  t o 300 kPa when bui l di ngs  ex i s t ed at  t he 
si t e,  and equal  t o 700 kPa when no bui l di ngs  
wer e at  t he s i t e.

EFFECTI VENESS OF THE GROUTI NG TECHNI QUE

The ef f ec t i v enes s  of  t he gr out i ng t ec hni que can 
be demons t r at ed on t he bas i s  of  t he f ol l owi ng 
obs er v at i ons :

Quant i t y  of  c ement  v er s us  i nj ec t i on pr es s ur e

As  ment i oned pr ev i ous l y ,  t hr oughout  t he gr ou t ­
i ng oper at i ons  det ai l ed r ec or ds  wer e k ept  about  
quant i t i es  of  c ement  i nj ec t ed and pr es s ur e 
changes  at  eac h i nj ec t i on poi nt .
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Fi g. 3 Quant i t y  of  c ement  i nj ec t ed v er s us  
i nj ec t i on pr es s ur e

Gr out i ng at  eac h i nj ec t i on poi nt  was  di s c ont i nued 
ei t her  when t he max i mum s pec i f i ed pr es s ur e was  
at t ai ned or  when a t ot al  quant i t y  of  30 t onnes  
of  c ement  per  hol e was  i n j ec t ed0 Gr out i ng was  
al s o di s c ont i nued when gr out  mi x t ur e appear ed on 
t he gr ound sur f ace.

As  a r ul e no mor e t han 12 t onnes  c ement  wer e 
i nj ec t ed at  t he same poi nt  i n one day  and ev er y

Fi gur e 3 s ummar i z es  t he r es ul t s  of  quant i t y  of  
c ement  i nj ec t ed pl ot t ed agai ns t  i nj ec t i on 
pr es s ur e f r om al l  t he i nj ec t i on poi nt s  at  one 
of  t he s i t es .  Si mi l ar  d i agr ams  wer e obt ai ned 
f r om t he ot her  s i t es  t oo.  Ty pi c al  pl ot s  of  
quant i t y  of  c ement  i nj ec t ed v er s us  i nj ec t i on 
pr es s ur es  ar e t he c ur v es  AB,  CD and EF.  The 
f i ve i ndi v i dual  poi nt s  t o t he l ef t  of  c ur v e AB
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r ef er  t o gr out  poi nt s  wher e s hor t l y  af t er  t he 
i nj ec t i on of  a smal l  quant i t y  of  gr out  mi x t ur e 
ei t her  hi gh pr es s ur es  wer e dev el oped or  t he 
gr out  mi x t ur e appear ed at  t he gr ound sur f ace.
The dot t ed c ur v e GH t o t he r i ght  shows  an ex ­
c ept i onal  c as e of  hi gh gr out  t ake.

The s ur f ac e whi c h i s def i ned by  t he poi nt s  A,
B,  F and E c ont ai ns  t he pr es s ur e c ur v es  f r om 47 
i nj ec t i on poi nt s .  Ar eas  I  and I I  c ont ai n r e ­

sul t s  f r om 20 and 27 i nj ec t i on poi nt s  r es pec ­
t i vel y .  Fr om t hi s  d i agr am t he f ol l owi ng c on ­
c l us i ons  can be dr awn-

( i )  The s mal l es t  quant i t y  of  c ement  i nj ec t ed 
wi t h  zer o pr es s ur e was  not  l ess  t han one 
t onne .

( i i )  At  20 i nj ec t i on poi nt s  t he pr es s ur e at  
t he head of  t he per f or at ed pi pe r emai n ­
ed zer o f or  quant i t i es  of  c ement  v ar y i ng 
bet ween one and f i ve t onnes  whi l e at  t he 
r emai ni ng 27 i nj ec t i on poi nt s ,  whi c h ar e 
mor e t han hal f  of  al l  t he i nj ec t i on 
poi nt s ,  t he pr es s ur e r emai ned zer o f or  
s i gni f i c ant  quant i t i es  of  c ement  v ar y i ng 
bet ween 5 and 18 t onnes .  The l oc at i on 
of  l i ne CD whi c h s epar at es  s ur f ac e I  and 
I I  was  s el ec t ed ar bi t r ar i l y  t o s t ar t  at  
5 t onnes .  I t  was  t hought  t hat  quant i ­
t i es  of  c ement  i n ex c es s  of  5 t onnes  can 
be c ons i der ed t o be s i gni f i c ant .  Fr om 
t he abov e i t  can be c onc l uded t hat  i n 
mor e t han hal f  of  t he i nj ec t i on poi nt s  
t he ex t end of  v oi ds  wi t h i n t he man- made 
f i l l  was  s i gni f i c ant .

( i i i )  The i nc r eas e of  pr es s ur e at  t he end of  
eac h i nj ec t i on i s an i ndi c at i on t hat  
v oi ds  wer e f i l l ed and t hat  no f ur t her  
gr out  mi x t ur e c oul d be i nj ec t ed i nt o 
t he f i l l  wi t hout  f ur t her  i nc r eas e of  t he 
i nj ec t i on pr essur e.

( i v)  The i nc r eas e of  pr es s ur e at  t he end of  
eac h i nj ec t i on i ndi c at es  al s o t hat  t he 
per meabi l i t y  of  t he soi l  bec omes  v er y  
l ow or  negl i gi bl e.  Af t er  s t abi l i z at i on 
r ai n and ot her  s ur f ac e wat er s  c oul d not  
per c ol at e i nt o t he man- made f i l l  and t he 
r i s k  of  wat er  ac t i on bec ame i ns i gn i f i ­
cant .

Bor ehol es  dr i l l ed af t er  gr out i ng oper at i ons

Fi g . 4 shows  t he s ubs ur f ac e pr of i l es  of  f i ve bor e ­
hol es  whi c h wer e dr i l l ed af t er  t he gr out i ng ope ­
r at i ons  at  di s t anc es  v ar y i ng bet ween 0. 5 and 
1. 0 m f r om i nj ec t i on poi nt s .  I t  can be seen 
f r om t hese pr of i l es  t hat :

( i )  Gr out  mi x t ur e was  di s t r i but ed al ong t he 
whol e dept h of  t he man- made f i l l  wi t h 
t he ex c ept i on of  some poc k et s  of  c l ay,  
and

( i i )  Gr out  mi x t ur e penet r at ed al l  v oi ds  
c ement i ng al l  l oose non- c ohes i v e mat e r i ­
al  .

I t  was  obs er v ed dur i ng dr i l l i ng t hat  r at es  of  
adv anc e wer e s l ow t hr ough t he s t abi l i z ed f i l l  
and v ar i ed bet ween 0. 7 and 1. 0 m/ h and d i f f i ­
c ul t i es  wer e enc ount er ed whi l e dr i l l i ng t hr ough 
c ement ed l ayer s .  Thes e r at es  of  adv anc e of

dr i l l i ng ar e about  hal f  t han t hos e obs er v ed 
pr i or  t o gr out i ng.

Per f or manc e of  bui l d i ngs  af t er  s t abi l i z at i on

Af t er  c ompl et i on of  gr out i ng oper at i ons  damaged 
bui l di ng wer e r epai r ed.  Si nc e 197 3 when t he 
f i r s t  gr out i ng pr oj ec t  was  compl et ed,  no f ur t her  
s et t l ement s  wer e r ec or ded and no hai r c r ac k s  
wer e obs er v ed on t he wal l s .
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Unc ompac t ed man- made f i l l  

Par t i a l l y  c ement ed mat er i al  

Ful l y  c ement ed mat er i a l  

Cl ay  or  nat ur al  soi l

Fi g . 4 Bor ehol e pr of i l es  af t er  gr out i ng

CONCLUSI ONS

Unc ompac t ed man- made f i l l s  f or med by  dumpi ng of  
ex c av at i on and demol i t i on mat er i a l s  f r om t he 
bui l d i ng ac t i v i t y  i n t he At hens  ar ea wer e s t abi ­
l i zed wi t h a gr out i ng t ec hni que whi c h mak es  us e 
of  a c ement - bent oni t e mi x t ur e.  The gr out  mi x ­
t ur e was  i nj ec t ed i nt o t he man- made f i l l  t hr ough 
per f or at ed pi pes  s ui t abl y  spaced.

Cr i t er i a wer e es t abl i s hed f or  max i mum pr es s ur es  
appl i ed and quant i t i es  of  c ement  i nj ec t ed.
Si mpl e qual i t y  c ont r ol  pr oc edur es  wer e adopt ed 
t o c hec k  and adj us t  t he gr out  mi x t ur e depend ­
i ng on s ubs ur f ac e condi t i ons .

Bas ed on gr out  t ake obs er v at i ons  i t  i s bel i ev ed 
t hat  f or  s t abi l i z at i on of  man- made f i l l s  under  
damaged bui l di ngs ,  d i s t anc es  bet ween i nj ec t i on 
poi nt s  shoul d not  be gr eat er  t han 2. 5 m.
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