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SYNOPSI S : The paper  des c r i bes  s t one c ol umn i ns t al l at i on t ec hni ques  dev el oped i n I ndi a ov er  
t he l as t  f ew year s ,  whi c h admi t  of  us i ng c ommonl y  av ai l abl e pi l i ng equi pment .  For  t he cases  r ev i ewed 
bor es  wer e adv anc ed bot h by di s pl ac ement  and nor . - di spl acement  t echni ques .  The gr anul ar  aggr egat es  
wer e- compac t ed by  heav y  r ammer  oper at ed i n t he hol e,  f i el d c ont r ol  was  ac hi ev ed by s t i pul at i ng t he 
c ons umpt i on of  t he s t one' whi c h i ndi r ec t l y  i ndi c at ed t he i ns i t u c r oss  s ec t i on of  t he c ol umn and t he 
set  ac hi ev ed whi c h was meas ur ed i n t er ms  of  penet r at i on of  t he r ammer  f or  a gi v en ener gy  i nput .  A 
t heor y  i s pos t ul at ed f or  pr edi c t i ng t he per f or manc e of  s t one c ol umns  on t he bas i s  of  s i ngl e c ol umn 
l oad t est .  Tes t  r es ul t s  ar e f ur ni shed.  I r r es pec t i v e of  t he met hod of  i ns t al l at i on as l ong as t he 
f i el d c ont r ol  c r i t er i a ar e s at i s f i ed t he behav i our  of  s t one c ol umn i s c ons i s t ent  and r es ul t s  f r om 
s i ngl e c ol umn l oad t es t  can be used f or  pr edi c t i ng t he behav i our  of  s t one c ol umn- gr ound syst em.

I NTRODUCTI ON

Sev er al  appl i c at i ons  of  c ompat ed gr anul ar  
c ol umns  f or  gr ound i mpr ov ement  hav e been 
r epor t ed ( Gr een Wood 1970,  Geot ec hni que 
Sy mpos i um 1975,  Dat ye S Nagar aj u,  1977) .  Wher e 
as v i br at or y  equi pment  has  been ex t ens i v el y  usee 
i n t he cases  r epor t ed by Gr een Wood and t hose 
r epor t ed i n t he Gc ot ec hni que Sympos i um,  under  
I ndi an c ondi t i ons  t hi s  met hod wor k s  out  t o be 
r el at i v el y  expens i ve.  The aut hor s  t her ef or e 
i nt r oduc ed i ns t al l at i on met hods  i nv ol v i ng 
r ammi ng of  s t one and sand i n pr ebor ed hol es.
A mer i t  of  t hi s  met hod i s t hat  or di nar y  bor ed 
pi l i ng equi pment  av ai l abl e at  mos t  c ons t r uc t i on 
s i t es  can be used.  The i ni t i al  dev el opment  of  
t he t ec hni que v i z  : r ammi ng wi t h i n a cased 
bor e hol e has  been des c r i bed i n an ear l i er  
paper  ( Dat ye E Nagar aj u,  1975)  whi c h al so 
pr es ent ed f i el d dat a f r om l ar ge scal e l oad 
t es t s .  I ni t i al l y  t he r ammi ng t ec hni que was 
c onc ei v ed t o be a l ow cost  s ubs t i t ut e f or

v i br at or y  compac t i on.  Fi el d t r i al s  however ,  
r ev eal ed t hat  bet t er  c ompac t i on and a gr eat er  
degr ee of  gr ound i mpr ov ement  can be ac hi ev ed 
by use of  r ammed s t one col umns.  At t empt s  have 
been made t o i mpr ov e and s i mpl i f y  i ns t al l at i on 
pr ocedur es .  The paper  br i ef l y  pr es ent s  i ns t a l ­
l at i on t ec hni ques  dev el oped i n I ndi a ov er  t he 
l ast  f ew year s .  I n t he l i ght  of  ex per i enc e a 
des i gn appr oac h i s pos t ul at ed whi c h i s based 
on l oad t es t  per f or manc e of  s i ngl e c ol umn 
i ns t al l ed wi t h c ont r ol  on set  and s t one 
c onsumpt i on.  Tes t  r es ul t s  ar e f ur ni s hed al ong 
wi t h c or r es pondi ng c ont r ol  c r i t er i a.

I NSTALLATI ON TECHNI QUES

Met hods  of  adv anc i ng bor e hol e,  pl ac i ng of  
s t one and sand and r ammi ng t ec hni ques  al ong wi t h 
t hei r  mer i t s  and l i mi t at i ons  ar e pr es ent ed i n 
Tabl e I , Fi g.  1 shows  t he i ns t al l at i on t echni ques .

TABLF  I

St one Col umn I ns t al l at i on Tec hni ques  

BORI NG METHODS

Met hods

Li mi t at i ons  and 
mer i t s

Non- di s pl ac ement

■ Bai l or  bor i ng
• Ai r  and wat er  j et
• Di r ec t  mud c i r c ul at i on

• No r emoul di ng

• Wat er  i s r equi r ed i n l ar ge 
quant i t i es

Di s pl ac ement

•  Dr i v i ng t ube wi t h di s pens abl e 
s hoes .

Causes  r emoul di ng of  soi l  but  
eas y  t o cont r ol .

Longer  l engt hs  r equi r e heav i er  
p l an t s .
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Non d isplacem ent D isplacem ent
TABLE I ( Co n t i n u e d )  a Sui t abl e met hod of  pr ev ent i ng •  Ver y  c onv eni ent  upt o 6 t o

c ont ami nat i on of  s t one by  soi l  8 M.  "
i s necessar y .

FI LLI NG STONE AND SAND

• Gr adual  f i l l i ng and c ont r ol l ed wi t hdr awal  of  c as i ng

•  Pr e- as s embl ed ar ound di s pens abl e s heat h such as bamboo v er t i c al  
s t r i ps  wi t h hor i z ont al  t i es  of  or gani c  f i br e.

•  Fi l l i ng i n l i mi t ed number  of  s t ages  and c ont r ol l ed wi t hdr awal  of  cas i ng.

RAMMI NG

• Use of  dr op hammer  or  he

• Rammi ng i n shor t  l i f t s

•  Rammi ng onl y  i n l i mi t ed

FI ELD CONTROL

An i mpor t ant  par amet er  gov er ni ng t he per f or ­
manc e of  s t one c ol umn i s t he c ons umpt i on of  
mat er i al  i n t he s t one col umn.  A mi x t ur e of  
c r us hed s t one and sand i s used.  St one and 
s and i n t he pr opor t i on of  1: 0. 2 t o 0. 5 by 
v ol ume can be ex pec t ed t o gi ve a wel l  c ompac t ed 
mass  wi t h t he sand f i l l i ng t he voi ds  i n t he 
c r us hed st one.  Vol umes  of  s t one and sand ar e 
meas ur ed i n boxes  of  s t andar d s i zes  and t he 
l oose or  bul k  v ol ume i s det er mi ned on t he bas i s  
of  t he s i ze and number  of  box es  f i l l ed i nt o 
t he s t one col umn.  The i ns i t u c ompac t ed v ol ume 
i s t ak en as 0. 8 of  t he v ol ume of  s t one meas ur ed 
i n boxes.  Si nce sand i s pr es umed t o f i l l  t he 
voi ds  i n t he s t one,  t he v ol ume of  t he sand i s 
negl ec t ed.  The c ons umpt i on of  s t one as i t  
var i es  pr ogr es s i v el y  wi t h dept h i s pl ot t ed.
The c r oss  s ec t i onal  ar ea of  t he s t one c ol umn 
f or  t he pur pos e of  anal y s i s  and i nt er pr et at i on 
i s der i v ed f r om t hi s  c ompac t ed vol ume.

The degr ee of  c ompac t i on t hat  can be ac hi ev ed 
depends  on s ev er al  f ac t or s  ( Dat ye 6 Nagar aj u,
19 75) .  I n gener al  t he degr ee of  c ompac t i on 
can be meas ur ed by a ' set '  c r i t er i on,  i . e.  
penet r at i on of  r ammer  i nt o t he f i l l ed mat er i al  
f or  a gi v en number  of  bl ows.  Cont r ol  on 
c ons umpt i on of  s t one wi t h a s pec i f i c  ener gy  
i nput  f or  r ammi ng as meas ur ed by ' set '  wi l l  
ensur e a uni f or m qual i t y  of  c ons t r uc t i on.

DESIGN APPROACH

I n t he des i gn appr oac h f or  es t i mat i ng s t one 
c ol umn c apac i t y ,  i t  i s c ons i der ed t hat  c ol umn 
der i v es  i t s s uppor t  f r om t he r es i s t anc e 
pr ov i ded by t he c l ay  l ay er  t o c av i t y  ex pans i on 
c aus ed by  t he bul gi ng of  t he unc ement ed 
gr anul ar  col umn.  Af t er  gai ni ng ex per i enc e 
i n t he i ns t al l at i on of  s t one col umns ,  i t  i s 
pos t ul at ed t hat  gi v en a set  c r i t er i on t he 
c av i t y  ex pands  dur i ng i ns t al l at i on and t he 
c ons umpt i on of  t he gr anul ar  mat er i al  adj us t s  
t o at t ai n a c r oss  s ec t i onal  ar ea such t hat  
l at er al  r es i s t anc e t o f ur t her  ex pans i on i s 
devel oped.  The l oad c ar r y i ng behav i our  under  
undr ai ned c ondi t i on can be pr edi c t ed ( Dat ye
6 Nagar uj u 1975,  1977)  by  t he use of  c av i t y  
ex pans i on t heor y  ( Ves i c ,  1972) .

avy  di es el  hammer  wi t h a mandr el

number  of  s t ages.

The soi l  s ur r oundi ng t he c ol umn i s s ubj ec t ed 
t o dy nami c  c ons ol i dat i on dur i ng dr i v i ng of  t he 
col umns.  By anal ogy  of  t he ex per i enc e of  
dy nami c  c ons ol i dat i on by f al l i ng wei ght s  i t  can 
be pos t ul at ed t hat  v er t i c al  f i s s ur es  woul d be 
f or med and dr ai nage pat hs  woul d be c r eat ed by 
t he f i ssur es .  Thi s  woul d ac c el er at e t he 
di s s i pat i on of  ex c es s  por e wat er  pr essur es ,  
t hus  c ons ol i dat i ng t he c l ay  i n t he i mmedi at e 
v i c i ni t y  of  t he s t one col umn.  The i nc r eas e 
i n t he c apac i t y  of  t he s t one c ol umn due t o 
dy nami c  c ompac t i on can be es t i mat ed on t he 
bas i s  of  s t r engt h gai n due t o di s s i pat i on of  
excess  por e pr es s ur e us i ng t he wel l  known 
Cu/ p r el at i ons hi p.

For  anal y s i s  of  behav i our  under  dr ai ned 
c ondi t i ons  t he soi l  i s c ons i der ed as nor mal l y  
l oaded c ohes i v e soi l  whos e s hear  s t r engt h can 
be ex pr es s ed wi t h s at i s f ac t or y  ac c ur ac y  by 
Coul omb' s  equat i on i n whi c h C = 0,  t hus
S = p t an 4>. Anal y s i s  i s c ar r i ed out  f or  a 
r ange of  v al ues  of  r i g i di t y  i ndex  c ov er i ng 
l oose t o dense f r i c t i onal  mat er i al s .  Such 
anal y s i s  woul d r ev eal  t he adequac y  of  t he 
s t one c ol umn c apac i t y  even i f  o j / c j  r at i o i s 
r educ ed by di l at i on of  gr anul ar  s t one c ol umn 
mat er i al  under  s hear  as s oc i at ed wi t h  gr adual  
l at er al  enl ar gement  of  t he c av i t y  under  
dr ai ned condi t i ons .

Whi l e t he s t one c ons umpt i on i ndi c at es  t he 
dev el opment  of  a c r oss  s ec t i onal  ar ea and 
r es i s t anc e of  c av i t y  ex pans i on,  i n or der  t hat  
t he c ol umn dev el ops  a di l at ant  behav i our  under  
dr ai ned c ondi t i ons  t o r educ e c ompr es s i bi l i t y ,  
i t  i s nec es s ar y  t hat  a c er t ai n degr ee of  
c ompac t i on be achi eved.  The degr ee of  c ompac ­
t i on t o pr oduc e such a behav i our  can be 
ac hi ev ed by c ont r ol  on set .

The ef f ec t  of  c ompac t i on ex t ends  ov er  a 
di s t anc e of  3 t o 4 M and henc e i t  i s not  
nec es s ar y  t o c ompac t  at  c l ose i nt er v al s  as was 
done i n ear l i er  i ns t al l at i ons .  For  a s at i s ­
f ac t or y  behav i our  t he set  need not  be c hec k ed 
at  c l ose i nt er val s .  Howev er ,  t he set  c r i t er i a 
s houl d be r el at ed t o t he ov er bur den pr essur e.

Set t l ement  of  St one Col umns
Def or mat i on of  s t one c ol umns  under  appl i ed
l oads  i s a c ompl ex  phenomenon as poi nt ed out
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i n an ear l i er  publ i c at i on ( Dat ye 6 Nagar aj u,  
1975)  and a pr ec i s e mat hemat i c al  anal y s i s  
ac c ount i ng f or  al l  t he v ar i abl es  woul d be f ar  
t oo i nv ol v ed f or  pr ac t i c al  val ue.  I ni t i al  
s et t l ement  c oul d be es t i mat ed on t he bas i s  
of  c ompr es s i bi l i t y  of  c r us hed s t one meas ur ed 
i n l abor at or y  t es t s  ( Mar sal ,  1967) .  St one 
c ol umn c ompr es s i bi l i t y  under  undr ai ned and 
dr ai ned c ondi t i ons  and i t s c ol l aps e l oad ar e 
v er i f i ed by s i ngl e c ol umn l oad t est .  Thi s  
dat a can be ut i l i s ed t o pr edi c t  gr oup behav i our  
pr ov i ded t he i ns t al l at i on i n t he f i el d can be 
c ont r ol l ed t o get  c ons i s t ent  behav i our  i n 
t he s i ngl e c ol umn l oad t est .

Des i gn appr oac h pos t ul at ed her ei n i s t hus  
bas ed on per f or manc e i n a s i ngl e c ol umn l oad 
t es t  -  c ons i s t ent  behav i our  bei ng ens ur ed by 
c l ose c ont r ol  on c ons umpt i on and set .

LOAD TESTS AND I NTERPRETATI ON

Fi g 2.  shows  r es ul t  of  s i ngl e c ol umn l oad 
t es t s  on c ol umns  i ns t al l ed by  r ammi ng i n cased 
bor e hol e and pr eas s embl ed and i ns t al l ed i n 
pr ebor ed hol e.  Det ai l s  of  i ns t al l at i on 
t ec hni ques  ar e shown i n Fi g.  1.  At  t he s i t e 
l oc at ed at  Raol i  i n Gr eat er  Bombay  t he s ub ­
sur f ace c ons i s t s  of  v er y  sof t  t o sof t  c l ay

( CH)  ex t endi ng t o a dept h of  6 t o 12 M bel ow 
gr ound l evel .  Fi g 2( a)  shows  t he s ubs ur f ac e 
c ondi t i ons  at  t hi s  s i t e and al s o t he s t one 
c ons umpt i on dat a.  The s t one c ol umn c apac i t i es  
wer e es t i mat ed on t he bas i s  of  t heor et i c al  
D o s t u l a t i o n s  p r e s e n t e d  i n  t he p r e v i o u s  s e c t i o n .  

I t  i s f ound t hat  t he behav i our  of  t he pr e ­
as s embl ed s t one c ol umn i s c ompar abl e t o t he 
r ammed s t one c ol umn and s i mi l ar  met hods  of  
anal ys i s  can be us ed f or  r ammed as wel l  as 
^ r eas s embl ed col umns .

Res ul t s  of  s i ngl e c ol umn l oad t es t  on col umns  
c ompac t ed by use of  mandr el  dr i v en by  heavy  
hammer  i s pr es ent ed i n Fi g.  2.  The s ubs ur f ac e 
c ondi t i ons  at  t hi s  s i t e c ons i s t s  of  sof t  s i l t y  
c l ay  ex t endi ng t o 18 Met er s  dept h ex t ens i v el y  
des c r i bed i n ear l i er  publ i c at i ons  ( Dat ye 6 
Nagar aj u,  1975,  1977) .  Two s i zes  of  bor es  
400 mm and 600 mm wer e adv anc ed by non ­
di s pl ac ement  t ec hni que t o a dept h of  10 H 
bel ow gr ound.  Gr anul ar  f i l l  f or mi ng t he s t one 
c ol umn was c ompac t ed by a hammer  dr i v i ng a 
mandr el  t hr ough t he bor e hol e.  The r at ed 
c apac i t y  of  t he hammer  was  5. 5 TH.  Fi l l i ng 
and r ammi ng was  i n 3 s t ages  of  4,  4 and 2 met r e 
dept hs ;  at  eac h s t age set  was  s pec i f i ed as
2 c m f or  8 bl ows.  Tabl e I I  shows  t he es t i mat ed 
c apac i t i es  and t he f ai l ur e l oad.

Loc at i on Nomi nal  
di a.  ( mm)

TAP,  '1.E I I  
St one Col umn Capac i t i es

Ar ea at  t oo as 
i ns t al l ed ( m̂ )

Es t i mat ed capac i t y ,  
( t onnes)

Fai l ur e l oaf  
( t onnes)

War e House 
Baggi ng Pl ant  
Baggi ng Pl ant

600
600
400

0. 9613 
0. 8906 
1. 0091

21.  5 
19. 9 
22. 6

24 . 0 
25. 8 
27. 5

The c ompr es s i b i l i t y  of  s t one c ol umn bac k 2 
comput ed f r om t he t es t  r es ul t s  ( 0. 0002 m / t )  
c ompar es  f av our abl y  wi t h t he v al ues  r epor t ed 
by Mar s al  f or  oj / o,  r at i os  of  3 t o 4.

I n one case bor i ng was  done by non di s pl ac ement  
met hod i n t he ot her  case by  di s pl ac ement  met hod 
us i ng a di s pens abl e shoe,  set  c r i t er i a and 
cons umpt i on wer e same.  Ther e was no s i gni f i c ant  
di f f er enc e i n t he behav i our  i n t he s i ngl e 
col umn l oad t es t  so muc h so ev en t he di amet er  
of  t he t ube had no ef f ec t  on t he s i ze of  t he 
col umn devel ooed.

CONCLUSI ONS

I t  i s r eal i s ed t hat  a r i gor ous  anal y s i s  f or  
t he pr edi c t i on of  s t one c ol umn behav i our  woul d 
be ver y  di f f i c ul t  bec aus e of  t he c ompl ex i t i es  
of  t he phenomena whi c h i nv ol v e dy nami c  c ompac ­
t i on,  di l at anc y ,  por e pr es s ur e di s s i pat i on and 
r emoul di ng ef f ec t s .  Des i gn appr oac h bas ed on 
y i el d l oad and s et t l ement  i n s i ngl e c ol umn l oac1 
t es t  c ombi ned wi t h i ns t al l at i on c ont r ol  bas ed 
on set  and c ons umpt i on hol ds  pr omi s e of  
pr ov i di ng a r at i onal  bas i s  f or  pr edi c t i ng 
t he behav i our  of  s t one c ol umn syst ems.
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