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Effects of Mandrel-Driven Sand Drains on Soft Clay

Effet du Drain en Sable Enfonce par Mandrin sur Terrain Mauvais
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T .  A K A G I  P r o f e s s o r ,  A s ia n  I n s t i t u t e  o f  T e c h n o l o g y ,  B a n g k o k ,  T h a i la n d

SYNOPSI S A f i el d t es t  was  c onduc t ed t o i nv es t i gat e ef f ec t s  of  i ns t al l at i on of  di s pl ac ement
t ype sand dr ai ns  on pr oper t i es  and behav i or  of  sof t  c l ay .  Dr i v i ng of  a c l os ed- end mandr el  c aus es  
por e pr es s ur es  t o r i se and di s pl ac es  f oundat i on c l ay  upwar ds  and l at er al l y ,  r educ i ng shear  
s t r engt h and c oef f i c i ent s  of  c ons ol i dat i on c ons i der abl y .  Rapi d and s i gni f i c ant  c ons ol i dat i on,  
however ,  t akes  pl ac e dur i ng and af t er  s and dr ai n i ns t al l at i on and pr i or  t o t he f i l l  pl acement .
Whi l e t he c onv ent i onal  des i gn met hod appear s  t o gi v e a r eas onabl e v al ue of  pr i mar y  s et t l ement  whi c h 
oc c ur s  under  t he f i l l  pl ac ed s ubs equent l y ,  i t  f ai l s  t o gi v e a s at i s f ac t or y  t i me- s et t l ement  r e l at i on ­
shi p i n t he sand dr ai ned ar ea as wel l  as i n t he adj ac ent  s i mi l ar l y  l oaded unt r eat ed ar ea.

I NTRODUCTI ON

Bas ed on anal y s es  of  some case hi s t or i es ,  i t  was  
poi nt ed out  by  Ak agi  ( 1977a & b)  t hat  s i gni f i c ant  
c hanges  c oul d r es ul t  i n s hear  s t r engt h and c om­
pr es s i b i l i t y  of  sof t  c l ay  s t abi l i z ed by  d i s p l ac e ­
ment  t ype sand dr ai ns  bef or e f i l l  pl acement .  Ef ­
f ec t s  of  i ns t al l at i on on pr oper t i es  and behav i or  
of  sof t  c l ay s  hav e not  been el uc i dat ed yet .
A f i el d t es t  was  t her ef or e c onduc t ed dr i v i ng 25 
c l os ed- end mandr e l - dr i v en sand dr ai ns ,  v er y  
c l os el y  s pac ed t o i nt ens i f y  t he ef f ec t s ,  i nt o a 
sof t  c l ay  f oundat i on whi c h was  heav i l y  i ns t r u ­
ment ed and was  l at er  s ampl ed per i odi c al l y .  The 
t es t  s i t e i s l oc at ed on AI T campus ,  40 k m nor t h 
of  Bangkok ,  Thai l and.  The s ubs oi l  c ons i s t s  of  2 
m t hi c k  s ur f ac e c r us t  of  f ai r l y  s t i f f  c l ay  under ­
l ai n by a 5 m t hi c k  l ayer  of  sof t  c l ay  wi t h seams  
of  s i l t  and f i ne sand,  oc c as i onal  dec ay ed or gan-  
i cs and c r acks .  Thi s  sof t  c l ay ,  at  a dept h of  
about  7 m,  gr ades  i nt o sof t  sandy  s i l t  and l oose 
s i l t y  sand whi c h i n t ur n ar e under l ai n by s t i f f  
c l ay  at  about  9 m dept h.  The sof t  c l ay  bet ween 
t he dept hs  of  2 and 7 m i s hi ghl y  pl as t i c  and 
s l i ght l y  ov er c ons ol i dat ed,  hav i ng undr ai ned shear  
s t r engt h of  10 t o 30 k Pa wi t h  s ens i t i v i t y  r ang ­
i ng f r om 3 t o 8.  The l i qui d l i mi t  i s 95 and t he 
pl as t i c  l i mi t  30 wi t h t he av er age nat ur al  wat er  
c ont ent  of  77%.  The gr oundwat er  t abl e was  l oc at ­
ed about  1 m bel ow t he gr ound l evel .

I NSTRUMENTATI ON AND I NSTALLATI ON OF SAND DRAI NS

Fi g.  1 shows  t he l oc at i ons  of  44 c ont r ol  s t ak es  
f or  meas ur ement  of  heav e and l at er al  mov ement s  of  
gr ound s ur f ac e i n t he wes t er n hal f  of  t he t es t  
s i t e,  18 pi ez omet er s  at  dept hs  of  3,  6 and 8 m at
6 poi nt s  A t o F,  and 3 i nc l i nomet er  c as i ngs ,  1- 1 
t o 1- 3.  The pi ez omet er  i s of  a c l os ed sys t em,  
c ons i s t i ng of  a por ous  s t one t i p whi c h c an be 
pus hed i nt o sof t  c l ay  and i s l ed t o a manomet er  
on t he gr ound.  The por e pr es s ur e was  meas ur ed by  
adj us t i ng a nul l  i ndi c at or  manual l y .
Sand dr ai ns  wer e i ns t al l ed on 1. 2 m s pac i ngs  i n 
squar e pat t er ns  and al way s  f r om t he c ent er  t owar d 
t he out s i de i n t he or der  of  t hei r  number s ,  Nos.  1 
t o 25,  Fi g.  1.  A s t eel  pi pe,  300 mm and t he wal l

t hi c k nes s  of  7 mi n,  wi t h  an ex pendabl e bot t om 
di s c  at  t he t i p,  was  dr i v en t o a dept h of  8 m by  
means  of  a f r ee- f al l i ng 2. 5 t on hammer .  Whi l e 
dr i v i ng was  easy,  a c ons i der abl e di f f i c u l t y  was  
enc ount er ed t o i ns t al l  sand c ol umns .  Af t er  t he 
mandr el  was  dr i v en t o 8 m,  a s t eel  r od was  l ow­
er ed t o t he bot t om,  t he bot t om f ew met er s  of  t he 
mandr el  was  f i l l ed wi t h  sand and t he mandr el  was  
wi t hdr awn 0. 3 m wi t h  t he r od bei ng hel d s t at i on ­
ar y  t o ens ur e t hat  t he bot t om di sc  was  det ached.  
Then t he r od was  r epl ac ed by  a s t eel  di s c  at ­
t ached t o anot her  r od whi c h was  pl ac ed on t he 
t op of  sand t o pr ev ent  i t  f r om c omi ng up t oget h ­
er  wi t h  t he mandr el .  I n s pi t e of  t he f ul l  
wei ght  of  t he hammer  ex er t ed on t he di sc ,  t he 
sand was  pus hed up wi t h t he mandr el  by  power f ul  
upwar d mov ement s  of  t he s ur r oundi ng c l ay  whi c h 
had ear l i er  been d i s pl ac ed by  penet r at i on of  t he 
mandr el .  Cons equent l y ,  t he c ompl et ed s and c o l ­
umns av er aged onl y  5. 7 0 m i n l engt h,  al t hough 
t he mandr el  was  al way s  dr i v en t o t he dept h of  8
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PORE PRESSURES DURI NG AND AFTER I NSTALLATI ON

Fi g.  2 s ummar i z es  t he ex c es s  por e pr es s ur es  mea ­
sur ed at  poi nt  A( A- 1,  A- 2 and A- 3 at  dept hs  of  3,
6 and 8 m,  r es pec t i v el y )  and gr ound heav es  obs er ­
v ed near  t he N- S c ent er l i ne( s t ak es  Nos . 29 t o 34) .  
Ex c es s  por e pr es s ur es  meas ur ed by  t hes e p i ez ome ­
t er s  c ont i nued t o r i s e unt i l  t he s ec ond r ow of  
s and dr ai ns ,  Nos . 6 t o 10,  was  compl et ed.  Ex c ept  
F s er i es  whi c h i ndi c at ed nomi nal  changes ,  al l  t he 
pi ez omet er s  s i mi l ar l y  det ec t ed r api d c hanges  
s howi ng c ummul at i v e i nc r eas e of  pr es s ur es  as 
sand dr ai ns  wer e dr i v en i n t hei r  v i c i n i t y  and 
r api d di s s i pat i on as t he dr i v i ng t ook  pl ac e away  
f r om t hei r  l ocat i ons .
Obs er v ed ex c es s  por e pr es s ur es  at  gr eat er  dept hs  
wer e al way s  gr eat er  i n magni t ude and di s s i pat ed 
at  gr eat er  r at es .  The max i mum ex c es s  por e pr es ­
sur e,  i u,  i s c ons i der ed as s omet hi ng i ndi c at i v e 
of  t he s t r es s  i nduc ed by  dr i v i ng and i s f ound 
c ompar abl e i n magni t ude t o t he c omput ed ef f ec ­
t i v e ov er bur den pr es sur e,  p 1, e. g. ,  as f ol l ows :

Fi g . 2 Ex c es s  Por e Pr es s ur es  and Gr ound Heav es  
Dur i ng and Af t er  Sand Dr ai n I ns t al l at i on

Fi g . 3 Ex c es s  Por e Pr es s ur es  at  8. 0 m Dept h 
Al ong E- W Cent er l i ne

Pi ez omet er Dept h( m) p' ( kPa) Au( kPa) Au/ p

A- l 3. 0 29.  8 26. 3 0. 88
A- 2 6. 0 45.  8 47.  5 1. 04
A- 3 8. 0 58. 4 63.  8 1. 09

Fi g . 3 shows  ex c es s  por e pr es s ur es  r ec or ded by  
p i ez omet er s  at  a dept h of  8 m i mmedi at el y  af t er  
t he dr i v i ng of  s and dr ai ns  whos e number s  ar e i n ­
d i c at ed t her ei n.  Eac h c ur v e gener al l y  shows  a 
r api d dec r eas e i n pr es s ur es  wi t h  t he di s t anc e 
f r om t he sand dr ai n bei ng dr i ven.  Unf or t unat el y  
p i ez omet er  A- 3 r ec or ded l ower  v al ues  t han B- 3 i n 
mos t  cases .  Manual  adj us t ment  of  a nul l  i ndi c a ­
t or  appar ent l y  l i mi t ed t he ac c ur ac y  of  p i ez ome ­
t er  r eadi ngs  whi c h c hanged v er y  r api dl y  near  t he 
poi nt  of  dr i v i ng.  The ac t ual  v al ues  of  Au wer e 
pr obabl y  s omewhat  gr eat er  t han t hos e gi v en i n 
t he above.  Di s s i pat i on of  ex c es s  por e pr es s ur es  
r emai ni ng af t er  i ns t al l at i on of  al l  t he sand 
dr ai ns  was  so r api d t he pr es s ur e of  34. 6 k Pa at  
A- 3 d i s appear ed c ompl et el y  i n 17 days,  Fi g.  2.

GROUND MOVEMENTS DURI NG AND AFTER I NSTALLATI ON

As  s hown i n Fi g . 2,  t he gr ound s ur f ac e c ont i nued 
t o r i se dur i ng i ns t al l at i on.  Cont r ol  s t ak e No.  
31 l oc at ed 0. 6 m f r om poi nt  A r ec or ded a max i mum 
of  135 mm af t er  sand dr ai n No . 24 was  i ns t al l ed.  
Af t er  al l  t he sand dr ai ns  wer e dr i ven,  heav ed 
gr ound s ubs i ded s t eadi l y  at  muc h s l ower  r at es  
t han t hos e of  por e pr es s ur e di s s i pat i on.  Bas ed 
on t he r ec or ds  of  10 heav e s t akes  near  t he N- S 
cent er l i ne,  Fi g . 4 i l l us t r at es  pr of i l es  of  t he 
gr ound s ur f ac e dur i ng and af t er  i ns t al l at i on.  I n 
s pi t e of  t he f ac t  t hat  no ov er l oad was  appl i ed,  
i t  i s ev i dent  t he onc e heav ed gr ound s et t l ed 
s l owl y  but  c ons i s t ent l y .  The av er age wat er  c on ­
t ent s  bet ween 2. 5 and 6. 0 m i n dept h wer e det er ­
mi ned at  v ar i ous  t i mes  af t er  i ns t al l at i on and 
shown i n Fi g . 2.  The sof t  c l ay  mus t  hav e under -

' ' i i i ' i i ____i______l I
7 2  4 .8  3.0 1.8 0.6 0  0 8  1.8 3.0 4 .8  7.2

D istance f ro m  C en te r L in e  ( m )
i

Fi g . 4 Heav es  of  Gr ound Sur f ac e 
Al ong N- S Cent er l i ne
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gone s i gni f i c ant  c ons ol i dat i on as t ot al  s t r es s es  
dec r eas ed and ef f ec t i v e s t r es s es  i nc r eased.  
Lat er al  mov ement s  of  heav e s t ak es  wer e obs er v ed 
and wer e f ound c ons i der abl y  s mal l er  t han heaves .  
I nc l i nomet er  dat a wer e t ak en per i odi c al l y  t o de ­
t er mi ne l at er al  d i s pl ac ement s  wi t h dept h.  Fi g . 5 
gi v es  t wo t y pi c al  r es ul t s  ( a)  N- S c omponent s  of  
mov ement s  of  pl as t i c  c as i ng 1- 1 and ( b)  E- W c om­
ponent s  of  1- 3.  The f oundat i on soi l  was  d i s ­
p l ac ed c ont i nuous l y  dur i ng i ns t al l at i on,  but  r e ­
bounded not i c eabl y  af t er  i ns t al l at i on.
Bas ed on heav es  and l at er al  mov ement s  obs er v ed 
i n t he wes t er n hal f  of  t he s i t e,  i t  was  c onc l uded 
t hat  when al l  t he sand dr ai ns  wer e dr i ven,  t he 
t ot al  v ol ume of  t he f oundat i on soi l  di s pl ac ed 
amount ed r oughl y  t o t hat  of  sand pour ed,  11. 0 m- ^.

CHECK BORI NGS AND LABORATORY TESTI NG

Chec k  bor i ngs  wer e made at  t he c ent er  of  4 sand 
dr ai ns  i n t he c or ner s  of  t he s and dr ai ned ar ea,
2 days ,  1 week,  1 mont h and 2 mont hs  af t er  i n ­
s t al l at i on.  Undi s t ur bed s ampl es  wer e t ak en and 
t es t ed f or  s t r engt h and c ompr es s i b i l i t y  c har ac ­
t er i s t i c s .  As  has  been demons t r at ed ear l i er  by  
Ak agi ( 1977a & b ) , a uni que r el at i ons hi p ex i s t s  
bet ween wat er  c ont ent  and undr ai ned s hear  
s t r engt h( l / 2 of  unc onf i ned c ompr es s i v e s t r engt h) ,  
and t he manner  i n whi c h t he onc e- r educ ed s t r engt h 
of  t he s of t  c l ay  i nc r eas es  as c ons ol i dat i on pr o ­
ceeds  may  be r el at ed t o i t s c ompr es s i bi l i t y ,  as 
shown i n Fi g . 6.  The dat a gi v en ar e t he av er age 
v al ues  obt ai ned bet ween 2. 5 and 6. 0 m i n dept h.  
The wat er  c ont ent  dat a ar e i dent i c al  wi t h  t hose 
gi v en i n Fi g . 2.
Whi l e c ompr es s i b i l i t y  was  r el at i v el y  unaf f ec t ed 
by  di s t ur banc e due t o dr i v i ng,  c oef f i c i ent s  of  
c ons ol i dat i on wer e r educ ed c ons i der abl y ,  Fi g . 7.  
Bot h t he v er t i c al  and hor i z ont al  c oef f i c i ent s  of  
c ons ol i dat i on,  c v and c^,  i n Fi g . 7 wer e det er mi n ­
ed f r om s t andar d oedomet er  t es t s  on undi s t ur bed 
s ampl es  t ak en pr i or  t o s and dr ai n i ns t al l at i on.  
Si nc e c v ' and c^ '  obt ai ned f r om s ampl es  t aken 
af t er  i ns t al l at i on f al l  wi t hi n a f ai r l y  nar r ow 
r ange,  Fi g . 7 shows  t he mean v al ues  of  3 det er mi ­
nat i ons  made on s ampl es  t ak en 2 days,  1 week  and

Nor t h
Di s pl ac ement ( mm)  

—  Wes t

ment s  meas ur ed i mmedi at el y  af t er  sand 
dr ai n No. 15 was  i ns t al l ed,  and " 46d"  
i ndi c at es  di s pl ac ement s  46 days  af t er  
al l  t he sand dr ai ns  wer e i ns t al l ed.

1 mont h af t er  i ns t al l at i on.  c v r  i s t he v al ue 
obt ai ned f r om a r emol ded sampl e.  Whi l e al l  t he 
r es ul t s  i n Fi g . 7 wer e obt ai ned f r om t he dept h of
4. 5 m,  t he r es ul t s  f r om t he dept hs  of  2. 5 and
7. 0 m s how a s i mi l ar  t r end,  i . e. ,  c v and Ch ar e 
r oughl y  of  t he same magni t ude and t he ef f ec t  of  
di s t ur banc e on t he c oef f i c i ent s  i s c ons i der abl e,  
appar ent l y  i nc r eas i ng wi t h  dept h as shown bel ow:

Dept h( m)

2. 5
4. 5 
7. 0

Mean c v ' / cv

0. 58 
0.  38
0. 24

Mean c ^ ' / c h

0. 63
0. 36
0 . 1 2

SETTLEMENT DUE TO FI LL PLACEMENT

About  8. 5 mont hs  af t er  sand dr ai n i ns t al l at i on,  
2- m hi gh embank ment s  wi t h 12x12 m bas e and 6x6 m 
t op wer e c ons t r uc t ed ov er  t he s and dr ai ned ar ea 
( Ar ea S)  and an adj ac ent  unt r eat ed ar ea( Ar ea N) . 
Fi g . 8 s hows  t he t i me vs.  s ur f ac e s et t l ement  dat a 
t ak en at  t he c ent er  of  eac h ar ea f or  t he f i r s t  
100 days,  t oget her  wi t h  r es ul t s  c omput ed by Ter -  
zaghi ' s  and Bar r on' s  c onv ent i onal  pr oc edur es  us ­
i ng oedomet er  t es t  r esul t s .  I t  appear s  appar ent  
t he s et t l ement  i n Ar ea S was  not  ac c el er at ed 
s i gni f i c ant l y  enough t o j us t i f y  t he sand dr ai n 
i ns t al l at i on i n c ompar i s on wi t h t hat  obs er v ed i n 
Ar ea N.  The di f f er enc e bet ween c ur v es  S and N 
af t er  about  Day 50 r emai ned c ons t ant  t hr ough t he 
end of  obs er v at i on.  Day  164,  bei ng appr ox i mat el y  
40 mm.  The heave r emai ni ng at  t he c ent er  of

S tr e s s  ( k N / m 2 )

Fi g . 6

D ~  4  : U ndra ined  S hear S tre n g th

( 0 )  Before installation , ( 1 ) 2  days a f t e r , ( 2  ) I week a fte r  

( 3 ) 1  month a fte r  , ( 4 ) 2  m onths a fte r in s ta lla tio n

Wat er  Cont ent  and Undr ai ned Shear  St r engt h 
Bef or e and Af t er  Sand Dr ai n I ns t al l at i on

Fi g . 5 Lat er al  Di s pl ac ement s  Meas ur ed 
by  I nc l i nomet er s

Cons ol i dat i on Pr es s ur e( k N/ m ) 
10 5 0 10 0

: Undi s t ur bed

: Di s t ur bed 
by  dr i v i ng

: Remol ded

Xr - - I-

Fi g.  7 Ef f ec t  of  Di s t ur banc e on Coef f i c i ent s  
of  Cons ol i dat i on at  4. 5 m Dept h
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Fi g . 8 Ti me vs.  Set t l ement  Rel at i ons  i n Sand 
Dr ai ned Ar ea( S)  and Unt r eat ed Ar ea( N)

Ar ea S was  es t i mat ed t o be 54 mm when t he f i l l ­
i ng oper at i on s t ar t ed.  Si nc e c ur v e S shows  t he 
s et t l ement  meas ur ed f r om t he heav ed sur f ace,  t he 
net  s et t l ement  i n Ar ea S was  i n f ac t  al way s  
s l i ght l y  l ess  t han t hat  i n Ar ea N.
The r el at i on bet ween obs er v ed s et t l ement s  and 
l ogar i t hm of  t i me us i ng t he dat a gi v en i n Fi g . 8 
sugges t s  pr i mar y  s et t l ement s  of  146 and 188 mm 
i n Ar eas  N and S,  r es pec t i v el y .  Henc e t he net  
s et t l ement  i n Ar ea S was  188 -  54 = 134 mm.
The r out i ne s et t l ement  anal y s i s  on t he bas i s  of  
oedomet er  t es t  r es ul t s  obt ai ned pr i or  t o sand 
dr ai n i ns t a l l at i on gi v es  a pr i mar y  s et t l ement  of  
130 mm under  a 2- m embank ment  at  t he c ent er  of  
eac h ar ea.  The s et t l ement  anal y s i s  f or  Ar ea S 
d i s r egar ds  s i z abl e s t r es s es  dev el oped dur i ng 
dr i v i ng whi c h mus t  have al t er ed t he i ni t i al  e f ­
f ec t i v e s t r es s es  c ons i der abl y .  Cons i der i ng al s o 
s uc h c ompl ex i t i es  as hi gher  c ompr es s i b i l i t y  of  
t he c l ay  due t o di s t ur banc e,  s t r es s  c onc ent r at i on 
on s and c ol umns  and pr es enc e of  a s ur f ac e cr ust ,  
i t  i s r at her  s ur pr i s i ng t o f i nd t hat  t he obs er v ed 
net  s et t l ement  of  134 mm and t he c omput ed v al ue 
of  130 mm ar e i n good agr eement .

As  has  of t en been not ed( e. g. ,  Ak agi  1979) ,  s et ­
t l ement  t ook  pl ac e muc h f as t er  t han had been 
pr edi c t ed.  The anal y s i s  as s umes  doubl e dr ai nage 
f or  2 l ayer s ,  0- 8 m and 8- 12 m i n dept h,  eac h 
hav i ng d i f f er ent  c ons ol i dat i on c har ac t er i s t i c s  
bas ed on oedomet er  t es t  r esul t s .  The di s agr ee ­
ment  i n Ar ea N i n par t i c ul ar  i s appal l i ng be ­
t ween c ur v e N and c ur v e N- l  whi c h i s t he r esul t  
of  c omput at i on on t he bas i s  of  Ter z aghi ' s  1- d i ­
mens i onal  t heor y .  3- di mens i onal  c pns i der a t i on , 
c ur v e N- 2,  does  not  hel p muc h as l ong as one 
as s umes  t hat  c v = c^-  I f  t he 1- di mens i onal  
anal y s i s  i s adher ed t o,  i t  woul d r equi r e a c y 
v al ue al mos t  30 t i mes  as gr eat  as t he l abor at or y  
v al ue t o obt ai n a t i me- s et t l ement  c ur v e whi c h 
woul d gi v e a r eas onabl e f i t  t o t he obser v ed.  I t  
i s hi ghl y  l i k el y  t hat  t he hor i z ont al  per meabi l i ­
t y of  a smal l  el ement  of  c l ay  t es t ed i n an oedo ­
met er  i s f ar  l ess  t han t hat  of  t he c l ay  mas s  
c ont ai n i ng s i l t  and s and seams,  oc c as i onal  de ­
c ay ed or gani c s  and c r acks .

I n Ar ea S al so,  c ompar i s on shows  poor  agr eement .  
I f  c omput at i on i s bas ed on t he dat a av ai l abl e 
pr i or  t o c ons t r uc t i on as i s nor mal l y  done,  cur ve 
S- l  may  be obt ai ned.  I f  i t  i s bas ed on t he dat a 
af t er  sand dr ai n i ns t al l at i on,  c ur v e S- 2 r esul t s ,  
whi c h howev er  i s not  av ai l abl e under  nor mal  c i r ­

cums t anc es .  I n addi t i on t o t he f ac t  t hat  bot h 
S- l  and S- 2 i gnor e t he heav e ex i s t i ng and c om­
p l ex  s t r es s  c ondi t i ons  at  t he s t ar t  of  f i l l i ng 
oper at i ons ,  t he c oef f i c i ent s  of  c ons ol i dat i on 
us ed wer e det er mi ned f r om l abor at or y  dat a.  The 
anal y s i s  f or  S- 2 empl oy ed v al ues  whi c h wer e 1/ 3 
t o 1/ 5 of  t hos e us ed i n t he anal y s i s  f or  S- l .
Our  pr es ent  i nabi l i t y  t o det er mi ne v i t al  par a ­
met er s  f or  pr edi c t i on of  t he t i me- s et t l ement  
r e l at i ons hi p of  an embank ment  on an unt r eat ed 
f oundat i on seems  t o be a mor e s er i ous  pr obl em 
t han di f f i c ul t i es  wi t h es t i mat i ng f ac t or s  r e ­
qui r ed t o def i ne c ompl ex i t i es  br ought  i n by  i n ­
s t al l at i on of  mandr e l - dr i v en sand dr ai ns .

CONCLUSI ONS

The r es ul t s  of  t hi s  f i el d t es t  pr ogr am ar e l i m­
i t ed due t o t he unf or t unat e f ac t  t hat  a)  onl y  
25 sand dr ai ns  wer e dr i ven,  b)  l engt hs  of  sand 
dr ai ns  at t ai ned wer e s hor t er  t han had been i n ­
t ended,  c)  a s ur f ac e c r us t  ov er l i es  t he sof t  
c l ay  and d)  t he c l ay  i s s l i ght l y  ov er c ons ol i dat ­
ed.  Nev er t hel es s ,  i t  may  be c onc l uded t hat :

1)  When di s pl ac ement  t ype sand dr ai ns  ar e i n ­
s t al l ed on c l os e spac i ngs ,  s t r es s es  c ompar abl e 
t o ef f ec t i v e ov er bur den pr es s ur es  ar e i nduc ed i n 
sof t  c l ay  by  mandr el  dr i v i ng,  and ar e mani f es t ed 
by  dev el opment  of  l ar ge ex c es s  por e pr essur es ,  
gr ound heav es  and l at er al  d i s pl ac ement s  and s ub ­
sequent  c ons ol i dat i on phenomena.

2)  Af t er  i ns t al l at i on ex c es s  por e pr es s ur e d i s ­
s i pat es  r api dl y ,  whi l e gr ound heav e s ubs i des  and 
l at er al  d i s pl ac ement  r ebounds  gr adual l y  as  wat er  
c ont ent  dec r eas es  and onc e- r educ ed s t r engt h i n ­
c r eas es  s i gni f i c ant l y  i n a r el at i v el y  s hor t  t i me.

3)  Ver t i c al  and hor i z ont al  c oef f i c i ent s  of  c on ­
s ol i dat i on c oul d be r educ ed t o a mer e f r ac t i on 
as a r es ul t  of  mandr el  dr i v i ng.  Di s t ur banc e 
appear s  t o i nc r eas e wi t h dept h.

4)  I n addi t i on t o t he need t o f ur t her  el uc i dat e 
c ompl ex i t i es  br ought  i n by  i ns t al l at i on of  man-  
dr el - dr i v en sand dr ai ns ,  i t  i s f el t  es s ent i al  t o 
i mpr ove our  c apabi l i t y ,  whi c h i s of t en t ot al l y  
uns at i s f ac t or y ,  t o pr edi c t  t he t i me- s et t l ement  
r e l at i on of  a s t r uc t ur e on a nat ur al  sof t  c l ay  
f oundat i on.  Wi t hout  amel i or at i ng i t ,  i t  i s not  
ev en pos s i bl e t o det er mi ne whet her  sand dr ai ns  
ar e i ndeed r equi r ed.
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