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PERFORMANCE OF VERY SOFT MUDS UNDER VERY LI GHT LOADS AND CONSOLI DATI ON OF 

A MUDY BOTTOM UNDER A WI DE SAND FI LL

LA PERFORMANCE DES BOUES TRES MOLLES SOUS DE TRES FAI BLE CHARGES ET CONSOLI DA-  

TI ON D' UN FOND SOUS UN REMBLAI  SPACI EUX DE SABLE

I 10BEHF1I HE C. l ABbl X TPyHTOB Î IPM OMEHb MAJl bl X HAr py3KAX M KOI I COJI M̂ AUMM OCHOBAHMH,  

CJI Ol KEHUOr' O CJI ABbl M PPyHTOM IÏO/1 Ul l IPOKOf i  I I ECMAHOU HAChi ri bl fl

A* HAMDI PEYNIRCIOGLU, Ord. Prof. Dr.— Ing.,Technical University of Istanbul (Turkey)

SYNOPSI S.  To pr event  sl i des and pl ast i c  def or mat i ons of  an under wat er  s l ope i t  has been f ound necessar y  t o spr ead 

a wi de sand f i l l  on t he bot t om of  t he sea.

The ai m of  t hi s measur e was t o est abl i sh a count er wei ght  and t o consol i dat e t he muddy  bot t om.  To i nvest i gat e 

t he per f or mance of  t he muddy bot t om l abor at or y consol i dat i on t est s wi t h sl ur r i es have been car r i ed out .

2
At  t he begi nni ng t he t est  pr essur es bei ng ver y  smal l ,  i n t he or der  of  0, 06 -  32 gr / cm , a ver y s i mpl e t est  

ar r angement  was used.  The t est  r esul t s  ar e pr esent ed as a w -  l og p cur ves.  The t est  sampl es wer e s l ur r i es  

wi t h an i ni t i al  wat er  cont ent  appr ox i mat el y  equal  t o t hr ee t i mes t he l i qui d l i mi t  of  t he bot t om mat er i al  whi cn 

i s a s i l t y  cl ay wi t h or gani c  admi x t ur es.  To st udy t he per f or mance of  t hi s mat er i al  under  gr eat er  pr essur es 

t est s i n consol i domet er  wer e car r i ed out .  The obser ved r esul t s  snowed di s t i nc t l y  t hr ee phases of  compr ess i bi l i t y  

per f or mances : For  w > 2. 5 w^  , w =  w^  -  2. 5 w^  and w < ŵ

Bet ween t he set t l ement  val ues cal cul at ed on t he basi s  of  t hese t est s and t he i n si t u measur ed val ues a 

pr act i cal l y  t ol er abl e agr eement  have been obser ved.

SAND FI LL ON THE BOTTOM OF THE SEA

I n connect i on wi t h const r uc t i on of  t he Champer  of  

Commer ce Bui l di ng on t he shor e of  t he Gol der  Hor n,  

I st anbul ,  an i nvest i gat i on of  t he soi l  condi t i ons on 

and ar ound t he s i t e have been car r i ed out .

On t he basi s  of  measur ement s  and t he pr esence of  

excess i vel y  set t l ed,  t i l t ed and moved bui l di ngs on.  

t hi s ar ea i t  was f ound t hat  a st r i p of  gr ound al ong 

t he shor es was moved t owar ds t he sea and set t l ed. ( 9) .

The r ecommended and appl i ed f oundat i on sys t em f or  t he 

Champer  of  Commer ce Bui l di ng compr i sed among t he 

ot her  measur es a sand f i l l  of  about  AO 000 m̂  spr ead 

on t he bot t om as shown i n Fi g.  1 t o const i t ut e a 

count er wei ght  and a mean t o consol i dat e t he muddy 

bot t om.  A s i mi l ar  measur e had been appl i ed i n 1S95 

i n connect i on wi t h cons t r uc t i on of  t he quaywal l s  on 

t he same shor es some 1000 met er s  east war ds,  Si r keci  

Ri ht i ml an.  ( 7) .

That  was onl y  t o count er wei ght  a ver y  l ar ge 

under wat er  r ockf i l l  dam f or  t he f oundat i ons,  whi ch,  

dur i ng i t s const r uc t i on excessi ve set t l ement s  

( 6- 10 m)  obser ved and t wo f ai l ur es occur ed ( 8 ra 

si nki ng,  4 m hor i zont al  sl i di ng,  and f i nal l y  a base 

f ai l ur e) .

I n or der  t o have an i dea about  t he mode of  t he 

behav i our  of  t he f i l l  whi ch was pl anned t o be spr ead

accor di ng t o a pr edet er mi ned pr ogr am t est s on cl ayey 

s l ur r i es pr epar ed wi t h si eved bot t om mat er i al  have 

been car r i ed out .  The mai n ai m of  t he spr eadi ng 

pr ogr am was t o obt ai n t hi n uni f or m sand l ayer s  and t o 

pr event  a bodi l y  s i nk i ng of  t he t i l l  i nt o t he mud,  and 

t o keep t he vol ume of  t he f i l l  as ef f ect i ve as 

possi bl e t o cause t he consol i dat i on of  t he mud and so 

t o i ncr ease t he f act or  of  saf et y  of  t he under wat er  

sl opes agai nst  sl i di ng.

The f i l l  cos i s t ed of  t wo t er r aces.  To spr ead t he 

f i r s t  t er r ace t he ar ea was di v i ded i nt o smal l  ar eas of  

about  80 m2 each and t he sand was pour ed f r om bar ges 

f i xed at  t he cent er s of  t hese ar eas and wi t h ai d of  
gr ab bucket s.  The smal l  amount  of  sand had t r avel l ed 

20 t o 40 met er s  i n wat er  bef or e i t  r eached t he bot t om 

i n a di sper sed st at e and const i t ut e f ai r l y uni f or m 

l ayer s.  Because of  t he s l i ght  bot t om cur r ent s whi ch 

depended on weat her  condi t i ons some f i nes wer e 

dr i f t ed east war ds.

The f i r s t  t er r ace of  t he f i l l  i s composed of  seven 

l ayer s wi t h a t ot al  aver age t hi ckness of  4. 00 met er s 

of  f i ne t o coar se sands,  and t he f i r st  l ayer  has been 

kept  t o be not  mor e t han 25 -  30 cm of  f i ne sands.

The l ast  l ayer  was of  coar se gr avel  and smal l  st ones.

The second t er r ace i s composed of  f our  l ayer s of  smal l  

st ones and coar se gr avel s  wi t h a t ot al  aver age 

t hi ckness of  2. 00 met er s.
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Fi g. l  Geol ogi c al  Sec t i on 

of  t he s hor e and t he pl an 

of  t he f i l l .  M Di r ec t i or  

of  t he obs er v ed mov ement s
l \  Fi l l

\ \ ( C i t y  re fusa ls ,

\  , she lls .
\  \e tc . )

Uitdervsaier 
Sand F ill

Fi g . 2 ( bel ow)  

Cons ol i dat i on t est  

r es ul t s  and t he 

t es t  ar r angement s
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TEST I  wn= 2.56 In it ia l water content
SEDIMENT CO N SO LI DOM ET ER
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F R E S H

FL OCUL A T ED

S E DI ME N T

w versus logp curve
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sand p ¡n g r/cm *
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d = 1.19 -  0.21 mm
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SO mm.

d = 0.21 -  0.149 
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w versus lo g  p c u rv e  , 
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Slurry
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The coost uc t i on oper at i ons of  t he f i l l  f wer e 

cont r ol l ed by  sk i n di ver s and at  t er  t he compl et i on 

of  l ayer s sever al  soundi ngs have been made suf f i c i ent  

t o dr aw 10 cr oss sect i ons per pendi cul ar  t o t he 

shor es.  Because of  t he sof t ness of  t he bot t om of  

t he sea t he f i r s t  soundi ngs coul d not  r ef l ec t  t he 

ac t ual  pos i t i on accur at el y  enough.  But ,  as a whol e,  

measur ment s  and under wat er  i nspect i ons and t he 

vol ume of  t he pour ed sand j ust i f i es  t hat  t he measur ed 

aver age set t l ement  of  t he or der  of  250 cent i met er s 

can be t aken as t he val ue f or  compar i son wi t h 

cal cul at ed set t l ement  val ues.

I n Fi g. 2d an appar at us f or  t he st udy of  set t l i ng 

r at e of  a f l occuat ed suspens i on i s pr esent ed.  A 

suspent i on pr epar ed wi t h e — 25 i s pour ed i nt o t he 

cy l i nder  and t he l ower i ng of  i t s sur f ace obser ved.  

Af t er  t he equi l i br i um t he sur f ace of  t he suspent i on 

i s l oaded wi t h per f or at ed pl as t i c  and met al l i c  

di scs.  When t he vol ume of  t he sedi ment  i nt o t he 

par t  B,  t he upper  par t  of  t he cy l i nder  det ached and 

t he l ower  par t  l oaded i n an oedomet er ' s  l oadi ng 

f  r ame.

LABORATORY TESTS

I n or der  t o have an i dea about  t he or der  of  t he 

expect ed set t l ement s  and t he degr ee of  pr obabi l i t i es  

of  a bodi l y  s i nk i ng or  penet r at i on of  t he sand i nt o 

t he mud l abor at or y  t est s have been car r i ed out .

1)  A ver y  t hi ck  suspens i on ( sl ur r y)  wi t h bot t om 

mat er i al  at  a voi d r at i o equal  t o 13, 3 have been 

pr epar ed ( 4000 gr  sea wat er  8 gr  cr y  c l ay whi ch 

was passed t hr ough No. 200 s i eve i ni t i al  wat er  cont ent  

of  t he s l ur r y  500 %) ,  and pour ed i nt o a l ar ge 

cy l i ndi r i cal  vessel  ( d -= 18 cm)  and l ef t  t o 

set t l i ng.  Af t er  8 days t he sur f ace of  t he 

f l uccuat ed s l ur r y  became pr act i cal l y  s t at i onar y  and 

t he t hi ckness of  t he sedi ment  r educed t o about  10 cm.

By addi ng wat er  t he t hi ckness of  t he wat er  above 

t he sof t  and f r esh sedi ment  i ncr eased t o 20 cm,  and 

a c i r cul ar  par t  of  t he sur f ace l oaded wi t h f i ne sand 

spr i nk l ed uni f or ml y  f r om t he wat er  sur f ace.  I n t hi s 

way  a smal l  sand f i l l  of  about  100 cm̂  came t o 

exi 6t ance.  The sur f ace of  t hi s f i l l  was gr adual l y  

l oaded wi t h met al l i c  di scs and t he pr essur e on t he 

s l ur r y  I ncr eased up t o 100 gr / cm̂ .  For mi ng t he f i l l  

and l oadi ngs l ast ed 60 days.

Ther e was no bodi l y  s i nk i ng of  t he f i l l  and no 

appr ec i abl e penet r at i on of  t he sand gr ai ns  i nt o t he 

sedi ment  whi ch was r egar ded of  equal  sof t ness wi t h 

bot t om mat er i al .

Dur i ng a pr ev i ous bor i ng oper at i on t he case pi pe had 

s i nked under  i t s own wei ght  about  8, 5 met er s i nt o 
a s i mi l ar  bot t om 27 met er s  deep i n t he v i c i ni t y  of  

t he ac t ual  f i l l .  ( 8) .  I n t hese t est s vol ume 

desr eases ( set t l ement s)  coul d not  have been measur ed 

accur at el y  enough.

2)  I n or der  t o have an i dea about  t he compr ess i bi l i t y  

of  t he bot t om l ayer s t wo consol i dat i on t est s i n 

beaker s  have been car r i ed out  as shown i n Fi g. 2a.

I n t hese t est s s l ur r i es have been pr epar ed wi t h 

500 gr  wat er  and 100 gr  dr i ed cl ay.  The sl ur r y  l ef t  

t o set t l e,  and af t er  8 days i t s wat er  cont ent s 

decr eased t o 258 % i n t he Test  I  and t o 263 % i n t he

Test  I I  and t he consol i dat i on under  t hei r  own wei ght s 

s l owed down t o such a r at e t hat  no f ur t her  set t l ement s 

wsr e not i ceabl e wi t h t hese ver y  s i mpl e t est  ar r ange­

ment s  i n 24 hour s.  Af t er  t hi s st age l oadi ngs wi t h 

spr i nk l ed f i ne sand began.  The r esul t s ar e gi ven i n 

Fi g. 2b.  Af t er  9 days under  a pr essur e p =  0. 06 gr / cm 

wat er  cont ent s decr eased t o 238 and 237 per cent s 

r espect i vel y  whi ch ar e appr ox i mat el y  equal  t o t hr ee 

t i mes t he l i qui d l i mi t s.  Af t er  p — 1, 55 gr / cm̂ ,  t o 
avoi d t he f r i c t i on bet ween t he sand and t he beaker  

wal l s ,  sand was  pour ed i nt o par af i n i mpr egnat ed 

car dboar d cyl i nder s.

The vol ume decr ease coul d be r ead up t o a pr ec i s i on 

of  15 cm̂ ,  whi ch cor r esponds appr ox.  t o 0, 25 mm.  

Cons i der i ng t he nat ur e of  t he pr obl em,  t hi s was 

r egar ded suf f i c i ent  t o gi ve at  l east  an i dea usef ul  

i n pr act i ce.

A t hi r d consol i dat i on t est  i n t he coneol i domet er  

car r i ed out  wi t h same mat er i al  but  pr epar ed at  a 

wat er  cont ent  s l i ght l y  above t he l i qui d l i mi t .  Fi g. 2c.

The appear ence of  t he w -  l og p cur ve dr awn on t he 

bas i s  of  t he beaker  and consol i domet er  t est s suggest s  

t hat  t he cal cul at ed compr ess i on I ndexes C r ef l ect s 

t he compr ess i bi l i t y  of  t he sl ur r i es at  di f f er ent  

st ages of  t hei r  consol i dat i ons.

The f i r s t  s t age : p < 1 gr / cn/ ,  w > 2, 5 wL

The ar r ay  of  par t i c l es  i s uncer t ai n and t her e i s no 

cont act  bet ween t hem.  Towar ds t he end of  t hi s st age 

( or  phase)  an edge- t o- f ace cont act  can be expect ed i n 

f l occuat ed t ype of  st r uc t ur e.  ( 1, 2, 3, 4, 5, 6, 10) .

I n or der  t o have at  l east  a ver y  cr ude i dea about  t he 

di s t ances bet ween t he par t i c l es  some ver y  s i mpl i f y i ng 

assumpt i ons r egar di ng shape and di mens i ons have been 

made.

Assumed t ypes and ar r angement s  and r el at i ve pos i t i ons 

ar e gi ven i n Fi g. 3 and Tabl e 1.

Si l t  and cl ay  par t i c l es  ar e accept ed as squar e f l akes 

and r ounded par t i c l es  as cubes.  I n t he assumpt i ons 

1 and 2 par t i c l es ar e t hought  i n par al l el  or i ent at i on.

The m f act or s  r ef l ect  t he hor i zont al  di s t ances 

bet ween t he edges of  t he par t i c l es i n par al l el  

or i ent at i ons.  I f  m 10 t her e i s no cont act  bet ween 

t he edges.  For  m 10 par t i c l es const i t ut e 

cont i nuous sheet s.  I n t he . assumpt i ons 3 and 4 ver t i cal  

and i nc l i ned par t i c l es  ar e t hought  t o exi s t  bet ween 

t he hor i zont al  par t i c l e sheet s.  Ver t i cal  di s t ances 

d bet ween t he f aces depends t o voi d r at i o,  t o t he 

r at i o of  t hi ckness t o l engt h and t o m f act or s  and 

ar e gi ven i n Tabl e.  1 as t he mul t i pl es  of  t hei r e 

t hi cknesses,  a and f or  r ounded par t i c l es of  t hei r  

si des,  b.

Thi s  i s bei ng not  a di scuss i on of  t he phys i co­

chemi cal  f act or s gover ni ng t he bear i ng capac i t y  of  t he 

t hi ck suspensi ons ( sl ur r i es)  i t  wi l l  onl y  be r ef eer ed 

t o t he deduced r esul t s  t hat  even at  t he l i qued l i mi t  

t he assumed doubl e l ayer  wat er  boundar i es  of  caol l ni t e 

f l akes have no cont act  i n par al l el  or i ent at i on wher eas 

i n t he assumpt i ons 3 and 4 a di r ect  edge t o- f ace 

cont act  may  be expect ed.  I n mont mor i l l oni t e f l akes 

t he t hi ckness of  t he doubl e l ayer  wat er  bei ng of  t he 

or der  of  21a such a cont act  i s even by ver y  t hi n
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Fi g.  3 : As s umed shape,  r el at i v e d i mens i on and ar r ay  

of  c l ay  pa r t i c l es .

TABLE 1.  Di s t anc es  bet ween par t i c l e f ac es  as  a 

f unc t i on of  e and m

Assumed particle 

d imension

ma

K l  f I É

State of the 

slurry e

ASSUMPTIONS
1

m=10 
d'= e.a

2
m =15 

d'=a(4e-5)/9

3
m =15 

d=a(Qe-1)/9

4
m =10 

d=a(2e*1)

5
Cubic
d=((T*e-1)b

Slurry 
500 gr water 
100 qr day

13.5 13.5a 5.5 a 12 a 26 a 1.44 b

After Q days 
P = 0 7.0 7a 2.56 a 6.1a 15 a b

After 62days 
p = 1.00 gr/cm ’ 5.5 5.5 a 1.9 a 4.75a 12a 0.67 b

After 173days 
p =3 2 gr/cm 3.2 32a 0.67a 2.74a 7.4a 0.61b

At the wL 2.32 2.32 a 1.03 a 1.95 a 5.64 a 0.5b

Consolidated 
p = l0kg/cm^ 1.06 1.06a 0.5 a 0.65 a 3.16 a 0.28 b

s l ur r i es  pr esent .  

The second St age : < w < 2, 5 w.

The l engt hes  of  t he s quar es  ar e as s umed t en t i mes  

t hei r  t hi ckness .

Towar ds  t he end of  t he f i r s t  s t age t he c ompr es s i bi l i t y  

begi ns  t o dec r eas e at  wat er  c ont ent  of  about  2, 5 ŵ .  

Thi s  may  be at t r i but ed t o a change i n t he ar r ay  of  

par t i c l es .  Ver t i c al  and i nc l i ned par t i c l es  gr adual l y  

as s umes  hor i z ont al  or i ent at i ons .  The ex t er nal  l oads  

i nc r eas e t he at t r ac t i v e f or c es  bet ween t he par t i c l es .  

So t he av er age v al ue of  t he c ompr es s i bi l i t y  i ndex  

i nc r eas ed f r om 0, 4 t o 1, 5 . ( 1,  2,  3) .

The Thi r d St age : w < w^  .

I n t hi s  s t age t he av er age v a l ue of  t he c ompr es s i bi l i t y  

i ndex  dec r eas ed t o a v a l ue of  about  0, 8.  Thi s  may  be 

due t o t he f ac t  t hat  t he r i gi di t y  of  t he doubl e l ay er  

wat er  begi ns  t o i nc r eas e bec aus e of  t he dec r eas i ng 

d i s t anc es .

FORECAST OF THE SETTLEMENTS

To c al c ul at e t he s et t l ement s  on t he bas i s  of  t he 

w- l og p cur v es ,  among t he ot her s ,  as s umpt i ons  hav e 

been made t o s i mpl i f y  t he geol ogi c a l  c onf i gur at i ons  

of  t he sof t  l ayer s .

On t he bas i s  of  t he obs er v at i ons  made dur i ng t he bor i ng 

oper at i ons  and t he l abor at or y  t es t s  and t he l oc al  

ex pr i enc es  t he av er age t hi c k nes s  of  t he v er y  s of t  s l ur r y  

l i ke bot t om l ayer  has  been as s umed as  400 cm.  The 

pr es s ur e ex er t ed by  t he sand f i l l  i nc r eas ed f r om

1 gr / c m2 t o 500 gr / cm2.  And,  as s umi ng t he i ni t i a l  wat er  

c ont ent  as 200 % t he c al c ul at ed s et t l ement  hav e been 

f ound t o be  211 cm.  Set t l ement s  due t o deeper  c l ay ey  

l ayer s  es t i mat ed t o be of  t he or der  of  40 c ent i met er s .

Bet ween t hes e f i gur es  and t he i n s i t u meas ur ed 

s et t l ement s  t her e ar e pr ac t i c al l y  t o l er abl e agr eement s  

Thi s  gi ves  a us ef ul  c l ue f or  t he i nt er pr et at i on of  t he 

nat ur e of  s et t l ement s  and so t he ef f ec t i v enes s  of  t he 

meas ur es  t aken and appl i ed.
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