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SYNOPSI S Fr om an ext ensi ve st udy of  l oadi ng t est s on pi l es wi t h di f f er ent  base di amet er  i n a st i f f  f i ssur ed cl ay 
and at  a shal l ow dept h i n a dense sand i t  i s deduced t hat  t he al l owabl e bear i ng capaci t y can be obt ai ned f r om t he ul ­
t i mat e bear i ng capaci t y,  f or ecast  f r om t he r esul t s of  CPT t est s,  by appl yi ng par t i al  saf et y f act or s,  one F  cover i ng 
t he pr obl em of  l ar ge def or mat i ons and t he ot her s and t \  ̂ cover i ng t he di sper si on,  r esp.  f or  base and l at er al  bea­
r i ng capaci t i es.

I NTRODUCTI ON

For  det er mi ni ng t he al l owabl e l oad on di spl acement  pi l es 
f r om t he ul t i mat e base and l at er al  bear i ng capaci t i es,  
deduced f r om CPT t est s,  a saf et y mar gi n has t o be t aken 
i nt o account .  Thi s saf et y mar gi n must  guar ant ee t hat  t he 
al l owabl e l oad i s l ocat ed out si de t he zone of  l ar ge de ­
f or mat i ons,  and must  cover  t he di sper si on of  t he mechani ­
cal  pr oper t i es of  t he soi l  f r om one ver t i cal  t o anot her .

I nst ead of  char act er i zi ng t hi s saf et y mar gi n by t he i n­
t r oduct i on of  a uni que f act or ,  i t  i s pr oposed t o appl y 
par t i al  f act or s,  one F̂  cover i ng t he pr obl em of  t he l ar ­
ge def or mat i ons,  t he ot her s and t \ ? cover i ng t he di s ­
per si on r espect i vel y f or  base and l at er al  bear i ng capa­
ci t i es.

I n Bel gi um,  f or  an ol i gocene cl ay f or mat i on and f or  a 
pl i ocene sand f or mat i on,  st ar t i ng f r om ext ended pi l e t es ­
t i ng pr ogr ams and f r om a syst emat i c anal ysi s of  al l  avai ­

l abl e dat a,  t he val ues of  t he above ment i oned saf et y f ac ­
t or s have been deduced.

PRI NCI PLES OF THE METHOD

The ul t i mat e bear i ng capaci t y Q of  a di spl acement  pi l e 

can be wr i t t en as

Q = QK + Qe ^r  b,  r  s,  r
( 1 )

wi t h

Q,_ = t he ul t i mat e bear i ng capaci t y at  t he base 
b,  r

Qs r  = t he ul t i mat e bear i ng capaci t y by ski n f r i ct i on.

Met hods exi st  t o pr edi ct  t he val ues of  Q, and Q  f or
b,  r  s, r

di spl acement  pi l es f r om t he r esul t s of  CPT t est s ( De Beer ,  

1971/ 72 j De Beer  et  al . ,  1977) .

For  t he det er mi nat i on of  t he al l owabl e bear i ng capaci t y 
t wo cases have t o be consi der ed ;

a)  t he pi l e i s dr i ven at  t he ver t i cal  of  a pr evi ousl y 
per f or med CPT t est

b)  t he pi l e i s dr i ven out si de t he ver t i cal s of  per f or med 

CPT t est s.

a)  I n t he r at her  except i onal  case t hat  at  t he ver t i cal  
of  each pi l e t o be dr i ven,  pr evi ousl y a CPT t est  shoul d 
have been per f or med,  a saf et y f act or  F̂  i s t o be appl i ed 
wi t h t he onl y ai m t o l ocat e t he al l owabl e l oad out si de t he 
zone of  t he l oad- set t l ement  di agr am wher e t he set t l ement s 
i ncr ease r api dl y wi t h t he i mposed l oads

ID =

1

( 2)

b)  I n t he mor e gener al  case,  f or  t he whol e of  t he pi l es 
of  a f oundat i on,  onl y a l i mi t ed number  of  CPT t est s ar e 
at  di sposal .  I f  now t he al l owabl e bear i ng capaci t y i s t o 
be def i ned not  f r om a CPT t est  per f or med at  t he ver t i cal  
of  t he pi l e i t sel f ,  but  f r om a cer t ai n number  of  t est s 
per f or med over  t he ar ea of  t he const r uct i on,  car e must  
be t aken of  t he i nf l uence of  t he scat t er  of  t he soi l  pr o­
per t i es f r om one ver t i cal  t o anot her .

I f  over  a suf f i ci ent l y l ar ge t est i ng ar ea ( f or  i nst ance
10. 000 m̂ )  of  a gi ven geol ogi cal  f or mat i on,  a suf f i c i ent ­
l y l ar ge number  of  CPT t est s have been per f or med,  f r om 
t hese t est s maxi mum,  r espect i vel y mi ni mum val ues of  QK
and Q can be det er mi ned.  Fr om t hese val ues t he 

s,  r
f ol l owi ng r at i os can be cal cul at ed

b,  r

t  b, r , max
^1 0, . t est  si t e 

b,  r ,  mi n

s, r , max
0 . t est  si t e 

s,  r , mi n

(3)

(4)

I f  now a pr obl em has t o be sol ved i n anot er  ar ea of  t he 

same f or mat i on,  on t he basi s of  a l i mi t ed number  of  CPT 
t est s,  one can det er mi ne f r om t hese t est s t he val ues

Qu > Qb, r , max s, r , max
Q, . and 0 . . 

b, r , mi n s, r , mi n

The al l owabl e bear i ng capaci t y Q i s t hen gi ven by

,1

1 . b, r , max

Fi " 1

(5)

wi t h and t he val ues def i ned f r om t he t est  si t e.
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A condi t i on however  i s t hat  Qa i s not  l ar ger  t han

a,  1 a, 2 F.  ^ b, r , mi n 
1

0 ) 
s,  r , mi n

( 6)

I f  t hi s condi t i on i s not  sat i sf i ed i t  shows t hat  t he di s ­

per si on of  t he soi l  pr oper t i es at  t he bui l di ng si t e i s 
l ar ger  t han on t he t est  si t e,  and t her ef or e t hat  suppl e­

ment ar y CPT t est s have t o be per f or med i n or der  t o bet t er  
def i ne t he var i ance of  t he soi l  pr oper t i es,  wi t h t he ai m 

t o di vi de t he bui l di ng si t e i n mor e homogeneous par t i al  
ar eas.

The out l i ned gener al  pr i nci pl es wi l l  be appl i ed t o t wo 
Bel gi an geol ogi cal  f or mat i ons.

OLI GOCENE STI FF FI SSURED CLAY FORMATI ON ( RUPELI AN - 
BOOH CLAY)

Test  si t e

At  Kont i ch an ext ended pi l e t est i ng pr ogr am has been per ­
f or med i n t he Boom cl ay whi ch i s a st i f f  f i ssur ed cl ay of  
ol i gocene age ( Rupel i an) .  The r esul t s of  t he t est  pr o­
gr am have been f ul l y descr i bed by De Beer  et  al .  ( 1977) .

The char act er i st i cs of  t he t est  pi l es ar e gi ven i n f i g.  1.

At  t he ver t i cal  of  each pi l e a CPT t est  M4 was pr evi ousl y 
per f or med.

An i mpor t ant  obser vat i on wi t h st i f f  f i ssur ed cl ays i s t he 
di sper si on of  t he t est  r esul t s as wel l  as f or  t he cone r e­
si st ance as f or  t he t ot al  si de f r i ct i on f r om one ver t i cal  
t o anot er .

Thi s i s i l l ust r at ed by f i g.  2 gi vi ng t he di sper si on f or  
2 near by CPT t est s H4 per f or med i n t he Boom cl ay at  Kon-  
t i ch.

For  t he London cl ay,  Mar sl and ( 1974)  f ound si mi l ar l y t hat  

t he r egr essi on l i nes of  cone r esi st ances ver sus dept h ar e 
di f f er ent  f r om one ver t i cal  t o anot her  and t hat  most  do 

not  i nt er sect ,  showi ng t hat  al ong some ver t i cal s syst ema­
t i cal l y l ower  r esi st ances ar e f ound t han al ong ot her s.

The cause of  such an i mpor t ant  di sper si on has not  yet  
been cl ar i f i ed.  However  one must  concl ude t hat  t he obser ­
ved di sper si on shoul d be i n essence r el at ed t o t he var i a­
bi l i t y of  t he mechani cal  pr oper t i es of  t he cl ay f r om one 
ver t i cal  t o anot her .

The ul t i mat e bear i ng capaci t i es 0^8^C of  t he t est  pi l es,

cal cul at ed wi t h t he met hod descr i bed by De Beer  et  al .
(1977)  st ar t i ng f r om t he r esul t s of  t he CPT t est s pr evi ­

ousl y per f or med at  t he ver t i cal  of  each pi l e,  ar e gi ven 
i n f i g. 1.

The al l owabl e l oads,  obt ai ned by appl yi ng a saf et y f act or  
F̂  = 1, 4,  and t he cor r espondi ng set t l ement s ar e al so gi ven 

i n f i g.  1.  I t  appear s t hat  by appl yi ng a saf et y f act or

F̂  =1 , 4  on c£al c , t he al l owabl e l oad i s l ocat ed out si de

t he zone of  t he l oad- set t l ement  di agr am wher e t he set t l e­
ment s i ncr ease r api dl y wi t h t he i mposed l oads.  As an 

exampl e t hi s i s i l l ust r at ed f or  t he pi l es I I ,  VI I  and I X 

i n f i g.  3.

At  Kont i ch f or  pi l es wi t h a shaf t  l engt h of  10 m,  but  

wi t h di f f er ent  bases ( f i g.  1)  t he val ue of  var i es wi t h 
t he t ype of  pi l e bet ween 1, 44 and 1, 54.

When consi der i ng pi l es wi t h t he same di amet er  = 406 mm

but  wi t h l engt hs of  7 m and 13 m,  t he val ue of  var i es 
bet ween 1, 57 and 1, 50.

Thus f or  t he cl ay at  Kont i ch a val ue 1, 5 f or  n can be 
adopt ed.

For  t he 16 CPT t est s at  Kont i ch,  consi der i ng a shaf t  0 

406 mm wi t h a l engt h of  10 m,  a val ue ri2 = i  # 27 i s f ound.  
Ther ef or e a val ue n^ = 1* 30 can be adopt ed.

Thus t he st at i st i cal  scat t er  of  t he Boom cl ay at  Kont i ch
i s char act er i zed by r\ 1, 5 f or  t he r esi st ance at  t he

base,  and r \ n 1, 3 f or  t he t ot al  si de f r i ct i on.

Appl i cat i on out si de t he t est  si t e

I t  i s of  cour se of  pr i mar y i mpor t ance t o Know bef or ehand 

i f  t he degr ee of  scat t er  f ound at  Kont i ch i s char act er i s ­

t i c f or  most  of  t he Boom cl ay f or mat i on,  or  i f  at  t he con­
t r ar y i t  must  be expect ed t hat  i n sever al  pl aces of  t hi s 
f or mat i on t he scat t er  can be l ar ger .

I n or der  t o check i f  t he scat t er  f act or s and t \  have

a gener al  meani ng f or  t he whol e Boom cl ay f or mat i on,  a 
syst emat i c r evi ew has been made of  al l  t he CPT t est s per ­
f or med i n t he Boom cl ay,  especi al l y i n t he r egi on of  Ant ­
wer p,  wher e t hi s cl ay i s f ound at  r el at i vel y smal l  dept hs.  
For  22 di f f er ent  const r uct i on si t es t he appr oxi mat e va­
l ues of  and r \  ̂ have been deduced.

For  t he sake of  si mpl i ci t y t he val ue of  has not  been

cal cul at ed as t he r at i o Q,_ : (1 . f or  a gi ven
b, r , max b, r , mi n b

pi l e,  but  as t he r at i o q : q and t hat  f or  ever y
^c, max ^c, mi n J

dept h.  Because of  t he much mor e i mpor t ant  f l uct uat i ons of

q : q . , t hi s r at i o const i t ut es an upper  l i mi t  of  
c, max ^c, mi n

t he r at i o Q. : II . .
b, r , max b, r , mi n

For  t \ , because of  t he var i abl e t hi ckness of  t he super ­

f i ci al  l ayer s cover i ng t he Boom cl ay,  not  t he absol ut e va­
l ues of  t he t ot al  si de f r i ct i on but  t he i ncr eases of

0 t  st ar t i ng f r om t he dept hs wher e t he t ot al  si de f r i ct i on 

di agr am becomes near l y l i near ,  have been consi der ed.

I n t abl e I  f or  each of  t he consi der ed si t es,  and event ual ­
l y f or  zones of  t he si t es,  af t er  anal yzi ng t he gr aphs at  
di sposal ,  t he mean val ues obt ai ned f or  and n t h e  num­

ber  of  t est s at  di sposal ,  t he r adi us of  t he concer ned zone,  
and event ual  comment s ar e gi ven.

For  t he 22 exami ned si t es r \  r esp.  ar © smal l er  t han or

pr act i cal l y of  t he or der  of  magni t ude of  1, 5 r esp.  1, 3 

except  f or  t wo speci al  cases.

On t he si t e N°  19,  t wo cone penet r at i on t est s di st ant  of  

12 m,  show i ncr eases of  t he t ot al  si de f r i ct i on whi ch di f ­
f er  by a f act or  of  2.  On t he ot her  hand,  t hese t est s show 
t hat  over  a r el at i vel y smal l  di st ance,  t he upper  f ace of  
t he Boom cl ay shows a l evel  di f f er ence of  1, 00 m.  Such a 
l ar ge l evel  di f f er ence can onl y be expl ai ned by a speci al  
geol ogi cal  f eat ur e ( di api r ) ,  whi ch has caused an i mpor t ant  

l ocal  var i at i on of  t he pr oper t i es of  t he cl ay.

At  t he si t e N°  22,  l ocat ed al ong t he r i ght  bank of  t he 

Schel dt  r i ver ,  55 CPT t est s over  an ar ea of  sever al  hec ­

t ar es ar e avai l abl e.  These t est s have been gr ouped accor ­
di ng t o t he l ocat i on of  t he di f f er ent  const r uct i ons.  For  

t he zones l ocat ed suf f i ci ent l y f ar  away f r om t he r i ver bank 
t he val ues of  t he r at i os and n2 cor r espond pr act i cal l y

wi t h t he val ues at  Kont i ch.  At  t he cont r ar y,  f or  t he t est  
si t es l ocat ed i mmedi at el y al ong t he bank of  t he Schel dt
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TABLE I

Si t e Const r uct i on Number Rad i us Com­
N° si t e of

C. P. T.
t est s

of

zone

m

ni n2
ment s

1 Put t e 4 50 1, 44 1, 21 -

2 Hoboken 4 40 1, 49 1, 37 -

3 Duf f el

St . Kat . Waver
2 20 1, 12 1, 10 -

4 RM. 10 4 30 1, 24 1, 08 -

5 RM. 11 4 30 1, 26 1, 34 -

6 RM. 12 6 30 1, 37 1, 11 (1)
7 RM. 14

Ant wer pen
4 30 1, 47 1, 26 -

8 Bl ancef l oer -  
l aan

6 50 1, 31 1, 17 -

9 E3 4826 12 100 1, 29 ( 1, 63) ( 2)
10 E3 2448 7 30 1, 21 1, 25 -

11 E3 KM48 9 30 1, 38 1, 21 _

12 E3 KM26 5 50 1, 24 ( 1, 52) (3)
13 E3 8446 N 

S
4
3

10
10 1.’ 42} 1' 62

j l , 24 ( 4)

14 E3 2682 2 20 1, 15 1, 99 -

15 E3 2426 N 
S

3
6

10
10

j l , 43 (4)

16 E3 8426 N 
S

3
3

10
10 { 1,21 ( 4)

17 E3 8482 3 30 1, 22 1, 44 -

18 E3 64SR N 
S

3
4

10
10 j l , 26 (4)

19 E3 42SR +
48SR 11 50 1, 47 C 2, 2 6) (5)

20 Boom 20 900 1, 5 
( z<9, 00m)  

1, 7 
( z>9, 00m)

1, 25

21 Hoboken I ’ - V 5 75 1, 49 1, 34 (1)
22 Cocker i l l

I  -  VI 6 20 1, 45 1, 37 ( 1)
VI I  -  XXVI I I 21 75 ( 3, 1 ) ( 1, 62) ( 6)
XXVI I I  -  XXI 11 80 1, 41 1, 29 ( 1)

Comment s

( 1)  t wo l ayer s i n t he cl ay,  t he upper  l ayer  seems al t er ed? 
t he gi ven val ues cor r espond t o t he l ower  l ayer  j

( 2)  mar ked di f f er ence of  t he val ues of  Q when j ust  en ­

t er i ng t he c l ay ;
( 3)  l evel  uncer t ai n,  pr obabl y di api r  ;

( 4)  because of  syst emat i c di f f er ences,  sever al  zones have 
been consi der ed j

( 5)  pr obabl e * occur r ence of  a di api r  ?

(6)  al t er at i on due t o t he pr oxi mi t y of  t he Schel dt  r i ver ,

r i ver ,  t he di sper si on of  t hese r at i os i s much l ar ger .

Thi s di sper si on i s t o be l i nked t o t he pr oxi mi t y of  t he 
Schel dt  r i ver .

The syst emat i c expl oi t at i on of  t he dat a at  di sposal  shows 
t hat ,  when except i ng l ocal  acci dent s due t o t he geol ogy 

or / and t he mor phol ogy of  t he soi l ,  f act or s n,, = 1. 5 and

n2 = 1. 3 def i ni ng t he het er ogenei t y of  t he soi l  f or  t he

base r esi st ance and t he t ot al  si de f r i ct i on,  have a gene­

r al  meani ng f or  t he Rupel i an cl ay,  i n as f ar  as zones ar e 

consi der ed whose ext ensi on i s l i mi t ed t o about  100 m.

DENSE PLI OCENE SAND FORMATI ON ( SCALDI SI AN- SAND OF KALLO)  

Test  si t e

At  Kal l o a ser i es of  t est  pi l es wer e dr i ven t hr ough sof t  

upper  l ayer s i nt o a ver y dense sand l ayer  of  pl i ocene age

( Scal di si an Sand of  Kal l o) .  The r esul t s of  t he t est  pr o- 

gr am have been descr i bed by De Beer  et  al .  ( 1979a;  1979b) .

The char act er i st i cs of  t he t est  pi l es ar e gi ven i n f i g.  4.

At  t he ver t i cal  of  each pi l e a CPT t est  M4 was pr evi ousl y 

per f or med,  showi ng si mi l ar  r esul t s as wel l  f or  t he cone 

r esi st ance as f or  t he t ot al  si de f r i ct i on f r om one ver t i ­
cal  t o anot her .  The r esul t s of  CPT t est  I I I  ar e gi ven i n 
f i g.  5 as an exampl e.

The ul t i mat e bear i ng capaci t i es Q̂ al C of  t he t est  pi l es,

cal cul at ed wi t h t he met hod descr i bed by De Beer  ( 1971/ 72)  
st ar t i ng f r om t he r esul t s of  t he CPT t est s pr evi ousl y per ­

f or med at  t he ver t i cal  of  each pi l e,  ar e gi ven i n f i g.  4.

The al l owabl e l oads Qa, obt ai ned by appl yi ng a saf et y f ac ­

t or  F =1, 4,  and t he cor r espondi ng set t l ement s ar e al so

gi ven i n f i g.  4.  Al so f or  t he pl i ocene sand f or mat i on i t  
appear s t hat  by appl yi ng a saf et y f act or  F  =  1, 4 on t he

cal cul at ed ul t i mat e bear i ng capaci t y Q° al C, t he al l owabl e

l oad i s l ocat ed out si de t he zone of  t he l oad- set t l ement  
di agr am wher e t he set t l ement s i ncr ease r api dl y wi t h t he 
i mposed l oads.  Thi s i s i l l ust r at ed f or  t he seven t est  pi ­
l es i n f i g.  6.

Consi der i ng a pi l e wi t h a gi ven base di amet er  and a gi ven 
dept h successi vel y at  t he l ocat i on of  t he di f f er ent  CPT 
t est s,  t he di sper si on f act or  n var i es i n f unct i on of  t he

consi der ed di amet er  and t he consi der ed dept h bet ween 1, 24 
and 1, 34.

At  t he t est  si t e t he sof t  upper  l ayer s have pr act i cal l y 
i n each ver t i cal  t he same t hi ckness and t he same composi ­
t i on.  For  t hat  r eason,  at  t he t est  si t e i t  i s passi bl e t o 
consi der  and t o compar e t he t ot al  si de f r i ct i on.  For  t hi s 
t ot al  si de f r i ct i on a maxi mum scat t er  r) = 1, 3 was f ound.

Thus f or  t he t est ed pi l es t he st at i st i cal  scat t er  of  t he 
Sand of  Kal l o at  t he t est  si t e i s char act er i zed by n1 =

1, 3 f or  t he uni t  base r esi st ance and by r u = 1, 3 f or  t he 
t ot al  si de f r i ct i on.

Det er mi nat i on of  t he di sper si on f act or s n, and ri „ 
out si de t he t est  si t e

For  t he West er n ext ensi on of  t he Ant wer p Har bour ,  over  an 
ar ea of  some 35 Km2, i n t he zone of  exi st ence of  t he sand 
of  Kal l o,  about  250 CPT t est s have been per f or med,  however  
most l y at  mut ual  di st ances l ar ger  t han 200 m.  Over  t hi s 

ar ea f r om one pl ace t o anot her  t he t hi ckness of  t he upper  
l ayer s above t he sand of  Kal l o,  can be ver y di f f er ent  and 
al so t hei r  composi t i on.  As t he ai m i s t o det er mi ne t he 
di sper si on f act or s on uni t  base bear i ng capaci t y and si de 
f r i ct i on f or  pi l es i n gr oups wi t h an ar ea not  l ar ger  t han 
about  100 m x 100 m,  of  cour se char act er i zed by about  t he 
same t hi ckness and composi t i on of  t he upper  l ayer s,  i t  i s 

necessar y t o cl assi f y t he t est s accor di ng t o t hose c r i t e­
r i a.

f 9?: _uni t _base bear i ng capaci t y 

To det er mi ne t he di sper si on f act or  , a r ef er ence pi l e

wi t h D = 600 mm,  ended at  r el at i ve dept hs of  2 0 t o
D b

3 D i n t he dense sand has been consi der ed,  
b

As t he di f f er ence i n t hi ckness and i n composi t i on of  t he 
upper  l ayer s i nf l uences t he base bear i ng capaci t y of  a 

pi l e penet r at i ng at  a r el at i vel y smal l  dept h i nt o t he ver y 

dense sand,  a subdi vi si on of  t he consi der ed CPT t est s was 
made i nt o 6 gr oups char act er i zed by t he l i mi t s of  t he uni t
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base bear i ng capaci t y p q  Just  above t he ver y dense 

sand l ayer ,  gi ven i n t abl e I I .

TABLE I I

Di sper si ons ê  f or  t he di f f er ent  gr oups

Gr oup 

^b, r , o

MN/ m2

Dept h 2

81

Db

Lf1m 
i n km

Dept h 3 

a1

Db

LMm 
i n Km

0- 1, 5 1 737 2, 67 1 673 3, 56
1, 5- 2, 5 1 602 3, 45 1 505 3, 53
2, 5- 3, 5 1 525 3, 13 1 646 3, 47
3, 5- 5, 5 1 570 3, 16 1 642 3, 02
5, 5- 8, 0 1 550 4, 67 1 566 4, 67

V CD o 1 354 0, 91 1 313 0, 91

cent r al  val ue : 1, 57

The di sper si ons e1 f or  t he consi der ed gr oups ar e gi ven

i n t abl e I I  j  t hey var y bet ween 1, 313 and 1, 842,  wi t h a 

cent r al  val ue of  1, 57.

I n t he same t abl e,  f or  each gr oup ar e gi ven t he di st ances 

bet ween t he t est s gi vi ng t he maxi mum and mi ni mum v a ­

l ues.

Al l  t hese char act er i st i c di st ances ar e much l ar ger  t han 

10D m.  I n f act  most  of  t he gr oups cover  t he t ot al  t est ed 
ar ea.  I f  now onl y an ar ea of  100 m x 100 m has t o be con­

si der ed,  doubt l ess t he di sper si ons wi l l  be much l ower ,  

and t her ef or e consi der i ng t he val ues f ound f or  ê  f or

such a l i mi t ed ar ea a val ue of  $1 , 50  can be expect ed.

□ i sger si on_f act or  x\  f 2E_t h§ _uni t _si de_f r i ct i on_i n_t he 
dense_sand

As can be seen f r om f i g.  5,  because of  t he hi gh r esi st an­

ces encount er ed i n t he dense sand l ayer ,  i n or der  t o be 

abl e t o ent er  suf f i ci ent l y deep i n t hat  l ayer ,  i t  becomes 
r api dl y necessar y t o r educe ar t i f i ci al l y t he si de f r i c ­
t i on,  wi t h t he consequence t hat  i n sever al  t est s,  f r om a 
r at her  smal l  dept h on i n t he sand l ayer ,  t he exact  val ue 

of  t he si de f r i ct i on i s unknown.  Fur t her mor e i n sever al  
ot her  t est s t he t ot al  si de f r i ct i on di agr am has a ver y 
i r r egul ar  shape,  i n whi ch l ocal l y t her e i s pr act i cal l y 

no i ncr ease of  t he si de r esi st ance,  at  dept hs wi t h l ar ge 

cone r esi st ances.  For  bot h r easons,  i n t he dense sand 
l ayer ,  t he use of  t he t ot al  si de f r i ct i on di agr am i s i m­
possi bl e or  quest i onnabl e.

Ther ef or e,  f or  det er mi ni ng t he val ue of  t he uni t  si de
f r i ct i on,  use was made of  dat a r el at i ng t hi s uni t  si de

f r i ct i on t o t he cone r esi st ance ( Te Kamp,  1977 j Van den
El zen,  1979) .  I n t he pr esent  case,  f or  a st eel  t ube t he

val ue t  -  q : 200 was used,  
s c

Consi der i ng a penet r at i on dept h of  3 m,  a mean val ue f  of  
t he val ues over  t hi s dept h can be obt ai ned.

The di st r i but i on cur ve of  f  f or  t he N = 251 t est s i s gi ­

ven on f i g.  7,  and t he cumul at i ve cur ves n = and

y = En Af  ver sus f  ar e gi ven on f i g.  8 and 9.

Fr om a pr obabi l i st i c anal ysi s i t  appear s t hat  t he dev i a­

t i on z over  t he t ot al  ar ea A = 35 km2, can be expr essed 
by a l og nor mal  f unct i on

z = a l og - y —  ( 7)
r

Wi t h a = 25, 41 2
f  * cent r al  val ue = 129 KN/ m 
hr = concent r at i on f act or  = 0, 443 

E^= mean quadr at i c devi at i on * 1, 596.

The pr obabi l i t y t hat  t he di sper si on m = '|;max ! 'fm: t n shoul d

be l ess t han 1, 3 i s 65 %.  For  a di sper si on m -  *

1, 5 t he pr obabi l i t y I ncr eases t o 02, 5 %.  Ther ef or e over

an ar ea of  35 Km2, t he pr obabi l i t y t hat  t he uni t  f r i ct i on

r esi st ance f  shoul d be l ocat ed bet ween 0, 87. f  =
r

0, 07 x 129 = 112 KN/ m2 and 1, 13 x 129 = 146 KN/ m2 i s 

65 % and t hat  i t  shoul d be l ocat ed bet ween 0, 0 x 129 =

103 KN/ m2 and 1, 2 x 129 = 155 KN/ m2 i s 03 %.

I f  now i nst ead of  an ar ea of  35 Km2, much smal l er  par t i al  
ar eas wi t h an or der  of  magni t ude of  10" 2 Km2 ar e cons i ­

der ed a much bet t er  concent r at i on ar ound t he cent r al  va­

l ue can be expect ed.

For  i nst ance f or  t he t est  si t e wi t h an ar ea of  5 x 10-1* 
Km2, a concent r at i on f act or  h = 1, 772 and mean quadr at i c 
devi at i on E = 0, 333 ar e obt ai ned,  wi t h t he consequence

q
t hat  t he pr obabi l i t y of  a di sper si on m = f  : f  . =1, 3

1 1 14. J4- m3X mlni s pr act i cal l y equal  t o uni t y.

Fr om al l  t hese r esul t s i t  can be deduced t hat  f or  an ar ­

bi t r ar y sur f ace not  l ar ger  t han 10- 2 km2 t her e i s a f ai r  

pr obabi l i t y t hat  t he r at i o of  t he maxi mum uni t  f r i ct i on 
r esi st ance i n t he dense sand,  t o t he mi ni mum uni t  f r i c ­
t i on r esi st ance,  wi l l  be smal l er  t han 1, 3,  and a ver y 
l ar ger  pr obabi l i t y t hat  i t  wi l l  be smal l er  t han 1, 5.
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II IV III VI V II V III IX XI XI I

Si

Lb

Up V 2 u
(Jf ,cjr

p?2

' ®3

%

1^3

B3

2 b

D l  ( m)  I  1, 390 
b

V 1, 410 I I 1. 402 I V 1, 420 1, 446 0, 624 0, 636 0, 632 . 0. 406 0. 406 0. 406 0, 406

Ql B, ( MN)  I  1, 94 
r

V 2, 20 I I 3, 01 I V 3, 15 3, 33 0, 50 1, 49 2, 12 0, 02 1, 15 0, 96 0. 07

Qnal o(ri N)
r

I I 2, 67 I V 2, 79 3, 22 1. 33 1, 70 0, 90 1. 25 0, 94 0, 00

Qcal c( mj
r

I I 1, 91 I V 1,  99 2, 30 0, 95 1, 27 0, 64 0, 09 0, 67 0. 63

1, 4 
s ( mm) I I 7, 09 I V 7, 72 8, 99 4, 06 4, 26 4. 47 4, 00 3, 13 3. 33

Lengt h of  shaf t  10 rn j Di amet er  of  shaf t  0, 406 m

B.  : over expanded Fr anki  base - B„  : nor mal  enl ar ged Fr anki  base - B : st eel  pl at e 
1 J

S1 : pr ef ab shaf t  - S2 : vi br at ed shaf t  - : Fr anki  shaf t  made by hammer i ng - Ŝ : pr ef ab concr et e pi l e wi t h 

i nt r oduced by hammer i ng - S5 : pr ef ab pi l e wi t h st eel  Jacket ,  i nt r oduced by hammer i ng 

M : f l oat i ng st eel  mant l e - b : bent oni t e sl ur r y.

smoot h shaf t j

Fi g. 1 Types of  pi l es t est ed at  Kont i ch i n Boom cl ay

LOAD Q in MN •

CONE RESI STANCE qc i n MN / m

CL
UJ

Q

10

15

-

eter M4vh' ' qc,XX
Penetrom

0 = 36 mm  

v = 20 m m /sec

y

V ° s t . X X

40 80 120 160

TO TAL FRICTION QJt in k N — »-

Lo catio n
_ I L ^ -

U- JBm.

Fi g. 2 Di sper si on of  CPT t est  r esul t s at  Kont i ch ( di st or t ed 
scal e)

Fi g. 3 Load set t l ement  di agr ams of  t est  pi l es I I ,  VI I  and 
I X at  Kont i ch
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PILE  IV

Q) 406 mm

(D 600 m m

s te e l U jb e  j ) 406m m

E

B . F r a n k i  b a s e S :S te e l t u b e  f i l le d  w i th  

P  , P re fa b , c o n c re te  s h a f t  c o n c r ' ' '  a , ,c r  d r iv in 9
w i th  e lim in a te d  s h a ft  fr ic tio n  V :In  s itu  v ib ra te d  c o n c re te

(MN) 4,76 2 ,55 2,70 4,41 1,47 3,97 2 ,40

(MN) 6 ,0 8 2 ,70 3,19 5 ,2 0 1,67 4,51 2 ,8 0

o “ lc im n i 4 ,5 4 2,12 2,71 4 ,0 6 1,30 4,14 2 ,4 9

Qca lc

- L - I M N ) 3 ,2 4 1,51 1,94 2 ,9 0 0 ,93 2,96 1,78

s  (m rn) 11,96 7,57 10,32 9 ,4 5 6,70 9,87 19,74

Fi g. 4 Types of  pi l es t est ed at  Kal l o i n dense sand 

p ile  HI CO NE RE SISTANCE q c in M N /m 2 ---------* .

♦2 3 5  NKD

1 c ta y

2 lo a m

p e a t

4,2

c la y

8,5

fin e  sand
w i th  sh e ll
p ie c e s ,

12 * c la ye y

BORING A

25L
0 5 25 50 75

TO TAL FR IC TIO N Q j t

Fi g. 5 CPT t est  I I I  at  Kal l o

LOAD Q in MN ■

50 N = 251

JL t £
0 50 100

Unit side fric tion

3 k
150 , 200

f in kN/m

Fi g. 7 Di st r i but i on of  f  i n t he sand of  Kal l o

f max

0 50 100 |150

Unit side friction f in kN/m^ _J

fmin

Fi g. B Cumul at i ve cur ve of  f  i n t he sand of  Kal l o

Fi g. 9 Cumul at i ve cur ve of  f  i n t he sand of  Kal l o
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