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T h e  D e te rm in a t io n  o f  the Pe rm iss ib le  P o in t- lo a d  o f  P ile s b y  

M e a n s  o f  Static  Pene tra tion  Tests

Dé t e r m i n a t i o n  d e  l a  f o r c e  p o r t a n t e  l i mi t e  a d m i s s i b l e  p o u r  d e s  p i e u x  a u  m o y e n  d ’e s s a i s  d e  

p é n é t r a t i o n  s t a t i q u e

by E. M e n z e n b a c h ,  D r.-Ing., D .I.C ., Technische H ochschule Aachen

Su m m a r y

T h e  r esu l t s  o f  a  la r g e n u m b e r  o f  lo ad in g - t est s  o n  p i l es f o r  w h i ch  

s t a t i c  p e n e t r a t i o n  t est s w er e  ca r r i ed  o u t ,  h av e  b een  co l lec t ed ,  an d  

e x i s t i n g  r e l a t i o n sh ip s  h av e  b een  i n ves t i g a t ed  b y  s t a t i s t i ca l  m et h o d s.  

T h ese  sh o w  t h e d eg r ee o f  a c c u r a c y  f o r  a g i ven  f a c t o r  o f  sa f e t y  

f o r  t h e d e t e r m i n a t i o n  o f  t h e p e r m iss ib le  p o in t - lo ad  o f  p i l es b y  

m ean s o f  s t a t i c  p e n e t r a t i o n  t est s. Fr o m  t h is  f o l l o w s  t h e f ac t o r  

o f  s a f e t y  w h i c h  t h e  m et h o d  r eq u i r es  f o r  i l s  ap p l i c a t i o n  in  p r ac t i ce .  

In  a d d i t i o n ,  t h e  f ac t o r s  i n f l u en c in g  t h e  r esu l t s  a r e  co n s id er ed  

an d  i n  p a r t i c u l a r  t h e r o le  w h i c h  t h e d i am e t e r  o f  t h e p i le  an d  t h e 

co n e  r es ist an ce o f  t h e p en et r o m et er  p l a y .  F i n a l l y ,  a f o r m u la  is 

p r esen t ed  f o r  t h e d e t e r m in a t i o n  o f  t h e  p e r m iss ib le  p o in t - lo ad  o f  

p i l es b y  m ean s o f  s t a t i c  p en e t r a t i o n  t est s w h i ch  is b ased  o n  a 

la r g e  n u m b e r  o f  l o ad in g - t est s.

In t r o d u c t i o n

O n e  o f  t h e  m o s t  i m p o r t a n t  q u e s t i o n s  o f  f o u n d a t i o n  t e c h ­

n i q u e  i s  t h a t  o f  t h e  p e r m i s s i b l e  l o a d  o f  p i l es .  W h i l s t  f o r  d r i v e n  

p i l e s  i t  i s  p o s s i b l e  t o  f i n d  t h e  b e a r i n g  c a p a c i t y  a p p r o x i m a t e l y  

f r o m  t h e  d r i v i n g  r e s i s t a n c e  u s i n g  e m p i r i c a l  v a l u e s ,  o r  f r o m  a  

p i l e  d r i v i n g  f o r m u l a ,  t h e  r e l i a b i l i t y  o f  w h i c h  is p r o v e d  f o r  

l o c a l  s u b s o i l  c o n d i t i o n s ,  i t  i s  v e r y  d i f f i c u l t  t o  d e t e r m i n e  t h e  

e x a c t  f a i l u r e  l o a d  f o r  b o r e d  p i l e s  i f  a  f e w  o f  t h e m  a r e  n o t  

s u b j e c t e d  t o  a  l o a d  t est .  T h i s  is p a r t i c u l a r l y  n e c e s s a r y  i f  a  

p i l e d  f o u n d a t i o n  is c a r r i e d  o u t  i n  a  s o i l  t h e  s t r e n g t h  o f  w h i c h  

is o n l y  a p p r o x i m a t e l y  k n o w n .  L o a d i n g  t es t s  a r e  e x p e n s i v e  

a n d  t a k e  u p  m u c h  t i m e ,  so  t h a t  t h e y  s h o u l d  b e r e d u c e d  t o  a 

m i n i m u m .

T h e  p r o b l e m  o f  s e l e c t i n g  p i l e s  f o r  l o a d  t es t s  m u s t  b e s o l v e d  

i n  s u c h  a  m a n n e r  t h a t  t h e  t r u e  s u b s o i l  c o n d i t i o n s  a r e  r e v e a l e d .  

U n l e s s  t h i s  i s  d o n e ,  a  p i l e  f o u n d a t i o n  m a y  b e  d e s ig n e d  o n  t h e  

b as i s  o f  t h e  m o s t  u n f a v o u r a b l e  t es t  r e s u l t .  Se v e r a l  t h e o r e t i c a l  

a n d  p r a c t i c a l  m e t h o d s  a r e  k n o w n  f o r  d e t e r m i n i n g  t h e  b e a r i n g  

c a p a c i t y  o f  p i l es .  T h e o r e t i c a l  m e t h o d s  s u f f e r  f r o m  t h e  d i s a d ­

v a n t a g e  t h a t  s i m p l i f y i n g  a s s u m p t i o n s  m u s t  b e m a d e  t o  a l l o w  

f o r  c o m p l e x  s t r ess  a n d  s t r a i n  c o n d i t i o n s  a t  t h e  p i l e  p o i n t .  

T h i s  f r e q u e n t l y  p r o d u c e s  u n r e l i a b l e  r e s u l t s .  A  m o d e l  t est  

i n  t h e  f o r m  o f  a s t a t i c  p e n e t r a t i o n  t es t  c a n  b e  a p p l i e d  m o r e  

s u c c e s s f u l l y .  T h e  a p p a r a t u s  a n d  t h e  m e t h o d  o f  c a r r y i n g  

o u t  t h e  t es t  h as  b e en  f r e q u e n t l y  d e s c r i b e d  (e .g .  P l a n t e m a , 

1 9 4 8 ).

T h e r e  i s  a  r e l a t i o n s h i p  b e t w e e n  t h e  c o n e  r e s i s t a n c e  o f  t h i s  

p e n e t r o m e t e r  a n d  t h e  u l t i m a t e  b e a r i n g  l o a d  o f  a  p i l e .  In  

H o l l a n d  a n d  Be l g i u m  i n  p a r t i c u l a r ,  w h e r e  p i l e  f o u n d a t i o n s  

m u s t  o f t e n  b e  u se d  t h i s  p e n e t r a t i o n  t es t  w a s  d e v e l o p e d  a l m o s t  

3 0  y e a r s  a g o  a n d  u sed  f r o m  t h e  b e g i n n i n g  t o  a i d  t h e  d es ig n

So m m a i r e

Po u r  é t u d ie r  le r a p p o r t  ex i s t an t  en t r e  le t au x  d e r u p t u r e  d u  

so l  so u s les p o in t es  d e p ieu  et  la r és ist an ce d e p o in t e  d e so n d ag es 

d e p én é t r a t i o n  st a t iq u es,  o n  a r assem b lé  les r ésu l t at s  d ’ u n  g r an d  

n o m b r e  d 'essais d e ch a r g em en t  d e p ieu x ,  p o u r  lesq u els d es so n ­

d ag es d e p én é t r a t i o n  s t a t iq u es a v a i e n t  é t é  ef f ect u és. O n  a en su i t e  

ex am in é  ces r ésu l t a t s  à l 'a i d e  d e m ét h o d es st a t i s t iq u es.  D e  ce t t e 

m an iè r e  i l  est  p o ss ib le  d e ca l c u l e r  le d eg r é  d ’ ex ac t i t u d e  av e c  leq u el  

o n  p eu t ,  p o u r  u n  co ef f i c ien t  d e sécu r i t é  d o n n é ,  d é t e r m in e r  la f o r ce  

p o r t an t e  d e p o in t e  d ’ u n  p i eu ,  à p a r t i r  d e la r és ist an ce d e p o in t e  

t r o u v ée  au  p én ét r o m èt r e  s t a t i q u e .  O n  en  d éd u i t  la m ar g e d e sécu ­

r i t é  à o b ser ver .

o f  p i l e  f o u n d a t i o n s  ( ( L a b o r a t o r i u m  v o o r  G r o n d m e c h a n i k a  

D e l f t  1 9 3 6 , d e  B e e r , 1941 H u i z i n g a ,  1 9 4 1 ).

A  q u a l i t a t i v e  d e t e r m i n a t i o n  o f  t h e  p e r m i s s i b l e  p o i n t - l o a d  

o f  p i l e s  w a s  f i r s t  p r o p o s e d  b y  v a n  d e r  V e e n  (1 9 5 0 ),  w h o  

c o n c l u d e d  f r o m  t h e  r e s u l t s  o f  t w e n t y - o n e  l o a d  t est s  t h a t  

f o r  t h e  p e r m i s s i b l e  p o i n t - l o a d  o f  t h e  p i l e  t h e  c o n e  r e s i s t a n c e  

o f  t h e  s t a t i c  p e n e t r o m e t e r  h as  t o  b e  d i v i d e d  b y  a  f a c t o r  o f  

s a f e t y  o f  3 ( F  =  3 ).

Fa c t o r  o f  Sa f e t y

T h i s  f a c t o r  o f  s a f e t y  i s  t h e  p r o d u c t  o f  t w o  o t h e r  f a c t o r s  o f  

s a f e t y  n a m e l y ,  F l a n d  F2. T h e  v a l u e  o f  F l w a s  f o u n d  f r o m  

t h e  f a c t  t h a t  a  g i v e n  r a t i o  o f  c o n e  r e s i s t a n c e  o f  t h e  s t a t i c  p e n e ­

t r o m e t e r  w, t o  f a i l u r e  s t r ess  o f  s o i l  u n d e r  t h e  p i l e  p o i n t  W, 

i s  e x c e e d e d  o n l y  i n  e x c e p t i o n a l  cases .  F o r  t h e  p e r m i s s i b l e  

s t r ess ,  t h e  f a i l u r e  s t r ess  h a s  t o  b e  d i v i d e d  b y  t h e  v a l u e  o f  F 2. 

V a n  d e r  V e e n  d e r i v e d  F 1 =  1*75 f r o m  h i s  t es t  r e su l t s .  W i t h  

t h i s  v a l u e  a  f a c t o r  o f  s a f e t y  o f  3  i s  o b t a i n e d ,  i f  t h e  p e r m i s s i b l e  

l o a d  is t a k e n  t o  6 0  p e r  c e n t  o f  t h e  u l t i m a t e  l o a d  o f  t h e  p i l e .  

A f t e r  f i f t e e n  c o m p l e t i n g  t es t s ,  F 1 w a s  l a t e r  r e d u c e d  t o  1- 5, 

w h i c h  g i v e s  a  t o t a l  f a c t o r  o f  s a f e t y  o f  2 *5  ( V a n  d e r  V e e n  a n d  

B o e r s m a , 1 9 5 7 ).

D i s t r i b u t i o n  o f  t h e  St r e s s  R a t i o

V a n  d e r  V e e n ' s  p r o p o s a l  is o f  g r e a t  p r a c t i c a l  i m p o r t a n c e .  

H o w e v e r ,  i t  is b ase d  o n  a n  a s s u m p t i o n  o f  t h e  p o s s i b l e  r a n g e  

o f  t h e  r a t i o  o f  c o m e  r e s i s t a n c e  t o  f a i l u r e  s t r ess  o f  s o i l  a t  t h e
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Fig. 1 Frequency distribution for the stress ratio w fW  for 
88 load tests on piles.

Frequency in per cent an inter va II dx  =  20 per cent.
Distribution as found from all 88 lest for 

0  <  w <  180 kg/cm2 

0 <  A <  12 000 cm3

— Theoretical distribution ç ( X )  =  0,25- e -3  l°s 2« (¿Ts)

xj,
Mean value [*■ = f  '£ 9(y)dx = 1 1 7  per cent 

x a

x>,

Standard deviation <r =  f  (x  — p)2* 9  (x ) '// =  40 per 

cent x a

Distribution de la fréquence pour la proportion w jW  de 
la pression à la pointe pour 88 essais de chargement de 
pieux

— Fréquence (pour cent) pour un intervalle d x =  20 pour
cent

Distribution trouvée d’après les 88 essais pour 
0  <  w <  180 kg/cm2 

0 <  A <  12 000 cm 2

— Distribution theorique : ç ( X )  =  0,25 • e~3 -e (-Tü)

Xb

Valeur moyenne ¡1 =  j  /  • <?{y}dy =  117 pour cent

X(i
Xb

Divergence moyenne o =  j  (x — [¿)2 • <?(xWx — 

40 pour cent x n

pile poin t. Therefore, it seem s to  be useful to  investigate the 

d istribu tion  o f  the stress ra tio  using a  larger num ber o f  test 

results. T he table gives eighty-eight results o f load tests on 

piles which can  be com pared  with the  results o f  static  penetra­

tion  tests. T he base areas o f  the piles vary  between 109 and  

11684 sq.cm . T he value o f  the cone resistance which is found 

e ith e r from  the curve o f  the m inim um  resistance o r  better, 

from  the  averaged resistance according  to  v a n  d e r  V e e n  and 

B o e r s m a  (1957), ex tends over a range o f  25 kg/cm 2 to  180 

kg /cm 2.

In nearly  all tests Ihe soil a t the pile po in t w as sand  o r 

gravel. T he p lo tting  o f  the frequency o f  the stress ra tio  shows 

a  skewed d istribu tion . If th is is approx im ated  by  a  theoretical 

d is tribu tion  it is possible to  determ ine, using the m ethods o f  

the p robab ility  theory , w ith w hat p robab ility  a  given stress 

ra tio  w jW  m ay  o r  m ay n o t be exceeded. Each stress ra tio  

corresponds to  a certain  p robab ility  th a t the failure stress o f 

the soil under the pile poin t is n o t sm aller than  expected 

(Fig. 2). I f  a  95 per cent probab ility  is required , i.e. th a t for 

o n ly  1 in 20  piles the determ ined failure stress is estim ated  

higher th a n  it ac tually  is, one  ob ta ins a  stress ra tio  and , hence, 

a  facto r o f  safety F l =  1 *95. U sing the value chosen  by  van 

der Veen and  Boersm a o f  1*5 roughly  17 per cen t o f  all piles 

are  likely to  have a  failure load sm aller than  expected (F ig . 2). 

This, how ever, is o f  n o t so  g reat a  consequence as  it m ight

seem as on ly  a p a r t o f  the failure load is perm itted  fo r the 

w ork ing  load and  also  83 per cen t are  likely to  have a  bearing  

capacity  th a t is h igher than  can  be expected. These piles 

therefore have som e reserve o f  bearing  capacity . I f  the 

facto r o f  safety  is 2-5, on ly  1 per cen t o f  all piles will be actually  

loaded w ith m ore than  the  failure load.

O n the o th e r hand , the expected u ltim ate bearing  capacity  

is estim ated  for 50 per cen t o f  all piles w ith less lhan  75 per 

cenl o f  its ac tual value.

Sc a t t e r i n g  o f  t h e  St r e s s  R a t i o

T he exp lanation  for the heavy scattering  o f  the stress ra tio  

lies in the  fact th a t it is influenced by  several factors. F o r 

fu rther investigation o f the problem  it is necessary to  search 

fo r a t least som e o f  them . T he m ore im portan t are :

(1) T he determ ination  o f  the  failure load in a load te s t :

In on ly  a  few cases is the failure load ob ta ined  from  a

clearly  vertical p a r t o f  the load-seltlem ent curve.

Therefore, the failure load is m ain ly  defined in a m ore a 

less a rb itra ry  m anner. Som e definitions are  based on  the 

shape o f  the load-settlem ent curve, o thers on  the absolu te  

settlem ents o r  the  settlem ents relative to  the d iam eter o f  the 

pile. F o r  th is reason , the determ ination  o f  failure load is n o t 

independent o f  the applied definition.

(2) The d iam eter o f  the pile :

T he rup tu re  lines existing under the po in t o f  the  pile will, 

as a ru le on ly  be approx im ate ly  sim ilar to  those under the 

cone o f  the  penetrom eter. F urtherm ore , both  affect different 

ranges o f  soil, which leads, to  a scattering  o f  the results parti­

cu larly  in  soil w ith th in  s tra ta  o f  various strengths. T h is has 

to  be considered when evaluating  the  cone resistance, fo r 

which a  value averaged  over the possible range o f the  rup tu re  

lines ( V a n  d e r  V e e n  and  B o e r s m a , 1957) o r, less accurately , 

the curve o f  the m inim um  cone resistance, should  be taken.

(3) T he m agnitude o f the cone resistance : This is a  direct 

m easurem ent o f  the  strength  o f  the  soil which influences the 

ru p tu re  lines.

(4) T h e  type  o f  so il:F o r  equal cone resistance, the streng th  

properties depend to  a  large ex tend on  the type o f  so il (M en- 

z e n b a c h , 1959).

(5) T h e  type  o f  pile : F o r  equa l subsoil cond itions, driven  

piles usually  show  a  h igher bearing  capacity  than  bored  piles.

Fig. 2 Comultative probability o f the stress ratio
------ for all 80 lests
------ for 48 test

A <  2 000 cm2 

W  <  100 kg/cm2

Courbes cumulatives de la fréquence pour la proportion 
de la pression à la pointe

------pour les 80 essais
------ pour 48 essais

A <  2 000 cm 2 

W  <  100 kg/cm2

100



In f l u e n c e  o f  t h e  B a s e  A r e a  o f  t h e  P i l e  an d  t h e  C o n e  Re s i s t a n c e  

on  t h e F a c t o r  o f  s a f e t y .

It is hard ly  possible to  allow  fo r every  factor. A s regards 

the failure load, this is quite im possible, because it is n o t 

determ ined o n  the basis o f  s tanda rd  rules. H ow ever, it  seems 

possible w ith  the d a ta  availab le to  investigate the influence 

o f  the  d iam eter o f  the  pile and  the m agnitude o f  the cone 

resistance. O ne can  easily  recognize tha t they  a re  significant if 

the stress ra tio  is p lo tted  against the d iam eter o f  the pile for 

three different ranges o f  cone resistance (F ig. 3-5). If  the 

high cone resistances ( iv >  100 kg /cm 2) and  the large base 

areas o f  the piles ( A > 2 000 cm 2) are n o t taken in to  consider­

a tio n  one  ob ta ins from  48 tests a  frequency d is trib u tion  which 

is alm ost norm al and  has a  m uch sm aller s tanda rd  deviation  

and  hence a  sm aller dev iation  o f  the d a ta  from  the m ean 

(F ig . 6 ).

T h e  practica l significance o f th is m ay be seen from  Fig. 2. 

F o r  the  sam e p robab ility  o f  5 per cen t tha t F 1 is exceeded, 

the  facto r o f  safety for the do tted  curve is on ly  1-39 instead

Fig. 3 Stress ratio  as a  function o f the base area of the pile 
for a range o f cone resistance from 0 to 49 kg/cm2 

R apport des pressions de rupture à la pointe entre 0 et 
49 kg/cm2 en fonction de la section transversale de la 
pointe de pieu.

Fig. 5 Stress ratio  as a function o f the base area o f the pile for a 
range o f cone resistances from 100 to 200 kg/cm 2 

Rapport des pressions de rupture à la pointe entre 10 
et 20 kg/cm 2 en fonction de la section transversale 
de la pointe de pieu.

Fig. 6 Frequency distribution for the stress raion w jW  for 
48 load tests on piles.

Frequency in per cent for an ¡ntervall d x — 20 per cent 
D istribution as found from 48 tests for :

0 <  W  <  100 kg/cm2 
0 <  A <  2 000 cm 2 

— Theoretical normal distribution

9<X) =  - ' - i  ;X  =  = ^
\2~ .a

11
• •

•

■■

«cm,- ««!
• V  - •

w.SSkg/cm>

Fig. 4 Stress ratio as a function o f the base area o f the pile 
for a range o f cone resistances from 50 to  99 kg/cm2

R apport des pressions de rupture à la pointe entre 50 et 
99 kg/cm2 en fonction de la section transversale de la 
pointe de pieu.

Mean value : ,u. =  j  y  • ç()r) ■ d x =  105 per cent

Jf5
Standard déviation : <y — f  ( y  — ix) -<?(y_)dx = 22 per 

cent ‘V(

D istribution de la fréquence du rapport des pressions de 
rupture w jW  de la pression à la pointe pour 48 essais 
de chargement

—  Fréquence (pour cent) pour un intervalle d x — 20 pour
cent

Distribution trouvée dans 48 essais pour 
Q < W <  100 kg/cm2 
0 <  A <  2 000 cm 2

— Distribution normale

?(x) -  -  A n
\  2 77.CT

Valeur moyenne : [A =  /  x  ' ?(x) • d x =  105 pour cent

Divergence moyenne a -■= f  (x — M-)89(xMc =  
22 pour cent ‘
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o f  1-95 fo r all 88  tests. F o r  a  closer investigation o f the  influence 

o f  the diam eter o f  the  p ile  and  the m agnitude o f  cone resistance 

the au th o r suggests s ta rtin g  from  the consideration  tha t, 

fo r very sm all d iam eters o f  piles which a re  approx im ately  

the sam e as the diam eter o f the penetrom eter, F t  is equa l to  1 

and tha t, secondly, fo r w =  0 , F x is a lso  equal to  1 as in  tha t 

case W  will be zero . F o r an y  given cone resistance w (kg /cm 2) 

and base a rea  o f  the pile A  (cm 2) the  equa tion  fo r the  factor 

o f safety can  be w ritten  in the general form

F 1 =  1 -j- crwb-A (1)

which has proved  to  be su itab le from  prelim inary  investiga­

tions. In  equation  (I ) , a  and  b  a re  constan ts  which a re  cal­

culated by  the m ethod  o f the least squares C^V2,) by  pu tting  

6(2^,- ) n
ÔÛ òb

0-3O ne ob ta ins fo r a  s tanda rd  deviation  o f  j  =  ±  1 

a =  5-10" 7 

b =  1*3

T he dépendance o f  F1 on A  and  w is shown in F ig. 7.

Factor ot safely Ft

Fig. 7 D épendance of the factor o f  safety Fj o f  the base area of 
the pile A and the cone resistance w 
/* ,=  ! +  5*10-7m>1i3. A 
Standard deviation : s =  ±  0,3

R apport entre le coefficient de sécurité F1 la section trans­
versale de la pointe de pieu A  et la résistance à  la 
pointe.
Fl =  1 +  510~7. w h à .A  

Divergence moyenne : j  =  ±  0,3

H ence, one can  w rite fo r the  determ ination  o f  the  perm issible 

p o in t-1 oad o f  a  pile from  the  resu lt o f  a  static  pene tration  

test

wA wA
impermissible =  —  =  —  •

F j  F 2 1 0 0 0  1 0 0 0  F2( 1 +  a-wb.A )

. . . .  (3)
W here :

P  perm issible =  perm issible po in t load o f the  pile w ith  a 

base area  A  (cm 2) in tons.

F2 =  F failure/F perm issib le .

F o r  a  constan t cone resistance, the  perm issible po in t-load  

decreases w ith  the  diam eter o f  the  pile, as the failure load  is 

often fixed o n  the basis o f  a  given settlem ent w hich is reached 

for piles o f  la rger diam eters a t  sm aller po in t stresses. F o r 

equal base areas, the  fac to r o f  safety  increases w ith cone 

resistance. This is p robab ly  partly  due  to  the fact th a t in 

soils o f  high strength  a clear failure could  n o t be produced 

in all cases. H ence, the fac to r o f  safety  fo r is m ore likely to  

be too  g reat than  too  sm all. T he value Fx =  1*5 p roposed  

by van der Veen and  Boersm a is valid fo r a  range covering 

the m ost [frequently used piles o f  m edium  d iam eter and  

cone resistance.

C o n c l u s i o n

These investigations have proved  tha t fo r the determ ination  

o f the perm issible poin t-load  o f  piles from  the resu lt o f  a 

static  pene tra tion  test, th e  cone resistance and  the  base area 

o f  the pile m ust be taken in to  account.

T he facto r o f  safety  is based on  the results o f  88 load  tests.

T he s tanda rd  deviation  is 0-3.

F rom  a  greater am o u n t o f  d a ta  im proved accuracy  can  be 

expected because the  influence o f  the type o f  soil an d  the 

ty p e  o f  pile can  then be fu rthe r investigated.
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Author and reference Type o f  soil

Static penetration test Pile

(5)
— x  100

(7)

NotesDepth
cone

resistance
w'

averaged
cone

resistance
w*

base 
area o f  

pile point

failure
stress

W

------ — m kg/cm2 kg/cm2 cm2 kg/cm2 per cent ---------

1 2 3 4 5 6 7 8 9

Lo h m a n n loamy coarse 160 111 76 1 017 74 103 Load tests and penetra­
De Ingenieur, sand 160 111 76 2 289 63 121 tion tests Amstelsta-
1938, p. 117 — — 16-5 116 79 1 017 84 94 tion point resistances

loamy fine sand 15-6 93 82 2 826 57 144 o f static penetrometer
l.c.S 16-2 125 82 2 289 66 124 averaged from 4 tests
l.c.S 16-4 126 83 2 289 66 126
l.f.S 15-1 60 57 2 826 71 80

Bo o n s t r a , S 14-5 195 150 1 325 65 231
De Ingenieur, S 10-7 130 70 1 325 72 97
1940, p. 33 S 14-5 115 95 1 325 76 125

S 16-6 110 50 1 325 61 82
S 19-4 125 75 1 325 79 9

H u iz in g a , clay f.S 12-0 18 16 1 325 12 133 Load tests and penetra
De Ingenieur, clay f.S 15-6 63 54 1 325 64 85 tion tests Zwijndrecht
1940, p. 55 clay f.S 160 63 52 1 325 50 104 (Rotinoff-Caisson

clay f.S 16.1 64 53 11 684 76 70 0  122 cm)
f.S and gravell 17-3 140 80 1 325 65 123
f.S and gravell 19-7 84 84 1 325 120 70

16-8 100 105 ~  1 100 110 95 Load tests
180 92 92 ~  1 100 110 84 Ysselstein

160 80 70 ~  1 370 54 130 Load tests
16-2 80 78 ~  950 78 100 Amstelstation II

23-8 134 134 ~  1 130 160 84 Load tests
W advinxveen

111 40 40 ~  1 000 40 100 Load tests
111 40 40 — 1 000 52 77 Jutfaas I
11-5 50 50 ~ 1  000 68 74

25 3 160 150 ~  1 050 118 127 Load tests
Berg’sche Hoek

160 130 80 '—' 2 800 52 154 Load tests
16-0 170 80 ~ 2  800 50 160 Amstelstation IV

16-2 84 84 ~  900 78 108 Load tests
20-4 70 70 ~  900 148 47 Sliedrecht

15-6 90 82 ~  890 82 100 Load tests
18-0 210 180 ~  890 108 167 Woerden

11 0 130 64 ~  1 100 58 110 Load tests
12-2 74 70 ~  1 100 44 159 Diefdyk
150 190 160 ~  1 100 76 210

20-7 116 110 ~  1 200 98 112 Load tests
Alblasserdam

Plantema Proc. Rott. f.s 13-4 60 60 1 422 30 200 Continuous loading of
1948, vol. IV, p. 112 and 14-4 42 36 1 422 30 120 on pile at different

g.s 15-4 45 40 1 422 50 80 depths
16-4 68 62 1 422 56 111
17-4 72 72 1 422 72 100
18-4 82 78 1 422 73 107
19-4 90 80 1 422 83 96
20-4 91 82 1 422 93 88
21-4 80 78 1 422 80 98
23-4 50 50 1 422 63 79
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Author and reference Type o f  soil Depth

Static penetration test Pile

(5)
— x  100

(7)

per cent

Notes
cone

resistance
w'

averaged
cone

resistance
w*

base 
area o f  

pile point

failure
stress

— m kg/cm2 kg/cm2 cm2 kg/cm2

1 2 3 4 5 6 7 8 9

Van der Veen 70 57 1 340 57 100 Tests of BOONSTRA at
De Ingenieur, 52 55 800 60 92 the Bridge over the
1950, p. 67 140 70 1 340 64 109 Old M aas at Dordrecht

85 85 1 340 110 77
52 55 3 000 60 92
85 57 3 000 50 114

125 125 176 159 79 Tests of Afdeling Utili-
95 80 805 53 151 teitsbouw van de Pu­

125 100 286 60 167 blike Werken for Schi-
125 100 259 100 100 phol air-port (steel
28 28 207 24 117 piles)

240 100 109 58 172

c.S +  G 14-5 195 156 1 325 65 240 Tests of BOONSTRA at
S 10-7 130 75 1 325 72 104 the Hendriks Ido Am-

f.S 14-5 115 95 1 325 76 125 bacht (Rijkswater-
f.S 16-6 110 50 1 325 61 82 straat) concrete piles

S +  G 19.4 125 75 1 325 79 95

100 75 3 600 47 160 Tests at the Electric
130 80 3 600 61 131
105 100 3 600 56 179 Zentral Hemweg

90 72 805 72 100 Navigationbuilding
Schiphol

Mierlo A. Koppejan s 18-8 90 90 4 300 53 170
" Bouw ”, Jan. 1952

Tests in Amsterdam :
Van der Veen s 13-1 36** 2 500 44 82 Precast Slotermeer
and Boersma s 13-2 41 2 500 54 76 Precast Slotermeer
Proc. London, s 12-6 25 3 000 52 48 Franci Slotermeer
1957, vol. II, p. 72 s 14-2 60 2 500 43 140 Precast Geuzenveld

s 12-6 37 2 500 56 66 Precast Geuzenveld
s 13-1 44 2 500 49 90 Precast Geuzenveld
s 24-3 75 2 500 58 129 Vibro Geuzenveld
s 12-6 49 2 500 57-2 86 Precats Geuzenveld
s 140 72 1 600 62-5 115 Precast K attenslot
s 140 70 3 364 32 219 Precast Nemdvo

s 12-1 46 2 500 40 115 Precast Slotervaart
s 1 2 0 53 2 500 48 110 Precast Slotervaart
s 16-2 110 1 296 92 120 Precast Slotervaart
s 12-8 51 1 444 69 74 Precast Slotervaart

M uhs 1959, medium-c.S 5-8 178 170 1 370 85 200 Failure stress =
Bauverlag, mS-c.S 5-8 178 170 1 310 98 173 M aximum reached
Wiesbaden mS-c.S 6-2 180 180 865 133 135 stress

mS-c.S 6-3 180 170 860 127 156
m.S 6-7 23 23 5 020 159 145

*  Averaged cone resitance f rom curve o f  minimum resistances.

* *  Averaged cone resistance according to Van  d er  Veen and Boersm a (1957) ; 
averaged cone resistance over a depth o f  
1 diameter o f  pi le under pile point 
3-75 diameter o f  pile above pi le point  

The stat ic penetrat ion tests were carr ied out wi th the Dut ch penetrometer ; 
base area o f  the point  10 cm2 
angle o f  cone 60°
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