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The Bearing Capacity of a Pile Pre-determined by a Cone 
Pénétration Test

La Force Portante d’un Pieu Pré-déterminée par l’Essai de Pénétration (Appareil à Cône)

by C. v a n  d e r  V e e n , Chief Engineer, and L. B o e r s m a , Engineer, with the Amsterdam Public Works Office, Amsterdam, 

Netherlands

S u m m ary

The results of a sériés of loading tests performed on concrete piles 
are given. The ultimate bearing capacity has been determined and 
divided into point résistance and friction along the shaft of the pile. 
The point résistance, expressed in kg/cm2, has been compared with 
sounding graphs obtained by the Dutch cone pénétration apparatus.

In some cases the measurements are completed by the détermina
tion of the stresses in the pile at several points along its axis with the 
aid of wire résistance strain gauges.

The results contribute to the method of determining the ultimate 
point bearing capacity with the aid of the Dutch cone pénétration 
apparatus. An attempt has been made to arrive at a more accurate 
interprétation of the Dutch cone pénétration test.

Introduction

D uring the 1953 Zürich Conférence on Soil Mechanics the 

author contributed a paper on ‘The Bearing Capacity of a 

P ile’ in  which some data were given concerning pile loading 

tests performed in the Netherlands up to  that time. Since then 

the author has directed the performance of loading tests on 

about 15 concrete piles in  Amsterdam which have given new 

inform ation on the bearing capacity of piles.

The tests were made in Amsterdam; in  ail tests the soil 

conditions were about the same. The upper layers consisted 

of about 2 to  3 m  of very poor soft peat, followed by about 6 to 

8 m  of sandy clay. A t a depth o f about 10 m  below the ground 

surface (about 12 m below N orm al Amsterdam Level) a  sand 

layer at least 20 m  thick is encountered. In the upper part, 

however, especially at a depth of about 3 to 5 m below the top 

of the sand layer, clayey sand or sandy clay with a  rather poor 

bearing capacity is often found. In  some cases the piles had 

to  be driven through this layer to  the sand layer a t about 20 m 

below N.A.L. o r even deeper.

The upper part o f the sand layer, called ‘the first sand layer’, 

which is encountered from about 12 to 16 m below N.A.L., very 

often causes difficulties in the détermination of the allowable 

pile load because the thickness of this layer is small relative to 

the large points o f the concrete piles used. Moreover, the 

résistance in this layer changes with the depth.

As there is a tendency to use heavy concrete piles and to 

increase pile loads it was thought necessary to perform the 

loading tests mentioned above. The piles were not driven for 

the purpose of testing them, but they were chosen from  piles 

used in  the foundations. First o f ail pénétration tests with the 

D utch deep-sounding apparatus were performed. The loaded 

piles were then selected from  the soundings graphs so as to 

obtain as many ‘interesting’ cases as possible. This very often 

meant cases in which some doubt existed whether the depth of 

the driven pile was correct and explains why in  some instances 

a  better choice might have been made for the depth of the pile 

point.

Sommaire

La communication donne les résultats d’une série d’essais de 
chargement sur des pieux en béton. Une fois la charge limite 
portante déterminée, elle est décomposée en résistance du pieu sur 
la pointe, et en frottement le long du fût du pieu. La résistance du 
pieu sur la pointe, exprimée en kg/cm2, a été comparée aux graphiques 
de pénétration obtenus à l’aide de l’appareil de pénétration à cône 
hollandais.

Dans quelques cas, les résultats sont complétés par la détermina
tion de la pression en plusieurs points du pieu suivant son axe à l’aide 
des extensomètres électriques à résistance. Les résultats obtenus 
apportent une contribution à la méthode de détermination de la 
grandeur de la charge limite obtenue à l’aide de l’appareil de pénétra
tion à cône hollandais. Une tentative a été faite pour obtenir une 
interprétation plus précise des résultats de l’appareil de pénétration 
à cône hollandais.

Pile Loading Tests

The pile loading tests were performed by applying a certain 

load to  the top o f the pile for about 20 hours. Then the load 

was released for about 20 minutes. After that the same load 

was again applied for about 20 minutes. In  total this loading 

and unloading was repeated five times; then a  new increased 

load was applied. Fig. 1 shows such a  pile loading. The 

répétition of the load is very valuable as it gives a fairly clear 

indication of the point at which loss o f equilibrium is reached 

(V a n  d e r  V een , 1953); the settlement a t repeated loading and 

unloading starts to  become suddenly large. Moreover, the 

répétition of loading and unloading permits a  rather accurate 

com putation o f the friction along the shaft o f the pile (V an  

W e e le , 1956). The loading test is ended when the ultimate 

résistance of the pile has been reached.

The force exerted on top of the pile could be measured very 

accurately with the aid of a load gauge equipped with wire 

résistance strain gauges. The settlements were measured by 

dials accurate to  one-hundredth o f a millimétré. These dials 

were mounted on a measuring beam and spécial précautions 

were taken to  prevent any influence from the dead weight used 

for applying pile loads up to  about 200 ton, and from changes 

in temperature. F or that purpose the arrangement o f the test 

was sheltered. As a resuit it seemed possible to  ensure a very 

high standard of accuracy. The expenditure involved appeared 

to be essential.

The ultimate résistance of the pile was determined from  the 

load-settlem ent curve (Fig. 1) with aid of the Van der Veen 

method (Zürich Conférence, 1953) as represented in Fig. 2. 

Fig. 3 shows the final result of a pile loading test: the ultimate 

point résistance of the pile is represented on the sounding graph 

by the black dot a t the depth of the pile toe. Some relation 

must exist between the black dot and the sounding graph, and 

in this the dimensions of the sounding cone and the pile toe 

must play a part.

Altogether 15 loading tests were perform ed; the results are 

given in the table. Ail the piles were made of concrete and,
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except for numbers 3, 7 and 11, they were precast. The total 

ultimate résistance, determined by the Van der Veen method, 

was divided into point résistance and skin friction. This was

Diagramme d’enfoncement d’un pieu en béton à Geuzen- 
veld, Amsterdam (pieu numéro 4)

done in two cases by measuring the skin friction by means of 

load gauges with electrical wire résistance strain gauges 

mounted at several points in the interior o f the pile.

Load on pile point as a percentage of the ultimate résistance %

Fig. 2 Détermination of ultimate résistance of concrete pile number 
4, Geuzenveld, Amsterdam, by Van der Veen method, 1953 

Détermination de la charge limite du pieu en béton numéro 4 
à Geuzenveld, Amsterdam, d’après la méthode Van der 
Veen 1953

Fig. 5 shows the results o f the loading test on pile number 15. 

The point résistance could be measured accurately. The same 

was done for pile num ber 6 which was pushed into the soil by a 

spécial loading test to  a depth of about 2 m. This permitted

a comparison between the pile pénétration curve and the cone 

pénétration test. The result is shown in Fig. 4. I t  would be 

interesting to publish the complété data o f the tests, but this is 
not possible in the limited space available.

The load gauges were of a spécial type and were introduced 
into the pile before concrete was poured. The connecting wires 

to the top of the pile ran through Steel tubes. The load gauges
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Fig. 3 Ultimate résistance of concrete pile number 4, Geuzenveld, 
Amsterdam, compared with cone pénétration test

Comparaison de la charge limite du pieu numéro 4 à Geuzen
veld, Amsterdam, avec l’essai au moyen de l’appareil de 
pénétration à cône

were not damaged during the driving of the piles, except for one 

gauge in pile number 6. During the loading test the modulus 

of elasticity of the pile was determined by applying a mechanical 

strain gauge at each side of the pile. In  this way, knowing the 

friction along the shaft, the seulement o f the pile point could be 
computed.
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Fig. 4 Pénétration résistance of concrete pile number 6, Geuzen
veld, Amsterdam, compared with cone pénétration test

Comparaison de la résistance à l’enfoncement du pieu numéro 
6 à Geuzenveld, Amsterdam, avec l’essai au moyen de 
l’appareil de pénétration à cône

It was possible to make an accurate détermination of the 

ultimate résistance of the pile points. In the table this is 

expressed in ton and, divided by the area of the points, in 

kg/cm2. The latter are compared with the results o f the cone 

pénétration tests, which were made before and sometimes after 

the driving of the piles.
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Table 1

Number 
o f test 
pile

Type o f 
pile 

(concrete)

Area o f 
point in 

cm2

Location

Depth o f 
pile point 

in m 
below 

N.A.L.

Total 
ultimate 

résistance 
in ton

Skin 
friction 
in ton

Point 
résistance 

in ton

Point résistance in 
kg/cm2

D

X x 100%From 
loading 
test A

From 
sounding 
graph B

1 Precast 2500 Slotermeer 1311 130 20 110 44-0 36 82
2 Precast 2500 Slotermeer 1318 155 20 135 54-0 41 76

3
In-situ
(Franki)

3000 Slotermeer 12-60 180 25 155 520 25 48

4 Precast 2500 Geuzenveld 14-20 135 27 108 43 0 60 140
5 Precast 2500 Geuzenveld 12-60 155 16 139 56-0 37 66
6 Precast 2500 Geuzenveld 13-10 140 17-5 122-5 49 0 44 90

7
In-situ
(Vibro)

2500 Geuzenveld 24-30 220 75 145 580 75 130

8 Precast 2500 Geuzenveld 12-57 155 11 144 57-2 49 86
9 Precast 1600 Kattensloot 14-02 100 0 100 62-5 72 115

10 Precast 3364 Nemavo 14-02 118 12 106 320 70 218

11
In-situ
(Vibro)

3000 Jordaan 20-00 100 20 80 27-0 — . —

12 Precast 2500 Slotervaart 12-10 140 39 101 40-0 46 115
13 Precast 2500 Slotervaart 11-96 160 40 120 48-0 53 110
14 Precast 1296 Slotervaart 16-15 190 70 120 92-0 110 120
15 Precast 1444 Slotervaart 12-75 170 70 100 69-0 51 74

Interprétation of Cône Pénétration Test

The D utch cone pénétration test consists of pushing a cone 

shaped body, with a base area of 10 cm2, into the soil by means 

o f  a rod, and measuring the résistance of the soil against the 

pénétration of the cone. The friction between the rod and the 

soil is eliminated by operating the rod inside a  tube. Investi

gations in the laboratory and theoretical considérations indicate 

that in a  homogeneous soil the résistance o f a cone-shaped body 

divided by the cross-sectional area of that body has a  constant 

value. This is the principle on which the use of the cone 

pénétration test is based.

A  complication is caused by the fact that in nearly every case 

the soil is heterogeneous instead of homogeneous, for instance 

as illustrated by the cone pénétration tests in  Figs. 3, 4 and 6. 

How is the résistance of a pile with a large point then to be 

derived from  the résistance curve of a  10 cm2 cone?

Let us assume that the soil conditions represented by the cone

pénétration test performed before the driving of the pile are 

unchanged after the driving o f the pile. Then the différence 

between the small cone and the large point is apparently due to 

their différent sizes. This may be expressed by the équivalent 

diameter o f the pile toe D, so that

\ t tD2 =  A

A  being the base area o f the pile point (e.g. for a 50 x 50 cm 

base area, D  =  56-5 cm).

I t may be assumed tha t the dimensions of the shear surfaces 

which arise around the pile point and which determine the part 

o f the surrounding soil which slides as the ultimate résistance is 

reached are proportional to the équivalent diameter D. Theo- 

retically the problem of the exact shape of the sliding surfaces 

is apparently still unsolved. Therefore, a simplification is 

made which is approximate but serves to  interpret the cone 
pénétration curve.

Pile friction ton Pile ioad measured at vanous deplhs ton

Fig. 5 Pile loading test with various load gauges to determine friction along shaft of concrete pile number 
15, Slotervaart, Amsterdam 

Essais sous différentes charges du pieu en bétori numéro 15 à Slotervaart, Amsterdam, afin de déterminer 
le frottement le long du fût

74



It is assumed that the shear surfaces extend to a depth bD  

below the pile toe and aD  above it; moreover, it is assumed that 

the résistance of a pile point with an équivalent diameter D is 

the average of the measured cone résistance over the area 

covered by the distance (a +  b)D. F or a wide range of values 

a and b, the results for piles numbers 1 to 15 have been com

pared with the corresponding sounding graphs. I t appears 

that b varies between 1 and 2 and a varies from about 1 -5 to  12. 

The most probable values appear to be b equal to 1 and a equal 

to 3-75.
This means that the résistance of the pile point to  be ex- 

pected can be derived from  the corresponding cone pénétration 

curve by taking the average cone résistance over a depth bD

Cone résistance kg/cm2

Fig. 6

the Dutch cone pénétration test, the résistance of a large pile 

point can be predicted with an accuracy, as it seems, o f more or 

less 50 per cent. This value has to be taken into account in 

considering the factor of safety. The altération of the soil 

conditions by pile driving is included in these 50 per cent limits.

As not more than 60 per cent o f the ultimate pile résistance

: 4000

3000

*2000

1000

Percentage o f ultimate résistance o f pile point 
50_________100

1

nd

/

18
cccJD

2° i^Plo 7°

-O 9U

K(
>

p ile  point from deep
sounding , |

.

1
l

Method of determining anticipated pile bearing capacity 
from cone pénétration test (pile number 13)

Illustration de la méthode de détermination de la charge 
présumée du pieu d’après les essais de l’appareil de pénétra
tion à cône

(b equal to 1) below the pile point and aD  (a equal to  3-75) 

above this level. This has been done for ail 15 piles, except for 

pile number 11, because it was probably the concrete of the pile 

and not the soil that failed. The results are given in the pen- 

ultimate column o f the table. The last column gives the point 

résistance expected from  the sounding graph as a percentage of 

the measured résistance. On an average from ail 15 piles this 

is about 100 per cent.

These results are shown in Fig. 7. The black dots represent 

older tests which were previously published (V a n  d e r  V e e n , 

1953) ; the open circles represent the tests numbered 1 to 15 in the 

table. The abscissa o f Fig. 7 gives the values of the last column 

of the table. It appears that nearly ail the new test results are 

contained within the limits o f 50 and 150 per cent. This means 

that by applying the method described for the interprétation of

Fig. 7 Comparison of results of pile loading tests and cone pénétra
tion tests

Comparaison des résultats des essais de chargement sur pieux 
et des essais avec l’appareil de pénétration à cône

can be safely allowed (V a n  d e r  V e e n , 1953), the total factor of 

safety could be 150/100 per cent: 60 per cent =  2-5. The use 

of a  factor of safety equal to 3 (V a n  d e r  V e e n , 1953) therefore 

seems to  be unnecessary in the light of the new test results.
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