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SYNOPSIS Most piles in Sweden are slender, driven, end-bearing concrete or wooden piles. Norm
ally, these piles are driven to a certain refusal according to a pile driving formula. However, 
in about 10 per cent of all cases it is not possible to reach a reliable refusal or to reach the 
estimated depth for friction piles in sand. This is the case in silty and sandy soils below the 
groundwater table. This paper reviews an investigation performed in a "pile box" in which a 20 mm 
diameter model pile was driven into a fine sand, while the static and dynamic pore pressure changes 
were measured. In this investigation, considerable dynamic pore pressures were measured along the 
length of the pile and at the pile tip. This pore pressure was positive in the beginning and when 
the soil started to dilatate the pore pressure became negative. These negative pore pressures in
creased the effective stresses around the pile and this is the reason for the difference between the 
static and dynamic bearing capacity of the pile.

INTRODUCTION

It is well known among piling contractors and 
soil mechanics engineers in Sweden that difficul
ties can occur during pile installation in silty 
and sandy soils below the groundwater table. How
ever, these difficulties cannot normally be fore
seen during the design of the foundation because 
the behaviour of the soil during the installation 
is unknown. For instance., when driving friction 
piles in sand, especially fine sand, it is im
possible to drive the pile to the estimated depth 
in spite of the fact that the soil is very loosly 
layered. Another case is encountered especially in 
silty till or silt overlaying till or bedrock, 
where it is impossible to obtain a reliable re
fusal. In these cases the bearing capacity must 
be checked by load tests or, for short piles, by 
redriving. The consequences are that foundation 
work is often delayed due to very hard driving, 
repeated redriving at refusal, altered method of 
installation, or even load testing or redesign of 
the foundation. It is estimated that these diffi
culties in Sweden cost Skr 3-5 million per year.

To obtain an idea of the importance of this 
problem called false refusal, the Swedish 
Commission on Pile Research conducted an inquiry 
on this problem among the piling contractors, 
consultants and authorities. This inquiry showed 
that false refusal occurred in 4-10% of all pile 
installations in Sweden. The inquiry also indi- 
sated that most people thought the reasons for 
these false refusals were pore pressure changes 
in the soil during the driving of the pile, 
iowever, no one knew whether it was positive or 
legative pore pressure that increased the driving 
resistance of the pile in these types of soil.

In order to find out to what degree the changes 
in the static and dynamic pore pressures influ
ence the static and dynamic bearing capacity of 
the pile, some model tests were performed at the 
geotechnical department of the Lund Institute 
of Technology in Sweden. The results from these 
tests are briefly described.

EQUIPMENT AND PERFORMANCE

The investigated soil was tamped into a steel 
barrel (Fig.1) with an inside diameter of 2 30 mm 
and a height of 400 mm. A steel plate was placed 
on the top of the soil and a top steel cap was 
placed on the top of the cylinder. Overburden 
pressure could be applied between the lower steel 

plate and the top cap. A pore pressure could be 
applied in the soil through a valve in the cylin

der, after the soil had been saturated. In this 
way, a certain effective stress level could be 
applied.

The static pore pressure was measured using a 
normal electrical transducer mounted in a porous 
filter stone. The dynamic pore pressure changes 
were measured by a piezo-electric transducer.
This type of transducer measures only the pore 
pressure changes relative to the static pore 
pressure. This transducer was mounted in a spe
cial adapter, which was also provided with a 
filter stone so that only the pore water pressure 
could influence the transducer. This adapter 
could be fitted in the tip of the model pile or 
in other places close to the pile in the soil.
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Fig. 1 The "pile box" used in the tests.

The model piles were 600 mm long of steel with 
a diameter of 20 mm. The lower parts of the 
piles were made rough over a length of 50 mm. 
This corresponds to 2,5 times D. This roughness 
was achieved by gluing sand of the same kind as 
the test material onto the pile.

The hammer was of the same steel section as the 
piles, but the length was 500 mm and the height 
of fall was 120 mm during all tests.

The investigated soils was a fine sand with a 
particle size mainly between 0.125 mm and 0.25 
mm. The void ratio in the dense state was 0.62 
and in the loosest state 1.0. These correspond 
to dry densities of 1.62 and 1.31 t/m3.

Tests were performed with the dynamic pore 
pressure transducer fitted at the pile tip and 
in the soil 10 mm from the pile and also in the 
bottom of the steel barrel. Two different 
densities were investigated ID=80-90% (very 
dense state) and ID=70% (¿ense state).

During the tests there was no change in the 
static pore water pressure around the pile.
The dynamic pore pressure changes in the soil 
during one blow are shown in Fig. 2 and 3. The 
pore pressure changes around the pile were 
measured 10 mm from the pile. In other tests 
the transducer was mounted in the pile tip. The 
effective stress was 200 kPa in all tests. 
Initially there was a negative pore pressure 
in the soil along the pile in both the very 
dense and the dense states. The pore pressure 
change occurred 0.6-0.7 milliseconds after the 
impact and attenuated successively. Both the 
magnitute of the pore pressure change and the 
duration after each blow decreased with in
creased distance from the pile tip. This de
crease in magnitude and duration was noted up 
to a distance of 5D from the pile tip in the 
very dense state and to 7D in the dense state.
A low positive pore pressure initially was 
measured in the very dense state.

TEST RESULTS

Fig. 2 Dynamic pore pressure around a pile 

in fine sand after impact. In = 85% 
and o ' = 200 kPa.

At the pile tip the positive pore pressure in 
the dense state was of greater magnitude and 
shorter duration than in the very dense state. 
The negative pore pressure was of the same magni' 
tude and duration in both dense and very dense 
states of the sand.
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Fig. 3 Dynamic pore pressure around a pile 
in fine sand after impact. Iq = 70% 
and a 1 = 200 kPa.

A comparison between the pore pressure along the 
pile and at the pile tip showed that the nega
tive pore pressure along the pile just started 
to increase as the positive pore pressure at the 
pile tip reached its maximum. This was found to 
be the same both in the dense and very dense 
states. The positive pore pressure along the 
pile in the case of the dense sand occured at 
the same time as the negative pore pressure at 

the pile tip was attenuating.

When the stress wave reaches the pile tip, 
there is a compression of the soil and pore 
water beneath the pile tip. There is an in
crease in pore water pressure and a decrease 
in effective stress. The pore pressure in
creased from point A to point B (Fig. 4). The 
pore pressure developed at the pile tip and 
along the pile according to Fig. 2 is shown 
in Fig. 4. At point Bthere is a failure in 

the soil beneath the pile point. As the 
failure occurs as shear in a compacted soil, 
the sand will dilate. This dilation increases 
the void volume thus decreasing the pore 
pressure and increasing the effective stresses. 
This decrease occurs from point B to C in 
Fig. 4.

DISCUSSION

Fig. 4 Dynamic pore pressures around a pile 
tip after impact (in principle).

After this shearing action, the pore water flows 
into the shear zone and the pore pressure in
creases again. The pore pressure at the pile tip 
is again compensated between points C and D.

In both the case of the dense sand and the very 
dense sand, the negative pore pressure is assumed 
to be generated by the dilation of the soil 
(Fig. 4). The increased void volume close to 

the pile tip in the dense state is probably due 
to the compaction of the soil close to the pile 
tip during the driving of the pile. In the case 
of very dense sand, the movement of the grains 
in the soil is finished simultaneously with the 
completion of the shearing action. In the case 
of the dense sand, the grains assume a denser 
state simultaneously with the completion of the 

shearing action. This generates a positive pore 
pressure (Fig. 5).
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Fig. 5 Dynamic pore pressures along pile
shaft for very dense and dense fine 
sand.

CONCLUSIONS

The investigations reported have shown that 
considerable positive and negative dynamic pore 
pressures are generated around the pile during 
each blow of the hammer. This pore pressure, as 
was assumed by many engineers, might also explain 
the differences between the bearing capacity as 
derived from a load test and that derived from a 
pile driving formula. The possible mechanism is 
that the negative pore pressure increases the 
effective stress along the pile and the soil 
seems to stick to the pile during each blow. This 
is not the case during a static loading test, 
when the time is sufficient for the pore pressures 
to dissapate. The increased effective stresses 
beneath the pile tip increases the dynamic bear
ing capacity of the soil.

It is important to find out in which types of 
soils and to what extent these "false refusals" 
occur. This information will form a vital step 
on the road to finding an accurate method of 
determining the lengths of friction piles in 
sands, for instance. It will also be important 
for the construction work; thus permitting the 
correct installation method or driving equip
ment to be chosen. It will also be very import
ant in the case of dynamic load tests and driv
ing test such as the TNO method and the Case 
method.
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