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G. HULT

SYNOPSIS The bearing capacity of friction piles is often determined by load tests on a number
of test piles. Different test procedures and evaluation methods are used. This paper describes the 
results from 25 load tests on 5 half-scale friction piles in clay. Three different test procedures 
have been used and different evaluation methods have been discussed. In addition, t;..’ increase in 
bearing capacity with time and the effect of redriving friction piles in clays are discussed.

INTRODUCTION

In Sweden, pile load tests are often performed to 
determine the design length of friction piles in 
clay and sand. The tests are normally performed 
on the site before construction piling is com
menced. A number of test procedures have been 
used for these tests. However, the details of the 
testing procedures have been changed from time to 
time. To avoid the disadvantage this entails, the 
Swedish Commission on Pile Research wanted stan
dard procedures for these load tests. However, 
the differences between test results derived using 
different test procedures were very little known. 
Because of this, it was decided to perform a 
series of load tests on half-scale piles in clay 
and sand, using different test procedures. The 
results from these tests in clay are reported 
briefly below.

TEST SITE

The test site is located at Ska-Edeby, about 2 0 
km west of Stockholm. At this site the soil con
sists mainly of clay to a depth of more than 15 
m (Fig. 1). The upper 5-6 m consists of postgla
cial organic clay. The glacial varved clay close 
to the bottom contains fine layers of sand and 
silt. The undrained shear strength is 9 kPa at a 
depth of 4-5 m and increases with depth, to about 
25 kPa at a depth of 14m. The water content is 
140% at a depth ot  ̂m and decreases to about /u* 
at a depth of 6 m, and is 60% 13 m below ground 
level. The clay is normally consolidated.

TEST PILES AND DRIVING

The test piles and the reaction piles were made 
of 100 mm square wooden sections. Because of the 
driving technique the piles were spliced every
2 m to achieve a total length of 15.5 m. Alto
gether five test piles and four reaction piles 
were driven at 2 m centres.

The test piles and the reaction piles were driven 
using a Borro ram sounding machine, with a 1.6 kN 
hammer and a 0.6 m height of fall.

All piles were driven to a depth of 15.0 m during 
the end of April 1970 except for an extra test 
pile designated E, which was driven to a depth of 
14.5 m in November 1970. After the second load 
test series, test piles A-D were redriven 0.2 m.

A difference was noted in the total number of 
blows required to drive the various piles to the 
depth of 15 m (380 blows for pile B and 540 blows 
for pile A). These differences in driving resist
ance might affect the total bearing capacity of 
the piles.

VANE

Fig. 1. Soil conditions at the Skâ-Edeby 
test site.
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LOAD TESTS

The load tests were performed with a hydraulic 
jack connected to one of two different oil pumps; 
one pumping a constant quantity of oil per minute 
for the CRP tests and the other pumping with a 
constant oil pressure for the ML tests and the 
cyclic loading and unloading tests.

Three different test procedures were used during 
the load tests. (See the load-time relationships 
for these tests in Fig. 2).

1. Load test with a constant rate of penetration 
(CRP) .

During this test, the pile was pressed down 
at a rate of 0.5 mm/min to a total settlement 
of 60 mm.

2. Maintained load test (ML).

In this test, the applied load was increased 
in steps of 1/16th of the estimated bearing 
capacity of the pile every 15 minutes.

3. Cyclic loading and unloading test (CYCLIC)

In this test, the load was applied in 8 steps. 
10 or 20 loading and unloading cycles were 
performed in each step. The lower load in each 
cycle was half of the maximum load.

Fig. 2. Load-time relations for the in
vestigated test procedures at the 
second load test series.

The following load tests were performed to com
pare the results obtained from the different 
test procedures.

TABLE 1

Test procedures and test 
series for piles A-E.

Test
pile

Test
1

series/Test 
2 3

procedures 
4 5 6

A CYCLIC CYCLIC ML CRP CYCLIC -
B ML ML CRP CRP CRP
C CRP CRP CRP CRP CRP CRP
D CRP CRP CRP CRP CRP CRP
E CYCLIC CYCLIC CYCLIC - _ —

The bearing capacity of the test piles, calcu
lated using a geostatic formula, was found to be 
83 kN for piles A-D and 79 kN for pile E. In this 
calculation, the shear strength along the pile 
was assumed to be equal to the undrained shear 
strength as determined by the field vane test.
The shear strength in the upper clay layers was 
reduced due to the high liquid limit.

TEST RESULTS

The results from the first load test series are 
summarised as load-settlement curves in Fig. 3.
It can be seen from this graph that when using 
the CRP test procedure, the bearing capacity 
reaches a maximum at a pile head settlement of 
about 10 mm. The ultimate bearing capacity, de
fined as the maximum bearing capacity at each 
test, was found to be between 48-56 kN. The lower 
value was obtained from pile A and the higher 
from pile E, both during cyclic loading. But, the 
reconsolidation time for pile E was 67 days com
pared to 31 days for pile A.

Fig. 3. Load settlement curves from the first 
load test series.

The second load test series (Fig. 4) was per
formed 65-78 days after driving, with the excep
tion of pile E, which was tested 402 days after 
driving. The ultimate bearing capacity obtained 
during this test series varied between 58 and 70 
kN. The lower value again applied to pile A, 
under cyclic loading. The higher value being ob
tained from pile C, tested using the CRP method. 
On average, the ultimate bearing capacity was 
23% higher in the second series than in the first 
series.

Fig. 4. Load settlement curves from the 2nd load 
test series.
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A decision was taken to carry out a third load 
test series to determine whether the increase in 
bearing capacity, was affected by the previous 
load tests or was an effect of the increased re
consolidation time. Before carrying out these 
tests, piles A-D were redriven 0.2 m. After re
driving, piles A-C were allowed to reconsolidate 
for about 40 days and pile D for 93 days. The 
results from this third load test series indica
ted an essential decrease (38%) in the bearing 
capacity from the second test series. The bear
ing capacity was found to be 34-41 kN for piles 
A-D. For pile E, which was not redriven, the 
bearing capacity was 6 3 kN. This time, the re
consolidation time for pile E was 678 days after 
the second test. In this test series, pile C was 
reloaded directly after unloading. During this 
reloading, the bearing capacity fell from 41 to 
39 kN in spite of a total settlement of about 
62 mm.

The piles were tested several times during the 
next three years. All test results are summarised 
in TABLE 2 and Fig. 5. In TABLE 3 and Fig. 6 the 
bearing capacity values have been adjusted to 
take into account the effect of different times 
to failure. This adjustment converts the load 
values to the same duration of time as for the 
field vane. According to Torstensson (1973) the 
actual shear strength T c r  can be calculated from 
the following formula:

t  = t  1.21 t-0'053 (10-2 < t < 104)

where t
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Fig. 6. Ultimate bearing capacities for all tests 
in relation to time after installation. 
The load values are adjusted to duration 
of test according to Torstensson (1973).

The results from the cyclic loading and unloading 
tests have been plotted in graphs showing the 
settlement of the pile head in relation to the 
number of cycles in log-scale (Fig. 7). The yield 
load, defined as the load at which the settlement 
increases considerably in relation to the number 
of cycles, can be determined from such a graph 
(the curve starts to slope downwards at this 
point).
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The yield and creep loads evaluated from all 
tests are summarised in TABLES 2 and 3, together 
with the ultimate bearing capacity values.

TABLE 2

Evaluated characteristic loads 
from all tests (not adjusted 
for the duration of the test).

TABLE 2

PILE

LOAD TEST SERIES

1 2 3 4 5 6

A
kN

B
kN

C
kN

A
kN

B
kN

C
kN

A
kN

B
kN

C
kN

A
kN

B
kN

C
kN

A
kN

B
kN

C
kN

A
kN

B
kN

C
kN

A 48 40 - 58 48 - 34 - 27 54.5 - - 48 44 - - - -

B 52 - 48 64 - 56 36 - - 56.5 - - 54 - - - - -

C 54 - - 70 - - 41/ (39 - - 48.0 - - 60 - - 62 - -

D 52 - - 65 - - 41 .5 - - 46 . 5 - - 48.5 - - 50.  5 - -

E 56 50 - 66 60 - 63 58 - - - - - - - -

A = Ultimate load 
B = Yield load 
C = Creep load

TABLE 3

Evaluated characteristic loads 
from all tests adjusted to dura
tion of test according to 
Torstensson (1973).

TABLE 3

LOAD TEST SERIES

PILE 1 2 3 4 5 e

A B C A B C A B C A B C B C A B C

A 51 .7 4 7 .6 - 69.1

( 70 . 7 )

57.1  

(58 .5 )

- 36 .2 - 2 8 . 7 5 2 . 9 - - 57. 1 5 2 .4 - - - -

B 5 2 .0 - 4 8 .0 7 0 .3 - 61 .5 34 .0 - - 53 .3 - - 51 . 9 - - - - -

C 5 4 .0 - - 7 0 . 0 - - 38 .7 - - 46 .2 - - 57. 7 - - 6 2 . 0 - -

D 5 2 .0 6 5 . 0

(70 .7 )

(79 .3 )

39 .2 43 . 9 45. 8 48 .6  

51 . 5)  

56 .1  )

E 65 .9 58 .8 - 77.7 7 0 . 6 - 74.1 68.2 - - - - - - - - -

A = Ultimate load 
B = Yield load 
C = Creep load
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The creep load was also evaluated from ML tests. 
This load is determined from a curve showing the 
relationship between the applied load and the 
creep settlement of the pile head during the in
terval 10-15 minutes after each load increment. 
The creep load is defined as the load at which 
this curve has a minimum radius of curvature 
(Fig. 0).

CREEP SETTLEMENT,m m

Fig. 8. Evaluation of creep load from load-creep 
settlement curve for the interval 10-15 
min after load increment in the ML tests.

CONCLUSIONS

The load tests on half-scale friction piles in 
clay at Skâ-Edeby have given many interesting re
sults. Conclusions can be drawn not only on the 
differences between the results from different 
load test procedures but also from the behaviour 
of friction piles in clay. The conclusions can 
be summarised as follows.

• There is a considerable increase in the ad
justed bearing capacity of these slender piles 
after one month of reconsolidation. On average, 
the increase in bearing capacity is about 22% 
during the period from one to two months after 
installation. The maximum adjusted bearing 
capacity without redriving is about 77 kN 
after 40 months of reconsolidation. This is 
45% more than the bearing capacity one month 
after installation, which is a normal recon
solidation time for wooden piles in Sweden.
This maximum bearing capacity value agrees 
well with the bearing capacity calculated from 
the undrained shear strength determined using 
field vane tests.

• Redriving of the piles decreased the adjusted 
bearing capacity essentially from about 70 kN 
before redriving to about 25 kN afterwards. 
Even three years after redriving, the bearing 
capacity has not reached the value obtained 
during the second test series, which was 
carried out two months after installation.
40 months after installation the maximum ad- j 
justed bearing capacity for the redriven piles' 
was about 55 kN or 31% lower than the corre
sponding load for piles which has not been re
driven .

• The ultimate bearing capacity obtained from 
the CRP tests is about 10% higher than the 
ultimate bearing capacity obtained from the 
ML tests (Fig. 5). If the ML test values are 
adjusted for the duration of the test, there 
is hardly any difference in the test results 
from the two methods (Fig. 6).

• On average, the ultimate bearing capacity ob
tained from the cyclic loading and unloading 
tests is 15% lower than the ultimate bearing 
capacity obtained from the CRP tests (Fig.5). 
The duration of the tests also seems to ex
plain the differences that can be seen in Fig.
6 for the cyclically loaded piles.

• On average,the ultimate bearing capacity ob
tained from the CRP tests is about 32% higher 
than the yield load obtained from the cyclic 
loading and unloading tests and 2 8% higher 
than the creep load obtained from the ML tests 
(TABLE 2). Thus, it is evident that consider
able deformation will occur in a pile subjected 
to prolonged loading or repeated loading and 
unloading at a level of about 75% of the ulti
mate bearing capacity as determined from CRP 
tests.

• From these test results it is not possible to 
show any change in the bearing capacity as a 
result of a previous pile load test - as was 
the case for the friction piles in sand 
(Bergdahl, Hult 1979).

• It is evident from these test results that in 
spite of the fact that the piles are identical 
and are driven close to each other, there are 
differences in the bearing capacity. These 
differences are as high as 33% for these tests. 
This is probably due to the differences in 
driving, such as breaks during the installa
tion of the piles or to differences in the 
curvature of the piles.

• The test results indicate that many factors 
have to be considered when the allowed bear
ing capacity should be decided from load test 
results, e.g. time of reconsolidation, dura
tion of test, number of tests, method of 
evaluation and desired factor of safety.
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