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PREFACE

Dr B K Mazurkiewicz was employed at the Swedish Geotechnical
Institute as Research Associate during the period May - October
1971. Has stay at the Institute was sponsored by the Commission
on Pile Research.

In Poland he is among other things occupied with pile problems.
This paper, prepared during his stay presents a comparison be-
tween Swedish and Polish regulations for load testing of piles.

One of the tasks of the Commission on Pile Research is to pub-
Tish also foreign experiences in this branch and therefore the
Commission is very greatful to the Author for his contribution.

Stockholm, June 1972
COMMISSION ON PILE RESEARCH
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LOAD TESTING OF PILES ACCORDING TO THE POLISH REGULATIONS

B K Mazurkiewicz - Swedish Geotechnical Institute

i Introduction

Since July 1st 1970, new regulations for piles have been en-—
forced in Poland, PN-69/N-02482 "Foundations.Bearing capacity
of piles and pile foundations". The regulations also contain
rules for load testing of piles and principles for the inter-
pretation of the test results. At the same time, the Pile Com—
mission of the Royal Swedish Academy of Engineering Sciences,
Subcommittee for Load Testing of Piles, published "Recom-—
mendation for pile driving tests and routine load testing of
piles" as an unofficial complement to the Swedish regulations
for piles, SNB - 1967 S 23.6 "Pilnormer, féreskrifter, rdd och
anvisningar angfende grundliggning med pdlar'. These recommen-—
dations concern the preparation for and performance of routine

testing of driven piles.

In this paper the main principles of the Polish Regulations are
given for load testing of piles with a comparison of existing
differences between the Swedish and Polish regulations which
cover the same area. The emphasis is put on the Polish regula-
tions because the Swedish cgp be found in "Reprints and prelimi-

nary Reports No. 11", by the Pile Commission.
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2 General rules for the load testing of piles

The Polish regulations

=~

‘equire that the bearing capacity

of piles which are defined by means of stabtical calculation
based on data from soils investigations to be verified in
the field by load tests in each case. These load tests must
be included in the piling project of the given structure.

The pile testing project must contain a specification of the
test piles, the pile testing procedure to be used, the value
of maximum test load and the value of permissible settlements
under the expected loads. The permissible settlements should

be adequately calculated for each case in relation to the ex-

pected loads and given soil conditions.

The SBwedish regulations do not stipulate such strong require-

ments in this respect. They state only that when more accurate
information on driving conditions and bearing capacity is nee-

ded, a separate pile driving test should be performed and that
normally a load test is required only in the case of high loads

on piles or when friction piles are to be used. The load tests

are divided in two groups: routine tests and elaborate tests.
However, the regulations deal mainly with the performance of routine

tests.



Both the Swedish and the Polish regulations require that an adequate
soils investigation must be performed prior to the planning and
execution of a pile test. The Polish regulations recommend only

very generally that the soils investigation must be performed in such
a way that é complete picture is obtained of the soil conditions.

The Swedish regulations, on the other hand, define minimum requi-
rements for sounding, sampling, and laboratory testing and sti-

pulate how the soil report should be written.

The Swedish regulations recommend that the number of test piles
and load tests should be decided for each case. This is fundamentally
different from the rules given in the Polish regulations, which
require that load tests should be carried out on a minimum of
two piles in the case of uniform soil layers if the foundation
consists of less than 100 piles and on one pile for every addi-
tional 100 piles. When the soilcan be divided into a number of
different geotechnical zones, the load tests must be carried
out forat least one pile in each such zone, driven where the
soil conditions are most irregular. In several cases this regu-
lation allows a 50 % reduction in the number of test piles, for
example when the piles are installed by means of bored casing
pipes (e.g., Wolfholzpile), or when an accurate geotechnical
profile is obtained during the boring procedure, which agrees
with the profile obtained during, the soils investigation. In
cases where the bearing capacity of piles is tested by means

of pile driving formulae, such a reduction is also permitted.



In addition, the Polish regulations present a number of
detailed rules which have no equivalents in the Swedish
regulations. In buildings where the piles work in groups
containing a small number of piles (up to k), with rela-
tively small bearing capacity (up to 25 tons per pile),
a load test of the whole pile group is recommended. In
addition, when there are elements in a bulilding on piles
which have very small permissible settlements the load
test should be carried out on at least one pile under
such conditions, for exemple, in the foundations for

very precise machine installations.

The Polish regulations also define the number of test
piles and their distribution in the case of piles which
remain when buildings are destroyed, piles which are not
used for a long time after installation, or piles which
are not used according to the original intention. For
these cases the repulations recommend that the loading
tests should be carried out on piles placed where great
loads are expected and where the worst soll con-—

ditions occur. When the piled area is less than 900 m2
the number of test piles should be  minimum two and
at least one test pile should be added for each additio-
nal 500 me. A load test should also be carried out on one
pile for each 30 m of building length when the piles are
working under such objects as tresle bridges, quays and

crane trucks.



For all loading tests the Polish regulations state that the
distance between test piles should not be less than 3 m. A
tested pile can be used in the foundation without any reduc-
tion of the design load. In the case of end bearing piles

on bedrock or in stony soilil, however, the tested pile can
only be used when the stresses in the pile and the bedrock
do not exceed 50 % of the compressive strength during the
test. Tension test piles can be used to resist tensile loads
to 80 % of the established failure tension load for piles

in sandy soils, and to 50 % for piles in cohesive soils.

The reaction piles used during short term load tests which
are loaded in the opposite direction from loading in normal
work can be used to their full bearing capacity for building
loads, if the maximum test load does not exceed 50 % of the
statically calculated bearing capacity against pushing or

pulling.
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3 Testing equipment for load testing of piles

The Polish regulations separate the testing equipment in
the loading and measuring installations and state pene-
rally that the loading installations should be designed
for loads 3 times greater than the expected bearing ca—
pacity of the loaded piles. The measuring installation
should obtain the displacement with an accuracy of 0.1 mm,
and should measure the forces with an error not greater
than 2 % within the measurement range. It is recommended
that the displacements should be measured both by means
of dial indicators with a scale divisions of 0.0l mm and
by means of a precise levelling. The accuracy of the mea-
surements should be verified before the tests are started
and agaln after they have been finished. During the test
the levelling instrument and the bench-marks must not be

influenced by the testing loads.

In the case when reaction is provided by a kentledge the

support of the kentledge should not influence the settle-

ments of the tested pile. Therefore the regulations require

that the distance from the kentledge support edge to the pile
mantle not should be less than 1.6 m. In the case of reactin
pile the distance between the mantles of the reaction and tested

piles must not be less than 1/10 of the reaction pile length




and not less than 1.5 m. The number of reaction piles should
be so great, that they can take a pulling force of at least
200 % of the calculated allowable bearing capacity of the tes-

ted pile.

The distance between the measuring beams which support the
dial indicators must be at least 3.0 m. The level of the sup-
ports should be verified during the load test, for instance

by means of precise levelling.

During the erection of loading and measuring installations,
the Polish regulations recommend that all elements should
be arranged axially and that their attachment stable. The
loading installations must be arranged in such a way, that

the pile will only get axial loads.

The final recommendation of the Polish regulations regarding
the above problems,concerns the site of the load tests. They
state that after the testing equipment is arranged, the test
site must not be influenced by vibrations from traffic, en-—

gines and pile driving in the neighbourhood. If there are no
such vibrations it is possible to get dial indicator readings

with an accuracy of 0.01 mnm.

The Swedish regulations refer to the above problems in a simu-
lar way, although more detailed in some cases, when the requi-
rements concern hydraulic jacks, the scale of precise manome-
ters, the use of pressure gauges, the working length of dial

indicators and the measuring arrangement of the pile tip movements.




b, Terms for performance of the load test

According to the Swedish regulations a load test should not
be started until a given length of time has elapsed after
driving. In case of timber piles as friction piles in clay
the time specified is 3 weeks and for other friction piles

in clay, 12 weeks. For friction piles in sand and end-bearing
piles the stipulated time is 1 week. However, in some cases
it is observed that the bearing capacity of friction piles

in clay increases even after the prescribed times. Therefore

it is advisable to test such piles later than the stated time.

The Polish regulations define the above terms for driven and
cast~ in-situ piles separately. Thus for driven concrete, steel
and timber piles in sandy soils, a load test may start directly
after the driving and for cohesive soils 1 week after the dri-
ving. To eliminate, however, the influence of soil settlements
during the reconsolidation after the pile driving, it is re-
commended that the load test should be started after one week for
sandy soils, and after three weeks for cohesive soils. In the
case of layered soils, the competent soil is the one in which

the pile tip have penetrated at least 2 metres.

According to the Polish regulations the load test of cast-
in-situ piles should not be started until the concrete of the
pile has reached the compressive or tensile strength needed
to transfer the load test. In the case of load tests in an
area with & socil replacement or in an area on wich the soil

will be surcharged e. g., by means of embankments or bulildings



with slab foundations, the regulations recommend that the
pile driving not start until the subsequent settlements of
the soil are finished. If this 1s impossible the drag force
due to negative skin friction must be subtracted from the

allowable pile bearing capacity received from load tests.
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S Preliminary tests of the test piles

Both the Swedish and the Polish regulations require a dri-
ving test prior to load testing for driven piles. In the
Polish regulations 1t is required that measurement of pile
penetration for each serie of 10 or 20 blows should be ta-
ken troughout the driving, while the last three series for
each pile must be taken for 10 blows. A driving log must
be kept and the measurement of the permanent settlements
must be taken under the last blow (or the last series of

5 - 10 blows).

The requirements of the Swedish regulations in this respect
are more extensive and concern the performance of a separate
driving project of the test pile, the measurement of the
pile lengths, perimeter and bending prior to driving of the

pile segments.

The Polish regulations require a driving log (Appendix 1)

which should include the following notes:

- the day and hour when the driving begins and ends,

- all interruptions,

- the kind and the weight of the hammers used, and in the
case of a pneumatic hammer, the driving energy,

- the computation of blow series from the beginning to the
end of driving with the height of fall of the hammer showing
in every series, the number of blows (by vibratory pile
drivers — the series duration in minutes) and the pile sett-
lements, with the settlements during the last three series

of 10 blows measured exactly and recorded.



- the adapted auxuliary installations such as the special
driving hammer (with its weight, dimensions and cushion
indicated), vibrators, drilling fluids, pile shoes. The
above data should be supplemented with an exact description

of how they were used during the whole driving time.

Tn the column "Remarks" of the driving log the following

should be noted:

- the water depth on the driving site when the piles are
driven in water,

- the length of the cut off pile head section and data about
any damages to the pile head during the driving,

—- the time used to remove any such damages,

- the deviation of the pile from the designed location, and
other technical circumstances and observations during the
pile driving,

- the levelling data for the pile head after the driving,
data about the level of the pile tip and the final pile
inclination,

~ the data about noted pile damages, the state of the pile
head, the damages observed on the pile mantle during driving,
ete

- the data about behaviour of the soil surface surrounding
the pile,

- the weather conditions during pile driving.

11



The driving log according to the Swedish regulations includes
in principle all that a driving log should include according
to the Polish regulations, while the individual questions are
written on the driving log form and not in the text of the
regulations. Additional requirements of the Swedish driving
log concern data about a precast concrete pile, all work done
prior to the pile driving, the results of bending and peri-
meter measurings, settlements of the pile, obstacles in the
ground and bouncing of the hammer. Alsc in the Swedish regula-
tions, two alternative recording methods are given and ex-
plained in detail, together with the required data for the
final report and an example of how results should be presen-—

ted.
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