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PREFACE
These recommendations replace the earlier Reprints and Preliminary

|
|
|
Reports No. 11 "Recommendations for Pile Driving Test and Routine }
Load Testing of Piles" issued by the Commission on Pile Research. |
These new recommendations describe a number of different methods of
load testing and combinations of methods, so that it will be possible |

to satisfy different purposes of load testing. The recommendations
apply principally to types of piles normally used in Sweden.

A new method of evaluating the "ultimate load" of a pile, which dif-
fers from that contained in the earlier recommendation, is proposed.
The method is independent of the shape of the load-settlement curve
and gives an unambiguous value of the load at failure for a moderate
settlement of the pile head, but even so, sufficient for failure to

occur normally along the sides of the pile and under the tip of the
pile.

The concept creep load has also been introduced into the recommen-
dations and this is judged as giving a better characteristic value of
the bearing capacity of a pile. This creep load is equivalent to the
earlier concept yield load.

The recommendations have been prepared by the "Test Loading Group", a
working group within the IVA Commission on Pile Research, the members

of which were:

E Sandegren, Chairman Swedish State Railways

U Bergdahl Swedish Geotechnical Institute (SGI)
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SYMBOLS

min

pile cross-sectional area

linear dimension, mm (= 20 + D/20)

pile diameter or equivalent pile diameter
initial curvature of pile

settlement of the pile head

settlement of the pile head at ultimate Toad
modulus of elasticity of the pile

length of the pile

elastic compression of the pile

load applied on the pile head

additional load applied on the pile head
evaluated ultimate load on the pile
evaluated creep load on the pile

minimum bending radius
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RECOMMENDATIONS FOR PILE DRIVING %ESTS WITH SUBSEQUENT LOAD TESTING

INTRODUCTION

General

The type of pile to be used in the foundation of a building can nor-
mally be decided on the basis of the results of a geotechnical
investigation. This applies particulary to end-bearing piles, i.e.
piles which transmit the main part of the Toad through the pile tip

to rock or to soil capable of bearing the load. If there is doubt
of the level at which piles can achieve sufficient end-bearing capa-
city or in cases where friction piles are to be used, i.e. piles
which transmit the main part of the load to the surrounding soil by
means of friction or adhesion along the sides of the pile, it is
often desirable to carry out pile driving tests, possibly in com-
bination with Toad testing.

Pile driving tests are used to determine the necessary length of end-

bearing piles for a certain structure, the drivability in soil or

to determine the level at which friction piles will stop, calculated
using a dynamic pile-driving formula.

Load testing is used during the design stage to determine the

necessary length of friction piles, and to check the bearing capaci-
ties of piles already driven during the construction work.

Checking of the bearing capacity by test loading is required, for
example, in the use of heavily loaded piles in accordance with the
Swedish Building Code SBN-80, Pile class A, when the bearing capacity
cannot be verified in any other way. In such cases, lToad testing may
be required on piles supporting completed structures.

These recommendations describe how pile driVing tests with subsequent
lToad testing should be carried out. The planning and implementation
of pile driving tests and load testing should be adapted to the soil
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and load conditions considered and should be supervised by a geotech-
nical engineer with experience in this field. The methods described
below should be followed as far as possible. This facilitates com-
parisons between experience gained from other pile driving and Toad
testing programmes, which provides the best opportunity for assessing
the method of performance and bearing capacity of the pile.

To increase the accumulated knowledge of the behaviour of piles, it
is desirable that one copy of the results obtained from each pile
driving test and load test be sent to the IVA Commission on Pile
Research, where the results are summarised for different purposes at

regular intervals. A copy of the geotechnical investigations should
also be appended to the test loading results and sent to:

Commission on Pile Research
c/o Swedish Geotechnical Institute,
$-581 01 LINKOPING 1

Sweden

Brief description of different methods of load testing

The methods of load testing most frequently used in Sweden are:

Load testing with a constant rate of penetrationl)
Load testing with stepped load increments2)

Cyclic load testing

Long-term loading with constant load

o O O O ©

Combinations of the above methods.

In principle, load testing can be carried out in two ways. The defor-
mation or settlement can be regulated and the required load recorded,
or the load may be regulated and the deformation caused by the load
recorded (see Figs. 1.1 and 1.2).

1) Corresponds to the European C.R.P. method = Constant Rate of
Penetration

2) Corresponds to the international ML method = Quick Maintained Load
test




Load testing carried out in accordance with the regulated deformation

principle is performed with a constant rate of penetration. The pile
head is pressed down at a certain predetermined Tow rate of penetra-

tion and the force required to achieve this is measured.

In stepped load increment tests, a certain constant load is applied
and the settlement caused by this Toad is recorded. When settlement

has ceased or after a certain predetermined time (15 min - 24 h) the
load is increased in accordance with a predetermined plan.

CONSTANT RATE OF PENETRATION

<i\\\\1 ' STEPPED LOAD INCREMENTS

CYCLIC LOAD TESTING

N

.
L

LOAD

0 1 2 3 L 5 6 7
TIME, HOURS

Fig. 1.1 lLoad-time curves, showing the difference between various
methods of Toad testing (not to scale).

The new load is maintained and the deformation is recorded as
described above. The load increments are often equal in size and are
5 - 10% of the calculated ultimate Toad.

Cyclic Toad testing can be used to 1nvestigéte the effect of repeated
Toading and unloading of piles. The Toad is increased in a number of
stages, as is the case with stepped load testing, but in contrast to
the stepped loading method, the load is not kept constant but is




varied systematically between a maximum load, which is maintained for
a certain time and half of this load, which is maintained for an
equally long time. This cycle is repeated 20 times, for example. A
complete Toad test may thus last 15 - 20 hours.

To investigate certain long-term effects, such as the risk of failure
due to bending of a pile as a result of Tateral deformation that
increases with time, or the bearing capacity of a friction pile in
clay during slow deformation, the load can be maintained constant for
a long period and is known as long-term Toading. The long-term load
is normally selected as the calculated permanent Toad to be placed on

the pile, multiplied by a suitable factor of safety.

It may be advisable to carry out load testing using a method which
consists of a combination of the above procedures to study a special

property of a pile. The load testing may be carried out, for example,
as stepped loading up to approx. 75% of the calculated ultimate load

and then continued with a constant rate of penetration. In other
cases, testing by stepped Tload increments or a constant rate of

penetration may be followed by cyclic load testing at relatively high
Toads.

LOAD

\j

—==

CONSTANT RATE OF PENETRATION

10-20
CYCLES

\\‘ STEPPED LOAD INCREMENTS

CYCLIC LOAD TESTING

SETTLEMENT

\

Fig. 1.2. Load-settlement curves (working curves) showing the results
from different methods of Toad testing (not to scale).
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The Toad and movement of the pile head is recorded during each test
loading. Further information about the mode of operation or force
distribution in the pile can be obtained by measuring the compression
of the pile as well as the movement of the pile head. The
compression of parts of the pile may also be measured using special
equipment. The pile can also be fitted with a vibrating wire strain
gauge, for example, to determine the force in certain sections of the
pile.

Choice of load testing method

Pile driving tests, with subsequent load testing, are relatively
expensive. It is therefore important that they be carried out by
experienced personnel so that all valuable information will be
recorded. The costs of pile driving tests and load testing are made
up approximately as follows:

Piles, driving of piles and reaction piles or
providing other reaction arrangement 60%

load testing including transport and setting
up of equipment 25%

evaluation and reporting 15%

The scope of the measuring and testing programme affects the total
costs only a little, so the measuring programme should be prepared so

as to obtain the maximum possible amount information for interpreting
the method of operation and bearing capacity of the pile.

The previous Section contained a brief description of a number of
different methods of Toad testing a pile. The method chosen for a
particular investigation will depend on a number of factors, such as:

o The problem; checking the bearing capacity, determination of the
required length of pile or the mode of operation of the pile,
the effect of repeated loading and unloading.




o Availability of loading equipment and reaction arrangements.

0 Scope of settlement and deformation measurements and the type of
measuring equipment.

It should be pointed out that the load-settlement relationship
obtained using different methods of load testing do not agree with
one another (Fig. 1.2) and that there is a difference between the
ultimate Toad and the creep load (see Sections 6.3 and 6.4). Unfor-
tunately, no systematic comparisons on full-scale piles tested using
different methods have been carried out, but half-scale pile tests
have been carried out (Bergdahl & Hult, 1979).

If the failure criteria proposed in these recommendations are taken

o that the ultimate load determined from load-settlement curves
for stepped loading and cyclic loading and unloading are, on
average, 93% of the ultimate values obtained from constant rate
of penetration tests.

0 ‘that the creep load determined from cyclic loading and unloading
and stepped loading is, on average, 80% of the ultimate load
obtained from constant load of penetration tests.

in clay at Sk3 Edeby:

0 that the ultimate load determined from cyclic loading and
unloading or stepped loading is, on average, 90% of the value
obtained from constant rate of penetration tests

o that the creep load determined from cyclic loading or stepped
lToading is, on average, 78% of the ultimate Toad determined from
constant rate of penetration tests




It should also be pointed out that the tests have also shown that
there are differences between the results of tests carried out at the
same site and in the same manner on identical piles. These dif-
ference may be of the same order of magnitude as the differences
described above.

Load testing with a constant rate of penetration gives a continuous

graph of the load-settlement relationship for the pile, even during
the phase which shows the behaviour of the pile after the soil around

the pile has failed. This gives a good picture of the mode of opera-
tion of the pile in the soil. The method is fast (it takes approxi-

mately 2 h), however, this may make it difficult to find time to take
exhaustive measurements during the course of the test. This method

requires the use of an electric pump which can be preset to give a
small and constant flow of oil.

When many deformation gauges or other measuring instruments must be
read and automatic recording equipment is not available, stepped
loading is a suitable method for testing piles. And the advantage of
the method is that the rate of settlement during the latter part of
each load increment is a valuable addition to the information to be
evaluated when determining the permissable load on the pile. Load
testing can be carried out using a simple hand pump. If the rate of
settlement is to be determined, such as for the evaluation of the
creep Toad, a pump with automatic pressure control and accurate
pressure measurement is required {(cf. Section 4.33).

Cyclic load testing is used occasionally on piles that will be used
to support structures subjected to Targe live loads, e.g. bridges.

The use of combinations of methods may occasionally be desirable.

For example, a stepped load testing may be concluded by using a
constant rate of penetration. If the loading device should be found
inadequate, so that the pile cannot be loaded to failure, it is advis-
able to complete the test by cyclic loading. The settlements measured
during these load cycles provide information for assessing how close
the maximum available load is to the ultimate or creep load.
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2.2

GEOTECHNICAL INVESTIGATIONS IN CONJUNCTION WITH PILE DRIVING TESTS
AND SUBSEQUENT LOAD TESTING

General

The geotechnical investigations carried out before pile driving
tests, with subsequent load testing, must be such that the lengths of

test piles and any reaction piles can be calculated. This requires
the determination of the soil composition and firmness through the

entire depth of soil affected by an envisaged pile foundation. The
investigation must be carried to a greater depth if loose soils,

especially cohesive soil, is suspected below the envisaged pile tip
level.

The Commission on Pile Research Working Group for Soil Investigations

is at present preparing recommendations for geotechnical investiga-
tions for use in piling work of different kinds. When the recommen-

dations have been published, they should replace the text below.

For descriptions of items of equipment and methods, refer to the
Swedish Geotechnical Society Standard (1979) for probing, the Swedish
Geotechnical Society: "Proposed geotechnical laboratory recommen-
dations (LABAN)L), the Bygg manual (1972) Chapter 178, and the
"Geotechnical Site Manual" published by AB Jacobson & Widmark (1973).

Probing

The Swedish dynamic probing test (standard method A is the most
suitable) is normally carried out when the use of end-bearing piles

is envisaged. During this test, the friction along the sides of the

rods should be measured using a torque wrench or slip-coupling.

Method B may be chosen when the depth to firm layers is less than

15 - 20 m, but not in firm clay such as boulder clay. In cases where

soft clay rests directly on firm moraine or rock, Tight motor per-

cussion soundings may also be used. Soi]—rdck drilling (percussion

drilling) may be required in soil containing stones and boulders.

1) Under preparation. Parts 2 - 7 (of 10) have been published as
information sheets by the National Swedish Institute for Building
Research (SIB) (see References).
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Cone penetration testing or weight sounding to a firm bottom layer
is normally carried out during investigations for friction piles in

clay.

Weight sounding, cone penetration testing and dynamic probe testing,
using method A, to a firm bottom layer are used in investigations for
friction piles in gravel, sand and silt.

At great depths to firm bottom (above 30 - 40 m) and in silty soil
and firm clay, a high resistance to penetration (200 - 300 blows/0.2m
or above) may be obtained with dynamic probing equipment, without the
point having reached a firm bottom layer. A check should be made,
using either an increased height of fall or an extra heavy hammer.

In such cases, consideration should be given to supplementing the
investigation by soil-rock drilling (percussion drilling).

Sampling

Sampling in conjunction with pile driving tests and load testing
should include the taking of sufficient samples to obtain a clear
picture of the soil profile, even under the pile tip level, if
possible. Undisturbed samples should be taken in cohesive soil,
whereas disturbed or remoulded samples are adequate in friction soil.

Where end-bearing piles are envisaged, the demands on sampling must
be decided in each individual case.

Laboratory testing

The soil type and water content of all samples should be determined.

For friction piling in clay, the shear strength, sensitivity, the
lTiquid 1imit as determined by the Swedish fall cone test, the bulk
density and compression properties of the samples should also be

determined. It is also necessary to investigate the compression
properties of soil under the pile tip level for settlement calcula-
tions.
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In-situ testing

For friction piles in clay, it is advisable to determine the shear

strength by vane tests.

As a supplement to the probing and sampling described above, it may
occasionally be advisable, in the case of friction piles in sand to

determine the strength and deformation properties by carrying out
pressiometer tests, particularly in conjunction with large piling
works.

Reporting

The geotechnical investigations should be reported in accordance with
the Swedish Geotechnical Society "Signs and symbols on boring
drawings", pages 1 - 4. The geotechnical investigation should nor-
mally be appended to the pile driving test and load testing report.
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PILE DRIVING TESTS FOR LOAD TESTING

Before pile driving tests are carried out, a decision should be taken
on whether or not test piles or any of the reaction piles should be
included in the foundations. A suitable location for pile driving
tests and load testing should be selected on the basis of this
decision and the results of the geotechnical investigation. In con-
junction with this decision, the need to redrive reaction piles after
the completion of load testing should be assessed.

The design of test piles

The design of test piles, including any joints and shoes should be
shown on a drawing.

Test piles of concrete or steel should generally be provided with
inspection pipes. In prefabricated concrete piles, an inspection
pipe should be a pipe of 42%¥1 mm internal diameter, cast in the
centre of the pile. The pipe should be a seamless precision steel
pipe to DIN 2391, to permit the taking of inclinometer measurements
with acceptable precision. 1In certain cases, a welded precision
pipe, made with special dimensional accuracy to DIN 2319, may be
used. Refer also to the Swedish National Road Administration
"Directives for piling works" TB 108 1976-12.

Measuring test piles

The length of test piles and pile segments must be measured to an
accuracy of ¥ 10 mm. In conjunction with this measurement, test
piles should be marked at every metre or 0.2 of a metre, depending on
how the driving resistance is to be recorded. The Tength should be
measured, starting from the extremity of the pile tip, so that the
depth of the pile tip below ground level or other reference plane can
be determined at any time during the course of driving.
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Measuring the perimeter

The perimeter or cross-sectional dimensions of wooden or concrete
test piles or segments of test piles (when concrete piles are used as
cohesion piles) should be measured, with a measuring accuracy of

* 5 mm of the perimeter every second metre, but more frequently when
there are irregularities in the cross-sectional area. Any non-
structural projecting corners must be removed first.

Measuring the initial curvature

The initial curvature of a test pile or pile segment must be measured
in certain cases as it is of importance to the results of pile

driving tests and load testing. The initial curvature must always be
measured in the case of timber test piles. In the case of precast
concrete or steel piles, measurement of the initial curvature is not
generally necessary provided that a visual inspection of the pile or
pile segment does not indicate this need. The angle of the joint
facing-plates in relation to the longitudinal axis of the piles must
always be checked. Refer to relevant requirements for acceptable
values of curvature and initial angle deviation across joints.

Initial curvature must be measured as follows (see Fig. 3.1). Place

the piles on two supports Tocated 0.2 times the length of the pile
(L) from each end of the pile. Mark the centreline of the upper
surface of the pile at each end. Stretch a steel wire tightly
between these marks. Then measure the horizontal deviation (d) of the
steel wire from the centreline and record the direction of the
deviation (to the left or to the right) in relation to the longitudi-

nal axis of the pile. Turn the pile through 90° and repeat the pro-
cedure.

Place round timber piles so that the greatest deviation from a
straight 1ine between the top and the base can be measured. Precast
concrete piles should be placed so that the first series of measure-
ments is taken on the side which has not been contained by formwork.
Marking should be carried so that measurements are taken in two
planes at right-angles to one another.
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Fig. 3.1. Principle for measuring initial curvature. The distance d
should be measured.

It is advisable to report measured deviations on a drawing.

Driving test piles

Test piles are normally driven vertically.

If a test pile to be used as a friction pile or end-bearing pile is
driven before reaction piles or anchor bars, the test pile must be
redriven. But friction piles in clay must not be redriven, as the
bearing capacity is reduced if redriving is carried out after a cer-

tain time.

Recording of data

A driving log must be kept for every test pile. It is often also
advisable to keep Togs when driving reaction piles. Forms of the
type shown in Appendix 3.1 should be used. Information at the head
of the form should also be entered carefully. (The form may be
ordered in pads of 50 sheets from Ingenjorsventenskapsakademien,
Biblioteket, Box 5073, S-102 42 Stockholm, Sweden.)
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Driving log

Pile penetration should be recorded throughout the whole course of
driving. Any preboring through fill, the dry crust or frozen soil
must be noted in the Tog, together with the depth to which preboring

has been carried out, and the cross-sectional dimensions of the pre-
boring tool used. The log must also show the depth to which the pile
sinks under its own weight and under that of the pile plus the hammer.
If the pile is driven through soft soil, through which it sinks a
great deal per blow, it is advisable to record the number of blows
for each metre of penetration. When the driving resistance

increases, the number of blows should be recorded per 0.2 m of
penetration by the pile, as this is the normal procedure.

When the driving resistance, using a normal hammer and height of
fall, amounts to approx. 100 blows per 0.2 m of penetration, it is
advisable, as a comparison, to also record the penetration of the
pile achieved during a series of 10 blows, by making marks on the
pile, for instance. Pile driving should always be concluded by
recording the pile penetration for between 3 and 5 series of 10 blows
(cf. "Swedish Building Code 1975, Approval Rules No. 1975:8 Piles").
Appendix 3.1 shows an example of a driving log completed in accor-
dance with the description above. One advantage of this method of
recording is that after the results have been shown in graphical form
(see the example in Appendix 3.2), a good picture is obtained of the

whole driving operaton and a direct comparision can be made with the
results from the geotechnical investigation.

Alternatively, in éonformity to earlier practice, the driving
resistance may be recorded as the penetration of the pile per series
of 10 or 50 blows. An example of this method of recording is shown
in Appendix 3.1 A (pile driving Tog) and Appendix 3.2 A (blow count
graph).

The depth of the pile tip below ground level should be entered on the
pile driving Tog at the same time as the driving resistance is
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recorded. For this, the Tength measurements earlier marked on the
pile should be used. (Note: the depth of the pile tip must not be
calculated as a sum of the penetration measured for series of 10 or
50 blows.) When driving has been concluded, the level of the pile
head must be determined by levelling. The level of the pile tip
below the datum Tevel used on site may then be entered in the driving
log.

During driving, the insertion of each new packing in the pile driving
helmet and the use of any follower must be entered in the log. The
time at which driving is started and concluded and the time for any
breaks during driving must be noted. Any other observations made
during the course of driving, such as when hammer rebound occurs, or
when a new pile segment is added, must be entered in the remarks
column. Any deviation from a straight line across the joint must be
measured and noted in conjunction with the fitting of an additional
pile segment. Results from redriving must also be entered.

Rebound measurements

Rebound must be measured for end-bearing and fricton piles in sand
when driving to refusal or during the conclusion of driving. To do
this, fix a sheet of hard, glossy paper or cardboard on the pile,
using suitable tape or strong rubber bands. Place a horizontal,
unyielding plank on edge in front of the pile, on supports which are
independent of the pile-driver and any support on which it may be
resting, so that the vertical movements of the pile during a blow can
be recorded on the paper by moving a pencil along the plank.
Interpretation of the rebound diagram is facilitated if the pencil is
drawn quickly back and forth across the paper between each blow (see
Fig. 3.2 and Appendix 3.3.). The diagram should be signed by the
person who has prepared it, and other data of the type shown in
Appendix 3.3 should be entered. The complete diagram or a direct
copy of it should appended to the documents.




3.34

16

DETAIL '
HAMMER
st PILE
REBOUND SUITABLE TAPE
SETTLEMENT rd
HARD GLOSSY PAPER
" At N
e 2 N N— =03
AR === PN ] R
v vy v y % ¥ ¥ v v

¥

Fig. 3.2 Principle for measuring pile rebound.

In recent years, other methods have also been developed for measuring
the bearing capacity and mode of operation of a pile during driving
by means of accelerometers and strain gauges, such as the Case
method. The measurements can be carried out during test piling, as a

supplement to the measurements described above, especially in cases
where the mode of operation of the pile is difficult to assess.

The curvature of a pile can normally be checked after driving, using
a 1.8 m Tong steel-pipe gauge (see "Swedish Building Code 1975,

Approval Rules No. 1975:8 Piles"). But checks made with gauges only
permit the detection of sharp bends (bends with small radii). Inclin-

ometer measurements should be carried out to obtain an accurate check

on the curvature of a pile. These measurements must be made at a
number of points along the inspection pipe in the pile (cf. Section
3.1). The maximum angle of inclination of the pile is recorded at
each measuring point, together with the bearing of this inclination.




3.4

17

Alternatively, the angle of inclination of the pile may be measured
in two directions at right angles to one another. The radius of cur-
vature of the pile or the change in inclination over a certain length
of the pile may be then calculated from these values. The shape of
the pile in the ground can be calculated by carrying out a cumulative
calculation on the results. Inclinometer measurements should always
be made by personnel thoroughly familiar with the equipment.

When assessing the curvature of a pile after driving, the change in
angle across a joint should always be separated from the curvature of
the pile segments. Evaluation of the test results should also be
related to the intended applied load on the pile, the soil
conditions, etc.

Reporting of test piling results

The driving operation should be presented as a graph, as shown in
Appendix 3.2 or 3.2A, depending on how the driving has been recorded.

The graph should show the driving work (the number of blows per 0.2 m
of penetration or the penetration of the pile per blow) as a function
of the depth. It may be necessary to change the scale of the graph as
the pile approaches refusal and the driving resistance increases.

The graph should also include a curve of the total number of blows,
together with other observations that have been noted in the driving
log, in accordance with Section 3.32 'Driving log'. The results of
penetration measurements made during concluding series of blows and
results of check-driving and redriving should be entered at the level
of the pile tip in the graph. The driving graph should also indicate
the pile designation, depth of the pile tip, the weight of the
hammer, the height of fall and the date. Rebound diagrams should be
prepared in accordance with Appendix 3.3 and the evaluated results
should be entered at relevant levels in the driving graph.

The Tocations of piles in plan and in section should be reported on
the geotechnical drawings. Where possible, driving graphs should
also be shown on these drawings.
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ARRANGEMENTS FOR LOAD TESTING
Test piles

Test piles and the driving of test piles are described in Chapter 3,
'Pile driving tests for load testing'.

Provision of reaction devices

Reaction arrangements are usually provided so that test loading can
be carried out to at least three times the greatest load that the
pile can be expected to be subjected to in the structure. But it is
desirable to be able to Toad friction piles in clay and sand to
failure of the soil. The design of reaction devices should take into
account a certain eccentricity of the load and relevant safety
demands.

Reaction devices for jacks used in test loading may be arranged in
various ways. Reaction piles of timber, concrete or steel are
usually used.

The number of reaction piles and their Tengths are dependent on the
layout of the test Toading arrangement and the required reaction
force. 1If several reaction piles are used, it may occasionally be
necessary to achieve coordination by using a system of beams. The
reaction piles should be designed so that the required reaction force
is achieved with a certain margin of safety (factor of safety: 1.3 -
1.5), because of the unpredictability of the withdrawal or pull-out
resistance of piles, uneven distribution of the load between the
reaction piles, etc. In loose sand, for example, the pull-out
resistance is only half of the skin frictioh encountered when forcing
the same pile into the ground (Bergdahl & Wennerstrand, 1976). The
load testing configuration to be used must be defined before the test
piles are driven, so that the piles are suitably located (see Fig.
4.1). The centre-to-centre distance between reaction piles and the




19

M| ’ M)
~- ——
! | , 1.2m
lp
EE P
,L M
M ; M|
- —A—=
28m | 5 1.2m
K|
SECTION
M M
- P Lo3m
02m "O,Sm‘
TR T T T
P = TEST PILE
M = REACTION PILE
S = SUPPORT FOR MEASURING BEAM (2" x 4" TIMBER)

Fig. 4.1. Example showing the locations of the test pile and reac-
tion piles in relation to one another.

test pile should not be less than 1.5 m. A greater distance is
desirable in the case of friction piles in sand. (According to a
theoretical study by Poulos (1974), the distance should be approx. 10
times the pile diameter, D.) If possible, the reaction piles should
be driven before the test piles. A driving log as described in 3.32
above should normally be kept. Steel sheet piling may be used to pro-
vide the reaction force instead of reaction piles.

Anchor bars

A reaction force may also be provided by means of anchor bars to rock
or possibly into soil. Anchors in rock should be set vertically and
at least 1.5 m from the test pile. The bars should be prestressed
against sleepers, for example, or a stack of beams, until a suf-
ficiently large force is built up so that any lateral forces encoun-
tered during load testing can be absorbed during the whole test by
the friction between the sleepers and the soil. Alternatively, the
lateral forces may be taken up by sheet piling or short piles.
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Kentledge

In certain cases, it may be advisable to arrange kentledge by placing
steel girders and concrete piles as a reaction load on a stack of
heavy cross-timbering etc., located at a reassuring distance from the
test pile (preferably more than 1.5 m). The steel girders and
concrete piles should be placed so that their centre of gravity is
directly above the test pile. The stability of the kentledge against
tipping and ground failure should be checked. Combinations of reac-
tion piles and kentledge may also be employed.

Existing structures

Load testing is occasionally carried out only after part of the
building or the whole building has been built, in which case, the
building can be used to provide the reaction force. Special arrange-
ments may be required to withstand the very large local forces

applied to the building. This applies particularly to older
buildings.

Equipment for Toad testing

Jack

The jack should be of the hydraulic type, with 1ittle internal fric-
tion, and must have an adequate stroke and load capacity in relation
to the pump. It must be calibrated together with the pump and

pressure gauge to be used in the test, unless a pressure cell is to
be used.

A spherical bearing arrangement must be fitted above or below the
jack to limit the friction in the jack as a result of eccentric
loading. Rubber plates may also be used, but in this case, the risk
of non-axial loading of the jack must be observed.

If Toad testing is carried out on a raked pile, the test load must
be applied axially to the pile and movements must also be measured in
the direction of the longitudinal axis of the pile.
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Pump

Pumping equipment should be chosen, taking into account the method of
load testing.

When the pile is loaded to achieve a constant rate of penetration, a
special pump that provides a constant and, within certain limits,

controllable flow of o0il will be required.

A hand-operated or motor-driven pump may be used for stepped loading.
But if the rate of settlement is to be determined with precision, a
pump with automatic pressure regulation will be required.

The pump used for cyclic loading and constant loading over a long
period should be motor driven and equipped with a pressure-
maintenance device, such as the photocell type, fitted to a precision
pressure gauge. The interval between switching on and switching off
should not exceed 1 - 2% of the applied load.

A precision pressure gauge with a large dial should be used and the
measuring precision should be better than 2% of the measuring range.

Pressure cell

A pressure cell Tocated on the pile head should be used to determine
the applied load, because the friction in the jack can often involve
considerable error if the applied load is calculated from the
measured 01l pressure. The measuring precision of the pressure cell
should be better than 2% of the calculated ultimate load.

Beams and dial gauges for measuring the vertical movement of the pile

The vertical movements of the pile head must be measured with at
lTeast two dial gauges mounted on a measuring beam.
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The dial gauges must be placed on alternate sides of the test pile
and equidistant from the centre of the pile. The dial gauges should
be graduated in tenths of a millimetre, preferably hundredths, and
should generally have a stroke of at least 50 mm, so that the minimum
number of resettings is required during the course of a test.
Resetting should be achieved by inserting gauge blocks of suitable
size between the tip of the dial gauge and the surface on which the
tip rests.

The measuring beam must be supported completely independent of the
reaction piles and the loading devices (possibly on special support

piles). The length of the measuring beam should be such that its
supports can be located at least 1.5 m from the closest reaction

pile. The measuring beam must be protected from changes in tem-
perature during the test loading, by being covered with a tarpaulin,
for instance, which does not touch the measuring beam.

In the event of doubt as to the pull-out strength of reaction piles
or anchor bars, their vertical movement must be measured using dial

gauges or a levelling instrument.

The movement of the pile tip can be measured in a pile equipped with
an inspection pipe (see 4.4 below).

Special equipment

Measuring the settlement of a test pile

The possibility of'measuring the movement of the pile tip during test
loading should be utilised by inserting a bar through the inspection
pipe to the tip of the pile.

At least one more measuring point is required if information is
required to achieve a better assessment of the load distribution in
the pile, i.e. the proportion of the load carried by the pile tip and
the skin friction, and the distribution of the skin friction along
the pile. The compression of the pile can be measured at an upper
part and a lower part of the pile, using a pipe fitted with an expan-
sion fixture at its lower end (Broms & Hellman, 1968). This pipe
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surrounds the bar used to measure movements at the pile tip. With a
knowledge of the modulus of elasticity of the pile, it is then
possible to calculate the approximate average stress in the different
parts of the pile, using the results of measurements (Fig. 4.2).

, — STEEL CYLINDER WITH SLOTS

//IWTWM DIAL GAUGES
[I'Mf_ ............ ~-—~ MEASURING BEAM

| [ PILE

T~ INSPECTION PIPE
T MEASURING PIPE
"

AL S pypanston FIXTURE

—_\\\\\\‘MEASURING ROD

Fig. 4.2. Principle of the arrangement for measuring the settlement
and compression in different parts of the pile.

The rod to the pi]é tip and the pipe with the expansion fitting
should project about 0.1 m above the head of the pile (the rod
slightly more than the tube). Horizontal yokes should be secured to

the pipe and to the rod, and dial gauges should be inserted between
the yokes and the head of the pile. A special device, such as a

steel cylinder with slots in the side, is then placed on the pile to
transmit the load from the jack to the head of the pile.

There are other systems which can be used to take the same type of
measurements.
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Measuring the Toad in a test pile

The pile may be fitted with electric transducers for accurate calcu-
lation of the load in certain sections of the pile. Such trans-
ducers, resistance transducers or vibrating-wire transducers,
register the deformation of the pile over a short distance and pro-
vide more accurate values of the load and the Toad distribution in

the pile than deformation measurements made using pipes and rods.
However, the evaluation of these results is also based on the modulus

of elasticity of the pile material.

Correct values of the load in the pile can only be obtained using
special, accurate, pile load gauges, which measure the load indepen-
dently of the modulus of elasticity of the pile. One such gauge,
which also measures the bending moment in the pile, is described by
Fellenius and Haagen, 1970.

Report on the testing equipment

Information on the equipment used, the configuration, execution,
etc., which may be of value in evaluating the load test, should be

documented, preferably also with photographs.

The report should show the arrangement used to provide a reaction
force for the jack. The configuration, with dimensions, is best
reported by means of a sketch. It is of particular importance to
show where and how the soil was loaded by the reaction equipment

(tensile or compressive stresses).

If reaction piles have been used, the report should show how these
have been designed and, if they have been joined, how and at what
level the joints are located. Reaction pile driving logs must be
appended. The logs must show whether the reaction piles have been
driven before or after the test pile, the distance from the test pile
and the depth to which they have been driven.

The equipment used to apply the load, including the serial number or
other identification must be specified, together with the maximum




error in the measurement of the magnitude of the l1oad. The method of
supporting the measuring beam and movement gauges must also be
reported. If special measurements have been made, using expansion
transducers or strain gauges, for instance, these should be described
in detail.
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TECHNICAL RECOMMENDATIONS FOR THE EXECUTION OF LOAD TESTING

Time between installation and load testing

Friction piles in coarse grained soil and end-bearing piles may nor-

mally be load tested one day after driving.

In the case of other piles, the time at which load testing should be
carried out must be determined taking into account the material of
the pile and the soil as well as the time schedule for the remainder
of the construction works. The bearing capacity of a friction piie
in clay varies with time because the disturbed clay closest to the
pile gradually recovers its strength (reconsolidates). The interval
between driving and load testing should normally be chosen so that
the greater part of the strength recovery has taken place when the
load testing is carried out. In cases where the piles will be sub-
jected to a large part of their design load shortly after instal-

lation, this must be taken into account when choosing the time for
load testing.

The relatively high permeability of timber piles permits them to act

as vertical drains, so that they achieve strength recovery of the
soil faster than steel and concrete piles. Steel and concrete piles

in close groups have a slower rate of bearing capacity recovery than
corresponding isolated piles.

Friction piles of timber should not normally be load tested before

one month has elapsed after driving and the corresponding figure for
friction piles of steel or concrete is 4 - 6 months. If there is

uncertainty as to the rate of bearing capacity recovery with time,
repeated Toad testing may be carried out.

Required Toad

Load testing of piles in conjunction with design work should normally
be carried to failure of the soil. Load testing, as a method of
checking the bearing capacity of a pile, should normally be carried
to three times the intended permissible Toad on the pile.
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Measuring the movement of a pile

During the course of load testing, the axial movement of the pile
should be measured with dial gauges. The movement is calculated as
the average of the dial gauge readings. If a considerable difference

(1 - 2 mm) occurs between the dial gauge readings as the result of
non-axial loading during the course of load testing, the load testing

must be stopped and measures taken to centre the load.
In certain cases, it may be necessary to measure lateral (horizontal)
movements of the pile in addition to axial (normally vertical)

movements.

Dial gauges etc. must be protected against the sun, rain and wind
during load testing.

Load testing record

A record must be kept during load testing and this should show the
load applied (pressure cell or pressure gauge readings), the settle-
ment of the pile head and the compression of the pile (as dial gauge
readings) and the times for the readings. All readings must normally
be taken at the same time. In certain cases, a decision may be taken
to read the dial gauges over a certain period, such as a minute, but
it is then important that the gauges are read in the same order
throughout the entire test. Weather conditions and other obser-
vations which may affect results, such as lateral displacement of the
pile head, must be noted in the load testing record.

An example of a Toad testing record is shown in Appendix 5.1.

The load-settlement curve for the test pile (pile head) should be
drawn preliminarily as the test proceeds. This will facilitate
assessment of results, e.g. when the ultimate Toad has been reached
and how far the load testing should be carried.
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Methods of load testing

The method is usually employed to determine the ultimate load and
mode of operation of a pile.

Load testing is carried out by forcing the pile into the ground so
that the rate of vertical movement measured at the head of the pile
is constant. It is advisable to record the force required and the
magnitude of the movement every second minute. The interval between

the readings should be reduced in the case of rapid changes in Toad,
e.g. when testing short end-bearing piles.

End-bearing piles should be loaded until failure or until the maximum
available load has been applied.

Skin-friction bearing piles (friction piles) should normally be
loaded to achieve at least 60 mm of settlement. If possible, fric-
tion piles in clay should be forced approx. 20 mm into the ground
after the maximum required Toad has been reached. But if a friction
pile in clay is to be load tested several times, Toading should be
discontinued as soon as the maximum load has been reached, i.e. when
the load becomes constant or tends to fall.

The rate of penetration is normally chosen at approx. 0.5 mm/min.

But in the case of short end-bearing piles, it is advisable to reduce
the rate of penetration to approx. 0.1 mm/min to permit the required
readings to be taken. When loading has been discontinued, the pile
should be unloaded and the load and rebound measured as follows:

The load is reduced quickly by reducing the pressure in the jack.
Unloading is interrupted for 1 - 2 min, i.e. the time required for
the rebound to become stationary and to permit reading of the dial
gauges when the load has fallen to approx. 75, 50, 25, 10 and 5% of
the maximum applied Toad. The rebound is measured when the load
reaches zero and 5, 15 and 30 minutes after unloading and, if
possible, also after a longer interval.
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No unloading should carried out during the course of Toad testing,
provided that nothing occurs that justifies discontinuing the test,
e.g. a noticeable change in the inclination of the pile.

5.52 Load testing with stepped load increments (known as the Quick Main-

tained Load Test (ML method)).

This method is designed to permit determination of the ultimate Toad
and creep load on the pile.

In this method of testing, the load is increased every fifteen minu-

tes by a constant amount, approx. 5% of the estimated ultimate load,
generally rounded off to an even 10, 20, 50 or 100 kN. Dial gauges
are read 3, 6, 9, 12 and 15 min after application of a new load
increment has been started. A new load increment is applied imme-
diately after the 15 min reading.

To be able to evaluate the creep load, load measurement and main-
tenance of a constant load must be carried out with great accuracy.
Moreover, during the application of the load increment, the Toad must
at no time exceed the Toad which will later be maintained constant.

Loading should be discontinued at the same deformations as apply to
load testing at a constant rate of penetration (see 5.51).

Unloading is also carried out in accordance with 5.51.

5.53 Cyclic load testing

This method is designed to permit the determination of the creep load
on the pile, as defined below.

Load testing is carried out by alternating the Toad between a high
load and a low Toad. The high Toad is generally twice the lower one.
Each load is maintained for 10 min, measured from the time of
starting to apply a load change. One cycle comprises a period with a
high Toad, directly followed by a period with Tow low and is thus of
20 minutes duration.
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In the case of large loads, when changing between a lTow and a high
Toad may take 2 or 3 minutes, it may be necessary to extend the dura-
tion of a cycle to 30 to 40 minutes. The cycle duration, which
should be identical for all cycles during the entire Toad testing,
should be sufficiently long for movements of the pile to have stopped
before the next load is applied.

It is advisable to measure and record pile settlement at the head of
the pile every second minute.

The number of cycles in each range of loads should be at least 10,
until the high Toad has reached half of the estimated ultimate load,
at which point the number should be increased to at least 20. It is
important that the number of loads is not too few, especially when
the load approaches the creep 1oad.

The procedure is repeated with increasing loads. Suitable load
increments are: 2/16 - 1/16; 4/16 - 2/16; 6/16 - 3/6; 8/16 - 4/6....
of the estimated ultimate load.

During the course of load testing, the settlement of the pile head
should be plotted as a function of the number of load cycles, as
shown in Section 5.6 (N.B. Log graph paper is required).

The creep load is regarded as having been exceeded when this curve
starts moving down after a number of cycles (between 1 and 20). At
lower loads, this curve will be concave upwards, or straight.

When the creep Toad has been exceeded, the load should be removed in
accordance with 5.51.

The method demands great accuracy. The Tload changes should be
applied at as even a rate as possible. It is important to make a
load change carefully so as not to exceed a load increment and not to
fall below a load reduction. The load must be maintained constant
during the application of high loads and low loads. If this is not
observed, the curve on log graph paper described above will be irre-
gular and the change in slope may be difficult to interpret. If the
load is exceeded in any cycle, the number of cycles must be increased
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until the curve again shows a clear tendency, and the "excessive"
load should be used as a high load. N.B. The downward concave part
of the curve can occur only during the final load cycles in a series.

Long~-term load testing is designed to check the creep of the pile.

Depending on the conditions, load durations of the magnitude one day

up to six months or a year may be required. During loading for one
day, a load at approximately the creep limit is chosen. This load is
assessed on the basis of results from load tests with stepped load
increments (5.52), cyclic Toading, (5.53) or constant rate of
penetration tests (5.51). Load durations of 1 - 2 months per load
step are required to determine the creep process caused by bending of
the pile.

Load control and the necessary measurements are carried out as nearly
continuously as possible, so that the influence of load changes out-
side the pile, such as the result of variations in the groundwater
table are recorded. If this is not possible, a brief unloading to
approx. 10% of the long-term load should be carried out for four
hours, for example, at, say two-monthly intervals.

The course and magnitude of the deformations should be studied and it

should be possible, by means of measurements taken in the inspection
pipe of the pile, to assess any bending of the pile.

Different methods of load testing are often combined. The most fre-
quently used combinations are described below.

Stepped Toad increments combined with constant rate of penetration
loading.

During load testing with stepped load increments, a transition to
constant rate of penetration Toading is carried out in the vicinity
of the ultimate load. This provides a continuous and detailed
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load-settlement curve from which the mode of operation of the pile
can be assessed.

Load testing is carried out in accordance with 5.52 until the load
under which the head of the pile sinks approx. 0.1 - 0.2 mm/min
during the later part of a 15-minute period is reached. The pile is
then loaded to achieve a constant rate of penetration of 0.5 mm/min
and load testing is completed by unloading in accordance with 5.51.

Constant rate of penetration loading or stepped load increments com-
bined with cyclic loading.

If the reaction force is inadequate or if the jack or pump capacity
is insufficient to reach the ultimate load of the pile, the pile is
loaded to achieve a constant rate of penetration or in steps, up to
the highest available load, in accordance with 5.51 or 5.52 and is
then subjected to at lTeast 20 load cycles in accordance with 5.53,
between 100% of the highest available load and 50% of it. Final
unloading is carried out in accordance with 5.51.

Stepped load increments, or loading to achieve a constant rate of

penetration in combination with day-long constant loading, when the
ultimate load is not reached.

Load testing is carried out in accordance with 5.52 or 5.51, up to
the highest available l1oad. When the ultimate load is not reached
using one of these methods, the pile is unloaded in accordance with
5.51 to approx. 25% of the applied load and is then loaded for short
periods (2 - 3 min), to the estimated creep load, in principle, in
accordance with 5.42 and Fig. 5.3. Automatic pressure maintenance
devices are connected (see 4.33). Readings are taken initially at
15 - 60 min intervals and may then be extended to 6 - 8 h intervals
(readings should be taken at the 1/3 points of the load period).

After the final reading, the pile is unloaded in accordance with 5.51.

Reporting of load testing results

To determine the ultimate load (see Section 6.3), the results of load
testing with a constant rate of penetration, stepped load increments
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and cyclic Toading should be reported in the form of load-settlement

curves (working curves) in accordance with the examples shown on
Figs. 5.1 and 5.2. The settlement values from readings after 15 min
are used for stepped load increments. For cyclic loading, the
settiement after 10 minutes of the first load application of a new,
higher Toad are used. The unloading part of the working curve should
also be reported. If the vertical movement of the pile tip has been
determined, it should be plotted in the same graph as a function of
the load on the head of the pile.

The Toad should be set out along the horizontal axis and the settie-
ment of the pile head (and pile tip) along the vertical axis, using a
load scale of 10 kN = 1 mm and a linear settlement scale of 1 mm
measured = 2 mm on the graph. The scales may be varied in excep-
tional cases, but the relationship between them must be maintained.
This facilitates comparison between results from different load
tests.

In addition to the working curve, the "column Tine" should be spe-
cified, i.e. the Tine corresponding to the elastic compression of the
pile, if the entire pile had stood freely in air. For this, the
following modulii of elasticity should be used unless other values
have been shown to be more correct: concrete 30 000 MPa, timber

10 000 MPa, steel 210 000 MPa.

To determine the creep load (Section 6.4) from Toad testing using
stepped load increments, the creep should be plotted under the latter

part of the load steps (for example, the settlement taking place bet-
ween the readings taken 9 - 15 or 12 - 15 min after application of

the load) as a function of the applied load, in accordance with Fig.
5.3.

In cyclic load testing, the creep load is determined from a graph in

which the settlement of the pile head is plotted as a function of the
number of Toad cycles (see Fig. 5.4). 1In the graph, the settlement
of the pile head is plotted at the higher load in each cycle imme-
diately before the l1oad is reduced to the lower load. The settlement




is plotted downwards to a linear scale along the vertical axis and
the number of load cycles is plotted along the horizontal axis to a
logarithmic scale.

Curves are occassionally also drawn to show the settlement under the
lTower load of each load cycle.

In addition to the load testing results, the report should also pro-
vide information on the test pile: material, dimensions, Tength of
embedment and driving and load-testing dates and times, and the soil
profile should also be shown schematically. Any measurements taken
while driving the pile to refusal or rebound measurements should also
be reported.

The evaluated ultimate orbcreep Toad should be marked on the working
curve or in the reporting graph.




SETTLEMENT, mm

LOAD, kN

LOAD TESTED 17-10-1978

25+

504
LOAD TESTED 13-3-1979

'

PILE: Top segment of precast concrete, 20.0 m, C450
Bottom segment of timber, 18.1 m, OSp = 134 mm
Total Tength 38.1 m

PILE DRIVEN: 15-06-1978

PILE LOAD TESTED: 17-10-1978 and 13-03-1979

SOIL PROFILE: O - 2 m Dry crust
2 -55mFirm clay E6 HIGHWAY MALMO - GOTHENBURG
55 - 60 m Friction soil SECTION: ASKLOSTER - FRILLESAS

ULTIMATE 4 months after driving, 1230 kN 7Load testing of piles at
LLOAD: 9 months after driving, 1380 kN  bridge N 582. Test pile 2

Fig. 5.1. Example of results (working curves) reported from load
testing with a constant rate of penetation
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PILE: Precast concrete, 270 x 270 mm, L = 11.0 m

PILE DRIVEN: 10-02-1978
PILE LOAD TESTED: 28-03-1978

SOIL PROFILE: O - 4 m Organic silt
4 - 21 m Sand
BRIDGE OVER NYA KARLVIKSVAGEN

EVALUATED ULTIMATE LOAD: 1440 kN LULER MUNICIPALITY

Fig. 5.2. Example of results (working curves) reported from load
testing with stepped load increments
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PILE: Precast concrete, 270 x 270 wmm, L = 11.0 m
PILE DRIVEN: 10-02-1978
PILE LOAD TESTED: 28-03-1978

SOIL PROFILE: O - 4 m Organic silt
4 - 21 m Sand BRIDGE OVER NYA KARLVIKSVAGEN
LULER MUNICIPALITY
EVALUATED CREEP LOAD: 1250 kN

Fig. 5.3. Example of reported "creep load" curve from load testing
with stepped Toad increments




SETTLEMENT OF THE PILE HEAD AT THE UPPER LOAD LIMIT, mm

NUMBER-OF CYCLES .
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1 2 3 L 5678910
0 1 1 1L 1 1 1 i | 1 i .
LOAD INCREMENT
,. 200-100 kN
400-200 kN
L 600-300 kN
6—1
. 800400 kN
101
121 1000-500 kN
1
16
181
207 1200-600 kN
2
2
26+
1400700 kN
Y

PILE: precast concfete, 250 x 250 mm, L = 24.87 m

PILE DRIVEN: 21-01-1977
PILE LOAD TESTED: 20-05-1977

SOIL PROFILE: O - 6 m Fine sand
6 - 16 m Coarse silt
16 - 30 m Siit
below 30 m Boulder clay

EVALUATED CREEP LOAD: 1000 kN

BRIDGE OVER DALALVEN

AT DUVAKER

Results of Toad testing
Test pile No. 5

Fig. 5.4. Example of results reported from cyclic Toad testing
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6.1

INTERPRETATION OF LOAD TESTING RESULTS

General

As stated earlier, load testing of piles is carried out during the
planning stage to determine the lengths of friction piles, and is
carried out during construction to check the bearing capacities of
end-bearing piles and friction piles.

In the first case, the starting point is the known load of the struc-
ture and the fact that the strengths of the pile materials must be
utilised to the maximum, if possible. Load testing results are used
in this connection for determining the "bearing capacity" of a pile
of a certain length in the soil. In cases when the mode of operation
of the pile and the soil is unclear, this can also be assessed from
load testing results (cf. Section 6.2). The "bearing capacity" of a
pile in soil may be expressed as an ultimate load or as a creep load.

The ultimate load of a pile is the load at which failure is

reached along the sides of the pile and under the tip.

The creep load of a pile is the maximum load that can be applied
without incurring greatly increased deformation under continuous
loading or repeated loading and unloading.

The "bearing capacity" (ultimate load, creep load) of a pile as
defined above cannot generally be determined unambiguously from Tload
testing results. A number of criteria have therefore been developed
for determining ul timate or creep loads from Toad testing results.

The "bearing capacity" of piles often cannot be reached when the
bearing capacities of piles are being checked by means of load
testing, for practical and economic reasons. In this connection, the
upper load 1imit and criteria for approval must be determined for
each individual project. This may be achieVed, for example, by
studying the load-settlement curve for one or more piles that have
been tested to a greater load than the other piles (possibly test
piles).
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Assessing the mode of operation of a pile

The shape of a working curve from a load test that has been carried
to failure in the soil can often be used to assess the mode of opera-
tion of a pile, i.e. whether it acts as an end-bearing pile, as a
friction pile in clay or sand. The mode of operation of a pile is
compared with what can be expected, on the basis of the results of
the geotechnical investigation.

Fig. 6.1 shows some typical working curves obtained by testing with a
constant rate of penetration. Different intermediate shaped working
curves may be obtained, especially in alternating types of soil and
in intermediate soil.

SETTLEMENT
-

a "COLUMN IN AIR"
b END-BEARING PILE

¢ FRICTION PILE IN SAND
v d FRICTION PILE IN SAND?

e FRICTION PILE IN CLAY

Fig. 6.1 Typical working curves for piles with different modes of
operation (tested at a constant rate of penetration).




Column

Assume that a pile stands freely in air, with the pile tip on an
immovable support. The working curve will then follow a straight
Tine, a "column Tine", the slope of which is dependent on the cross-
sectional area and length of the pile and on the modulus of elasti-
city of the pile, according to the formula:al =P L (the risk of

bending is assumed to have been eliminated). EA

End-bearing pile (the tip rests on a solid support)

The pile is surrounded by soil, so that a part of the load is
transmitted to the soil through the skin or sides of the pile. Thus,

the vertical movements of the pile head will be less than for a
corresponding pile in air (curve b).

Friction pile in sand

The pile is completely surrounded by friction soil and the bearing

capacity of the pile tip forms only a part of the total bearing capa-
city of the pile. The working curve will then have the appearance of

curve ¢ or curve d, depending on the length of the pile and the pro-
portion of the total bearing capacity borne by the pile tip.

Friction pile in clay

The pile is completely surrounded by cohesive soil. The appearance
of the working curve will then be approximately that of curve e. The
load forcing the pi]e into the ground will reach a maximum and then
decrease with increased penetration, until a residual value is
reached and this is dependent on the sensitivity of the soil in which
the pile is driven and other factors.

Distribution of the bearing capacity between the tip and the sides of
the pile

A reliable determination of the distribution between the bearing
capacity of the tip of a pile and its sides is only possible if the
pile is fitted with a tip-force gauge and, if load testing with
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subsequent test pulling-out of the pile is carried out, since the
pile is normally not free of stress when load testing is started.
Test pulling-out is not necessary if the tip-force gauge is not
affected during driving of the pile.

By measuring the compression of the pile during load testing, it is
possible to assess from which load the entire load increment is
carried by the pile tip (Fig. 6.2).

The ratio AL/AP (the compression of the pile in relation to the
applied Toad increment) increases as the bearing capacity along the
sides is gradually mobilised, but then becomes almost constant, since
the pile force from continued load increments is transferred directly
to the pile tip. This constant final value of the ratio is theoreti-
cally equal to L/EA for the tested pile, where L is the length of the
pile, E is the modulus of elasticity and A is the cross-sectional
area of the pile. The load above which the ratio A L/ AP is constant
forms an upper limit for the skin-friction bearing capacity of the
pile.

The skin-friction bearing capacity of a pile is normally less, since
the pile is not free of stress when load testing is started.

{ /

1=
1=
\ o
+ =x =18 —~
20 ‘1///EA "
o
AL |
AP oL =
mm/MN AP L
104 1505
44()%
SETTLEMENT OF THE TIP j 1305,
| -
{10 =
I " e ‘l m
0 05 10 5 20

P, LOAD AT THE PILE HEAD, MN

Fig. 6.2. The elastic compression of a pile in relation to the
applied load increment, and the settlement of the pile tip
as a function of the applied load. (Load testing for the
Larje-Sdvends railway bridge at Sdvedn.)
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If the compression is measured in different parts of the pile,

further information on the distribution of the bearing capacity bet-
ween the tip and the sides is obtained (cf. Fellenius (1969) and
(1980) and Leonards & Lovell (1978)).

Determination of the ultimate load on a pile

The working curve {load-settlement curve) obtained from load testing
is used as the basis for determining the ultimate load on a pile. In
those cases (e.g. friction piles in clay) when a maximum value of the
load is obtained, the ultimate load on the pile is given as the
greatest load that can be carried by the pile, provided that the
settlement is then less than the ultimate settlement, 83’ as defined
below (see also Fig. 5.1).

However, the working curve often shows no maximum value, but the load
increases with increasing settlement. This is common in friction

piles in sand. The ultimate Toadl) of a pile is determined in these
cases as the load under which the pile head settles p in accordance

with the following formula:

SB = a+._P___|_"_

EA

where a = 20 + 0
20 (mm)

D = the diameter (mm) of the pile tip or, in the case of non-
circu]ar‘cross—sections, the diameter of a circular cross-
section of the same cross-sectional area (for square
cross-sections, D = 1.13 x the Tength of the cross-section
of the pile).

1) The criterion which was earlier common in Sweden 1is known as the
90% rule. According to this, the ultimate load is the least load
under which the settlement is twice that obtained under 90% of
the same load. This criterion has been found unsuitable in many
cases because the shape of the working curve has meant that the
criterion cannot be satisfied despite a large total settlement.
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P L
E—X'= the compression of the pile when it is loaded as a column (mm)
E = the modulus of elasticity of the pile in accordance with

Section 5.6.

A greater load is normally required to mobilise the tip resistance of
a pile than is required to mobilise the skin friction of a pile. The
settlement of the pile head (§p) required to achieve failure in soil
both at the tip and along the sides has therefore been adopted so
that the necessary movement of the tip is achieved. The compression
of the pile is normally less than —— because the force vector to the
tip and skin resistance does not affect the entire pile.

However, for long friction piles in sand, the above definition
achieves the desired increase in § B, so that the growth in bearing

capacity as a result of increased stresses in the soil is included.

The simplest method of determining the ultimate load is to draw the
“column 1ine" on the working curve so that it cuts the deformation
axis at the settlement 'a' mm. The ultimate load is then noted as
the intersection between the "column line" and the working curve (see
Fig. 5.2).

The ultimate load may be determined from the working curve for all of
the methods of testing described above, but it should be noted that
there is a certain difference between the results (cf. Section 1.3).
On average, it can be assumed that the ultimate Toads determined from
stepped load increment tests and cyclic testing are 90% of the ulti-
mate load determinéd by constant rate of penetration tests.

Determination of the creep load of a pile

The determination of the creep load of a pile is relevant in connec-
tion with load testing with stepped load increments or with cyclic
load testing.

In Toad testing with stepped Toad increments, the settlement of the

pile head during the latter part of each step, advisably during the
interval 9 - 15 or 12 - 15 min of a 15 min load period, is plotted as

“

|
|
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a function of the applied load (creep curve, cf. Fig. 5.3). A noti-
ceable increase in the rate of creep can generally be observed above
a certain load. The load at which the creep curve deflects most

(minimum radius of curvature) is defined as the creep load of the
pile.

In cyclic load testing, the settlement of the pile head is reported

as a function of the number of Toad cycles on log graph paper, in
accordance with Section 5.6. The creep 1oad is regarded as having
been exceeded when the course of settlement of the pile as plotted in
the graph becomes concave downwards (cf. Fig. 5.4). As loading is
carried out in stages of approx. 1/8 of the ultimate Toad, the creep
load can be easily exceeded if the upper load Timit is increased.
This makes the determination inaccurate as an assessment must be made
of how near the Toad has been to the creep 1limit during the last and
second last load stages. The load-settlement curves for these tests
should therefore also be plotted and the ultimate load determined as
above.

Comparison between the creep Toad and ultimate load of a pile

As mentioned in Section 1.3 and indicated by the definitions above,
there is a certain difference between the creep Toad and ultimate

load of a pile. The creep load may normally be assumed to be 80% of
the ultimate Toad determined from constant rate of penetration tests.

In the evaluation of a Toad test result, this should the creep load

(where this is possible) and the ultimate load, and a study of their
relation to one another. A large difference between these values may

indicate that the pile is bent, for example.
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TO BE OBSERVED WHEN SELECTING THE PERMISSIBLE LOAD

The permissible load for a pile is determined so that adequate safety
against failure in the soil or in the pile materials is obtained and
so that settlement and differential settlement do no exceed accep-
table values.

Acceptable safety against failure in the soil and against failure in
the pile materials is normally obtained from standards applicable to
the structure:

Swedish Building Code: SBN 80, issued by the National Swedish Board
of Building and Planning, 1980

Swedish Building Code 1975, Approval Rules No. 1975:8 Piles, issued
by the National Board of Physical Planning and Building, 1975

Bridge Standards, TB 103, issued by the Swedish National Road Admin-
istration, 1976

Directives for piling works, TB 108 issued by the Swedish National
Road Administration, 1976

Piles for Swedish State Railway tracks and buildings. Directives and
instructions. (SJ FT 541.1:11.1), 1979

In assessing the permissible load for piles in a pile group, the
degree to which the load-tested pile represents the pile group should
be taken into account in respect of the scé%e of the geotechnical
investigations and the driving resistance of the piles. The number
of load tested piles in relation to the total number of piles should
also be taken into account.

Acceptable values of the magnitude of the expected settiement and
differential settlement should be determined in consultation with the
designer of each project. For calculation of pile group settlement,
refer to Broms (1973), Torstensson (1971) and Vesic (1977).
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Negative skin friction forces resulting from settlement of the soil
around a pile in relation to the pile may cause settlement of groups
of friction piles. Particular attention should be paid to the
settlement of large groups of friction piles.
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REPORTING ON PILE DRIVING TESTS WITH SUBSEQUENT LOAD TESTING

General

The results of pile driving tests and load testing should be pre-

sented in a report prepared by the engineer responsible for the
project. In addition to the results from load testing, the report

should also contain such information as may be of importance for
understanding the conditions for pile driving tests and load testing,

and information of importance to the further design and construction
of the structure. The following Section is a check Tist as a guide to

writing a report. Refer also to the part on reporting in each

section.

Checklist for reporting on pile driving tests with subsequent load

testing

1. Client

2. Job, preconditions

3.  Structure, test site

4. Objective of pile driving tests, load tests

5. Geotechnical investigation (brief description, the whole

geotechnical investigation should be appended to the report)

6. Brief decription of soil and groundwater conditions

7. Test piles, reaction piles, other reaction arrangements
type, joints, inspection pipe, pile length (circumference,
curvature) location

8. Driving of test piles, reaction piles

date and time, driving equipment (type of pile driver,
weight of hammer, height of fall, type of dolly)

driving procedure, refusal criterion




10.

11.

12.

13.
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Results from driving of test piles, reaction piles
surveying of test piles, reaction piles, (measurements in
grid system, level of the pile head, actual pile length,
pile rake)
driving graph
rebound measurements
other observations (settlement/rise of pile or soil, compac
tion effect, comparison with geotechnical investigations)

Test loading
date and time

type of test loading
equipment for test loading

reaction arrangements

Results of test loading
test loading graph

interpretation of test loading results

Recommendations for the selection of
pile type and length

refusal criteria
permissable load on piles

Further investigations

A copy of the report on test piling and test loading should be sent,

for information, to: The Commission on Pile Research, c/o Swedish
Geotechnical Institute, S-581 01 LINKOPING 1, Sweden
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GLOSSARY OF WORDS USED IN APPENDICIES 3.1 - 3.1A

ANM. Anmarkning

Antal slag

Arbetsplats

Armering

Avstand frén pdlspets
Avvikelse frdn rata linjen

Betongpdle
Bilaga
Blad nr

Detalj
Diam.
Dimension
Djup

Dubbel part
Dygn

Enkel part
Enl. stand. ritn. el. dyl.

Fabrikat och typ
Fallhejare
Foretag

Hejarens fallhojd
Hejarvikt

Inspektionsror

Knekt
Langd

Material
Mellanlagg typ
mm/s1ag

Niva
Omkrets

Remarks

Number of blows

Site

Reinforcement

Distance from the pile tip
Deviation from a straight line

precast concrete pile
Appendix
Page No.

Detail
Diameter
Dimension
Depth
Double fall
Day

Single fall
As per standard drwg. or suchlike

Make and type
Hammer

Company

Height of fall of hammer
Weight of hammer

Inspection pipe

Follower
Length

Material 7
Type of packing
millimetre/blow

Level
Circumference
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Per serie

Profil

Protokollforare

Pale nr

PaThuvudets niva
P&11angd efter kapning
Pallangd i jord
Pa11angd vid slagning
P&Tningsprotokoll

P31skarv
P&1sko

Pa1spetsens niva

Referensplan(markyta el.dyl.)=

Sjunkning i mm for slagen
Slagdyna typ

Slagen den
Stagningsprotokoll

Stalpdle
Summa

Tillv. den

Toppdiameter
Trycklufthammare
Trapale

Tvarsnitt

Uppméatning av provpdlen

Vikt

R1der vid slagningen

Ovriga anteckningar
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Per series
Section
Log kept by
Pile No.
Level of the pile head
Length of pile after cutting
Length of pile in the soil
Length of pile during driving
Driving log
Pile joint
Pile shoe
Level of the pile tip

Reference plane (ground surface or similar)

Penetration in mm for ... blows
Type of dolly

Driven on (date)

Driving log

Steel pile

Total

Cast on (date)
Diameter at tip
Pneumatic hammer
Timber pile
Cross-sectional area

Measurements of test pile

Weight

Age at time of driving

Other notes

Enter notes on the following in the remarks column:

Preboring with preboring tool through fill or dry crust

Removal of clay plug

Penetration of the pile under its own weight

Penetration of the pile under its own weight plus weight of hammer
Insertion of new packing in the dolly

Any obstacles in the soil

Whether the pile is withdrawn and re-placed

Jointing or splicing

Any raking of the pile which occurs or measurement of prescribed rake
Any damage to the pile

Where follower has been fitted

Time at which driving is commenced, concluded and any breaks

Time at which rebound measurements are carried out

Time at which the gauge is inserted into the inspection pipe

Time when rebound is observed
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Foretag: Blad nr:
PALNINGSPROTOKOLL :

n PALE NR
arperseLats, BRIDGE OVER VALLEY AT AKBPING !
Detalj: WESTERN ABUTNENT Slagen den |2 / 8 19 28

Dimension @ 10X 27D m s Armering [ ¢20 mm —_.
B Betongpale Inspektionsror_b2 mmid. SEAM LESS « Tillv. den B0/ 6 118
[] Stalpale Profil
[] Trépéle Toppdiameter SAlgjgel:invégn ____14-2. dygn
Palsko ROOK SHOQL STUPD MARKED SPS 124 HFL.. . 54.3 MPo
Palskarv STIEE IN BENDING HERKVLES TYPE __ K= I
(enl. stand. ritn, el. dyl.
% - ANM.
[] Fallhejare  Hejarvikt =2 ? ton e par : 28-DRY cvBE STRENGTH
el part
= $50.0 MPa
] Trycklufthammare, Fabrikat och typ
[[] Knekt material (] Lerpropp bt wHEN DRIVING
tvarsnitt cm? diam. cm To REFvsal,
langd cm djup m
vikt ton

Slagdyna typ
Mellanlagg typ

Ol

vikt 0. 55 ton

PILE DRIVER: 1
LANDSVERK KL-250

Pallangd vid slagning 122k (2.9] L1010 | - _ 3421,

Pallangd efter kapning
&+
Palhuvudets niva v_T> %6

o

—_——m

Pallangd i jord: 2288
Palspetsens niva %A"_‘Lf_

'y
Referensplan (markyta el. dyl.)4Reun> LEVEL Njya v/__8.(0

No7 CvT

UPPMATNING AV PROVPALEN

Ovrlga anteckningar

e | g | S || RS SRS
m o me% m ] ’Vh% och skarvbeslag).
0.3 {280 30.0 (1295 - 4 JoinT BUTINGS HAvE BEEN
2.0 |i280| +2 32.0 |i200 O CAST WITHOLT JoiNT ANGLE
k.o |I13c0|+4 | 34.0 |I1300 - CEVIATION
6o |1285|+2 2.0” o
B.o 1245 | - & L.o +2  |WAFIER ToRMNG THROUGH 44
0.0 [1280| ©O 6.0 -2
12.0 1260 - 8.0 ol
b0 |1265] +2 lo.0 (2]
16.0 |1290| +2 4.0 s
(8.0 |1280|+4 | l6.0 -3
20.0 1295/ +2 |(g.0 -2
22.0 1278 © 20.0 + 2
24-0 (1280 - 22-0 + 2
26.0 (1290 © 26-0 + 2 20.0| — 4 |
28.0 |[12985]| -2 28-0 = L 32.0] + |

Blanketten ar utgiven av IVA:s Palkommission, Box 5073,

102 42 Stockholm. ifylles enligt IVA:s palkommission,

Anvisningar f6r provpalning och provbelastning, sértryck och prelimindra rapporter nr 11.






































































