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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Geotechnical investigation and testing — Testing of
geotechnical structures —

Part 2:
Testing of piles: Static tension load testing

1 (Scope

Thif document establishes the specifications for the execution of static pile load tests in whjch a single
pilelis subjected to an axial static load in tension in order to define its load-displacement behaviour.

Thif document is applicable to vertical piles as well as raking piles.

All types of piles are covered by this document. The tests considered-inthis document arg limited to
maintained load tests. Cyclic load tests are not covered by this document.

NOTE ISO 22477-2 is intended to be used in conjunction with EN;1997-1. Numerical values of palrtial factors
for limit states and of correlation factors to derive characteristicwalues from static pile load tests|to be taken
intojaccount in design are provided in EN 1997-1.

This document provides specifications for the executien of static axial pile load tests:

a) |checking that a pile behaves as designed,

b) |measuring the resistance of a pile.

2 |Normative references

The following documents are reférred to in the text in such a way that some or all of their content
conptitutes requirements of this document. For dated references, only the edition cited dpplies. For
undated references, the latest-edition of the referenced document (including any amendmengs) applies.

[SO|7500-1, Metallic materials — Calibration and verification of static uniaxial testing machinds — Part 1:
Tenkion/compression-testing machines — Calibration and verification of the force-measuring sylstem

EN 1990, Eurocade 0: Basis of structural design
EN [1997-1, Euvocode 7: Geotechnical design — Part 1: General rules

EN [1997-2, Eurocode 7: Geotechnical design — Part 2: Ground investigation and testing

3 Terms, definitions and symbols

For the purposes of this document, the terms and definitions given in EN 1990, EN 1997-1, EN 1997-2
and the following apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

©1S0 2023 - All rights reserved 1


https://www.iso.org/obp/ui
https://www.electropedia.org/
https://standardsiso.com/api/?name=7a2b7110e74bd36982069919542f3d8e

IS0 22477-2:2023(E)

3.1 Terms, definitions

311
pile load
F,

t
tension load applied to the head of the pile during the test

Note 1 to entry: For tests with embedded jack, the load is applied at another level (see [SO 22477-1).

3.1.2

load increment

increment pfToad added or removed during the test

3.1.3

pile diame¢ter
equivalent pile diameter

D
diameter

Note 1 to enftry: For non-circular pile with cross section A, the equivalent pile diametér equals ,[— .

3.14

the pile

working plile

pile for the

3.1.5

test pile
pile to whi
the surrou

3.1.6
measured,
Rt,m

value of th

Note 1 to enftry: The recommended failuréeriterion may be defined in EN 1997-1 or its national annex.

foundation of a structure

hding ground

tensile resistance

e measured tensile resistance at{the ultimate limit state, in one or several pile load tests

4A
T

Ch loads are applied to determine the resistance>displacement characteristics of the pile and

3.1.7

creep rate

a

ratio of thd increase in pile.head displacement to the decimal logarithm of time during a specified time
interval

3.2 Symbols

A pilé-Cross section

D pile diameter/equivalent pile diameter

F, load applied to the head of the pile during the test

Fy o critical creep load in tension

F'i or intersection of the linear regression of the first and last part of the alpha versus load curve
Fyx characteristic axial tensile load

F, predefined maximum load applied during the test

2 © IS0 2023 - All rights reserved
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N axial force
qs unit shaft friction
dsm measured value of g,

qs,mob mobilised shaft friction

R, tensile resistance of the ground against a pile, at the ultimate limit state
Ry measured value of R, in one or several pile load tests

s axial displacement of pile at any depth z

51 settlement at time ¢,

Sy settlement at time ¢,

s axial displacement of pile head

t time

t additional time reference for calculation of creep rate ¢
ty additional time reference for calculation of creep rate @
z depth

a creep rate

4 |Equipment

4.1] General

The selection of the equipment shall take into account the aim of the test, the ground conditigns and the
expected displacement of thepile under the maximum test load.

4.2 Reaction device

The reaction devicefor pile tested in tension can be:
— |shallow fouridations;

— | compression piles.

NOTE-L ™ The reaction device can be the test pile itself where the load is applied at depth by dne or more
hyd Faudic jar‘l(c which are castinto the pilp for bi-directional pi]p lnar‘ling (cpp 1ISQ 77477-1)

The influence of the reaction system on the test pile shall be minimized.

The minimum clear distances between the test pile and the reaction system elements depend on the
aim of the test (tensile resistance or stiffness).

For tests aiming at determining tensile resistance (ultimate limit state), minimum required distances
are shown in Figure 1 a) and b). The maximum value shall be applied.

NOTE 2  If the minimum clear distance between reaction system and test pile is smaller than 5 D, the tensile

resistance can be overestimated. The provided minimum distances limit the overestimation to approximately
5 %.

©1S0 2023 - All rights reserved 3
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>2,5m
>3,5D

>2,5m
>3,5D

For tests

the influer
implement
into accou
given in Fij

NOTE 3
tested pile.
considered.

For static
However, t

The reacti
relevant st
applied axi

Working p
there is no

T

RN

a) Shallow foundations b) Compression piles

Figure 1 — Minimum clear distances between test pile-and reaction system

himing at evaluating the axial displacement for, the serviceability limit state des
ce of reaction system is higher. In this case, a mihimum 10 D clear distance should
ed. This clear distance value may be reduced if a{d€edicated assessment is performed, tal
1t the ground conditions. In any case, the clear distance shall not be lower than the va
ure 1 a) and b).

P

his assessment can include a modificatien’of the reaction system to reduce its influence on|
For example, reduction of the skin frictien-of the reaction piles or the use of embedded jack(s) ca

ile load tests on piles with a diameter smaller than 300 mm, these distances may be redu
he minimum clear distance.shall be 1,5 m.

in accordance with

bn system shall be designed to resist the maximum test load F,
c{)to ensure that the log

hndards. The displacements of the reaction system shall be limite
ally for the duration’of the test.

les may be yused as reaction piles, provided that their structural resistance is sufficient
detrimentaleffect on their ability to perform as part of the structure. The displacemer

the worki

Reaction s

g piles.shall be monitored during the test.

stéms should be arranged symmetrlcally around the test p11e In cases of non- symmety

ign,

be
(ing
ues

the
h be

red.

the
dis

and
t of

ical

reaction system.

4.3 Force Input

4.3.1 Ge

neral

One or more hydraulic jacks should be used to apply the load on the test pile.

the

If several hydraulic jacks are used to apply the test load, they shall be arranged symmetrically, of the
same model and be supplied by a common supply from one hydraulic unit. Each hydraulic jack shall be
provided with a shut-off valve and an additional pressure gauge.

If a single jack is used, it shall be arranged centrally in order to ensure the pile is loaded axially.

4
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4.3.2 Specifications of force input

The achievable force of the jack(s) shall exceed F,. The stroke of the jack(s) shall exceed the expected
deformations (pile head displacement and those of the reaction system under load).

It shall be possible to decrease or increase the load smoothly without any shocks or vibrations and to
maintain the load at any required value.

To satisfy the required accuracies, an automatic and continuous electric or hydraulic control and
regulation of the jack force may be used. Alternatively, a hand pump with accurate measurement of
pressure or load and permanent regulation may be considered.

The

4.4
The

from reference beams.

Refi
The
pile
gre

One

Thd
leve
by t

If tlhe load is applied through several jacks-or several bars, the axial pile head displacemg

mea
to
min

accuracy of the force regulator shall be better than 0,5 % of F, or 10 kN, whichever is gr

Measurement of pile head displacements

displacements of the pile head shall be measured either by dial gauges or transducers,
brence beams shall be supported independently from the test pile.

s or the nearest edge of the shallow foundations should b€ at’least 2,5 m or 3,5 D, w
hter.

end of each reference beam should be free to slide.

position of the reference beams shall be checked-by’ a secondary control measuring syst
lling methods or other measurement methods, The position of the pile head should be al
his secondary control system.

isured at least with three transducers or gauges. They shall be arranged symmetrically a
he axis of the pile (see Figure 2)..The friction between the pile head and the sensors
imized by using suitable devices such as glass plates fixed beneath the sensors.

pater.

supported

clear distance between the supporting ends of the reference béams and the test pile and reaction

hichever is

bm, such as
so checked

nt shall be

nd parallel
should be

Key
1

displacement transducers or dial gauges

Figure 2 — Location of displacement transducers or dial gauges

If the load is applied through a single jack and a single bar (or tube), the axial pile head displacement
may be measured with one displacement transducer or dial gauge.

© IS0 2023 - All rights reserved
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The overall accuracy of the measured pile head displacement shall be better than 0,1 mm or 0,2 % of
the measured value, whichever is greater. Therefore, dial gauges or transducers shall enable readings
to be made to a resolution of at least 0,01 mm and any optical system of 0,1 mm.

The dial gauges or transducers should also have a sufficient measuring range, in order to avoid
readjustment during testing.

Unless otherwise agreed, the secondary control measuring system shall enable readings to an accuracy
of atleast 0,1 mm.

Any optical levelling measurements shall be controlled by reference to one or more fixed reference
points.

For raking piles, either pile head transversal displacement or overall displacement of the(reaction
system shgll be measured.

Relevant cgrner points of the reaction system should be included in the levelling checks.

4.5 MeTurement of pile load

The load shall be measured at the head of the pile. Unless otherwise specified,Aoad measurement shall
be obtained from a load cell (load cells) or from the pressure of the jack-or jack system, by meanfs of
suitable cajibrated pressure gauges.

NOTE Additional guidance can be found in national standards.

The load nfeasurement devices shall be calibrated against a suitable master device in accordance with
ISO 7500-1, giving full traceability to national standards.

The accurdcy of the load measurement should be 1 % ofF.

When the Joad is measured using the jack pressure, the calibration shall be done within a periofl of
six monthg before the test. Otherwise, a period.of 12 months shall be applied.

In some cifcumstances, for example, shock 9r eccentric loading or deviations of electronic load cklls,
change of dJomponents or presumed damage, additional calibration should be performed.

4.6 Pilelinstrumentation

The pile inftrumentation depends on the aim of the static pile load test:

— deternpine the overall tensile resistance;
— determine the distribution of the shaft friction along the length of the pile.

To determine only-the overall tensile pile resistance, no pile instrumentation is needed.

The distribation of the shaft resistance can be determined by measurement of the strain at cfoss
sections of The pile at various depths. This can be achieved for example by:

— built-in or removable extensometers;

— strain-measuring devices (such as vibrating wires strain gauges, optical fibre sensors, etc.) fixed to
the reinforcement or embedded in the concrete of precast concrete piles or attached to the walls of
steel piles.

The depth, the number of measuring levels, the number of devices at each level, shall take into account
the ground conditions, the type and the size of the test pile and the aim of the test.

Removable extensometers shall be installed in diametrically opposed pairs for large diameter piles
(shaft diameter > 0,6 m) and this for each depth to be measured. For smaller piles (shaft diameter

6 © IS0 2023 - All rights reserved
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< 0,6 m), one removable extensometer can be installed in the centre, if this does not conflict with
execution codes.

If instrumentation is installed before pile installation, like strain measuring devices, there should be at
least four symmetrically arranged pieces for each depth to be measured to achieve redundancy.

Strain measurements using continuous fibre optics shall be arranged with at least two loops
symmetrically arranged.

NOTE In case of special measurement device that does not require a full loop, two measurement lines can be
sufficient.

To (Iietermine load from strain, the cross-section A and the pile material equivalent Yourg's modulus
shall be assessed. All the materials present in the pile shall be considered.

5 [Test procedure
5.1] Test preparation

5.1]1 Protections

Thrjoughout the test period, all necessary precautions shall be{taken to prevent external|conditions
(sug¢h as weather, vibrations, etc.) to interfere with the test zesults.

Techniques to fulfil this requirement can include:

— |covering the entire testing set-up by a tent or similar;

— |protective covers;

— |adequate choice of materials for reference beams and conception of these beams;
— |use of temperature compensated.measuring devices;

— |reference beams painted white,

All [components, cables and (measuring devices embedded in or arranged outside the pile shall be
protected against damage‘during all stages of construction and testing. This includes in| particular
adepuate insulation of electric gauges and cables against water as well as mechanical protectjion against
danpage during the exeeution of the pile (e.g. concreting, trimming or driving), the prepargtion of the
pilethead and the setting up of the test installation and devices of the test.

Any other site getivities that can influence the measurements, for example vibrations caused by ongoing
conptructionactivities, should be suspended for the duration of the test.

Theairtemperature shall be recorded regularly during the course of the test to identify any tdmperature
effgctsion the test results.

5.1.2 Construction of a test pile

Test piles should be constructed in a similar manner as working piles (same installation method,
machinery and materials).

Test piles should be of the same diameter as the working piles. Load tests on smaller diameter test piles
may be considered following the specifications and restrictions specified in EN 1997-1.

Depending of the type of the pile, additional tension elements may be necessary to apply the load.

Test piles shall be designed to resist the maximum test load, so extra reinforcement is permitted.
However, its possible influence on the pile’s behaviour shall be considered.

©1S0 2023 - All rights reserved 7
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The influence of pile instrumentation on the pile construction and integrity shall be minimized.

Particular care should be given to the supervision and the monitoring of the installation of the test piles
and the production of piling records. Guidance on the various items to be monitored and recorded is
given-in the respective piling execution standards.

5.1.3 Test date

Between installation and testing of a pile, time periods given in Table 1 are recommended.

Tabled+—Reecommended-timeperieds-betweeninstallation-and-testing-ofapie
Soil type Pile type Minimum time (days)
(oarse soils All 7
) ) Bored 21
Fine soils -
Displacement 28
NOTE 1 Altprnative time periods can be specified with appropriate justification.

NOTE 2 In¢{

ensitive soils, sometimes longer time periods are necessary.

Inrock,as

Load testiy
and the int]

5.2 Loadling procedure

5.2.1 Ge|

Unless oth
cycle. Altey

NOTE 4

The loading procedure should start by a load of maximum 0,05 F,, in order to check the loading

measurem
The loadin
During a Ig

During the
graph shot
test.

ite-specific time assessment shall be made and agreed.

g on cast-in-place concrete piles and grouted micropiles shall only begin when the mate
erface between materials have reached the strength to_aecept the test load.

neral

erwise specified, the load test should_be executed following one single loading/unloag
natively, multiple loading/unloading cycles may be used.

\dditional guidance can be found in'national standards.

ent equipment. If necessaty)the pile is unloaded, and the equipment adjusted.
b should be increased or decreased smoothly, in order to avoid shocks and vibrations.

ad step, the load’shall be held constant.

ld be manyially or automatically plotted. The creep rate a should be calculated during

5.2.2 Lo

rial

ling

and

pile load test{load-time and displacement-time data shall be available. The load-displacenpent

the

hd step sequence and duration of load steps for one cycle procedure

The pile load shall be increased in steps and each step shall be held constant over a certain specified
duration. The maximum test load F, shall be reached in minimum eight load steps.

Load increments should generally be of equal magnitude.

Unloading of the pile should be performed in at least four load steps.

When approaching the failure load, the load step increment may be decreased in order to accurately
determine the displacement behaviour approaching failure to refine the determination of the ultimate
pile resistance.

Each loading and unloading step shall be maintained for a minimum duration, which should be the
same for all loading steps and the same for all unloading steps respectively. A minimum duration of

8
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60 min is recommended for the loading steps. A typical loading sequence is shown in Figure 3. The first
three loading steps may have a shorter duration when the displacement rate of the pile is lower than
0,1 mm/20 min (during the last 20 min). For unloading steps, a minimum duration of 10 min and for the
final unloading step a minimum duration of 30 min are recommended. Unless otherwise agreed, the
loading duration should be extended on the basis of either the creep rate or the displacement rate. If the
creep rate is to be used, the duration should be extended if it is still increasing. If the displacement rate
is to be used, the duration should be extended if it is greater than 0,1 mm/10 min.

Fi/F,

1,2

1

0,8

0,6

0,4

0,2

=230
0
t
Figure 3.—~ Load step sequence for one cycle procedure

5.213 Load step sequénce and duration of load steps for multiple cycle procedure
The pile load shall.b&increased in steps and each step shall be held constant over a certaih specified
durption. The maximum test load F, shall be reached in a minimum of two cycles. The maxjimum load
durfng the firsteycle shall be reached in a minimum of four load steps. During the second cytle, F,, shall
be jjeachedin a‘ minimum of eight load steps.
If Fy iskhown, the maximum load during the first cycle shall correspond to the characteristic pile load
Fix

Load increments should be of equal magnitude (see Figure 4):
— between 0,05 F,, and the maximum load of the first cycle;
— between the maximum load of the first cycle and F,,.

NOTE Magnitudes of increments between 0,05 F_ and the maximum load of the first cycle and between the
maximum load of the first cycle and F; are usually different.

When approaching the failure load, the load step increment may be decreased in order to accurately
determine the displacement behaviour approaching failure to refine the determination of the pile
resistance.

©1S0 2023 - All rights reserved 9
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Unloading of the pile should be performed in at least two load steps after the first cycle and four load
steps after the second cycle. After displacements ceased under 0,05 F,, the pile should be completely
unloaded.

Each loading and unloading step shall be maintained for a minimum duration. The minimum
recommended duration for each load step is shown in Figure 4. The loading duration should be extended
until the displacement rate of the pile is less than 0,1 mm/20 min for loads < F; , and 0,1 mm/5 min for
the following load steps. Unless otherwise specified, the duration for loading steps reached for the first
time shall be extended if the creep rate after the minimum recommended duration cannot be clearly
determined or is increasing. The total unloading step should continue until the displacements have
completely ceased

Fil

=60’

10’

== ===

Figure 4 —(Load step sequence for multiple cycle procedure

5.2.4 Maximum testload F,
For all testk, the maximum test load F), shall be specified prior to the test.

If the pile |load fias been previously determined, the maximum test load shall be derived following
EN 1997-1,/depending of the aim of the test. If the pile load has not been previously determined, a value
exceeding theestimmated or expected pife tensite resistance R, stroutd be used:

5.2.5 Measuring intervals

During each load step the axial displacements of the pile head, the load applied to the pile and, when
installed, the measurements of the pile instrumentation shall be recorded.

Synchronization of clocks prior to the test shall be performed if multiple dataloggers are used.

The pile head displacements and the applied load shall at least be recorded at the following time
intervals:

— loading steps: 0, 2, 5, 10, 15, 20, 25, 30, 40, 50 and 60 min and further on every 10 to 30 min;

10 © IS0 2023 - All rights reserved
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— unloading steps: 0, 5 and 10 min (plus at 30 min for total unloading).
If automatic recording is used, a time interval of 30 s to 1 min is recommended.

The measurement of the pile instrumentation (e.g. strain gauges, extensometers) shall at least be
recorded at the following time intervals:

— loading steps: 5 min and at the end of the load step;

— unloading steps: 5 and 10 min (plus at 30 min for total unloading).

The_measurements from the secondary control measuring system shonld at least he recorded at the
beglinning and at the end of each loading step.

If transversal displacements of the pile head have to be measured, this shall be made’at least at the
beglinning and at the end of the load step.

The air temperature shall be recorded at least at each load step.

6 |Testreport

6.1l General

The test report shall be presented in the form of a data repof? and an interpretative report.

6.2 General information

The data report shall include the following data:

a) |areference to this document,i.e. ISO 22477-2:2023 and all relevant standards;

b) |general information concerning the test site and program:

— the precise location;

— the level of the working platform;

— any items that canfinfluence the test;

— the test date;

— referencelof the organisation(s) which has(ve) carried out and supervised the test;
— the purpose of the test;

— the postulated maximum test load Fp;

c) |information concerning the ground conditions:

— reference to the site investigation report;

— location and reference number of the relevant ground investigations;

— adescription of the ground conditions, in particular at the vicinity of the test pile;
d) specifications concerning the test pile:

— reference of the organisation which build the pile;

— the pile type, its reference number;

— date of installation;

©1S0 2023 - All rights reserved 11
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— description of the pile installation and of any observations related to the execution, likely to
have an influence on the test results;

— pile data, such as geometry, top and base level, pile material and reinforcement;

— material specifications;

— dr

iving and drilling logs, concreting or grouting reports;

e) specifications concerning the pile test setup:

— details of the reaction device:

— deftails of the loading and measuring apparatus;

— deftails of pile instrumentation;

— Tre

cords of the calibration of the jacks or load cells and gauges;

— deftails of any additional tension elements;

— photographic documentation.

6.3 Datareport

The data r¢port shall include all measurements recorded during thectest, including:

— there
force (|

— the co

ndings at the required time intervals of the loadingsmeasurement devices, expressed
load cell) or as a pressure (hydraulic jack);

Wwersion into force of the pressure in the hydraulic jack, considering the calibration dat]

the device;

— the ind

the pil

h

)

— measuI"ements from the secondary control measuring system;

— ambie
— anyco

For tests a

t temperature;
Frections applied to meéasured data.

iming to deternfine the distribution of the shaft resistance along the length of the pile,

following ddditional data‘shall be given:

— the regdings ofdthe pile instrumentation sensors in the pile shaft;

— for cor|cretepiles, equivalent Young’s Modulus taken into account and how it has been determi
if straiIn sensors are used.

S a

b of

ividual readings of the dial gauges on transducers and the mean displacement of the head of

the

ned,

The test data (including the calibration certificates) shall be transmitted in the form of tables and
charts. If automatic recording is used, the measurements shall also be available electronically upon

request.

For all test

s, the following charts shall be given:

— the time-load curve (t-F, plot; see Figure 5);

— the load-displacement curve of the head of the pile [F,-s;, plot; see Figure 6 a) or b)], corresponding
to the beginning and the end of each load step;

— the time-displacement curve for each load step, respectively plotted against time [t-s), plot; see
Figure 7 a)] and in a semi-logarithmic timescale [log(t)-s,, plot; see Figure 7 b)];

12
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the load-creep rate curve (F-a plot; see Figure 8).

The creep rate a is derived for each load step from the linear end of a logarithm of time-axial
displacement plot, as:

o=—2"51
log(t;, /t1)

where

For
foll

Theelastic deformation of the pile can be deduced, for exairple, from the measured relative di
of e

NOTE For concrete piles tested in tension, the uneertainty on the equivalent Young’s Modulus de|

can
are

For

6.4

For

For
foll

Sy isthe axial dicp]nr‘pmpnf atthe time Ly

s, is the axial displacement at the time ¢,;
t; isthe start of the respective time interval;
t, isthe end of the respective time interval.

tests aiming to determine the distribution of the shaft resistance along the length of t
pwing additional plots shall be given:

the axial force-depth curves (N-z plot; see Figure 9);

the unitshaftfriction mobilisation curves (g5 1,,,-s plot; seeFigure 10) for the differentrep
pile parts.

ktensometers or calculated on basis of strain meastirements in the pile shaft.

be significant, especially as cracking occurs during the test. So, axial force with depth and unit s
Herived and not measured values.

piles, the axial force should take into,account the self-weight of the pile.

Interpretative report
all tests, the following results shall be given:

the value of the measured tensile pile resistance of the ground against a pile, at the ult
state, R, ,, or the maximum measured value of the pile tensile resistance, if the ultimate
is not reachedduring the test.

tests aiming-to determine the distribution of the shaft resistance along the length of t
wing additional results shall be given:

théxmeasured value of the unit shaft friction along the pile g (), or the maximum meas

he pile, the

Ffesentative

bplacement

termination
haft friction

imate limit
limit state

he pile, the

ured value

of the shaft friction, if the ultimate limit state is not reached during the test.

If specified, more optional parameters or information can be required, as:

the critical creep load F, . (see Annex A);

further evaluation by mathematical models.

NOTE Additional guidance can be found in national standards.

©IS

02023 - All rights reserved
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Figure 5 — Time-load (t-F):plot
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a) Load-displacement of the head of the pile (F;-s;,) plot, different curves for beginning and end
of each load step
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b) Load-displacement of the head of the pile (F-s;) plot, one single curve

2 |Beginning of each load step.
b End of each load step.

Figure 6 — Load-displacement of the head of the pile (F,-s;,) plot
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a) (t-sy,) plot
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