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S. o
Foreword g@

This document (EN 13391:2004) has been prepared by Tech al mittee CEN/TC 250 “Structural
Eurocodes”, the secretariat of which is held by BSI.

This European Standard shall be given the status @&u standard, either by publication of an identical
text or by endorsement, at the latest by Augu Mnd conflicting national standards shall be withdrawn at
the latest by August 2004.

This European Standard m%red by Working Group 1 of CEN/TC 250/SC 2 "Design of concrete
structures”. The standard s ments ENV 1992-1-1, ENV 1992-2 and the "European Technical Approval
Guideline of post-tensioning kits for prestressing of structures (these are commonly called Post-Tensioning
Systems)", ETAG 013.

Annex A is informative.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Cyprus, Czech Republic,
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania,
Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland
and United Kingdom.
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1 Scope

This European Standard specifies the test procedures for the anchorages and couplings of post—tensiom\
systems. This standard is to be used in conjunction with the relevant European Standards ENV 199 @

ENV 1992-2 and others for pertaining to prestressed concrete structures. 6 .
The test results should be used for the acquisition of the Technical Approval of th post-tensioning
system.

-
For unbonded tendons additional tests and requirements are needwg\ﬁgse are not covered in the present

scope of this standard.
N ‘G

2 Normative references *
\\\\\3 ‘

Not applicable.

3 Terms, definitions and symbols

For the purposes of this European Standard, the following terms, definitions and symbols apply.

3.1 Definitions

3.11

Anchorage

mechanical device, usually consisting of several components designed to reliably and safely retain the force in
the stressed tendon and to transmit it to the concrete. Anchorages can be either of the two types specified
below:

Stressing anchorage: an anchorage located at the end of a tendon which can be used for stressing. It is
exposed until grouting has been carried out and the anchorage sealed.

Fixed anchorage: an anchorage which is not used for tendon stressing.

3.1.2

Anchorage zone

local zone in the structure through which the prestressing force is transferred to the structure via the
anchorage

3.1.3

Bursting reinforcement

reinforcement in the anchorage zone to resist transverse tensile forces due to the introduction of prestressing
force into the structure

314
Coupling
device to join tendons

3.15

Duct (sheathing)

enclosure in which the prestressing steel is placed and which temporarily or permanently allows relative
movement between the prestressing steel and surrounding concrete. The remaining void within the duct can
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be subsequently filled with cementitious grout or other suitable material to protect the prestressin‘ steel

against corrosion ((\
| cO

3.1.6

Prestressing > .
controlled generation of permanent forces and deformations in a structural concnefe \iYefnber to counteract the
stresses arising from dead and live loads and/or due to shrinkage etc. g

-
3.1.7 (\6«
Post-tensioning system
arrangement of tendon and anchorages to carry oyt s[g’ns,lonlng
3.1.8
Tendon
one or a number of prestre% eIements e.g. wire, strand, bar, etc. Tendons can be either:

Bonded: following stressing the tendon is grouted, thereby creating bond between the prestressing steel,
grout, duct and concrete; or

Unbonded: bond between tendon and concrete is prevented with the tensile force of the stressed tendon
being permanently transferred to the concrete by the anchorages and deviators only

'?'Ielﬁ%on-anchorage assembly

connection between tendon and anchorage

Symbols

Apk characteristic cross-sectional area of the tendon

Aom actual mean cross-sectional area of the tendon

Fok characteristic ultimate resisting force of prestressing steel of tendon; Fp = A - fox

Fom calculated ultimate resisting force of prestressing steel of tendon; Fpn = Agm * fom

Fru measured ultimate force of tendon-anchorage assembly

Fu measured ultimate force in load transfer test

max F upper force in the dynamic load test with tendon-anchorage assembly

min F lower force in the dynamic load test with tendon-anchorage assembly

DF force range in the dynamic load test; OF = max F —min F

fox characteristic compressive strength of concrete at 28 days

fexo minimum characteristic compressive strength of concrete at which full prestressing is planned on site
fem.e mean compressive strength of concrete of specimen at final test to failure in the load transfer test
fem.o mean compressive strength of concrete at which full prestressing is planned on site

fox characteristic tensile strength of prestressing steel
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fom actual mean tensile strength of prestressing steel used for test (mean of the result of minimum three
tests)

t time (0\

w crack width measured in the load transfer test GO

€ny elongation of prestressing steel on free length of tendon at ultimate force F

Rl

4 Tests and requirements for post-tensioning an W@@

4.1 General \\N

41.1 Purpose \g\\\Q

It is the purpose of the test procedures to standardize the required mechanical tests for post-tensioning
systems. The stipulated requirements pertain to the described tests. Figures are given in annex A.

4.1.2 Specification of system

Prior to testing, the principal details of the prestressing system shall be made known as far as they relate to
the tests, e.g. by the technical report or specification of system.

4.1.3 Laboratory, testing facility

Generally, the tests shall be performed by an independent and notified laboratory. However, facilities provided
by the applicant may be used, if the tests are executed under the surveillance and responsibility of such a
laboratory.

4.1.4 Materials and components for the tests

All tests should be performed with the type and grade of prestressing steel and with the anchorage
components as intended for application. If the anchorage to be used requires mechanical treatment of the
prestressing steel, the effects of such treatment should be considered and justified.

The geometrical and mechanical properties of anchorage components as well as the tolerance range of
dimensions shall be made known.

For the load transfer test the grade of concrete for the application of the post-tensioning system shall be as
defined in the specifications. The grade of concrete is specified by its characteristic compressive concrete
strength at 28 days, f., this being determined in accordance with relevant standards. The minimum concrete
compressive strength at which full prestress can be applied on site shall be specified. It can be defined either
as the mean compressive strength f.n, or as the minimum characteristic compressive strength, fy, of the
concrete of the anchorage zone. These values are assumed to be related to each other by:

fck,o = fcm’o — 8 MPa.
(The properties of the concrete for the specimens are given in 4.2.3.2 and 4.2.3.3)
4.1.5 Types of test

The tests are performed according to the method of anchoring the prestressing steel. A distinction is made
between:
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Anchorages formed by mechanical means: the prestressing steel is fixed to an anchorage element by
means of mechanical devices such as wedges, button heads, threads, etc. Anchoring m ’T\so be
achieved by forming the prestressing steel in a loop around a steel element, etc. < ( i

to the tendon. The anchoring may either be achieved by bond alone or mechanical device

Bond anchorages: the prestressing steel is anchored in the concrete before t @%mg force is applied
and partially by bond.

The tests pertain to tendon-anchorage assemblies and an % es of bonded and unbonded, interior or
exterior tendons. Couplings, which connect two tendon a continuous tendon, shall be tested in the
same way as anchorages with mechanical mean
In carrying out a test items may also Qe ed, for instance:

mechanical anchorageY@l g- mechanlcal anchorage.

mechanical anchorage — anchorage by bond.

Three types of tests are to be performed: static load test, fatigue test and load transfer test.
4.2 Testing of systems with mechanical anchorages
4.2.1 Static load test with tendon-anchorage assembly

4211 General

The aim of the test is to assess the performance of the tendon-anchorage assembly and to determine any
decrease of the breaking load of the prestressing steel due to the influence of the anchorage. The test also
pertains to couplers.

4.2.1.2  Test specimen

The tendon to be tested shall be assembled according to the envisaged application, using all components
necessary for anchoring the tendon. Components for testing shall be randomly selected. The geometrical
configuration of the individual tensile elements in the specimen shall be identical to that of the specified
tendon assembly given in the European Technical Approval (ETA). The following data of the tensile elements
shall be established :

main mechanical and geometrical properties of the tensile elements, including the actual ultimate
strength;

calculated actual ultimate force Fpn;

mean total cross-section of tensile elements Agn;

surface characteristics of tensile elements.
Relevant geometrical and mechanical properties of anchorage components shall also be determined. The free
length of the tensile elements in the tendon specimen to be tested shall not be less than 3,0 m, except for bar
tendons with a minimum length of 1,0 m. If more than one grade of tensile elements of the same type is to be

used with the same type of anchorage, the tests shall be performed using the grade with the highest
characteristic tensile strength, and/or load capacity.
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4.2.1.3 Test procedure

The tendon specimen is mounted in the test rig or testing machine, observing the same geometrical
configuration of the individual tensile elements in the specimen to that specified in the ETA. \

The tendon is stressed at one end with representative equipment comparable to the one used o CC@QUOH
site, and specified in the ETA, in steps corresponding to 0,2, 0,4, 0,6 and 0,8 of the ¢ ﬁ%}iﬂic tensile
strength of the tensile elements. The load is increased at a constant rate correspondi % 100 MPa per
minute. At 0,8 level, the load is transferred from the equipment to the anchor ig. It is then held
constant at 0,8 level for one and two hours for internal and external respectlvely For external
tendons, the load is then reduced to 0,2 level. Subsequently, the f@lua y increased for both tendon
types with the test rig to failure at a maximum strain rate of 0,00 ute

The uncertainty of values measured with the quipment shall be within +1 %. Loads shall be
maintained with a maximum tolerance of +2 % ad measured in the jack shall be adjusted for estimated
friction losses in the anchorages to as giithe specified load has been applied to the anchor head used
for measurement. i&

4.2.1.4 Measurements and observations
The following measurements and observations shall be made and recorded:

Compliance checking of the components with ETA specifications (materials, machining, geometry,
hardness, etc).

Relative load— and time—dependent displacement Ds of the tensile elements with respect to the
anchorage on at least two elements (see Figure A.1).

Relative load— and time—dependent displacement Dr between the individual components of the
anchorage on at least two components, e.g. wedges (see Figure A.1), or as applicable for other methods
of anchoring the tensile elements.

For external tendons only, deformations of one anchor head in circumferential direction X, and
deflections of the head relative to the supporting plate L, (see Figure A.2), in seven measurement series
as follows:

1) At 20 % level.

2) At 40 % level.

3) At 80 % level between time t,, and t, + 10 minutes where t, is time when 80 % level was reached.

4) At 80 % level between time t, + 30 minutes and t, + 40 minutes.

5) At 80 % level between time t, + 60 minutes and t, + 70 minutes.

6) At 80 % level between time t, + 120 minutes and t, + 130 minutes.

7) At 20 % level.

Complete load-elongation diagram, continuously recorded during the test.

Elongation of the tensile elements er, on free length at measured maximum force F,.

Measured maximum force F,.

Location and mode of failure.
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Examination of components after dismantling, photographic documentation, comments, including residual
deformations of the anchor head. i

4.2.2 Fatigue test with tendon-anchorage assembly

o oo

The aim of the test is to determine the capacity of the tendona“@gegsembly under load fluctuations, as
an indication of the reliability and durability of the assembh,

4221 General

4.2.2.2  Test specimen

The type of specimen correspo 1 2, see also Figure A.1. At least at one tendon end the anchorage
with all components which e tenS|Ie elements in the anchorage and at the entrance into the duct
shall be provided identical toytite assembly specified in ETA, with no change to their geometry, their material,
and their machining. These components which deviate the tensile elements shall be kept at a fixed distance
from the anchorage to duplicate the actual deviation and the relative movements to the tensile elements. If
both tendon ends have such anchorage details as specified above, the specimen shall count as two tests.

If more than one grade of tensile elements of the same type is to be used with the same type of anchorage,
the tests shall be performed with tensile elements using the grade with the highest characteristic tensile
strength, and/or largest load capacity.
Where possible the tendon shall be tested with the complete number of tensile elements installed. However,
the number of tensile elements in the tendon-anchorage assembly to be tested may be reduced as follows.
For a tendon of n tensile elements, the reduced number n' of tensile elements installed for the test shall
comply with:

ifn£12: n'fn/2

ifnfl2: n'¥6+ (n-12)/3

The tensile elements with the most severe angular deviation from the tendon axis shall be included.

The concrete strength at the start of the fatigue test shall not exceed f.n o

4.2.2.3 Test procedure

The test shall be performed in a tensile testing machine with the pulsator at a constant load frequency of not
more than 10 Hz, and with a constant upper load of 65 % of the characteristic strength of the tensile elements.
Range of loads DF =max F—min F shall be maintained constant throughout the testing, at levels
corresponding to 80 MPa stress amplitude in the tensile elements for 2 million cycles. On its free length the
specimen shall be without duct and filling material.

The specimen shall be tested in such a way that secondary oscillations are precluded. When assembling the

specimen and fitting it in the testing machine, special care should be taken to ensure that the load is evenly
distributed to all the tensile elements of the tendon.

4.2.2.4  Measurements and observations
The following measurements and observations shall be made and recorded :

Compliance checking of the components with European Technical Approval specifications (materials,
machining, geometry, hardness, etc).
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Relative displacement between tensile elements and individual anchorage components as well as
between the anchorage components, dependent on load and on number of load cycles on at least two
tensile elements (Figure A.1).

Examination of anchorage components and tensile elements after test with respect to fatigu d@(&\\
and deformation.

Record of fracture location and number of tensile elements which have falled 0@ as a function of
the number of load cycles.

Examination of components after dismantling, photographic d @@on comments.

The slip of ends of the tensile elements relative to rete shall be measured.

\\\\\3 A

With the load transfer test, the reliable transfer of the prestressing force from the anchorage to the concrete
shall be verified.

4.2.3 Load transfer test

4.2.3.1 General

4.2.3.2 Test specimen

The test specimen is schematically shown in Figure A.4. The specimen shall contain those anchorage
components and bursting reinforcement which will be embedded in the structural concrete, and their
arrangement has to comply with the intended application and with the specification as per the ETA.
Components shall be randomly selected.

The test specimen shall be a concrete prism for testing in axial compression. Its concrete cross-section
A;.=a- b shall correspond to the minimum cross-section in axial compression for the particular tendon and
concrete strength class in the structure permitted by the ETA applicant's guide. The dimensions a and b of the
concrete prism shall be specified in the European Technical Approval as reference dimensions.

The height h of specimen shall be at least twice the longer of the two side lengths a or b, see Figure A.4. The
height of the lower, nominally reinforced part of the specimen shall be at least 0,5 h long.

The part of the specimen containing the anchorage components shall be provided with bursting reinforcement
of the same magnitude and configuration as specified for the particular system and tendon in the European

Technical Approval. For the assembly of the bursting reinforcement, auxiliary reinforcement may be used. It
will not be part of the technical approval if the following conditions are met:

longitudinal bars with a total cross-section of £0,003 A,

stirrups, uniformly distributed along the height of specimen, with £50 kg steel/m3 concrete.
The concrete of the test specimen shall correspond to normal concrete used for prestressed concrete
structures with respect to materials, composition, compaction and its characteristic strength fy. After casting

the specimen shall be de-moulded after one day and then moist-cured until testing. The test cylinders or
cubes cast for the determination of the compressive strength of concrete shall be cured in the same manner.

4.2.3.3 Test procedure

The specimen shall be mounted in a calibrated test rig or testing machine. The load shall be applied to the
specimen on an area which simulates the loading condition in a complete anchorage.

The load is increased in steps: 0,2 Fy, 0,4 Fy, 0,6 Fy and 0,8 Fy, (Figure A.5). After reaching the load 0,8 Fy,
at least ten slow load cycles are to be performed, with 0,8 Fy and 0,12 F being the upper and the lower load

10
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limits, respectively. The necessary number of load cycles depends upon stabilisation of strain readings and
crack widths as described below. Following cyclic loading, the specimen shall be loaded con«‘isly to
failure.

decide whether satisfactory stabilisation of strains and widths of cracks is be| d. Cyclic loading shall
be continued to n cycles until stabilisation is satisfactory, Figure A. 5 equence of loading and
measurements. a,

During cyclic loading measurements shall be taken at the upper and lower loads of I'cycles in order to

At the final test to failure the mean compressive strength@‘&u te of specimen shall be:

o

Crack widths can be co Q\X have stabilised if their width under upper load complies with:
Wi Wn4£1/3(Wn_4—Wo

1:cm.e £ 1:cm,O

Longitudinal and transverse strains can be considered to have stabilised if the increase of strain under
the upper load complies with: g, — 6,4 £ 1/3(6,.4 — &), n + 10

See Figure A.6 for details on how to assess stabilisation criteria.
4.2.3.4 Measurements and observations
The following measurements and observations shall be made and recorded:

Compliance checking of the components with European Technical Approval specifications (materials,
machining, geometry, hardness, etc).

Longitudinal and transverse concrete strains on at least two side faces of the specimen in the region of
maximum bursting effect under the upper and lower load, dependent on number of load cycles.

Formation, width and propagation of cracks on the side faces of the specimen, as mentioned above.
Visual inspection and/or measurement of deformation of anchorage components in contact with concrete.
Location and mode of failure.

Measured ultimate force F,.

Examination of components and specimen after testing, photographic documentation, comments.

Figure A.7 schematically shows the arrangement of the gauge points for the strain measurement on each side
of the specimen, etc.

4.3 Testing of systems with bond anchorage
4.3.1 Static load test with bond anchorage

43.1.1 General

The aim of the test is to verify the reliable transfer of the prestressing force from the tendon to the concrete.

11



EN 13391:2004 (E)

4.3.1.2 Test specimen

The bond anchorage and tendon shall be cast into a concrete block. The arrangement of the tensile elements,
their geometrical shape, anchorage components, etc shall comply with the ETA. Components used for tes \
shall be randomly selected. The cross-section and side lengths, a and b of the specimen, should corr &
to the values defined in 4.2.3.

The test specimen is shown schematically in Figure A.3. The specimen consists of % S. One region
contains the embedded bond anchorage, all the anchorage components and t % inforcement. The
other region contains the straight tendon with the duct which is not |nject wil/ylling material. The straight
tendon length shall exceed the length of the longer side of the spegi

The specimen shall be cast in a horizontal position. To fqgﬁe detrimental effect due to setting of fresh
concrete on bond, an additional concrete block qf i about 500 mm below the specimen shall be cast
integrally with the specimen. This additional b} | De removed before testing.

.
Identical requirements to 4.2.3.2 a '\,&Q bursting reinforcement and the concrete regarding strength, de-
moulding and curing, etc. All details ®f the tendon need to comply with the ETA.

4.3.1.3 Test procedure

The test procedure corresponds to 4.2.3.3 and Figure A.5. At the final test to failure the mean compressive
strength of concrete in the specimen should be:

fcm,e E' 0180 fcm,O
The stabilisation criteria are identical with requirements in 4.2.3.3.
43.1.4 Measurement and observations

These shall correspond to 4.2.3.4. In addition the slip of ends of prestressing steel relative to the concrete
shall be measured.

4.3.2 Fatigue load test with bond anchorage

4.3.2.1  Test specimen

As described in 4.3.1.2.

4.3.2.2  Test procedure

As described in 4.2.2.3.

4.3.2.3 Measurements and observations

As described in 4.2.2.4 and 4.3.1.4 accordingly.

5 Supplementary tests

5.1 General

To prove the reliability of a post-tensioning system and to make technical information available for its
application on the construction site, it may be necessary to carry out supplementary tests. These may be
omitted if justified because of sufficient experience with a system (see ETAG 013, E.3).

12
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5.2 Multiple stressing test

If for the particular system it is planned to apply stage stressing and anchoring of the w\lo an
incrementally increasing force with the same set of wedges, the effects of this procedur, sl@ e tested in

single tensile element tests (see ETAG 013, E.3). ge *

The prestressing force should be established accurately W‘A} iIred magnitude in every cross-section of
the structure. Therefore the friction coefficient for com u@ osses should be known in advance.
.

alt with. Reference is to be made to ETAG 013, B.6.1.

5.3 Friction test
-

Tests to predetermine the friction Iosse‘

5.4 Groutability test \(\\\Q ’

If the reliability of the equipment for grouting, the components for grouting and venting connected with the
conduit and if the reliable and complete filling of duct with grout has not yet been proved, groutability tests are
advised. Groutability tests are not dealt with in this standard. Reference is to be made to the ETAG 013, B.6.2.

5.5 Deviation test for anchorages

If angular deviation of tendon axis from the prescribed one could exist, tests which incorporate maximum
deviation angles should be performed.

5.6 Deviation test for unbonded external tendons

For post-tensioning with external unbonded tendons, devices for the voluntary deviation of the tendon may be
used. Also involuntary deviations may occur. Supplementary tests on the deviated tendon may be necessary
to prove the proper function of the tendon (prestressing steel and corrosion protection) at the deviation (see
ETAG 013, B.5.2).

6 Testreport
The test report shall include the following information:
A signed statement by the laboratory or body which has carried out or witnessed the tests that these tests

have been carried out in accordance with this standard.

Certificates of all relevant materials to confirm compliance with relevant specifications. Actual
characteristics of components (mechanical, chemical, metallurgical, geometrical, etc as relevant) at time
of testing, and source of manufacture. These include in particular tensile elements, anchorage
components, ducts, filling material, reinforcement, and also concrete (or steel, masonry, or timber).

Certificates of equipment and test machine calibration.

Description and drawing of test specimen with actual dimensions.

Description and drawing of test set-up and measuring equipment including calibration certificate.
Description of detailed test procedure.

Record of all measurements and observations.

Photographs of test specimen prior, during, and after testing.

Date and place of testing.

Name and signature of person responsible for testing.

13
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Annex A
(informative)
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Figure A.1 — Displacements during testing: (a) before locking; (b) after locking
(Shown for wedge anchorage, other methods of anchoring the tensile elements as applicable)
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Figure A.2 — Deformation readings on anchor head of external tendon
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Figure A.3 — Test specimen for load transfer test with bond anchorage
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Figure A.4 — Test specimen for load transfer test
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Figure A.5 — Procedure of load transfer test
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Figure A.6 — Assessment of crack width and strain stabilisation
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Figure A.7 — Measuring set-up for load transfer test
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