1CS 13.220.50 SLOVENSKA TECHNICKA NORMA Jal 2026

SkusSobné metddy na zistovanie zvysenia STN
poZziarnej odolnosti konstrukénych prvkov | N 13381-11
Cast’ 11: ProtipoZiarna ochrana aplikovana
ST N na tahané ocel'ové pruty s plnym prierezom,
hodnotena na zaklade poziarnych skusok
s mechanickym zatazenim
92 0814

Test methods for determining the contribution to the fire resistance of structural members - Part 11: Applied reactive protection
to solid steel bars in tension based on mechanically loaded fire tests

Tato norma obsahuje anglicki verziu eurdépskej normy.
This standard includes the English version of the European Standard.

Té&to norma bola oznamena vo Vestniku UNMS SR ¢&. 06/26

Obsahuje: EN 13381-11:2026

142761

Urad pre normalizaciu, metrolégiu a ski$obnictvo Slovenskej republiky, 2026
Slovenska technickd norma a technicka normaliza¢nd informécia je chrdnena zdkonom ¢. 60/2018 Z. z. o technickej normalizacii

v znen{ neskorsich predpisov.



STN EN 13381-11: 2026 Urad pre normalizaciu, metroldgiu a skisobnictvo Slovenskej republiky

EUROPEAN STANDARD EN 13381-11
NORME EUROPEENNE
EUROPAISCHE NORM April 2026

ICS 13.220.50

English Version

Test methods for determining the contribution to the fire
resistance of structural members - Part 11: Applied
reactive protection to solid steel bars in tension based on
mechanically loaded fire tests

Méthodes d'essai pour déterminer la contribution a la Priifverfahren zur Bestimmung des Beitrages zum
résistance au feu des éléments de construction - Partie Feuerwiderstand von tragenden Bauteilen - Teil 11:
11: Protection réactive appliquée aux barres d'acier Brandschutzmafinahmen fiir Stahl-Vollstibe unter
pleines précontraintes (tirants) basé sur des essais de Zugbeanspruchung basierend auf einer Brandpriifung
feu soumis a des contraintes mécaniques unter mechanischer Belastung

This European Standard was approved by CEN on 13 March 2026.

CEN members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this
European Standard the status of a national standard without any alteration. Up-to-date lists and bibliographical references
concerning such national standards may be obtained on application to the CEN-CENELEC Management Centre or to any CEN
member.

This European Standard exists in three official versions (English, French, German). A version in any other language made by
translation under the responsibility of a CEN member into its own language and notified to the CEN-CENELEC Management
Centre has the same status as the official versions.

CEN members are the national standards bodies of Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia,
Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway,
Poland, Portugal, Republic of North Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Ttirkiye and
United Kingdom.

. — |

EUROPEAN COMMITTEE FOR STANDARDIZATION
COMITE EUROPEEN DE NORMALISATION
EUROPAISCHES KOMITEE FUR NORMUNG

CEN-CENELEC Management Centre: Rue de la Science 23, B-1040 Brussels

© 2026 CEN  All rights of exploitation in any form and by any means reserved Ref. No. EN 13381-11:2026 E
worldwide for CEN national Members.



STN EN 13381-11: 2026 Urad pre normalizaciu, metrolégiu a skuSobnictvo Slovenskej republiky

EN 13381-11:2026 (E)

Contents

D100 QT0) 0 XE Vo0 00 0] o 5
001010 L1 0 6
1 LY. 1 7
2 A0 3 00 B L AT Q=) ) (=) 4 U X 8
3 Terms, definitions, symbols and abbreviations ... ———— 8
31 Terms and defiNitioNS .. ———————————————— 8
3.2 Symbols and abbreviations ... ——————————————_ 10
4 B AT AT 0 LU 0 00T o L 12
4.1 023 1T - |, 12
4.2 301 = (o, 12
4.3 Load frame and aCtUALOT ... ssssssssss s sssssssss s sssssssssss s s ssssassssass 13
5 B T 00 000 o3 0= 111 (L 13
51 L0 1T i |, 13
5.2 NUumber of SPECIMENS ..o s E s n s 14
53 Specimens SPeCifiCation ... —————————_———— 15
LT 0 Y oY I 70 0L o 15
5.3.2 Steel grade and Steel tYPe ... —————————————————— 16
5.3.3 Reactive fire protection SySten......ccu s —————— 16
5.4 Mechanical 10ading CONAILIONS ... ———————————— 19
6 Installation of the SPECIMENS.......ccnii s ——————————— 20
6.1 Installation of the Steel hars ... —————————— 20
6.2 FUINACE 10Ad ... s ssassss s s s s s an 20
6.3 Mechanical tensile 10ad ... ————————————— 20
7 Conditioning of the SPECIMENS........cnmimnmnmnm s —————————————————— 20
8 Application of inStrumMeNtation ... —————————————— 21
8.1 LT 5 <) | 21
8.2 Instrumentation for the measurement of test load and deformation..........ccceeeenesesnsenes 21
8.3 Instrumentation for measurement and control of the furnace temperature................ 21
2 20 00 T €< 1 1) Y . 21
8.3.2 Furnace tEMPETratUIe .....cccoemsmsmsmismsmsmssssmssisssssssssssssssssssssssssssssassssssssssssssssssssssassssnsassssssassssssssssssnas 21
8.4 Instrumentation for the measurement of the steel temperature .........cccocovmirirsesnsnsnsnsnsns 22
8.5 Instrumentation for furnace pressure MeasuUreMeNt ........ococumsmsmsmsesssmsmsassssssssssssssssssssssses 25
L RS0 T €< 1 L) Y . 25
8.5.2 Establishing of the nominal pressure plane.........oo———————— 25
9 B T o ) 00T o T L1 D 25
9.1 L0 1T i |, 25
9.2 Furnace temperature and PreSSUIe ... mmmmmmmmmssssssssssssssssssssssssssssssasasssssssssssssssssssses 25
9.3 Temperature of the SPECIMEN ... ——————————————— 25
9.4 Deformation of the SPeCIMEN ... ———————— 25
9.5 L0137 2 10 () 1 . 25
9.6 Termination Of LeST.....n s ————————————— 26
10 ] T 1 L 26
10.1 Acceptability Of teSt FeSUILS.......coiinnnmnnss s 26
10.2 Presentation of test results in the test report.......————— 26
11 ASSESSIMENL ... 28



STN EN 13381-11: 2026 Urad pre normalizaciu, metrolégiu a skuSobnictvo Slovenskej republiky

EN 13381-11:2026 (E)

0 7 £ 1) - | 28
11.2 Preparation of experimental data obtained in the fire tests..........onnnmmmsmnmnnnnsmssesnsasanns 28
B 0 IS T o) 0 3 1B ) Lo 31
11.3.1 Thermal PerfOrMaNCe......ciimsmsmsssmsmsmsssssssssssssssss s R e e 31
11.3.2 Mechanical performance ... s 31
11.4 ASSESSMENT PrOCEAUIC....ciuiuieiarsrsmsmsssssssssssssssssssasssassssssssssssssssssssasasssassssnsssssssssssssmsmsasasassssnnnsssnsnses 32
11.5 Interpolation procedure HMItS....... s ——————————— 34
12 Method to transfer results between different steel bar orientations .........ccoescvisiienens 35
0 T 7 1 = - | 35
12.2 Experimental setup for an unloaded fire test .........cummm——————— 35
12.3 Correction due to different dry film thicknesses of the reactive fire protection system

................................................................................................................................................................... 38
12.4 Evaluation of the test data.......u s ————————— 39
13 Application of the test and assessment results to different profile types......cccccuunuune. 40
14 Report of the aSSESSIMENLt ... e 41
15 Limits of the applicability of the results of the assessment ...........coummmmnn—— 41
Annex A (informative) Example of a test set and the resulting scope of application based on

L3 L T ST 11 <) L 43
Al =3 1T - | 43
A2 D0 ;1 11 1] 43
Annex B (informative) Example of an asSeSSMENL .....c.covmsmmmsmsmsmsmsmssssssmsssssssssssssssssssssssssssssasasassssss 45
B.1 =3 1T - 45
B.2 Definition of the intended scope of application by the manufacturer ...........ccoueusnsnsnnnns 45
B.3 Preparation of experimental data obtained in the fire tests........mmmmmm— 46
B.4 o 0] 1 2 47
B.5 Results of the mechanically loaded fire tests ... —————— 48
B.6 Result of the aSSeSSIMENL ... —————————————— 50
Annex C (normative) Linear interpolation analysis......mmmsssssss 51
C1 =3 1T i 51

C.2 Examples of interpolation methods containing only specimens which were not
excluded from the asseSSMeNt.......c——————————— 51

C3 Interpolation methods to consider values which were excluded from the assessment

................................................................................................................................................................... 61
Annex D (informative) Example of the procedure to consider the influence of the bar

orientation on the thermal performance of reactive fire protection system ..........ee.s 67
D.1 =3 1 1) o 67
D.2 Results from additional fire test with eight unloaded steel bars........cccorrnrnsessnsnsasnnes 67
Annex E (normative) Test method to the slow heating curve (smouldering fire) ........ccouseus 70
E.l 0T 1 1<) o | . 70
E.2 BT AT 0 LU 0 (T L . 70
E.3 BT A 0 T 0T o 70



STN EN 13381-11: 2026 Urad pre normalizaciu, metrolégiu a skuSobnictvo Slovenskej republiky

EN 13381-11:2026 (E)

E.4 BTS00 00 000 T T 0 0 0 T ] 70
E.5 ASSEeSSIMENT Of the FeSUILS....cuiciiirrrrrrssrrsrsrsre s s sas e sn s e snssmssansmsnnsn 70
123101 1 T0 2 01 1] 17/, 71



STN EN 13381-11: 2026 Urad pre normalizaciu, metrolégiu a skiSobnictvo Slovenskej republiky

EN 13381-11:2026 (E)

European foreword

This document (EN 13381-11:2026) has been prepared by Working Group 1 ‘Structural and separating
elements’ under Technical Committee CEN/TC 127 “Fire safety in buildings”, the secretariat of which is
held by BSI.

This European Standard shall be given the status of a national standard, either by publication of an
identical text or by endorsement, at the latest by October 2026, and conflicting national standards shall
be withdrawn at the latest by October 2026.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CEN shall not be held responsible for identifying any or all such patent rights.

This document has been prepared under a standardization request addressed to CEN by the European
Commission. The Standing Committee of the EFTA States subsequently approves these requests for its

Member States.

This document is one of a series of standards for evaluating the contribution to the fire resistance of
structural members by applied fire protection materials. Other parts of this series are:

— Part 1: Horizontal protective membranes.

— Part 2: Vertical protective membranes.

— Part 3: Applied protection to concrete members.

— Part 4: Applied passive protection to steel members.

— Part 5: Applied protection to concrete/profiled sheet steel composite members.
— Part 6: Applied protection to concrete filled hollow steel columns.

— Part 7: Applied protection to timber members.

— Part 8: Applied reactive protection to steel members.

— Part 9: Applied fire protection systems to steel beams with web openings.

— Part 10: Applied protection to solid steel bar in tension.

Any feedback and questions on this document should be directed to the users’ national standards body.
A complete listing of these bodies can be found on the CEN website.

According to the CEN-CENELEC Internal Regulations, the national standards organisations of the
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia,
Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland,
Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Republic of North
Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Tiirkiye and the United
Kingdom.
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Introduction

The evaluation of a system's capability to provide fire protection performance to beams and/or columns
with I- or H-section as well as hollow section is undertaken by test and assessment procedures detailed
in EN 13381-8 for reactive (intumescent) fire protection systems. The scope of the above standard
excludes the assessment of solid steel bars used as tension bars.

In general, it is not possible to use the results of fire protection systems tested according to EN 13381-8
on beams or columns with open or closed profile to steel tension bars with solid section. This has several
reasons:

a) the profiles used for steel bars are usually much slenderer than the profiles used for beams or
columns. Consequently, to achieve the same fire resistance usually higher dry film thicknesses of the
reactive fire protection system are required;

b) due to the different profile shape, there is an altered foaming and cracking behaviour of reactive fire
protection systems. On the predominantly flat surfaces of a beam with open profile, reactive fire
protection systems behave differently than on highly convex curved surface of steel bars with
circular solid section;

c) because the tensile stresses in a steel bar are equal along the entire bar length and within the cross-
section, the failure occurs at the position, where the highest steel temperature is present. Therefore,
tensile bars are vulnerable to local defects, e.g. cracks or ununiform foam thicknesses of reactive fire
protection systems. Furthermore, beams have the possibility of cross-sectional plasticisation. Due to
the resulting stress redistribution and the activation of additional load capacity reserves, in fire tests
beams suffer lower strains compared to a bar in pure tension. This is also clear from the fact that the
tests of a steel bar usually end with the breakage. In mechanically loaded beam tests such a high
strain is usually not achieved;

d) columns are not suitable for a comparison with steel bars, because the cross-sections are much
bigger as well as the thermal and mechanical strains are acting in opposite direction;

e) incontrastto beams, which are generally used in a horizontal position, steel bars are used in different
orientations. This can influence the thermal protection performance of the reactive fire protection
system.

For reactive fire protection systems that have already been successfully tested and assessed according to
EN 13381-8, the test standard EN 13381-10 offers under certain conditions the possibility to extend the
scope of application to steel tension bars with solid sections. The fire tests in EN 13381-10 are based
upon unloaded specimens. Because this approach contradicts to the German national safety level, where
the fire resistance of structural members need to be tested under mechanical load, an A-Deviation was
granted, meaning that it is not possible to apply EN 13381-10 in Germany. In addition, recent research
and testing on loaded and unloaded steel bars protected with reactive fire protection coatings has shown
the need for mechanically loaded fire testing.

This document provides a test and assessment procedure to cover a reactive fire protection system's
scope of application to solid circular or rectangular steel bars used as tension bars based on mechanically
loaded fire tests. This document is a stand-alone test standard and does not require a successful
completion of the test procedure according to EN 13381-8. This document has been created to cover a
testing and assessment procedure based primarily upon mechanically loaded fire tests. Across a range of
solid circular and/or rectangular bars fire tests on mechanically loaded specimens are carried out.
Unloaded specimens may be used to assess additional aspects, such as the influence of the bar orientation
as well as smouldering fire behaviour. The assessment procedure described in this document aims to
determine the reactive fire protection system's thermal protection performance.
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1 Scope

This document describes the test and assessment procedure for determining the contribution of reactive
fire protection systems to the fire resistance of solid steel bars used as tension bars, when exposed to the
standard temperature/time curve specified in EN 1363-1. In special circumstances, where specified in
National Building Regulations, there can be a need to subject reactive fire protection systems to a slow
heating curve (smouldering fire) as defined in EN 1363-2. The corresponding test and assessment
procedure are described in Annex E. The fire protection performance is determined by mechanically
loaded steel bars usually fire tested in horizontal orientation. Information regarding the testing of
additional unloaded specimens is given to assess the influence of the bar orientation and smouldering
fire behaviour.

The principles of the testing and assessment procedure can also be applied for other profile types. This
document does not include steel bars used as reinforcement in concrete construction.

This document is applicable to steel bars up to a maximum diameter of 130 mm. In the case of rectangular
bars, the maximum edge length is limited to 130 mm with a maximum aspect ratio of 2:1 against the
shorter edge length.

The test programme and the assessment are designed to cover:

— arange of fire protection classification periods;

— arange of thickness of the applied reactive fire protection system;

— arange of steel bar dimensions and profiles;

— arange of specified design temperatures;

— arange of load utilization factors in case of fire;

— arange of bar orientation.

This document also provides the assessment procedure, which prescribes how the analysis of the test

data are made and gives guidance on the procedures by which interpolation is undertaken. The
assessment procedure is used to establish:

a) on the basis of data derived from mechanically loaded testing steel bar, any practical constraints on
the use of the reactive fire protection system under fire test conditions (the mechanical
performance);

b) on the basis of the temperature data derived from testing steel bar the thermal properties of the
reactive fire protection system (the thermal performance).

The limits of applicability of the results of the assessment arising from the fire test are defined together
with permitted direct application of the results to different steel grades, steel types and profile
dimensions over the range of dry film thicknesses of the applied reactive fire protection system tested.



STN EN 13381-11: 2026 Urad pre normalizaciu, metrolégiu a skiSobnictvo Slovenskej republiky

EN 13381-11:2026 (E)

2 Normative references
The following documents are referred to in the text in such a way that some or all of their content

constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

EAD 350402-00-1106, Reactive coatings for fire protection of steel elements

EN 1363-1:2020, Fire resistance tests — Part 1: General requirements

EN 1363-2, Fire resistance tests — Part 2: Alternative and additional procedures

EN 10025-1, Hot rolled products of structural steels — Part 1: General technical delivery conditions
EN 10204, Metallic products — Types of inspection documents

EN 60584-1, Thermocouples - Part 1: EMF specifications and tolerances (IEC 60584-1)

EN ISO 13943, Fire safety — Vocabulary (ISO 13943)

EN ISO 6892-1, Metallic materials — Tensile testing — Part 1: Method of test at room temperature
(IS0 6892-1)

EN ISO 7500-1, Metallic materials — Calibration and verification of static uniaxial testing machines — Part
1: Tension/compression testing machines — Calibration and verification of the force-measuring system

(IS0 7500-1)

ISO 8421-2, Fire protection — Vocabulary — Part 2: Structural fire protection

koniecnahladu - text dalej pokracuje v platenejverzii STN


https://www.iso.org/obp
https://www.electropedia.org/
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