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National Foreword

This European Standard EN 1992-4:2018 was adopted as Luxembourgish Standard
ILNAS-EN 1992-4:2018 in July 2018.

Every interested party, which is member of an organization based in Luxembourg, can
participate for FREE in the development of Luxembourgish (ILNAS), European (CEN,
CENELEC) and International (ISO, IEC) standards:

- Participate in the design of standards
- Foresee future developments
- Participate in technical committee meetings

www.portail-qualite.public.lu/fr/normes-normalisation/developpement-normes/
index.html
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Nothing from this publication may be reproduced or utilized in
any form or by any mean - electronic, mechanical, photocopying
or any other data carries without prior permission!

Licensed to Hilti Aktiengesellschaft - GLOBALNORM
ILNAS eShop 2015 01810 / Max. Networking : 1 / downloaded : 2015-05-08
NOT FOR COMMERCIAL USE OR REPRODUCTION



EUROPEAN STANDARD VS EN 199420158 19924
NORME EUROPEENNE
EUROPAISCHE NORM July 2018

1CS91.010.30; 91.080.40 Supersedes CEN/TS 1992-4-1:2009,
CEN/TS 1992-4-2:2009, CEN/TS 1992-4-3:2009,
CEN/TS 1992-4-4:2009, CEN/TS 1992-4-5:2009

English Version

Eurocode 2 - Design of concrete structures - Part 4: Design
of fastenings for use in concrete

Eurocode 2 - Calcul des structures en béton - Partie 4 : Eurocode 2 - Bemessung und Konstruktion von
Conception et calcul des éléments de fixation pour Stahlbeton- und Spannbetontragwerken - Teil 4:
béton Bemessung der Verankerung von Befestigungen in
Beton

This European Standard was approved by CEN on 9 March 2018.

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, Former Yugoslav Republic of Macedonia, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania,
Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland,
Turkey 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

© 2018 CEN  All rights of exploitation in any form and by any means reserved Ref. No. EN 1992-4:2018 E
worldwide for CEN national Members.

Licensed to Hilti Aktiengesellschaft - GLOBALNORM

ILNAS eShop 2015 01810 / Max. Networking : 1 / downloaded : 2015-05-08
NOT FOR COMMERCIAL USE OR REPRODUCTION



EN 1992-4:2018 (E) ILNAS-EN 1992-4:2018

Contents Page
EUTOPEAN fOT@WOTI(......iuiuiuinnsssnsisssssssssssasssssssssssssssssssssssssssasas s ssssssssssssas sssssssssasasss s s ss s se s s sssssasasasanansnsnsssnssssssnsasanass 5
1 Y6 0 7
1.1 ) 1 =3 1 7
1.2 Type of fasteners and fastening SroUPS ... ———————————— 7
1.3 Fastener dimensions and Materials........mss s 9
1.4 3 T 1) 1 )l (072 T b 10
1.5 Concrete strength and tYyPe ... —————————————— 10
1.6 Concrete member 10ading.......comn s —————————————————— 10
2 I\ V0D 00 B2 R T ) o) 4 10
3 Terms, definitions, symbols and abbreviations........———————— 11
3.1 Terms and definitions ... ————————————_—_—_————_—_——— 11
3.2 Symbols and abbreviations ... ————————————_—, 18
B2 257700 T (1 U 3 18
B T 10T Y 0 1 0 19
3.2.3 Actions and resistances (listing in alphabetical order) ... ————— 20
3.2.4 Concrete and StEel........ommmiiiis s —————————————_———_—— 25
3.2.5 Fasteners and fastenings, reinforcCemMent............cooummm s —————————————— 26
R J07 T ) 1Y 28
4 L2y R0 6 (0] 1 o 28
4.1 L3 1) i 28
4.2 Required vVerifiCationsS. ... s ssss s 29
4.3 1D LT ¥ g 1 I8 0 9 1 0 29
4.4 Verification by the partial factor method...........i——————— 30
4.4.1 Partial factors for aCtions....... s ————————_—_—_—_——— 30
4.4.2 Partial factors for resSiStance..... s ————————"—————_—_— 30
4.5 Project SpecCifiCation.....cmsssssssss s s s 33
4.6 Installation of fastenNers ... ———————_——————————_—_———— 34
4.7 Determination of concrete condition ... ——————_——— 34
5 LD 10 0= 1) 1 35
6 Derivation of forces acting on fasteners — analysis.......u—————————— 35
6.1 =3 1T i 35
6.2 Headed fasteners and post-installed fasteners........ s ———————————— 36
L3372 TR =3 113 1) 110 1T T (N 36
LT 2. 1 U= ) ol 0T s L 39
6.3 ANCHOT CHANNELS ... e n e R R SRR R R AR AR AR AR R RS 42
LTS 700 T - 1 1= ) 42
LTI T/ =3 113 0] 4 T 0T T 43
LS00 T 4 U ) ol 0T T C 44
6.4 Forces assigned to supplementary reinforcement ... 45
0 T 7= 1 1= ) 45
L = 113 0] 4 T 0T T 45
LS 0 T 1 U ) ol 0T s L 45
7 Verification of ultimate limit state........coim s —————————— 46
71 O] 1 ) 1 46

Licensed to Hilti Aktiengesellschaft - GLOBALNORM
ILNAS eShop 2015 01810 / Max. Networking : 1 / downloaded : 2015-05-08
NOT FOR COMMERCIAL USE OR REPRODUCTION



ILNAS-EN 1992-4:2018 EN 1992-4:2018 (E)

7.2 Headed and post-installed fasteners. ... ———————— 47
%728 T = 1153 1) 1 0 0T U 47
27 . 1 U= |l (1 U 62
7.2.3 Combined tension and Shear 10ads ... ————————————— 74
7.3 Fasteners in redundant non-structural SYStEmMS.......ccsmsmnmnmmmssss s 76
7.4 ANCHOT CHANNELS ..o R 76
% 5 T =5 113 1) 1 (0 T U 76
A ) 1 U= ) ol (T Vo 85
7.4.3 Combined tension and shear 10ads ... —————————————— 93
8 Verification of ultimate limit state for fatigue loading ..........c.coonnnnmssninnnsnsssn. 95
8.1 023 1 1) o ) 95
8.2 Derivation of forces acting on fasteners — analysis ... ——————— 95
8.3 LTy 1] - 4 (o 96
8.3.1 TenSION l0AM .. AR 96
8.3.2  SHear 10ad....ciiiisssi s —————— 97
8.3.3 Combined tension and Shear 10ad ... ——————————— 97
9 Verification for seiSmic 10ading.......ccocmmmminnssss s 98
9.1 0 5 1<) | 98
9.2 REQUITEIMENTES.....cceiciisecinsmsssnisss s e E AR R AR AR AR AR SRR AR R RR AR R R AR R R R R AR R R AR RS 98
9.3 Derivation of forces acting on fasteners..........oinnn s ——————————— 100
9.4 T ] - 4 (o 100
10 Verification for fire resiStance....... s ————————————— 100
11 Verification of serviceability limit State ... ——————————— 100
Annex A (normative) Additional rules for verification of concrete elements due to loads

applied by fastenings......c s —————————————————— 101
Al T 5 1) o | 101
A2 Verification of the shear resistance of the concrete member .........ccnsnnnnnnssssssinns 101
Annex B (informative) DUFability ..o 103
B.1 L) 1 1) o | 103
B.2 Fasteners in dry, internal conditions ........cccommms———————— 103
B.3 Fasteners in external atmospheric or in permanently damp internal exposure

L0 1 o L0 o) 103
B.4 Fasteners in high corrosion exposure by chloride and sulphur dioxide........c.cocoesesssesenennnns 103
Annex C (normative) Design of fastenings under seismic actions. .........uu——————— 104
C1 0= 1T - 104
C.2 Performance Cat@GOTIES ...t s s s 104
C.3 1D LT Fog 4 W0 0 L) - 105
C4 Derivation of forces acting on fasteners - analysis ......c———— 107
O 0 1 1) i | 107
C.4.2 Addition to EN 1998-1:2004, 4.3.3.5 .ccccssmnmsmsmnmsmsmssisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 108
C.4.3 Addition to EN 1998-1:2004, 4.3.5.1 ..ccccecicirnssmnmsmnmssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 108
C.4.4 Additions and alterations to EN 1998-1:2004, 4.3.5.2 .....ccccurmrrerssmsmsssnsssssssssssssssssssssssssssssasssassss 108
C.4.5 Additions and alterations to EN 1998-1:2004, 4.3.5.4 ......ccccccrrrersssmssmsmsssssmsssssssssssssssssssssssasssassns 110
C.5 LT 1] ) L 110
C.6 Displacements Of fAStENETS ... ————————————————————— 113
Annex D (informative) Exposure to fire - design method........cnnimsnsnnnss 114
D 200 R £ 1 L) i 1 114
D.2 Partial factors. .. ————————————————————— 114
D.3 2 0] 114

Licensed to Hilti Aktiengesellschaft - GLOBALNORM
ILNAS eShop 2015 01810 / Max. Networking : 1 / downloaded : 2015-05-08
NOT FOR COMMERCIAL USE OR REPRODUCTION



EN 1992-4:2018 (E) ILNAS-EN 1992-4:2018

D.4 2y ] 7 ) 115
0 T 1< 4 (=) Y 115
20 0 <Y 4 13 (o) 1 T3 (0 Y- U 115
) 20 S T 4 U= 1 ol (o Y- T 117
D.4.4 Combined tension and Shear 10ad.........cccuvrirmremisssismemmsssssisssssssssssssssssssssssssssssssssssssssssassss 118
Annex E (normative) Characteristics for the design of fastenings to be provided by European
Technical Products Specification ... 119
Annex F (normative) Assumptions for design provisions regarding execution of fastenings......122
F.1 T 1 L= = | 122
F.2 POSt-INStAlled fASTEINETI'S ..iiuiierierrersssssssssssrsrsssssssssssmsssssssssssssssssssssssssssassmssassassssssssasssessnssessassmssansassassansannss 122
F.3 5 10T 10 LT 5 ] 1<) 1) 1 123
F.4 N s U 0 103 ol 4 = 3 4 =) 123
Annex G (informative) Design of post-installed fasteners - simplified methods...........ccoeererereneene 124
G.1 =Y 1 =) o | 124
G.2 1\ £ 1 3 0 T 124
G.3 1\ (] 13 0 Y o O 125
123101 10 ea 01 1] 17, 126

Licensed to Hilti Aktiengesellschaft - GLOBALNORM
ILNAS eShop 2015 01810 / Max. Networking : 1 / downloaded : 2015-05-08
NOT FOR COMMERCIAL USE OR REPRODUCTION



ILNAS-EN 1992-4:2018 EN 1992-4:2018 (E)

European foreword

This document (EN 1992-4:2018) has been prepared by Technical Committee CEN/TC 250 “Structural
Eurocodes”, 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 January 2019 and conflicting national standards shall
be withdrawn at the latest by January 2019.

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

This document supersedes CEN/TS 1992-4-1:2009, CEN/TS 1992-4-2:2009, CEN/TS 1992-4-3:20009,
CEN/TS 1992-4-4:2009 and CEN/TS 1992-4-5:2009.

This document has been prepared under a mandate given to CEN by the European Commission and the
European Free Trade Association.

EN 1992 is composed of the following parts:

— EN 1992-1-1, Eurocode 2: Design of concrete structures — Part 1-1: General rules and rules for
buildings;

— EN 1992-1-2, Eurocode 2: Design of concrete structures — Part 1-2: General rules — Structural fire
design;

— EN 1992-2, Eurocode 2 — Design of concrete structures — Concrete bridges — Design and detailing
rules;

— EN 1992-3, Eurocode 2 — Design of concrete structures — Part 3: Liquid retaining and containment
structures;

— EN 1992-4, Eurocode 2 — Design of concrete structures — Part 4: Design of fastenings for use in
concrete.

The numerical values for partial factors and other reliability parameters are recommended values. The
recommended values apply when:

a) the fasteners comply with the requirements of 1.2 (3), and

b) the installation complies with the requirements of 4.6.
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National Annex for EN 1992-4

This EN gives values with Notes indicating where national choices may have to be made. When this EN is
made available at national level it may be followed by a National Annex containing all Nationally
Determined Parameters to be used for the design of fastenings according to this EN for use in the relevant
country.

National choice of the partial factors and reliability parameters is allowed in design according to this EN
in the following sections:

4.4.1(2);

4.4.2.2(2);

4.4.2.3;

4.4.2.4;

4.7(2);

C.2(2);

C.4.4(1);

C.4.4(3);

D.2(2).

According to the CEN-CENELEC Internal Regulations, the national standards organizations of the
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia,
Cyprus, Czech Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France,
Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands,

Norway, Poland, Portugal, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and
the United Kingdom.
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1 Scope
1.1 General

(1) This European Standard provides a design method for fastenings (connection of structural elements
and non-structural elements to structural components), which are used to transmit actions to the
concrete. This design method uses physical models which are based on a combination of tests and
numerical analysis consistent with EN 1990:2002, 5.2.

Additional rules for the transmission of the fastener loads within the concrete member to its supports
are given in EN 1992-1-1 and Annex A of this EN.

Inserts embedded in precast concrete elements during production, under Factory Production Control
(FPC) conditions and with the due reinforcement, intended for use only during transient situations for
lifting and handling, are covered by CEN/TR 15728.

(2) This EN is intended for safety related applications in which the failure of fastenings may result in
collapse or partial collapse of the structure, cause risk to human life or lead to significant economic loss.
In this context it also covers non-structural elements.

(3) The support of the fixture can be either statically determinate or statically indeterminate. Each
support can consist of one fastener or a group of fasteners.

(4) This EN is valid for applications which fall within the scope of the EN 1992 series. In applications
where special considerations apply, e.g. nuclear power plants or civil defence structures, modifications
can be necessary.

(5) This EN does not cover the design of the fixture. Rules for the design of the fixture are given in the
appropriate Standards meeting the requirements on the fixture as given in this EN.

(6) This document relies on characteristic resistances and distances which are stated in a European
Technical Product Specification (see Annex E). At least the characteristics of Annex E are given in a
European Technical Product Specification for the corresponding loading conditions providing a basis for
the design methods of this EN.

1.2 Type of fasteners and fastening groups

(1) This EN uses the fastener design theory ! (see Figure 1.1) and applies to:
a) cast-in fasteners such as headed fasteners, anchor channels with rigid connection (e.g. welded,
forged) between anchor and channel;

b) post-installed mechanical fasteners such as expansion fasteners, undercut fasteners and concrete
SCrews;

c) post-installed bonded fasteners and bonded expansion fasteners.

(2) For other types of fasteners, modifications of the design provisions can be necessary.

(3) This EN applies to fasteners with established suitability for the specified application in concrete
covered by provisions, which refer to this EN and provide data required by this EN. The suitability of the
fastener is stated in the relevant European Technical Product Specification.

1) Infastener design theory the concrete tensile capacity is directly used to transfer loads into the concrete component.
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Figure 1.1 — Fastener design theory — Example

(4) This EN applies to single fasteners and groups of fasteners. In a group of fasteners, the loads are
applied to the individual fasteners of the group by means of a common fixture. In a group of fasteners,
this European Standard applies only if fasteners of the same type and size are used.

(5) The configurations of fastenings with cast-in place headed fasteners and post-installed fasteners
covered by this EN are shown in Figure 1.2.

(6) For anchor channels, the number of anchors is not limited.
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1 fastener
2 steel plate

a) Fastenings without hole clearance for all edge distances and for all load directions, and fastenings with hole
clearance according to Table 6.1 situated far from edges (ci > max {10hef ;60d }) for all load

directions and fastenings with hole clearance according to Table 6.1 situated near to an edge
(Ci < max {10hef;60dnom}) loaded in tension only

b) Fastenings with hole clearance according to Table 6.1 situated near to an edge (ci < max {10hef ;60d })

for all load directions

Figure 1.2 — Configuration of fastenings with headed and post-installed fasteners covered by
this EN

(7) Post-installed ribbed reinforcing bars used to connect concrete members are covered by a European
Technical Product Specification.

1.3 Fastener dimensions and materials

(1) This EN applies to fasteners with a minimum diameter or a minimum thread size of 6 mm (M6) or a
corresponding cross section. In case of fasteners for fastening statically indeterminate non-structural
systems as addressed in 7.3, the minimum thread size is 5 mm (M5). The maximum diameter of the
fastener is not limited for tension loading but is limited to 60 mm for shear loading.

(2) EN 1992-4 applies to fasteners with embedment depth her = 40 mm. Only for fastening statically
indeterminate non-structural systems as addressed in 7.3 fasteners with effective embedment depth of
at least 30 mm are considered, which may be reduced to 25 mm in internal exposure conditions. For
fastenings with post-installed bonded anchors, only fasteners with an embedment depth hes < 20d are
covered. The actual value for a particular fastener may be found in the relevant European Technical
Product Specification.
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(3) This EN covers metal fasteners made of either carbon steel (ENISO 898-1 and EN ISO 898-2,
EN 10025-1, EN 10080), stainless steel (EN 10088-2 and EN 10088-3, ENISO 3506-1 and
EN ISO 3506-2) or malleable castiron (ISO 5922). The surface of the steel can be coated or uncoated. This

EN is valid for fasteners with a nominal steel tensile strength f <1 000N/ mm? . This limit does not
apply to concrete screws.

1.4 Fastener loading

(1) Loading on the fastenings covered by this document can be static, quasi-static, fatigue and seismic.
The suitability of the fastener to resist fatigue and seismic loadings is specifically stated in the relevant
European Technical Product Specification. Anchor channels subjected to fatigue loading or seismic
loading are not covered by this EN.

(2) The loading on the fastener resulting from the actions on the fixture (e.g. tension, shear, bending or
torsion moments or any combination thereof) will generally be axial tension and/or shear. When the
shear force is applied with a lever arm a bending moment on the fastener will arise. EN 1992-4 only
considers axial compression on the fixture which is transmitted to the concrete either directly to the
concrete surface without acting on the embedded fastener load transfer mechanism or via fasteners
suitable for resisting compression.

(3) Incase of anchor channels, shear in the direction of the longitudinal axis of the channel is not covered
by this EN.

NOTE Design rules for anchor channels with loads acting in the direction of the longitudinal axis of the anchor
channel can be found in CEN/TR 17080, Design of fastenings for use in concrete — Anchor channels — Supplementary
rules.

(4) Design of fastenings under fire exposure is covered by this EN (see informative Annex D).

1.5 Concrete strength and type

This EN is valid for fasteners installed in members made of compacted normal weight concrete without
fibres with strength classes in the range C12/15 to C90/105 all in accordance with EN 206. The range of

concrete strength classes in which particular fasteners may be used is given in the relevant European
Technical Product Specification and may be more restrictive than stated above.

1.6 Concrete member loading

In general, fasteners are prequalified for applications in concrete members under static loading. If the
concrete member is subjected to fatigue or seismic loading, prequalification of the fastener specific to this
type of loading and a corresponding European Technical Product Specification are required.

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.

EN 206, Concrete - Specification, performance, production and conformity

EN 1990:2002, Eurocode - Basis of structural design

EN 1991 (all parts), Eurocode 1: Actions on structures

EN 1992-1-1:2004, Eurocode 2: Design of concrete structures - Part 1-1: General rules and rules for

buildings
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EN 1992-1-2, Eurocode 2: Design of concrete structures - Part 1-2: General rules - Structural fire design

EN 1998 (all parts), Eurocode 8: Design of structures for earthquake resistance

3 Terms, definitions, symbols and abbreviations
3.1 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

¢ IEC Electropedia: available at http://www.electropedia.org/
¢ [SO Online browsing platform: available at http://www.iso.org/obp

3.1.1

anchor

fastener

element made of steel or malleable iron either cast into concrete or post-installed into a hardened
concrete member and used to transmit applied loads (see Figures 3.1 to 3.3)

Note 1 to entry:  The term anchor is used in the context of anchor channels.

3.1.2
anchor channel
steel profile with rigidly connected anchors (see Figure 3.2) installed prior to concreting

Note 1 to entry:  In the case of anchor channels, two or more steel anchors are rigidly connected to the back of the
channel and embedded in concrete.

3.1.3
attached element
structural or non-structural component that is connected to the attachment

3.14

attachment

fixture

assembly that transmits loads to the fastener or anchor channel

3.1.5
base material
concrete member in which the fastener or anchor channel is installed

3.1.6

bending

bending effect induced by a shear load applied with a lever arm with respect to the surface of the concrete
member
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3.1.7

bonded expansion fastener

bonded fastener designed such that the fastener element can move relative to the hardened bonding
compound resulting in follow-up expansion (see Figure 3.3 h))

3.1.8

bonded fastener

fastener placed into a hole in hardened concrete, which derives its resistance from a bonding compound
placed between the wall of the hole in the concrete and the embedded portion of the fastener
(see Figure 3.3 g))

3.19

cast-in fastener

headed bolt, headed stud, internal threaded socket with head at the embedded end or anchor channel
installed before placing the concrete, see also headed fastener

3.1.10
channel bolt
screw or bolt which connects the element to be fixed to the anchor channel (see Figure 3.2)

3.1.11

characteristic edge distance

edge distance required to ensure that the edge does not influence the characteristic resistance of a
fastening

3.1.12

characteristic resistance

5 % fractile of the resistance (value with a 95 % probability of being exceeded, with a confidence level of
90 %)

3.1.13
characteristic spacing
spacing required to ensure the characteristic resistance of a single fastener

3.1.14

combined pull-out and concrete failure of bonded fasteners

failure mode in which failure occurs at the interface between the bonding material and the base material
or between the bonding material and the fastener element (bond failure) and contains a concrete cone at
the top end

3.1.15

combined tension and shear loads

oblique load

tension and shear load applied simultaneously

3.1.16

concrete blow-out failure

spalling of the concrete on the side face of the concrete element at the level of the embedded head with
no major breakout at the top concrete surface

Note 1 to entry:  This is usually associated with fasteners with small side cover and deep embedment.
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3.1.17

concrete breakout failure

failure that corresponds to a wedge or cone of concrete surrounding the fastener, group of fasteners or
anchor of an anchor channel being separated from the base material

3.1.18

concrete pry-out failure

failure that corresponds to the formation of a concrete spall opposite to the loading direction under shear
loading

3.1.19
concrete related failure modes

3.1.19.1

failure modes under tension loading

pull-out failure, combined pull-out and concrete failure (bonded fasteners), concrete cone failure,
concrete blow-out failure, concrete splitting failure, anchorage failure of supplementary reinforcement

3.1.19.2
failure modes under shear loading
concrete pry-out failure, concrete edge failure

3.1.20

concrete screw

threaded fastener screwed into a predrilled hole where threads create a mechanical interlock with the
concrete (see Figure 3.3 f))

3.1.21

concrete splitting failure

concrete failure mode in which the concrete fractures along a plane passing through the axis of the
fastener or fasteners or anchors of an anchor channel

3.1.22

deformation-controlled expansion fastener

post-installed fastener that derives its tensile resistance by expansion against the side of the drilled hole
through movement of an internal plug in the sleeve (see Figure 3.3 c)) or through movement of the sleeve
over an expansion element (plug), and with which, once set, no further expansion can occur

3.1.23

displacement

movement of the loaded end of the fastener relative to the concrete member into which it is installed in
the direction of the applied load; or, in the case of anchor channels, movement of a channel bolt
(see Figure 3.2) or the anchor channel relative to the concrete element

Note 1 to entry: In tension tests, displacement is measured parallel to the axis of the fastener; in shear tests,
displacement is measured perpendicular to the axis of the fastener.

3.1.24
ductile steel element
element with sufficient ductility

Note 1 to entry:  The ductility conditions are given in the relevant subclauses.
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3.1.25

edge distance

distance from the edge of the concrete member to the centre of the fastener or anchor of an anchor
channel

3.1.26

effective embedment depth

overall depth through which the fastener or anchor of an anchor channel transfers force to the
surrounding concrete; see Figures 3.1 to 3.3

3.1.27

European Technical Product Specification

European Standard (EN), European Technical Assessment (ETA) for fastener or anchor channel based on
a European Assessment Document (EAD) or a transparent and reproducible assessment that complies
with all requirements of the relevant EAD

3.1.28
fastening
assembly of fixture and fasteners or anchor channel used to transmit loads to concrete

dh

dh

th

/

/

/

/

/
S s
/

/

/

/

/

VoA,

/

hnom

hnom

hnom
hef

a)

Key

b)

a) without anchor plate

b) with alarge anchor plate at least in one direction, b1 > 0,5 hnom ort>0,2 hnom

¢) with a small anchor plate in both directions, b1 <0,5 hnom and t £0,2 hnom

Figure 3.1 — Definition of effective embedment depth h.s for headed fasteners
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hef

a) b)
Key
1 anchor
2 connection between anchor and channel
3 channel
4  channellip
5 channel bolt

a) hef for anchor channels (see 7.4.1.5 (1) and 7.4.1.5 (1) b))

b) h:f for anchor channels (see 7.4.1.5 (1) a))

Figure 3.2 — Definitions for anchor channels
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a) b) c) d) e) f) ) h)
Key

a) torque-controlled fastener, sleeve type e) undercut fastener, type 2
b) torque-controlled fastener, wedge type f) concrete screw

c) deformation-controlled fastener g) bonded fastener

d) undercut fastener, type 1 h) bonded expansion fastener

Figure 3.3 — Definition of effective embedment depth he: for post-installed fasteners - Examples

3.1.29
flexure
bending effect in the channel of an anchor channel induced by a tension load

3.1.30

group of fasteners

number of fasteners with identical dimensions and characteristics acting together to support a common
attachment, where the spacing of the fasteners does not exceed the characteristic spacing

3.1.31

headed fastener

cast-in steel fastener with a head at the embedded end (see Figure 3.1) that derives its tensile resistance
from mechanical interlock at the head of the fastener

3.1.32
mechanical interlock
load transfer to a concrete member via interlocking surfaces

3.1.33

minimum edge distance

smallest allowable distance to allow adequate placing and compaction of concrete (cast-in place
fasteners) and to avoid damage to the concrete during installation (post-installed fasteners), given in the
European Technical Product Specification

3.1.34

minimum member thickness

smallest value for member thickness, in which a fastener or an anchor channel is allowed to be installed,
given in the European Technical Product Specification
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3.1.35

minimum spacing

smallest value for distance between two fasteners to allow adequate placing and compaction of concrete
(cast-in fasteners) and to avoid damage to the concrete during installation (post-installed fasteners),
measured centreline to centreline, given in the European Technical Product Specification

3.1.36
post-installed fastener
fastener installed in hardened concrete (see Figure 3.3)

3.1.37

pull-out failure

both pull-out failure of mechanical fasteners and combined pull-out and concrete failure of bonded
fasteners

3.1.38

pull-out failure of mechanical fasteners

failure mode in which the fastener pulls out of the concrete without development of the full concrete
resistance or in case of post-installed mechanical fasteners a failure mode in which the fastener body
pulls through the expansion sleeve without development of the full concrete resistance

3.1.39

shear load

load acting parallel to the concrete surface and transversely with respect to the longitudinal axis of the
channel; load applied perpendicular to the longitudinal axis of a fastener

3.1.40

spacing

distance between the centre lines of fasteners; distance between centre lines of channel bolts as well as
anchors of anchor channels

3.1.41
steel failure of fastener
failure mode characterized by fracture of the steel fastener parts

3.1.42

supplementary reinforcement

anchor reinforcement

reinforcement tying a potential concrete breakout body to the concrete member

3.1.43

tension load

load applied perpendicular to the surface of the base material (for anchor channels) and along the axis of
a fastener

3.1.44

torque-controlled expansion fastener

post-installed expansion fastener that derives its tensile resistance from the expansion of one or more
sleeves or other components against the sides of the drilled hole through the application of torque, which
pulls the cone(s) into the expansion sleeve(s) during installation

Note 1 to entry:  After setting, tensile loading larger than the existing pre-stressing force causes additional
expansion (follow-up expansion), see Figure 3.3 a) and b)).
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3.1.45

undercut fastener

post-installed fastener that develops its tensile resistance from the mechanical interlock provided by
undercutting of the concrete at the embedded end of the fastener

Note 1 to entry:  The undercutting is achieved with a special drill before installing the fastener or alternatively by
the fastener itself during its installation, see Figure 3.3 d) and e)).

3.2 Symbols and abbreviations

3.2.1 Indices

a acceleration

adm admissible

b bond

C concrete

ca connection

cb blow-out

cbo channel bolt

ch channel

cp concrete pry-out

cr cracked; characteristic
d design value

E action effects

Ed design action

el elastic

eq seismic (earthquake)
F action

fat fatigue

fi fire

fix fixture

flex bending

ind indirect

k characteristic value
L load
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local

material
maximum
minimum
normal force
nominal

pull-out

plastic

prying
resistance, restraint
design resistance
reinforcement
steel

splitting

ultimate
uncracked

shear force

yield

3.2.2 Superscripts

a
cb
ch

anchor
channel bolt
channel

load on or resistance of a group of fasteners

highest loaded (most stressed) fastener in a group

basic value
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3.2.3 Actions and resistances (listing in alphabetical order)

NOTE In general, only those terms which are used in more than one section of this EN are defined. If a term is
used only in one section, it may be defined in that section only.

ag design ground acceleration on type A ground

Qvg vertical design ground acceleration on type A ground

Aa seismic amplification factor (see Formula (C.4) and Table C.2)

An load bearing area of the head of a headed fastener

Al ordinate of a triangle with the height 1 at the position of the load Ngq or Vg4 and the base
! length 2 I; at the position of the anchor i of an anchor channel

(22 ratio of the design ground acceleration on type A ground, ag, to the acceleration of gravity g

a reduction factor to take into account the influence of large cracks and scatter of load
e . . . .

a displacement curves under seismic loading

a reduction factor to take into account inertia effects due to an annular gap between fastener

s and fixture in case of seismic shear loading, given in the relevant European Technical Product
Specification
a ratio of the vertical design ground acceleration on type A ground, a., to the acceleration of

gravity g (see Formula (C.6))

ay angle between design shear load Ve (single fastener) or v 8, (group of fasteners) and a line
perpendicular to the edge verified for concrete edge failure, 0° < a, <90°, see Figure 7.12
and Formula (7.48)

a,, a, influencing factors according to EN 1992-1-1:2004, 8.4.4

Cq nominal value, e.g. limiting displacement

Crd resultant design compression force beneath the fixture (see Figure 6.2) and compression
resulting from bending (see Figure 6.8)

Cor prying force

E effect of action

Eq design value of effect of actions

F force in general

Fia vertical effects of the seismic action for non-structural elements

g acceleration of gravity

e partial factor

7, importance factor of the non-structural element
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ch
M Ed

M Rd,s,flex

M Rks,flex

N Ed,re

a
N Ed,re

N Rd,a
N Rd,c
NRd,cb
N Rd,p
N Rd,re
N Rd,s

N Rd,s,a
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factor accounting for the sensitivity to installation of post-installed fasteners
partial factor for material

partial factor for concrete cone, concrete edge, concrete blow-out and concrete pry-out
failure modes

partial factor for steel failure

building height, measured from the foundation or from the top of a rigid basement

moment

design value of bending moment acting on the anchor channel due to tension loads Ngg
(see 6.3.2 (4))

design resistance in case of steel failure in terms of flexure of channel under tension load

characteristic resistance in case of steel failure in terms of flexure of channel under tension
load

axial force (positive = tension force, negative = compression force)
resultant design tension force of the tensioned fastener

design value of tension load acting on an anchor of an anchor channel
resultant design tension force acting on a channel bolt

design value of tensile load (shear load) acting on the most stressed fastener of a group

design value of the resultant tensile (shear) loads of the fasteners in a group effective in
taking up tension (shear) loads

design value of tension load acting on the supplementary reinforcement

design value of tension load acting on the supplementary reinforcement of one anchor of the
anchor channel

design resistance of supplementary reinforcement associated with anchorage failure
design resistance in case of concrete cone failure under tension load

design resistance in case of concrete blow-out failure under tension load

design resistance in case of pull-out failure under tension load

design resistance in case of steel failure of supplementary reinforcement

design value of steel resistance of a fastener or a channel bolt under tension load

design value of steel resistance of one anchor of an anchor channel under tension load
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V/ch,c,Nb
l//ch,c,V
'//ch,e,N
Y ch,h,Nb
Venhy

Wch,s,N
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design value of steel resistance of the connection between anchor and channel of an anchor
channel under tension load

design resistance in case of steel failure in terms of local flexure of channel lip under tension
load

design resistance in case of concrete splitting failure under tension load

characteristic resistance in case of concrete cone failure under tension load

characteristic resistance in case of concrete blow-out failure under tension load
characteristic resistance in case of pull-out failure under tension load

characteristic tension resistance in case of pull-out failure under fire exposure
characteristic resistance in case of steel failure of supplementary reinforcement
characteristic value of steel resistance of a fastener or a channel bolt under tension load
characteristic value of steel resistance of one anchor of an anchor channel under tension load

characteristic value of steel resistance of the connection between anchor and channel of an
anchor channel under tension load

characteristic tension resistance in case of steel failure under fire exposure

characteristic resistance in case of steel failure in terms of local flexure of channel lip under
tension load

characteristic resistance in case of concrete splitting failure under tension load

mandrel diameter of reinforcing bar

factor taking into account the influence of a corner on the concrete cone resistance for an
anchor channel

factor taking into account the influence of a corner on the concrete blow-out resistance for
an anchor channel

factor taking into account the influence of a corner on the concrete edge resistance for an
anchor channel

factor taking into account the influence of an edge on the concrete cone resistance for an
anchor channel

factor taking into account the effect of the thickness of the concrete member on the concrete
blow-out resistance for an anchor channel

factor taking into account the influence of the thickness of the concrete member on the
concrete edge resistance for an anchor channel

factor taking into account the influence of neighbouring anchors on the concrete cone
resistance for an anchor channel
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factor taking into account the influence of neighbouring anchors on the concrete blow-out
resistance for an anchor channel

factor taking into account the influence of neighbouring anchors on the concrete edge
resistance for an anchor channel

factor taking into account the influence of shear loads acting parallel to the edge on the
concrete edge resistance for an anchor channel

factor taking into account the group effect when different tension loads are acting on the
individual fasteners of a group in case of concrete cone failure

factor taking into account the group effect when different tension loads are acting on the
individual fasteners of a group in case of concrete blow-out failure

factor taking into account the group effect when different tension loads are acting on the
individual fasteners of a group in case of combined pull-out and concrete failure of bonded
fasteners

factor taking into account the group effect when different shear loads are acting on the
individual fasteners of a group in case of concrete edge failure

factor taking into account a group effect of a number of fasteners in a row parallel to the edge
in case of concrete blow-out failure

factor taking into account a group effect for closely spaced bonded fasteners

factor taking into account the influence of the actual member thickness on the splitting
resistance

factor taking into account the fact that concrete edge resistance does not increase
proportionally to the member thickness

factor taking into account the effect of a compression force between the fixture and concrete
in case of bending moments with or without axial force

shell spalling factor

factor taking into account the effect of reinforcement located on the edge in case of concrete
edge failure

factor taking into account the disturbance of the distribution of stresses in the concrete due
to the proximity of an edge in the concrete member in case of concrete cone failure

factor taking into account the disturbance of the distribution of stresses in the concrete due
to the proximity of an edge in the concrete member in case of concrete blow-out failure

factor taking into account the disturbance of the distribution of stresses in the concrete due
to the proximity of an edge in the concrete member in case of combined pull-out and concrete
failure of bonded fasteners

factor taking into account the disturbance of the distribution of stresses in the concrete due
to the proximity of further edges in the concrete member in case of concrete edge failure
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vy factor t:aking into account the influence of a shear load inclined to the edge in case of concrete
’ edge failure

q behaviour factor

qa behaviour factor for non-structural elements

Qind indirect variable action

R resistance

R4 design value of resistance

Ry characteristic value of resistance

) displacement of fastener

S soil factor

Sa horizontal seismic coefficient applicable to non-structural elements

Sva vertical seismic coefficient applicable to non-structural elements

SN characteristic spacing of channel bolts for channel lip failure under tension load

Siy characteristic spacing of channel bolts for channel lip failure under shear load

O RKs i characteristic tension strength of a fastener in case of steel failure under fire exposure

T, fundamental period of vibration of the non-structural element

Tra design value of applied torsional moment on fixture (see Figure 6.4 and Figure 7.11)

Ty fundamental period of vibration of the building in the relevant direction

Tok characteristic bond resistance of a post-installed bonded fastener, depending on the

concrete strength class, in uncracked (TRk,ucr ) or cracked concrete (TRk,cr )

TRKs characteristic shear strength of a fastener in case of steel failure under fire exposure

%4 shear force

Va shear force on fastener (see Figure 6.4)

VEd design shear force

Vrde design resistance in case of concrete edge failure under shear load

Vrd,ep design resistance in case of concrete pry-out failure under shear load

Vrds design value of steel resistance of a fastener or a channel bolt under shear load

VRdsa design value of steel resistance of one anchor of an anchor channel under shear load

VRds,c design value of steel resistance of the connection between anchor and channel of an anchor

channel under shear load
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design resistance in case of steel failure with lever arm under shear load

design resistance in case of steel failure in terms of local flexure of channel lip under shear
load

characteristic resistance in case of concrete edge failure under shear load
characteristic resistance in case of concrete pry-out failure under shear load

characteristic resistance in case of concrete pry-out failure under shear load and fire
exposure

characteristic value of steel resistance of a fastener or a channel bolt under shear load
characteristic value of steel resistance of one anchor of an anchor channel under shear load

characteristic value of steel resistance of the connection between anchor and channel of an
anchor channel under shear load

characteristic shear resistance in case of steel failure under fire exposure

characteristic resistance in case of steel failure in terms of local flexure of channel lip under
shear load

characteristic resistance in case of steel failure with lever arm under shear load
weight of the non-structural element

height of the non-structural element above the level of application of the seismic action

3.2.4 Concrete and steel

As
As,re
¢

fod
fex
fuk

Wel

stressed cross section of a fastener

cross section of a reinforcing bar

strain

design bond strength of supplementary reinforcement

nominal characteristic compressive cylinder strength (150 mm diameter by 300 mm height)
nominal characteristic steel ultimate tensile strength

nominal characteristic steel yield strength

nominal characteristic steel yield strength of reinforcement

radial moment of inertia of the fastening

moment of inertia of the channel relative to the y-axis of the channel (see Figure 3.2)
stress in the concrete (to determine cracked vs uncracked concrete state)

crack width

elastic section modulus calculated from the stressed cross section
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3.2.5 Fasteners and fastenings, reinforcement

a

611[(12)

as

b
bch
bfix

C1

C2

CerN

(C cr,V)

Cer,Np

Cmin

da
ds
dn
dnom

e1

eN

€s
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spacing between outer fasteners in adjoining fastenings

spacing between outer fasteners in adjoining fastenings in direction 1 (direction 2)
(see Figure 3.4)

distance between concrete surface and point of assumed restraint of a fastener loaded by a
shear force with lever arm (see Figure 6.6)

factor accounting for degree of restraint of the fastening

width of anchor plate (see Figure 3.1)

width of the channel (see Figure 3.2)

width of fixture

edge distance from the axis of a fastener or the axis of an anchor channel
edge distance in direction 1 (see Figure 3.4)

edge distance in direction 2 (see Figure 3.4), where direction 2 is perpendicular to
direction 1

characteristic edge distance to ensure the characteristic resistance of a single fastener

characteristic edge distance for ensuring the transmission of the characteristic resistance of
a single fastener or anchor of an anchor channel in case of concrete break-out under tension
loading (concrete edge failure under shear loading)

characteristic edge distance for ensuring the transmission of the characteristic resistance of
asingle bonded fastener under tension load in case of combined concrete and pull-out failure

minimum allowable edge distance

diameter of fastener bolt or thread diameter, diameter of the stud or shank of headed studs,
effective depth to supplementary reinforcement (see Figure 6.8)

diameter of an anchor of an anchor channel (round anchor)
diameter of clearance hole in the fixture

diameter of the head of a headed fastener (see Figure 3.1)

outside diameter of a fastener

modulus of elasticity

distance between shear load and concrete surface (see Figure 6.6)

eccentricity of resultant tension force of tensioned fasteners in respect to the centre of
gravity of the tensioned fasteners (see Figure 6.3)

distance between the line of the shear load and the axis of the supplementary reinforcement
for shear (see Figure 6.8)
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eccentricity of resultant shear force of sheared fasteners in respect to the centre of gravity
of the sheared fasteners (see Figure 7.15)

thickness of concrete member in which the fastener or anchor channel is installed
(see Figure 3.4)

height of the channel (see Figure 3.2)

effective embedment depth (see Figures 3.1 to 3.3)

minimum allowed thickness of concrete member

nominal length of the headed fastener welded to the anchor plate

anchorage length of the reinforcing bar in the assumed concrete break-out body
(see Figures 7.2 and 7.10)

effective lever arm of the shear force acting on a fastener or on an anchor channel
(see Figure 6.6) used in the calculation

design anchorage length of reinforcement

influence length of an external load Ngq or Vrq along an anchor channel (see Figure 6.7 and
Formula (6.5))

number of fasteners in a group
number of legs of the supplementary reinforcement effective for one fastener

diameter of reinforcing bar

centre to centre spacing of fasteners in a group (see Figure 3.4) or anchors of an anchor
channel (see Figure 6.7) or spacing of reinforcing bars

spacing of fasteners in a group in direction 1 (direction 2), (see Figure 3.4)
spacing of channel bolts of an anchor channel

characteristic spacing for ensuring the transmission of the characteristic resistance of a
single fastener or anchor of an anchor channel

characteristic spacing of fasteners or anchors of anchor channels to ensure the characteristic
resistance of the individual fasteners or anchors of an anchor channel in case of concrete
cone failure under tension load (concrete edge failure under shear load)

minimum allowable spacing

thickness of anchor plate (see Figure 3.1)

thickness of the fixture

thickness of grout layer

thickness of head of headed fastener

internal lever arm of a fastening calculated according to the theory of elasticity

(see Figure 6.2 and Formula (7.7)); internal lever arm of concrete member (see Figure 6.8)
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3.2.6 Units

In this EN Sl-units are used. Unless stated otherwise in the formulae, the following units are used:
dimensions are given in mm, cross sections in mmz?, section modulus in mm3, moment of inertia in mm?,
forces and loads in N and stresses, strengths and moduli of elasticity in N/mm?2.

Key

1 indices 1 and 2: For fastenings close to an edge under tension loads, index 1: direction perpendicular to the
edge, index 2: direction parallel to the edge. For shear loads the indices depend on the edge for which the
verification of concrete edge failure is performed (index 1: direction perpendicular to the edge for which
verification is made; index 2: perpendicular to direction 1)

a) fastenings subjected to tension load
b) fastenings subjected to shear load in the case of fastenings near an edge

Figure 3.4 — Definitions related to concrete member dimensions, fastener spacing and edge
distance

4 Basis of design

4.1 General

(1) With appropriate degrees of reliability fasteners and anchor channels shall sustain all actions and
influences likely to occur during execution and use (ultimate limit state). They shall not deform to an
inadmissible degree (serviceability limit state) and remain fit for the use for which they are required
(durability). They shall not be damaged by accidental events to an extent disproportional to the original
cause.

(2) Fastening and anchor channel shall be designed according to the same principles and requirements
valid for structures given in EN 1990 including load combinations and EN 1992-1-1.

NOTE A design using the partial factors given in this EN and the partial factors given in the EN 1990 Annexes
is considered to lead to a structure associated with reliability class RC2, i.e. a f-value of 3,8 for a 50 year reference
period. For further information, see EN 1990.

(3) The design working life of the fasteners or anchor channels shall not be less than that of the fixture.
The partial factors for resistance and durability in this EN are based on a design working life of 50 years
for the fastening or anchor channel.
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(4) Values of actions shall be obtained from the relevant parts of the EN 1991 series and EN 1998 series
in the case of seismic actions (see Annex C).

(5) If the fastening is subjected to fatigue or seismic actions, only fasteners suitable for this application
shall be used (see relevant European Technical Product Specification).

(6) The design of the concrete member to which the fixture transfers loads shall comply with the
EN 1992-1 series and the requirements of Annex A for safe transmission of loads to the supports of the
member.

(7) For the design and execution of fastenings and anchor channels the same quality requirements are
valid as for the design and execution of structures and the attachment:

— the design of the fastening and of an anchor channel shall be performed by qualified personnel;
— the execution shall comply with the requirements stated in Annex F.
4.2 Required verifications

(1) Fasteners shall be verified in accordance with EN 1992-1-1 and EN 1998-1 (where applicable).

(2) In the ultimate limit state, verifications are required for all appropriate load directions and all
relevant failure modes.

(3) Inthe serviceability limit state, it shall be shown that the displacements occurring under the relevant
actions are not larger than the admissible displacement.

(4) The material of the fastener and the corrosion protection shall be selected and demonstrated taking
into account the environmental conditions at the place of installation, and whether the fasteners are
inspectable, maintainable and replaceable. Information is given in informative Annex B.

(5) Where applicable the fastening shall have an adequate fire resistance. For the purpose of this EN it is
assumed that the fire resistance of the fixture is adequate. Annex D describes the principles, requirements
and rules for the design of fastenings exposed to fire.

4.3 Design format

(1) Atthe ultimate limit state it shall be shown that:

E, <R, (4.1)

and at the serviceability limit state it shall be shown that

E, <C, (4.2)

(2) The forces in the fasteners shall be derived using appropriate combinations of actions on the fixture
in accordance with EN 1990. Forces Qing resulting from restraint to deformation, intrinsic (e.g. shrinkage)
or extrinsic (e.g. temperature variations), of the attached member shall be taken into account in the
design of fasteners. The design action shall be taken as y, ,Q, ;-
(3) In general actions on the fixture may be calculated ignoring the displacement of the fasteners or of
the anchor channels. However, the effect of displacement of the fasteners or of the anchor channels
should be considered when a statically indeterminate stiff element is fastened.

(4) In the ultimate limit state the value of the design resistance is obtained from the characteristic
resistance of the fastener, the group of fasteners or anchor channels as follows:

Ry =R, /7y (4.3)

Licensed to Hilti Aktiengesellschaft - GLOBALNORM
ILNAS eShop 2015 01810 / Max. Networking : 1 / downloaded : 2015-05-08

NOT FOR COMMERCIAL USE OR REPRODUCTION 29



EN 1992-4:2018 (E) ILNAS-EN 1992-4:2018

(5) In the serviceability limit state the value Eq, which is the design value of fastener or anchor channel
displacement, shall be evaluated from the information given in the relevant European Technical Product
Specification. Furthermore, cracking of the concrete for fastening with supplementary reinforcement and
for embedded base plates close to an edge loaded in shear shall be considered. For Cq, see Clause 11.

4.4 Verification by the partial factor method

4.4.1 Partial factors for actions

(1) Partial factors shall be in accordance with EN 1990.
(2) For the verification of indirect and fatigue actions the values of the partial factors y, 4 and y . shall
be used.

NOTE The values of y . and yp o foruseina Country may be found in its National Annex. The recommended

values for ultimate limit state are y, , = 1,2 for concrete failure and y, , =1,0 for other modes of failure, and in case

of fatigue loading y. . =1,0.

4.4.2 Partial factors for resistance

4.4.2.1 General

The factor to account for the sensitivity to installation of post-installed fasteners, 7; .., has been included

inst

as part of 7). (see Table 4.1). It has its origin in the prequalification of the product. The factor ;g is

product dependent and is given in the relevant European Technical Product Specification. Therefore ¥
shall not be modified.

inst

Licensed to Hilti Aktiengesellschaft - GLOBALNORM
ILNAS eShop 2015 01810 / Max. Networking : 1 / downloaded : 2015-05-08
NOT FOR COMMERCIAL USE OR REPRODUCTION

30



ILNAS-EN 1992-4:2018

EN 1992-4:2018 (E)

Table 4.1 — Recommended values of partial factors

Failure modes

Partial factor

Permanent and transient design situations

Accidental design situation

Steel failure - fasteners

Tension

Shear with and without
lever arm

YMs

= 1)2 'fuk/f;/k 2 1)4

=1,05 'fuk/f;/k >1,25

=1,0 - fuc/fzxk = 1,25 when fue <800 N/mm? and fy/fuk < 0,8

=1,0 - fu/fyx2 1,25 when fu <800 N/mm2and f/fu < 0,8

= 1,5 when fu > 800 N/mm?2 or fii/fuc> 0,8

= 1,3 when fu > 800 N/mm? or fy/fu > 0,8

Steel failure - anchor channels

Tension in  anchors
and channel bolts

=1,2 'fuk/f;/k >1,4

= 1,05 'fuk/f;/k > 1,25

Shear with and without| ™ =10 - fuc/fyk = 1,25 when fuc < 800 N/mm?2 and fix/fuk < 0,8 | = 1,0 - fux/fyk = 1,25 when fuc <800 N/mm2 and fii/fuc < 0,8
lever arm in channel

bolts =1,5 when fix > 800 N/mm?2 or fx/fu > 0,8 = 1,3 when fix > 800 N/mm? or fi/fu> 0,8
Connection between

anchor and channel in| ymsca =1,8 =16

tension and shear

Local failure of anchor

channel by bending of | ywus) =1,8 =1,6

lips in tension and shear

Bending of channel Ymsfex = 1,15 =1,0

Steel failure - supplementary reinforcement

Tension Ymsre =1,152 =1,0
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Concrete related failure

Concrete cone failure, YMc = Y Vinst Ve Vinst
concrete edge failure, Ye = 15> L . : - 1,2¢ L . . I
for seismic repair and strengthening of existing for seismic repair and strengthening of existing
concrete blow-out structures see the EN 1998 series structures see the EN 1998 series
failure, concrete pry-out
failure Pty = 1,0 for headed fasteners and anchor channels satisfying the requirements of 4.6 (in tension and shear)
Vinst > 1,0 for post-installed fasteners in tension, see relevant European Technical Product Specification
= 1,0 for post-installed fasteners in shear
Concrete splitting failure YMsp = YMc
Pull-out and
combined pull-out and VM = Ve

concrete failure

a  The values are in accordance with EN 1992-1-1.
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4.4.2.2 Ultimate limit state (static, quasi static and seismic loading)
(1) Partial factors for fastenings under static, quasi static and seismic loading shall be applied to
characteristic resistances.

(2) The recommended values for the partial factors for fastenings under seismic loading are identical to
the corresponding values for quasi static loading. For accidental loads the partial factors according to
Table 4.1 are recommended.

NOTE The value of a partial factor for use in a Country under static, quasi static, seismic and accidental loading
may be found in its National Annex, when the partial factor is not product dependent. The recommended values are
given in Table 4.1. They take into account that the characteristic resistance for steel failure is based on fux, except fyk
should be used for bending of the channel of anchor channels and steel failure of supplementary reinforcement.

4.4.2.3 Ultimate limit state (fatigue loading)

Partial factors for fastenings under fatigue loading . c.or 7vcfars ¥ Mspfat and Y Mp fat shall be applied to
characteristic resistances.

NOTE The values of the partial factors for fastenings under fatigue loading for use in a Country may be found
in its National Annex. For the partial factor for material, the following values are recommended: yy; ¢, =1,35

(steel failure) and yy ¢ = YMpfat = 1,576 (concrete related failure modes).

=7 Msp,fat
4.4.2.4 Serviceability limit state

The partial factor for resistance is y,, and shall be applied to characteristic resistances.

NOTE The value of the partial factor for serviceability limit state for use in a Country may be found in its

National Annex. For the partial factor y, the value y,, =1,0 is recommended.

4.5 Project specification

(1) The project specification shall typically include the following.

a) Strength class of the concrete used in the design and indication as to whether the concrete is assumed
to be cracked or not cracked. If uncracked concrete is assumed, verification is required (see 4.7).

b) Environmental exposure assumed in design (see EN 206).

c) A note indicating that the number, manufacturer, type and geometry of the fasteners or
manufacturer, type and geometry of anchor channel or channel bolts shall not be changed unless
verified and approved by the responsible designer.

d) Construction drawings or supplementary design documents should include:

1) location of the fasteners or anchor channels in the structure, including tolerances;

2) number and type of fasteners (including embedment depth) or type of anchor channels and
channel bolts;

3) spacing and edge distance of the fastenings or anchor channels including tolerances (normally
these should be specified with positive tolerances only);

4) thickness of fixture and diameter of the clearance holes (if applicable);
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5) position of the attachment on the fixture including tolerances;

6) maximum thickness of a possible intervening layer e.g. grout or insulation between the fixture
and surface of the concrete;

7) (special) installation instructions (if applicable). These shall not contradict the manufacturer's
installation instructions.

e) Reference to the manufacturer's installation instructions.

f) A note that the fasteners shall be installed ensuring the specified embedment depth.

(2) For additional quality assurance of the installation project specification may call for proof loading of
installation on site.

4.6 Installation of fasteners

The resistance and reliability of fastenings are significantly influenced by the manner in which the

fasteners are installed. The partial factors given in 4.4 are valid only when the conditions and the
assumptions given in Annex F are fulfilled.

4.7 Determination of concrete condition

(1) Intheregion of the fastening the concrete may be cracked or uncracked. The condition of the concrete
for the service life of the fastening shall be determined by the designer.

NOTE In general, it is conservative to assume that the concrete is cracked over its service life.

(2) Uncracked concrete may be assumed if it is proven that under the characteristic combination of

loading at serviceability limit state the fastener with its entire embedment depth is located in uncracked
concrete. This will be satisfied if Formula (4.4) is observed (compressive stresses are negative):

0L T OR < 0dm (4.4)
where
o, is the stress in the concrete induced by external loads including fastener loads

is the stress in the concrete due to restraint of intrinsic imposed deformations (e.g.

o
R shrinkage of concrete) or extrinsic imposed deformations (e.g. due to displacement of
support or temperature variations). If no detailed analysis is conducted, then
op =3 N/mm? should be assumed;
. is the admissible tensile stress for the definition of uncracked concrete.
aam

The stresses o, and o should be calculated assuming that the concrete is uncracked. For concrete

members which transmit loads in two directions (e.g. slabs, walls and shells) Formula (4.4) should be
fulfilled for both directions.

NOTE The value of 0.

and is based on the characteristic combination of loading at the serviceability limit state.

m Mmay be found in a Country’s National Annex. The recommended value is o, =0
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5 Durability

Fasteners and fixtures shall be chosen to have adequate durability taking into account the environmental
conditions for the structure (such as exposure classes) as given in EN 1992-1-1.

NOTE1  Product specific information might be stated in the relevant European Technical Product Specification.

NOTE 2  Further information is given in informative Annex B.

6 Derivation of forces acting on fasteners - analysis

6.1 General

(1) Clause 6 applies to static and quasi static loading. The requirements for fatigue and seismic loading
are given in Clauses 8 and 9, respectively.

(2) The actions acting on a fixture shall be transferred to the fasteners as statically equivalent tension
and shear forces.

(3) When a bending moment and/or a compression force act on a fixture, which is in contact with
concrete or mortar, a friction force will develop. If a shear force is also acting on a fixture, this friction will
reduce the shear force on the fastener. However, in this EN friction forces are neglected in the design of
the fastenings.

(4) Eccentricities and prying effects shall be explicitly considered in the design of the fastening
(see Figure 6.1). Prying forces Cpr arise with deformation of the fixture and displacement of the fasteners.

(5) In general, elastic analysis may be used for establishing the loads on individual fasteners both at
ultimate and serviceability limit states.

For ultimate limit states plastic analysis for headed and post-installed fasteners may be used, if the
conditions of CEN/TR 17081, Design of fastenings for use in concrete — Plastic design of fastenings with
headed and post-installed fasteners, are observed.
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NEq
1 ANk

oam om

| f\ CPF? l l ?Cpr
[P" NEd,1 NEd,z

a) ' b)

1 eccentricity

Cpr  prying force
a) Ngq 1 =Ngg +Cp;

b) Ngg,1 = Ngg, 2 = 0,5Ngq +Cp;

Figure 6.1 — Eccentricity and prying action - Examples for amplification of tension forces acting
on fastener a) due to eccentricity and b) due to prying action

6.2 Headed fasteners and post-installed fasteners

6.2.1 Tension loads

(1) The design value of tension loads acting on each fastener due to the design values of normal forces
and bending moments acting on a rigid fixture may be calculated assuming a linear distribution of strains
as shown in Figure 6.2 and a linear relationship between strains and stresses. If the fixture bears on the
concrete with or without a grout layer, the compression forces are transmitted to the concrete by the
fixture. The load distribution to the fasteners may be calculated analogous to the elastic analysis of
reinforced concrete using the following assumptions (see Figure 6.2).

a) The fixture is sufficiently rigid such that linear strain distribution will be valid (analogous to
Bernoulli hypothesis).

b) The axial stiffness of all fasteners is equal. The stiffness should be determined on the basis of the
elastic steel strains in the fastener.

c) The modulus of elasticity of the concrete is taken from EN 1992-1-1. As a simplification, the modulus
of elasticity of concrete may be assumed as E_ =30 000 N/mm?. If no specific information is available

in the relevant European Technical Product Specification, the modulus of elasticity of steel of the
fastener may, as a simplification, be assumed as E_ =210 000 N/mm?.

d) Inthe zone of compression under the fixture the fasteners do not take up normal forces.
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(2) The assumption in 6.2.1 (1) a) may be considered to be satisfied if the base plate remains elastic
under design actions (GE 4 <o d) and its deformation remains negligible in comparison with the axial

displacement of the fasteners. If this requirement for the deformation is not fulfilled the elastic
deformation behaviour of the fixture shall be taken into account adequately to determine the design value
of tension loads acting on each fastener.

(3) For fastener groups with different levels of tension forces Ngq,; acting on the individual fasteners of a
group, the eccentricity ey of the tension force N, of the group with respect to the centre of gravity of the

tensioned fasteners influences the concrete related resistances of the group (i.e. resistances in case of
concrete cone failure, combined pull-out and concrete failure of bonded fasteners, concrete splitting
failure and concrete blow-out failure). Therefore this eccentricity shall be calculated (see Figures 6.2 and
6.3). If the tensioned fasteners do not form a rectangular pattern (see Figure 6.3 c)), for reasons of
simplicity the group of tensioned fasteners may be shaped into a rectangular group to calculate the centre
of gravity. It may be assumed as point '5' in Figure 6.3 c). This simplification will lead to a larger
eccentricity and a reduced concrete resistance.

&
Nz
Key
Npg i =g Eg -4
Cpq =0,5bg, -x-¢.-E,

Figure 6.2 — Fastening with a rigid fixture bearing on the concrete loaded by a bending moment
and a normal force — Example
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1 compressed area
2 neutral axis
3 geometric centre of gravity of tensioned fasteners
4  point of resultant tensile force of tensioned fasteners
5  centre of gravity in simplified approach

a) eccentricity in one direction, all fasteners are loaded by a tension force
b) eccentricity in one direction, only a part of the fasteners of the group are loaded by a tension force
c) eccentricity in two directions, only a part of the fasteners of the group are loaded by a tension force

Figure 6.3 — Fastenings subjected to an eccentric tensile force Ngg — Examples

Licensed to Hilti Aktiengesellschaft - GLOBALNORM
ILNAS eShop 2015 01810 / Max. Networking : 1 / downloaded : 2015-05-08
NOT FOR COMMERCIAL USE OR REPRODUCTION

38



ILNAS-EN 1992-4:2018 EN 1992-4:2018 (E)

6.2.2 Shear loads
6.2.2.1 General

Only fastenings with no hole clearances or clearances in the direction of the shear load complying with
Table 6.1 are covered by this EN.

6.2.2.2 Distribution of loads

(1) The load distribution depends on the effectiveness of fasteners to resist shear loads which is, e.g.

influenced by the hole clearance and the edge distance. The following cases are distinguished.

a) All fasteners are considered to be effective for each of the following cases:

1) if the fastening is located far from an edge (Ci > max{th ;60d, }) ;

ef

2) for verification of steel failure and pry-out failure;

3) ifthe fastening is loaded by a torsion moment (see Figure 6.4), or by a shear load parallel to the
edge (see Figure 6.5 a)).

b) Only fasteners closest to the edge loaded in shear are assumed to be effective for the verification of
concrete edge failure if the fastening is located close to the edge (c < max{thef;60dnom}) and

loaded perpendicular to the edge (see Figure 6.5 b)).
(2) A fastener is not considered to resist shear loads if the hole is slotted in the direction of the shear
force.
Table 6.1 — Hole clearance

Dimensions in millimetres

external
p | diameterof [ b g0l go | 14 | 16 | 18 | 20 | 22 | 24 | 27 | 30 > 30
fastener da

or dnom”

diameter df

d+3
2 ofclegrance 719112 114 116 | 18 | 20 | 22 | 24 | 26 | 30 | 33 reor
hole in the dnom + 3
fixture

a  Ifbolt bears against the fixture.
b [fsleeve bears against the fixture.

NOTE1  Applications where bolts are welded to the fixture or screwed into the fixture, or in the cases where any
gap between the fastener and the fixture is filled with mortar of sufficient compressive strength (= 40N/mm?) or
eliminated by other suitable means may be considered to have no hole clearance.
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D
S1

<+ 4
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Key
2 2 0,5
T s s
V, = Ed |\ 7L 4122
1p 2 2
where
Ip = sf +s§

Figure 6.4 — Determination of shear loads when all fasteners are effective in verification -
Example of torsion moment acting on a quadruple fastening

V\/ = VEd sin
Ve
+ +

o

—_—

VH = VEd cos «o

- -

a) b) c)

Key
a) group with two fasteners close to an edge loaded parallel to the edge
b) group with four fasteners close to an edge loaded perpendicular to the edge
c) quadruple fastening close to an edge loaded by an inclined shear load

Figure 6.5 — Determination of shear loads for verification of concrete edge failure; only the
forces in the fasteners closest to the edge (solid lines) are considered in the verification -
Examples

NOTE 2 In case of groups of fasteners where only the fasteners closest to the edge are effective, the component
of the load acting perpendicular to the edge is taken up by the fasteners closest to the edge, while the components
of the load acting parallel to the edge - due to reasons of equilibrium - are equally distributed to all fasteners of the
group (see Figure 6.5 c)).

Shear loads acting away from the edge do not significantly influence the concrete edge resistance.
Therefore, the component of a shear load acting away from the verified concrete edge may be neglected
in the calculation of the shear forces on the fasteners close to the verified edge.
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6.2.2.3 Shear loads with and without lever arm
(1) Shear loads acting on fastenings may be assumed to act without a lever arm if all of the following
conditions are satisfied.

a) The fixture is made out of steel and is in contact with the fastener over a length of atleast 0,5 - t

fix *
b) The fixture is fixed:
1) either directly to the concrete without an intermediate layer; or

2) using a levelling mortar with a thickness Egrout < 0,5d under at least the full dimensions of the
fixture on a rough concrete surface (see EN 1992-1-1:2004, 6.2.5) as intermediate layer; the
strength of the mortar shall be at least that of the base concrete but not less than 30 N/mm?2.

When the above conditions are not satisfied, shear force on fastenings should be assumed to act with

lever arm.

(2) Ifin 6.2.2.3 (1) only condition b) is not satisfied, a reduced steel shear capacity of the fasteners in
accordance with 7.2.2.3.1 (3) may be used for fastenings in uncracked concrete instead of a design with
lever arm provided all the following conditions are satisfied:

— there are at least two fasteners in the direction of the shear force;
— no bending moment or tension force is acting on the base plate;

— the fastener spacing in the direction of the shear force exceeds 10d (if inclined shear forces are acting
this condition shall be fulfilled for both directions);

— the thickness of the mortar bed tgou is less than or equal to 40 mm and <5d (fasteners without a
sleeve) or <5d (fasteners with a sleeve);

— a mortar bed is applied at least to the full dimensions of the fixture on a rough concrete surface
(see EN 1992-1-1:2004, 6.2.5);

— the strength of the mortar bed is at least that of the base concrete but not less than 30 N/mm?.

(3) If the shear load acts with a lever arm, a bending moment acting on the fastener shall be accounted
for. The design bending moment acting on the fastener is calculated according to Formula (6.1):

l

Mgy =Viy _a (6.1)
ay
where
[, =a;+e; (6.2)

Vea  is the shear load acting on the fastener under consideration (see Figure 6.6)

where

e is the distance between shear load and concrete surface neglecting the thickness of any
levelling grout (see Figure 6.6)
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as = 0;5 dnom

= ( if a washer and a nut are directly clamped to the concrete surface or to the surface of
an anchor channel or if a levelling grout layer with a compressive strength > 30 N/mm?

and a thickness Earout < d /2 is present.

is the factor accounting for the degree of restraint of the fastener at the side of the fixture of
the application in question. It should be determined according to good engineering practice.

No restraint (“M = 1,0) shall be assumed if the fixture can rotate freely.

Full restraint (“M = 2,0) may be assumed only if the fixture cannot rotate.

lVEd lVEd jVEd
g L4
‘S
| / !
| |5 S —H =
= / | | —
| 3 P4 |
«L_ Teix «1*
5
2
la
a) b) c)
Key
1 fastener
2  concrete element
3  attachment
4 channel bolt
5 special washer

a) stand-off installation
b) stand-off installation with nut and washer to prevent local concrete spalling
c) stand-off installation with anchor channels

Figure 6.6 — Definition of the lever arm

6.3 Anchor channels

6.3.1 General

(1) The distribution of tension loads acting on the channel to the anchors of the anchor channel may be
calculated treating the channel as a beam on elastic support (anchors) with a partial restraint of the
channel ends as statical system. The resulting anchor forces depend significantly on the assumed anchor
stiffness and degree of restraint. For shear loads the load distribution is additionally influenced by the
pressure distribution in the contact zone between channel and concrete.

(2) Asasimplification for anchor channels with two anchors the loads on the anchors may be calculated
assuming a simply supported beam with a span length equal to the anchor spacing.
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(3) For anchor channels with two or more anchors as an alternative the triangular load distribution
method to calculate the distribution of tension and shear loads to the anchors may be used (see 6.3.2 and
6.3.3).

(4) Inthe case of shear loads, this EN covers only shear loads acting on the channel perpendicular to its
longitudinal axis.

NOTE Shear loads acting in direction of the longitudinal axis of the anchor channel are covered in
CEN/TR 17080, Design of fastenings for use in concrete — Anchor channels — Supplementary rules.

6.3.2 Tension loads

(1) The tension in each anchor caused by a tension load acting on the channel is calculated according to
Formula (6.3), which assumes a linear load distribution over the influence length /; and takes into account
the condition of equilibrium. The influence length / shall be calculated according to Formula (6.5). An
example for the calculation of the forces acting on the anchors is given in Figure 6.7.

Na

B
Ea; = kAl Ngg (6.3)

where

A’ is the ordinate at the position of the anchor i of a triangle with the unit height at the
1

position of load Nf:tc’l and the base length 2I;

k = 1
n
24
1 (6.4)
I =13.1995 505 > 5
! y (6.5)
n is the number of anchors on the channel within the influence length /; to either side of the

applied load Ngq (Figure 6.7)

(2) If several tension loads are acting on the channel a linear superposition of the anchor forces for all
loads shall be assumed.

(3) Ifthe exact position of the load on the channel is not known, the most unfavourable loading position
shall be assumed for each failure mode (e.g. load acting over an anchor for the case of failure of an anchor
by steel rupture or pull-out and load acting between anchors in the case of bending failure of the channel).

(4) The design bending moment M El:i in the channel due to tension loads N Eg acting on the channel bolts

may be calculated assuming a simply supported single span beam with a span length equal to the anchor
spacing.

The assumption of a simply supported beam to calculate the moments is a simplification which neglects
the influence of partial end restraints, continuous beam action for channels with more than two anchors
and catenary action after yielding of the channel. The characteristic values of the moments of the
resistance given in the European Technical Product Specification take these effects into account. They
may be larger than the plastic moment, calculated with the dimensions of the channel and nominal yield
strength of the steel.
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a) anchor channel with 5 anchors
b) on elastic support
c) triangular load distribution method
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Figure 6.7 — Calculation of anchor forces according to the triangular load distribution method
for an anchor channel with five anchors - Example

6.3.3 Shear loads

(1) The provisions given in 6.2.2.3 shall be used to determine whether a shear load acts with or without

a lever arm on the channel bolt.

(2) The shear forces of each anchor due to a shear load acting on the channel perpendicular to its
longitudinal axis may be calculated in the same manner as described in 6.3.2.
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NOTE Shear loads applied perpendicular to anchor channels are transferred as compression at the interface
between channel and concrete and by the anchors. In addition for reasons of equilibrium the anchors are stressed
by tension forces. Generally, the percentage of the shear load taken up by the channel and the anchors may vary
depending on the geometry of the anchor channel. In the approach presented above it is assumed that shear forces
are transferred by bending of the channel to the anchors and by the anchors into the concrete. This simplified
approach has been chosen to allow for simple interaction between tension and shear forces acting on the channel.

(3) For verification of concrete edge failure components of shear loads acting away from the edge may
be neglected when calculating the anchor forces.

6.4 Forces assigned to supplementary reinforcement

6.4.1 General

The design tension forces acting in the supplementary reinforcement shall be established using an
appropriate strut and tie model. Examples see Figure 7.2 (tension load) and Figure 7.10 (shear load).

6.4.2 Tension loads

(1) The supplementary reinforcement shall be designed for N4 (single fastener) or N]};G1 (group of
fasteners). This reinforcement is then applied to all fasteners.
(2) For anchor channels the supplementary reinforcement of all anchors shall be designed for the force

Ngd of the most loaded anchor.

6.4.3 Shear loads

(1) When supplementary reinforcement is placed in the direction of the design shear force, the design
tension force Ngqre in the supplementary reinforcement caused by the design shear force Vgq acting on a
fixture perpendicular and towards to the edge shall be calculated according to Formula (6.6):

e
Ngdre = [? + 1] Vg (6.6)

where (see Figure 6.8):

es is the distance between axis of reinforcement and line of shear force acting on the fixture;
z~0,85-d with d not larger than min{2 hes; 2¢1}

NOTE In case of deep sections the internal lever arm will be much smaller than the section. Therefore, the
effective depth is limited to min{2 hes; 2 c1}.

When the design shear force is inclined and towards the edge the supplementary reinforcement may be
designed assuming that the total design shear force is acting perpendicular and towards to the edge.
When the design shear force is parallel to the edge or inclined and away from the edge the supplementary
reinforcement may conservatively be designed simply assuming that the component of the design shear
force parallel to the edge is acting perpendicular and towards to the edge.

(2) Inthe case of different shear forces on the fasteners of a fixture, Formula (6.6) shall be solved for the
shear load Véld of the most loaded fastener resulting in Nllild e+ This force is then applied to the design of

the supplementary reinforcement of all fasteners.

(3) If the supplementary reinforcement is not arranged in the direction of the shear force, this shall be
taken into account in the calculation of the design tension force of the reinforcement to maintain
equilibrium in the strut and tie model.
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(4) For anchor channels the supplementary reinforcement of all anchors shall be designed for a force Viq
that is the greater of the shear force on the most loaded anchor and on the most loaded channel bolt.

Veg o Veg o
| 279
[ J ) N» o L ) —
Edre NEdlre
N i N i
© ©

Ceq Ceq

VT VT

/ /

(1 (1
a) b)

Key
a) Dbase plate with headed fastener
b) anchor channel

Figure 6.8 — Surface reinforcement to take up shear forces — Forces in the reinforcement

7 Verification of ultimate limit state
7.1 General
(1) Clause 7 applies to static loading. The requirements for fatigue and seismic loading are given in

Clauses 8 and 9, respectively.

(2) In the design of fastenings the values of fu used for calculation shall not exceed 60 N/mm? even if the
structure uses a higher strength class.

(3) It shall be demonstrated that Formula (4.1) is fulfilled for all loading directions (tension, shear,
combined tension and shear) as well as all failure modes for each load combination.

(4) The verification shall be performed for the fastener or group of fasteners considered effective for the
specific failure mode for the loads resulting from the applied actions on the fixture.

(5) This section applies when forces on the fasteners have been calculated using elastic analysis.
(6) Both edge distance and spacing shall be specified only with positive tolerances.

(7) The formulae to calculate the characteristic resistances for concrete failure modes under tension
loads as well as shear loads in case of pry-out failure are valid for a spacing between outer fasteners of
adjoining groups or a distance between single fasteners or single fasteners and outer fasteners of

adjoining groups of a2 s .. For shear loads in case of concrete edge failure a > 3c, is valid.

(8) Aborted drill holes filled with non-shrinkage mortar with a strength at least equal to the base

material and > 40 N/mm? may be neglected in the design.

(9) The verifications given in 7.2 take into account all directions of load and all failure modes. As an
alternative simplified design methods are given in informative Annex G.

(10) In the calculation of the area of supplementary reinforcement, the area of any underutilized
reinforcement provided in the member for other purposes may be included provided such reinforcement
meets the detailing requirements in this document.
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7.2 Headed and post-installed fasteners
7.2.1 Tension load
7.2.1.1 Required verifications

The verifications of Table 7.1 apply. The failure modes addressed are given in Figure 7.1.

| ! |

1

a) b) c)

d) e)

Key
a) steel failure
b) concrete cone failure
c) pull-out failure
d) combined pull-out and concrete failure of bonded fasteners
e) concrete splitting failure
f)  concrete blow-out failure

Figure 7.1 — Failure modes of headed or post-installed fasteners under tension load

7.2.1.2 Detailing of supplementary reinforcement

(1) When the design relies on supplementary reinforcement, concrete cone failure according to
Table 7.1 and 7.2.1.4 need not be verified but the supplementary reinforcement shall be designed
according to 7.2.1.9 to resist the total load.

(2) The supplementary reinforcement to take up tension loads shall comply with the following
requirements (see also Figure 7.2).

a) Thereinforcement shall consist of ribbed reinforcing bars (fyk re <600 N/mm? ) with a diameter ¢

not larger than 16 mm and shall be detailed as stirrups or loops with a mandrel diameter ¢m
according to EN 1992-1-1.
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b) Where supplementary reinforcement has been sized for the most loaded fastener, the same
reinforcement shall be provided around all fasteners.

c) The supplementary reinforcement should be placed symmetrically as close to the fasteners as
practicable to minimize the effect of eccentricity associated with the angle of the failure cone.
Preferably, the supplementary reinforcement should enclose the surface reinforcement. Only

reinforcement bars with a distance < 0,75hef from the fastener shall be assumed as effective.

d) Only supplementary reinforcement with an anchorage length in the concrete failure cone of I, > 4¢

(anchorage with bends, hooks or loops) or I, > 10¢ (anchorage with straight bars with or without

welded transverse bars) shall be assumed as effective.

e) The supplementary reinforcement shall be anchored outside the assumed failure cone with an
anchorage length I,q according to EN 1992-1-1 (see Figure 7.2 a)). Concrete cone failure assuming an
embedment length corresponding to the end of the supplementary reinforcement shall be verified
using Formula (7.1) for Ngk.. This verification may be omitted if in reinforced structural elements the
tension in the anchored reinforcing bar is transferred to the reinforcement in the structural element
by adequate lapping.

f) Surface reinforcement should be provided as shown in Figure 7.2 designed to resist the forces arising
from the assumed strut and tie model and the splitting forces according to 7.2.1.7 (2)b).

S s
s 7
ISR VISP / //% 2
/ / <
S AT L (L
‘S s “ X S s
I s - .Qq, .......... X s S,
| ) A « S \ S XA
2 <0,75h¢ 2

a) b)
Key
1 supplementary reinforcement
2 surface reinforcement

Figure 7.2 — a) Fastening with supplementary reinforcement to take up tension loads;
b) Corresponding strut and tie model - Example
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Table 7.1 — Required verifications for headed and post-installed fasteners in tension

Failure mode Single fastener Group of fasteners
most loaded fastener group
1 | Steel failure of Ngis N Npics
fastener Nggq < Npgs = Ngq < Nggs =
Y Ms Y Ms
2 | Concrete cone N N
. Rk,c Rk,c
failure Ngg <Npge =— Ngq < Ngge =
Y Mc Y Mc
3 | Pull-out failure of <N ~ NRip oo B NRkp
fastener 2 Ed = VRdp T Ed < VRdp =
Y Mp Y Mp
4 | Combined pull-out N N
P N..<N,, =_Rkp NE <N.. __Rkp
and concrete Bd = TRdp T Bd = TRdp T
failure b Mp Mp
5 | Concrete splitting N N
i _ ""Rksp g _ ""Rk,sp
failure Ngg = Npgsp =— Ngg < Npgsp =
4 Msp v Msp
6 | Concrete blow-out N N
- c N < N _ Rk,cb Ng < N _ Rk,cb
failure Ed Rd,cb Ed Rd,cb
YMc 7 Mc
7 | Steel failure of Nk re . Npiere
reinforcement Nggre = Nrgre = Nggre < Npgre =
4 Ms,re 4 Ms,re
8 | Anchorage failure N <N NP <N
of reinforcement Edre = "Rda Edre = "Rda
a  Notrequired for post-installed bonded fasteners.
b Notrequired for headed and post-installed mechanical fasteners.
¢ For cases which require verification see 7.2.1.8 (1).

7.2.1.3 Steel failure of fastener

The characteristic resistance of a fastener in case of steel failure Nrks is given in the relevant European
Technical Product Specification. The characteristic resistance is based on fix.

7.2.1.4 Concrete cone failure

(1) The characteristic resistance of a fastener, a group of fasteners and the tensioned fasteners of a group
of fasteners in case of concrete cone failure shall be obtained as given in Formula (7.1):

A
_ 0 cN
NRk,c - NRk,c ’ A0 VN Vien YecN YMN (7.1)
c,N

The different factors of Formula (7.1) are given below.

(2) The characteristic resistance of a single fastener placed in concrete and not influenced by adjacent
fasteners or edges of the concrete member is obtained as follows:
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0 1,5
NRk,c =k -\ fox het (7.2)
with

k1 =k for cracked concrete

= kuern for uncracked concrete
kern and kuery are given in the corresponding European Technical Product Specification.
NOTE Indicative values for kN and kucrn are kern=7,7 and kuen=11,0 for post-installed fasteners and

kern = 8,9 and kuern = 12,7 for cast-in headed fasteners.

(3) The geometric effect of axial spacing and edge distance on the characteristic resistance is taken into
account by the value A, / Ay

where

Ay = (7.3)

Ser,N “Ser,N

is the reference projected area, see Figure 7.3.

Acn  is the actual projected area, limited by overlapping concrete cones of adjacent fasteners
(s <Sen ) as well as by edges of the concrete member (c <Cun ) . An example for the

calculation of Ay is given in Figure 7.4.

cen 1S givenin the corresponding European Technical Product Specification and seen = 2 Cern.

NOTE For headed and post-installed fasteners according to current experience SceN = 2 Cer,N = 3 hef.

Key
1 concrete cone

Figure 7.3 — Idealized concrete cone and area A?N of concrete cone of an individual fastener
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0'Sscr,N

S?

Y]

Key
AC,N = (c1 +54 +0,5scr'N ) . (Cz +5, +0,55CF’N)

if c¢pandC, SCcrN
Sq and ) < Scr,N

When the fastening is close to one edge only, the value of ¢1 (or cp) parallel to the edge should be replaced
by 0,5 scn and the expression for Acy should be modified accordingly.

Figure 7.4 — Actual area A.n of the idealized concrete cone for a group of four fasteners -
Example

(4) The factor vy takes account of the disturbance of the distribution of stresses in the concrete due to

the proximity of an edge of the concrete member. For fastenings with several edge distances (e.g.
fastening in a corner of the concrete member or in a narrow member), the smallest edge distance ¢ shall
be inserted in Formula (7.4).

c

YN =0,7+0,3- <1 (7.4)

Ccr,N

(5) The shell spalling factor v\ applies when h, <100 mm and accounts for the effect of dense

reinforcement between which the fastener is installed:

h
ef
l//re,N :0,5+%S 1 (75)

The factor v,y may be taken as 1,0 in the following cases:
a) reinforcement (any diameter) is present at a spacing = 150 mm, or
b) reinforcement with a diameter of 10 mm or smaller is present at a spacing 2 100 mm.

The conditions a) or b) shall be fulfilled for both directions in case of reinforcement in two directions.

(6) The factor ¥,y takes account of a group effect when different tension loads are acting on the

individual fasteners of a group.
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1

= <1 (7.6)
1+2-(eN /scr’N)

l//ec,N

Where there is an eccentricity in two directions, ¥ .y shall be determined separately for each direction

and the product of both factors shall be inserted in Formula (7.1).

(7) The factor y,y takes into account the effect of a compression force between fixture and concrete in

cases of bending moments with or without axial force.

T 1 for the following cases:

)

fastenings with an edge distance ¢ < 1,5 h;

fastenings with ¢ 21,5 h; loaded by a bending moment and a tension force with

Crq / Ngq<0,8, where Cgq is the resultant compression force between fixture and

concrete (taken as absolute value) and Ngq is the resultant tension force of the
tensioned fasteners ; or

fastenings with z / hs > 1,5

=2- z >1 for all other cases. (7.7)
1,5 hy

In case of bending in two directions z shall be determined for the combined action of the moments in two
directions and axial force.

(8) For the case of fasteners in an application with three or more edge distances less than c.n from the
fasteners (see Figure 7.5) the calculation according to Formula (7.1) leads to conservative results. More
precise results are obtained if in the case of single fasteners the value heris substituted by

c

r _ Inax

et =~ het (7.8)
Ccr,N

or in the case of groups her is substituted by

C . S .
hle = max 08X . p o Tmax . p

ef (7.9)
Ccr,N

where

Cmax  is the maximum distance from centre of a fastener to the edge of concrete member <c_

Spax = 52 (g scr’N) for applications with three edges (see Figure 7.5 a));

max(sy;sz2) < Sq.y (see Figure 7.5 b)).

For fastenings without hole clearance where three fasteners in a row close to an edge are allowed, Smax is

the maximum centre to centre distance of outer fasteners < Zscr N-
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) (Cl’ €217 52,2) < CaN
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Figure 7.5 — Fastenings in concrete members where héf, S’cr,N and C'cr,N may be used — Examples

The value héf is inserted in Formula (7.2). In Formulae (7.3), (7.4) and (7.6) and for the determination of

Acn according to Figure 7.4 the values Sér,N and C’cr,N defined as:
hef

’ _ '
Scr,N =2c Scr,N h
ef

c,N —

are inserted for s¢n and cern, respectively.

NOTE An example for the calculation of h; is given in Figure 7.6.
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c1 =110 mm

c2 =100 mm

c3 =120 mm = Cmax

C4 =80 mm

s =210 mm

het =200 mm

héf = max{lZO /1,5; 210/ 3} =80 mm.

Figure 7.6 — Illustration of the calculation of héf for a double fastening influenced by 4 edges

7.2.1.5 Pull-out failure of fastener
The characteristic resistance in case of pull-out failure Ngkp of post-installed mechanical and headed
fasteners is given in the relevant European Technical Product Specification.

For headed fasteners the characteristic resistance Ny, is limited by the concrete pressure under the head
of the fastener according to Formula (7.11):

Newp =Ko Ay S (7.11)
where

Ay is the load bearing area of the head of the fastener

= %(dﬁ - dczl ) for circular shaped heads (7.12)
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k., =7,5 for fasteners in cracked concrete
= 10,5 for fasteners in uncracked concrete

In Formula (7.12) di should not be taken larger than 6 ¢, + d.
7.2.1.6 Combined pull-out and concrete failure in case of post-installed bonded fasteners

(1) The characteristic resistance of a fastener, a group of fasteners and the tensioned fasteners of a group
of fasteners in case of combined pull-out and concrete failure shall be obtained as given in Formula (7.13).

A

_ 0 pN
NRk,p - NRk,p ' A 'l//g,Np v s,Np 'l//re,N .l//ec,Np (7.13)

0
pN

The different factors of Formula (7.13) are given below.

(2) The characteristic resistance of a single bonded fastener Ngkp not influenced by adjacent bonded

fasteners or edges of the concrete member is calculated as:

0
NRk,p =¥sus TRk "7 d- hef (7.14)
where
0
Veus = 1 for Usus < Vsus (7.14a)
0 0
Vus =Vsus T1— Qg fOr oo > W (7.14b)

0 is the product dependent factor that takes account of the influence of sustained load on the
bond strength to be taken from the relevant European Technical Product Specification;

is the ratio between the value of sustained actions (comprising permanent actions and
U permanent component of variable actions) and the value of total actions all considered at
ULS;

= TRker for cracked concrete;

= TRkucr for uncracked concrete;

TRker and 7py . are given in the relevant European Technical Product Specification.
NOTE The values TRkcr and TRk ucr MAY depend on the concrete strength class.

If no value is given in the European Product Specification for the product a value '//_Sus =0,6 should be

used. The value t//gus = 0,6 relates to sustained tension load being present during a design life of 50 years

and a minimum of 10 years at a concrete temperature of 43 °C in the region of the fasteners. For
fastenings with a long term temperature other than 43 °C different values will apply and these should be
obtained by appropriate testing and assessment. In general, for a temperature in the concrete smaller

than 43 °C the factor z//gus will be larger than 0,6.
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The ratio ., should be determined by the designer for the fastening to be designed. Guidance may be

S
given in national documents.

(3) The geometric effect of axial spacing and edge distance on the characteristic resistance is taken into

0

PN where

account by the value AN /A

A = .S reference bond influence area of an individual fastener
p,N cr,Np “cr,Np

Apn is the actual bond influence area, limited by overlapping areas of adjacent fasteners (5 <s, Np)

as well as by edges of the concrete member ¢ < CerNp

Seenp = 7239 (W gus Tric )0’5 < 3h,, (7.15)

TRk is the value 7y . for uncracked concrete C20/25

CerNp = SerNp /2 (7.16)
NOTE Ag’N and Apn are calculated similar to the reference projected area AgN and the actual projected area

Acnin case of concrete cone failure (Figures 7.3 and 7.4). However, the values scrn and cer,y are replaced by the values
SeeNp and cerNp, respectively. The value sanp calculated according to Formula (7.15) is valid for cracked and
uncracked concrete.

(4) The factor Y e Np takes account of a group effect for closely spaced bonded fasteners.

0,5
0 S 0
Yenp =¥gnp ~ Sen '(‘/’g,Np - 1) 21 (7.17)
cr,Np
where
1,5
T
V gnp :&‘((—1)' P el (7.18)
Rk,c
k3
TRie = g Ver S (7.19)

ks =7,7 for cracked concrete

= 11,0 for uncracked concrete

In case of unequal spacing the mean value of the spacing should be used in Formula (7.17).

(5) The factor Np takes account of the disturbance of the distribution of stresses in the concrete due

to the proximity of an edge of the concrete member. For fastenings with several edge distances (e.g.
fastening in a corner of the concrete member or in a narrow member), the smallest edge distance c shall
be inserted in Formula (7.20).
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Wong = 0,7+0,3 ——|<1 (7.20)
P Ccr,Np

(6) For the shell spalling factor v, the corresponding provisions of 7.2.1.4(5) apply.

(7) The factor vy, Np takes account of a group effect when different tension loads are acting on the

individual fasteners of a group.

1
YeeNp = <1 (7.21)

1+2-(eN /scr‘Np)

Where there is an eccentricity in two directions, Y ecNp shall be determined separately for each direction
and the product of both factors shall be inserted in Formula (7.13).

(8) For the case of fasteners in applications with three or more edge distances less than ccnp from the
fastener (Figure 7.5), the calculation according to Formula (7.13) leads to conservative results. More

precise results are obtained if hef is substituted by h);, which is determined according to Formulae (7.8)

or (7.9) replacing ccrn by cernp and Ser,n by Ser,np.
The value h is inserted in Formulae (7.14) and (7.19). The value sérle is calculated according to
Formula (7.15) replacing her by h; .

!

’
The values SerNp and CerNp

(7.20) and (7.21).
7.2.1.7 Concrete splitting failure

=0,5 S,cr,Np are used to determine AS,N and Apy as well as in Formulae (7.17),

(1) Concrete splitting failure during installation (e.g. when applying the installation torque on a fastener)
is avoided by complying with minimum values for edge distances cmin, Spacing Smin, member thickness hmin
and requirements for reinforcement as given in the relevant European Technical Product Specification.

(2) Concrete splitting failure due to loading shall be taken into account according to the following rules.

a) The characteristic edge distance in the case of splitting under load, ccsp, is given in the relevant
European Technical Product Specification. The characteristic spacing is defined as Scr,sp = 2 Cer,sp-

b) No verification is required if at least one of the following conditions is fulfilled.

1) The edge distance in all directionsis ¢ >1,0c¢ for single fastenersand c 21,2 ¢ for groups

cr,sp cr,sp

of fasteners and the member depth is h2 h . in both cases, with hmin corresponding to cersp.

2) The characteristic resistances for concrete cone failure and pull-out failure (headed and post-
installed mechanical fasteners) or combined pull-out and concrete failure (bonded fasteners)
are calculated for cracked concrete and reinforcement resists the splitting forces and limits the

crack width to wy <0,3 mm.

In the absence of better information the cross-section of the reinforcement, Z A, . ,toresistthe splitting

forces can be determined as follows:
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2N
ZA -k, —4= Ed (7.22)
: 4
e fyk,re /7/Ms,re
where
Ka = 2,0 deformation-controlled expansion fasteners

= 1,5 torque-controlled expansion fasteners and bonded expansion fasteners
= 1,0 undercut fasteners and concrete screws
= 0,5 bonded fasteners, headed fasteners

Z Ngg is the sum of the design tensile force of the fasteners in tension under the design value
of the actions

fykre is the nominal yield strength of the reinforcing steel <600 N/mm?.
It is recommended that this reinforcement is placed symmetrically and close to the fastener or each
fastener in case of a group.

c) Ifneither condition b) 1) or b) 2) is fulfilled, the characteristic resistance of a fastener or a group of
fasteners in case of concrete splitting failure shall be calculated according to Formula (7.23).

A
_n0 c,N
NRk,sp - NRk,sp 0 VN YreN VecN Vhsp (7.23)
AC,N
where
ngk is given in the relevant European Technical Product Specification
Sp

An A° according to 7.2.1.4, however the values c.y and sq,n shall be
N Acns VN Viens VeeN . \
replaced by cer,sp and sersp, respectively, which correspond to the
minimum member thickness hmin.

takes into account the influence of the actual member thickness h

v
hsp on the splitting resistance (see Formula (7.24))
2/3 2/3
Wy o = _h < max<1; M <2 (7.24)
h,Sp h ) - ’ h ) - "
min min

d) Ifin the relevant European Technical Product Specification csp is given for more than one minimum
member thickness hmin, the minimum member thickness corresponding to cusp used in
Formula (7.23) shall be inserted in Formula (7.24).

NOTE If NO

Rk sp is not available in the relevant European Technical Product Specification, this value can be

N

conservatively calculated as 0 — mi 0
y NRk,sp = min{N Rk.c

Ricp' },with NRk,p according to 7.2.1.5 in case of post-installed

mechanical and cast-in fasteners or replaced by Ngkp according to 7.2.1.6 in case of bonded fasteners. Ngk c is

calculated according to Formula (7.2).
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7.2.1.8 Concrete blow-out failure

(1) Verification of concrete blow-out failure is required in case of headed fasteners and for post-installed
mechanical undercut fasteners acting as headed fasteners if the edge distance ¢ < 0,5 h.¢ . Each edge shall

be considered in turn. The characteristic resistance in case of concrete blow-out failure is calculated as
follows:

A

_ a0 c,Nb
Nekeb = NRieb 5 ¥sNb " ¥gNb “VecNb (7.25)
c¢,Nb

For groups of fasteners perpendicular to the edge verification is only required for the fasteners closest to
the edge. The different factors of Formula (7.25) are given below.

(2) The characteristic resistance of a single fastener, not influenced by adjacent fasteners or further
edges is obtained as given in Formula (7.26):

0
Npwen = Ks €1 Ap S (7.26)
where
ks = 8,7 for cracked concrete;

= 12,2 for uncracked concrete.

Ay as defined in Formula (7.12) or given in the relevant European Technical Product
Specification.

(3) The geometric effect of axial spacing and edge distance on the characteristic resistance is taken into

account by the value 4_,, /A0

c,Nb’
where
40 is the reference projected area for an individual fastener with an edge distance ci, see
N Figure 7.7
2 7.27
—(4¢,) 7:27)

Acny  is the actual projected area, limited by overlapping concrete break-out bodies of adjacent
fasteners (s <4 01) as well as by proximity of edges of the concrete member (c2 <2 C1)

or the member thickness.

Examples for the calculation of Acnp are given in Figure 7.8.
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4(1

Figure 7.7 — Idealized concrete break-out body and area A?Nb of an individual fastener in case of

concrete blow-out failure

A
¢,Nb
_J.f h
- —
oA
z AN S
Gar P 7] <
//// 9 ///:
VN LA

a)

b)
Key
a) ANy =4cq(cy+sy,+2¢y) b) ANy =2y +f)(4cy +5,)
c,<2c f<2c

Figure 7.8 — Examples of actual areas Ay of the idealized concrete break-out bodies for
different arrangements of headed fasteners in case of concrete blow-out failures
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(4) The factor vy, takes account of the disturbance of the distribution of stresses in the concrete due

to the proximity of a corner of the concrete member (see Figure 7.8 a)). For fastenings with several edge
distances (e.g. fastening in a narrow concrete member), the smallest edge distance in direction 2, ¢z, shall
be inserted in Formula (7.28).

¢
=0,7+0,3 —2 <1 (7.28)

l//s Nb
201

(5) The factor Y gnp accounts for the group effect of a number of fasteners n in a row parallel to the edge.

Vany =V + (1) =21 (7.29)

4 cq
with

5, < 4c1

(6) The factor v\, takes account of a group effect, when different loads are acting on the individual

fasteners of a group.

1
% = (7.30)
M 14206y /(4c,)
7.2.1.9 Failure of supplementary reinforcement
7.2.1.9.1 Steel failure
The characteristic yield resistance of the supplementary reinforcement Ny for one fastener is:
NRk,re = Z As,re,i ’ fyk,re (731)

i=1
where
fyere <600 N/mm?
nre  is the number of bars of supplementary reinforcement effective for one fastener
7.2.1.9.2 Anchorage failure

The design resistance Nrg. of the supplementary reinforcement provided for one fastener associated with
anchorage failure in the concrete cone is:

nre
0
NRd,a = Z NRd,a,i (7.32)
i=1

where
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Iy m-¢-f 1
0 1 bd
NRd,a = = As,re 'fyk,re ’ (7.33)
@ X Ms,re
I is the anchorage length in the break-out body (see Figure 7.2); [; shall be larger than the

minimum anchorage length in 7.2.1.2 (2)d);
fod is the design bond strength according to EN 1992-1-1:2004, 8.4.2;

a,,a, are the influencing factors according to EN 1992-1-1:2004, 8.4.4.

7.2.2 Shear load
7.2.2.1 Required verifications

The verifications of Table 7.2 apply. The failure modes addressed are given in Figure 7.9:

i_ -
a) b)
) d)

Key
a) steel failure without lever arm
b) steel failure with lever arm
c) concrete pry-out failure
d) concrete edge failure

Figure 7.9 — Failure modes of headed and post-installed fasteners under shear load
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Table 7.2 — Required verifications for headed and post-installed fasteners in shear

Failure mode Single fastener Group of fasteners
most loaded fastener group

1 | Steel fallur.e of Veks N Veks

fastener without | Vgq <Vpgs =—— Veg <VRas =—

lever arm Vms 7Ms
2 | Steel fallur_e of ViksM N VRisM

fastener with Vea < Vrasm = Veq < Vrasm =

lever arm 7s TMs
3 | Concrete pry- v |4 a

. Rk,cp Rk,cp
out failure Vea <Vraep = Vea < VRd.cp =
'Mc "Mc

4 Co_ncrete edge Veke VRke

failure Veqa =VRae =— Veq < VRae =

7 Mc " Mc

5 | Steel failure of v “y ~ Npire b N  Npgre

supplementary Edre = YRdre = —y Bdre = TRdre =7

reinforcement b Msyre Ms,re
6 | Anchorage N <N Nh N

failure of Ed,re Rd,a Ed,re Rd,a

supplementary

reinforcement b
a  Exception see 7.2.2.4 (4).
b The tension force acting on the reinforcement is calculated from Veq according to Formula (6.6).

7.2.2.2 Detailing of supplementary reinforcement

(1) When the design relies on supplementary reinforcement, concrete edge failure according to Table 7.2
and 7.2.2.5 need not to be verified but the supplementary reinforcement shall be designed according to
7.2.2.6 to resist the total load. The supplementary reinforcement may be in the form of a surface
reinforcement (see Figure 7.10 a)) or in the shape of stirrups or loops (see Figure 7.10 b) and c)).

(2) The supplementary reinforcement shall be anchored outside the assumed failure body with an
anchorage length l,¢ according to EN 1992-1-1. In reinforced concrete members the tension in the
anchored reinforcing bar shall be transferred to the reinforcement in the member by adequate lapping.
Otherwise the load transfer from the supplementary reinforcement to the structural member shall be
verified by an appropriate model, e.g. strut and tie model.

(3) If the shear force is taken up by a reinforcement according to Figure 7.10 a), the bars shall only be
assumed to be effective if the following requirements are fulfilled.

a)

b)

Where supplementary reinforcement has been sized for the most loaded fastener, the same
reinforcement is provided around all fasteners considered effective for concrete edge failure.

The supplementary reinforcement consists of ribbed bars with fyi <600 N/mm? and the diameter

¢ is not larger than 16 mm. The mandrel diameter, ¢ , complies with EN 1992-1-1.

Bars are within a distance of 0,75c¢; from the fastener.
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d) The anchorage length 1 in the concrete breakout body is at least min [, =104 for straight bars with

or without welded transverse bars and min 11 =4¢ for bars with a hook, bend or loop. Exception
see 7.2.2.2 (4).

e) The breakout body assumed should be the same as that for calculating the resistance for concrete
edge failure (see 6.2.2.2 and 7.2.2.5).

f) Reinforcement along the edge of the member is provided and designed for the forces according to an
appropriate strut and tie model. As a simplification an angle of the compression struts of 45° may be
assumed.

- ¥

S

0,75 ¢,

4

a) b) c)
Key

a) surface reinforcement to take up shear forces with simplified strut and tie model to design edge
reinforcement

b) supplementary reinforcement in the shape of stirrups
c) supplementary reinforcement in the shape of loops

Figure 7.10 — Reinforcement to take up shear forces acting on a fastening

(4) If the shear forces are taken up by a supplementary reinforcement detailed in the shape of stirrups
or loops (see Figure 7.10 b) and c)), the reinforcement shall enclose and be in contact with the shaft of
the fastener and be positioned as closely as possible to the fixture, because direct force transfer from the
fastener to the supplementary reinforcement is assumed and therefore no verification of the anchorage
length in the breakout body is required.

7.2.2.3 Steel failure of fastener

7.2.2.3.1 Shear load without lever arm

(1) The characteristic resistance of a single fastener in case of steel failure V}?k , Is given in the relevant
European Technical Product Specification.
NOTE For a single fastener made out of carbon steel without sleeve in the sheared section (threaded rod) and
without significant reduction in cross-section along its total length Vlgks can be calculated as follows:
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0
VRks = ke - Ag - fuk (7.34)

where

ks =0,6for f, <500N/mm?

2 2
=0,5 for 500 N / mm <fuk£1000N/mm

For fasteners witharatio h /d <5 and a concrete compressive strength class < C20/25 the characteristic
resistance Vé)k's should be multiplied by a factor of 0,8.

(2) The characteristic resistance of a fastener Vris accounting for ductility of the fastener in a group and

including a possible grout layer with a thickness &g, < d/2is:
0
VRk,s =k, 'VRk,s (7.35)
where

for single fasteners k7 = 1;
for fasteners in a group k- is given in the relevant European Technical Product Specification.
NOTE For fasteners in a group the factor k7 for ductile steel can be assumed as k7 = 1, for steel with a rupture

elongation AS <8% avalue k7 = 0,8 can be used.

(3) If the conditions given in 6.2.2.3 (2) are fulfilled, the characteristic resistance of one fastener Vg in
uncracked concrete is:

0
VRk,s = (1 -0,01- tgrout ) ) k7 ) VRk,s (7.36)

7.2.2.3.2 Shear load with lever arm
The characteristic resistance in case of steel failure Vi sm shall be obtained from Formula (7.37):

v oy My
RksM — ; (7.37)

a
with

ay, lasee 6.2.2.3 (3)

0
Mgis = Mpys '(1 —Ngg /NRd,s) (7.38)

NRd,s = NRk,s /7Ms
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The characteristic resistance under tension load in case of steel failure Nrks, the partial factor 7y and

the characteristic bending resistance of a single fastener Mgks are given in the relevant European
Technical Product Specification where applicable.

Formula (7.38) can only be used for tension load Niq; where Ngq is a compression load the fastener should
be designed as a steel element according to EN 1993-1-8.

7.2.2.4 Concrete pry-out failure

(1) Fastenings may fail due to a concrete pry-out failure at the side opposite to load direction. Pull-out
failure may also occur due to a tension force introduced in the fasteners by the shear load. For reason of
simplicity this effect is not verified explicitly, but implicitly accounted for in the verification for pry-out
failure, where relevant.

NOTE The tension force is caused by the eccentricity between the applied shear force and the resultant of the
resistance in the concrete.
(2) The corresponding characteristic resistance Vrkcp shall be calculated for fastenings with headed or

mechanical post-installed fasteners as follows:

— for fastenings without supplementary reinforcement

Vekep = K3 Nrice (7.39a)
— for fastenings with supplementary reinforcement

Vekep = 0,75 kg - Npy . (7.39b)
where

ks  isafactor to be taken from the relevant European Technical Product Specification

Nric is determined according to 7.2.1.4 for a single fastener or all fasteners in a group loaded in
shear.

(3) The characteristic resistance Vgrip shall be calculated for fastenings with bonded fasteners as follows:

— for fastenings without supplementary reinforcement

V

Rloep = kg - min {NRk,c; NRk,p} (7.39¢)

— for fastenings with supplementary reinforcement

v (7.39d)

Ricep = 075 Kg -min{NRk'C; N

Rk,p }

where

Nrxp is determined according to 7.2.1.6 for a single fastener or all fasteners in a group loaded in
shear.

(4) For anchor groups of fasteners with shear forces (or components thereof) on the individual fasteners
in opposing directions (e.g. fastenings loaded predominantly by a torsion moment), the most
unfavourable fastener shall be verified. When calculating the areas Acn and Apy it shall be assumed that
there is a virtual edge (c = 0,5s) in the direction of the neighbouring fastener(s) (see Figure 7.11).
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Ac,N

0,55, = 1,5k
\‘:
o
055y = 1.5he

’f i
o
a
S)
2
o
o

0,552

1 c 0,559

a) b)

Key
a) group of four fasteners without edge influence
b) group of two fasteners located in a corner

Figure 7.11 — Calculation of area A for pryout failure for a group of fasteners with shear load
(or components thereof) on fasteners acting in opposing directions - Examples, assuming
ScrN = 3hes

7.2.2.5 Concrete edge failure

(1) For embedded base plates with an edge distance in direction of the shear load ¢ < max {10 hy; 60 d}

the provisions are valid only if the thickness t of the base plate in contact with the concrete is smaller
than 0,25 he. For fastenings where the shear load acts with lever arm, the provisions are valid if

c> max{lO hy; 60 d} c> max{lO hy; 60 d}.

NOTE In case of fastenings located close to an edge and loaded by a shear load with lever arm the effect of an
overturning moment on the concrete edge resistance is not considered in the following provisions.

(2) Only the fasteners located closest to the edge are used for the verification of concrete edge failure
(see Figure 7.12). For load distribution see 6.2.2.2.

(3) For fastenings with more than one edge (see Figure 7.12), the verification shall be carried out for all

edges.

(4) The minimum spacing of fasteners in a group should be s, > 4d, . .
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a)
o
Iy
b)
(4] S (¥} S
Key
VEl = VEd cos o

Viy =Vgq sine
a) applied action
b) verification for the left edge
c) verification for the bottom edge
fastener in a); loaded fastener in b) and c)

unloaded fastener in b) and c)

Figure 7.12 — Verification for a quadruple fastening with hole clearance at a corner - Example

(5) The characteristic resistance Vg of a fastener or a group of fasteners loaded towards the edge is:

A
0 c,V
VRke = VRie - 10 Vsv Yhv Vev Vay Viev (7.40)
c,V

The different factors of Formula (7.40) are given below.

(6) The initial value of the characteristic resistance of a fastener loaded perpendicular to the edge is
calculated as:

0 [ 1,5
VRk,c = k9 'drtfom 'I%B : fck € (741)
with
ko =1,7 for cracked concrete

= 2,4 for uncracked concrete

] 0,5
a=0,1 {—f] (7.42)

¢
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0,2
J (7.43)

€

=01 [ﬂ
hes in case of a uniform diameter of the shank of the headed fastener and a uniform

Ik =
diameter of the post-installed fastener

<12d  incase of dom <24 mm

< maX{B d, ;300 mm} incaseof d_ >24 mm

The values dnom and Ir are given in the relevant European Technical Product Specification.
(7) The ratio Ay / Agv takes into account the geometrical effect of spacing as well as of further edge

distances and the effect of thickness of the concrete member on the characteristic resistance.

is the reference projected area, see Figure 7.13

0
AC,V
(7.44)

_ 2
=4,5 ¢
is the area of the idealized concrete break-out body, limited by the overlapping concrete

AC,V
cones of adjacent fasteners (S <3 Cl) as well as by edges parallel to the assumed loading direction

(Cz <1,5¢, ) and by member thickness (h <1,5¢, ) . Examples for the calculation of A.v are given

in Figure 7.14.
75,

A%y =(2x15¢q) x 15¢
= [f,S X C1% Cq

Figure 7.13 — Idealized concrete break-out body and area Agv for a single fastener
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AC,V:1’5C1(1’561+CZ) Ac,V:(2'1’5C1+52)'h
h>15c, h<1,5¢,
¢, <1,5¢; s, <3¢
a) Single fastener at a corner b) Group of fasteners at an edge in a thin concrete
member

Figure 7.14 — Examples of actual projected areas A.v of the idealized concrete break-out bodies
for different fastener arrangements under shear loading

(8) Resistance calculated in accordance with Formula (7.40) may be unconservative for concrete edge
failure in cases where the fastenings comprising two fasteners are subject to torsion resulting in shear in
opposite directions in the fasteners due to overlapping of the concrete breakout bodies. If the ratio
between the concrete edge breakout resistance (verified edge) to the concrete breakout resistance of the

second fastener (pry-out or edge failure) is larger than 0,7 and s, <5, Vrcc according to Formula (7.40)

crit
should be multiplied by a factor of 0,8 which is assumed to be conservative. Herein, sci: is defined as

follows:
—  Scrit = 1,5her + 1,5¢3, if the second fastener is governed by pry-out failure;

— Sait = 1,5¢3, if the second fastener is governed by concrete edge failure with respect to a second edge
(perpendicular to the verified edge).

(9) The factor y  takes account of the disturbance of the distribution of stresses in the concrete due to

further edges of the concrete member on the shear resistance. For fastenings with two edges parallel to
the direction of loading (e.g. in a narrow concrete member) the smaller value of these edge distances shall
be used for c; in Formula (7.45).

)

<1 (7.45)

vy =07+03.

3

1

(10) The factor yy takes account of the fact that the concrete edge resistance does not decrease

proportionally to the member thickness as assumed by the ratio 4, / Ag v (Figure 7.14 b)).

0,5
1,5¢; |
Viy = >1 (7.46)

h

Licensed to Hilti Aktiengesellschaft - GLOBALNORM
ILNAS eShop 2015 01810 / Max. Networking : 1 / downloaded : 2015-05-08
NOT FOR COMMERCIAL USE OR REPRODUCTION

70



ILNAS-EN 1992-4:2018 EN 1992-4:2018 (E)

(11) The factor v, takes into account a group effect when different shear loads are acting on the
individual fasteners of a group (see Figure 7.15).

1
) 1+2-ey /<3c1)

<1 (7.47)

l//ec,V

where

ev is the eccentricity of the resulting shear load acting on the fasteners relative to the centre of
gravity of the fasteners loaded in shear

G

Figure 7.15 — Resolving unequal shear components into an eccentric shear load resultant -
Example

(12) The factor vy, takes account of the influence of a shear load inclined to the edge under

consideration on the concrete edge resistance.

_ | L

l// =
“ \/(cos ay )2 + (0,5 -sinay, )2

where

>1 (7.48)

@V is the angle between design shear load Vg4 (single fastener) or VEgd (group of fasteners) and

a line perpendicular to the verified edge, 0° < @y, <90°, see Figure 7.12.

(13)  The factor y,,y takes account of the effect of the reinforcement located on the edge.

¥..v =1,0 fastening in uncracked concrete and fastening in cracked concrete without edge

reinforcement or stirrups

Viey = 1,4 fastening in cracked concrete with edge reinforcement (see Figure 7.10) and closely

spaced stirrups or wire mesh with a spacing a <100 mm and a < 2c; .
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Afactor ¥y > 1 for applications in cracked concrete shall only be applied, if the embedment depth her

of the fastener is at least 2,5 times the concrete cover of the edge reinforcement.
(14) For fastenings in a narrow, thin memberwith ¢, ~<1,5¢, and h<15c,; (seeFigure 7.16) the
, max ’ 1 1

calculation according to Formula (7.40) leads to conservative results. More precise results are achieved
if c1 is replaced by:

¢} = max {%1%7 1_’15} in case of single fasteners (7.49)

or

Cc N .
¢! = max {_2mex . L; Zmax | in case of groups (7.50)
1 1,5 1,5 3

where

Comax 1S the larger of the two distances to the edges parallel to the direction of loading; and
Somax 1S the maximum spacing in direction 2 between fasteners within a group.

The value of ¢ instead of ¢ is used in Formulae (7.41) to (7.47) as well as in the determination of the

areas ASV and Ay according to Figures 7.13 and 7.14.
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a) b)

maX{C271;C2,2} <1,5¢,and h<15¢,  S= 100 mm, ¢1 =200 mm, h =120 mm < 1,5-200 mm,
Cyq =150 mm < 1,5-200 mm,¢,, =100 mm < 1,5-200 mm,

¢} =max{150/1,5;120/1,5; 100/3} = 100 mm
Figure 7.16 — Fasteners in thin, narrow members where the value c¢; may be used

7.2.2.6 Failure of supplementary reinforcement

7.2.2.6.1 General

When supplementary reinforcement comprises a mixture of surface reinforcement (see Figure 7.10 a))
and loops in contact with the fastener (see Figures 7.10 b) and c)) their resistances shall not be added
unless the strain compatibility of the various failure modes (steel and anchorage failure) of the two types
of reinforcements is taken into account.

7.2.2.6.2 Steel failure

The characteristic resistance of one fastener in case of steel failure of the supplementary reinforcement
may be calculated according to Formula (7.51).

nre
NRk,re = klO Z As,re,i ’ fyk,re (7-51)
i=1

where

nre is the number of bars of supplementary reinforcement effective for one fastener
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kio is the efficiency factor

1,0 surface reinforcement according to Figure 7.10 a)

0,5 supplementary reinforcement in the shape of stirrups or loops enclosing the
fastener (see Figure 7.10 b) and c))

2
fyk,re <600 N/mm

NOTE Where the contact between the supplementary reinforcement in the shape of stirrups or loops and the
shaft of the fastener as well as the position of this reinforcement with respect to the concrete surface cannot be
ensured (see 7.2.2.2 (4)) due to tolerances in workmanship the factor k10 = 0,5 accounts for the consequences on
the resistance.

7.2.2.6.3 Anchorage failure

(1) For applications with supplementary reinforcement in the shape of stirrups or loops in contact with
the fastener (see Figure 7.10b) and c)) no proof of the anchorage capacity of the supplementary
reinforcement in the assumed concrete break-out body is necessary.

(2) For applications according to Figure 7.10 a) the design resistance Ngrga. of the supplementary
reinforcement of one fastener in case of an anchorage failure in the concrete edge break-out body is given
by Formula (7.52):

Miga = M (7.52)
i=1
where
T (753)
1 %2 Ms,re
L is the anchorage length in the break-out body (see Figure 7.10 a)); /1 shall be larger than

the minimum anchorage length in 7.2.2.2 (3) d);
fod is the design bond strength according to EN 1992-1-1:2004, 8.4.2;
a,, a, are the influencing factors according to EN 1992-1-1:2004, 8.4.4.

7.2.3 Combined tension and shear loads
7.2.3.1 Fastenings without supplementary reinforcement

The required verifications are given in Table 7.3. Verifications for steel and concrete failure modes are
carried out separately. Both verifications shall be fulfilled.
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Table 7.3 — Required verifications for headed and post-installed fasteners without
supplementary reinforcement subjected to a combined tension and shear load

Failure mode Verification

N V
[ Ed} +[ Ed] <1 (7.54)
1 Steel failure of fastener N Rd,s VRd,s

If Neq and Viq are different for the individual fasteners of the
group, the interaction shall be verified for all fasteners.

. 15 . 15
_Ed + [Ld <1 (7.55)
Nga;i VRdi
or
Failure modes other N 1%
2 than steel failure [NLd} + (Vij <1,2 (7.56)
Rd,i Rd,i

with N, /NRd,i <land Vg /Vpg; <1

The largest value of Ngq /Nrq; and Veq /Vrg, for the different failure
modes shall be taken.

a  This verification is not required in case of shear load with lever arm as Formula (7.37) accounts for the
interaction.

7.2.3.2 Fastenings with supplementary reinforcement

(1) For fastenings with supplementary reinforcement for both tension and shear loads 7.2.3.1 applies.
However, for the verifications according to Table 7.3, line 2 Nrq / Nrq; for concrete cone failure mode
(tension) and Vgq/Vra,i for concrete edge failure mode (shear) are both replaced by the corresponding
values for failure of supplementary reinforcement.

(2) For fastenings with supplementary reinforcement to take up either tension or shear loads only,
Formula (7.57) shall be used with the largest value of Ngq / Nrai and Viq / Vra,i for the different failure
modes other than steel failure of the fastener.

ki1 ki1
N v,
kd + =B <1 (7.57)
NRd,i VRd,i

where

ki1 is given in the relevant European Technical Product Specification

Ngq / Npg; <1 and
Veq / Vg <1

In case of fastenings with supplementary reinforcement to take up tension loads only, Nrqi and Vgg;i
represent the design resistances Nrdap, Nraspy Nrdch, Nrdres Nrda and Veae Vraep, respectively. If
supplementary reinforcement is used to take up shear loads only, Nrqi and Vrg; represent the design
resistances Nrdap, Nrdc, Nrdsp, Nracb and Vracp, Nrare, Nrdaa respectively. For Ngq and Vgq the actions
corresponding to the specific failure modes shall be used.
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If no value for ki; is given in the relevant European Technical Product Specification, k11 = 2/3 may be
assumed. This value is based on engineering considerations and is considered as conservative.

7.3 Fasteners in redundant non-structural systems

(1) In redundant non-structural systems when excessive slip or failure of one fastener occurs, it is
assumed that the load can be transmitted to adjacent fasteners without violating the requirements on the
fixture in the serviceability and ultimate limit state.

(2) The definition of redundant non-structural systems is given in the National Regulations.

NOTE Details on the design of fasteners in redundant non-structural systems can be found in CEN/TR 17079,
Design of fastenings for use in concrete — Redundant non-structural systems.

(3) Verification for fastenings in redundant non-structural systems shall be verified according to 7.1 and
7.2, and Annex G may be used.

7.4 Anchor channels
7.4.1 Tension load
7.4.1.1 Required verifications

The verifications of Table 7.4 apply. The failure modes addressed are shown in Table 7.4.

7.4.1.2 Detailing of supplementary reinforcement

(1) When the design relies on supplementary reinforcement, concrete cone failure according to
Formula (7.60) need not to be verified but the supplementary reinforcement shall be designed to resist
the total load. The reinforcement shall be anchored adequately on both sides of the potential failure
planes. 7.2.1.2 applies.

(2) For anchor channels located parallel to the edge of a concrete member or in a narrow concrete
member, the plane of the supplementary reinforcement shall be located perpendicular to the longitudinal
axis of the channel (see Figure 7.17).
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Key
1 supplementary reinforcement
2 surface reinforcement

Figure 7.17 — Arrangement of supplementary reinforcement

7.4.1.3 Steel failure

(1) The characteristic resistances Nrysa (failure of anchor), Nrksc (failure of the connection between
anchor and channel), Ngk ;1 (basic value for local failure by flexure of channel lips), Nrs (failure of the

channel bolt) and Mgy ex (failure by flexure of the channel) are given in the relevant European Technical
Product Specification.

(2) The characteristic resistance Nrks; for lip failure is:

0
Neis) = Nris1 " ViN (7.58)
with
Wiy =05 1+ 20 <1 (7.59)
' SIN
where

Scho  is the spacing of channel bolts

sin  is the characteristic spacing for channel lip failure under tension, taken from the European
Technical Product Specification.

As indicative value sy = 2 be, may be used.

7.4.1.4 Pull-out failure

The characteristic resistance Ngyp for pull-out failure of the anchor is given in the relevant European
Technical Product Specification.

The characteristic resistance Nrkp should be limited by the concrete pressure under the head of the
anchor according to 7.2.1.5.
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Table 7.4 — Required verifications for anchor channels in tension

Failure mode Channel Most unfavourable anchor or channel
bolt
N
a _ ""Rksa
1 anchor Ngg < NRd,s,a -
Ms
connection between anchor and N2 <N _ NRk,s,c
2 channel Ed = “'Rdsc
4 Ms,ca
N
Steel . Rk,s,1
3 ) local flexure of channel lip2 NEE S Npgs1 =
failure S y
Ms,1
N
Rk,
4 channel bolt NEE[ < NRd,s ==
4 Ms
M
RK,s,flex
5 flexure of channel M g& SMpgsfex =
yMs,ﬂex
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. Most unfavourable anchor or channel
Failure mode Channel
bolt
N
RK,
6 | Pull out failure Ngg <N Rdp = —2
7Mp
. a NRk,C
7 Concrete cone failureb Ngg SNpge =——
4 Mc
N
Rk,
8 | Concrete splitting failureb Ngg <N Rd,sp = P
4 Msp
. a NRk,Cb
9 Concrete blow-out failure?: ¢ N Bd S N Rdcb =
/4 Mc
- - a NRk,re
10 | Steel failure of supplementary reinforcement Nggre < Npare =
4 Ms,re
11 Arfchorage failure of supplementary Nf.;’d < Npy
reinforcement Jre 2

a

b

C

Most loaded anchor or channel bolt.
The load on the anchor in conjunction with the edge distance and spacing shall be considered in determining the most unfavourable anchor.

Not required for anchors with ¢ > 0,5 hef .
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7.4.1.5 Concrete cone failure

(1) For anchor channels where h, /h, <0,4 and b, /h, <0,7 the effective embedment depth is
determined according to Figure 3.2 a). In case that hy, / h, > 0,4 and/or by /h, > 0,7 the concrete cone
resistance may be calculated using one of the following options.

*

a) The effective embedment depth is determined according to Figure 3.2b), h = h,; or

b) the effective embedment depth her is determined according to Figure 3.2 a) with the value for sen
taken from the relevant European Technical Product Specification. The value for sen used in design

shall not be smaller than that for anchor channels with h, /h <0,4 and b, /h, <0,7 according
to Formula (7.62).

(2) The characteristic resistance of one anchor of an anchor channel in case of concrete cone failure shall
be calculated according to Formula (7.60).

0
NRk,c = NRk,c 'l//ch,s,N 'l//ch,e,N 'l//ch,C,N 'l//re,N (7-60)

The different factors in Formula (7.60) are given in the following.

(3) For the determination of the basic characteristic resistance Ngkc of one anchor not influenced by

adjacent anchors, edges or corners of the concrete member located in cracked or uncracked concrete
Formula (7.2) applies.

NOTE The anchor channel may have an adverse effect on the concrete cone resistance. This is recognized in
the values kern and kuern given in the European Technical Product Specification. Usually these values are smaller
than for headed fasteners.

(4) The influence of neighbouring anchors on the concrete cone resistance is taken into account by the
factor v 4 .y according to Formula (7.61).

1
YehsN = (7.61)
~ Meh,N s 1,5 N
1+ > |]1-— L
i=1 SerN Ny
where (see Figure 7.18):
si  is the distance between the anchor under consideration and the neighbouring anchors
< Scr,N
Sern =2(28-1,3-hy /180)-hy =3 h (7.62)
Nj is the tension force of an influencing anchor;

No is the tension force of the anchor under consideration;

nenn  is the number of anchors within a distance s.n to both sides of the anchor under
consideration.
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Scr,N scr,N

S S3

S?

Key
1 anchor under consideration

Figure 7.18 — Anchor channel with different anchor tension forces - Example

(5) Theinfluence of an edge of the concrete member on the characteristic resistance is taken into account

by the factor v . according to Formula (7.63).

0,5

Cc

V/ch,e,N :[ ! J <1 (7.63)
cr,N

where

c1 is the edge distance of the anchor channel (see Figure 7.19 a))
CorN = O’SScr,N (7.63a)

With anchor channels located in a narrow concrete member with different edge distances c1,1 and c1;
(see Figures 7.19b) and 7.20d)) the minimum value of ci,1 and ci, shall be inserted for c: in
Formula (7.63).

a) b)
Figure 7.19 — Anchor channel at an edge or in a narrow member
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(6) The influence of a corner of the concrete member (see Figure 7.20) on the characteristic resistance

is taken into account by the factor y 3 . according to Formula (7.64).

0,5
c
_ 2
l//ch,c,N - (C J <1

cr,N

where

¢z isthe corner distance of the anchor under consideration (see Figure 7.20).

(7.64)

If an anchor is influenced by two corners (see Figure 7.20 c)), the factor y 3 . shall be calculated for ¢z,

and ¢z and the product of the factors ¥, . shall be inserted in Formula (7.60).

Z.':f = ut'.
:: L:"_' vi
& 1 v 1 R 1
2 v 2 - 2
3 3 N'ci 3
vi
. C . 3] ” a 02
a) b) c) d)
Key

a) Resistance of anchor 1 is calculated
b) Resistance of anchor 2 is calculated
c) Resistance of anchor 2 is calculated
d) Resistance of anchor 1 is calculated

Figure 7.20 — Definition of the corner distance of an anchor channel in the corner of a concrete

member

(7) The shell spalling factor v, takes account of the effect of a dense reinforcement for embedment

depths h, <100 mm.7.2.1.4 (5) applies.

(8) For the case of anchor channels with h, >180 mm in a narrow member with influence of

neighbouring anchors and influence of an edge and 2 corners (see Figure 7.20 c) and d)) with edge
distances less than cc,n from the anchor under consideration the calculation according to Formula (7.60)
leads to conservative results. More precise results are obtained if the value heris substituted by the larger

value of:

c s
hle = max ~hye 2180 mm and hl; = max ~hye =180 mm
cr,N SCI’.N
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Cmax 1S the maximum distance from the centre of an anchor to the edge of the concrete member
< ¢, n-Inthe example given in Figure 7.20 c) cmax is the maximum value of c1, ¢2,1 and ¢z

Smax  js the maximum centre to centre spacing of anchors < SN

The value h}; is inserted in Formula (7.2) as well as in Formula (7.62). The resulting value for s is then
inserted in Formula (7.63a).

7.4.1.6 Concrete splitting failure

(1) Concrete splitting failure during installation (e.g. when applying the installation torque on a channel
bolt) is avoided by complying with minimum values for edge distances cmin, Spacing Smi, member
thickness hmin and requirements for reinforcement as given in the relevant European Technical Product
Specification.

(2) Concrete splitting failure due to loading shall be taken into account according to the following rules.

a) The characteristic edge distance in the case of splitting under load, ccsp, is given in the relevant
European Technical Product Specification. The characteristic spacing is defined as Scrsp = 2 Cersp-

b) No verification is required if at least one of the following conditions is fulfilled.

1) The edge distance in all directions is ¢ 21,2 ¢ and the member depth is h2h . with hmin

cr,sp’ in

corresponding to Crsp.

2) The characteristic resistances for concrete cone failure and pull-out failure are calculated for
cracked concrete and reinforcement resists the splitting forces and limits the crack width to

w, <0,3mm.

In absence of better information the cross-section of the reinforcement,ZA to resist the splitting

sre ’

forces can be determined as follows:

a
NEd

ZAS re = 0,5 (7.66)
' fyk,re /7Ms,re
where
N2 is the design tensile force on the most loaded anchor under the design value of actions
Ed
Jykre is the nominal yield strength of the reinforcing steel < 600 N / mm?

It is recommended that this reinforcement is placed symmetrically and close to each anchor of the
channel.

c) Ifthe conditions b) 1) and b) 2) are not fulfilled, the characteristic resistance of an anchor channel in
case of concrete splitting failure shall be calculated according to Formula (7.67).

Nge. = NO (7.67)

Rk,sp k YehsN YeheN YeheN YreN © V/h,sp

with
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o _ . )
Ngy = mln{NRk,p7 NRk,c}

Nrkp according to 7.4.1.4

Ngk,c’ Vensne Venens VeheNs VreN according to 7.4.1.5, however, the values can and scn shall be

replaced by ccrsp and scrsp, respectively, which correspond to the minimum member thickness hmin.

2/3

2/3

h hee +Carn

Vs :[h_J < max{1; eh—“ <2 (7.68)
min

min

d) Ifinthe relevant European Technical Product Specification cesp is given for more than one minimum
member thickness hmin, the minimum member thickness corresponding to cusp used in
Formula (7.67) shall be inserted in Formula (7.68).

7.4.1.7 Concrete blow-out failure

(1) Verification of concrete blow-out failure is not required with anchors if the edge distance is
¢ 20,5 h, . If verification is required, the characteristic resistance of one anchor in case of blow-out is:

N N (7.69)

0
Rkcb — VRkcb “¥chsNb ¥ ch,eNb “ ¥ chhNb

The different factors in Formula (7.69) are given in the following.

For anchor channels located perpendicular to the edge, verification is required only for the anchor closest
to the edge.

(2) The characteristic resistance of a single anchor ngk,cb is calculated according to 7.2.1.8 (2).

(3) The influence of neighbouring anchors on the blow-out resistance is taken into account by the factor

¥ chsNb» Which may be calculated analogous to Formula (7.61), however, with scn, = 4 ¢1 instead of srn.

(4) The influence of a corner of the concrete member on the characteristic resistance is taken into
account by the factor ¥, .yp according to Formula (7.70):

c

0,5
Z <1 (7.70)
Ccr,Nb

Wch,c,Nb = [

where

¢z is the corner distance of the anchor, for which the resistance is calculated (see Figure 7.20)
Ccr,Nb = Scr,Nb /2
If an anchor is influenced by two corners - example see Figure 7.20 ¢) — then the factor ¥ 4 .y, shall be
calculated for the values of 21 and cz,2 and the product of the factors shall be inserted in Formula (7.69).
(5) The effect of the thickness of the concrete member in case of a distance f <2c,, where fis defined in
Figure 7.21, is taken into account by the factor ¥ ; ; y, according to Formula (7.71).
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he+f 2c,+f
ef 1
Y chhNb = < <1 (7.71)
4(,‘1 401

where

fis the distance between the anchor head and the lower surface of the concrete member

(see Figure 7.21).
< H
O\ r . RN
O\ Y NN\
O\ | W\
W\ W\
NN RN
A\
5 N\ AN
I~ NN
vi N N N N AN N
SN N AN N AN AN

Figure 7.21 — Anchor channel at the edge of a thin concrete member

7.4.1.8 Failure of supplementary reinforcement

7.4.1.8.1 Steel failure
In case of steel failure of the supplementary reinforcement the relevant provision of 7.2.1.9.1 applies.
7.4.1.8.2 Anchorage failure

In case of anchorage failure of the supplementary reinforcement in the concrete cone the relevant
provision of 7.2.1.9.2 applies.

7.4.2 Shear load
7.4.2.1 Required verifications

The verifications of Table 7.5 apply. The failure modes addressed are shown in this table.
7.4.2.2 Detailing of supplementary reinforcement

Supplementary reinforcement to take up shear loads shall only comprise surface reinforcement
(see Figure 7.10 a)) and the corresponding provisions of 7.2.2.2 apply.
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Table 7.5 — Verifications for anchor channels loaded in shear

. Most unfavourable anchor or
Failure mode Channel
channel bolt
%
cb _ "Rks
Ved <Vras =
Y Ms
1 channel bolta
%
a _ "Rks,a
VEd < VRd,s,a y
2 anchor Ms
Steel Shear force
failure without lever arm
V
RKk,s,c
V2 <V =
Ed Rd,s,c
3 connection between V' Ms,ca
anchor and channel
v
b Rk,s,1
Ved <Vrasi =
4 local flexure of channel Y Ms))
lipa
Shear force VRksM
5 . channel bolt VEC(‘; <Vpdasm = _RksM
with lever arm Y Ms
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Failure mode

Channel

Most unfavourable anchor or
channel bolt

%4
a Rk,cp
VEd = VRd,cp = ¥
Concrete pry-out failureb Me
V
a _ Rk,C
Veq <VRae = P
Concrete edge failureb Me
. . a NRk,re
Steel failure of supplementary reinforcemente Nidgre S Npgre = ——
4 Ms,re
Anchorage failure of supplementary reinforcemente¢ N dare <NRrda

Verification for most loaded channel bolt.

The load on the anchor in conjunction with the edge distance and spacing shall be considered in determining the most unfavourable anchor.

The tension force acting on the reinforcement shall be calculated from Ved according to Formula (6.6) for the most loaded anchor.
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7.4.2.3 Steel failure
7.4.2.3.1Shear force without lever arm

(1) The characteristic resistances Vrks (failure of channel bolt), Vrksa (failure of anchor), Veks, (failure of
connection anchor/channel) and Vli({)k <1 (basic value for failure due to local flexure of channel lips) are

given in the relevant European Technical Product Specification.

(2) The characteristic resistance Vs, for lip failure is:

VRks1 = V}gk,s,l Vv (7.72)
with
Yy = 075[1 + Scﬂ] <1 (7.73)
S1v
where

Sco 1S the spacing of channel bolts

s,v  is the characteristic spacing for channel lip failure under shear, taken from the European
Technical Product Specification.

As indicative value s,y = 2 b, may be used.

7.4.2.3.2 Shear force with lever arm

The characteristic resistance of a channel bolt in case of steel failure, Vrksm, shall be obtained from
Formula (7.74).

oy Mpys
VRism = (7.74)

a
where

@y is determined according to 6.2.2.3
Mpys = Mlgk,s '(1_NEd /NRd,s) (7.75)

NRd,s = NRk,s /7Ms

M gk s is the characteristic bending resistance of the channel bolt, given in the relevant European

Technical Product Specification

NOTE The influence of the shear load with lever arm on lip failure is covered by the prequalification of the
anchor channel.
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7.4.2.4 Concrete pry-out failure
The characteristic resistance of the most unfavourable anchor for concrete pry-out failure shall be
calculated according to Formula (7.76):

— for fastenings without supplementary reinforcement

V.

Rk,cp =k

6 Newe (7.76a)

where

ks  isafactor to be taken from the relevant European Technical Product Specification;
Nryic is determined according to 7.4.1.5 for the anchors loaded in shear.

— for fastenings with supplementary reinforcement

|4

Rkcp = 0,75 kg - N

Rk, (7.76Db)

7.4.2.5 Concrete edge failure

(1) The characteristic resistance of one anchor loaded perpendicular to the edge is calculated according
to Formula (7.77):

170
VRk,c - VRk,c “Vensv Yehev " Yenhv " Yeho0ov " Vrev (7.77)

The different factors of Formula (7.77) are given below.

(2) The basic characteristic resistance of an anchor channel with one anchor loaded perpendicular to the
edge not influenced by neighbouring anchors, member thickness or corner effects is:

0o _ 4/3
VRke = K12 Sk €1 (7.78)

with
k12 = key for cracked concrete
= kuery for uncracked concrete,
kerv and kuery are given in the relevant European Technical Product Specification.
NOTE An indicative value kerv = 4,5 or kuerv = 6,3 can be used where h, /h, <0,4 and by, /h, <0,7.

ef =

(3) The influence of neighbouring anchors on the concrete edge resistance is taken into account by the

factor v iy according to Formula (7.79):
1

Nehy L5

) S. V.

1+ > |1-—1 ] L
i=1 [ V

scr,V

l//ch,s,V = <1 (7.79)

where (see Figure 7.22):

si  is the distance between the anchor under consideration and the neighbouring anchors <s_
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Sery = 4°¢4 +2b, , where the conditions h, /h, <0,4 and b, /h, <0,7 are fulfilled (7.80)

Cr,

Serv to be taken from the relevant European Technical Product Specification if h, /h, > 0,4 and/or

b, /hy >0,7.5sc«v used in design shall not be smaller than the value according to Formula (7.80)

Vi is the shear force on an influencing anchor;
Vo is the shear force on the anchor under consideration;
Nnenv  is the number of anchors within a distance sy to both sides of the anchor under
consideration.
In Formula (7.79) it is assumed that all shear forces acting on the anchors are directed towards the edge.

Shear forces on anchors acting away from the edge may be neglected.

S3

Sy S1 [

1 790 17, Vi Vs

3> & % o & o

4]

sn:r,V scr,V

Key
1 anchor under consideration

Figure 7.22 — Anchor channel with different anchor shear forces — Example

(4) The influence of a corner on the characteristic edge resistance is taken into account by the factor

‘//ch,c,V
0,5
2
l//ch,c,V = <1 (7.81)
Ccr,V
where
Corv = 0’SScr,V (7.82)

If an anchor is influenced by two corners (see Figure7.23 b)), the factor vy, ., according to

Formula (7.81) shall be calculated for each corner and the product shall be inserted in Formula (7.77).
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G < [cr,V

c 23
w N =
22<Cch [21<cch
e %]
w N =

0
9]

a) b)

Figure 7.23 — Anchor channel with anchors influenced by one (a) or two (b) corners, anchor 2 is
under consideration - Example

(5) The influence of a member thickness h < hcr,V is taken into account by the factor v, , .

0.5
h
Yehhv = {_] <1 (7.83)
hcr,V
with
hery = 2 ¢1 + 2 hen (see Figure 7.24) for hy /h, <0,4 and by, /h <0,7 are fulfilled (7.84)

hery to be taken from the relevant European Technical Product Specification if h / hy > 0,4 and/or

by, /hef >0,7. The value hey used in design shall not be smaller than the value according to
Formula (7.84).

thh

2[1

Figure 7.24 — Anchor channel influenced by the member thickness - Example

(6) The factor ¥ gooy takes into account the influence of shear loads acting parallel to the edge
(see Figure 7.25).

Vehoooy =25 (7.85)
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Figure 7.25 — Anchor channel loaded parallel to the edge

(7) The factor W e,y Accounting for the type of reinforcement on the edge is calculated according to
7.2.2.5. In case of presence of edge reinforcement for applications in cracked concrete a factor Yiev > 1
shall only be used, if the height of the channel is he, < 40 mm (see Figure 6.8 b)).

(8) For ananchor channel in a narrow, thin member (see Figure 7.26) with Comax = Cerv (Ccerv according

to Formula (7.82)) and h<h_ y (heyv according to Formula (7.84)), the calculation according to
Formula (7.77) leads to conservative results. More precise results are achieved if the edge distance c; is

replaced by C'l :
¢} = max {(Cz,max — by ) / 2; (h —2hg ) / 2} (7.86)

with

Co iy = MAX {CZ 15Coy } , i.e. the largest of the two edge distances parallel to the direction of load

The value C'1 is inserted in Formulae (7.78), (7.80), and (7.84).

Licensed to Hilti Aktiengesellschaft - GLOBALNORM
ILNAS eShop 2015 01810 / Max. Networking : 1 / downloaded : 2015-05-08
92 NOT FOR COMMERCIAL USE OR REPRODUCTION



ILNAS-EN 1992-4:2018 EN 1992-4:2018 (E)

hen ben ben
] £ s ]
|| Q L~
| R =3 S

) \\ \\ v
y ~ )y

2h, 2¢ €21 622

h

Figure 7.26 — Illustration of an anchor channel influenced by two corners and member
thickness

(c22 is decisive for the determination of C'l )

7.4.2.6 Supplementary reinforcement
7.4.2.6.1 Steel failure

In case of steel failure of the supplementary reinforcement the relevant provision of 7.2.2.6.2 applies.
7.4.2.6.2 Anchorage failure

In case of anchorage failure of the supplementary reinforcement in the concrete cone the relevant
provision of 7.2.2.6.3 (2) applies.

7.4.3 Combined tension and shear loads
7.4.3.1 Anchor channels without supplementary reinforcement

The required verifications are given in Table 7.6. Verifications for steel failure of channel bolt, other steel
failure modes and failure modes other than steel failure are carried out separately. All verifications shall
be fulfilled.
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Table 7.6 — Required verifications for anchor channels without supplementary reinforcement

subjected to a combined tension and shear load

Failure mode Verification
2
Nia | [ Ved
+ <1 (7.87)
1 channel Npg Vg
bolt 2 Rd,s Rd,s
Nrdgs, Vrds of the channel bolt shall be calculated from the characteristic values given
in the relevant European Technical Product Specification.
k k
N cb M ch 13 v cb 13
max Ed ; £d +| —E <1
N M V.
Rd,s,1 Rd,s,flex Rd,s)] (7.88)
channel with
lips and _ ;
) Steel flexural kiz =2,0if VRd,s,l < NRd,s,l
failure . . .
failure of = to be taken from the European Technical Product Specification if
channel v SN
Rd,s,] Rd,s,1
= 1,0 as a simplification
Nrds), Mrdsfiex and Vras) shall be calculated from the characteristic values given in
the relevant European Technical Product Specification.
N2 N2 k14 a k14
max | —Ld ; —Ed + Ed <1
N Rd,s,a N Rd,s,c VRd,s,a 789
anchor (7.89)
and with
connection . .
3 between kia =2,0if VRd,s,a < mm(NRd's'a, NRd,S,c)
an;hor = to be taken from the European Technical Product Specification if
an
channel VRd,s,a > min (NRd,s,a ’ NRd,s,c )

= 1,0 as a simplification

NRdsa, Nrdscand Veasa shall be calculated from the characteristic values given in the
relevant European Technical Product Specification.

Failure modes
4 | other than steel
failure

LS L \LS
Ngg | ZEd <1
Npd VRd
(7.90)
or
a a
h 4 VLd <1.2
N 14 ’
Rd Rd (791)
a a
N&, [ Npg <land V& [V, <1

The largest value of N, / Npy.and Vi, / Vg, for the different failure modes

Rd,i

shall be inserted for Ng; / Npy and Vigy / Vgy, respectively.

a  This verification is not required in case of shear load with lever arm as Formula (7.75) accounts for the interaction.
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7.4.3.2 Anchor channels with supplementary reinforcement

(1) For anchor channels with supplementary reinforcement to take up both tension and shear loads
7.4.3.1 applies. However, for the verification according to Table 7.6, line 4 Ng4/Nrq; for concrete cone
failure mode (tension) and Viq/Vrai for concrete edge failure mode (shear) are both replaced by the
corresponding values for failure of supplementary reinforcement.

(2) In the case of anchor channels at the edge with supplementary reinforcement to take up tension or
shear loads, 7.4.3.1 applies. However, Formula (7.92) shall be used instead of Formula (7.90) or
Formula (7.91).

Na Va
—Ed 1B g (7.92)
NRd,i VRd,i

In case of fastenings with supplementary reinforcement to take up tension loads only, Nrqi and Vgg;i
represent the design resistances Nrdp, Nrdsp, Nrdcb, Nrdre, Nrda, and Vrae Vraep, respectively. If
supplementary reinforcement is used to take up shear loads only, Nrqi and Vrg; represent the design
resistances Nrdp, Nrd,c, Nrd,sp) Nrd,cb and Vraep, Nrdre, Nrd,a, reSpectively.

8 Verification of ultimate limit state for fatigue loading

8.1 General

(1) This EN covers applications with post-installed fasteners and headed fasteners under pulsating
tension or shear load and alternating shear load and combinations thereof.

(2) Only fastenings with shear load without lever arm as defined in 6.2.2.3 (1) are covered.

(3) Fasteners only qualified for use in redundant non-structural systems (see 7.3) are not covered.

(4) Fatigue verification shall be carried out when fasteners are subjected to frequently repeated load
cycles (e.g. fastening of cranes, reciprocating machinery, guide rails of elevators).

(5) Fasteners used to resist fatigue loading shall be prequalified by a European Technical Product
Specification for this application.

(6) Annular gaps are not allowed and loosening of the nut or screw shall be avoided. A permanent
prestressing force on the fastener shall be present during the service life of the fastener.

(7) The verification of the resistance under fatigue loading consists of both, the verification under static
and fatigue loading. Under static loading the fasteners shall be designed using the design methods given
in Clause 7. The verifications under fatigue loading are given in 8.3.

8.2 Derivation of forces acting on fasteners - analysis

6.1 and 6.2 apply. However, the restrictions given in 8.1 shall be observed.
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8.3 Resistance

8.3.1 Tension load

ILNAS-EN 1992-4:2018

The required verifications for tension load are summarized in Table 8.1.

Table 8.1 — Required verifications - Tension loading

Failure . Group of fasteners
d Single fastener
mode most loaded fastener group
1 | Steel failure AN, n WEN ANpe
YEfat ~ANpg < ———— VEfat " ANg <
7Ms,N,fat 7Ms,N,fat
2 | Concrete AN AN
RKk,c Rk,c
cone failure | Vg " ANpx <——— Vifar " ANg <
yMc,fat 7Mc,fat
3 | Pull-out AN Y_ - AN
A Rk,p h F,N Rk,p
failure 2 Yifar " ANg < ——— Vifar ~ ANy <
4 Mp,fat 4 Mp,fat
4 | Concrete AN AN
L. Rk,sp Rk,sp
splitting VEfat " ANgg < Vrgae “ONgy <
failure ' Mefat 7 Mc,fat
5 | Concrete AN AN
RKk,cb RK,cb
blow-out VEfat " ANgi < VEfar AN B <
failure V' Me fat 7 Mc,fat

yF,fat ’ }/Mc,fat’ 7Mp,fat

YEN

according to 4.4

YMsNfat = Msfar @ccording to 4.4.2.3

tension load acting on the fixture to the individual fasteners of a group

is the reduction factor applied to the tension resistance to account for the unequal distribution of the

<1, given in the European Technical Product Specification

ANg, = Nekmax—Nekmin, peak to peak amplitude of the fatigue tensile action blow-out for 2 10 load cycles

Nrkc, Nrksp, Nrkcb are calculated according to 7.2.1

AN is the fatigue resistance, tension, steel, given in the European Technical Product Specification

RKk,s

AN =0,5-N fatigue resistance, tension, concrete cone for 2 - 10° load cycles

Rk,c ’ Rk,c’

AN is the fatigue resistance, tension, pull-out, given in the European Technical Product Specification

Rk,p

AN =0,5-N , fatigue resistance, tension, concrete splitting for 2 - 10° load cycles

Rk,sp Rk,sp

ANRk,cb =0,5- NRk,cb’ fatigue resistance, tension, concrete

a2 Pull-out failure addresses post-installed mechanical fasteners, headed fasteners and post-installed bonded expansion
fasteners.
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8.3.2 Shear load

The required verifications for shear load are summarized in Table 8.2.

Table 8.2 — Required verifications - Shear loading

. . Group of fasteners
Failure mode Single fastener
most loaded fastener group
1 St_eel failure AV < AVpis Avh < Wiy AVpis
withoutlever | 7gpfat " 2Vpxk = — VFfat “AVEK S
arm 4 Ms,V fat 4 Ms,V fat
2 | Concrete pry- AVrkep . AVRk ep
out failure Vegar " AVex S —— Vegar AVek S——
v Mc,fat 4 Mc,fat
3 Co_ncrete edge AT < AVpice AVE < AVpie
failure Yefat " AVEk = Thfat " BVEK S
v Mc,fat 4 Mc,fat
YEfat» ¥ Mefar according to 4.4
Yy is the reduction factor applied to the shear resistance to account for the unequal distribution of the

shear load acting on the fixture to the individual fasteners of a group
<1, given in the European Technical Product Specification. For groups with 2 fasteners under shear load
perpendicular to the axis of the fasteners when the fixture is not restrained against in-plane rotation y ., =1.

YMsVfat = VMsfar according to 4.4.2.3

AVEk = VEkmax — VEkmin, peak to peak amplitude of the fatigue shear action

AVpks is the fatigue resistance, shear, steel, given in the European Technical Product Specification
AVRk,cp =0,5- VRk‘cp fatigue resistance, shear, concrete pry-out failure for 2- 10° load cycles
AVRk,c =0,5- VRk,c’ fatigue resistance, shear, concrete edge failure for 2 - 10° load cycles

VRkcp, VR are calculated according to 7.2.2

8.3.3 Combined tension and shear load

For combined tension and shear loading the following formulae shall be satisfied for steel failure and
failure modes other than steel failure separately:

(04 a
('BN,fat ) + ('Bv,fat ) <1 (8.1)
with
YEfat - ANVpk
Py far = - <1 (8.2)
YN - ANgk /7M,fat
Yegat ~AVek
By ga = : <1 (8.3)
YEy - AVpk /v M, fat
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where

Vpne Wiy are defined in Tables 8.1 and 8.2
a = ag forverification of steel failure
= a, for verification of failure modes other than steel failure
a, and «_ are given in the European Technical Product Specification

AN AV,

K AN

AVp, are defined in Tables 8.1 and 8.2.

Ek’ Rk’

In Formula (8.1) the largest value of Sy . and By, forthe different failure modes under consideration
shall be taken.

9 Verification for seismic loading

9.1 General

(1) This Clause provides requirements for the design of post-installed fasteners and cast-in headed
fasteners used to transmit seismic actions by means of tension, shear, or a combination of tension and
shear loads between connected structural elements or between non-structural attachments and
structural elements.

(2) In cases of very low seismicity according to EN 1998-1:2004, 3.2.1 (5), fasteners may be designed as
for permanent and transient situations (see Clauses 4 to 7, 11).

(3) For the seismic design situation at the ultimate limit state where the seismic design tension load
applied to a single fastener or a group of fasteners is equal to or less than 20 % of the total design tensile
load for the same load combination, the tension component acting on a single fastener or a group of
fasteners may be verified omitting the requirements given in 9.2 (3).

(4) For the seismic design situation at the ultimate limit state where the seismic design shear component
of the design load applied to a single fastener or a group of fasteners is equal to or less than 20 % of the
total design shear load for the same load combination, the shear component acting on a single fastener
or a group of fasteners may be verified omitting the requirements given in 9.2 (3).

(5) Fastenings in stand-off installation or with a grout layer >0,5d as well as fasteners qualified for
multiple use only (see 7.3) are not covered.

(6) Detailed information on the design of fasteners under seismic actions is given in normative Annex C.
9.2 Requirements

(1) Fasteners used to resist seismic actions shall meet all applicable requirements for non-seismic
applications.

(2) Only fasteners qualified for cracked concrete and seismic applications shall be used (see relevant
European Technical Product Specification).

(3) Inthe design of fastenings one of the following options al), a2) or b) shall be satisfied.

a) Design without requirements on the ductility of the fasteners. It shall be assumed that fasteners are
non-dissipative elements and they are not able to dissipate energy by means of ductile hysteretic
behaviour and that they do not contribute to the overall ductile behaviour of the structure.
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al) Capacity design: The fastener or group of fasteners is designed for the maximum tension and/or
shear load that can be transmitted to the fastening based on either the development of a ductile yield
mechanism in the fixture or the attached element taking into account strain hardening and material
over-strength or the capacity of a non-yielding attached element.

a2) Elastic design: The fastening is designed for the maximum load obtained from the design load
combinations that include seismic actions Er¢ corresponding to the ultimate limit state (see
EN 1998-1) assuming elastic behaviour of the fastening and the structure. Furthermore,
uncertainties in the model to derive seismic actions on the fastening shall be taken into account.

b) Design with requirements on the ductility of the fasteners:
This option is applicable only for the tension component of the load acting on the fastener.

The fastener or group of fasteners is designed for the design actions including the seismic actions Egq
corresponding to the ultimate limit state (see EN 1998-1). The tension steel capacity of the fastening
shall be smaller than the tension capacity governed by concrete related failure modes. Sufficient
elongation capacity of the fasteners is required.

The fasteners should not be accounted for energy dissipation in the global structural analysis or in
the analysis of a non-structural element. The contribution of the fastening to the energy dissipation
capacity of the structure (see EN 1998-1:2004, 4.2.2) is not addressed within this standard.

Option b) should not be used for the fastening of primary seismic members (see EN 1998-1) due to the
possible large non-recoverable displacements of the fastener that may be expected. Unless shear loads
acting on the fastening are resisted by additional means, additional fasteners should be provided and
designed in accordance with option al) or a2).

In option b) the fastening may be accounted for energy dissipation if proper justification is provided
e.g. by anonlinear time history (dynamic) analysis (according to EN 1998-1) and the hysteretic behaviour
of the fastener is taken from a European Technical Product Specification.

(4) The concrete in the region of the fastening shall be assumed to be cracked when determining design
resistances unless it is demonstrated according to Formula (4.4) that the concrete remains uncracked
during the seismic event.

(5) The provisions in this section do not apply to the design of fastenings in critical regions of concrete
elements where concrete spalling or yielding of the reinforcement might occur during seismic events as
e.g. in plastic hinge zones.

(6) Displacement of the fastening shall be accounted for in the design. This requirement needs not to be
applied to anchoring of non-structural elements of minor importance. The displacement shall be limited
when a rigid connection in the analysis is assumed or when the operability of the attached element during
and after an earthquake shall be ensured.

NOTE Fastener displacements for seismic applications at both damage limitation state and ultimate limit state
are provided in the relevant European Technical Product Specification for fasteners with seismic performance
category C2 as defined in Annex C.

(7) In general, an annular gap between a fastener and its fixture should be avoided in seismic design
situations. With fastenings of non-structural elements in minor non-critical applications an annular gap

(df < dfl) is allowed. The effect of the annular gap on the behaviour of fastenings shall be taken into
account (see Annex C).

(8) Loosening of the nut or screw shall be prevented by appropriate measures.
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9.3 Derivation of forces acting on fasteners

(1) The design value of the effect of seismic actions Erq acting on the fixture shall be determined
according to EN 1998-1 and its additional parts. Additional provisions are given in Annex C.

NOTE National rules for the determination of seismic action effects for use in a Country or parts of a Country
may be found in its National Annex of EN 1998-1:2004.

(2) Distribution of forces to the individual fasteners of a group shall be in accordance with Clause 6 if the
base plate remains elastic in the seismic design situation.

9.4 Resistance

(1) The seismic characteristic resistance Rkeq of a fastening shall be determined in accordance with
Annex C taking into account the seismic reduction factors « gap and «, q- The basic characteristic seismic

resistances for steel, pull-out and combined pull-out and concrete failure under tension load and steel
failure under shear load are given in the relevant European Technical Product Specification. For all other
failure modes Ry.q shall be determined based on the characteristic resistance obtained for the persistent
and transient design situation according to Clause 7 as described in Annex C.

(2) The partial factors for resistance "Meq shall be determined according to 4.4.2.

10 Verification for fire resistance

(1) The verification of fasteners under fire exposure shall include all failure modes of the cold state
(see Clause 7).

(2) The relevant requirements of EN 1992-1-2, e.g. partial factors and load combinations, shall be
observed.

(3) Informative Annex D provides a design method for cast-in-place headed fasteners, anchor channels
and post-installed fasteners exposed to fire.

11 Verification of serviceability limit state

(1) For the required verifications see 4.2 and 4.3.

(2) The admissible displacement Cq4 shall be evaluated by the designer taking into account the type of
application in question (e.g. the structural element to be fastened). It may be assumed that the
displacements Cq are a linear function of the applied load. In case of combined tension and shear loads,
the displacements for the shear and tension components of the resultant load shall be added vectorially.

(3) The characteristic displacement of the fastener located in cracked or uncracked concrete under given
tension and shear loads shall be taken from the relevant European Technical Product Specification.

(4) Loading on fastenings with supplementary reinforcement may induce cracks locally at serviceability
limit state. However, the crack widths are generally acceptable as they are implicitly accounted for in the
detailing requirements of the supplementary reinforcement.
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Annex A
(normative)

Additional rules for verification of concrete elements due to loads applied
by fastenings

A.1 General
(1) Compliance with the design methods given in this document will result in satisfactory transmission
of the loads on the fixture to the concrete member.

(2) Safetransmission of the fastener loads by the concrete member to its supports shall be demonstrated
for the ultimate limit state and the serviceability limit state according to EN 1992-1-1. The provisions in
A.2 clarify the methods of complying with EN 1992-1-1:2004, 6.2.1 (9).

(3) Loads applied to the underside of a precast element with added structural topping may be assumed
to be transferred to the whole of the composite construction only if

a) adequate shear reinforcement is provided at the interface between the precast element and the in
situ topping, in cases where the fasteners are attached only to the precast element; or

b) heris assumed to be the depth of the fasteners embedded in the topping.

In other cases only light ceilings or similar construction (with unit loading not exceeding 1 kN/m?2) may
be fastened to the precast elements.

A.2 Verification of the shear resistance of the concrete member

A.2.1 Inthe following it is assumed that the fastener loads are applied to the tension face of a concrete
element.

A.2.2 No additional verification for local transmission of loads is required, if one of the following
conditions is met.

a) The design shear force Vgq at the support caused by the design actions including the design fastener
loads is

Veq <0,8Vpye for a member without shear reinforcement (A1)

< 0,8 min(Vpg: V

Rd,max ) for a member with shear reinforcement (A.2)

where

Vrde VRas Vramax are the shear resistances according to EN 1992-1-1

b) Under the characteristic combination of actions on the fixture, the resultant characteristic tension
force Nix of the tensioned fasteners is N, <30 kN and the spacinga between the outermost fasteners

of adjacent groups or between the outer fasteners of a group and individual fasteners satisfies
Formula (A.3):

a2 200,(Np, (A3)
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with
Nex [kN]

c) The fastener design loads are taken up by additional hanger reinforcement, which encloses the
tension reinforcement and is anchored at the opposite side of the concrete member. Its distance from

an individual fastener or the outermost fasteners of a group shall be smaller than h.. Hanger
reinforcement already present in the structure and underutilized may be used for this purpose.

d) The embedment depth of the fasteneris h; >0,8-h.

A.2.3 If no condition of A.2.2 is fulfilled, the design shear forces Vgq.a at the support caused by fastener
loads shall fulfill the following condition.

v

Eda S 0,4 VRd,c for a member without shear reinforcement (A.4)

< 0,4 - min (VRd’S ;VRd,max ) for a member with shear reinforcement (A.5)

When calculating V4. the fastener loads shall be assumed as point loads with a width of load application
ty =54+ Zhef and t; =5, + Zhef with su (Si2) equal to the spacing between the outer fasteners of a group

in direction 1 (2). The active width over which the shear force is transmitted shall be calculated according
to the theory of elasticity.

A.2.4 If under the characteristic combination of actions on the fixture the resultant characteristic
tension force Nex of the tensioned fasteners in a group is N, > 60 kN, the conditionsin A.2.2 ¢) or A.2.2 d)

shall be complied with.
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Annex B
(informative)

Durability

B.1 General

(1) In the absence of better information in National Regulations or in the relevant European Technical
Product Specification the provisions of this Annex may be used. These provisions are based on an
assumed intended working life of the fastener of 50 years.

(2) Electrolytic corrosion shall be prevented between dissimilar metals by suitable separation or by the
choice of compatible materials.

B.2 Fasteners in dry, internal conditions

(1) These conditions are similar to exposure classes X0 and XC1 according to EN 1992-1-1 for dry
environment.

(2) In general, no special corrosion protection is necessary for steel parts as coatings provided for
preventing corrosion during storage prior to use and to ensure proper functioning are considered
sufficient. Malleable cast iron parts in general do not require any protection.

B.3 Fasteners in external atmospheric or in permanently damp internal exposure
condition

(1) These conditions are similar to exposure classes XC2, XC3 and XC4 according to EN 1992-1-1.

(2) Stainless steel fasteners of appropriate grade should be used. The grade of stainless steel suitable for
the various service environments (marine, industrial, etc.) should be in accordance with existing national
rules. In general, austenitic steels with at least 17 % chromium and 12 % nickel and addition of
molybdenum e.g. material 1.4401, 1.4404, 1.4571, 1.4578 and 1.4439 according to EN 10088-2,
EN 10088-3 or equivalent may be used.

B.4 Fasteners in high corrosion exposure by chloride and sulphur dioxide

(1) The conditions for chlorides are similar to exposure classes XD and XS according to EN 1992-1-1.
Examples include permanent, alternating immersion in seawater or the splash zone of seawater, chloride
atmosphere of indoor swimming pools, road tunnels or car park decks, where de-icing materials are used.

(2) Examples for exposure to sulphur dioxide are atmosphere with extreme chemical pollution (e.g. in
desulphurization plants), where special considerations to corrosion resistance should be given.

(3) The metal parts of the fastener (bolt, screw, nut and washer) should be made of a stainless steel
suitable for the high corrosion exposure and shall be in accordance with national rules. In general
stainless steel with about 20 % chromium, 20 % nickel and 6 % molybdenum e.g. materials 1.4565,
1.4529 and 1.4547 according to EN 10088-2, EN 10088-3 or equivalent should be used under high
corrosion exposure.
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Annex C
(normative)

Design of fastenings under seismic actions

C.1 General

(1) This Annex provides detailed requirements for fastenings used to transmit seismic actions in
addition to Clause 9.

(2) The following types of connections are distinguished:

— Type 'A' - Connection between structural elements of primary and/or secondary seismic members
according to EN 1998-1.

— Type 'B' - Attachment of non-structural elements.

C.2 Performance categories

(1) The seismic performance of fasteners subjected to seismic loading is categorized by performance
categories C1 and C2. Performance category C1 provides fastener capacities only in terms of resistances
at ultimate limit state, while performance category C2 provides fastener capacities in terms of both
resistances at ultimate limit state and displacements at damage limitation state and ultimate limit state.
The requirements for category C2 are more stringent compared to those for category C1. The
performance category valid for a fastener is given in the corresponding European Technical Product
Specification.

(2) Table C.1 relates the seismic performance categories C1 and C2 to the seismicity level and building

importance class. The level of seismicity is defined as a function of the product ag~S , Where a, is the

design ground acceleration on Type A ground and S the soil factor both in accordance with EN 1998-1.
NOTE The recommended seismic performance categories are given in Table C.1. The value of ag or that of the

product ag~5 used in a Country to define threshold values for the seismicity classes may be found in its National

Annex of EN 1998-1. Furthermore the assignment of the seismic performance categories C1 and C2 to the seismicity
level and building importance classes in a Country may be found in its National Annex to this EN.
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Table C.1 — Recommended seismic performance categories for fasteners

Seismicity level- Importance Class acc. to EN 1998-1:2004, 4.2.5
1 Class a, .s¢ I II 111 IV
2 Very Lowb a, .§<0,059 No seismic performance category required
3 | Lowe 005g<a,-S<01g ct Cldor C2¢ c2
4 > low ag'5>0719 c1 c2

a  The values defining the seismicity levels are subject to a National Annex. The recommended values are given
here.

b Definition according to EN 1998-1:2004, 3.2.1.
¢ ag = design ground acceleration on type A ground (see EN 1998-1:2004, 3.2.1),
S =soil factor (see EN 1998-1:2004, 3.2.2).

d (1 for fixing non-structural elements to structures (Type 'B' connections)

e (2 for fixing structural elements to structures (Type 'A’ connections)

C.3 Design criteria

(1) For the design of fasteners according to 9.2 (3), option al) 'capacity design’, for both Type ‘A’ and
Type ‘B’ connections, the fastening is designed for the maximum load that can be transmitted to the
fastening based either on the development of a ductile yield mechanism in the attached steel component
(see Figure C.1 a)) or in the steel base plate (see Figure C.1 b)) taking into account strain hardening and
material overstrength effects, or on the capacity of a non-yielding attached component or structural
element (see Figure C.1 c)).

The assumption of a plastic hinge in the fixture (see Figure C.1 b)) requires to take into account specific
aspects including e.g. the redistribution of loads to the individual fasteners of a group, the redistribution
of the loads in the structure and the low cycle fatigue behaviour of the fixture.

a) b) c)
Key
a) yielding in attached element;
b) yielding in baseplate;
c) capacity of attached element

Figure C.1 — Seismic design by protection of the fastening
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(2) For the design of fasteners according to 9.2 (3), option a2) 'elastic design' the action effects for
Type 'A’' connections shall be derived according to EN 1998-1 with a behaviour factor q = 1,0. For Type 'B'

connections the action effects shall be derived with q, = 1,0 for the attached element. q,is defined as
the behaviour factor for non-structural elements. If action effects are derived in accordance with the
simplified approach given in C.4.4 with q, = 1,0, they shall be multiplied by an amplification factor equal

to 1,5. If the action effects are derived from a more precise model, this additional amplification may be
omitted.

(3) For the design of fasteners according to 9.2 (3), option b) 'design with requirements on the ductility
of the fastener' the following additional conditions shall be observed.

a) The fastener shall have a European Technical Product Specification that includes a qualification for
performance category C2.

b) To ensure steel failure of the fastening, condition (b1) shall be satisfied for fastenings with one
fastener in tension and condition (b2) for groups with two and more tensioned fasteners. In addition
for groups with two and more tensioned headed fasteners or post-installed mechanical fasteners
condition (b3) applies.

NOTE In case of fastenings with supplementary reinforcement, in the verification the resistance for concrete
cone failure is replaced by the resistance of the supplementary reinforcement (minimum of steel and anchorage

failure).

b1) Fastenings with one fastener in tension:

R
k,conc,eq
Rk,s,eq <07 ——— (C.1)
4 inst
where
Ruseq is the minimum characteristic seismic resistance for steel failure calculated

according to Formula (C.8)

Riconceq  is the minimum characteristic seismic resistance for all concrete related failure
modes (concrete cone, pull-out (headed and post-installed mechanical fasteners),
combined pull-out and concrete (bonded fasteners), concrete blow-out and
concrete splitting failure) calculated according to Formula (C.8)

7. is the factor accounting for the sensitivity to installation according to the relevant
Inst European Technical Product Specification

b2) For groups of fasteners with two and more tensioned fasteners Formula (C.2) shall be satisfied

for the fasteners loaded in tension:

Rk,s,eq <0,7- Rk,conc,eq (CZ)
h g
Ed Ed

: 7inst

where

Riconceq 1S the minimum characteristic seismic resistance for concrete cone, combined pull-
out and concrete (only bonded fasteners), concrete blow-out and concrete splitting
failure calculated according to Formula (C.8)
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b3) For a group of headed or post-installed mechanical fasteners with two and more tensioned
fasteners the highest loaded fastener shall be verified for pull-out failure according to Formula (C.1),
where Ryconceq i the seismic pull-out resistance of one fastener.

c) Fasteners that transmit tensile loads shall be ductile and shall have a stretch length of at least 8d

unless otherwise determined by analysis. [llustrations of stretch lengths are shown in Figure C.2 a)
and b).

1) A fastener is considered as ductile if the nominal steel ultimate strength of the load transferring
section does not exceed f , =800 N/mm?, the ratio of nominal yield strength to nominal
ultimate strength does not exceed fyk / fuk = 0,8, and the rupture elongation (measured over a
length equal to 5d) is atleast 12 %.

2) The characteristic steel resistance Nu of fasteners that incorporate a reduced section

(e.g. thread) over a length smaller than 8 d (d = fastener diameter of reduced section) shall be
greater than 1,3-times the characteristic yield resistance Ny of the unreduced section.

] 6N,eg
1\ L
O
N ,
a) b) c)

1  stretch length

a) illustration of stretch length - anchor chair;

b) illustration of stretch length - sleeve or debonded length;
c) fastening displacements and rotations

Figure C.2 — Seismic design by yielding of a ductile fastener

C.4 Derivation of forces acting on fasteners - analysis

C.4.1 General

(1) The design value of the effect of seismic actions Erq acting on the fixture shall be determined
according to EN 1998-1 and 9.2 (3). Provisions in addition to EN 1998-1 including vertical seismic actions
acting on non- structural elements are provided in this Clause.

(2) The maximum value of each action effect (tension and shear component of forces on a fastener) shall
be considered to act simultaneously unless a more accurate model is used for the estimation of the
probable simultaneous value of each action effect.
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C.4.2 Addition to EN 1998-1:2004, 4.3.3.5

For the design of the fasteners in Type 'A' connections the vertical component of the seismic action shall
be taken into account according to EN 1998-1:2004, 4.3.3.5.2 (2) to (4) if the vertical design ground
acceleration avg is greater than 2,5 m/s2.

C.4.3 Addition to EN 1998-1:2004, 4.3.5.1

In the design of fastenings for non-structural elements subjected to seismic actions, any beneficial effects
of friction due to gravity loads should be ignored.

C.4.4 Additions and alterations to EN 1998-1:2004, 4.3.5.2

(1) Incaseswhere EN 1998-1:2004, 4.3.5.1 (3) applies, the horizontal effects of the seismic action of non-
structural elements may be determined according to EN 1998-1:2004, Formula (4)). However, the
behaviour factor g. may be taken from Table C.2.

NOTE Table C.2 includes information in addition to the values ga given in EN 1998-1:2004, Table 4.4. The
determination of the seismic action effects of non-structural elements for use in a Country may be found in its
National Annex to this EN. The recommended rule is the application of Formula (4.24) of EN 1998-1:2004 in
combination with Formula (C.3).

(2) Formula (4.25) of EN 1998-1:2004 may be rearranged as:

Sa=a-s-[(1+%]-,43—0,5}a-5 (C.3)

with

A=—2 (C.4)

The seismic amplification factor A, may be calculated according to Formula (C.4) or taken from Table C.2
if one of the fundamental vibration periods is not known.

NOTE When calculating the forces acting on non-structural elements according to EN 1998-1:2004,
Formula (4)), it can be difficult to establish with confidence the fundamental vibration period Ta of the non-
structural element. Table C.2 provides a pragmatic approach.
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Table C.2 — Values of g, and A, for non-structural elements

Type of non-structural element qa A,
1 | Cantilevering parapets or ornamentations 3,0
2 | Signs and billboards 3,0
3 | Chimneys, masts and tanks on legs acting as unbraced cantilevers along more | 1,0 30

than one half of their total height ’
4 | Hazardous material storage, hazardous fluid piping 3,0
5 Exterior and interior walls 1,5
6 Partitions and facades 1,5
7 | Chimneys, masts and tanks on legs acting as unbraced cantilevers along less

than one half of their total height, or braced or guyed to the structure at or 1,5

above their centre of mass

Elevators 1,5

Computer access floors, electrical and communication equipment 3,0
10 | Conveyors 2,0 3,0
11 | Anchorage elements for permanent cabinets and book stacks supported by the 15

floor ’
12 | Anchorage elements for false (suspended) ceilings and light fixtures 1,5
13 | High pressure piping, fire suppression piping 3,0
14 | Fluid piping for non-hazardous materials 3,0
15 | Computer, communication and storage racks 3,0

(3) The vertical effects of the seismic action should be determined by applying a vertical force F, to the
non- structural element acting at the centre of mass of the non-structural element which is defined as
follows:

Fvaz(SVa'Wa'ya)/qa (C.5)
with

SVa = av 'Aa (C.6)

gs, Aa may be assumed to be equal to the values valid for horizontal forces.

NOTE The vertical effects of the seismic action Fva for non-structural elements may be neglected for the
fastener when the vertical component of the design ground acceleration avg is less than 2,5 m/s? and the gravity
loads are transferred through direct bearing of the fixture on the structure (see fastening 2 in Figure C.3). The
determination of the vertical seismic action effects of non-structural elements for use in a Country may be found in
its National Annex to this EN. The recommended rule is the application of Formula (C.5).
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5
/
N N 3
I AE
1 1
A T~
A 2 A
N 3

Key
1 include Fva

neglect Fva if ayg <2,5m /s?

3 gravity force
wall
5 ceiling or floor

Figure C.3 — Vertical effects of the seismic action - Example

C.4.5 Additions and alterations to EN 1998-1:2004, 4.3.5.4

Upper values for the behaviour factor ga. for non-structural elements may be selected from Table C.2.

C.5 Resistance
(1) The seismic design resistance of a fastening is given by:

_ Rk,eq
deq — (C-7)
7M,eq

R

with

"Meq in accordance with 4.4.2

(2) The characteristic seismic resistance Ry¢q of a fastening shall be determined as follows:

_ 0
Rk,eq - agap 'aeq ‘Rk,eq (C-8)
where
a is the reduction factor to take into account inertia effects due to an annular gap between
t: . . . . . .
8P fastener and fixture in case of shear loading, given in the relevant European Technical

Product Specification
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a is the factor to take into account the influence of seismic actions and associated cracking on
eq

a) concrete cone resistance and bond strength of supplementary reinforcement, and
b) resistance of groups due to uneven load transfer to the individual fasteners in a group,
see Table C.3;

RY is the basic characteristic seismic resistance for a given failure mode determined as follows:
,€q

For steel and pull-out failure under tension load and steel failure under shear load REeq

shall be taken from the relevant European Technical Product Specification (i.e. Nriseq,
NRk,p,eq, VRk,s,eq)-

For combined pull-out and concrete failure in case of post-installed bonded fasteners Rl((’eq
shall be determined according to 7.2.1.6 (i.e. Nrkp), however, using the characteristic bond

resistance (z’Rk’ eq ) given in the relevant European Technical Product Specification.

For all other failure modes Rl(()eq shall be determined as for the persistent and transient

design situation according to Clause 7 (i.e. for tension load: Nrkc, Nrksp, Nrkcp, NRkre,
Npka =7c "Npga and for shear load: Ve, Vriep, Nrire, NRk,a =7, 'NRd,a)'
The forces on the fasteners are amplified in presence of an annular gap under shear loading due to a

hammer effect on the fastener. For reasons of simplicity this effect is considered only in the resistance of
the fastening. In absence of information in the European Technical Product Specification the following

values &,,, may be used, which are based on a limited number of tests.

Shear loading:

a = 1,0, no hole clearance between fastener and fixture (general case, see 9.2 (7))
gap

= 0,5, connections with hole clearance according to Table 6.1

(3) The verification for interaction between tension and shear forces shall be carried out analogously to
7.2.3.1 and 7.2.3.2. It shall be determined separately for steel failure and failure modes other than steel
failure according to Formula (C.9).

Licensed to Hilti Aktiengesellschaft - GLOBALNORM
ILNAS eShop 2015 01810 / Max. Networking : 1 / downloaded : 2015-05-08

NOT FOR COMMERCIAL USE OR REPRODUCTION 111



EN 1992-4:2018 (E) ILNAS-EN 1992-4:2018

Table C.3 — Reduction factor a,

q
Loading Failure mode Single Fastener
fastener2 group
Steel failure 1,0 1,0
Concrete cone failure
— Headed fastener and undercut fasteners with k;- 1,0 0,85
factor same as headed fastener
— all other fasteners 0,85 0,75
g Pull-out failure 1,0 0,85
2 Combined pull-out and concrete failure (bonded
S 1,0 0,85
astener)
Concrete splitting failure 1,0 0,85
Concrete blow-out failure 1,0 0,85
Steel failure of reinforcement 1,0 1,0
Anchorage failure of reinforcement 0,85 0,75
Steel failure 1,0 0,85
Concrete pry-out failure
— Headed fastener and undercut fasteners with k;- 1,0 0,85
.« factor same as headed fastener
o
% — all other fasteners 0,85 0,75
Concrete edge failure 1,0 0,85
Steel failure of reinforcement 1,0 1,0
Anchorage failure of reinforcement 0,85 0,75
a  This also applies where only one fastener in a group is subjected to tension load.
kis ks
N %
Ed + —EB 1 <1 (C.9)
N Rd,ieq VRd,i,eq
where
Neg, Vea  are the design actions on the fasteners including seismic effects for the corresponding
failure modes.
kis = 1 for steel failure
= 2/3 for fastenings with a supplementary reinforcement to take up tension or shear
loads only
= 1in all other cases
NOTE More precise values for kis may be taken from the relevant European Technical Product Specification.
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The following values shall be used in Formula (C.9):

— in case of steel failure: Nrgseq and Veds,eq fOr Nrjieq and Vrg,ieq, respectively.
— in case of failure modes other than steel failure: Largest ratios for Nea/Nrd,ieq and Vea/Vrd;ieq-

C.6 Displacements of fasteners

(1) The displacement of a fastener under tensile and shear loads at damage limitation state (DLS) shall

be limited to a value Sy and s to meet requirements regarding e.g. functionality and

req(DLS) V,req(DLS)

assumed support conditions. These values shall be selected based on the requirements of the specific
application. When assuming a rigid support in the analysis the designer shall establish the limiting
displacement compatible to the requirement for the structural behaviour.

NOTE In a number of cases, the acceptable displacement associated with a rigid support condition is

considered to be in the range of 3 mm.

(2) If deformations (displacements or rotations) are relevant for the design of the connection (such as,
for example, on secondary seismic members or facade elements) it shall be demonstrated that these
deformations can be accommodated by the fasteners.

The rotation of the connection Hp (see Figure C.2 c)) is defined by Formula (C.10):

ep = 5N,eq /Smax (C].O)
where
oy eq is the displacement of the fastener under seismic loading;

Smax 1S the distance between the outermost row of fasteners and the opposite edge of the
baseplate.

(3) If the fastener displacements 5N,eq(DLs) under tension loading and/or §V,eq(DLS) under shear loading

provided in the relevant European Technical Product Specification are higher than the corresponding

required values 5N,req(DLs) and/orav'req(DLS), the design resistance may be reduced according to
Formula (C.11).
o
N,req(DLs)
NRd,eq,red = NRd,eq 5N—(DLS) (C.11a)
,€q
o)
V,req(DLS)
VRd,eq,red = VRd,eq 5\,—(]3]45) (C.11b)
,eq

(4) If fastenings and attached elements shall be operational after an earthquake, the relevant
displacements have to be taken into account.
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Annex D
(informative)

Exposure to fire - design method

D.1 General

(1) The design method is valid for cast-in-place headed fasteners, anchor channels and post-installed
fasteners and it complements EN 1992-1-2.

(2) Fasteners under fire exposure should have a European Technical Product Specification for use in
cracked concrete.

(3) The characteristic resistances under fire exposure should be taken from the relevant European
Technical Product Specification. In the absence of such data conservative values are given in D.4.
However, for anchor channels only concrete and pull-out failure modes should be verified with the given
approach, while the verification for steel failure should be based on the values given in the relevant
European Technical Product Specification. In case of bonded fasteners under tension the verification for

combined bond and concrete failure the value 7  should be taken from the relevant European Technical

Product Specification.

(4) The fire resistance is classified according to EN 13501-2 using the Standard ISO time-temperature
curve (STC).

(5) The design method covers fasteners with a fire exposure from one side only. For fire exposure from
more than one side, the design method may be used only, if the edge distance of the fastener is both,

¢ >300 mm andc > 2h, .

(6) In general, the design under fire exposure is carried out according to the design method for ambient
temperature given in this EN. However, partial factors and characteristic resistances under fire exposure
are used instead of the corresponding values under ambient temperature.

(7) Spalling of concrete due to fire exposure shall be prevented by appropriate measures or taken into
account in the design.

D.2 Partial factors

(1) The value of the factor accounting for the sensitivity to installation, }; ., of post-installed fasteners

inst’
has its origin in the prequalification of the product and is product dependent. Therefore it should not be
modified.

(2) Partial factors for materials 7 ; may be found in a Country's National Annex to this EN.

NOTE The recommended value is y . = 1,0 for steel failure and concrete related failure modes under shear

loading. For concrete related failure modes under tension y, o =1,0- 7, .

D.3 Actions

Actions on fastenings under fire exposure should be determined using the load combinations for
accidental loads given in EN 1990.
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D.4 Resistance

D.4.1 General

If characteristic resistances under fire exposure are not available in a European Technical Product
Specification the conservative values given below may be used.

D.4.2 Tension load

D.4.2.1 Steel failure

The characteristic tension strength op, .4 of a fastener in case of steel failure under fire exposure given

in the following Tables D.1 and D.2 is valid for the unprotected steel part of the fastener outside the
concrete and may be used in the design. The characteristic resistance Nrys i is obtained as:

Nekssi = Orksfi As (D.1)

Table D.1 — Characteristic tension strength of a carbon steel fastener under fire exposure

Characteristic tension strength oy, . ; [N/mm?] of an

Fastener Embedment unprotected fastener made of carbon steel according to the
bolt/thread depth EN 10025 series in case of fire exposure

diameter hes [mm] 30 min 60 min 90 min 120 min
(R15to R30) | (R45 to R60) (R90) (<R120)

@6 230 10 9 7 5

78 > 30 10 9 7 5

@10 > 40 15 13 10 8

P12 and >50 20 15 13 10

greater

Table D.2 — Characteristic tension strength of a stainless steel fastener under fire exposure

Characteristic tension strength oy, . ; [N/mm?] of an

unprotected fastener made of stainless steel of at least steel grade

Fastener | Embedment | & " " ing to the EN ISO 3506 series i £fi
bolt/thread depth according to the series 1n case of 1ire exposure
diameter hes [mm] 30 min 60 min 90 min 120 min

(R15to R30) | (R45 to R60) (R90) (<Rr120)
76 >30 10 9 7 5
08 >30 20 16 12 10
@10 > 40 25 20 16 14
P12 and > 50 30 25 20 16
greater
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D.4.2.2 Concrete cone failure

(1) The characteristic resistance for concrete cone failure should be determined according to 7.2.1.4
(headed and post-installed fasteners) or 7.4.1.4 (anchor channels) with the following modifications.

(2) The characteristic resistance of a single fastener (anchor of anchor channels) not influenced by
neighbouring fasteners (anchors) or concrete edges installed in concrete strength classes C20/25 to
C50/60 may be obtained according to Formulae (D.2) and (D.3).

h
0 _lef 0 N0 : :
Rkefi(90) ~ 200 Ree = Nice for fire exposure up to 90 min (D.2)
0 ef 0 0 . . .
=0,8—=. <
NRk,c,fi(lzo) 0,8 200 Ngke € Ngko for fire exposure between 90 min and 120 min (D.3)
where
hes is the effective embedment depth;
ngk is the characteristic resistance of a single fastener in cracked concrete C20/25 under
,C

ambient temperature according to 7.2.1.4.

(3) The characteristic spacing scn and edge distance ccn should be taken as follows:

SeeN = 2 Cern = 4 her (headed and post-installed fasteners)
= 2 cernv according to Formula (7.62) but not smaller than 4 her (anchor channels).
D.4.2.3 Pull-out failure

The characteristic resistance of headed and post-installed mechanical fasteners installed in concrete
classes C20/25 to C50/60 may be obtained from Formulae (D.4) and (D.5):

NRk,p,fi(QO) =0,25- Ny o for fire exposure up to 90 minutes (D.4)
NRk,p,fi(lZO) =0,20-Ng, for fire exposure between 90 minutes and 120 minutes (D.5)
where

Nrkp  is the characteristic resistance for pull-out failure given in the relevant European Technical
Product Specification in cracked concrete C20/25 under ambient temperature

For bonded fastener and bonded expansion fastener the bond resistance under fire exposure depends on
the specific product. Currently, no conservative lower bound is available. The characteristic resistance
for pull-out failure shall be determined by fire tests.

D.4.2.4 Concrete splitting failure
The assessment of concrete splitting failure due to fire exposure is not required because the splitting
forces are assumed to be taken up by the reinforcement.

D.4.2.5 Concrete blow-out failure

The assessment of concrete blow-out failure is not required because of the required edge distance.
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D.4.3 Shear load

D.4.3.1 Steel failure

(1) For the characteristic shear strength 7py (4 of a fastener in the case of shear load without lever arm
and steel failure under fire exposure the values given in Tables D.1 and D.2 for the characteristic tension
strength may be used (TRk,s,fi = ORksii ) . These values apply for the unprotected steel part of the fastener
outside the concrete and may be used in the design. The characteristic resistance Vs is obtained as
follows:

VRksfi = ORksfi * s (D.6)

NOTE Limited numbers of tests have indicated, that the ratio of shear strength to tensile strength increases
under fire conditions above that for normal ambient temperature design. Here it is assumed that this ratio is equal
to 1,0. This is a discrepancy to the behaviour in the cold state where the ratio is smaller than 1.

(2) The characteristic shear resistance of a fastener in case of shear load with lever arm may be
calculated according to 7.2.2.3.2. However, the characteristic tension strength is limited according to

D.4.2.1 and the characteristic bending resistance of a single fastener under fire exposure, M]gk < Should

be obtained from Formula (D.7).

MO

Rksfi — L2-W,

el " ORkgs/fi (D7)
with

Opksfi according to D.4.2.1.
NOTE This approach is based on assumptions.

D.4.3.2 Concrete pry-out failure

The characteristic resistance in case of fasteners installed in concrete classes C20/25 to C50/60 should
be obtained using Formulae (D.8) and (D.9).

VRk,cp,fi(90) =kg - NRk,c,ﬁ(90) for fire exposure up to 90 min (D.8)

VRk,cp,ﬁ(120) =kg - NRk,c,ﬁ(120) for fire exposure between 90 min and 120 min (D.9)
where

ks is the factor to be taken from the relevant European Technical Product

Specification (ambient temperature)

Nrie £i90), NRige fi(120) are calculated according to D.4.2.2.

D.4.3.3 Concrete edge failure

(1) The characteristic resistance of a fastening with headed and post-installed fasteners should be
calculated according to 7.2.2.5 and of one anchor of an anchor channel according to 7.4.2.5 with the
following modification.
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(2) The characteristic resistance of a single fastener installed in concrete classes C20/25 to C50/60
should be obtained using Formula (D.10) and (D.11):

VI({)kcfi(9O) =0,25- Vﬁk‘c for fire exposure up to 90 min (D.10)
VI({)kcfi(lzo) =0,20- Vli’k,c for fire exposure between 90 min and 120 min (D.11)
where

VF?k . Is the initial value of the characteristic resistance of a single fastener in cracked concrete

C20/25 under normal ambient temperature according to 7.2.2.5 (for headed and post-installed
fasteners) and according to 7.4.2.5 (for anchor channels)

D.4.4 Combined tension and shear load

The verifications according to 7.2.3 for headed and post-installed fasteners and 7.4.3 for anchor channels
may be used. However, the design actions and design resistances used in these verifications should
correspond to fire exposure.
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(normative)

ILNAS-EN 1992-4:2018

EN 1992-4:2018 (E)

Characteristics for the design of fastenings to be provided by European
Technical Products Specification

The characteristic values used for the design of fastenings shall be provided by corresponding European
Technical Product Specifications. The characteristics of Table E.1 shall be given for fastenings under static
loading. For the design of fastenings under fatigue loading the characteristics of Table E.2 and for
fastenings under seismic actions the characteristics of Table E.3 are required in addition.

Table E.1 — Characteristics used for the design of fastenings under static loading to be taken
from a European Technical Product Specification

Characteristic | Referenced in Type of fastener
Post-installed Cast-in
Mechanical Bonded Headed Anchor
fastener channel

het 1.3 (2) X X X X

limitation re 1.5 X X X X

concrete

strength class

Vinst 4421 X X

E (optional) 6.2.1 X X X X

Nrys 7.2.1.3 X X X

Kern; KuerN 7.2.1.4 (2); X X X X
7.4.1.5 (3)

CerN 7.2.1.4 (3) X X X

Nri,p 7.2.1.5;7.4.1.4 X X X

y/gus; TRier 7.2.1.6 (2) X

TRK,ucr

Cmin; Smin; Amin 7.2.1.7 (1); X X X X
7.4.1.6 (1)

Cersp 7.2.1.7 (2); X X X X
7.4.1.6 (2)

Ngk,sp 7.2.1.7 (2) X X X

An 7.2.1.8 (2) (x) X

ng’s 7.2.2.3.1 (1) X X X

k7 7.2.2.3.1(2) X X X
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Characteristic | Referenced in Type of fastener
Post-installed Cast-in
Mechanical Bonded Headed Anchor
fastener channel
Mgks 7.2.2.3.2; X X X X
’ 7.4.2.3.2
ks 7.2.2.4 (2); X X X X
7.4.2.4
dnom; It 7.2.2.5 (6) X X X
k11 7.2.3.2 (2) X X X
Nris,a; Nris,c; 7.4.1.3 (1) X
N gk,SJ ; Nrics;
MRy s flex
SIN 7.4.1.3 (2) X
SerN 7.4.1.5 (1b) X
Vris; VRks,a; 7.4.2.3.1(1) X
Vit VR ks,1
S 7.4.2.3.1(2) X
kerv; Kuery 7.4.2.5 (2) X
Sery 7.4.2.5(3) X
hery 7.4.2.5(5) X
k13; k14 7.4.3.1 X
fastener Clause 11 (3) X X X X
displacement
under given
tension and
shear load
Nrksfi; VRristi; D.1(3) X X X X
M gk,s,ﬁ
Nryp i D.1(3) X X X
TRKH D.1(3) X
F]gk; Mgk's; G.2; G.3 X X X
M VMg Sers
Cer; Amin
W3 Smin; Cmin G.2 X X X
Yei Tust ® X X X X

a  See Table 4.1 for recommended values; reference to a National Standard should be added.
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Table E.2 — Additional characteristics used for the design of fastenings under fatigue loading to
be taken from a European Technical Product Specification

Type of fastener
‘g Referenced Post-installed Cast-in
Characteristic in
Mechanical Bonded Headed Anchor
fastener channel
Vens ANgiss ANpyp 8.3.1 . <
Vs Vris 8.3.2 X «
aS; aC 8-3.3 X X
maximum number of
X X
load cycles

Table E.3 — Additional characteristics used for the design of fastenings under seismic loading to
be taken from a European Technical Product Specification

Type of fastener
. . Referenced Post-installed Cast-in
Characteristic in
Mechanical Bonded Headed Anchor
fastener channel
performance category C2(1) X X
rupture elongation (As) | C.3(3)c) X X
Cgap C.5(2) X X
NRk,s,eq; VRk.s,eq 94 (1);
X X
C.5(2)
NRk,p,eq 9.4 (1); X
C.5(2)
TRied 9.4 (1); )
C.5(2)
kis C.5(3) X X
5N,eq(ULS); 2 V,eq(ULS) 9.2 (6) X X
5N,eq(DLS); 5V,eq(DLS) 9.2 (6); X X
C.6(3)
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Annex F
(normative)

Assumptions for design provisions regarding execution of fastenings

F.1 General

In this EN the following assumptions have been made in respect of installation and execution of the
relevant type of fastener and regarding welding design of headed fasteners. The installation instructions
should reflect the assumptions stated below for the corresponding type of fastener.

F.2 Post-installed fasteners

a) Concrete has been compacted adequately in the area of the fastening. This should be checked prior
and during installation, e.g. by visual inspection.

Requirements for drilling operation and bore hole are fulfilled when:

iy

2)
3)
4)

5)

6)

Holes are drilled perpendicular to the surface of the concrete unless specifically required
otherwise by the manufacturer’s installation instructions.

Drilling is carried out according to the manufacturer’s installation instructions.
Hammer-drill bits which comply with ISO (e.g. ISO 5468) or National Standards are used.
The diameter of the segments for diamond core drilling complies with the prescribed diameter.

Holes are cleaned according to the manufacturer’s installation instructions which are typically
given in the European Technical Product Specifications.

Aborted or unused drill holes are filled with non-shrinkage mortar with a strength at least equal
to the base material and = 40 N/mm?2.

Many drill bits exhibit a mark indicating that they are in accordance with ISO (e.g. ISO 5468) or
National Standards. If the drill bits do not bear a conformity mark, evidence of suitability should be
provided.

b) Inspection and approval of the correct installation of the fasteners is carried out by appropriately
qualified personnel.

c) Reinforcement in close proximity to the hole position should not be damaged during drilling. In
prestressed concrete elements the distance between the drilling hole and the prestressed
reinforcement shall be at least 50 mm; for determination of the position of the prestressed
reinforcement in the structure a suitable device e.g. a reinforcement detector may be used.
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F.3 Headed fasteners

Fasteners are installed according to a quality system which shall at least include the following items:

The welding procedure for studs is done in accordance with the provisions given in the relevant
European Technical Product Specification.

The fastener is fixed in a way that no movement of the fastener will occur during placing of
reinforcement or during pouring and compacting of the concrete.

Requirements for adequate compaction particularly under the head of the fastener and under the
fixture as well as provisions for vent openings in fixtures are fulfilled. In general, fixtures
400 mm x400 mm or larger will require vent openings.

Inspection and approval of the correct installation of the fasteners is carried out by appropriately
qualified personnel.

The fasteners may be vibrated (not just punched) into the wet concrete immediately after pouring
provided the following requirements are fulfilled:

The size of the fixture and the number of fasteners are such that the fastening can be placed
simultaneously during vibrating by the available personnel. In general fixtures 200 mm x200 mm

and smaller with up to 4 fasteners will fulfil the requirement.
The fastenings are not moved after vibrating has been finished.

The concrete under the head of the headed fastener as well as under the base plate is properly
compacted.

F.4 Anchor channels

a)

b)

d)

The anchor channel is fixed in a way that no movement of the anchor channel will occur during
placing of reinforcement or during pouring and compacting of the concrete.

The concrete in particular under the head of the anchor and under the channel is properly compacted.
Placing anchor channels by only pushing them into the wet concrete is not allowed.

Anchor channels might be vibrated into the wet concrete immediately after pouring according to a
quality system which shall at least include the following items:

1) The length of the anchor channel is limited to 1 m if placed by one person, so that it can be placed
simultaneously during vibrating. Longer channels should be placed by at least two persons.

2) The anchor channels are not moved after vibrating has been finished.
3) The concrete in the region of the anchor and the anchor channel is properly compacted.

Inspection and approval of the correct installation of the anchor channels is performed by
appropriately qualified personnel.
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Annex G

(informative)

Design of post-installed fasteners - simplified methods

G.1 General

G.1.1 This Annex applies when

— forces on the fasteners have been calculated using elastic analysis,

— therequirements of 4.5 and Annex F are observed.

G.1.2 For the design of post-installed fasteners in the ultimate limit state, there are three different

design methods available.

The methods differ in the degree of simplification at the expense of conservatism:

Increasing
simplification and
conservatism

Method A:

Method B:

Method C:

Resistance is established for all load directions and all modes
of failure, using actual values of edge distance ¢ to the
fasteners and spacing s between fasteners in a group
(see 7.2).

A single value of resistance is used for all load directions and
modes of failure. This resistance is related to the
characteristic values c.r and s It is permitted to use smaller
values for c and s than these but the resistance should then
be modified as indicated (see G.2).

As method B but the values of ¢ and s are not less than ¢, and
Ser (see G.3).

Each method has further options with regard to:

a) the use of fasteners in cracked and uncracked concrete or uncracked concrete only; and

b) the concrete strength class for which the resistance is valid.

The design method to be applied and the corresponding data are given in the relevant European Technical
Product Specification. Each design method requires its own set of technical data. For design methods A,
B and C the required data are given in Table E.1 and Subclauses G.2 and G.3, respectively.

G.2 Method B

Method B uses a single value of characteristic resistance F]gk valid for all load directions and modes of

failure and for a given concrete compressive strength under the following conditions:

a) The design resistance Frq is equal to the basic design resistance Fé)d according to Formula (G.1) if the

spacing s.r and the edge distance c. are observed.

0 0
Fra =Fre / 7m
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b) If the actual values for spacing and edge distance are smaller than the values s.- and c., the design
resistance shall be calculated according to Formula (G.2).

A FY G.2
._O.WS.Wre.V/C- Rd ( . )
A

C
where

n is the number of loaded fasteners.

The effect of spacing and edge distance is taken into account by the factors A /AéJ and y . The

0

0 . .
factors A. /A; and y should be calculated according to 7.2.1.4 replacing Acn, 4y,

SN and cern by
A, Ag , Ser and ccr, respectively. The effect of a narrowly spaced reinforcement is taken into account
by the factor y . The factor y . is calculated according to 7.2.1.4 (5). The factor y . takes into

account the influence of the concrete compressive strength on the resistance. The factor y  is given
the European Technical Product Specification.

c) In case of fastener groups it shall be shown that the design load acting on the most loaded fastener
does not exceed the value in Formula (G.2).

d) In case of shear load with lever arm the characteristic fastener resistance Vrisum shall be calculated
according to Formula (7.37), replacing Nrqs in Formula (7.38) by the design resistance F}gd according
to Formula (G.1).

e) Thevalue Vp /7y, shall be limited to the value Frq according to Formula (G.2).
f) For bonded fasteners the value Frgk shall be multiplied by v . according to Formula (7.14).

The values for Fé’k, Mgks, YM» YMs» Wer Sers Cory Sminy Cmin @and hmin are given in the relevant European

Technical Product Specification.

G.3 Method C

Method C uses a single value of characteristic resistance Fy, valid for all load directions and modes of

failure. Method C is valid only for values of ¢ and s not less than c.- and s, respectively. The design
resistance Frq is calculated as:

Fra = Fric / 7w (G.3)

In case of shear load with lever arm the characteristic fastener resistance Vrksm Shall be calculated
according to Formula (7.37), replacing Ngrgs in Formula (7.38) by the design resistance Frq. The value

VRk,s / Vs shall be limited to Fra.
For bonded fasteners the value Fp, shall be multiplied by ¥ . according to Formula (7.14).

The values Fpi» Mgks » ’M» ¥ Ms» Sers Cor @and hmin are given in the relevant European Technical Product

Specification.
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