Standard

NF P18-710
Avril 2016

1stissue: - P18-710

www.afnor.org National addition to Eurocode 2 - Design of concrete
structures : specifique rules for ultra-high performance
fibre-reinforced concrete (UHPFRC)

DOCUMENT PROTEGE
PAR LE DROIT D'AUTEUR

Droits de reproduction réservés. Sauf
prescription différente, aucune partie de
cette publication ne peut étre reproduite
ni utilisée sous quelque forme que ce
soit et par aucun proceédé, électronique
ou mécanique, y compris la photocopie
et les microfilms, sans accord formel.

Contacter :

AFNOR - Norm’Info

11, rue Francis de Pressensé
93571 La Plaine Saint-Denis Cedex
Tél : 01416276 44

Fax : 01 49 17 92 02

E-mail : norminfo@atnor.org

avec l'autorisation de I'Editeur

afnor Afror







Imprimé pour

NF P18-710 Avril 2016

ISSN 0335-3931

NF P 18-710
French standard 16 April 2016

Classification index: P 18-710

ICS: 91.010.30; 91.080.40

National addition to Eurocode 2 — Design of
concrete structures: specific rules for Ultra-High
Performance Fibre-Reinforced Concrete (UHPFRC)

F : Complément national a ’'Eurocode 2 — Calcul des structures en béton :
regles spécifiques pour les Bétons Fibrés a Ultra-Hautes Performances (BFUP)
D : Nationale Erganzung zu Eurocode 2 — Bemessung von Betonstrukturen:
spezifische Bestimmungen fur faserbewehrte Ultrahochleistungsbetone

French standard approved
by decision of the Director General of AFNOR.

Correspondence At the date of publication of this document, there is no international or european
standardization works on the same subject.

Summary This document, which can be considered as a national complement to Eurocode 2,
applies to the design of UHPFRC structures (buildings and civil engineering).
Consequently, this document is concerned with the requirements for resistance,
serviceability, durability and fire resistance of these structures.

Descriptors Technical International Thesaurus: construction, civil engineering, concrete
structures, computation, stresses, limits, materials, mechanical strength,
deformation, reinforcing steels, prestressing steels, durability, stress analysis,
flexing, shear strength, tensile strength, strain, fatigue life, cracking (fracturing),
anchorages, armatures, distance, covering, beams: supports, floors, slabs,
partitions, columns, foundations, verification.

Modifications

Corrections

Published and distributed by Association Frangaise de Normalisation (AFNOR — French standard institute) — 11, rue Francis de Pressensé —
93571 La Plaine Saint-Denis Cedex — Tel.: + 33 (0)1 41 62 80 00 — Fax: + 33 (0)1 49 17 90 00 — www.afnor.org

© AFNOR — All rights reserved Version of 2016-04-P



Imprimé pour NF P18-710 Avril 2016

NF P 18-710

Standards

Standards are designed to serve as a basis in relations between economic, scientific, technical and social
partners.

By nature, application of a standard is voluntary. When stipulated in a contract, it is binding on the parties.
Legislation may require all or part of a standard to become compulsory.

The standard is a document defined by consensus within a standardisation body involving representatives
of all stakeholders. It is submitted for public consultation prior to adoption.

The standard is regularly reviewed to assess its appropriateness over time.

Any standard is considered to be effective as from the date presented on the first page.

Understanding standards

The reader's attention is drawn to the following points:

Only the verbal form shall is used to express one or more requirements that shall be satisfied in order to
comply with this document. Such requirements may be contained in the body of the standard or in a so-called
"normative" annex. For test methods, the use of the imperative corresponds to a requirement.

Expressions involving the verbal form should are used to express a possibility that, while preferred, is not
actually necessary in order to comply with this document. The verbal form may is used to express practical,
but not mandatory advice or suggestions, or permission.

Furthermore, this document may provide additional information aimed at making certain elements easier to
understand or use, or at clarifying how such elements are applied, but without actually defining a requirement.
These elements are presented as notes or informative annexes.

Standardisation commission

Acting within a given field of activity, a standardisation commission features the necessary expertise for
preparing French standards and defining France's positions in European and international draft standards.
The commission may also prepare experimental standards and technical reports.

If you would like to provide feedback on this document, make suggested changes or take part in the
document's revision, write to "norminfo @afnor.org".

The composition of the standardisation commission that prepared this document is provided below. If experts
are representing a body other than the body to which they habitually belong, this information is presented
using the following convention: body of membership (body represented).
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Foreword

The present standard NF P18-710 "Design of concrete structures: specific rules for ultra-high performance fibre-
reinforced concrete (UHPFRC)" which constitutes a national complement to Eurocode 2, has been prepared within
the BNTRA CN EC2 "Design of concrete structures" committee to meet the French requirement to standardise the
use of ultra-high performance fibre-reinforced concrete (known as UHPFRC in the rest of the document) in building
and civil engineering designs.

This standard is intended to be used in conjunction with the two other standards dealing with the topic of
UHPFRCs:

- standard NF P18470 "UHPFRC: Specification, performance, production and compliance" which deals more
specifically with the UHPFRC material itself and which may be considered as an adaptation of the standard NF EN
206 to the case of UHPFRCs

- standard NF P 18451 "Execution of concrete structures — Specific Rules for UHPFRCs"

The present standard is aimed at the design of structures in UHPFRC (buildings and civil engineering structures).
This standard thus gives the requirements in terms of resistance, seniceability, durability and fire resistance for
these structures. The characteristics of the UHPFRCs covered by the present standard are shown in the "Scope"
section below.

The present standard has been drafted by adapting Eurocode 27 to the case of structures in UHPFRC. The table of
contents for the present standard identically reproduces the whole of the table of contents for part 1-1 of Eurocode
2 and where there is no particularity with regards to UHPFRCs relative to the concretes dealt with in Eurocode 2,
the word "Unchanged" is written2. With regard to the articles specific to UHPFRCs, these are mostly based on the
“Structural design methods" section of the recommendations on UHPFRCs by the Association Francaise de Génie
Civil (AFGC) (French Association for Civil Engineering) working group3. Compared with the concretes covered by
Eurocode 2 (concretes C12/15 to C90/105), the main distinguishing features of UHPFRCs are a much higher
compression strength and the fact the tensile strength of the material can be taken into account, including after
cracking, which changes the use of traditional reinforcing steel or prestressing tendons. This inwolves defining new
concepts, such as the partial factor for tensioned UHPFRC ycf, inclusion of the distribution and orientation of the
fibres through an orientation factor K and a new non-brittleness check. UHPFRCs are also higher performance

. than the concretes covered by Eurocode 2 with regard to durability which is expressed in particular in this standard
by the modification of the formulae for calculating concrete cower.

1The precise references ofthe standards forming Eurocode 2 are given in part 1.1 of the presentstandard.

2 \When the word "Unchanged" appears, the reader must in any case remember that the word "concrete" in Eurocode 2 is
referring to UHPFRC.

3 "Ultra-high performance fibre-reinforced concretes - Recom mendations” Revised edition, June 2013
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1 GENERAL

1.1 Scope

(1)P This standard applies to the design of buildings and civil engineering structures in unreinforced UHPFRC,
reinforced UHPFRC or. prestressed UHPFRC. It complies with the principles and requirements for safety and
seniceability of structures and the design and data werification bases in EN 1990: Basis of structural design. If the
structure comprises members produced in UHPFRC as well as others in other materials (steel, wood, ordinary
concrete, composites, etc.), reference should be made to this standard for the justification on the members in
UHPFRC.

NOTE Buildings are defined by their "area of use™ see standard NF EN 1991-1-1 and its National Annex. Category E
buildings (industrial activity and storage) along with non-standard parts of buildings in categories Ato D may need specific
requirements. These mustbe specified in special contractdocuments.

(2)P This standard only deals with requirements regarding strength, serviceability, durability and fire resistance of
structures in UHPFRC. Other requirements, such as those relating to thermal and acoustic insulation for example,
are not covered.

(3)P This standard is designed to be used in conjunction with the following standards:

Eurocode 2 "Design of concrete structures”

NF EN 1992-1-1 "General rules and rules for buildings" (October 2005) incorporating the 1st corrigendum (January
2008) and 2" corrigendum (November 2010)

NF EN 1992-1-1/NA "National Annex to NF EN 1992-1-1" (March 2007)
NF EN 1992-1-2 "Structural fire design" (October 2005)

NF EN 1992-1-2/NA "National Annex to NF EN 1992-1-2" (October 2007)
NF EN 1992-2 "Concrete bridges - Design and detailing rules" (May 2006)
NF EN 1992-2/NA "National Annex to NF EN 1992-2" (April 2007)

NF EN 1992-3 "Liquid retaining and containment structures" (December 2006)
NF EN 1992-3/NA "National Annex to NF EN 1992-3" (July 2008)
Eurocode 0 "Basis of structural design"

NF EN 1990 "Basis of structural design" (March 2003)

NF EN 1990/A1 "Amendment 1" (July 20086)

NF EN 1990/NA "National Annex to NF EN 1990" (June 2004)

NF EN 1990/A1/NA "National Annex to NF EN 1990/A1" (December 2007)
Eurocode 1 “Actions on structures"

NF EN 1991-1-1 "General actions — Densities, self-weight and imposed loads for buildings" (March 2003)
incorporating the 15t corrigendum (November 2009)

NF EN 1991-1-1/NA "National Annex to NF EN 1991-1-1" (June 2004)

NF EN 1991-1-2 "General actions — Actions on structures exposed to fire" (July 2003) incorporating the 1st
corrigendum (August 2009) and the 2" corrigendum (December 2012)

NF EN 1991-1-2/NA "National Annex to NF EN 1991-1-2" (February 2007)

12
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NF EN 1991-1-3 "General actions - Snow loads" (April 2004) incorporating the 1st corrigendum (October 2009)
NF EN 1991-1-3/NA "National Annex to NF EN 1991-1-3" (May 2007)
NF EN 1991-1-3/NA/A1 "Amendment to the National Annex" (July 2011)

NF EN 1991-14 "General actions - Wind actions" (November 2005) incorporating the 15t corrigendum (May 2010)
and the 2™ corrigendum (September 2010)

NF EN 1991-1-4/NA "National Annex to NF EN 1991-14" (March 2008)

NF EN 1991-1-4/NA/A1 "Amendment to the National Annex" (July 2011)

NF EN 1991-1-4/NA/A2 "Amendment 2 tothe National Annex" (September 2012)

NF EN 1991-1-5 "General actions - Thermal actions" (May 2004) incorporating the 1st corrigendum (October 2010)
NF EN 1991/NA "National Annex to NF EN 05/01/1991" (February 2008)

NF EN 1991-1-6 "General actions - Actions during execution" (November 2005) incorporating the 15t corrigendum
(February 2009) and the 2™ corrigendum (December 2012)

NF EN 1991-1-6/NA "National Annex to NF EN 1991-1-6" (March 2009)

NF EN 1991-1-7 "General accidents - Accidental actions" (February 2007) incorporating the 1st corrigendum (March
2011)

NF EN 1991-1-7/NA "National Annex NF EN 1991-1-7" (September 2008)
NF EN 1991-2 “Traffic loads on bridges” (March 2004) incorporating the 15t corrigendum (June 2010)
NF EN 1991-2/NA "National Annex to NF EN 1991-2" (March 2008)

NF EN 1991-3 "Actions induced by cranes and machinery" (April 2007) incorporating the 15t corrigendum (January
2013)

NF EN 1991-3/NA "National Annex to NF EN 1991-3" (January 2010)

NF EN 1991-4 "Silos and tanks" (May 2007) incorporating the 15t corrigendum (December 2012)
NF EN 1991-4/NA "National Annex to NF EN 1991-4" (November 2007)

Eurocode 7 "Geotechnical design” and its national application standards

NF EN 1997-1 "General rules" (June 2005) incorporating the 1st corrigendum (August 2011)
NF EN 1997-1/NA "National Annex to NF EN 1997-1" (September 2006)

NF P94-261 "National application standards for Eurocode 7 - Shallow foundations (June 2013)
NF P94-262 "National application standards for Eurocode 7 - Deep foundations (July 2012)
NF P94-281 "Gravity wall design" (April 2014)

UHPFRC standards

NF P18470 “UHPFRC: specification, performance, production and conformity"

NF P18-451 “Execution of concrete structures — Specific Rules for UHPFRCs"4

4 |n preparation
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(4) The UHPFRCs cowvered by this standard are described as UHPFRC-S in standard NF P18-470.
NOTE These UHPFRCs therefore demonstrate the following mechanicai properties:

- they are type M UHPFRCs, meaning that the fibres giving a strain-hardening behaviour on bending are metal
fibres

- characteristic compression strength fck between 150 MPa and 250 MPa
- characteristic tensile strength fetk.el greater than 6.0 MPa
- sufficiently ductile behaviour under tension in order that they satisfy the following inequality:

;3 MPa)

ctmel

J‘ —dw>max(0 4f
Wos o 1.2

where wo3=0.3 mm
fctm,el is the mean value of the tensile limit of elasticity
o(w) is the characteristic post-cracking stress as a function of the crack width w.

- density should be between 2300 and 2800 kg/m3

1.2 Normative references

(1)P The following standards documents contain provisions which, when referred to in the present text, constitute
provisions in this standard. For dated references, later amendments or revisions to one of these publications do not
apply to this standard. The parties working on contracts based on the present standard are however encouraged to
look at the possibility of applying the most recent editions of the standard documents given below. For undated
references, the latest edition of the publication referred to applies.

(2) Reference standards:

Eurocode 2%
NF P18-470 "UHPFRC: Specifications, performance, production and conformity"

NF P 18-451 "Execution of concrete structures — Specific Rules for UHPFRCs"®

1.3 Assumptions
(1)P Besides the general assumptions from EN 1990, the following assumptions apply:

- The structures are designed and calculated by individuals with the required qualifications and experience.
- Adequate supenvision and quality control is required in the plants, workshops and on the site.
- Construction is carried out by personnel with the required skills and experience.

- The construction materials and products are used in the manner specified in the present standard or according to
the specifications specific to the materials or products employed. In particular, the UHPFRC is a UHPFRC of type S
compliant with standard NF P 18-470.

- The structure shall be subject to adequate maintenance.
- The use of the structure shall comply with design specification.
- The execution and placement requirements given in standard NF P18-451 shall be complied with.

1.4 Distinction between Principles and Application Rules

(1)P Unchanged

5 The precise references ofthe standards forming Eurocode 2 are given in part 1.1 of the presentstandard.

6n preparation
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1.5 Definitions

UHPFRC: the UHPFRCs cowvered by this standard are described as UHPFRC-S in standard NF P18-470. They are
concretes with high compressive strength, and high post-cracking tensile strength giving it a ductile behaviour in
tension, whose lack of brittleness makes it possible to design and produce structures and structural members
without using reinforcing steel. To construct certain structures, the UHPFRC may newvertheless contain
reinforcement (this is then called reinforced UHPFRC) or prestressing tendons (prestressed UHPFRC).

Thin members/thick members: a thin member is one where the thickness e is such that e < 3 Lf where Ls is the
length of the longest fibres contributing to non-brittleness. Other members are considered to be thick members.

1.6 Symbols

The following notation is used in the present standard. Notation which is non-specific to UHPFRCs from the
Eurocodes is in general omitted from the following list.

e: thickness of the member

Cmin: Minimum cover

Cmin,p: Minimum cover due to placement conditions of UHPFRC
en: horizontal clear spacing distance between bars

ev: vertical clear spacing distance between bars

fc: compressive strength

fek: characteristic value of compressive strength

fem: mean value of compressive strength

fcd: design value of compressive strength

fet,el - tensile limit of elasticity

fetk,et : characteristic value of the tensile limit of elasticity

fetm,el - mean value of the tensile limit of elasticity

fetr: post-cracking tensile strength

feik: characteristic value of the post-cracking strength

fetrm: mean value of the post-cracking strength

fotr,1%: post-cracking strength corresponding to a crack width of 0.01H where H is the height of the tested prism

forr,1%,k: characteristic post-cracking strength corresponding to a crack width of 0.01H where H is the height of the
tested prism

fctr,1%,m: mean post-cracking strength corresponding to a crack width of 0.01H where H is the height of the bending
test prism

fee,n: limit of elasticity directly derived from the 4-point bending test
hss: height of the part of a T-section operating in a shear mode
Lc: characteristic length which relates the crack width to an equivalent deformation

Ls: length of the longest fibres contributing to ensuring non-brittleness. If the UHPFRC contains a single type of
fibre, Lt is the length of these fibres.

w: crack width

Ws: crack width at depth of passive reinforcement

w¢: crack width on the most tensile zone

X: neutral axis depth

x": height of non-cracked zone under tension

Dsup: maximum aggregate size in the UHPFRC (see 5.4.3 of standard NF P18-470)
Ecm: mean value of Young's modulus

Ec.efi : effective Young's modulus

K: orientation factor expressing the mechanical effect of the orientation of the fibres on the post-cracking behaviour
under tension

Kgionai: orientation factor associated with global effects
Kiocal: orientation factor associated with local effects

15
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6: factor expressing the reduction in the reinforcement anchorage length due to the fibres
€cod: maximum design elastic shortening strain at ULS

€cud: maximum design shortening strain at ULS

€u,el: elastic tensile strain at the ultimate limit state

gu,lim: tensile strain limit beyond which the participation of the fibres is no longer taken into account at the ultimate
limit state

€u,pic : equivalent ULS strain corresponding to the peak post-cracking stress or to a crack width equal to 0.3 mm if
there is no post-cracking peak

€u,1%: equivalent strain corresponding to a crack width equal to 0.01H where H is the height of the tested prism
associated with the dimensions of the structure at the ULS

yei: partial factor for UHPFRC under tension

0: struts angle

of(w): stress law as a function of crack width

ORrq,¢: Mean value of the post-cracking strength along the shear crack at an angle 6

2 BASIS OF DESIGN

2.1 Requirements

2.1.1 Basic requirements

(1)P Unchanged

(2)P Unchanged

(3) Unchanged

2.1.2 Reliability management

(1) Unchanged

(2) Unchanged

2.1.3 Design working life, durability and quality management
(1) Unchanged

2.2 Principles of limit state design

(1) Unchanged

2.3 Basic variables

2.3.1 Actions and environmental influences
23.1.1 General

(1) Unchanged

2.3.1.2 Thermal effects

(1) Unchanged

(2) Unchanged

(3) Unchanged
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2.3.1.3 Differential settiements/imovements
(1) Unchanged

(2) Unchanged

(3) Unchanged

(4) Unchanged

2.3.1.4 Prestress

(1)P Unchanged

(2) Unchanged

(3) Unchanged

(4) Unchanged

2.3.2 Material and product properties
23.2.1 General

(1) Unchanged

(2) Unchanged

23.2.2 Shrinkage and creep

(1) Unchanged

(2) Unchanged

(3) Unchanged

2.3.3 Deformations of concrete

(1)P Unchanged

(2) Obeying the Application Rules in this Standard normally enables these effects to be taken into account. In
addition:

— pay particular attention to the deformations and the cracking risks due to the change in the UHPFRC at early
age and on creep and shrinkage;

— minimise restraining effects on deformations by the use of appropriate support devices or joints;
— ensure the influence of restrained deformations is included in the design.

NOTE: For UHPFRCs, early shrinkage phenomena (autogenous and possiblythermal) are greater than for traditional concretes
and not taking them into account correctly may be detrimental. Special attention musttherefore be paid in particularfor slender
parts, parts with significantvariations in thickness, and for clamped parts.

(3) For buildings, the effects of temperature and shrinkage may be neglected in the overall analysis for precast
members in UHPFRC subject to joints, spaced by djeint, being incorporated in order to take up resulting
deformations.

The supplement to the National Annex, which in particular gives the value of djeint applicable to the French regions,
applies.
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2.3.4 Geometric data

2.3.41 General

(1) Unchanged

23.4.2 Supplementary requirements for cast in place piles

(1)P Does not apply

(2) Does not apply

2.4 Verification by the partial factor method

2.41 General

(1) Unchanged

2.4.2 Design values

24.2.1 Partial factor for shrinkage action

(1) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1
2.4.2.2 Partial factors for prestress

(1) Unchanged

(2) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1
(3) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1
2.4.2.3 Partial factor for fatigue loads

(1) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1
2.4.24 Partial factors for materials

(1) The material-related partial factors yc and ycf should be used for the UHPFRC and vys for the reinforcement
defined for the ultimate limit states.

The values of yc, yef and ys are given in Table 2.201. They are not valid for fire design for which reference should
be made to Annex R.

For fatigue verification, the partial factors for durable design situations given in Table 2.201 should be used for yc tat,
Yef fat and YS.fat.
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Table 2.201 — Partial factors for materials at ultimate limit states

e < (tensioned vs (reinforcing vs (prestressing
Design situations | (compressed L&
UHPFRC) UHPFRC) steel) steel)
Durable
Transient 1.5 1.3 1.156 1.15
Accidental 1.2 1.05 1.0 1.0

The partial factor yc for UHPFRCs produced from a premix of constituents may be reduced to 1.3 in a durable and
transient design situation and to 1.05 in an accidental design situation.

This reduction may only be made for premixes defined in standard NF P18470 and subject to an intemal
production check by the premix supplier. The detail of these checks is given in Annex G of standard NF P18-470. It
is not possible for type TT1 or TT1+2 UHPFRCs, where the heat treatment applied to the UHPFRC before setting
has a significant effect (according to 5.4.8 of standard NF P18-470), for which values of yc of 1.5 in a durable and
transient situation and 1.2 in an accidental design situation must be maintained.

Furthermore for type TT1 or TT1+2 UHPFRCs, where the heat treatment applied to the UHPFRC before setting
has a significant effect (according to 5.4.8 of standard NF P18-470), the partial tensile coefficient yct must be
increased for 1.4 in a durable and transient design situation and to 1.1 in an accidental design situation whether or
not they are produced from a premix of constituents.

(2) With regard to partial factors for materials, the following values must be used for checks at seniceability limit
states: )¢ = nf =5 =1.0

(3) Unchanged
2.4.2,5 Partial factors for materials for foundations

(1) Unchanged

(2) Does not apply

2.4.3 Combinations of actions

(1) Unchanged

(2) Unchanged

2.4.4 \Verification of static equilibrium - EQU

(1) Unchanged

2.5 Design assisted by testing

(1) Unchanged

2.6 Supplementary requirements for foundations

(1)P Unchanged

(2) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1
(3) Does not apply

(4) Unchanged
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2.7 Requirements for fastenings

(1) Both local and owerall effects of fasteners must be considered taking account if necessary of any special
features associated with the characteristics of the UHPFRCs.
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3 MATERIALS
3.1 UHPFRC
3.1.1 General

(1)P The following sections give the principles applicable to UHPFRCs cowvered by the present standard (see 1.1
(4)).

(2) Does not apply

(3) Addition; The mechanical characteristics of the UHPFRC material, compression strength, tensile behaviour and
Young's modulus along with the shrinkage and creep laws must be assessed in compliance with standard NF P18-
470.

The execution design structure in UHPFRC must be produced from the characteristics of the UHPFRC used,
validated in compliance with standard NF P18-470 at the suitability test stage. As explained in standard NF P18-
470, this UHPFRC is subject to a full characterisation with regard to the properties required for the design, which
may be determined by use of an identity card.

For preliminary or design studies, and in the absence of tests or an identity card, the values given in Annex T may
be used.

3.1.2 Strength

(1)P The compressive strength of UHPFRC is designated by strength classes associated with the characteristic
strength (5% fractile) measured on cylinder fck, in accordance with 5.5.2 of standard NF P18-470.

(2)P Does not apply

(3) Does not apply

(4) Does not apply

(5) The compressive strength of the UHPFRC at age t depends on any heat treatment it has undergone.

If the UHPFRC has not undergone heat treatment (STT) or is classified TT1 (see 4.3.3 of standard NF P18-470):
- if t 2 28 days, the compressive strength to be used is fck

- if t < 28 days, the compressive strength must be specified and assessed in accordance with article 5.5.2 of
standard NF P18-470.

If the UHPFRC is classified TT2 or TT1+2 (see 4.3.3 of standard NF P18-470):
- if date t is after the end of the heat treatment, the compressive strength to be used is fck

- if date t is prior to the end of heat treatment, the compressive strength must be specified and assessed in
accordance with article 5.5.2 of standard NF P18-470

In an analogous way, the reference age for determining the design characteristics of the hardened UHPFRC is 28
;j_?){izf'or UHPFRCs of type STT or TT1 and after the application of heat treatment for UHPFRCs of type TT2 or
(6) Does not apply

(7) The tensile behaviour characteristics of the UHPFRC are given in 3.1.7.3.

(8) Does not apply

(9) Does not apply

3.1.3 Elastic deformation

(1) The elastic deformations of UHPFRC mostly depend on its composition.
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(2) The value of Young's modulus Ecm must be determined in accordance with 5.5.8 of standard NF P18-470.

The value of Young's modulus to be considered for the design of sections under tension is the same as that for
compression.

NOTE For preliminary or design studies, and in the absence of tests or an identity card, a value for Young's modulus is
proposedin AnnexT.

(3) Does not apply
(4) Poisson's coefficient may be taken as 0.2 for UHPFRCs.

(5) The linear coefficient of thermal expansion for the UHPFRC must come from design tests or from the identity
card for the material, in particular when the structure is sensitive to thermal deformations, whether the deformations
may be prevented when the structure is new, or if it is subject to fire risk. Standard NF P18-470 gives the
information necessary for determining the value of the coefficient of thermal expansion.

NOTE For preliminaryordesign studies, and in the absence oftests or an identity card, a value for the coefficient of linear
thermal expansionis proposedin AnnexT.

3.1.4 Creep and shrinkage
(1)P Unchanged

(2) Does not apply

(3) Does not apply

(4) Does not apply

(5) Addition: With regard to shrinkage, a final value or a complete ewlution curnve from the design tests or the
identity card for the UHPFRC must be used, in particular when the structure is sensitive to instantaneous or
delayed deformations and to their structural effects, or may be subject to restrained deformations at early age.
Standard NF P18470 gives the information necessary for determining the final value of the shrinkage and its
ewlution.

With regard to creep, a final value or a complete ewolution curve of creep deformations from the design tests or the
identity card for the UHPFRC must be used, in particular when the structure is sensitive to instantaneous or
delayed deformations and to their structural effects, or may be subject to prestressing losses. The sensitivity of the
structure may be evaluated by upper/lower bound assessments. Standard NF P18-470 gives the information
necessary for the experimental determination of creep.

NOTE The evolution of shrinkage and creep may be described using the models in AnnexB of standard NF EN 1992-2,
through a calibration ofthe amplitudes and coefficients linked to the kinetics undersectionB.104 of NF EN 1992-2.

For preliminary or design studies, and in the absence of test results or an identity card, values for carrying out
shrinkage and creep calculations are proposed in Annex T.

3.1.5 Stress-strain relation for non-linear structural analysis

(1) The stress-strain relation including the post-peak section for non-linear structural analysis (average law of
compression behaviour) is defined by the following expressions, which take account of the confinement effect
brought by the fibres through the post-cracking strength fctrm / Kgiobal (Kglobal being normally associated to the radial
transverse direction):

€
g=f c1f . (3.201)
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Expression in which:
2/3
€oqf = 1+4f°‘¢ 1+0,16 7 Ko fon (3.202)
Kglobal'fcm (f 800) k
fem being expressed in MPa and where:
E
K= f—f,’;l (3.203)
k
S 3. 204
e (3. 204)
where:
€c1f
k=Ecm-f = (3. 205)
1 si e<gy;
In| 1-n + N ey
Q=3 0.7 €.y ) . (3. 206)
Si £>¢€
€
r].ln cu1fJ
L [ Ec1.f
2/3
€,y =| 1415 ettm_ {1+20J{1+016 Ko Jf (3.207)
Kglabal'fcm fcm (f +800) k

In thin sections or parts of sections, the preferred orientation of the fibres parallel to the walls does not allow
accounting for confinement effect. fettm must be taken as 0 in the previous expressions.

(2) A schematic representation of the stress-strain relation under compression for non-linear structural analysis is
given in Figure 3.201:
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Figure 3.201 — Representation of the stress-strain relation of UHPFRC in compression for non-linear
structural analysis

The deformation is limited to €cu1.f.
3.1.6 Design compressive and tensile strengths
(1)P The design compressive strength is defined as:
fed = acc fek/ yc (3.15)
where:
yc is the partial factor relating to compressed UHPFRC, see 2.4.2.4

accis a coefficient which takes account of long-term effects on compressive strength and adverse effects resulting
from the way the load is applied. The value to be selected for UHPFRCs is acc = 0.85.

(2)P Does not apply

3.1.7 Stress-strain relations for the design of cross-sections

3.1.71 General

(1) Part 3.1.7 of the present standard fully replaces part 3.1.7 of standard NF EN 1992-1-1.
3.1.7.2  Constitutive law for UHPFRC in compression

(1) The constitutive law for UHPFRC in compression to be used for designing sections at ULS is as follows:
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Figure 3.202 — Representation of the stress-strain relation of UHPFRC in compression for designs at ULS
The strain ecod is defined by the following relationship:
€cod = fed/Ecm (3.9)
The ultimate strain to be taken into account at ULS is given by the following formula:

Eoug =(1+ 14f°¢).scOd (3.208)

global*'cm
where:

fetim is the mean value of the post-cracking tensile strength (see 5.5.4 of standard NF P18-470 for its determination)
Kglobal is the orientation factor associated with the global effects (see 4.4.3 of standard NF P 18-470 for its determination)
fem is the mean value of the compression strength (see 5.5.2 of standard NF P18-470 for its determination).

3.1.7.3 Tensile strength

3.1.7.3.1 General

(1) The tensile behaviour is characterised by the tensile limit of elasticity and by the stress-crack width a(w) or
stress-strain o(e) post-cracking constitutive law. This law may be modulated according to the particular directions of

the tensile force.

NOTE The various directions to be considered maybe, for example, a longitudinal direction for the bending res istance, a
direction perpendicular to that of the compression bars for shear resistance, a transverse radial direction for the confinement
effect of compressed UHPFRC, a transverse direction around the circumference for the crack-bridging effect with regard to the
splitting ofthe UHPFRC at anchorages or barlaps and concentrated force diffusion areas.

Inclusion in this way is possible for designing sections at ULS and SLS.

(2) Regarding tensile behaviour, reference should be made to article 5.5.4 of standard NF P18-470. There are two
possible approaches:

- either a point-by-point law is chosen which comes directly from testing by possibly selecting a simplified description of this
piecewise linear law

- or a conventional law described in the following sections is chosen, but for which the parameters are determined
from test results

The execution specifications of the structure may use one or other of these approaches.

NOTE For preliminary or design studies, and in the absence of tests or an identity card, it is possible to use the
conventional law given in Annex T.
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(3) The orientation of the fibres is an important parameter of the tensile design law and is expressed by a set of
orientation factors K. It must be determined in accordance with Annex F of standard NF P18-470.

(4) The characteristic value of the tensile limit of elasticity is denoted fctk.etand its mean value fetmel.

The characteristic value of the post-cracking strength is denoted fetrik and its mean value fctrm. This strength does not
incorporate the orientation factor K.

The post-cracking strength is determined from experimental curves in accordance with standard NF P18-470.

It is equal to the maximum measured if it is greater than the limit of elasticity, otherwise there are two possible
scenarios:

- if a local maximum is obsened, fetf relates to the local maximum, as shown in Figure 3.203 below:

(o
fetel [ = —— —
o g

;
A
‘
: \/
i
‘
'
L}
‘
'

g W w

Figure 3.203 — Definition of f.tf in the case of a local maximum

- if there is no local peak, fctfk is the stress associated to a crack width of 0.3 mm, as shown in the diagram below:
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Figure 3.204 — Definition of fcir in the case where there is no local maximum

(5) The UHPFRCs cowered by this standard havwe a tensile behaviour which must be specified according to section
5.5.4 of standard NF P18-470. For the calculation, the so-called "design" tensile behaviour classes are defined as
follows:
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- class T1* (softening under direct tension) when fctf/K < fct,et both for the mean curve and for the characteristic
cune, i.e. fetfm/K < fctm, e and fetfk/K < fetk el

- class T2* (exhibiting limited strain hardening) when fctf/ K 2 fetel for the mean cune and fett/ K < fetel for the
characteristic curve, i.e. fctfm/ K 2 fetm,eland fetfk/ K < fetk el

- class T3* (exhibiting significant strain hardening) when fctt/ K 2 fet,el both for the mean curve and the characteristic
cune, i.e. fetfm/ K 2 fetm,el and fetfk/ K 2 fetk, el

NOTE 1 If the orientation factor K is equal to 1.25, the tensile behaviour classes T1, T2 and T3 according to standard NF P
18-470 and the design tensile behaviourclasses T1* T2* and T3* coincide.

NOTE 2  As the orientation factor K may differ according to the directions of stress considered, the design tensile behaviour
ofa UHPFRC may come underdifferentclasses according to the directions ofstress considered.

(6) When fetrk/(K.ycf) < fetkel / yef , the ULS law must be clipped meaning it must show a horizontal plateau equating
to a stress of fetfk/(K.y«).

When fetik/K < fetk,el, the SLS law must also be clipped at a horizontal plateau equal to fetrk/K.

When fettk/(K.ycf) > fetkel / yef, the ULS law is constructed by connecting the point corresponding to fctk.el to that
corresponding to fetik/(K.yc) by a line, and the stress is taken as null after the point corresponding to fetfk/(K.y«f).

When fettk/K > fetkel, the SLS law is constructed by connecting the point corresponding to fctk.el to that corresponding
to fetfrk/K by aline, and the stress is taken as null after the point corresponding to fettk/K.

(7) Regarding the design law at the SLSs, the tensile strain limit &im is the strain beyond which the design tensile
stress of the UHPFRC is null. The elastic limit strain is denoted €el and is equal to fetk,el/Ecm.

Regarding the design law at the ULSs, the tensile strain limit €uim is the strain beyond which the design tensile
stress of the UHPFRC is null. The elastic limit strain is denoted €u.eland is equal to fetk,el/(ycf. Ecm).

(8) The tensile laws differ according to whether the member considered is thick or thin. A thin member is a member
whose thickness e is such that:

e <3 Lr where Lr=length of the longest fibres contributing to ensuring non-brittleness.

Other members are considered to be thick members.

p—

The experimental determination of laws differs between thin and thick members (see 4.4.3 of standard NF P18-
470).

(9) To apply certain specifications at the SLSs, design laws must be interpreted "using mean values”, namely fctfk is
to be replaced by fctim and fetk, el by fetm,el.

3.1.7.3.2 Conventional laws for thick members

(1) The conwentional law which may be used for designing thick sections is as follows:

AC Vi 4o /
/ /
E E
Ehm E‘% 2 C E»{ - - 8ujlrn Euﬂa ﬁupcc g &l N i
€
f{".1%.l/ K N‘\ fcll'.‘l%.l/ (67 cI'K)
< |7 {fan/K : :\ = 7 | fand O K)
fctk.el » fdk.ellycl
Design law at SLS Design law at ULS
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Figure 3.205 — Conventional law for UHPFRCs of class T1* or T2* (from a(w) curve)

The parameters given in these design laws are:

At SLS:
w,, f
£ —L‘"° + -l (3.209)
c cm

At ULS:

g ot 4 takel_ (3.210)

pic L E
c Yerem

where wpic is the crack width corresponding to the local peak in the curve from the tests carried out in accordance
with Annex D of standard NF P18-470 or is equal to 0.3 mm if there is no peak.

At SLS:
W,
€0, = —L2 4 SkEL (3.211)
L. Em
At ULS:
Wio, fctkel
Euin = L +-—E — (3.212)
c ch cm

where w1% = 0.01H, H being the height of the bending test prism (see Annex D of standard NF P18-470)

L
=&im = —I— | Lt being the length of the longest fibres contributing to ensuring non-brittleness

3
4L

ulim
c

2
Lc = §h characteristic length (where h is the height of the section).

T / A° /
/ /
£ e Ecm £ e Ecm
Him “al = “ulim el i
: .
—— fctk,el fclk.ell‘ycr
fw/K = fund O K)
Design law at SLS Design law at ULS

Figure 3.206 — Law for UHPFRCs of class T3* (obtained directly in o(g))
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3.1.7.3.3 Conventional laws for thin members
(1) The conventional laws which may be used for designing thin sections are as follows:
ag
' /
9 / /
/
E
E cm
enm £ " cm E:u_hrn g T >
- 3
E
fun/K fond OerK)
Design law at SLS n°1 Design law at ULS n°1
Figure 3.207 — Conventional law n°. 1 for thin members
A0 7 AC /
/ /
E E
Elnm € i N > au lim e‘el B >
€ &
f
fc:le fclk.al/'ycl'
fctﬂ/(ycr'K)
Design law at SLS n°2 Design law at ULS n°2

Figure 3.208 — Conventional law n°. 2 for thin members

Law 1 may only be used for members subject to simple bending or to bending-compression. Law 2 may be used
whatever the type of stress applied, provided that the material is of class T3

In the laws 1 and 2 described abowve, €ulim (= €im) is the maximum tensile strain resulting from the characterisation
tests described in Annex E of standard NF P18-470.

3.1.7.3.4  Accounting for the fibre distribution

(1) To cover the difference in fibre orientation due to UHPFRC placement, the various justifications are based on a design
law modulated considering an orientation factor K which takes the value Kgiaba or Kbcal.

(2) Kuocal is dedicated to local effects corresponding to resistant mechanisms which require fibre contribution in very
localised areas (for example the diffusion of prestressing forces).

Kglobal deals with the global effects corresponding to resistant mechanisms which require the fibres to act over wider
areas and where a localised fault will not have significant consequences (for example shear, bending resistance of
a slab).

The choice between Kiocal and Kglobat is specified in each check to be performed.
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(3) The orientation factor K is established on the basis of tests on a representative model of the actual structure in
accordance with Annex F of standard NF P18-470.

NOTE For preliminaryor design studies, and in the absence oftests ona model representing the actual structure, values
forthe orientation factor K are proposedin Annex T.

(4) The orientation factor K may differ according to the directions of stress and parts of the structure considered. In
the various checks inwlving this factor, its determination must relate to the direction perpendicular to the potential
cracking plane in the resistant mechanism considered. Failing a direct experimental determination in this direction,
the maximum of the K values determined in the two perpendicular directions will be used.

3.1.8 Flexuraltensile strength

(1) Does not apply as dealt with in 3.1.7.

3.1.9 Confined concrete

(1) Does not apply

(2) Does not apply

3.2 Reinforcing steel

3.21 General

(1)P Unchanged

(2)P Unchanged

(3)P Unchanged

(4)P Unchanged

(5) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1

3.2.2 Properties

(1)P Unchanged

(2)P Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1

(3)P Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1

(4)P Unchanged

(5) Unchanged

(6)P Unchanged

3.2.3 Strength

(1)P Unchanged

3.2.4 Ductility characteristics

(1)P Unchanged, including (101)P of standard NF EN 1992-2 and its National Annex

(2) Unchanged

3.25 Welding

(1)P Unchanged
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(2)P Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1

(3)P Unchanged
(4) Unchanged
3.2.6 Fatigue

(1)P Unchanged

3.2.7 Design assumptions

(1) Unchanged

(2) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1

(3) Unchanged

(4) Unchanged

3.3 Prestressing steel

3.3.1 General
(1)P Unchanged
(2)P Unchanged
(3) Unchanged
(4) Unchanged
(5)P Unchanged
(6) Unchanged
(7)P Unchanged
(8)P Unchanged
(9)P Unchanged
(10)P Unchanged

(11)P Unchanged

3.3.2 Properties

(1)P Unchanged
(2)P Unchanged
(3)P Unchanged
(4)P Unchanged
(5) Unchanged
(6) Unchanged

(7) Unchanged

NF P18-710 Avril 2016
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(8) Unchanged

(9) Unchanged

3.3.3 Strength

(1)P Unchanged

3.3.4 Ductility characteristics

(1)P Unchanged

(2) Unchanged

(3) Unchanged

(4) Unchanged

(5) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1
3.3.5 Fatigue

(1)P Unchanged

(2)P Unchanged

3.3.6 Design assumptions

(1)P Unchanged

(2) Unchanged

(3) Unchanged

(4) Unchanged

(5) Unchanged

(6) Unchanged

(7) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1
3.3.7 Prestressing tendons in sheaths

(1)P Unchanged

(2)P Unchanged

3.4 Prestressing devices

3.4.1 Anchorages and couplers

3.41.1 General

(1)P Unchanged

(2)P The anchorages and couplers in the prestressing system used are from a prestressing system which has a
European technical assessment (ETA) in accordance with ETAGO013 and may be adapted subject to an
experimental validation in accordance with Annex S.

(3)P Unchanged
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3.41.2 Mechanical properties
3.4.1.21 Anchored tendons

(1)P Unchanged

(2) Unchanged

3.41.2.2 Anchorage devices and anchorage zones
(1)P Unchanged

3.4.2 External non-bonded tendons
3.4.21 General

(1)P Unchanged

(2)P Unchanged

(3) Unchanged

3.4.22 Anchorages

(1) Unchanged

NF P18-710 Avril 2016
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4 DURABILITY AND COVER TO REINFORCEMENT

4.1 General

(1)P Unchanged

(2)P Unchanged

(3)P Unchanged

(4) The prevention of corrosion of the fibres and of the active or passive reinforcement depends:

- on the compactness and the quality of the UHPFRC, in particular in the concrete cover area, obtained by
compliance with the requirements associated with the exposure classes described in 5.3 of standard NF P 18-470;

- on the thickness of the concrete cover (see 4.4),
- on the crack control (see 7.3).

(5) Unchanged

(6) Unchanged

4.2 Environmental conditions
(1)P Unchanged

(2) The exposure classes of the UHPFRCs according to environmental conditions are explained in standard NF
P18-470.

These are given in the following table as a reminder:

Table 4.1 — Exposure classes according to environmental conditions

A . Informative examples where exposure classes
Class Description of the environment P P
designation may occur

1 No risk of corrosion or attack

For concrete withoutreinforcementorembedded
metal: all exposures except where there is
X0 freeze/thaw, abrasion orchemical attack. Concrete inside buildings with very low air humidity

For concrete with reinforcementorembedded
metal: very dry.

2 Corrosion by carbonatation

Where the reinforced concrete or concrete with embedded metallicparts is exposed to airand humidity, the
exposure classes mustbe defined as follows:

Concrete inside buildings with low air humidity;

e UG L E LG concrete permanentlysubmergedin water

Concrete surfaces subjectto long-term water
XC2 Wet, rarelydry contact;
Many foundations

Concreteinside buildings with moderate or high air .

XC3 Moderate humidity humidity,
External concrete sheltered from rain

Concrete surfaces subjectto water contact, not

KC4 Rl ) within exposure class XC2

3  Corrosion induced by chlorides

Where the reinforced concrete or concrete with embedded metallic parts is subjectto contact with water containing
chlorides other than from marine sources, including ice clearance salts, the exposure classes mustbe defined as
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follows:

XD1 Moderate humidity Concrete surfaces exposed to airborne chlorides

Swimming pools;
XD2 Wet, rarely dry Concrete components exposed to industrial waters
containing chlorides

Parts of bridges exposed to spraycontaining

XD3 Cyclicwetand dry chlorides. Pavements; Carparkslabs

4  Corrosion induced by chlorides from seawater

Where the reinforced concrete or concrete with embedded metallic parts is subjectto contact with seawater
chlorides orthe action of air carrying sea salt, the exposure classesmustbe defined as follows:

XS1 E)_(posed to airborne saltbut not in directcontact Structures nearto or on the coast
with seawater

XS2 Permanentlysubmerged Parts of marine structures

XS3 Tidal, splash and sprayzones Parts of marine structures

5 Freeze/Thaw attack

When the concrete is subjectto a significantattack due to freezing-thawing cycles while itis damp, the exposure
classesmustbe defined as follows:

Vertical concrete surfaces exposedtorainand

XF1 Moderate water saturation, withoutde-icing agent freezi
Teezing
XF2 Moderate water saturation with de-icing agent feld concrete. surfaces_ CUIGE strl_.lgtures
exposed to freezing and airborne de-icing agents
XF3 High water saturation, withoutde-icing agents ACE T T TS e O T

freezing

Road and bridge decks exposed to de-icing
agents;

Concrete surfaces exposed to direct spray
containing de-icing agents and freezing; Splash
zone of marine structures exposed to freezing

High water saturation with de-icing agents orsea

XF4
water

6 Chemical attack

When the concrete is subjectto chemical attack by soils and natural groundwater, the exposure classesmustbe
defined as follows:

. . . . Concrete exposed to natural soils and groundwater

XA1 Slightly aggressive chemical environment in accordance with Table 3 of NF P18-470
. . ) Concrete exposed to natural soils and groundwater

XA2 Moderately aggressive chemical environment in accordance with Table 3 of NF P18-470
. . . . Concrete exposed to natural soils and groundwater

XA3 Highly aggressive chemical environment in accordance with Table 3 of NF P18-470

Please note the following additional information:
e Type M UHPFRCs cannot come under exposure class X0.
+ In the absence of special specifications, the following classifications must be made:

- XC1: parts of buildings sheltered from the rain, with the exception of parts classified as XC3;
- XC2: parts of buildings in contact with water over the long term;

- XC3: parts of buildings sheltered from the rain but not enclosed, or exposed to high levels of condensation both
with regard to frequency and duration;

- XC4: superstructures of bridges, of civil engineering structures and of buildings not protected from the rain,
including parts subjected to water routing and/or splashing.

¢ In the absence of special specifications, the following classifications must be made:
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- XD1: moderately damp surfaces exposed to airborne chlorides;
- XD2: swimming pools or parts exposed to industrial water and containing chlorides;

- XD3: parts of structures subject to frequent and very frequent splashing and containing chlorides subject to the
absence of a sealant coating protecting the UHPFRC.

¢ In the absence of special specifications, the following classifications must be made:

- XS1: structure members which are neither in contact with seawater nor exposed to spray, but which are directly
exposed to saline air, either those located beyond the XS3 classification area and at least 1 km from the coast,
sometimes more, up to 5 km depending on the specific topography;

- XS2: permanently immersed marine structures;

- X83: marine structure members in tidal ranges and/or exposed to spray when they are located at least 100 m
from the coast, sometimes more, up to 500 m depending on the specific topography.

e In the case of attack by freezing-thawing and unless specified otherwise particularly based on the state of
saturation by long-term contact with liquid water (for example horizontal surface or otherwise), the exposure
classes XF1, XF2, XF3 and XF4 are indicated in the map giving the freezing area (Figure NA2 of standard NF
EN 206/CN) and in Table 4.201 below, with additional details from fascicle FD P 18-326. Salting is considered
"infrequent" when the annual average of the number of days when salting takes place estimated over the last
10 years is less than 10, "very frequent" when it is greater than or equal to 30, and "frequent" between these
two cases.

Table 4.201 — Exposure classes according to freezing and salting

Salting None Infrequent Frequent Very frequent
Freezing

Low or moderate XF1 XF1 XF2 xXF2*
Severe XF3 XF3 XF4 XF4

*With the exception of concrete roadways and civil engineering structure members which are very
exposed and which will be classified as XF4.

Additional classes XH1, XH2 and XH3 from the "Recommendations for the prevention of damage due to delayed
ettringite formation" published by the LCPC in August 2007 are introduced to describe the degree of water
saturation in the immediate environment around the parts of the structure

NOTE The choice of exposure classes will be based on the DT003 guides prepared by the Ecole Frangaise du Béton
which may be downloaded from the site www.egfbtp.com:

"Guides for selecting exposure classes of castin place or precastbuilding structures"

"Guide for selecting exposure classes ofconcrete bridges"

"Guide for selecting exposure classes of maritime and fluvial structures"

"Guide for selecting exposure classes ofroad equipment structures”

"Guide for selecting exposure classes of excavated road tunnels”

"Guide for selecting exposure classes ofcovered trenches, galleries, caps and submerged caissons”
"Guide for selecting exposure classes of any civil engineering structures”

(3) In addition to the conditions in Table 4.1, particular forms of attack or indirect actions should be considered:

chemical attack due, for example, to:

- the use of the building or structure (storage of liquids etc.)
- acids or sulphates in solution

- chlorides contained in the concrete

- alkali-aggregate reactions

physical attack due, for example, to:
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- temperature change
- abrasion
- water penetration

With regard to chemical and physical attacks, reference should be made to the appropriate parts of standard NF
P18-470.

(104) of standard NF EN 1992-2: Unchanged

(105) of standard NF EN 1992-2: Unchanged, including what appears in the National Annex to standard NF EN
1992-2

(106) of standard NF EN 1992-2: Unchanged, including what appears in the National Annex to standard NF EN
1992-2

4.3 Requirements for durability
(1)P Unchanged

(2)P Unchanged

(103) of standard NF EN 1992-2: Unchanged
4.4 Methods of verification
441 Concrete cover

4411 General

(1)P Unchanged

(2)P Unchanged

4.41.2 Minimum cover, Cmin
(1)P Unchanged

NOTE As a reminder, the concrete cover is the distance between the axis of the reinforcement closestto the surface of the
UHPFRC andthe latter, reduced by halfthe nominal diameter ofthe reinforcement.

(2P The value to be used is the largest cmin which satisfies the requirements both for bond and environmental
conditions.

Cmin = Max {Cmin,b; Cmin,dur + ACdur,y —ACdur,st —ACdur,add; Cmin,p ; 10 mm} 4.2)
where:

Cmin,b minimum cover due to bond requirements, see 4.4.1.2 (3)

Cmin,dur minimum cover due to environmental conditions, see 4.4.1.2 (5)

Acdur,y additive safety margin, see 4.4.1.2 (6)

Acdur,st reduction of minimum cover for use of stainless steel, see 4.4.1.2 (7)
Acdur,add reduction of minimum cover for use of additional protection, see 4.4.1.2 (8)
cmin,p Minimum cover with regard to placement conditions of UHPFRC,

cmin,p= max{1.5 Ls; 1.5 Dsup; ¢ }

where L is the length of the longest fibres contributing to ensuring non-brittleness, Dsup is the nominal upper
dimension of the largest aggregate (see 5.4.3 of standard NF P18-470), ¢ is the diameter of the reinforcement,
prestressing bars or ducts as applicable.
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NOTE If specially demonstrated through a sufficiently uniform distribution of fibres in the control mockup during the
suitabilitytest, the value cminp maybe reduced but without going below L+.

(3) Unchanged with regard to reinforcement.
The value of cmin,b to be used is:
e For post-tensioned ducts:

- Ducts of circular cross-section: diameter of the duct
- Flat ducts: the smallest dimension or half of the largest dimension if this is greater

e For pre-tensioned prestressing bars: 2.0 times the diameter of the strand or wire, or the diameter of the largest
aggregate if this is greater.

NOTE If using post-tensioned ducts and if speciallydemonstrated through a sufficientlyuniform distribution offibres in the
control mockup during the suitabilitytest, the value crinp maybe reduced but withoutgoing below L.

(4) For post-tensioning kits and anchorage, the minimum cowver should be validated by transfer tests adapted from
ETAGO013 and conducted in accordance with Annex S.

(5) The structural class to be used for standard civil engineering buildings and structures is S4.

Table 4.3NF of standard NF EN 1992-1-1 does not apply; the only structural class changes possible are those
associated with the design senice life:

- when this is 100 years, the structural class is increased by 2,
- when this is 25 years or less, the structural class is decreased by 1.

The minimum structural class is S1.
The values of cmindur to be used are those of Tables 4.202 (reinforcement steel) and 4.203 (prestressing steel)
given below. When a structure member is affected by a number of exposure classes, the concrete cover with the

strictest requirement is the one chosen.

Table 4.202 — Values of minimum cover Cmin,dur requirements with regard to durability for reinforcement
steel compliant with EN 10080

Environmental requirement for cmin,dur (Mm)
Structural Exposure class according to Table 4.1
class X0 XC1 XC2/XC3 Xc4 XD1/XS1 | XD2/XS2 | XD3/XS3
S1 5 5 10 10 15 15
S2 5 10 10 15 15 20
S3 " 5 10 15 15 20 20
S4 10 15 15 20 20 20
S5 10 15 20 20 20 25
S6 15 20 20 20 25 25

Table 4.203 — Values of minimum cover cmin,dur requirements with regard to durability for prestressing steel

Environmental requirement for cmin,dur (MmM)

Structural Exposure class according to Table 4.1
class X0 XC1 | XC2IXC3| XC4 | XD1/XS1 | XD2/XS2 | XD3/XS3
S1 = 5 10 15 15 20 20
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S2 10 15 15 20 20 20
S3 10 15 20 20 20 25
S4 15 20 20 20 25 25
S5 15 20 20 25 25 30
S6 20 20 25 25 30 30

(6) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1
(7) Unchanged
(8) Unchanged

(9) This paragraph also substitutes to 4.4.1.2. (109) of the bridges part and to the corresponding section of the
National Annex.

In the case of a concrete or a UHPFRC cast in place in contact with other members in UHPFRC (precast or cast in
place), the minimum concrete cover in UHPFRC relative to the interface may be reduced to the maximum of the
values required for bonding (cminb see (3) abowe) and for the compliance with the concreting conditions (cmin,p),
provided that:

- the concrete belongs to at least strength class C25/30,
- the exposure of the concrete surface to an external environment is of a short duration (< 28 days),
- the interface has been treated (roughness, adhesive, resin, etc.)

(10) Unchanged
(11) Does not apply

(12) In the case of members in reinforced or prestressed UHPFRC exposed to freezing-thawing (classes XF), the
concrete cover will be determined by reference to a class XC or XD by applying Table 4.204 below.

Table 4.204: Exposure classes to be adopted according to exposure class XF and the salting frequency

' Exposure class
Salting type i
XF1 XF2 XF3 XF4
Infrequent XC4 Not applicable XC4 Not applicable
XD1, XD2,
Frequent Not applicable XD3 for very exposed Not applicable XD3 for very exposed
members’ members’
Very frequent Not applicable Not applicable Not applicable XD3
*For bridges: cornices, edge b eams for anchoring safety b arriers, expansion joint edges.

For reinforced or prestressed UHPFRCs exposed to chemical attack (class XA), concrete cower cannot be
determined solely on the basis of exposure class XA without a special study and knowledge of the exposure
classes chosen with regard to the corrosion risk of reinforcement or fibres.
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(13) The sewerity of exposure to abrasion of a structure or part of a structure is described by classes XM1, XM2
and XM3 according tostandard NF EN 1992-1-1 and NF EN 1992-3.

For structures subject to hydraulic flows at varying speeds and pressures, with possible impacting of sold particles
carried along, the sewerity of the exposure is also described by these classes. The risk of abrasion must be
assessed depending on the level of aggressiveness posed by the swell, currents, fluids circulating in and around
the structure or the component considered, rubbing, and the presence of sediments or suspended abrasive
materials.

NOTE Abrasion class XM1 relates to moderate abrasion, as on industrial sites subjectto the movements of vehicles fitted
with pneumatictyres. Abrasion class XM2 relates tosignificantabrasion, as onindustrial sites subjectto the movements of fork-
lift trucks fitted with pneumatic or solid rubber tyres. In particular, in accordance with standard NF EN 1992-2, raw road bridge
decks (without waterproofing or pavement layers) normally come under class XM2. Abrasion class XM3 relates to extreme
abrasion, as on industrial sites subject to the movements of fork-lift trucks fitted with elastomer or metal tyres, or track-laying
equipment.

In the event of exposure to an abrasion risk associated with a hydraulic flow, compliance with the requirements
described in 5.3.4 of standard NF P 18-470 makes it possible to dispense with a sacrificial thickness.

In other cases, except in case of an appropriate requirement defined by the specifier under 5.3.4 of NF P 18-470,
article 4.4.1.2. (13) of NF EN 1992-1-1 supplemented by the National Annex applies.

(114) of standard NF EN 1992-2: Unchanged
(115) of standard NF EN 1992-2: Does not apply
4.41.3 Allowance in design for deviation
(1)P Unchanged

(2) The nominal cowver cnom should be used in designs and shown on drawings unless a value other than the
nominal cover is specified (minimum value for example)

(3) The design margin for the execution tolerance Acdev may be reduced to 5 mm in the following case:

- when production is subject to a quality control system which includes measurements of the cover before casting
the UHPFRC.

When the following conditions are satisfied, the execution tolerance Acdev may be reduced to 0 mm:

- when use of a very accurate measuring device for monitoring and rejecting non-conforming members (precast
members for example) can be guaranteed.

- when the design and execution of structure members including their reinforcement are subject to a quality
assurance system cowering all the phases of the design on execution and including the following requirements for
all exposure classes:

- in the design and drawing phase: production of large scale detail drawings of sensitive reinforcement (cross
section of strip, rail, parapet, etc.), specifying the concrete covers and forming,

- in reinforcement construction phase: acceptance of shaped steel bars and checking their dimensions,

- in the phase of steel frame installation within formwork: production of reinforcement support drawings
(support type, frequency, fastening, etc.); acceptance of reinforcement and checking of covers before casting,

- in UHPFRC placement phase: if applicable and relevant, fabrication of a control mock-up.

(4) Does not apply
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5 STRUCTURAL ANALYSIS

5.1 General

5.1.1 General requirements

(1)P Unchanged

(2) Unchanged

(3) Does not apply

(4)P Unchanged

(5)P Unchanged

(6) Unchanged

(7) Unchanged

(108) of standard NF EN 1992-2: Unchanged
5.1.2 Specific requirements for foundations
(1)P Unchanged

(2) Unchanged

(3) Unchanged

(4) Unchanged

(5) Unchanged

5.1.3 Load case and combinations

(1)P Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1 and (101) of standard
NF EN 1992-2 and its National Annex

5.1.4 Second order effects

(1)P Unchanged

(2)P Unchanged

(3) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1
5.2 Geometric imperfections

(1)P The analysis of members and structures must take account of the unfawourable effects of any dewvations in the
geometry of the structure as well as in the positions of the loads.

NOTE Deviations in the dimensions of the sections are normally taken into account in the partial factors relating to the
materials. There is therefore no need to include these imperfections in the structural analysis. The minimum eccentricityis given
in 6.1(4)for the design of sections and does notrelate to the stabilitydesign.

For the stability calculation, the geometrical imperfections given below shall not be less than 20 mm. This value
may be reduced if specific provisions are taken into account on execution.
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NOTE For example, for a column, the minimum eccentricitywith regard to a geometrical imperfection maybe taken as 15
mm where reduced tolerances are adopted relative to the class 1 tolerances of standard NF EN 13 670 and which will be
defined by standard NFP18-4517.
(2) Unchanged
(3) Unchanged
(4) Unchanged, including (104) of standard NF EN 1992-2
(5) The imperfections may be represented by an inclination 6i:
0i = 60-0th-0m (5.1)

where

0o is the basic value

ah is areduction factor for length or height: an =2/ \/7 ;
For buildings, 2/3 <an<1
For bridges, on <1

am is a reduction factor for number of members:
For buildings, am = ~f0,5(1+1/m)

For bridges, am =1
| isalength or a height [m], see (6)

m is the number of vertical members contributing to the overall effect

The value Bo to be used is 1/200. This value may be reduced if specific provisions are taken into account on
execution.

NOTE For example, for a pier, 8o may be taken as 1/300 where reduced tolerances are adopted relative to the class 1
tolerances of standard NF EN 13 670 and which will be defined by standard NF P18-451 8,

(6) Unchanged, including (106) of standard NF EN 1992-2

(7) For isolated members (see 5.8.1), the effect of imperfections may be taken into account in two alternative ways
a) and b) as desired:

a) Asan eccentricity ei given by

ei = 0ilo/ 2 (5.2)
where lo is the effective length, see 5.8.3.2
For walls and isolated columns in braced systems, it is always possible, for simplicity, to adopt ei = 10/400,
which equates to an= 1. The value of ei may be reduced if specific provisions are taken into account on

execution.

NOTE For example, for a column, eimay be taken as 1o/600 where reduced tolerances are adopted relative to the class 1
tolerances of standard NF EN 13 670 and which will be defined by standard NF P18-451 9,

b) Asatransverse load Hi, in the position that gives maximum moment:

7In preparation
8In preparation
9n preparation
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for unbraced members (see Figure 5.1 a1 of standard NF EN 1992-1-1):
Hi=0iN (5.3a)
for braced members (see Figure 5.1 a2 of standard NF EN 1992-1-1):
Hi=20iN (5.3b)
where N is the axial load
NOTE Eccentricity is suitable for statically determinate members, whereas transverse load can be used for both

determinate and indeterminate members. The force Hi may be substituted by some otherequivalenttransverse action.

(8) Unchanged

(9) see 5.2 (7) a).

5.3 Idealisation of the structure

5.3.1 Structural models for overall analysis

(1)P The members of the structure are classified according to their type and function, in beams, piers, slabs, walls,
plates, arcs, shells, etc. Rules are provided for the analysis of the most standard of these members and structures

made up of assemblies of these.

Additional information is given in annex (V.2) of the present standard when a structure is modelled using finite
members without necessarily being broken down into beams, piers, slabs, etc.

(2) Unchanged

(3) Unchanged

(4) Unchanged

(5) Unchanged

(6) Does not apply

(7) Unchanged

5.3.2 Geometric data

5.3.21 Effective width of flanges
(1)P Unchanged

(2) Unchanged

(3) Unchanged, howewer a note is added:

NOTE The effective width be of the T beam flange is a maximum width. To calculate the cross section offlange/rib sliding
reinforcement, it is possible to take into account the width of the flange which is just necessary to justify the strength of the
beam underultimate bending stresses.

(4) Unchanged
5.3.2.2 Effective span of beams and slabs in buildings
(1) Unchanged

(2) Unchanged
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(3) Unchanged

(4) Unchanged, including (104) of standard NF EN 1992-2

5.4 Linear elastic analysis

(1) Unchanged

(2) Unchanged

(3) For the effects of heat-related deformations, settling and shrinkage at ultimate limit state (ULS), a reduced
stifness may be allowed corresponding to the cracked sections, taking into account the tensioned fibres and
including the creep effect. For the seniceability limit state (SLS), a gradual change in cracking should be
considered.

5.5 Linear analysis with limited redistribution

(1)P Does not apply

(2) Does not apply

(3) Does not apply

(4) Does not apply

(5) Does not apply

(6) Does not apply

5.6 Plastic analysis

5.6.1 General

(1) Unchanged, including (101)P of standard NF EN 1992-2

(2)P Unchanged

(3)P Unchanged

(4) Unchanged

(5) Addition: a plastic analysis according to the failure lines method for thin slabs along with an analysis with a strut
and tie model is possible.

5.6.2 Plastic analysis for beams, frames and slabs
(1)P Unchanged

(2) Does not apply

(3) Does not apply

(4) Unchanged

(5) Does not apply

5.6.3 Rotation capacity

(1) Does not apply

(2) Does not apply
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(3) Does not apply

(4) Does not apply

5.6.4 Analysis with strut and tie models

(1) Unchanged

(2) Does not apply

(3) Modelling by struts and ties consists of defining struts, which represent areas where com pression stresses act,
ties where tensile forces taken up by the UHPFRC act in the post-cracking area and by the reinforcement, if
appropriate, and nodes which connect them. The forces in these members should be determined such that at the
ultimate limit state, they continue to balance the loads applied. The members of the model should be sized

according to the rules set out in 6.5.

(4) If reinforcement are installed, the position and orientation of these reinforcement should be made to coincide
with those of the ties.

(5) Strut-and-tie models must be defined from stress isostatics and the distributions of the stresses obtained by
application of linear elasticity theory.

5.7 Linear elastic analysis

(1) Unchanged

(2) Unchanged

(3) Unchanged

(4)P Unchanged

(5) For slender structures, it is possible to use the general method described in 5.8.6 which refers explicitly to the
stability ULS. The verification of the stability ULS with the safety factors of the strength ULS dispenses with the
need to check this under 5.7 (2).

(105) of standard NF EN 1992-2 and its National Annex: does not apply

(6) Addition : additional information is given in Annex V of this standard.

5.8 Analysis of second order effects with axial load

5.8.1 Definitions

Unchanged

5.8.2 General

(1)P Unchanged

(2)P When second order effects are taken into account, the balance and strength must be checked in deformed
state. The deformations must be calculated taking account of the appropriate cracking effects and non-linear
properties of the materials and the creep.

(3)P Unchanged

(4)P members bent in their main direction of smallest slendermess ratio (defined according to 5.8.3.2) must satisfy
the rules of 5.8.9 (biaxial bending) or 5.9 (Lateral instability).

NOTE If the slenderness ratio is equal in both directions, itrelates to members bentin their plane of greatestinertia.

(5)P Unchanged
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(6) Does not apply

5.8.3 Simplified criteria for second order effects

5.8.3.1 Slenderness criterion for isolated members

(1) Does not apply

(2) Does not apply

5.8.3.2 Slenderness and effective length of isolated members
(1) Unchanged

(2) Unchanged

(3) Unchanged with the addition of the following note:

NOTE Attention is focused to the fact that the effective length of non-braced members given by the formula (5.16) is
particularly affected with regard to lack of safety through an underestimation offlexibilities.

(4) Unchanged
(5) Unchanged
(6) In cases other than those mentioned in (2) and (3) abowe, in the case, for example, of members for which the

axial force and/or section vary, the effective length may be established on the basis of the buckling load (calculated
by a digital method, for example):

l, = TT/EUN, (5.17)

where:
EI is arepresentative value of the bending stifiness
NB is the buckling load expressed for this E/
(the ifrom Expression (5.4) should also relate to this same EI)

(7) The restraining effect of transverse walls may be allowed for in the calculation of the effective length of the walls
by multiplying the effective length by a factor B obtained as follows:

- for walls free at one end 3 = 2;
- for other walls, use the values given by Table 5.201 below:
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Table 5.201 — Values of B for various edge conditions

Edge embedding

Sketch Expression Factor {8

®

I, B = 1.0 for al

©,

[ b
L

On two sides ratios lo/b
b/lo B
@ : 0.2 0.26
. i 0.4 0.59
On three sides @ @ i ly B= __l.‘_zw 0.6 0.76
1+(§°—] 08 |085
- b —! 1.0 0.90
1.5 0.95
2.0 0.97
5.0 1.00
@ If B> lo blo |B
; 1 = ll 3 0.2 0.10
© © | 1*[‘5] 04 |020
On four sides @ (
F p<lo 0.6 0.30
b b 0.8 0.40
F= 21, 1.0 |0.50
1.5 0.69
2.0 0.80
5.0 0.96

@ — Floor slab
— Free edge
@ — Transverse wall
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NOTE The information in Table 5.201 assumes thatthe wall has no openings with a heightexceeding 1/3 of the wall height
lo or with an area exceeding 1/10 of the wall area. In walls laterallyrestrained along 3 or 4 sides with openings exceeding the se
limits, the parts between the openings should be considered as laterally restrained along 2 sides only and be designed
accordingly.

The values of B should be increased appropriately if the transverse bearing capacity is affected by chases or
recesses.

A transverse wall may be considered as a bracing wall if:

- its total depth is not less than 0,5 hw, where hw is the owverall depth of the braced wall;

- it has the same height Iw as the braced wall under consideration;

- its length Intis at least equal tolo /5, where 10 denotes the clear height of the braced wall;

- within the length Int the transverse wall has no openings.

In the case of a wall connected along the top and bottom in flexurally rigid manner by cast in place UHPFRC and
reinforcement, so that the edge moments can be fully resisted, the values for B given in Table 5.201 may be
factored by 0,85.

The slenderness of walls in plain UHPFRC cast insitu should generally not exceed A = 86 (i.e. lo/hw = 25).

5.8.3.3 Global second order effects in buildings

(1) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1

(2) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1

5.8.4 Creep

(1)P Unchanged

(2) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1

(3) Unchanged

(4) Does not apply

(105) of standard NF EN 1992-2: Unchanged

5.8.5 Methods of analysis

(1)P In principle the general method of 5.8.6 based on a non-linear second order analysis is used.

NOTE As safety factors are introduced into the method, the demonstration of stability avoids the need to check the
resistance ofthe sections with the exception of the method recommendedin 5.8.8.2 (3).

(2) A simplified method based on a nominal stifiness is described in 5.8.7, along with a variant applicable to the
members whose behaviour remains in the elastic domain. This method may also apply to complete structures.

(3) Simplifications or means of applying the previous methods are set out in 5.8.8.
5.8.6 General method

(1)P The general method is based on non-linear analysis including geometric non-linearity, i.e. second order
effects.

(2)P Unchanged
(3) The stress-strain relationships of the compressed UHPFRC given in 3.1.5 of the present standard may be used.

In the stress-strain relationship for UHPFRC, the compressive strength must be replaced by the design value fcd.
The value of Young's modulus to be used is Ecd defined by Ecd = Ecm/ycE.
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vceis equal to: 1.0 in the case defined in 5.8.7 (6)
1.2 in the other cases

For reinforcement steel, the relationship given in 3.2.7 shall be used.

The tensile strength of the UHPFRC may also be taken into account in accordance with 3.1.7, with the
corresponding stress-strain relationships, with the fibre orientation factor K and the partial safety factor relating to
tensioned UHPFRC  1cf.

NOTE The general method can be used to calculate the ultimate shape stability ULS load by introducing the desi gn values
into the stress-strain relationships ofthe UHPFRC and reinforcement.

(4) Unchanged

(5) The fawourable effect on average deformations the length of a structure section, therefore on displacements, of
the participation by the tensioned and cracked UHPFRC may be taken into account. For UHPFRCs of class T3
there is no distinction between average or local deformation. For UHPFRCs of class T1* and T2*, in the absence of
bonded reinforcement, the mean stress-strain relationship shall be accepted in the same way as for local
resistance. In the presence of bonded reinforcement, an awerage deformation mid-way between non-reinforced
UHPFRC and non-fibre reinforced concrete shall be adopted.

NOTE This effect is favourable, and may always be ignored, for simplicity.

(6) Normally, conditions of equilibrium and strain compatibility are satisfied in a number of cross-sections. A
simplified alternative is to consider only the critical cross section(s), and to assume a relevant variation of the
cunvature in between, e.g. similar to the first order moment or simplified in another appropriate way (see 5.8.8).

5.8.7 Simplified method based on nominal stiffness

(1) The method applies in the first instance to isolated members whose critical cross-section is known. It consists of
demonstrating the existence of the stability ULS without explaining it. A value of the stiffness of the member is fixed
a priori. The second order effects assuming pseudo-linear behaviour associated with this stiffness are then
evaluated. It is then necessary to check that the deformations of the critical section under the total forces including
first order (moment Moed) and second order effects (moment M2ed) correspond to a rigidity at least equal to the fixed
value.

(2) For a fixed stifness (El), the external forces being Ned and Med = Moed + M2ked, the state of equilibrium of the
critical cross-section under these forces gives an internal cunature 1/ri, or a stifiness (El) = Med / (1/r). The
condition mentioned in (1) is then written:

1/ri < Med / (El) or (El) = (El) (5.201)
(3) The internal equilibrium must be calculated using the design stress-strain relationships (see 5.8.6 (3)).

(4) The method may also be applied to structures. The forces are evaluated by a second order linear analysis
based on the stiffness values fixed in principle for each member. Condition (5.201) must be satisfied for each
member.

(5) The linear analysis may be controlled using various approaches, for example for an isolated member, the
amplification formula of the first order moment (see 5.8.8.3).

(6) In the special case where it can be assumed that the behaviour of the member remains within the linear elastic
domain under the total ULS stresses, Ned and Med (including the first order and second order effects), the stifiness
is (El) = (Elo calculated with the raw cross-section of the UHPFRC and the effective Young's modulus Ecm / (1 +

Pef )

This may be considered to be the case if the extreme stresses on the section under Ned and Med, determined by an
elastic calculation taking into account the raw cross section, fulfil:

f
g, > —a-2Kek (5.202)

min =
ch
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Omax £ 0.7 fed (5.203)
where

a=0.7% <1 (5.204)
Kglobal 'fctkel

If the two inequalities below are satisfied, condition (5.201) is also satisfied.

5.8.8 Method based on nominal deformation shape

Section 5.8.8 of standard NF EN 1992-1-1 is fully replaced by the following.

5.8.8.1 General

(1) This method enables the calculations in the general method to be simplified. It is suitable, first and foremost, for
isolated members of a given effective length and known critical cross-section subject to a constant axial force half-
way along their length lo. It gives a distribution of second order moments based on a nominal deformation shape,
which enables the second order moment of the critical section to be calculated as a function of the curvature of this
section. This nominal deformation shape assumption may also be used in the simplified method of 5.8.7.

5.8.8.2 Bending moments

(1) The design moment is equal to:

Med = Moed + M2 (5.205)

Where Mokedis the first order design moment taking account of the imperfections, according to 5.2
M2 is the second order moment

The distribution of M2 the length of lo may be considered sinusoidal, at least for the elements of a constant cross-
section. The maximum moment Med must be located in the median section of the effective length lo.

(2) The second order moment M2 in (5.205) is equal to:
M2 = Ned e2 (5.206)

Where NEed is the design acting axial force
e2 is the second order eccentricity, associated with the curvature 1/r of the critical section by e2 = (103/ r2) (1/r)

(3) In the case of members not subject to a transwverse load, the first order end moments Mo1 and Moz, when they
differ, may be replaced by an equivalent constant first order moment Moe defined by:

Moe = 0.6 Moz + 0.4 Mo (5.207)
Mo1 and Mo2 should be taken as having the same sign if they give rise to tension on the same side and opposing
signs otherwise. In addition, it is assumed that |M02?2| Mot |. Besides the verification of the stability ULS with the
equivalent moment Moe, the resistance ULS of section 2 must also be checked.
5.8.8.3 Amplification formula for the first order moment
(1) For a nominal stifness (El) which is assumed to be known, the critical elastic buckling load is expressed as:

Ne = (112 / 10?) (EI) (5.208)

(2) The total moment can be calculated using the amplification formula for the first order moment:

50



Imprimé pour NF P18-710 Avril 2016

NF P18-710

My, = J“o_ﬁi_ (5.209)
1—Neg
Ng

This formula assumes a near-sinusoidal total moment distribution.

5.8.9 Biaxial bending

(1) The general method described in 5.8.6 may also be used for biaxial bending. The following provisions apply
when simplified methods are used. Special care should be taken to identify the section along the member with the

critical combination of moments.

For a member with a constant axial force owver its length, the cross-sections with maximum moment in each of the
planes y and z must coincide.

(2) An initial step may consist of carrying out a separate plane calculation in each of the main directions y or z. The
corresponding geometric imperfections must be taken into account. Each of these calculations, with first order
eccentricity eo fixed, gives a value Med of the total acting moment including the second order moment and a value
MRud of the resistance moment at stability ULS, such that:

Medy < MRudy (bending in the zx plane)

and Medz € MRudz (bending in the xy plane).

(3) The direction with the largest slenderness ratio Ay = loy / iz (relative to the dimension h) is denoted as y and that
of the smallest slendemess ratio Az = loz/ iy (relative to dimension b) is denoted as z — see Figure 5.8.

No additional werification to those of (2) abowe is required if the slenderness ratios A satisfy:

Ay /Az52 (5.210)

and if the relative eccentricities satisfy:
(ey/heq) / (ez/beq) 0.2 (5.211)
or (ey/heq)/ (ez/beq) 2 5 (5.212)

" Where iy, izare the radii of gyration of the sections in the z and y directions
heq =iz \/12; beq = iy \112
€y = Medz / Ned; ez = MEdy / NEd

Figure 5.8 — Definition of eccentricities ey and e:
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(4) If condition (5.210) is satisfied and (5.211) and (5.212) are not satisfied, or (5.210) is not satisfied but (5.212) is
satisfied, the biaxial bending is taken into account by integrating the second order effects in both directions
according to the following simplified criterion:

(Medy / MRudy )? + (MEdz/ MRudz)? < 1 (5.213)

Where Medy and Medz are the acting moments from the plane calculations mentioned in (2), second order
inclusive
Mrudy and MRrudz are the stability ULS moment resistances from the plane calculations mentioned in (2).

Exponent a takes the following values:

for circular or elliptical sections: a = 2

for rectangular sections NEa/NRg 0.1 0.7 10

with a linear interpolation for the intermediate values

NEed is the design axial force

NRrd = Acfed + Asfyd, design resistance in terms of axial force for the section
where:

Ac gross area of the UHPFRC section

As area of longitudinal reinforcement

(5) Addition; In cases not envisaged in (3) and (4) above, a biaxial calculation using the general method must be
carried out explicitly by applying the imperfections in two directions simultaneously, even where the eccentricity ey
is null at the first order.

(6) Addition: Biaxial bending is always accompanied by torsion. The calculations mentioned in the abowe articles
assume that the displacement term, due to torsion is negligible, which may be incorrect for sections with thin
members or h/b ratio greater than 5. It will in general be necessary that the torsion stiffness is not significantly

reduced by shear cracks by checking that the torsional moment at stability ULS does not exceed 40% of the
torsional moment which leads cracking under pure torsion.

5.9 Lateral instability of slender beams

(1)P Unchanged

(2) When checking unbraced beams, a lateral deflection equal to / / 300 should be adopted, where / = total length of
the beam, and treated as a geometric imperfection. In finished structures, the bracing provided by members fitted
to the beam considered may be taken into account.

The lateral deflection of I/300 may be reduced if specific provisions are taken into account on execution.

NOTE For example, the lateral deflection may be taken as 1/450 where reduced tolerances are adopted relative to the
class 1tolerances ofstandard NF EN 13 670 and which will be defined by standard NF P18-451 10,

(3) Does not apply

(4) Second order stresses due to the instability of the beam should be taken into account for calculating full fixed
end moment in bearing structures, including torsion embedment.

NOTE For beams with thin sections, the displacementterm due to torsion maynot be negligible.

101 preparation
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5.10 Prestressed members and structures

5.10.1 General

(1)P Unchanged

(2) Unchanged

(3) Unchanged

(4) Unchanged

(5)P Unchanged

(6) Birittle failure should be awided by one or more of the following methods:

- comply with the non-brittleness condition (see 9.1 (3))
- provding pretensioned bonded tendons

- ensure that if failure were to occur due to either an increase of load or a reduction of prestress under the frequent
combination of actions, cracking would occur before the ultimate capacity would be exceeded

(108) of standard NF EN 1992-2: unchanged

(7) Addition: when reference is made to the European Technical Approval (or European Technical Assessment) in
the following sections, reference should also be made to Annex S.

5.10.2 Prestressing force during tensioning

5.10.2.1 Maximum stressing force

(1)P Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1
(2) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1
5.10.2.2 Limitation of concrete stress

1P Unchanged

(2) Unchanged

(3) A lower limit should be applied to the strength of concrete at application or transfer of prestress. The
corresponding values for post-tensioning are given in Annex S.

(4) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1
(5) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1
5.10.2.3 Measurements

(1)P Unchanged

5.10.3 Prestress force

(1)P Unchanged

(2) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1
(3) Unchanged

(4) Unchanged

53



Imprimé pour NF P18-710 Avril 2016

NF P18-710

5.10.4 Immediate losses of prestress for pre-tensioning

(1) Unchanged

5.10.5 Immediate losses of prestress for post-tensioning

5.10.5.1 Losses due to the instantaneous deformation of concrete
(1) Unchanged

(2) Unchanged

5.10.5.2 Losses due to friction

(1) Unchanged

(2) Unchanged

(3) Unchanged

(4) Unchanged

5.10.5.3 Losses atanchorage

(1) Unchanged

(2) Unchanged

5.10.6 Time dependentlosses of prestress for pre- and post-tensioning
(1) Unchanged

(2) Unchanged

(3) Unchanged

5.10.7 Consideration of prestress in analysis

(1) Unchanged

(2) Unchanged

(3) Does not apply

(4) Does not apply

(5) Unchanged

(6) Unchanged

5.10.8 Effects of prestressing at ultimate limit state

(1) Unchanged

(2) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1

(3) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1 and (103) of standard
NF EN 1992-2

5.10.9 Effects of prestressing at serviceability limit state and limit state of fatigue

(1)P Unchanged, including the additions of the National Annexes to standards NF EN 1992-1-1 and NF EN 1992-2
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5.11 Analysis for some particular structural members
(1)P Unchanged

(2)P Bracing walls are walls which contribute to the lateral stability of the structure.
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6 ULTIMATE LIMIT STATES
6.1 Bending with or without axial force

(1)P Unchanged

(2P When determining the ultimate moment resistance of UHPFRC cross-sections (non-reinforced, reinforced or
prestressed), the following assumptions are made:

- plane sections remain plane

- for a given deformation state, the stress in compression or tensioned UHPFRC are inferred from the diagrams
given in 3.1.7

- the strain in bonded reinforcement or bonded prestressing tendons, whether in tension or in compression, is the
same as that in the surrounding UHPFRC

- the stresses in the reinforcing or prestressing steel are derived from the design curves in 3.2.7 and 3.3.6.

- the initial strain in prestressing tendons is taken into account when assessing the stresses in the tendons

(3)P The compressive strain in the UHPFRC shall be limited to ecud according to the diagram defined in 3.1.7. The
strains in the reinforcing steel and the prestressing steel shall be limited to eud (Where applicable); see 3.2.7 (2) and
3.3.6 (7) respectiwely.

(4) For cross-sections loaded by the compression force (excluding the prestressing force) it is necessary to assume
the minimum eccentricity, es = h/30 but not less than 20 mm where h is the depth of the section.

This minimal eccentricity value may be reduced if specific provisions are taken into account on execution.
NOTE For example, the minimum eccentricity value may be taken as the maximum of h/45 and 10 mm where reduced
tolerances are adopted relative to the class 1 tolerances of standard NF EN 13 670 and which will be defined by standard N F

P18-45111.

(5) In parts of cross-sections which are subjected to approximately concentric loading (ed/h < 0.1), such as
compression flanges of box girders, the mean compressive strain in that part of the section should be limited to ecod.

(6) The resisting forces of the sections are calculated from a linear deformation diagram included in a domain
defined by the limiting deformations known as pivots defined below.

a) In the case of non-reinforced UHPFRC, the pivot limits are as follows:

=Y.
[y]

|E] - UHPFRC compression strain limit

@ - UHPFRC pure compression strain limit
[F] - UHPFRC tension strain limit

Figure 6.201 — Diagram of relative deformations admissible in ultimate limit state for non-reinforced
UHPFRC

Min preparation
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Piwt B: pivot B relates to the limit shortening strain ecud of the UHPFRC on the most compressed fibre of the
section.

Pivot C: pivot C relates to the limit shortening strain ecod of the UHPFRC under compression for the part due only to
the axial force.

Pivot F: when the tensile law chosen for the calculation does not have descending branch (for example the
conventional laws for class T3* UHPFRCs or conwventional laws for thin members), pivot F relates to the limit
lengthening eu,im ofthe UHPFRC on the most tensioned fibre of the section.

NOTE For other cases, the resistance moment is obtained for a deformation of the mosttensioned fibre less than gyjim
(pivot F is then never reached).

b) In the case of reinforced and/or prestressed UHPFRC, the pivot limits are as follows:
Pivot A: pivot A relates to the ultimate deformation of the reinforcement, if applicable, in accordance with 3.2.7.

‘ ) NOTE In the case of a diagram with a horizontal plateau, pivot A is undefined.

Pivwot B: pivwt B relates to the limit shortening strain ecud of the UHPFRC on the most compressed fibre of the
section.

Piwot C: pivot C relates to the limit shortening strain scod of the UHPFRC under compression for the part due only to
the axial force.

|K| - reinforcing steel tension strain limit

|E| =-UHPFRC compression strain limit
- UHPFRC pure compression strain limit

Figure 6.202 — Diagram of relative deformations admissible in ultimate limit state for reinforced and/or
prestressed UHPFRC

In addition, for thin member sections of non-reinforced, reinforced or prestressed UHPFRC elements under
bending with axial force, the contribution of the tensioned UHPFRC can only be taken into account if the tensile
deformation owver the mean fibre is not greater than eu,lim / 2 unless special justification.

(7) Unchanged

(8) Unchanged, including (108) of standard NF EN 1992-2

(109) of standard NF EN 1992-2:
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To satisfy the requirement of non-brittleness at ULS from 5.10.1 (5) of standard NF EN 1992-1-1 with a reduced
prestress cross-section, the following method should be applied:

i) Calculate the applied bending moment due to the frequent combination of actions
ii) Determine the reduced area of prestress that results in the tensile stress reaching fctm,elat the extreme
tension fibre when the section is subject tothe bending moment calculated in i) abowve.

iii) Using this reduced area of prestress, calculate the ultimate flexural capacity. It should be ensured that this
exceeds the bending moment due to the frequent combination. Redistribution of internal actions within the structure
may be taken into account for this verification and the ultimate bending resistance should be calculated using the
material partial safety factors for accidental design situations given in Table 2.101 of 2.4.2.4.

6.2 Shear
6.2.1 General verification procedure
6.2.1.1 General

(1) Part 6.2.1 of the present standard substitutes for parts 6.2.1, 6.2.2 and 6.2.3 of standard NF EN 1992-1-1 and
standard NF EN 1992-2,

(2) The acting design shear force Ved must be less than the resisting shear force VRrdtotal. The resisting shear force
VRd,total iS equal to the smallest of VrRd and VRd,max.

- VRd,max is the limit force for the compressive strength of the concrete compression struts in the truss diagram
- VRd is the superposition of the three resistance terms VRd,c + VRd,s+ VRd#

- VRd,c is the UHPFRC contribution term

- VRd,s is the contribution term for the transverse reinforcement in the truss diagram

- VR4, f ifthe fibre contribution term

NOTE As terms Vg and Vg of standard NF EN 1992-1-1 respectivelydesignate the design values ofthe shearcomponent
contributed by an inclined compression chord and tensile chord, they are not used in this standard as they are not specific to
UHPFRCs.However, they are used in the same wayin the calculations for UHPFRC structures.

(3) The following provisions relate to members loaded on their upper surface. If the loads are applied from below,
vertical suspension reinforcement must be provided in addition.

(4) The tensioned longitudinal reinforcement should be able to resist the additional tensile force generated by the
shear force (see 6.2.1.6).

(5) In the case of members mainly subject to uniformly distributed loads, there is no need to carry out a shear force
verification at a distance to the reference surface of the support less than h for members in UHPFRC with bonded
flexure reinforcement or d if there are bonded reinforcement. The justified design in this section remains valid right
up to the support. A check should also be made that the shear force acting on the support does not exceed the
value VRdmaxdefined in 6.2.1.5

6.2.1.2 Term VRd,c

(1) For a reinforced section, the design resisting shear force VRrd,c provided by the UHPFRC is given by the formula:

Vige = 021, Vb, d (6.201)
cf'YE
where:
Gc
k=1+3.—22 (6.202)
fck
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Where
Ocp = Ned / Ac (6.203)

Ned is the axial force in the cross-section, due to the external loads (Ned > O for compression). The influence of
imposed deformations on Ned may be ignored.

Acis the cross-sectional area of the UHPFRC.
Under Expression (6.202), the value of acpis limited as follows:

0 < ocp< 0.4 fek (6.204)
The term ye is a safety factor taken such that ycf ye is equal to 1.5.

(2) For a reinforced or non-reinforced prestressed section, the design resisting shear force VRrd,c is given by the

formula:
Voo =——k f32b,, 2 (6.205)
YeiYe
(3) For a non-prestressed and non-reinforced section:
0.18
Vige =—— kfiZb,h (6.206)
chyE

In all cases:

fek is expressed in MPa

bw is the smallest width of the cross-section in tensile area [m]. In the case of a circular section of diameter @, 0.55
@ should be selected for bw.

z is the lever arm of the internal forces for a member of constant height corresponding to the bending moment in
the member considered.

d is the distance between the most compressed fibre and the longitudinal reinforcement.
NOTE The formulae are consistentifz = 0.9 d and d=7/8 h in the non-reinforced case
6.2.1.3 Term VRrd,s

The resistance to the shearing force from the vertical reinforcement is given by the following expression:
Vi, =Don 7 £ cotd
Rds _TZ ywd CO (6.207)

In the case where the member includes inclined reinforcement, the term for the resistance to the shearing force
provided by the reinforcement is:

A
Vias = 2 fyug (cot® + cota)sina (6.208)

Aswis the cross-sectional area of the shear reinforcement
s is the spacing of frames or stirrups
fywd is the design elastic limit of the shear reinforcement

0 is the inclination of the main compression stress on the longitudinal axis. The stress tensor is evaluated adjacent
to the centre of gravity of the section by an elastic calculation from the force torsor determined at the uitimate limit
states.
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8 = 30° should be chosen as the minimum value.

a is the inclination of the reinforcement on the longitudinal axis.

In circular sections reinforced with hoops or circular frames, VRd,s should be reduced by 30% to take account of the
fact that the reinforcement do not work directly in the direction of the tie parallel to the shear force, unlike with
frames.

6.2.1.4 Term VRrd,f

(1) The design resisting shear force VRrd,t contributed by the fibres is given by the following expressions:
Vkas = A, OrgsCOLO (6.209)

In the case of class T1* or T2* UHPFRCs:

Opgy = ! [ o (w) dw (6.210)
Rd,f K ch W* o f .
w* =max(w, ; 0.3 mm) (6.211)
NOTE Ordfis the mean value of the post-cracking strength along the shear crack of inclination 8, and perpendicular to it.

The term Aw OrgscotO is the projection of the resultant force parallel to the shear force, the area Aw being itself the projection in
the cross section ofthe inclined area on which the fibres act.

- for a rectangular section or a T section,
Afv = bwz (6.212)
z is the lever arm of the internal forces for a member of constant height corresponding to the bending moment at

the same time as the shear force in the member considered. For shear force resistance calculations on a reinforced
section without normal force, it is possible to adopt the best-estimate value z = 0.9 d.

- for a circular section of diameter @,
Afv = 0.58D? (6.213)

wu is the ultimate opening of cracks reached at ULS under bending with axial force on the end fibre, under the
moment acting in the section.

In the case of UHPFRCs of class T3*, the expression for ord,f becomes:

1 1 £
Onir = o d 6.214
Rdf Ky, x £* ¢, J‘Ed i(g)de ( )

Where:
€* = max(€u ; €ulim)

€u being the maximum elongation in the ULS calculation of bending with axial force
gel et €u lim being defined in 3.1.7.3.1 (7)

Except for members of very small dimensions, in Expressions (6.210) and (6.214), the value of K to use is Kglobal.
For calculating the shear force, a member is of very small dimensions if the width bw and the height h are both less
than 5.Ls, where Lt is the length of the longest fibres contributing to ensuring non-brittleness.

6.2.1.5 Term VRd,max

(1) For members in UHPFRC without shear reinforcement, the resistance limit of the compression struts is:
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a 2/3
Vidmax = 2-3—=b,z f3°.tan® (6.215)
Yc
0 designates the inclination of the main compression stress on the longitudinal axis.
For members in UHPFRC with shear reinforcement inclined at o :
o V... (COtB + cota 1
VRdmax = 23 ,ﬁbwz fckZ/S[ Rd'S( 2 ) + VRd'ftanG}. ——— (6.216)
Ye (1+cot®6) ras T VRas

(2) When the web comprises ducts, whether or not they are grout-filled, the diameter of the duct is deducted from
the width of the beam bw. This width must be replaced by the nominal width bw,nom defined as follows:

bw,nom = bw . Z(p (6.217)

6.2.1.6 Complementary tensile force due to the shear force

(1) For members in UHPFRC without flexure reinforcement or shear force, the balance of the sections on bending
must be demonstrated taking account of the offset aiof the moments curve defined in 9.2.1.3.

(2) For members in flexure-reinforced UHPFRC, but without shear reinforcement, the longitudinal flexure
reinforcement must be able to resist the additional tensile force AFtd, due to the shear force Ved, calculated using
the Expression:

AFtd=0.5 VEd (cotd — tanB) =0 (6.218)

(3) For flexure- and shear-reinforced UHPFRC members (transverse reinforcement at angle a), the longitudinal
flexure reinforcement must be able to resist the additional tensile force:

AFtd = 0.5 VEd [VRd.f (cotB — tanB) + VRd,s (cotb — cota)] / (VRd,s + VRd,f) 20 (6.219)

(4) In all cases, (Med/z) + AFtd should not be greater than Med,max/z, where Med,max is the maximum moment along
the beam.

) 6.2.1.7 Concentrated loads near supports
(1) When loads are applied to the upper surface of the member at a distance av from the reference surface of the
support such that av < 2.0d, the acting design shear Ved must be less than the resisting shear which is equal to the
smallest of the values V’rd and V’Rd,max:
VEd £ min (V'Rd ; V’Rd,max) (6.220)
V’'Rd = V'Rd,c + V'Rd,s + V'Rdf (6.221)

V’Rd is the superimposition of the three resisting terms which must be calculated according to the following
Expressions in (2), (3) and (4).

(2) The UHPFRC contribution term V’rd,c is given by the following Expression:

V’Rd,c= ' VRd,c (6.222)
Where VRd,cis given in 6.2.1.2

B=3-av/d (6.223)
In the absence of a longitudinal reinforcement, d = 0.9 h should be adopted.

(3) The transverse reinforcement contribution term V'rd,s is given by the following Expressions:
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-For 0.5 <av/d<2:

\"

' 11,8y Aswit
Rd,s = E\\(F = O,S)COte—st—ltnyd,t

A
a sw)
+(2-2L)—="=hf J (6.224)
ywd|

d S|

where:
Aswtis the cross-sectional area of a course of transverse reinforcement

stis the spacing of the transverse reinforcement courses

The total cross-sectional area of the transverse reinforcement (Aswt/st).lt is counted over a length It centred on the
span av, defined by:

lt/d =0.6 + 0.15 (av/d) (6.225)
Asw,iis the cross-sectional area of a course of longitudinal reinforcement distributed over the height of the section
stlis the spacing of the distributed longitudinal reinforcement courses
NOTE For further explanation about the distance ay, refer to FD P18-7176.2.1 - (l)

The total cross-sectional area of the longitudinal reinforcement (Asw,i/ siy.hi is aggregated over a height hi, reckoned
from the flexure reinforcement or from the tensioned surface if there is no reinforcement, defined by:

hi/d=0.6+0.15 (av/d) (6.226)
8 should be bounded by:
cotd < av/d (6.227)
If cotB is greater than av/d, cotB must be replaced by av/din V'rd,s (Expression (6.224)).

It is possible to simplify the calculation by adopting a distribution in principle between the two reinforcement
families:

svﬂhI
S 1
A A[ =1 %_0’5) (.22
sw) .- swit ot ’
S| St

In the case of circular sections, the Asw,t areas should be reduced by 30%.
-For0<av/d<0.5:

V'Rd,s = (Asw,/ s1) hi fywd,l (6.229)
Where:

hi/d=1-0.65 (av/d) (6.230)

(4) The fibre contribution term V’rd.¢, under flexure with or without axial force with a axial compressive force Ned is
given by the following expressions:

-for 1.0 <av/d< 2.0:

V’Rd,f = A’tv GRd/f COtO (6.231)
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Where oRrd,f is calculated by formula (6.210) or (6.214) with the limit w* or €* relating to the ULS flexure calculation
in the section at a distance 2 d from the support.

Where:
A'tv = bwhf (6.232)

The height ht is defined by the following expression:

hi/d = 0.6 +0.15 (av/d) (6.233)
0 should be bounded by:
cotf < av/d
- for 0.5 <av/d<1.0:
) V'Rd,f = A’tv ORdSf (av/d) (6.234)

Where A'tv is defined according to (6.232) and therefore hf according to (6.233).
-for 0 <av/d<0.5:
V'Rdf = 0.8 (1- 0.75 av/d) A’tv ORdf (6.235)
Where A’tv is defined according to (6.232) and hr is defined by hf/d =1 —0.65 (av / d)
For circular sections, take bw = 0.7 ®.

(5) The limit force V’rd,maxis expressed as follows:

V'Rd,max=1.14 W (occ / yc) bw 2 fok2/3 (6.236)

-For1<av/d<2:
\
2 a, ,a (cotd Rdt‘s 8)" Vratan®
p=-211-053x 4 (Bv_qp)| ot 1an (6.237)
1,5 d d V'rastV rag

0 should be bounded by:

cot < av/d

-ForO<av/d<1: W=1

6.2.2 Members not requiring design shear reinforcement
Does not apply, see 6.2.1.

6.2.3 Members requiring design shear reinforcement
Does not apply, see 6.2.1.

6.2.4 Shearbetween web and flanges

(1) The shear strength of the flange may be calculated by considering the flange as a system of compressive struts
combined with ties relating to the tensioned UHPFRC with or without tensile reinforcement.

(2) Does not apply
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(3) Unchanged, including (103) of standard NF EN 1992-2

(4) To justify the shear between the web and flanges, the following inequality must be satisfied:

Veq < VRas T VRds (6.238)
Where:
h
VRgt = —20g4COtO; (6.239)
! I,-]f i
and
Asfs'f d
Ve, =——2cot@ (6.240)
RI® " h,.s, '
of is the angle of the compression struts to the web of the beam. The value of cot 6t =1 should be adopted

except for transverse prestress.

ORd.f is the mean value of the post-cracking strength defined in 6.2.1.4. For UHPFRCs of class T1* and T2*, ORd is
calculated using w* = 0.3 mm

hr is the thickness of the flange at the joint

hts is the height of the flange acting in shear mode, see Figure 6.203
Asfs cross-section of transverse reinforcement used for shear

sf spacing between transverse reinforcement used for shear

As indicated in Expression (6.238), any reinforcing steel perpendicular to the web/flange joint located in the area
used to resist the longitudinal shear \ed (area defined by the height his) may be used to resist all or part of this shear
via term Asfs.

It is also necessary to check the compression struts with Expression (6.241) below:
Vid = VRdmax (6.241)
In the case of non-reinforced UHPFRC:

2/3
Vg = 2.3 % Ggq 2 210
Yo helhy

(6.242)

For UHPFRC with shear reinforcement, Expression (6.242) must be changed in the same way as (6.215) is
changed to mowe on to (6.216).

(5) When the shear between flanges and web is combined with transverse bending, the tensioned UHPFRC
located in the area used to resist the longitudinal shear ved (area defined by the height hfs) cannot be used to resist
the transverse bending. Reinforcing steel located in the same area used to resist shear cannot be used to
withstand transverse bending.
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Associated stress

Strain di
train diagram diagram

/

compressive area

Figure 6.203 — Diagram of the web/flange joint
(6) Does not apply
(7) Unchanged
6.2.5 Shear atthe interface between concrete cast at different times

(1) At the interface between two different UHPFRCs, not including the requirements of 6.2.1 to 6.2.4, the following
inequality must also be verified:

VEdi £ WRdi (6.23)
vedi is the design value of the shear stress at the interface; it is given by:
VEdi = 3 VEd / (z bi) (6.24)
where:

B is the ratio of the axial force (longitudinal) in the new UHPFRC area and the total longitudinal force either in the
compression or tension zone, both calculated for the section considered

VEd is the transverse shear force

z isthe lever arm of the internal forces in the composite section
bi is the width of the interface (see Figures 6.204 and 6.205)
VEdi is the design shear resistance at the interface

if there are no indentations:

Wi = C fetk,elfyc + pon + p fyd (M sin a+cos a) < 1.15.0ce.fek?3 fyc (6.243)
where:
cand u are factors which depend on the roughness of the interface (see (2))
on is the stress caused by the minimum external axial force across the interface that can act simultaneously with
the shear force, positive for compression, such that on < 0.6 fcd and negative for tension. When on is tensile, ¢

fetk,ellyc should be taken as 0.

P = As/ Ai
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Figure 6.204 — Examples of joint area in composite section

NN

Figure 6.205 — Example de concreting joint areas

As is the area of reinforcement crossing the interlace, including ordinary shear reinforcement (if any), with
adequate anchorage at both sides of the interface

Ai isthe area of the joint

o.  defined in Figure 6.9 of standard NF EN 1992-1-1; «a must be limited such that 45° < a < 90°

NOTE If there are no indentations, ifthe UHPFRCs eitherside ofthe interface have different properties, vrdi is the smallest
value of the shearresistance.

For indentations:

f 2/3
Veai =C—=E +pa, + pf,((sina +cosa)+(0.35u+0.3) o < 4 15.a,. fo (6.244)
Ye Ky Tc

K is the orientation factor of the fibres in the indented area in the direction perpendicular to the joint area. This
orientation factor is not necessarily that of the overall structure.

The height of the indentations must satisfy:

dz L2 (6.245)

The lengths and width of the indentations must fulfil the following conditions:
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h12 2.Ls (6.246)
hez 2.Ls (6.247)
b2 2.Lf (6.248)
h1 < 10.d (6.249)
he < 10.d (6.250)

where h1, h2 are defined in Figure (6.204) below.

b is the width of the indentation

45°<a<90°

h£10d

<30

[A]- new UHPFRC [B]- old UHPFRC  [C]-potential anchorage

Figure 6.206 — Indented construction joint

NOTE Attention is focus ed to the flow conditions when casting the UHPFRC which mustenable the indentations to be filled
satisfactorilyand the fibres to be distributed and orientated correctly.

(2) If no detailed information is available, surfaces in UHPFRC are classified as very smooth where ¢ = 0.025 to
0.10 and p = 0.5;

.— J For UHPFRC surfaces with indentations fulfilling the above conditions: ¢ =0.5and u =1.4
(3) Unchanged
(4) Unchanged
(5) Unchanged, including (105) of standard NF EN 1992-2

(6) Addition: In the case of a joint between a UHPFRC and an ordinary concrete, the design shear resistance at the
interface is given by Expression (6.25) and standard NF EN 1992-1-1, i.e. the term relating to ordinary concrete.

If a construction joint has indentations, the shear resistance between a member in UHPFRC (member no. 1) and a
member in ordinary cement (member no. 2) is expressed as:

VRd = Min( wRd,1 Zi b1,i h1,i; wd,2 Zi b2,i h2,i) (6.251)
In this expression:

WRd,1is the value of the shear resistance for member 1. vrd,1 is bounded by the value 1.15.0cc.fek?3 fyc
WRd,2is the value of the shear resistance for member 2. vrd,2 is bounded by the value 0.5 v fed

b1,iis the width of indentation i of member 1

h1,iis the height of indentation i of member 1

b2,iis the width of indentation i of member 2
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hziis the height of indentation i of member 2

6.3 Torsion
6.3.1 General

(1)P Where the static equilibrium of a structure depends on the torsional resistance of elements of the structure, a
full torsional design at the ultimate limit state shall be made.

(2) Where, in statically indeterminate structures, torsion arises from consideration of compatibility only, and the
structure is not dependent on the torsional resistance for its stability, then it will normally be unnecessary to
consider torsion at the ultimate limit state. Excessive cracking is awided by fulfilling the non-brittleness condition
given in 9.1 (3).

(3) The torsional resistance of a section may be calculated on the basis of one or more thin-wall closed sections for
which a dummy thickness tef is defined and in which equilibrium is satisfied by a closed shear flow. For hollow
sections, the thickness of the dummy wall should be limited to the actual thickness.

Solid convex sections may be modelled directly by equivalent thin-walled closed sections. Solid non-convex
sections, such as T sections, may be first of all broken down into sub-sections, each modelled using an equivalent
thin-wall section, the torsional resistance of the assembly being taken equal to the sum of the resistances of the
sub-sections.

(4) The distribution of the acting torsional moments over the sub-sections should be in proportion to their uncracked
torsional stifnesses.

(5) Each sub-section may be calculated separately by superimposing the shear forces due to torsion with those
due to the shearing action. To carry out superimposition of hollow and convex solid sections, the wall may need to
be broken down into a number of members. A distinction must also be made between compressed and tensioned
sections at ULS for bending with axial force.

6.3.2 Design procedure

(1) For hollow and conwvex solid sections subject to torsional moment Ted, the torsional shear flow at all points on
the wall is calculated using the following expression:

Tt tef = Ted / 2 Ak

Where w isthe tangential stress in the wall

tet is the thickness of the dummy wall equal a sixth of the diameter of the largest circle able to be inscribed
within the outer contour of the section

Ak is the area limited by the centre line of the dummy tubular section (including hollow section)

In the case of non-convex solid sections broken down into sub-sections, the torsional shear flow in the wall of sub-
section i, subject to fraction Ted.i of the design torsional moment, is calculated by the expression:

i tef,i = Ted,i / 2 Axi

Where i isthe shear in member i
tef.i is the dummy thickness of the wall equal to a sixth of the total thickness of the member
Axi is the area limited by the centre line of the dummy tubular section (including hollow section).
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Figure 6.207 — Shear flow due to torsion and shear

(2) The torsion effects may be superimposed with those of the shear force taking the same value for the
compression strut inclination 6. This is evaluated as shown in 6.2.1.3 from the elastic stress calculation.

Addition: The area Asw of the cross-section of the transverse reinforcement which possibly supplement the
contribution of the fibres to torsional resistant moment only, may be calculated by means of the expression:

A_f T,
t Oy +—oyd____Ed
TR s 2A,cot8

(6.252)

ORrd.f is the mean value of the post-cracking strength defined in 6.2.1.4 (1). In this expression the contribution of the
UHPFRC is ignored (other than that of the fibres), in an analogous way to the resistance term VRad,c for shear, which
is done for safety reasons.

In a member with a non-convex solid cross-section, such as the web of a T-beam (Figure 6.207), a thickness tef
may be defined for the section where the shear stresses due to torsion and the shear force are of the same sign
and on which it is conventionally accepted that the fibres contribute to resist only torsional moment, according to
Expression (6.252). It is conventionally accepted that the fibres contribute to resist shear force in the central part
and in the thickness tef where the stresses have opposite signs, according to Expressions (6.209) to (6.214) in
which the total width bw is replaced by a reduced width b'w= bw - tef. Condition VEd < VRd given 6.2 must be satisfied.

For hollow and conwvex solid sections, each member of wall i should be designed to be of length zi for the combined
shear and torsion forces. The following formula may be applied to check each wall:

T
>V, +—Ed 7 6.253
Ed.i 2A ( )

Vrae + Vras + Vras = i
K

The term VEd.iis the force acting parallel to wall member i, resulting from shear forces.

In the resistance term VRdf and for UHPFRCs of class T1* or T2*, the mean value of the post-cracking strength ord.t
is defined by the expression:

1

globachf(Wz -

= .25
Orar = 7} J o, (w)dw (6.254)

w*1, w*2: crack widths at ends 1 and 2 of the length zi of the wall or wall member considered, which must satisfy:
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W% = max (Wuj ; Wmax) (6.255)

wyj being the design opening under ULS bending stresses comprising at ends j = 1 or 2 of the length zi et wmax the
maximum permissible opening of the cracks according to 7.3.1.

Kglobal: orientation factor for the direction perpendicular to compression struts of inclination 8i.

In the case of UHPFRCs of class T3*, the expression for agrd,f becomes:

Oras =3¢ L 3 Joi(epe (6.256)

gtabal'ch(Ez —&

(3) The cross-sectional area of the longitudinal torsion reinforcement ) Asimay be calculated using the expression:

Ay Oggs + ZASI fyd N Teq

cot8 6.257
u, 2A, ( )

Ak is the area of the mean layer defined in 6.3.2(1)
ORd,fis the mean value of the post-cracking strength defined by the formulae of 6.3.2 (2) abowve.

In compressed flanges, longitudinal reinforcement if applicable may be reduced in proportion to the compression
force available. In tensioned flanges, the longitudinal torsion reinforcement should be added to the other
reinforcement. Longitudinal reinforcement should in general be distributed over the length zi, but for small cross-
sections, they may be concentrated at the ends of the sides.

Likewise in tensioned flanges, the term Ak ORrdt in (6.257) must be reduced to take account of the longitudinal
tensile force.

The same goes for the contribution of the fibres: it is possible to reduce their contribution if the part is tensioned.
The term ord,f may thus be used both for the longitudinal tension and torsion.

Bonded prestressing tendons may be allowed for by limiting the increase in their stress to Aop < 500 MPa. In this
case, Y Asifyd in Expression (6.257) is replaced by 3 Asifyd+ Ap ACp.

(4) The strength of a member subject to shear and torsion is limited by the strength of the concrete compression
struts. The following condition must be satisfied in order not to exceed this strength for solid sections:

TEd + VEd

V,

Rdmax

<1
= (6.258)

Rdmax
Where:

Ted is the acting design torsional moment
VEd is the acting design shear
Trd,max is the limit resisting torsional moment. In the case of UHPFRC without reinforcement, it is given by:

=2.3%c A t_ f2tang (6.259)

efj'ck
Yc

Tk

dmax

VRd,max is the maximum value of the limit resisting shear according to Expression (6.215).

For hollow and convex solid sections, each wall should be designed separately for the combined shear and torsion
forces. The compression ultimate limit state of the UHPFRC compression struts should be checked against the limit
strength VRd,max.

(5) Does not apply

70



Imprimé pour NF P18-710 Avril 2016

=

NF P18-710

6.3.3 Warping torsion

(1) Unchanged

(2) Unchanged

6.4 Punching

(1) Part 6.4 of the present standard fully replaces part 6.4 of standard NF EN 1992-1-1.

(2) Considering a reference contour located at a distance h/2 from the loaded area, the mean shear stress tin the
UHPFRC must be less than:

0.8 ok
Tmax = —Mn —K° ;fctkel (6.260)
ch local
NOTE This verification is valid whetherthe UHPFRC is non-reinforced, reinforced or prestressed.

6.5 Design with strut and tie models

6.5.1 General

(1) Part 6.5 of the present standard fully replaces part 6.5 of standard NF EN 1992-1-1.

Where a non-linear strain distribution exists (e.g. supports, near concentrated loads or planar stress) strut-and-tie
models may be used. The strut and tie method can be used if it is demonstrated that the forces path in the strut
and tie model relates to forces path in an elastic analysis.

6.5.2 Struts

(1) The maximum stress in a compressed strut is set to fca=fck/yc where the strut is subject to a positive or null
transverse stress and to 2.3.occ.fok?3/yc when the strut is subject to a negative transverse stress (tensile) for
consistency with the term VRd,max using in verifying shear.

6.5.3 Ties

(1) Ties may be comprised of reinforcing steel, but may also be implemented through the friction force contributed
by the fibres. In the latter case, the force on the tieis At.ora,f where At is the area of the tie considered.

In calculations on ties, grd,f is the mean value of the post-cracking strength defined in 6.2.1.4 (1) calculated using
Kiocal. In addition, for UHPFRCs of class T1* and T2*, the stress grd.f is calculated using w* = 0.3 mm.

NOTE In cases where UHPFRC is used over extensive areas where a localised fault would not have an effect, it is
possible to calculate Ords Using Kgiobal.

6.5.4 Nodes

(1) When the node is subject to compression only, the maximum stress is taken as fcd=fck/yc.

When the node is subject to compression and traction, the maximum stress is set to 2. 3.ccc.fek?3/yc.
6.6 Anchorages and laps

(1)P Unchanged

(2) Unchanged

(3) Unchanged
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6.7 Partially loaded areas
(1)P Unchanged

(2) For a uniform distribution of load on an area Aco (see Figure 6.29 of standard NF EN 1992-1-1), the limit
compression force may be determined as follows:

— 0.46.f2°
g A SA, <30 ——f A, (6.261)
a VAclAa 1+0.1.f,

0.46.f 23

Frgy = Agp - e St
Rau—77¢0 14010,

where:

Aco is the loaded area,
Ac1 is the maximum design distribution area with a similar shape to Aco

(3) Unchanged

(4) The transwverse tensile forces due to the load effect must be absorbed by tensioned UHPFRC and distributed
reinforcement if applicable.

(105) Support areas for civil engineering structures should be designed using recognised methods.
NOTE Additional information maybe found in Annex J.

6.8 Fatigue

6.8.1 Verification conditions

(1)P Unchanged

(2) A fatigue werification should be carried out for structures and structural components which are subjected to
regular load cycles.

The following structures are exempt from fatigue werification;

Standard buildings, except those with thin members on the fagade;

Foundations, retaining walls and embedded walls;

Buried structures with a minimum cowvering of 1 m of earth;

Piers and columns not rigidly connected to superstructures, bridge piers not rigidly connected to the deck;
Arch and bridge abutments with the exception of hollow abutments.

(3) The fatigue strength is verified by satisfying stress criteria based on:

- the range of and/or maximum compressive strength of the compressed UHPFRC
- the maximum tensile stress of the UHPFRC

- the maximum shear stress of the UHPFRC

- the range of and/or maximum reinforcing steel stresses, if applicable

- the range of variations in the stress of prestressing tendons, if applicable.

The following arrangements are deemed to ensure the fatigue strength of UHPFRCs or reinforcement
independently of the number of cycles:

- UHPFRC compressed when ac < 0.6 fek under characteristic SLS combination of actions

- reinforcement tensioned in reinforced UHPFRC sections, when os < 300 MPa under characteristic SLS
combination of actions

- prestressing tendons and reinforcing steel, in areas where the end fibres of the UHPFRC section remain
compressed under a frequent combination of actions with Pm
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- shear reinforcement, where the reinforcement has been designed at ULS using a diagram of compression struts
at inclination 6 such that 1.0 s cotf £ 1.5

6.8.2 Internal forces and stresses for fatigue verification
()P The stress calculation shall be based on the assumption of cracked cross sections. The contribution of
tensioned UHPFRC must be allowed for by using the SLS stress-strain laws described in 3.1.7.3. Stresses in the

UHPFRC and any reinforcement if applicable must be calculated by assuming compatibility of strains.

(2P The effect of different bond behaviour of prestressing and reinforcing steel shall be taken into account by
increasing the stress range in the reinforcing steel calculated under the assumption of perfect bond by the factor #:

_ Ag +Ap
As+Ap \/é(éslﬁjp)

n (6.64)

where:

As is the area of reinforcing steel

Ap isthe area of prestressing tendon or tendons

¢ is the actual or equivalent diameter of reinforcing steel

¢ is the actual or equivalent diameter of prestressing tendons

#=1.6 VAp for bundles
d =1.75 gwire for single 7 wire strands
¢ =1.20 gire for single 3 wire strands

where gire is the wire diameter

& is the ratio of the bond strength of the bonded prestressing tendons to that of the high strength reinforcement
in the UHPFRC. The value is subject to the relevant European Technical Approval. In the absence of this the
values given in Table 6.201 may be used.

Tableau 6.201 — Ratio of bond strength £ between tendons and reinforcing steel

. g
Prestressing steel
pre-tensioned bonded, post-tensioned
Smooth bars and wires 0.35 0.1
Strands 0.6 0.18
Indented wires 0.7 0.22
Ribbed bars 0.8 0.24

The equivalent diameter Jeq of a number of reinforcing steel bars may be obtained by applying the following
expression:

Dea= D, @21 ). G (6.262)
Ji diameter of reinforcement i in the group
(3) Unchanged
6.8.3 Combination of actions
(1P Unchanged

(2)P Unchanged
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(3)P Unchanged

6.8.4 Verification procedure for reinforcing and prestressing steel

(1) Unchanged, including the National Annex

(2) Unchanged

(3)P Unchanged

(4) Unchanged

(5) Unchanged, including the National Annex

(6)P Unchanged

(107) Unchanged

6.8.5 Verification using damage equivalent stress range

(1) Instead of an explicit verification of the damage strength according to 6.8.4, the fatigue werification of

reinforcement in standard cases with known loads (railway and road bridges) may also be performed using the

damage equivalent stress ranges as described in 6.8.5 (3)

(2) Unchanged

(3) Unchanged

6.8.6 Other verifications

(1) Unchanged, including the National Annex

(2) Unchanged

(3) Unchanged, including the National Annex

6.8.7 UHPFRC verifications

(1) Does not apply

(2) The fatigue werification for UHPFRC under compression may be assumed, if the following condition is satisfied:
Oemax <04+ 0.4S°ﬂ (6.263)

ck ck
where:

ocmax IS the maximum compressive stress under a frequent load combination (compression measured positive)

ocmin IS the minimum compressive stress in the same direction. If the minimum stress is tensile, oc,min should
be taken as 0.

(3) Does not apply
(4) Does not apply
(5) Addition: It may be assumed that the fatigue strength of tensioned UHPFRC is satisfactory if the normal tensile
stress at SLS is limited to 0.95 min(fctk.el ; fetik /K) both regarding the frequent combination of actions for designs

sustainable over the long term and the characteristic combination of actions associated with the construction
phases.
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(6) Addition: It may be assumed that the fatigue strength of UHPFRC under shear is satisfactory if the sum of the
shear stresses due to shear and torsion at SLS is limited to 0.95 min(fctk.el ; fetfk /K) both regarding the frequent

combination of actions for designs sustainable over the long term and the characteristic combination of actions
associated with the construction phases.
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7 SERVICEABILITY LIMIT STATES
7.1 General
(1)P Unchanged

(2) In the calculation of stresses and deflections, cross-sections should be assumed to be uncracked provided that
the flexural tensile stress does not exceed fetk,el.

(3) Addition: The calculation laws given in 3.1.7 (defined with the characteristic stress values) are used for stress
verifications described in 7.2 (mainly in reinforcement).

For the werification of crack widths under 7.3, calculation laws using "mean values" defined in 3.1.7.3.1 (9) are used
with the exception of UHPFRCs of class T2* where the characteristic values are retained.

(4) Addition: stress calculations shall be performed by including the contribution of tensioned UHPFRC in
accordance with the stress laws - SLS strains described in 3.1.7.3. Stresses in the UHPFRC and any reinforcement
if applicable must be calculated by assuming compatibility of strains. For reinforced and prestressed UHPFRC, the
stress calculation shall also take into account bonding factors between the UHPFRC and reinforcement given in
6.8.2.

7.2 Stress limitation

(1)P Unchanged

(2) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1 and (102) of standard
NF EN 1992-2

(3) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1
(4) Unchanged
(5) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1

NOTE Clearly relates onlyto the case where the UHPFRC is coupled with reinforcing steel or prestressing tendons. Where
the UHPFRC is coupled with bonded reinforcement, the stress limitation ofthese reinforcementdoes notdispense with the need
to verify crack widths and deflections.

(6) Addition: for non-reinforced and non-prestressed UHPFRCs, it is not necessary to consider another tensile
stress limitation for fibre-reinforced UHPFRC other than that which results from the crack width limitation given in
7.3.

(7) Addition: In the case of bending with axial force with a axial tensile force on a thin member, the tensile strain
adjacent to the centreline must not be greater than eim / 2 unless demonstrated otherwise.

7.3 Crack control

7.3.1 General considerations
(1)P Unchanged

(2) Unchanged

(3) Unchanged

(4) Unchanged

(5) The limiting calculated crack width wmax is given in Table 7.201 below.
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Exposure class

Members in reinforced
UHPFRC and members
in prestressed UHPFRC
with unbonded tendons

Members in
prestressed
UHPFRC with
bonded tendons

Members in non-reinforced and non-
prestressed UHPFRC

Quasi-permanent load

Frequent load

Characteristic load

Frequent load

fetfm/Kgobat)

combination combination combination combination
X0, XC1 0.3 0.2 0.3 0.3
XC2, XC3, XC4 0.2 0.1 0.2 0.1
Tensile limitation to
XD1, XD2, XD3 . 0.1
XS1, XS2, XS3 0.1 2/3.min(fetm,el, 0.05

(6) Unchanged

(7) Unchanged

(8) When using strut-and-tie models with the struts oriented according to the compressive stress trajectories in the
uncracked state, it is possible to use the forces in the ties to obtain the corresponding steel stresses, if applicable,
to estimate the crack width.

(9) Does not apply

(110) For members in UHPFRC, shear cracking must be controlled by application of Annex QQ. This werification
relates to civil engineering structures but is not generally necessary for buildings.

7.3.2 Minimum reinforcement areas

(1)P Members in UHPFRC do not require a minimum quantity of steel reinforcement to control cracking. This is
assumed to be provided by the checks in 7.3.4 and the sufficiently ductile character under tension of the UHPFRCs
cowvered by the present standard (see 1.1 (4)).

(2) Does not apply

(3) Does not apply

7.3.3 Control of cracking without direct calculation

(1) Does not apply
(2) Does not apply
(3) Does not apply
(4) Does not apply

(5) Does not apply

7.3.4 Calculation of crack widths

(1) Part 7.3.4 of the present standard fully replaces part 7.3.4 of standard NF EN 1992-1-1. The present part 7.3.4
is only to be applied to thick members in UHPFRC of class T1* and T2*. The werification of crack widths is not
necessary for thin members and UHPFRCs of class T3*.
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(2) For non-reinforced UHPFRCs, the following inequality must be satisfied:

f
W,, = Lam —%JLC W, ., (7.201)

where

€t,a is the maximum strain value (as an absolute value) resulting from a section equilibrium calculation in which the
UHPFRC laws are so-called mean SLS calculation laws (see 3.1.7.3.1 (9)).

For UHPFRCs of class T2* the strain £t,a shall however result from the equilibrium of the section using calculation
laws with characteristic stress values and fetm,elshall be replaced by fctk,elin Expression (7.201).

The orientation factor Kgiobal relates to the longitudinal direction.

wmax is the limiting calculated crack width given by Table 7.201.
Lc is the characteristic length: Lc = 2/3.h where h is the height of the section

(3) For reinforced or prestressed UHPFRCs, the following inequality shall be satisfied:

Wt,b £ Wmax (7.202)

where

wmax is the limiting calculated crack width given by Table 7.201.

wtb is the crack width calculated at the most tensioned fibre. wtb is deduced from ws which is the crack width
calculated at the most tensioned reinforcement by the following expression:

wtb=ws (h —x—X')/ (d—x —x) (7.203)

where his the total height of the section
d is the useful height of the section
x is the compressed height
x' is the uncracked tensioned height (between stresses 0 and fctm el)

(4) The crack width at the most tensioned reinforcement wsis given by the following expression:

Ws = Srmaxf. (Esm,f—Ecm,f) (7.204)
where  srmaxfis the maximum crack spacing, calculated according to Expression (7.211)
esmf is the average strain on the reinforcement under the combination of loads considered, including the effect of
imposed strains and taking into account the contribution of the tensioned UHPFRC between the cracks. In the case
of a prestressing tendon, only the relative elongation beyond the state equating to the absence of strain in the
concrete at the same lewel is taken into account

ecm,fis the average strain in the UHPFRC between cracks

(esm.f —€cm)is calculated according to Expression (7.205) below:

05 ctifm 1 f £ ) 1 E
] . PR T L DY _etfm || s 7.205
Lk Gl E Kgloba]-Ecm Es \\ t( emel K Pets Ecm | )

Os is the stress in the tensioned reinforcing steel, calculated for UHPFRCs by using the so-called mean SLS
calculation laws. (see 3.1.7.3.1 (9)). For members in UHPFRC prestressed by pre-tension, gs may be replaced by
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Aop, stress variation in prestressing tendons from the state equating to the absence of strain in the UHPFRC at the
same level up to the limit of elasticity fp,0.1k

For UHPFRCs of class T2*, the stress 0s must however result from the equilibrium of the section using calculation
laws with characteristic stress values and fctm,el must be replaced by fetk,elin Expression (7.205).

peff = As [ Acefi for reinforcing steel
peit = Ap/ Ac.eff for prestressing tendons

Aceft  is the effective cross-sectional area of UHPFRC around the tensioned reinforcement, of height hc.ef equal to
the smallest of the following two values: 2.5 (h —d) or h/2 (see Figure 7.201)

"J 7 [A]: level of steel centroid
o rerrerets T e el .............‘...:. €2=0

_ effective UHPFRC area around
* tension reinforcement Ac.ert

.
h| d :
yrrrrrs s :

- ] ® / L

e h."‘! ./....-..........4....( :
; @ ® ® 4 .

L]

P WAV NN,

- effective UHPFRC area around
tension reinforcement Acterr

- effective UHPFRC area around
tension reinforcement on the
upper part

[C]: effective UHPFRC area around
tension reinforcement on the lower
part

c) Member in tension

Figure 7.201 — Effective UHPFRC cross-sections around tensioned reinforcement (standard cases)
As or Ap are the total areas of reinforcement steel or prestressing tendons located in UHPFRC area Ac,eff.
ki is a factor dependent on the duration of the load or its repetition: kt = 0.6 in the case of a short duration load; kt =
0.4 in the case of a long duration load applied while the concrete is still new, or in the case of repeated high-

amplitude loads.

For a layer of tensioned reinforcement at spacing s parallel to the concrete face, the calculation according to
Expressions (7.204) and (7.205) is sufficient if the spacing satisfies the condition:

s<5(c+3/2

where c is the concrete cover and @ the diameter of the reinforcement.
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(5) If the spacing s is between 5 (c + @/2) and 10 (c + @/2), the maximum crack width shall be calculated half-way
between the reinforcement from the crack width calculated adjacent to the reinforcement wtb using the following

expression:
2
S
w, =|1+0.015a-B- — W, (7.208)
c+=
2
Where:
a=1-0.5 fctim / (Kfetm,et) >0 (7.207)
And
100
B= Petr (7.208)
1oopeff + fctfn'/(K'fctmel)
The corrected crack width w1 shall satisfy:
W, <W_ .. (7.209)

If the spacing of the reinforcement is greater than 10 (c + @ / 2), the corrected crack opening w1 shall be calculated
withs =10 (c + @/ 2).

The orientation factor Kgiobal relates to the longitudinal direction. For UHPFRCs of class T2*, fctm,et and fetfm shall be
replaced by fetk.etand fetfk in formulae (7.207) and (7.208).

(6) When prestressing tendons and steel reinforcement are combined, the expression of petf to be used is given by
the following expression:

AS+E,&AS

= "8 7.210
Pt A ( )

ceff

¢s is the diameter of the steel reinforcement
¢pis the diameter of the prestressing tendon
€ is defined in Table 6.201 in 6.8.2

When a number of steel reinforcement or prestressing tendons are used, it is possible to bring them back to
equivalent diameters in accordance with the rules given in 6.8.2.

(7) The maximum spacing between cracks may be calculated using Expression (7.211) which adds a concrete
coating term lo and a transmission length term It, in the case where all reinforcement has the same diameter and
same bonding:

Srmaxf = 2.55 (o + It) (7.211)
where 10=1.33.c/0
l, =2x] 0.3k,| 1- ferm 1125 (7.212)
Kaiobafetmet /O-N |Pers 2
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f

6=1+0.4(.¢Js1.5 (7.213)

global "ctmel

where:

c is the concrete coating for reinforcement of diameter &
n is equal to 2.25 in the case of a steel reinforcement and 2.25 ¢ for a prestressing tendon (§ being defined in Table
6.201).

0 is a parameter which expresses the improvement contributed by the fibres in the behaviour of the concrete cover
area and to the bonding of the reinforcement

The factor Kgiobal corresponds to the longitudinal direction of the reinforcement and K'giobal to the transverse
direction.

k2 is a factor which takes account of the distribution of strains € in the cracked section; k2 = 1 for pure tension and
0.5 for bending with or without axial force with a partially compressed section; k2= (e1 + €2) / 2 €1 for bending with
axial force with the section fully tensioned, €1 and €2 being respectively the longest and shortest elongation of the
end fibres in the section.

For UHPFRCs of class T2*, fctm,el and fetrm must be replaced by fetk,etand fetfk in formulae (7.212) and (7.213).

When prestressing tendons (actual or equivalent diameter @p, bonding factor np) and reinforcing steel (actual or
equivalent diameter Qs, bonding factor ns) are combined, the term It of formula (7.211) is replaced by:

03%2[1 fam_
9 K'fctmsl >|—

I, = 5 5 _?f (7.214)
i
§1n S.eff+n p.e
A A
where:
() £, < gg and & defined in 6.8.2.
s ¢p
Ps.eff = As | Ac et (7.215)
Pp,eff = Ap / Ac,eft (7.216)

For UHPFRCs of class T2*, fctm,el and fctim must be replaced by fetk,eland fetik in formula (7.214).
7.4 Deflection control

7.4.1 General considerations

(1)P Unchanged

(2) Unchanged

(3) Unchanged, including what appears in standard NF EN 1992-2

(4) Unchanged, including what appears in standard NF EN 1992-2

(5) Unchanged, including what appears in standard NF EN 1992-2

(6) Unchanged, including what appears in standard NF EN 1992-2
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7.4.2 Cases where calculations may be omitted

(1)P Unchanged, including what appears in standard NF EN 1992-2
(2) Does not apply

7.4.3 Checking deflections by calculation

(1)P Unchanged

(2)P The calculation method adopted shall represent the true behaviour of the structure under relevant actions to
an accuracy appropriate to the objectives of the calculation.

(3) Deflections are calculated by integrating cunvatures.

In non-cracked sections (maximum tension less than fctm.el), the curvature is y1 = M/EI, | being the raw inertia of the
section.

For UHPFRCs of class T3* or thin members, characterised under post-cracking by their stress or - average strain ¢
behaviour law, the equilibrium calculation in planar section gives the average curvature xn,moy directly from the
strains €.

For structures in non-reinforced class T1* and T2* UHPFRC, the equilibrium calculation in a cracked planar section
from the of-w law conwerted to the of-e law gives the maximum strain of the compressed UHPFRC gc at
compressed height x, hence the maximum curvature i = €c / x. The curvature variation is considered parabolic as a
function of the distance y from the crack:

2
y
x(Y) =%+ (Xll —Xi {1 o (7.217)
h—x

In areas where sewveral cracks co-exist, the average curvature is given by the following formula:

wimoy=2y/3+ /3 (7.218)
For structures in reinforced class T1* and T2* UHPFRC, the equilibrium calculation in a cracked planar section
gives the stress os of the reinforcement and the maximum curvature i1 = ec / x. The mean elongation of the
reinforcement €sm is given by the formula (7.217) and its ratio to the maximum strain €1 = gs / Es:

@ =¢esm/€N=gsm/ (Os/Es) (7.219)

The mean curvature is then given by the following formula:

Xil,moy = @ XiI (7.220)
This value is valid over a beam length of the order of srmoy,f / 2 either side of the section, srmoy.f being the mean
spacing of the cracks, equal to sr,max,f calculated by the formula (7.211) divided by 1.7. If reinforcement with different

bonding are combined, the value of Os is corrected if necessary with regard tothe planar section calculation.

(4) Deformations due to loading may be assessed using the tensile limit of elasticity fctm,et and the effective Young's
modulus for UHPFRC (see (5)).

(5) For loads with a duration causing creep in the UHPFRC, the total deformation including creep may be
calculated by using the effective Young's modulus for the UHPFRC according to the following Expression:

Ecm
m___ (7.221)

E .. =
c.eff 1 + @(OO, to)

where:

o (o,t0) is the creep coefficient relevant for the load and time intenval (see 3.1.4)
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(6) To calculate cunatures due to a differential shrinkage between the two opposing faces of a beam, reference
should be made t07.4.3 (3) to (5) for the evaluation of the inertias in the cracked sections.

(7) Does not apply directly as it stands, see 7.4.3 (3).
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8 DETAILING OF REINFORCEMENT AND PRESTRESSING TENDONS -GENERAL
8.1 General

(1)P Unchanged

(2) Unchanged

(3) Does not apply

(4) Unchanged

(5) Addition: this standard deals with reinforcing steel bars of diameter greater than or equal to 8 mm and less than
or equal to 32 mm.

8.2 Spacing of bars
(1)P Unchanged

(2) A clear distance (en horizontal and ev wertical) should be adopted between parallel bars in accordance with
Figure 8.201 below:

©h

Figure 8.201 — Clear distances between reinforcement
The clear distances ev and en must satisfy:
ev 2 emini = max{ ¢ ; (Dsup + 5 mm); 1.5 Lr; 20 mmy} (8.201)
€h 2 emini = max{ ¢ ; (Dsup+ 5 mm); 1.5 L¢; 20 mm} (8.202)
Where

Dsup is the nominal upper dimension of the largest aggregate (see 5.4.3 of standard NF P18-470)
¢ is the nominal diameter of the steel reinforcement
Lt is the length of the longest fibres contributing to ensuring non-brittleness

The distance between reinforcement must be greater than 1.5 Lt to enable the UHPFRC to flow correctly.

NOTE The minimum value 1.5 Lt may be reduced without going below 1.0 Ly, subject to approval in the suitability test
(visual inspection after cutting).

(3) Does not apply

(4) Unchanged
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8.3 Permissible mandrel diameters for bent bars

(1)P Unchanged

(2) Unchanged

(3) The mandrel diameter need not be checked to awoid failure of the UHPFRC if the following conditions exist:

- the anchorage of the bar does not exceed max (5 ¢/ 6; 2.5 ¢).

- the bar is not positioned near the surface (plane of bend close to concrete face) and there is a cross bar of
diameter = max(¢/ 6 ; 2.5 ¢) inside the bend.

- the mandrel diameter is at least equal to the recommended values given in Table 8.1N of standard NF EN 1992-
1-1.

6 is defined in 7.3.4 (7)

i ) Otherwise the mandrel diameter ¢m should be increased in accordance with Expression (8.203):

1 a

+ -
a, 2¢
G 2 Fyy W (8.203)
Where:

- Fot is the tensile force from ultimate loads in a bar or group of bars in contact at the start of a bend
- ab, for a given bar (or group of bars in contact), is half of the centre-to-centre distance between bars (or groups of

bars) perpendicular to the plane of the bend. For a bar or group of bars adjacent to the face of the member, ab
should be taken as the cover plus ¢/2.

8.4 Anchorage of longitudinal reinforcement

8.41 General

(1)P Unchanged

(2) Unchanged with the following addition: on Figure 8.1 of standard NF EN 1992-1-1, the length of 5 ¢ must be
replaced by 5 ¢/ O, d being defined in 7.3.4 (7).

(3) Unchanged
(4) Unchanged
(5) Unchanged
(6) Unchanged
8.4.2 Ultimate bond stress
(1)P Unchanged
(2) The design value of the ultimate bond stress, fbd, for ribbed bars may be taken as:
fod = n 6 fetk,etlye (8.204)

n is equal to 2.25 in the case of a steel reinforcement and 2.25 & for a prestressing tendon (& being defined in Table
6.201)

0 is defined in 7.3.4 (7) by Expression (7.213)
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8.4.3 Basic anchorage length
(1)P Unchanged
(2) Unchanged
(3) Unchanged
(4) Unchanged
8.4.4 Design anchorage length
(1) The expression for Ibd is changed as follows:
lbd = o1.02.0t3.04.05 Ib,rqd +ltol 2 Ib,min+ltol (8.205)
ltol takes into account possible positioning imperfections, its value is given by the following expression:
ltot = max (¢,10 mm) (8.206)
The coefficients a1, a3, a4, as are defined in the same way as in standard NF EN 1992-1-1.

Coefficient ozis defined by the following expression:

0.80 <0, =1.6 —0.4(5 —1Js1.6 (8.207)

Where c is the concrete cover and ® the nominal diameter of the bar.
The minimum anchorage length is given by the following expressions:

Ib.min = max(0.3lb,rad ; (1/6 -0.15).10 ¢ ; (1/ 6 - 0.15).100 mm) for anchorages in tension
Ib,min = max(0.7lb,rqd ; (1/5 -0.15).10 ¢ ; (1/ 6 - 0.15).100 mm) for anchorages in compression

where d is defined in 7.3.4 (7) by Expression (7.213)

(2) Unchanged

8.5 Anchorage of links and shear reinforcement

(1) Unchanged

(2) The anchorage should either comply with Figure 8.202 below, or in the case where rectilinear bars are placed,

the inner lever arm z must be reduced by the anchorage lengths at each end of the bar. Welding must be carried
out in accordance with EN ISO 17660 and have a welding capacity in accordance with 8.6 (2).
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(1/5).10¢, and

(1/8).5¢, and 2 (1/6).70 mm

> (1/5).50 mm

a) b)

Figure 8.202 — Anchorage of links

- in diagram a), the minimum lengths 5¢ and 50 mm are multiplied by 1/ &, where & is defined in 7.3.4 (7) by
Expression (7.213).

- in diagram b), the minimum lengths 10¢ and 70 mm are multiplied by 1/ 8, where & is defined in 7.3.4 (7) by
Expression (7.213).

NOTE Diagrams c)andd) of Figure 8.5 in standard NF EN 1992-1-1 do not apply.

8.6 Anchorage by welded bars

(1) Does not apply

(2) Does not apply

(3) Does not apply

(4) Does not apply

(5) Does not apply

8.7 Laps and mechanical couplers

8.7.1 General

(1)P Unchanged

8.7.2 Laps

(1)P Unchanged

(2) Unchanged

(3) Unchanged

8.7.3 Laplength

(1) Regarding section 8.7.3 of standard NF EN 1992-1-1, only the expression for lomin is changed, it becomes:
lo,min 2 max{0.3 a6 lb,rad ; 15 ¢/ & ; (1/ 6).200 mmy} (8.208)

Where 0 is defined in 7.3.4 (7) by Expression (7.213).
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NOTE The lap length maybe increasedin orderto respectthe conditions for transverse reinforcement(orfibres) in a lap
zone (see 8.7.4).

8.7.4 Transverse reinforcement in the lap zone
8.7.4.1 Transverse reinforcement for bars in tension

(1) Unchanged

NOTE As the fibres can contribute to resistto transverse tensile forces, the placementoftransverse reinforcements may
be dispensedin lap zones if it is specificallyjustified.

(2) Unchanged

(3) Unchanged

(4) Unchanged

NOTE Another way of arranging the transverse reinforcement consists of distributing them evenlyover the lap length.
8.7.4.2 Transverse reinforcement for bars permanently in compression

(1) Unchanged

NOTE Another way of arranging the transverse reinforcement consists of distributing them evenlyover the lap length.
8.7.5 Laps for welded mesh fabrics made of ribbed wires

8.7.5.1 Laps of the main reinforcement

(1) Unchanged

(2) Unchanged

(3) When lapping panels are the same plane, the lapping arrangements for the main longitudinal bars should be in
accordance with 8.7.2 and any fawourable effects of the transwerse bars should be ignored. A value of a1 = 0.9
shall be adopted to take into account the favourable effect of the fibres.

(4) Unchanged

(5) When condition (4) abowve is not fulfilled, the effective depth of the steel for the calculation of bending resistance
in accordance with 6.1 should apply to the layer furthest from the tension face.

(6) Unchanged
(7) Unchanged
8.7.5.2 Laps of secondary or distribution reinforcement

(1) Part 8.7.5.2 of standard NF EN 1992-1-1 applies with the following addition: the lap lengths lo are multiplied by
ddefined in 7.3.4 (7) by Expression (7.213).

8.8 Additional rules for large diameter bars

(1) Part 8.8 of standard NF EN 1992-1-1 does not apply to UHPFRCs. Regarding bar diameters, see 8.1 (5) of this
standard.

8.9 Bundled bars
8.9.1 General

(1) Unchanged, including (101) of standard NF EN 1992-2 and its National Annex
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(2) Unchanged

(3) Unchanged

(4) Unchanged

(5) Bar bundles with an equivalent diameter greater than or equal to 32 mm are not recommended.

8.9.2 Anchorage of bundles of bars

(1) Bundles of bars in tension may be curtailed over end and intermediate supports. Bundles with an equivalent
diameter < 32 mm may be curtailed near a support without the need for staggering bars. Bundles with an
equivalent diameter greater than or equal to 32 mm are not recommended.

(2) Unchanged

(3) For compression anchorages bundled bars need not be staggered.

8.9.3 Lapping bundles of bars

(1) Unchanged

(2) Unchanged

(3) Does not apply

8.10 Prestressing tendons

8.10.1 Arrangement of prestressing tendons and ducts

8.10.1.1 General

(1)P Unchanged

8.10.1.2 Pre-tensioned tendons

(1) The requirements given in Figure 8.14 of standard NF EN 1992-1-1 in terms of spacing between reinforcement
applies to UHPFRCs. Newertheless, the following condition is added: the spacing between reinforcement must be
greater than 1.5 Ls for the UHPFRC to flow satisfactorily.

(2) Unchanged

8.10.1.3 Prestressing ducts

(1)P Unchanged

(2) Unchanged

(3) The requirements given in Figure 8.15 of standard NF EN 1992-1-1 in terms of spacing between reinforcement
applies to UHPFRCs. Newertheless, the following condition is added: the spacing between reinforcement must be
greater than 1.5 L+ for the UHPFRC to flow satisfactorily.

8.10.2 Anchorage of pre-tensioned tendons

8.10.2.1 General

(1) Unchanged

8.10.2.2 Transfer of prestress

(1) At release of tendons, the prestress may be assumed to be transferred to the concrete by a constant bond
stress fba, where:
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fod = 1 O fetk.el(t)/yc (8.209)
where:

fetk,ei; characteristic tensile limit of elasticity

t: time of tendon

7 is defined by Expression (6.64) of this standard
0 is defined in 7.3.4 (7) by Expression (7.213)

(2) Unchanged

(3) The design value of the transmission length should be taken as the less favourable of two values, depending on
the design situation;

Ipt1 = 0.4 Ipt (8.210)
or

Ipt2=1.2 Ipt (8.211)
NOTE Normally the lower value is used for verifications of local stresses at release, the higher value for ultimate limit

states (shear, anchorage etc.).
(4) Unchanged
(5) Unchanged
8.10.2.3 Anchorage of tendons for the ultimate limit state
(1) The anchorage of tendons should be checked in sections where the concrete tensile stress exceeds fectk,el. The
tendon force should be calculated using the law adopted in 3.1.7 for UHPFRCs including the effect of shear. Where
the UHPFRC tensile stress is less than fctk,el, no anchorage check is necessary.
(2) The bond strength for anchorage in the ultimate limit state is:
fopd = 0.5. 1 O fetk,ellye (8.212)

where

n is defined by Expression (6.64) of this standard
0 is defined in 7.3.4 (7) by Expression (7.213)

(3) Does not apply

(4) Unchanged

(5) Unchanged

(6) Unchanged

8.10.3 Anchorage zones of post-tensioned members

(1) Unchanged

(2) Unchanged

(3) Unchanged

(4) Tensile forces due to concentrated forces should be assessed by a strut and tie model, or other appropriate

representation. Reinforcement should be detailed assuming that it acts at its design strength. If the stress in this
reinforcement is limited to 250 MPa no check of crack widths is necessary.
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(5) Unchanged

(106) of standard NF EN 1992-2: Unchanged

8.10.4 Anchorages and couplers for prestressing tendons
(1)P Unchanged

(2)P Unchanged

(3) Unchanged

(4) Unchanged

(5) Unchanged including (105) of standard NF EN 1992-2
(106) of standard NF EN 1992-2: Unchanged

(107) of standard NF EN 1992-2: Unchanged, including what appears in the National Annex to standard NF EN
1992-2

(108) of standard NF EN 1992-2: Unchanged
8.10.5 Deviators

(1)P Unchanged

(2)P Unchanged

(3)P Unchanged

(4) Unchanged
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9 DETAILING OF MEMBERS AND PARTICULAR RULES

9.1 General

(1)P Unchanged

(2) Unchanged

(3) Non-brittleness condition must be verified in order to prevent a brittle failure, wide cracks and also to resist
forces arising from restrained actions. The non-brittleness condition is assumed to be fulfilled if two conditions are
complied with, one condition on the material (see (4)) and one on the verification of sections (see (5)).

(103) of standard NF EN 1992-2: see (3) above

(4) Addition: the behaviour of the UHPFRC material is sufficiently ductile under tension if the following inequality is
satisfied:

c
w

ctmel ’ SIVPa)
o 1.2 (9.201)

where  wo.3= 0.3 mm
fctm,el is the mean value of the tensile limit of elasticity
o(w) is the characteristic post-cracking stress according to the crack width w.

NOTE This condition is satisfied for UHPFRCs covered by the presentstandard (see 1.1 (4)).

(5) Addition: sections of the structure which are not fully compressed following a linear elastic calculation using
Young's modulus Ecm and the non-cracked inertia under the SLS combinations characterised by the SLS torsors
(Ni ; Mi), must satisfy the following condition:

- if Mi # 0: the moment resistance MRad,i calculated in a cracked section using the ULS behaviour law for the material
defined in 3.1.7.3 under concomitant Ni must be greater than or equal to Min (Min,i; 1.2 Mi) where the moment Miin,i
corresponds to the moment to reach the characteristic tensile limit of elasticity fetk,el with an elastic behaviour under
Ni.

- if Mi = 0, the resisting normal force NRrd.i calculated in the cracked section using the ULS behaviour law for the
material defined in 3.1.7.3 must be greater than or equal to Min (Nin,i; 1.2 Ni) where Niin,i corresponds to the normal
force to reach the characteristic tensile limit of elasticityfctk,etwith an elastic behaviour.

(6) Addition; when the non-brittleness condition is fulfilled and the sections are werified at ULS and SLS including
the only contribution of the fibres, it is possible to dispense with the placement of reinforcements. When the word
"unchanged" is shown in this section regarding a detailing arrangement relating to a reinforcement, it should be
considered that this detailing arrangement must be respect in case in which reinforcements are placed.

9.2 Beams

9.2.1 Longitudinal reinforcement

9.2.1.1 Minimum and maximum reinforcement areas
(1) Does not apply

(2) Does not apply

(3) Unchanged

(4) Does not apply
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9.21.2  Other detailing arrangements

(1) In monolithic construction, even when simple supports have been assumed in design, the section at supports
should be designed for a bending moment arising from partial fixity of at least 0.15 of the maximum bending
moment in the span, including when simple supports have been adopted in the design.

(2) When reinforcement is laid at intermediate supports of continuous beams, the total area of tension
reinforcement As of a flange cross-section should be spread over the effective width of the upper flange (see 5.3.2).
Part of it may be concentrated over the web width (See Figure 9.1).

4 b efr k:

. Ao

_OT"? — o ﬁo > oﬁ :‘i‘%_' 1 hr

- beff1 J bw n beff2 __
S )|

Figure 9.1 — Placing of tension reinforcement in flanged cross-section
(3) Unchanged
9.21.3 Staggering of moments curve and refining of curtailment of tension reinforcement

(1) In all sections, the design of the tension area should be justified to take account of the interaction between Med
and Ved due to the inclined cracks in webs and flanges.

(2) The additional tensile force AFtd must be calculated in accordance with 6.2.1.6.
.7 It may also be estimated by shifting the envelope cure of the moments a distance ai, as shown in Figure 9.2.
For UHPFRC members with or without flexural reinforcement and without shear reinforcement:
al = (z/2) (cotb — tanB) (9.202)

For UHPFRC members with flexural and shear reinforcement:

a2 Vgas (COO —tana )+ Vi, [cot —tans)
| 2 VRd,S ) VRd.f

(9.203)

(3) Unchanged

(4) Unchanged

9.21.4 Anchorage of bottom reinforcement at end supports

(1) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1
(2) Unchanged

(3) Unchanged
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(4) Addition: In the absence of reinforcement, detailing arrangements and special execution arrangements must be
shown to provide a good transmission of forces between the horizontal member and the vertical member taking
account of the effect of any clamping.

NOTE If reinforcement are present, itmay be worthwhile reading the additional information givenin leaflet FD P18-717 with
regard to this section.

9.2.1.5 Anchorage of bottom reinforcement at intermediate supports

(1) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1

(2) Unchanged

(3) Unchanged

(4) Addition: In the absence of reinforcement, detailing arrangements and special execution arrangements must be
justified to provide a good transmission of forces between the horizontal member and the vertical member taking

account of the effect of any clamping.

NOTE If reinforcement are present, it maybe useful reading the additional information given in booklet FD P18-717 with
regard to this section.

9.2.2 Shearreinforcement

(1) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1 and (101) of standard
NF EN 1992-2 and its National Annex

(2) Unchanged

(3) Unchanged

(4) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1
(5) Does not apply

(6) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1
(7) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1
(8) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1
9.2.3 Torsion reinforcement

(1) Unchanged

(2) Does not apply

(3) Unchanged

(4) Unchanged

9.2.4 Surface reinforcement

(1) Does not apply

9.2.5 Indirect supports

(1) Unchanged

(2) Unchanged
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9.3 Solid slabs
(1) Unchanged
9.3.1 Flexural reinforcement
9.3.1.1 General
(1) Does not apply
(2) Does not apply
(3) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1
(4) Unchanged
9.3.1.2 Reinforcement in slabs near supports
(1) Unchanged
(2) Unchanged
9.3.1.3  Corner reinforcement
(1) Unchanged
9.3.1.4 Reinforcement at the free edges
(1) Unchanged
(2) Unchanged
9.3.2 Shearreinforcement
(1) Does not apply
: ) (2) Does not apply
(3) Does not apply
(4) Unchanged
(5) Unchanged
9.4 Flat slabs
9.4.1 Slab atinternal columns
(1) Unchanged
(2) Does not apply
(3) Does not apply
9.4.2 Slab atedge and corner columns
(1) Unchanged
9.4.3 Punching shear reinforcement
(1) Unchanged
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(2) Does not apply

(3) Unchanged

(4) Unchanged

9.5 Columns

9.5.1 General

(1) Unchanged

9.5.2 Longitudinal reinforcement

(1) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1
(2) Does not apply

(3) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1
(4) Unchanged

9.5.3 Transverse reinforcement

(1) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1
(2) Unchanged

(3) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1
(4) Unchanged

(5) Unchanged

(6) Unchanged, including.what appears in the National Annex to standard NF EN 1992-1-1
9.6 Walls

9.6.1 General

(1) Unchanged

9.6.2 Vertical reinforcement

(1) Does not apply

(2) Does not apply

(3) Unchanged

9.6.3 Horizontal reinforcement

(1) Does not apply

(2) Unchanged

9.6.4 Transverse reinforcement

(1) Does not apply

(2) Unchanged
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9.7 Deep beams

(1) Does not apply

(2) Unchanged, including (102) of standard NF EN 1992-2 and its National Annex

(3) Unchanged

9.8 Foundations

9.8.1 Pile caps

(1) Unchanged

(2) Unchanged

(3) If reinforcement are placed in the pile caps, the main tensile reinforcement resisting the effects of the actions
should be concentrated in the tension areas located between the piles. A minimum bar diameter of ®min should be

provided for any reinforcement placed.

®min = 8 mm for buildings
@min = 12 mm for bridges

(4) Unchanged

(5) Unchanged

9.8.2 Column and wall footings

9.8.2.1 General

(1) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1
(2) Unchanged

(3) Unchanged

9.8.2.2 Anchorage of bars

(1) Unchanged

(2) Unchanged

(3) Unchanged

(4) Unchanged

(5) Unchanged

9.8.3 Tie beams

(1) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1
(2) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1
9.8.4 Column footing on rock

(1) Does not apply

(2) Does not apply
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9.8.5 Bored piles

(1) Does not apply

(2) Does not apply

(3) Does not apply

(4) Does not apply

9.9 Regions with discontinuity in geometry or action

(1) Unchanged

(2)P Unchanged

9.10 Tying systems

9.10.1 General

(1)P Unchanged

(2) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1

(3) Unchanged

(4) In the design of the ties the reinforcement may be assumed to be acting at its characteristic strength. For class
T2* and T3* UHPFRCs, it may be assumed that the UHPFRC acts at orad.f defined in 6.2.1.4 (1) with a partial factor
vef = 1.05 and orientation factor Kiecal. For ord,f used in tying system designs, the value £* = gulim must be adopted
for class T3* UHPFRCs and w* = 0.3 mm for class T2* UHPFRCs. For tying systems with class T1* UHPFRCs,
only reinforcement is taken into account.

Note In cases where UHPFRC is used over extensive areas where a localised lack would not have an effect, it is
possible to calculate grd,f using Kgiobal. The contribution of the UHPFRC to the tying systems is given by At . Ord.f, At
being the transverse area of the tie in continuous UHPFRC. This area is chosen in accordance with the information
set out in 9.10.2.

The reinforcement or the UHPFRC are capable of carrying tensile forces defined in the following clauses.

(5) Unchanged

9.10.2 Proportioning of ties

9.10.2.1 General

(1) Ties are assumed to be made up of continuous UHPFRC members or minimal reinforcement, and not by
additional UHPFRC members or reinforcement added to those required by the structural analysis.

9.10.2.2 Peripheral ties

(1) Unchanged

(2) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1
(3) Unchanged

9.10.2.3 Internal ties

(1) Unchanged

(2) Unchanged
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(3) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1

(4) Unchanged

(5) Unchanged

9.10.2.4 Horizontal ties to columns and/or walls

(1) Unchanged

(2) Unchanged, including what appears in the National Annex to standard NF EN 1992-1-1

(3) Unchanged

9.10.2.5 Vertical ties

(1) Unchanged

(2) Unchanged

(3) Unchanged

9.10.2.6 Continuity and anchorage of ties

(1)P Ties in two horizontal directions shall be effectively continuous and anchored at the perimeter of the structure.
For UHPFRC ties, provisions must be made at construction joints and joints between the various members in order
to ensure continuity of the forces calculated in the previous sections.

(2) Unchanged

(3) Unchanged
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10 ADDITIONAL RULES FOR PRECAST CONCRETE ELEMENTS AND STRUCTURES

This section does not apply.
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11 LIGHTWEIGHT AGGREGATE CONCRETE STRUCTURES

This section does not apply.
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12 PLAIN AND LIGHTLY REINFORCED CONCRETE STRUCTURES

This section does not apply.

102



Imprimé pour NF P18-710 Avril 2016

NF P18-710

Annex A

(informative)
Modification of partial factors for materials

This annex does not apply.
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Annex B

(informative)
Creep and shrinkage strain

This annex does not apply.
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Annex C

(normative)
Properties of reinforcement suitable for use with this Eurocode

This annex applies.
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Annex D

(informative)
Detailed calculation method for prestressing steel relaxation losses

This annex applies.
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Annex E

(informative)
Indicative strength classes for durability

This annex does not apply.
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Annex F

(informative)
Tension reinforcement expressions for in-plane stress conditions

This annex does not apply.
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Annex G

(informative)
Soil structure interaction

This annex applies.
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Annex H

(informative)
Global second order effects in structures

This annex applies.
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Annex |

(informative)
Analysis of flat slabs and shear walls

This annex does not apply.
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Annex J

(informative)
Detailing rules for particular situations

Annex J of standard NF EN 1992-1-1 does not apply.

Only part J.104 of standard NF EN 1992-2 applies and is adapted to the case of UHPFRCs as follows:

J.104 Partially loaded areas
J.104.1 Bearing zones of civil engineering structures

(101) The design of bearing zones of bridges should be in accordance with the rules given in this clause in
addition to those in 6.5 and 6.7.

(102) The distance from the edge of the loaded area to the free edge of the concrete section should not be less
than 1/6 of the corresponding dimension of the loaded area measured in the same direction. In no case should the

distance to the free edge be taken as less than 50 mm.
(103) The maximum force FRrduis given in 6.7 (2).

(104) In order to awid edge sliding, the strength of the tensioned UHPFRC should be werified, and in addition if
necessary, uniformly distributed reinforcement parallel to the loaded face should be provided to the point at which
local compressive stresses are dispersed. This point is determined as follows: a line inclined at an angle 8 (30°) to
the direction of load application is drawn from the edge of the section to intersect with the opposite edge of the
loaded surface, as shown in Figure J.101. Any reinforcement provided to awid edge sliding shall be adequately
anchored.

Figure J.101 — Edge sliding mechanism

(105) The tensile strength of the UHPFRC in tension and any reinforcements designed to awid edge sliding (Ar)
should be calculated in accordance with the expression:

Arfyd + h.b.oRd.f 2 FRdu/2 (J.101)
b is the width of the specimen, h is the height defined in Figure J.101.

ORdf is the mean value of the post-cracking strength defined in 6.2.1.4 (1) calculated using Kiocal. In addition, for
UHPFRCs of class T1* and T2*, orad.f is calculated using w* = 0.3 mm.

J.104.2 Anchorage zones of post-tensioned members
(101) The following rules apply in addition to those in 8.10.3 for the design of anchorage zones where two or more
tendons are anchored. The reinforcement is usually calculated under ULS load conditions, with a prestressing force

taken equal to yp,unfav X Pmax (yp,unfav = 1.2 in general) and the stress is verified under characteristic SLS conditions
with the prestressing force taken as equal to Pmax.
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(102) The minimum distance between the centreline of the anchorage and the edge of the UHPFRC should not be
less than the distances determined through the load transfer test described in appendix S. The compressive
strength fc of the UHPFRC determined by the compression tests or by maturometry should satisfy:
fc 2 femo0+ 3MPa (J.102)
fc 2 fek+ 6 MPa (J.103)
fem,0is the minimum UHPFRC strength required for full prestressing as determined in accordance with Annex S.
fek is the characteristic compressive strength required for the design.
The tensile strength of the UHPFRC should satisfy:
fetel 2 fetm,el,0+ 0.5 MPa (J.104)

This tensile strength should be determinated by direct tensile tests or from 4-point bending tests, or calculated from
the compressive strength using a method validated by experimental results.

h,
~—

Any reinforcement required to prevent bursting and spalling in anchorage zones is determined in relation to a
rectangular prism of concrete, known as the primary regularisation prism, located behind each anchorage. The
cross section of the prism associated with each anchorage is known as the associate rectangle. The associate
rectangle has the same centre and the same axes of symmetry as the anchorage plate (which should have two
axes of symmetry) and should satisfy:

Pmax <
<0,6.f,(t J.105
C.C' ck( ) ( )

where:

Pmax is the maximum force applied to the prestressing tendon according to 5.10.2.1.

c, ¢’ are the dimensions of the associated rectangle
NOTE Dimensions cand ¢’ mustremain atleastequal to the dimensions ofthe testblock defined in accordance with the

provisions of Annex S.

fek(t) is the compressive strength of the UHPFRC at the time tensioning

The associate rectangle should have approximately the same aspect ratio as the anchor plate. For a member in
UHPFRC, this requirement is satisfied if:

0,8

0 |

<S<1258
C a

In parallel, the ETA for the anchorage or the tests carried out under annex S, may possibly stipulate more
restrictive conditions of homothety between the associated rectangle and the anchor plate than the abowe
condition.

Rectangles associated with anchorages located in the same cross section should remain inside the UHPFRC and
should not owverlap.

The “primary regularisation prism” represents very approximately the wolume of UHPFRC in which the stresses
change from very high values just behind the anchorage plate to a reasonable value for UHPFRC under uniaxial
compression. The axis of the prism is taken as the axis of the tendon, its base is the associate rectangle and its
depth behind the anchorage is taken as & = 1.2 max(c,c’).

The prisms associated with different anchorages may owerlap (this can occur when the tendons are not parallel)
but should remain inside the UHPFRC.
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Primary regularisation prism

s’ = |

! max J
c a'! ,—i"_% ¢

o [——— Associated rectangle

Figure J.102 — Primary regularisation prism

(103) A check should be made that the cross-section of the reinforcement and the contribution of the fibres are
sufficient to prevent any bursting or spalling in each regulation prism.

A, f

y

o+ SteOras 2 Pra¥punral0- 15 +sin 01 (€~ 1)] (J.106)

where

As, is the cross-sectional area of the reinforcement crossing the regulation prism in a given direction (verification to
be carried out in the two perpendicular directions)

Ste, is the action area of the fibres, equal to ¢ x ¢’ for post-tensioning and to e’.Ipt1/4 for pre-tensioning.
Pmax is the maximum force applied to the tendon
fyd is the design yield strength of the reinforcement.

Ord,f is the mean value of the post-cracking strength defined in 6.2.1.4 (1) calculated using Kiocal. In addition, for
UHPFRCs of class T1* and T2*, ordf is calculated using w* = 0.3 mm.

a is the inclination of the tendon at the anchorage, counted as positive if the tangential component of the cable is
orientated towards the nearest free edge and negatively if it is orientated towards the inside of the block.

¢ is a factor taking into account the distance d (see Figure J.103 below) of the anchor to the concrete face and its
eccentricity relative to the local height h of the part in UHPFRC adjacent to the anchor.

£ = |—-—2—j >1 (J.107)

ddx(§+1
h ¢

Figure J.103 — Primary regularisation prism — longitudinal view

Any reinforcement should be distributed in each direction over the whole length of the prism.
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A check should also be made that the reinforcement cross sectional area and the contribution of the fibres near to
the surface around the loaded face are sufficient by satisfying the following inequality:

A, f

y

4+ Ste:Orgs 20.03 P, (J.108)

axYp,unfav

As, is the reinforcement cross sectional area close to the loaded face in a given direction (werification to be carried
out in the two perpendicular directions)

Sts, action area of the fibres, equal to 0.2x cx ¢’
Cross sectional area As obtained using Expression (J.108) is to be provided in the immediate vicinity of the
anchorage in addition to the cross sectional area As obtained using Expression (J.106). Likewise, the strength

given by the fibres expressed by the term ardf cannot be used both in Expression (J.108) and in Expression
(J.106).

(104) If applicable, the minimum reinforcement derived from the tests described in Annex S should be provided.

) (105) The general distribution is illustrated by Figure J.104 below:

A
Associated rectangles
i o \

Y i

‘r F\

|-
hv

i}

Figure J.104 — General distribution

The regularization of forces is considered over a length Lr in the vertical plane and Lr’ in the horizontal plane (it is
however possible to take two other orthogonal directions).

Lr and LR’ are calculated:
L, =max(h-1;h/2) (J.109)

Lg'=max(h'-I';h'/2) (.110)

In each design direction (for example, the vertical direction), different sections should be considered and the forces
applied on these sections calculated, as shown on Figure J.105 below.
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Figure J.105 — Calculation of forces at the cutting planes

N* and V* are the forces applied by block 1 (part located below the cut) on block 2 (part located above the cut).

The average stresses c* and t* are obtained by dividing the forces N* and V* by the surface area of the section,

i.e.
™= A (J.111)
R'e(tc) .
o*= A (J.112)
LR'e(tc)

The mean stresses c* and 1%, calculated at the characteristic SLS with F = Pmax, must comply with the following
condition:

o] *~0* < f yem (J.113)

Verification of the reinforcement and the efficiency of the fibres is carried out at ULS by taking F = yp,unfav Pmax.

The general equilibrium reinforcement As and the fibres must satisfy:

A f  +elt, ).LR.goRd,f > ([VH-N*)eq = (V*~N*) min| 1; 02+0.8 fre-o” (J.114)

ctkel

Ord,f is the mean value of the post-cracking strength defined in 6.2.1.4 (1) calculated using Kgiobal. In addition, for
UHPFRCs of class T1* and T2*, Ord.f is calculated using w* = 0.3 mm.
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Annex KK

(informative)
Structural effects induced by the time-dependent behaviour of the concrete

This annex applies.
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Annex LL

(informative)
Plate members in concrete

This annex applies.
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Annex MM

(informative)
Shear and transverse bending

This annex applies.
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Annex NN

(informative)
Damage equivalent stress range for fatigue verifications

This annex does not apply.
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Annex OO

(informative)
Standard discontinuity regions for bridges

This annex applies.
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Annex PP

(informative)
Safety format for non-linear analysis

This annex does not apply.
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Annex QQ

(normative)
Control of web cracking by shear

(101) Control of web cracking by shear is achieved by limiting stresses according to the following formulae:

[

1* —0,0, <0.35f [f wer %(ox +0, )J (QQ.1)

and

f
12 -0,0,<2 ;"‘”’ [0.6f, -0, —o{fctk‘eI +§(cxX +ot)} (QQ.2)

ck
T shear stress
ox and o designate the longitudinal and vertical stresses respectively.
These stresses result from an elastic calculation based on SLS forces.
Sum of shear and torsion forces:

In a solid section or a hollow section with thick wall, it is possible to adopt the square root of the sum of the squares
of stresses contributed by torsion and shear as shear stress at SLS: 1 = Ttors2 + ttranch?

For a hollow section with thin wall, an algebraic sum should be adopted:

T= Ttors + Ttranch (QQ3)
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Annex R
(normative)
Structural fire desigh of UHPFRCs
R.1 General

When the action of fire is to be taken into account in the design in accordance with a given scenario, it is
determined by reference to 2.2 of standard NF EN 1992-1-2 and the resistance, compartmentation and insulation
(R, E, ) criteria required for the member in UHPFRC are specified with the associated duration by reference to 2.1
of standard NF EN 1992-1-2.

Fire stability is demonstrated as follows:

- either by full scale testing representing the fire scenario with simultaneous loading;

- or by thermomechanical modelling according to design principles analogous to those in standard NF EN 1992-1-2
excluding the tabulated methods. In this case, the physical and mechanical properties required are determined in
accordance with 5.5.6 of standard NF P18-470.

As indicated in standard NF P18-470, the control of spalling under the action of fire, generally based on the
incorporation of a sufficient quantity of polypropylene fibres, does not constitute an intrinsic property of the material
and must be verified experimentally on a representative member or component (both in geometry and load) of the
actual structure with regard to the fire scenario considered. The test is satisfied if the losses of material (reduction
in cross-section), if any, remain compatible with the fire stability demonstration.

For preliminary or design studies, and in the absence of tests or an identity card, the following assumptions may be
made:

- change in compressive strength, Young's modulus and thermal expansion with temperature identical to those of
class 2 concretes according to standard NF EN 1992-1-2.

- change in tensile behaviour: for fctkel , reduction of 0 % at 80°C, 40 % at 150°C, 55 % at 750°C and 100 % at 1000
°C. Regarding the post-cracking part of the curve, 0 % at 80 °C and 100 % at 450°C.
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Annex S

(normative)
Adaptation of the European technical approval procedure to prestressing anchorages
used in a UHPFRC

S.1 General

(1) The ability of an anchorage required for use in a UHPFRC structure, and which already has a European
technical approval according to ETAG013 [ETAG,02], to transfer its force to the UHPFRC shall be werified. This
annex describes suitable transfer tests based on tests carried out in the past.

It applies only to mechanical anchorages and not to bond anchorages.

S.2 Test procedure

S.2.1 Number of tests

(1) Given the scattering of results, each size of anchorage or coupler shall be tested 3 times with the UHPFRC with
which it is to be used.

Contrary to ETAGO013, interpolating between the sizes tested is not allowed due to possible scale effects.

The three transfer tests therefore validate a given size of anchorage (or coupler) used with a given UHPFRC.

S.2.2 Test description

(1) The test specimen is schematically shown in Figure S.1. The specimen shall contain those anchorage
components and any bursting reinforcement which will be embedded in the structural UHPFRC. Their arrangement
has to comply with the intended application and with the specification as per the ETA applicant’s specifications.

The test specimen shall be a concrete prism tested in axial compression. Its concrete cross-section, equal to
Ac = a b shall correspond to the minimum cross-section in axial compression for the particular tendon and for the

specified UHPFRC.

The height h of specimen shall be at least three times the largest of the two transverse dimensions a or b (see
Figure S.1). The height of the lower part of the specimen, non-reinforced, shall be at least 0.5h.

The concrete used for the test specimen shall correspond exactly to the UHPFRC to be used with the anchorage.
Any heat treatment, curing or maturation shall be representative of the applications envisaged. The test cylinders
and prisms cast for the determination of the compressive and tensile strength of the UHPFRC shall be cured in the

same manner.

In order to represent as faithfully as possible the placement of the UHPFRC around the anchorage during casting,
the specimen shall be cast in a horizontal position.
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Figure S.1 — Test body for load transfer test

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

The load is increased in steps: 0.2 Fpk, 0.4 Fpk, 0.6 Fpk and 0.8 Fpk (see Figure S.2). Once the load of 0.8 Fpk has
been reached, at least ten slow loading cycles are to be performed, with 0.8 Fpk and 0.12 Fpk being the upper and
the lower load limits, respectively. The necessary number of load cycles depends upon stabilisation of strain
readings and crack widths as described below. Following cyclic loading, the specimen shall be loaded continuously
to failure.

During cyclic loading, measurements shall be taken at the upper and lower loads of seweral cycles in order to
decide whether satisfactory stabilisation of strains and widths of cracks is being attained. Cyclic loading shall be
continued to n cycles until stabilisation is satisfactory, (see part 2.3). Figure S.2 shows the sequence of loading and
measurements.

126



Imprimé pour

NF P18-710 Awril 2016

NF P18-710

At the final test to failure the mean compressive strength and the mean tensile strength of concrete of specimen

shall be:

fem,e < fem.0 + 15 MPa
fetm,el,e < fctm,elo + 1 MPa

fem,e is determined by conducting a compression test on three specimens

fctm,ele is determined by conducting a direct tensile test or 4-point bending test on 3 specimens (see annex D of

NF P18-470).

fem,0 is the mean compressive strength of UHPFRC at which full prestressing is permitted.

fetm,el,0 is the mean limit of elasticity of the UHPFRC at which full prestressing is permitted.

F
- ®
[

k T 1
O ©)
0.8 4 b 8
0.6 /3
0.4 72
0.7 H1
0.1% / 5 7 n-5 n-3 n-1
0 .
C‘D 1 cycle
o measurement points @ 210 cycles

) (3) Crack widths can be considered to have stabilised if their width under upper load complies with:

or

Q) unil failure

Figure S.2 — Load transfer test procedure

Wn - Wn-4< 1/3 (wn-4-wo), n 210

wn < 0.1 mm

(S.1)

(S.2)

Longitudinal and transverse strains can be considered to have stabilised if the increase of strain under the upper

load complies with:

€n- €n-4< 1/3 (€n-4-€0), N2 10

Figure S.3 gives more details on how to assess stabilisation criteria.

(S.3)
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Figure S.3 — Assessment of stabilisation of strain and crack widths
(4) The following measurements and observations shall be made and recorded:

- compliance checking of the components with specifications (materials, machining, geometry, hardness, etc);

- longitudinal and transverse concrete strains on the four faces of the specimen (if this is not possible, on at least
three faces i.e. the unformed face, one side face and the lower face during casting), in the region of maximum
bursting effect under the upper and lower load, as a function of the number of load cycles;

- formation, width and propagation of cracks on the side faces of the specimen, as mentioned abowe;
-visual inspection or measurement of deformation of anchorage components in contact with concrete;

- location and mode of failure;
- Ultimate force Fy;

Figure S.4 schematically shows the arrangement of the gauge points for strain measurement on each side of the
specimen, etc.
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Figure S.4 — Measuring set-up for load transfer test
(5) The acceptance criteria are as follows:
Crack widths max w:
- upon first attainment of upper load of 80% of tensile element characteristic strength, not more than 0.15 mm

- upon last attainment of lower load of 12% of tensile element characteristic strength, not more than 0.15mm
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- upon last attainment of upper load of 80% of tensile element characteristic strength, not more than 0.25mm

Recordings of longitudinal and transverse cracks must stabilise during cyclic loading (criterion to be checked if the
cracks obsened exceed 0.10 mm).

The recordings of the longitudinal and transverse strains must stabilise during cyclic loading.
The measured ultimate force shall satisfy:
Fu 2 1.3 Fpk (fem,effem,0) max(fetm,effeim,0;1) (S.4)

S.3 Application to the structure
(1) To apply the result of the tests to the structure, dimensions a and b of the specimen are corrected to take into
account a fawurable edge effect near the formwork walls (the fibres orientate parallel to the formwork plane).
Dimensions a' and b' of the structure are therefore introduced and defined as follows:

a' =a +0.6"Ls (8.5)

b' =b +0.6*L¢ (S.6)
where Lt is the length of the longest fibres

From the reference dimensions a, b and a' and b', the minimum centrelines distances x and y of the anchorages in
the structure follow the expressions:

Ac=xey=a-b (S.7)
x20.85 a' (S.8)
y=0.85b' (S.9)

The minimum edge distances xb and yb in the structure follow the expressions:

Xb.yb = (a.b)/4 (S.10)
xb > 0.85 a/2 (S.11)
yb= 0.85 b/2 (S.12)
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Annex T

(informative)
Indicative values of UHPFRC characteristics

T.1 General

(1) The aim of this annex is to provide indicative values of UHPFRC characteristics which can be used to carry out
structure calculations at the preliminary design or project stages other than the execution stages, in the absence of
an identity card and/or test results on the materials which will actually be used in the structure.

T.2 Mechanical characteristics
(1) The indicative values of the main mechanical characteristics are given in the table below. Regarding tensile
behaviour, as an initial approach, a class T2 UHPFRC may be considered for thick members and class T3 for thin

members.

Table T.1 — Indicative values for UHPFRC characteristics

Young's modulus Ecm 45 - 65 GPa
Characteristic compressive strength fck 150 - 200 MPa
Mean compressive strength fek 160 - 230 MPa
Characteristic tensile limit of elasticity fctk,el 7.0-10.0 MPa
Mean tensile limit of elasticity fctk,el 8.0 - 12.0 MPa
Characteristic post-cracking strength fetfk 6.0-10.0 MPa
Mean post-cracking strength fetfk 7.0-12.0 MPa
Global fibre orientation factor Kgiobal 1.25
Local fibre orientation factor Kiocal 1.76
Linear coefficient of thermal expansion 11 ym/m/°C
Length Ls 12 - 20 mm

The tensile law which can be adopted for thick members is the conventional law given in 3.1.7.3.2 (1), using
Wpic = 0.3 mm.

It is possible to adopt fetf1%,k= 0.8 fetfk

The tensile law which can be adopted for thin members is the conwventional law n°. 2 given in 3.1.7.3.3 (1), using a
value €u,lim = €iim = 5.0 %.

T.3 Shrinkage and creep

(1) For shrinkage, the following indicative values may be used, in an environment with an average relative humidity
of the order of 50 to 70 %:

- for a type STT UHPFRC, an autogenous shrinkage with final amplitude 550 ym/m and dessication shrinkage with
final amplitude 150 ym/m

- for a type TT1 UHPFRC, total shrinkage amplitude of 5560 um/m

- for a type TT2 or TT1+2 UHPFRC, total shrinkage amplitude of 5560 um/m, with no shrinkage after heat treatment
has ended.

(2) The following indicative values may be used for creep:

- for a type STT UHPFRC, a creep factor of 0.8 or 1.0 if the loads are applied at early age
- for a type TT1 UHPFRC, a creep factor of 0.4 if the loads are applied after thermal curing
For a UHPFRC of type TT2 or TT1+2, a creep coefficient of 0.2 for loads applied after heat treatment.
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(3) The time-ewolution of shrinkage may then be described using the models in Annex B of standard NF EN 1992-
2, through a calibration of the amplitudes and coefficients linked to the kinetics according to B.104 of standard NF
EN 1992-2. In the absence of other information, the following indicative values may be used:

Endogenous shrinkage (STT or TT1 UHPFRC)

For ——f”“(t) <0,1:

ck

£.(t)=0 (T.1)
f(t
For —°“‘( )20,1 :
ck
3
sca(t)zﬁca[%e Toa J10"6 (T.2)
Where Bcais between 300 and 600 ym/m, Tea is of the order of 100 days
Dying shrinkage (STT or TT1 UHPFRC)
For t < ts and environmental relative humidities of less than or equal to 80 %
K[80 —RH|t-t_n0*°
€cqlt)= [ LG (T3)

(t _ts)+ Bcd'hoz

Where Bed is between 0.003 and 0.01 days/mm? K is of the order of 5, RH: relative humidity of ambient
environment (%), ts: age of concrete at start of desiccation (days), ho: equivalent radius of the cross section (mm)

For t < ts or environmental relative humidities greater than 80 %, €cd(t) = 0.

Basic creep (STT or TT1 UHPFRC)
The basic creep law for STT or TT1 UHPFRCs is given by the following expression:

Jt—t
Do (t’ ty ) = Buc1®ho \[—t t___:B (T.4)
o be

Where:
to: age of concrete at loading (days);

The values of the various parameters are given by the following expressions:

2, glem(to)
S L (T.5)
B 3,6
Poo fcm(tO )0,37 (T.6)

The values of the coefficients Bvct and Bocz are: Bbet = 1.5 t0 2.5 and Bbe2 = 0.7
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Basic creep (TT2 or TT1+2 UHPFRC, load applied after heat treatment)
Je—t,
@, (tte)=Bocs———— (T.7)
b 0) bc3 H +10
Where:
to: age of concrete at loading (days)
The value of the coefficient Bbczis: Bbea= 0.2 to 0.5
Drying creep
For environmental relative humidities of less than or equal to 80 %
@y (t, ty ) = @40 [scd (t)_ €ed (to )] (T.8)

Where:

@do is between 20 and 50 for an STT or TT1 UHPFRC,
@do is of the order of 20 for a TT2 or TT1+2 UHPFRC loaded after the application of heat treatments
For environmental relative humidities greater than 80 %, €cd(t) = 0.
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Annex U
(normative)
Design of earthquake-resistant structures in UHPFRC
U.1 General

(1) The general provisions of Eurocode 8 are applicable.

NOTE The general provisions are articles 1,2, 3, 4 and 10 of standard NF EN 1998-1 and its National Annex and articles
1,2, 3 and 4 of standard NFEN 1998-2 and its National Annex. When these sections cross-reference Eurocode 2 forthe design
of UHPFRC structures regarding earthquake resistance, reference should be made to this standard. Whenthe paragraphs of
Eurocode 8 contradictor overlap U.1 (4) and U.1 (5) of this annex, provisions U.1 (4)and U.1 (5) apply.

(2) The paragraphs of standards NF EN 1998-1 and NF EN 1998-2 and their National Annex which deal with
detailing rules related to reinforcement do not apply to members made of UHPFRC or comprising UHPFRC.

(3) Seismic action is defined in accordance with standard NF EN 1998-1 and its National Annex or standard NF EN
1998-2 and its National Annex.

NOTE The value of the design acceleration agSis setby the French Authorities.

(4) If the members of a structure, made up of UHPFRC or comprising UHPFRC, form part of the earthquake-
resistant system, without justification of ductility, the structure must be justified assuming that its behaviour remains
elastic. The determination of seismic forces may be performed by response spectrum analysis taking a behaviour
coefficient q equal to 1.0 and the viscous damping coefficient § equal to 2.0 %. For the definition of stiffness, the
raw (non-cracked) inertia is considered. Forces determined in this way must remain less than the resisting forces
calculated with the ULS constitutive laws modulated by the seismic material partial factors y given below.
Displacements must be reassessed taking into account the cracking of the various members according to the
stress level reached.

Table U.1 — Seismic material partial factors

Material Notation Seismic ULS
Compressed UHPFRC Ye 1.3
Tensioned UHPFRC Yef 1.2
Reinforcing steel Ys 1.0

(5) If the members of a structure, made up of UHPFRC or comprising UHPFRC, form part of the earthquake-
resistant system, to demonstrate this has a ductile, limited ductile (DCL) or medium-ductile (DCM) behaviour, these
primary seismic members must be able to withstand alternate cyclic stresses in their plastic domain, equating to the
ductility requirement. This ductility demonstration must be based on experiments representative of the members
operational behaviour (materials, dimensions, stresses, boundary conditions). The seismic analysis will then be
carried out on the basis of the test results incorporating the seismic material partial factors y.

NOTE For the membertobe considered as ductile, the force-displacement relationship mustshow a significantplateau for
the resisting force and ensure dissipation of hysteretic energy over atleast 5 complete deform ation cycles up to the ultimate
displacement corresponding to the ductility demand, without a reduction of more than 20% of the ultimate strength of the
member.
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Annex V

(informative)
Advanced designs

V.1 Control of the combined effects of loading and imposed deformations
(1) Modelling of the UHPFRC at early age may be used to control:

- temperature rises during setting, and their induced geometrical, chemical and mechanical effects
- the risk of cracking by combining loads and deformations or restrained differential deformations.

In this regard, the structural effects of shrinkage must be accounted for and superimposed onto the thermal effects
and if applicable to the mechanical loads. The expected value of the structural effects of thermal and viscoelastic
deformations must be taken into account both for determining the state at the end of construction and at a final
stage for indefinite time, and for the werifications of deformations and forces in the structure during the execution
phases.

(2) The analysis must cowver the steps extending from the setting of the UHPFRC at form removal and possible
handling, to the application of permanent and final loads. The heat calculation requires knowing a heat release
master curve, and often requires resetting the duration of the dormant period according to temperature. The
mechanical design mainly requires reliable data regarding the increase of the modulus when the concrete is new
according to the hydration state reached, and reliable data in terms of shrinkage which assumes that early
desiccation does not increase the amplitude of this deformation by hydric shrinkage acting on an incompletely
structured material. These data depend strongly on the UHPFRC considered. Standard NF P 18-470 gives
information on the experimental determination of these parameters.

V.2 Use of finite element models for designing structures in UHPFRC
V.2.1 Design assuming a linearbehaviour of the UHPFRC

(1) The finite element calculation may be used for the design of structures in UHPFRC when these hawe a
"complex" geometry fardifferent from the usual structures allowing the direct application of the Strength Materials
underlying the formulae and verifications of this standard. The finite elements also allow a detailed analysis of
areas where large and concentrated forces are introduced or stability analyses of complex slender members.

The use of linear elastic models for the finite elements analysis does not raise any specific problems, except the
need, for thin members, to pay special attention to spatial discretisation by awiding badly-conditioned mesh
elements, due tothe ratio of their dimensions.

In the case of UHPFRC members without reinforcing steel, the possible use of a strut-and-tie design model anyway
requires knowledge of the actual orientation of the principal compression and tensile stresses before cracking (in
particular through linear elastic finite element modelling) so as to define a kinematic strut-and-tie model compatible
with the strains orientation in the structure before cracking.

V.2.2 Non-linear calculations

(1) Non-linear continuous constitutive models, or non-linear models with explicit representation of discrete cracks,
enables analyses to be performed using non-linear finite element calculations of UHPFRC members with complex
geometry beyond cracking. They may be used in addition or as an alternative to the methods in this standard
based on beam analyses, beam lattices, plasticity methods for plates, and strut-and-tie methods subject to the
following limitations:

- the anisotropy and spatial lack of uniformity of the post cracking behaviour induced by the distribution and
orientation of fibres in the structure must be taken into account conservatively, taking account of the UHPFRC
placement;

- the non-linear behaviour adopted in the calculation, if necessary based in the various directions and structure
parts on a prediction of the distribution and orientation of fibres from flow models, must be compatible with this
standard and standard NFP 18-470, be used as a reference for the specification of the UHPFRC and act as a basis
for the acceptance of the material during the design, suitability and control tests;

135



Imprimé pour NF P18-710 Avril 2016

NF P18-710

- the model limit of validity in terms of strain must have been calibrated by reference to the actually experimentally
observed behaviour of structures similar to that covered by the design;

- any justification by a non-linear model must be accompanied by a detailed analysis of the sensitivity of the main
results of the calculation to the assumptions made.

V.3 Impactdesign

(1) When the structure in UHPFRC is subject to design loads arising from shock, impact or explosion, the increase
in compression and tensile strength of the material may be allowed for, including in the post-cracking phase, as
highlighted experimentally up to strainrates of the order of 1 s'. This allowance is permitted whether the
justification is produced through use of a non-linear dynamic calculation or by using simplified methods (modeling
of the structure as an oscillator, for example).

As a first approximation during the preliminary design studies, the indicative value of the increase in tensile
strength of +1 MPa/u.log.10 (strain rate) may be used.

During the more detailed design phases in which shock behaviour is critical, the high strain rate tensile and
compressive behaviour of the UHPFRC may be calibrated using data from the design study or from the identity
card of the material. Standard NF P 18470 "UHPFRC: specification, performance, production and conformity"
gives information on this experimental identification.

V.4 Design of composite structures comprising UHPFRC

(1) The design of a composite structure comprising UHPFRC connected to other materials (steel, wood, ordinary
concrete, fibre-reinforced polymers, etc.) uses the rules in this standard to justify the part of the structure made up
of UHPFRC and adopts connection assumptions between the parts consistent with the type of connection planned
and its execution conditions. If applicable, the restrained shrinkage of the UHPFRC associated with this connection
is taken into account.

The owerall calculation of forces is made by assuming an elastic behaviour of the components, allowing for a
possibly reduced stifiness of the UHPFRC (depending on the level of the irreversible deformations expected).
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