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Foreword

Publishing information

This Published Document is published by BSI Standards Limited, under licence from The British
Standards Institution, and came into effect on 30 November 2020. It was prepared by Subcommittee
B/525/2, Structural use of concrete, under the authority of Technical Committee B/525, Building and
civil engineering structures. A list of organizations represented on these committees can be obtained
on request to the committee manager.

Supersession

PD 6687-1:2020 supersedes PD 6687-1:2010, which is withdrawn

Relationship with other publications
PD 6687-1 is published in two parts:

e Part 1: Background paper to the National Annexes to BS EN 1992-1, BS EN 1992-3 and
BS EN 1992-4;

e Part 2: Recommendations for the design of structures to BS EN 1992-2:2005.

This Published Document is a background paper that gives non-contradictory complementary
information for use in the UK with the Eurocodes for concrete, BS EN 1992-1-1:2004+A1:2014,
BS EN 1992-1-2:2004+A1:2019, BS EN 1992-3:2006, BS EN 1992-4:2018 and their UK
National Annexes.

NOTE  BSEN 1992-1-1 contains general rules applicable to the design of all concrete structures. Therefore,
B/525/10, which is responsible for Eurocodes for the design of bridges, was consulted in the drafting of this
Published Document.

Information about this document

This edition takes into account the revision of the National Annex to BS EN 1992-1-1 in 2015, the
publication of revised BS EN 1992-1-2 in 2019 and the publication of BS EN 1992-4 and its National
Annex in 2019.

This publication can be withdrawn, revised, partially superseded or superseded. Information
regarding the status of this publication can be found in the Standards Catalogue on the BSI website at
bsigroup.com/standards, or by contacting the Customer Services team.

Where websites and webpages have been cited, they are provided for ease of reference and are
correct at the time of publication. The location of a webpage or website, or its contents, cannot
be guaranteed.

Use of this document
This publication is not to be regarded as a British Standard.

As a guide, this Published Document takes the form of guidance and recommendations. It should
not be quoted as if it were a specification or a code of practice and claims of compliance cannot
be made to it.

It has been assumed in the preparation of this Published Document that the execution of its
provisions will be entrusted to appropriately qualified and experienced people, for whose use it has
been produced.
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Copyright is claimed on Figure 1. Copyright holders are American Concrete Institute. Farmington
Hills, Michigan, United States.

Copyright is claimed on Figure 2. Copyright holders are The Concrete Society. Meadows Business
Park, 4 Station Approach, Blackwater, Camberley, London, UK.

Copyright is claimed on Figures 3 and 4. Copyright holders are International Federation for Structural
Concrete (fib). Case postale 88, CH-1015 Lausanne, Switzerland.

Presentational conventions

The word “should” is used to express recommendations of this standard. The word “may” is used in
the text to express permissibility, e.g. as an alternative to the primary recommendation of the clause.
The word “can” is used to express possibility, e.g. a consequence of an action or an event.

Notes and commentaries are provided throughout the text of this standard. Notes give references
and additional information that are important but do not form part of the recommendations.
Commentaries give background information.

The guidance in this document is presented in roman (i.e. upright) type. Any recommendations are
expressed in sentences in which the principal auxiliary verb is “should”.

Commentary, explanation and general informative material is presented in smaller italic type, and does
not constitute a normative element.

Where words have alternative spellings, the preferred spelling of the Shorter Oxford English
Dictionary is used (e.g. “organization” rather than “organisation”).

Contractual and legal considerations

This publication does not purport to include all the necessary provisions of a contract. Users are
responsible for its correct application.

Compliance with a Published Document cannot confer immunity from legal obligations.
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Introduction

When there is a need for guidance on a subject that is not covered by the Eurocode, a country can
choose to publish documents that contain non-contradictory complementary information that
support the Eurocode. This Published Document provides such information and has been cited as
a reference in the UK National Annexes to BS EN 1992-1-1:2004+A1, BS EN 1992-1-2:2004+A1,
BS EN 1992-3:2006, and BS EN 1992-4:2018.

PD 6687-2:2008 contains non-contradictory complementary information that supports
BS EN 1992-2:2005, parts of which are also relevant to the design of building structures. Designers
might find this information useful.

1 Scope

This Published Document is a background paper that gives non-contradictory complementary
information for use in the UK with BS EN 1992-1-1:2004+A1, BS EN 1992-1-2:2004+A1,
BS EN 1992-3:2006, BS EN 1992-4:2018 and their UK National Annexes.

This Published Document gives:

a) background to the decisions made in the National Annexes for some of the Nationally
Determined Parameters;

b) commentary on some specific subclauses from BS EN 1992-1-1:2004+A1,
BS EN 1992-1-2:2004+A1, BS EN 1992-3:2006 and BS EN 1992-4:2018; and

c) reference to the requirements of the building regulations in the UK [1], [2] that are not covered
in BSEN 1992-1-1:2004+A1, BS EN 1992-1-2:2004+A1, BS EN 1992-3:2006 and their UK
National Annexes.

2 Normative references

There are no normative references in this document.

3 Terms and definitions

No terms and definitions are listed in this document.

4 BSEN 1992-1-1:2004+A1, Eurocode 2: Design of concrete structures -
Part 1-1: General rules and rules for buildings

4.1 Partial factors for materials [BS EN 1992-1-1:2004+A1, 2.4.2.4]

The values recommended in BS EN 1992-1-1:2004+A1, 2.4.2.4 have been adopted in NA+A2:2014 to
BSEN 1992-1-1:2004+A1.

BS EN 1992-1-1:2004+A1 gives a value of 1,15 for the partial factor for reinforcement y, . A study was

undertaken to examine if a lower value could be justified for recent reinforcement production. The
reliability study used the thorough data supplied by CARES for the reinforcement properties. The
study concluded that it would be feasible to reduce the partial factor to a value of 1,05 for flexure.
However, it was not clear from the study if a value of 1,05 would be adequate for shear, particularly in
areas where it also has to cater for greater model uncertainty. The blanket value has been used for all
phenomena to avoid potential mistakes in design.
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However, at the discretion of the designer, a value of 1,05 may be used for members subjected to
flexure when the reinforcement is supplied through a third-party certification scheme.

NOTE  For fuller detail of the study, reference should be made to Partial safety factor for reinforcement by
A. Beeby and P. Jackson. Structures 5 (2016) 101-111 [3].

4.2 Elastic deformation properties of concrete [BS EN 1992-1-1:2004+A1, 3.1.3]

BS EN 1992-1-1:2004+A1, 3.1.3 recognizes that elastic deformations of concrete largely depend on
its composition (particularly aggregates). Therefore, the values given in BS EN 1992-1-1:2004+A1 for
creep, shrinkage and elastic modulus should be treated as indicative. These should prove satisfactory
for the majority of normal structures. However, it is intended that testing should be undertaken to
ascertain the properties of concrete composition used in structures that are likely to be sensitive

to deformations and this should be properly specified in the contract documents for a project. The
inherent variability of properties should be taken into account using statistical procedures.

4.3 Value of a_ [BS EN 1992-1-1:2004+A1, 3.1.6 (1)P]
Design compressive strength f.4 is defined in BS EN 1992-1-1:2004+A1, 3.1.6 (1)P as:

fcd :accfck /yc

where:

f " is the characteristic strength of concrete;
C

is the partial factor; and

Ve

is a coefficient.
aCC

which according to BS EN 1992-1-1:2004+A1 takes into account the long-term effects on the
compressive strength and unfavourable effects resulting from the way the load is applied
BS EN 1992-1-1:2004+A1 recommends a value of 1,00 for o .. but NA+A2:2014 to BS EN 1992-1-

1:2004+A1 recommends changing this to 0,85, which was the value used in DD ENV 1992-1-1:1992.

During the development of BS EN 1992-1-1:2004+A1, the following three reasons were given for
recommending a value of 1,00 fora.. .

a) Based on tests by Riisch (1960) [4], it is stated that the stress at failure under constant load
depends on the duration of loading. This approaches 80% of the short-term capacity as the
duration of loading increases and is higher for shorter duration (see Figure 1).

b) The strength at 28 days forms the basis for design calculations. However, in practice when
structures receive their design loads they will be older than 28 days and there is an increase
in strength of the order of 12% for concrete with normal hardening cement. Therefore, a
considerable part of the sustained loading effect has already been compensated.

c) The resistance equations in design codes such as BS EN 1992-1-1:2004+A1 are derived from
laboratory tests with a duration of about 90 min, when the strength of concrete would have
already fallen by about 15% compared to the short-term value. Therefore, part of the effects for
sustained loading has been already built in the resistance equations.
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Figure 1 — Stress-strain relationship for axial compression for different durations of loading
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NOTE  Image originally sourced from Riisch [4].

While the UK does not totally reject the arguments given in a), b) and c), it considers that the
comparison of the predicted and experimental compression zone behaviour has been ignored.

Figure 2 shows the results obtained by Imperial College and the Prestressed Concrete Association for
the average stress in compression zone as a fraction of the cube strength of concrete [5]. At higher

levels of strength, DD ENV 1992-1-1:1992 (which recommended 0,85 for o . ) and BS 8110-1:1997
gave something approaching a median prediction and BS EN 1992-1-1:2004+A1 (which recommends

1,0 for a . ) is close to the upper characteristic value.
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Figure 2 — Average stress in compression zone and location of the centroid of the compressive force
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NOTE  Image taken from Beeby [6], obtained from tests carried out at PCA and Imperial College [5].

Figure 3 and Figure 4 reproduce the comparisons of test and calculated values from the International

Federation for Structural Concrete (fib) bulletin, Structural Concrete - Text book on behaviour, design
and performance [7].

The figures are calibrations for the proposals in the CEB/FIP Model Code 90 [8]. A value of 0,85 for
0. is built into the model code equations. While these figures show that the model code is

conservative for low strengths of concrete, the model code provisions give something close to a best
fit to the experimental results for higher strengths of concrete. If the factor of 0,85 were removed
from the provisions, the calculations would predict something close to an upper bound to the data. It
seems that a .. is a necessary calibration factor to permit the BS EN 1992-1-1:2004+A1 provisions to

predict a reasonable mean value for the stress in compression zone for short-term tests.
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Therefore, a value of 1,0 for . is not currently justified in the absence of a proper calibration of

BS EN 1992-1-1 provisions against up-to-date test data. It should also be noted that any value other
than 0,85 will be inconsistent with BS EN 1994-1-1:2004.

Figure 3 — Comparison of experimental and calculated ultimate moments for over-reinforced beams
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Figure 4 — Comparison of experimental and calculated strengths of axially loaded columns - Parabolic rectangular

diagram for a maximum stress of 0,85 f. and a maximum strain of 0,002
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The factor o . needs only to be applied to concrete compressive strengths related to stress block

used for flexure and axial loading including strut-and-tie models and bearing stresses in the
connections for precast elements. It should be noted that the parameter f 4, as defined including a_

occurs also in the resistance models for shear, torsion and web compression

(i.e. BSEN 1992-1-1:2004+A1, 6.2, 6.3 and 6.4). While there will be no practical consequence if the
recommended value of 1,0 has been accepted for a ., complications in use arise when any other

value is chosen. NA+A2:2014 to BS EN 1992-1-1:2004+A1 recommends two values for a

cc » namely

0,85 for flexure and axial loading and 1,0 for all other phenomena. However, the designer can use the

conservative value of 0,85 for all phenomena for pragmatic reasons of minimizing the

scope for errors.

4.4 Value of a_ [BS EN 1992-1-1:2004+A1, 3.1.6 (2)P]

Design tensile strength f.q is defined in BS EN 1992-1-1:2004+A1, 3.1.6 (2)P as:

fctd =0t fctk,0,05 /7c

where:
fctk, 0,05 is the characteristic tensile strength of concrete (5% fractile);
Ye is the partial factor; and
. is a coefficient.

BS EN 1992-1-1:2004+A1 recommends a value of 1,0 for a . and NA+A2:2014 to

BS EN 1992-1-1:2004+A1 adopts this recommendation.
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