itréﬂ //

sakerhets |

Author: Ola Jovall
Scanscot Technology AB, Lund

Research

Participation in the European
Committee for Standardization’s
workshop regarding civil structures

0ort number: 2019:23 ISSN: 2000-0456
ailable at www.stralsakerhetsmyndigheten.se



SSM 2019:23



SSM perspective

Background

During the period 2014-2018, a CEN' workshop (Phase 2 Prospective
Group 3 civil works) have been carried out. The aim of the workshop is
to provide a base founded on the French standard in order to be able
to establish a possible future European standard for the design of civil
structures at nuclear power plants. The workshop has identified which
additional investigations, research activities and changes that must be
made on the existing French standard. CEN is the organization that
issues the Eurocodes, which in Sweden is applied for the design of con-
ventional civil structures as well as nuclear reactors and other nuclear
facilities. Representatives from France, Germany, England, Poland, Fin-
land and Sweden, among others have been part of the workshop.

Results

This report present the proposals identified by the Prospective Group
3 civil works. There are 12 identified proposals and they are all French
code evolution proposals. None are research development proposals.
Some of the identified proposals are to:

e Develop the management and quality assurance guidelines related to
latest development in codes and standards.

* Add an appendix for defence in depth design of civil works for con-
tainment building of Nuclear Power Plant.

* Add an appendix for defence in depth / safety concept of civil works
for pools in nuclear facilities.

e Editing the damping ratios for different structural materials.
e Editing some load combinations.

e Update the guidelines regarding the protection against aircraft
crash, as a design extension hazard.

e Update the guidelines with the most important cases of special con-
crete.

e RCC-CW's consistency to EN? -206 (Concrete — Part 1: Specifica-
tion, performance, production and conformity)

The results from the workshop is important in order to be able to estab-
lish a possible future European standard for the design of civil struc-
tures at nuclear power plants.

Objective
The results are valuable when it comes to future radiation safety assess-
ments of civil structures in nuclear facilities and for future development

1 The European Committee for Standardization
2 Eurocode
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of the SSM report “Design Guide for Nuclear Civil Structures (DNB)”
(2017:07). DNB has been developed from Eurocodes and is aimed to be
used for the design of civil structures at nuclear power plants in Sweden.
It is important that SSM follows the work within this area, in order to
develop a European code that is applicable for the design of civil struc-
tures at nuclear power plants.

Project information
Contact person SSM: Sofia Lillhok
Reference: SSM 2017-959 / 7030157-00
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Abstract

In this report is reported from the participation in the European Committee for Standardization
(CEN) workshop 064 phase 2 (WS64 phase 2) “Design and Construction Codes for Gen II to IV
nuclear facilities (pilot case for process for evolution of AFCEN Codes)”.

Herein is summarized the work so far carried out within the Prospective Group 3 (PG3) “civil
works”, from the start of the workshop during the third quarter 2014 to mid-December 2017.
The workshop finalization has been planned for the third quarter 2017, hence a workshop dura-
tion of 3 years. However, the workshop has been prolonged by 1 year.

The objectives are summarized as follows:

A mechanism for a broad set of partners involved with design and construction of nuclear
facilities in Europe.

Allow partners not yet using AFCEN codes to learn about these codes.

To give the opportunity to all participants to express their specific requirements for the
long-term modifications of the Codes including identification of pre-normative research
where necessary.

During the process, other solutions in existing codes shall be considered. In ideal case,
the result should be a combination of solutions from others codes, sometimes also allow-
ing alternate approaches.

Enable members to:

O

O

O

recommend medium-long term orientations of evolution of those codes,
identify the R&D needs associated to these recommendations,

look for explicit or implicit references to national standards in the codes and
propose their substitution by international standards,
interact with the Multinational Design Evaluation Programme (MDEP) in view
of:
* on the one hand, promoting convergence actions in particular via
MDEP SDO Board and asserting European practices at the international
level,

»  on the other hand, converting MDEP recommendations in codes evolu-
tion proposals.

In this report is presented the proposals identified by the Prospective Group 3 civil works.
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Sammanfattning

I denna rapport redovisas deltagandet i CEN:s arbetsgrupp W orkshop 064 phase 2 (WS64 phase
2) Design and Construction Codes for Gen II to IV nuclear facilities (pilot case for process for
evolution of AFCEN Codes)”.

Arbetet som har genomforts inom ramen for grupp 3 behandlande byggnadskonstruktioner
(’Prospective Group 3 (PG3) civil works”) frén starten av projektet under tredje kvartalet 2014
fram till och med december 2017 sammanfattas. Projektet planerades ursprungligen att avslutas
det tredje kvartalet 2017, men har forlangts med 1 ar.

Malsittningen med arbetet ar att:

Skapa mdjligheten for ett brett deltagande av intressenter involverade i dimensionering
och uppforande av kiarntekniska anldggningar i Europa.

Mojliggora for deltagare som ej tidigare har anvint standarder upprittade av AFCEN att
fa mojligheten att l4ra sig mer om dessa standarder.

Ge mojligheten for alla deltagare att uttrycka och framfora synpunkter vad géller framtida
forandringar av standarder pa lang sikt. Detta inkluderar dven identifieringen av nddvéan-
dig forskning att utgdra underlag for framtida uppdateringar.

Nyttja redan existerande standarder i arbetet med att identifiera framtida nddvéandiga upp-
dateringar.

Ge deltagarna mdjligheten att:
o Rekommendera hur standarderna bor utvecklas och forbattras pa medellang och
lang sikt,
identifiera nddvandig forskning som kopplar till givna rekommendationer,

ersitta nationella standarder som refereras till med internationella standarder,
och

o interagera med “Multinational Design Evaluation Programme (MDEP)”.

I foreliggande rapport redovisas de rekommendationer som har framtagits inom grupp 3 bygg-
nadskonstruktioner.
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1. Introduction

1.1 General

In this report, it is reported from the participation in the European Committee for Standardization
(CEN) workshop 064 phase 2 (WS64 phase 2) “Design and Construction Codes for Gen Il to IV
nuclear facilities (pilot case for process for evolution of AFCEN Codes)”.

Herein is summarized the work so far carried out within the Prospective Group 3 (PG3) “civil
works”, from the start of the workshop during the third quarter 2014 to mid-December 2017.
The workshop finalization has been planned for the third quarter 2017, hence a workshop dura-
tion of 3 years. However, the workshop has been prolonged by 1 year.

1.2 Objectives

Amongst other things, the WS64 phase 2 objectives are described in the so called Business Plan
(see Appendix 5).

The objectives are summarized as follows:

- A mechanism for a broad set of partners involved with design and construction of nuclear
facilities in Europe.

- Allow partners not yet using AFCEN codes to learn about these codes.

- To give the opportunity to all participants to express their specific requirements for the
long term modifications of the Codes including identification of pre-normative research
where necessary.

- During the process, other solutions in existing codes shall be considered. In ideal case,
the result should be a combination of solutions from other codes, sometimes also allowing
alternate approaches.

- Enable members to:
o recommend medium-long term orientations of evolution of those codes,
o identify the R&D needs associated to these recommendations,

o look for explicit or implicit references to national standards in the codes and
propose their substitution by international standards,

o interact with the Multinational Design Evaluation Programme (MDEP) in view
of:

» on the one hand, promoting convergence actions in particular via
MDEP SDO Board and asserting European practices at the international
level,

= on the other hand, converting MDEP recommendations in codes evolu-
tion proposals.

1.3 Organization

The workshop consists of 3 prospective groups, covering the following subjects:
- Mechanics generation II-111
- Mechanics generation IV
- Civil works

The prospective groups work is coordinated by a Workshop Coordination Committee and the
practicalities handled by a Secretariat. The workshop organization is shown in Figure 1.1.
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Workshop
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FORATOM
“

Users Users Users
Manufacturers Manufacturers Manufacturers

Reserach bodies Reserach bodies Reserach bodies

Figure 1.1 — CEN workshop 064 phase 2 organization (from the CEN WS 064 phase 2
business plan).

The work is organized in such a manner that the main part of the work is carried out by the PG3
members. The members meet typically 3 times a year. During each of these meetings, normally
a specific part of the AFCEN code (RCC-CW [11]) is presented by an AFCEN representative
and specialist. The topics presented are discussed by the members, and investigations and actions
are initialized.

Based on the actions and investigations performed by the PG members, the prospective group
then agree upon recommendations (proposals) to be forwarded to AFCEN. The recommenda-
tions are one of the following:

- To recommend medium-long term orientations concerning the evolutions of the codes

- To identify the related R&D actions

- To see to the “denationalization” of references
The proposals are prepared by a sub-set of experts within the prospective group, and then pre-
sented and discussed within the PG. After adjustments, the final proposal is issued for balloting

within the PG as well as the workshop. If approved, the proposal become a part of workshop
agreement. The proposal is also handed over to AFCEN.

At the end of the workshop, the approved proposals will become the main body of the final CEN
Workshop Agreement (CWA). The CWA constitute the formal outcome of the workshop, and
will be published by CEN as an open report.

The planning valid before the recently prolongation of the workshop by one year is presented in
Figure 1.2. For more details on the different parts, see Appendix 5. Due to the prolongation of
the workshop, the CWA is planned for publication during the autumn 2018.
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Drafting of the CWA

MDEP

Extension recommendation

Figure 1.2 — CEN workshop 064 phase 2 planning valid before the recent prolongation of

the project by one year (from the CEN WS 064 phase 2 business plan).

1.4 Participants

The Workshop has ~50 participating members, coming from 10 different European countries
(Belgium, Finland, France, Germany, Italy, Netherlands, Poland, Sweden, United Kingdom and

Ukraine).

Participants in the Prospective Group 3 on civil works are listed in Table 1.1. Included in the
table is also stated code evolution (CE) proposal lead.

Table 1.1 — WS 064 Phase 2 PG3 list of participants.

Country Organization Name CE proposal lead
Belgium Tractabel Engineering Nicolas de Deken CE-04

SCK CEN Jeroen Engelen
Finland STUK Pekka Vilikangas CE-01; CE-02
France EDF Etienne Gallitre

IRSN Gilbert Gulhiem

CEA Jean-Claude Magni

AFNOR Sylvie Picherit

IRSN Corine Piedagnel CE-05

IRSN Francois Tarallo CE-06; CE-10
Germany VGB Power Tect Service Stephan Kranz CE-03

RWE Power AG Martin Widera
Poland Warsaw University of Techn. Tomasz Piotrowski | CE-08; CE-09; CE-12
Sweden Vattenfall AB Anders Bergqvist

Scanscot Technology AB Ola Jovall CE-07; CE-11
United Kingdom | Amec Foster Wheeler Tim Viney
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2. WS 064 phase 2 PG3 proposals

2.1 General

During the workshop, several proposals has been prepared. A summary of the proposals, together
with their present status, is given in Table 2.1.

In the following sections are the proposals summarized. Proposals marked with yellow has been
changed since the 2016 workshop reporting

Table 2.1 — PG3 code evolution (CE) proposals and issues.

ID Title Lead Status

PG3/CE-01 | Management and quality as- Pekka Vilikangas Approved
surance guidelines

The proposal is related mainly to ISO 9001:2008 [19], IAEA GS-R-3 [15] and
NSQ-100 [20] (A new nuclear standard dedicated to quality of the supply
chain).

It is possible that the proposal is relevant also to other than the civil works
(CW) codes, but current proposal is concentrating on RCC-CW [11].

PG3/CE-02 | Post tensioned reinforced con- | Pekka Vilikangas Draft
tainment.

DiD is chaining from geotechnical structures, base slab, reinforced concrete
structures, liner structures, post tensioning systems and monitoring systems.
Depending on design criteria there are tolerances and specific testing and
quality control need for execution. Finally monitoring and maintenance are
ensuring the safe use of the building.

Also, PSA point of view will be added to the proposal.

To be discussed in 10" PG3 meeting in line with post Fukushima actions in
different countries.

Proposal will be updated following discussion with Stephan Kranz.

PG3/CE-03 | Leak-tight pools. Stephan Kranz Draft

DiD is chaining from geotechnical, reinforced concrete and liner structures as
well as monitoring and leakage collection systems. Also, specific execution
and quality control requirements to civil works are ensuring the safe use of
the pool.

Also PSA point of view will be added to the proposal.

To be discussed in 10" PG3 meeting in line with post Fukushima actions in
different countries.

Proposal will be updated following discussion with Stephan Kranz.

PG3/CE-04 | Damping ratios Stephan de Deken Draft
a) without spectra

b) with spectra

Structural damping factors to be applied during structural analyses for earth-
quake events is not presented unambiguously in the present code.
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Code is not stating that it is focusing there on the dimensioning of building
frameworks. Damping phenomena in equipment qualification is different is-
sue, which should be stated clearly.

Part a) is kept as a code evolution proposal while part b) has been changed to
a research development proposal (RD-02)

PG3/CE-05

Combinations of actions Corine Piedagnel Approved

The system of load combination table requires more explanation concerning
both design basis condition and design extension condition.

More clearance is needed on how principal loads are indicated by higher load
factors in corresponding load combination.

Designers needs to be supported more on defining partly known equipment
loads as permanent / live loads.

PG3/CE-06

DEH aircraft crash Francois Tarallo Approved

Guidelines for protection against wide-body airliner crash as a design exten-
sion hazard (DEH).

PG3/CE-07

BWR design Ola Jovall Approved

The RCC-CW [11] contains rules for the design, construction and testing of
the NPP civil engineering structures in PWR reactors.

The purpose is to initiate a systematic identification and evaluation of typical
as well as truly unique BWR features of importance for the design of civil
works. This investigation to identify and implement into the RCC-CW [11]
design part necessary amendments and modifications to in addition to PWR s
also cover the design of BWR units.

PG3/CE-08

Special concrete Tomasz Piotrowski | Approved

Potential list of authorized concrete to be included in the code in order to
specify most important applications with corresponding safety functions and
main parametrization.

PG3/CE-09

Universalisation Tomasz Piotrowski | Approved

One of the reason for developing RCC-CW [11] from ETC-C by a Sub-Com-
mittee was the necessity for new NPP Projects to comply with requirements
from international regulations and practices. For this purpose the
UNIVERSALISATION of RCC-CW [11] code is an obvious challenge.

An important part has been already done but still there are parts and chapters
that contain specific national requirements that are not commonly used in
other countries (in Europe and in the World). They are mostly requirements in
CCONC chapter.

PG3/CE-10

Maintenance and monitoring | Frangois Tarallo Draft

The aim is to alert Afcen and to provide main principles. Good texts about
this topic already exist (WENRA, OECD). Furthermore, it is also specified
that maintenance is not always a question of LTO.

Ageing management starts from design and construction phases continuing to
inspections and maintenance.
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This proposal was commented in PG3 meeting and some references were
added. Pekka Vilikangas will have a last review before sending it to Mr. Tar-
allo.

PG3/CE-11 | Steel containments Ola Jovall Approved

The current version of the RCC-CW [11] Code covers the design of PWR
pre-stressed reactor containments.

It is preferable that the RCC-CW [11] Code cover a broad variety of different
plant types. At present time, no guidance is given in the Code regarding the
design of steel (metal) reactor containments.

It is proposed the integration of design requirements for steel (metal) reactor
containments.

PG3-CE12 | Consistency with EN-206 Tomasz Piotrowski Draft

The proposal will be drafted by Tomasz Piotrowski and Pekka Vilikangas.
After December meeting, updated draft will be sent to PG3 members for
email discussion and comments.

CE = code evolution proposal

RD = research development proposal

2.2 PG3/CE-01 Management and quality assurance

2.2.1 Title

MaQuA: Development of management and quality assurance guidelines in RCC-CW [11] codes
related to latest development on management and quality assurance codes and standards.

2.2.2 Code reference

Management and quality assurance requirements and guidelines are addressed in RCC-CW [11]
part A. In GGENP GENERAL PROVISIONS subsections are stated references to corresponding
requirements so that both industry standard ISO 9001:2008 [19] and regulative guide IAEA GS-
R-3 [15] are acknowledged. Referred codes and papers in this proposal are:

- RCC-CW [11], 2015 edition, part A - GGENP GENERAL PROVISIONS
- ISO 9001:2008 [19], Quality management systems — Requirements
- IAEA GS-R-3 [15], Safety of Nuclear Power Plants: Design

- IAEA SRS 69 [14], Management system standards: comparison between IAEA GS-R-3
[15] and ISO 9001:2008 [19]

- NSQ-100 [20], A new nuclear standard dedicated to quality of the supply chain
- WENRA [27] reference level 03, Issue C, Management System
- European Utility Requirements (EUR) [9]

2.2.3 Brief outline

Management and quality assurance requirements of RCC-CW [11] code are based on ISO
9001:2008 [19] and IAEA GS-R-3 [15]. This gives a good industrial standard and nuclear safety
regulation based guidelines for management and quality assurance. Since the RCC-CW [11] is
under development it is good and important possibility to take a look at neighboring development
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of management and quality specific standards and codes which shall be important references in
future.

- IAEA is currently updating IAEA GS-R-3 [15] and following corresponding development
in ISO and Nuclear Quality Standard Association (NQSA).

- NQSA is developing NSQ-100 [20] for supporting quality control of supply chains in
nuclear industry. NSQ-100 [20] will be important reference since it is based on IAEA GS-
R-3 [15], ASME NQA-1-2008 [4] and on the latest experience from NPP construction
projects.

2.2.4 State of the art knowledge

The Fukushima accident and on-going NPP construction projects have prompted increased in-
ternational efforts to develop guidelines for nuclear safety specific features also for management
and quality assurance. Regulatory requirements on such issues have been developed in IAEA.
Also national regulators like Finnish Radiation and nuclear safety authority (STUK) has been
developing corresponding guidelines.

Since NPP projects are huge efforts, lot of subcontracting is needed starting from design phase.
Therefore, NQSA’s effort for guide lining the management and quality assurance in supply chain
is also important. The RCC-CW [11] is already considering both industrial (ISO) and regulatory
safety requirements. This gives a good basis for successful code evolution in order to ensure that
latest development on this topic is considered and referred in the RCC-CW [11] code.

2.2.5 Suggested objectives to the code evolution
This CE —proposal suggest following issues to be studied and executed based on further reason-
ing:
1. Addressing specific reference codes and standards concerning management and quality
assurance guidelines.

2. Acknowledging possible new methodology and guidelines, especially concerning man-
agement and quality control in supply chains of design and execution.

3. Revising and possibly extending the RCC-CW [11] code under development.

4. Ifneeded, developing new approach for the management and quality assessment require-
ments.

2.3 PG3/CE-02 Post tensioned reinforced containment

2.3.1 Title

Defense in depth design of civil works for containment building of Nuclear Power Plant.

2.3.2 Code reference

RCC-CW [11] code give principles for analyzing, designing and maintaining nuclear power
plant structures. These guides are generic for civil structures and concentrated on pressurized
water reactor plants. Code starts from geotechnical design aspect and ends to monitoring and
maintenance guidelines. Both deterministic and probabilistic methods are described in detail.
Referred codes and papers in this proposal are:

- RCC-CW [11], 2015 edition, part 1 design, part 2 construction, part 3 maintenance and
monitoring

- IAEA SSR 2/1 [18], NPP Design specific safety requirements
- TAEA SSG-30 [16], Safety classification of structures, systems and components in NPP
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- TAEA NS-G-1.10 [13], Design of reactor containment systems for nuclear power plants

2.3.3 Brief outline

RCC-CW [11] code is describing good practices for the design, execution, monitoring and
maintenance of NPP civil structures. Also NPP specific civil construction materials, structures
and technology are described. Together with this information and IAEA guidelines and national
regulatory guidelines it is possible to accomplish comprehensive defense in depth (DiD) design
for dimensioning, execution, monitoring and maintenance for NPP containment building civil
works. In IAEA SSG-30 [16] are outlined principles on how requirements for safety functions
and design criteria for design provisions should be set. Moreover, IAEA NS-G-1.10 [13] is out-
lining containment specific safety goals, anticipated physical phenomena and corresponding
identified design criteria. Also, examples of containment designs have been illustrated in a spe-
cific annex.

The total point of view between safety principles and design provisions are managed by compe-
tent experienced specialists and design managers especially when project specifications are
made. RCC-CW [11] code is then an important tool supporting the continuation of this special-
ized design area. One difficulty is that there seems to be quite long time gaps between construc-
tion projects at the same time when specialists are retiring or moving to other industrial area.
Therefore, it is suggested that in RCC-CW [11] code could include similar way as IAEA NS-G-
1.10 [13] is supporting the containment designs an annex on how to ensure defense in depth
design for certain NPP specific buildings and structures and how the DiD is contributing together
with good conventional design practices commonly accepted safety goals. Beyond that the sup-
port from probabilistic risk and safety assessments (PRA/PSA) would also be beneficial to be
illustrated in the corresponding design process.

Post tensioned reinforced leak-tight containment include certain kind of geotechnical structures,
base slab, reinforced concrete structures, liner structures, post tensioning systems and monitoring
systems forming the DiD of the civil works part of containment. Depending on design criteria
there are tolerances and specific testing and quality control needs for execution. Finally moni-
toring and maintenance are ensuring the safe use of the building.

Extra annex in RCC-CW [11] could combine corresponding safety and design goals with con-
ventional good design practices described in technical standards and codes. Also how the safety
cases could be measured and ensured by PRA/PSA could be referenced in the annex.

Above mentioned annex could refer to relevant parts in RCC-CW [11] code and outline how
different design solutions, quality control and monitoring and maintenance form a chain of
means for final safety. This can also support the discussion on how different safety functions can
cover each other and ensure the balance between optimization and safety.

2.3.4 State of the art knowledge

Efficient development of project specification is based on reference plants and before used codes
and standards. RCC-CW [11] is renewed from ETC-C [10] code. Also regulatory requirements
on such issues have been developed recently. This kind of development is a continuous proce-
dure in order to react if new findings and relevant information are received. The proposed annex
supports the code development from the focus of specific important NPP structure.

2.3.5 Objectives of the code evolution programme
This CE —proposal suggest following issues to be studied and executed based on further reason-
ing:
1. Addressing specific reference codes and standards concerning containment design
guidelines.
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2. Acknowledging possible new methodology and guidelines, especially concerning total
point of view by DiD study of the design and execution considerations of NPP contain-
ment.

3. Revising and possibly extending the RCC code under development.

4. 1If needed, developing new approach for supporting the implementation of RCC-CW
[11] code in project specifications.

2.4 PG3/CE-03 Leak tight pools

2.4.1 Title

Defense in depth / safety concept of civil works for pools in nuclear facilities.

2.4.2 Code reference

RCC-CW [11] code gives principles for analyzing, designing and maintaining nuclear power
plant structures. These guides are generic for civil structures and concentrated mostly on pres-
surized water reactor plants. Code starts from geotechnical design aspect and ends to monitoring
and maintenance guidelines. Both deterministic and probabilistic methods are described in detail
in principle, but no reference to pool structures are given. Especially safety point of view for
different kind of pools in nuclear facility is missing. Referred codes and papers in this proposal
are:

- RCC-CW [11], 2015 edition, part 1 design, part 2 construction, part 3 maintenance and
monitoring

- TAEA SSR 2/1 [18], NPP Design specific safety requirements

- TAEA SSG-30 [16], Safety classification of structures, systems and components in NPP
- IAEA SSG-15 [17], Storage of spent nuclear fuel

- WENRA report, Safety of new NPP designs [27], March 2013

2.4.3 Brief outline

RCC-CW [11] code is missing conceptual safety concept guidance in order to acknowledge de-
fense in depth (DiD) thinking for ensuring leak-tightness and other important functions of water
containing pools in nuclear facility. WENRA report, 2013 [27] gives guidance on how DiD lev-
els should be identified in order to be independent from each other. And finally how these inde-
pendent DiD levels should be strengthened separately.

RCC-CW [11] code should identify these different kind of pools, like spent fuel pools as well as
service water and severe accident management related water storages, which are important
against big radiation release and/or for protection of nuclear facility. Related type of structures
to be tested and specially considered in detail design, like continuous welds, anchorage and static
systems holding boiling water inside should be identified.

RCC-CW [11] is describing good practices for the design, execution, monitoring and mainte-
nance of NPP civil structures. Also, NPP specific civil construction materials, structures and
technology are described. Together with this information and IAEA guidelines, WENRA and
national regulatory guidelines it is possible to accomplish comprehensive defense in depth (DiD)
design for functional design (load combinations), dimensioning, execution of civil works as well
as monitoring and maintenance different pools. In IAEA SSG-30 [11] it is outlined principles on
how requirements for safety functions and design criteria for design provisions should be set in
general level. Moreover, IAEA SSG-15 [17] is outlining specific safety goals for storage of spent
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nuclear fuel, anticipated physical phenomena and corresponding identified design criteria. Also,
examples of corresponding storage designs have been illustrated in a specific annex.

The total point of view between safety principles and design provisions are managed by compe-
tent experienced design specialists and design managers especially when project specifications
are mature enough. RCC-CW [11] code should be developed to be also a useful tool supporting
the continuation of this specialized design area. One difficulty is that there seems to be quite
long time gaps between construction projects at the same time when specialists are retiring or
moving to other industrial area. Therefore, it is suggested that RCC-CW [11] code should include
an annex supporting the pool design on how to ensure DiD design for pool geometry, different
type of structures and how the DiD is contributing together with good conventional design prac-
tices commonly accepted safety goals. Beyond that the support from probabilistic risk and safety
assessments (PRA/PSA) would also be important to be illustrated in the corresponding design
process.

Depending on the amount of including radioactive materials, pool require certain kind of ge-
otechnical, reinforced concrete and liner structures as well as monitoring and leakage collection
systems. Also, specific execution and quality control requirements are needed to be described
for civil works in order to ensure corresponding part the safe use of the pool. Depending on
design criteria there are tolerances and specific testing, mock-ups and quality control needs for
execution. Finally monitoring and maintenance are ensuring the safe use of the storage. Extra
annex in RCC-CW [11] could combine corresponding safety and design goals with conventional
good design practices described in technical standards and codes.

The proposed annex could refer to relevant parts in RCC-CW [11] code and outline how different
design solutions, quality control and monitoring and maintenance form a chain of DiD levels for
final safety. This can also support the discussion on how different safety functions can cover
each other and ensure the balance between optimization and safety.

2.4.4 Suggestion for outlining the Appendix

Efficient development of project specification is based on reference plants and before used codes
and standards. RCC-CW [11] is renewed from ETC-C code. Also, regulatory requirements on
such issues have been developed recently. This kind of development is continuous procedure in
order to react if new findings and relevant information are received to be taken into account in
basic design. The proposed annex supports the code development from the focus of specific
important NPP structures. Following parts can be seen forming the DiD system for safety con-
cept of fuel and spent fuel pools which can be basically measured with PRA/PSA, depending on
the events to be analyzed.

A. RCC-CW [11] code should support as simple as possible thinking on safety and design
for different kind of pools, when the concept of common geometry, boundary conditions
and anchorage solutions for steel liner of pools are set.

B. Stress-strain behavior of steel liner as a primary barrier ensuring leak-tightness should
be based on well controlled system of supportive backing for welds, anchorage system
and reinforced concrete structures of the pool. Clear anchorage system and boundary
conditions should smooth blistering in order to get stable strain control of liner itself and
ensuring localized system of leakage monitoring system for efficient leakage identifica-
tion.

C. The leakage monitoring system must ensure clear identification of possible leakage ar-
eas or zones and finding efficiently possible structural faults for correction.

D. Surrounding reinforced concrete structures of the pool must be robust in order to support
reasonable design margin for leakage barrier function of steel liner part. Reasonable
crack control and displacements in reinforced concrete structures ensure that strains in
steel liner are in reasonable area and that the concrete part of the pool is also functioning
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as a secondary barrier against leakage in order to have reasonable time to find and correct
possible faults in steel liner pointed out by leakage monitoring system.

E. Other possible secondary barriers, like geotechnical barriers and/or leakage collection
structures should be acknowledged too.

The above mentioned DiD levels are forming together DiD system against leakages and other
design criteria with corresponding parametrization for pools in nuclear facility. Corresponding
design should be based on tested design criteria in accordance with RCC-CW [11] code and if
need be reviewed/measured by PRA/PSA methods for safety assessment. It is acknowledged
that for this more data and benchmarking is needed, which might conclude that the issue is more
on RD proposal than CE proposal. One possibility to make the safety assessment of leakages
and/or other design criteria is to chain the above-mentioned A — E DiD levels. Analysis of the
concept could be best practice study with statistical design and material parameters in order to
acknowledge critical parts in the design and monitoring of the pool. Probabilistic assessment
could be formulated for example to follow the functionality of leak-tightness barriers in accord-
ance with safety goals from utility (Ievel 1 PSA) and environment point of view (level 2 PSA).
Possible events to be analyzed by PRA/PSA are (exemplarily):

e Increase of pool temperature due to loss of spent fuel pool cooling
remark: boiling temperature of the water may increase up to 120 °C due to overpressure
in the containment

e Integrity and leak-tightness of the pool due to external events like earthquake, aircraft
crash or external explosion even beyond the design loads due to acceleration

e Leak at the pool or at connected systems
e Drop of fuel rods or heavy loads
e Corresponding primary design of barriers and basic parameters are (exemplarily):

1. Steel liner vs. deformation capacity including blistering and discontinuation in
welds

2. Leakage monitoring and collection system vs. inspectability and information man-
agement

3. Cracking controlled reinforced concrete structures vs. reinforcement ratio and an-
ticipated leakage development

4. Geotechnical barriers including drainage system inside the building in case of flood
between the pool and the soil vs. isolation and pumping capacity.

2.5 PG3/CE-04a Damping ratios (without spectra)

2.5.1 Title

Damping ratios without floor response spectra.
2.5.2 Description of the proposal

2.5.2.1 Technical content

The RCC-CW [11] code as it is in its current status doesn’t make any difference between the so-
called “OBE” (Operating Basis Earthquake) and “SSE” (Safe Shutdown Earthquake) when it
gives the damping ratios to be taken into account for the structural analysis.

Remark: OBE and SSE are abbreviations coming from the US regulation. This could be trans-
lated in the RCC-CW [11] terminology by “DBSE” and “DBE”, respectively.
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It is important to note that in this Code Evolution Proposal, we consider that the RCC-CW [11]
deals only with the purposes of design and structural analysis. Meaning that the following topics
are not covered by the code:

- Floor response spectrum generation
- Leak tightness

- Structural displacements calculations (closure of the joints between buildings for exam-
ple)

2.5.2.2 Concerns / improvements

This lack of damping ratio for some specific situations could lead to mistakes in the way of
determining the seismic accelerations acting on a structure and therefore, could lead to a wrong
design of this structure.

We propose to make a review of the literature and the standards about these damping ratios, and
especially the American regulation. Then, based on this review, we propose to provide a new
table presenting the damping ratios including the missing situations described above.

This evolution of the code is not specific to a particular type of reactor. It can be applied as a
generic feature. Therefore, this code evolution should be discussed and applied by the other
working groups (PG1, PG2) as far as they deal also with damping ratios aspects. There is a need
to keep coherence between all the codes managed by the different working groups.

2523 Supporting data and scientific references

There are already existing and available standards and norms applying the differentiation be-
tween OBE and SSE earthquakes.

We can provide these references to codified solutions and helpful literature:
- ASCE 4-98 [2]: Seismic analysis of Safety —related nuclear structures
- US NRC-RG. 1.61 [26]: Damping values for seismic design of nuclear power plants

- ASME: ASME III- division 2 [3] - Appendix N (version 1992 et suivantes) — N1230
Damping

- RCC-G [12]: RCC-G Tome-I Conception: regles de conception et de construction du gé-
nie civil des Ilots nucléaires REP

2524 Required additional data / research
An effort could be done to find more references and literature dealing with these aspects.
But there is no real need to launch a supporting R&D program on this topic.

2.5.3 Integration in the code

2.5.3.1 Type of modification / evolution

This new proposal has a very small impact on the existing code. The only change would be to
edit the table (Table DA 4210-1: Relative Damping Values) giving the damping ratios and to
replace it by an upgraded one.

2532 Proposed structure of the revised code

A simple way to improve this table could be to adapt with the values coming from the US NRC
—RG. 1.61 [26].

It is proposed to give these damping values for Design Basis Service Earthquake (DBSE) (i.e.
OBE in US terminology):
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DBSE damping values

Structural Material Damping (% of critical damping)
Reinforced Concrete 4%

Prestressed Concrete 3%

Reinforced Masonry 4%

Welded Steel 3%

Bolted Steel 5%

Tanks impulsive modes 2%

Tanks sloshing modes 0.5%

It is proposed to give these damping values for Design Basis Earthquake (DBE) (i.e. SSE in US
terminology):

DBE damping values

Structural Material Damping (% of critical damping)
Reinforced Concrete 7%

Prestressed Concrete 5%

Reinforced Masonry 7%

Welded Steel 4%

Bolted Steel 7%

Tanks impulsive modes 3%

Tanks sloshing modes 0.5%

It is also proposed to add a comment explaining that “If the DBSE ground acceleration is selected
to be less than or equal to one-third of the DBE ground acceleration, then a separate DBSE
analysis is not required.”

2533 Group opinion of the proposal

This code evolution proposal has already been discussed by the members of the PG3 group and
this new revision includes the last comments received. However, this new revision has still to be
discussed during the next PG3 meeting for approval

2.6 PG3/CE-04b Damping ratios (with spectra)

2.6.1 Project title

Research of damping phenomena during seismic loads from structural serviceability and
equipment qualification point of view in order to support the RCC-CW code evolution.
CODE reference (in particular AFCEN codes):

PG3-CE-04b proposal and corresponding AFCEN/AFNOR discussion related to RCC-
CW [11], 2015 edition, part D Design, DA Seismic Analysis, DA4210 Damping.

2.6.2 Brief outline

In PG3-CE-04b has been discussed that in RCC-CW [11] damping phenomena should be
stated more clearly for equipment qualification, when the level of the used capacity of
structures is low and corresponding and therefore damping is also lower than stated in
RCC-CW [11]. In the discussion from AFCEN point of view it was presented that con-
cerning floor response spectra it will require long time to clarify the requirements. Even
thought that improvement is needed the agreement will be difficult to reach since there
are not enough technical data.

Therefore, it is practical to make corresponding research and development proposal.
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Damping phenomena is challenging especially when the serviceability of civil structures
must be studied both from forces/stresses and displacements/deformations amplitudes
point of view. Also, floor response spectra for functional qualification of ex. mechanical
equipment require more attention when corresponding building frameworks are dimen-
sioned against higher loadings than the loads for equipment qualification.

2.6.3 Objectives of the research programme

Study the background of corresponding North American standards and guidelines (cf
PG3 CE 04b).

Study measured vibration testing data and actual data from earthquakes.
Study the possibility to implement above mentioned information to RCC-CW [11].

Research report for concluding the studies and assessment of applicability in RCC-CW
[11].

2.6.4 State of the art knowledge

The state of the art knowledge is divided in different engineering domains, like civil,
mechanical and electrical engineering, but the most relevant part concerning this pro-
posal is in civil engineering in machine foundation design. Differences between random
vibrations vs. harmonic vibration phenomena should be acknowledged.

For commenting this proposal, it is good to acknowledge recent research of vibration
phenomena like IRIS 3.

2.6.5 Project description

The work plan for developing this proposal and corresponding research of RCC codes
could consist of the following steps

1. This draft is based on earlier studies on PG3-CE-04b and is presented in PG3
meeting on 12th December 2017.

2. Proposal will be sent by email after the meeting to PG3 group and comments will
be asked until two weeks from the email.

3. Final proposal will be edited latest during the last PG3 meeting on 22nd — 23rd
January 2018. If possible AFCEN specialist will take part to the discussion.

4. Election in the last PG3 meeting.

2.6.6 Estimated duration

Proposal will be completed during last PG3 meeting and elected, if not in the meeting,
until the end of January 2018.

2.6.7 Deliverables
Research proposal to EC.
EC review of the topic.
WS064 closure.
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2.7 PG3/CE-05 Combinations of actions
2.7.1 First proposal: General comment for variable thermal load

2.7.1.1 Description of the proposal
Technical content

Variable thermal actions are defined according to chapter DGENR 3323. When thermal effects
are calculated with a linear elastic analysis, the induced thermal loads may be reduced by factors
which take into account the cracking of concrete under the effect of the heat. Those factors are
defined in chapter DCONC 4223, provided that required conditions concerning bending rein-
forcement ratio and concrete fu« are met. The elementary action so obtained is the variable action

Qxr.

Concerns / improvements

In order to prevent any confusion between those factors and concomitance factors issued from
Eurocodes, it would be preferable to distinguish each notion:

- In DCONC 4223, description of a simplified method which can be used for structure de-
sign in order to define elementary thermal loads Qxr,

- In DGENR 3400 definition of the combinations of actions.
- should be added when calculating the contribution of thermal loads”
Supporting data and scientific references

Good design practice.
Required additional data/research

No additional data or new methods needed to support the proposed evolution.

2.7.1.2 Integration in the code

Type of modification / evolution

The proposed evolution requires minor editing of the existing code.
Proposed structure of revised code
In DCONC 4223:

- suppress the following text: “The previous value of the factor reduction are not accounted
for in Table DGENR 3400-1 and Table DGENR 3400-2 and should be included when
calculating the contribution of thermal loads”

- add at the end of the second paragraph concerning the determination of thermal effects:
“The elementary action so obtained is the variable thermal action Qxr”

In DGENR 3400 nota (d):

- suppress the following text “Coefficients defined in DCONC (concerning the reduction
of thermal loads in linear elastic analysis) are not accounted for in Table DGENR 3400-
1 and should be added when calculating the contribution of thermal loads”

Group opinion of the proposal

Shortly describe the opinion of the concerned prospective group(s) on the proposal. Report if the
opinion is unanimous or if there are any opposing opinions. In the latter case also report the
opposing opinion.

Mention the AFCEN representative(s) view point and, when necessary, that of R&D members.

2.7.13 Interaction with AFCEN
WS 064 proposal submission to AFCEN
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Indicate the date of submission of the proposal to AFCEN.
AFCEN feedback

Indicate the status of the request to AFCEN: in progress or answered (in this case, indicate the
date of answer and the nature of the answer: fully accepted, accepted with provisions, rejected).

WS 064 actions
Give the group evaluation of the response and proposed action(s) from AFCEN.

Indicate if a revision of the proposal is needed.
2.7.2 Second proposal : General comment for operating loads

2.7.2.1 Description of the proposal:
Technical content

Operating loads (Qu) are defined according to chapter DGENR 3322. It’s written that “In order
to better characterize each load, it shall be stated in design whether its intensity is either known,
estimated or factored in globally”.

It’s necessary to well identify the different kinds of operating loads:

- Mobile part of heavy equipment which can be moved and stored for a long time during
maintenance operation;

- Mobile operating loads related to handling or maintenance, which are really live loads on
floors. For the first one, the concomitance factors assigned to those loads in DBD and
DED combinations must be equal to 1.00.

For the second one, the concomitance factors can be equal to those recommended by Eurocodes
(Wo=0,7; ¥1=0,5; ¥>=0,3).
Concerns / improvements

See integration in the code below
Supporting data and scientific references

Good design practice.
Required additional data/research

No additional data or new methods needed to support the proposed evolution.

2.7.2.2 Integration in the code

Type of modification / evolution

The proposed evolution requires minor editing of the existing code.
Proposed structure of revised code

In DGENR 3222:

- Give a realistic definition of live loads: “mobile operating loads related to handling or
maintenance”

- Add a comment about “action due to heavy equipment stored during maintenance situa-
tions” as it has been done for the lift operating.

- Point that “all fixed equipment self-weight must be considered as permanent loads”
In DGENR 3400:
- Suppress nota (1)

- Include in nota (c), the notion included in the third paragraph of nota (1): “For global
analysis ¥> = 0,3 can be reduced to 0,2 to represent the non-simultaneity of all operating
loads in the whole structure. In all cases, the minimum value of W, Qi is 1kN/m2.”

Sida 23/89



- The Y factors are recommended values for power plants. They can be modified by the
project with appropriate justification.

- Add anew nota or a new paragraph in nota (c) concerning mobile part of heavy equipment
which can be moved and stored for a long time during maintenance operation: “For mo-
bile part of heavy equipment which can be moved and stored for a long time during
maintenance operation, the concomitance factors assigned to those loads in DBD and
DED combinations must be equal to 1.00. If there is no precise evaluation of such loads
and if their values are included in a global elementary case, the load factor applied to this
case must be equal to 1.”

Group opinion of the proposal

Shortly describe the opinion of the concerned prospective group(s) on the proposal. Report if the
opinion is unanimous or if there are any opposing opinions. In the latter case also report the
opposing opinion.

Mention the AFCEN representative(s) view point and, when necessary, that of R&D members.

2.72.3 Interaction with AFCEN

WS 064 proposal submission to AFCEN

Indicate the date of submission of the proposal to AFCEN.
AFCEN feedback

Indicate the status of the request to AFCEN: in progress or answered (in this case, indicate the
date of answer and the nature of the answer: fully accepted, accepted with provisions, rejected).

WS 064 actions
Give the group evaluation of the response and proposed action(s) from AFCEN.

Indicate if a revision of the proposal is needed.

2.7.3 Third proposal : Specific comments on some load combinations

2.7.3.1 Description of the proposal:
Technical content

Modification of some load combinations

Concerns / improvements

See integration in the code below

Supporting data and scientific references

Good design practice.
Required additional data/research

No additional data or new methods needed to support the proposed evolution.

2.7.3.2 Integration in the code
Type of modification / evolution

The proposed evolution requires minor editing of the existing code.
Proposed structure of revised code

COMBINATIONS COMMENT PROPOSAL
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1bw, 1bs, 1bwl,3a, 3c, 3¢

Factor 0.9 for Qx

Put in coherence the table for
all combinations in construc-
tion situations

All DBD and DED combina-
tions

Factor 1.0 for P (or 0.0 in
some construction situations)

Put in coherence the table

2ft, 2gt, 2h: Pool combina-
tions

Those combinations are not
coherent:

2ft, thi Qiw, Qxs

2ft: Quwier instead of Quwigkr
with a factor equal to 1.2

2 gt: Quwier instead of Quwi¢kr
with a factor equal to 1.0

Review pool combinations

3c, 3d Note (5) should be mentioned
under the limit state
5to 10 Are not concerned by nota (d) | Improve redaction of nota (d)
(factor 0,5 applied to Qxr) be-
cause the temperature effect
is included in the action.
16 It should be reasonable to

take into account a wind ef-
fect in case of exceptional
snow

Group opinion of the proposal

Shortly describe the opinion of the concerned prospective group(s) on the proposal. Report if the
opinion is unanimous or if there are any opposing opinions. In the latter case also report the
opposing opinion.

Mention the AFCEN representative(s) view point and, when necessary, that of R&D members.

2.7.3.3 Interaction with AFCEN

WS 064 proposal submission to AFCEN

Indicate the date of submission of the proposal to AFCEN.
AFCEN feedback

Indicate the status of the request to AFCEN: in progress or answered (in this case, indicate the
date of answer and the nature of the answer: fully accepted, accepted with provisions, rejected).

WS 064 actions
Give the group evaluation of the response and proposed action(s) from AFCEN.

Indicate if a revision of the proposal is needed.

2.8 PG3/CE-06 DEH aircraft crash

2.8.1 Title

Guidelines regarding the protection against aircraft crash, as a design extension hazard (DEH)
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2.8.2 Code reference
Design basis are addressed in RCC-CW [11] 2015 edition, part 1 design.

2.8.3 Brief outline

Since the RCC-CW [11] is under development it is a good opportunity to update the text related
to DEH aircraft crash as follows:

- amodification of DGENR 3335
- amodification of DCONC 10000
- anew appendix dedicated to DEH aircraft crash

2.8.4 Objectives of the code evolution

This CE —proposal suggests a safety approach and some guidelines regarding the protection
against a commercial aircraft crash, considered as a DEH scenario. This proposal is consistent
with the current state of the art, in particular the recent WENRA recommendations.

2.84.1 Modification of DGENR 3335 Accidental Aircraft crash: Adb,apc and
Ade,apc

Design extension values and analysis

The Project defines the design extension actions Ade,apc associated to aircraft crash. For DED
aircraft, the design study shall be carried out, in accordance with the method described in
APPENDIX DC. If that method is not applicable (for example when the impact area is non-
circular), the guidelines of appendix DEH Aircraft Crash will be followed. Other method shall
be subject to the Project approval. The justifications concern:

- the structural stability study,
- the strength of the exposed walls.

The induced vibrations have to be analysed with a method consistent with seismic analysis meth-
ods described in APPENDIX DA. (this appendix have to be discussed later)

2.8.4.2 Modification of DCONC 10000 ADDITIONAL RULES FOR THE
DESIGN OF THE AIRPLANE RESISTANT SHELL

a. As far as DEH aircraft crash is concerned, the Appendix DC is not always applicable
(see above modification of DGENR 3335). It should be mentioned in the text.
b. The reference to “document [1]” is not clear: must be clarified.

2.8.43 Introduction of a new appendix: APPENDIX xxx. DEH Protection against
aircraft crash

References
WENRA RHWG Report [27]. “Safety of new NPP designs”. March 2013
YVL Guide A.11 [24]. “Security of a nuclear facility”. 15 November 2013

Riera J.D., “On the stress analysis of structures subjected to aircraft impact forces”, Nuclear
Engineering and Design, 8 (1968) 415-426 [25].

Reports of IRIS (Improving Robustness Assessment Methodologies for Structures Impacted by
Missiles) benchmarks:

IRIS 2010 [21] Final Report OECD/NEA/CSNI/R(2011)8, 19 January 2012
IRIS 2012 [22] Final Report OECD/NEA/CSNI/R(2014)5, 30 June 2014
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Report OECD/NEA/CSNI/R(2015)5 [23]. “Bonded or Unbonded Technologies for Nuclear Re-
actor Prestressed Concrete Containments”. June 2015

A. Safety related requirements concerning DEH aircraft crash
General requirements and possible protective features

Civil works components required to bring the facility to a safe state shall be designed taking into
account the direct and indirect consequences of an airplane crash including the mechanical ef-
fects on structures, the induced vibrations and the airplane fuel induced fires and explosions.

Buildings containing nuclear fuel and building housing key safety functions shall be designed to
prevent airplane fuel from entering them. Fires caused by airplane fuel shall be assessed as dif-
ferent kinds of fire ball and pool fire combinations. Other consequential fires due to the airplane
crash shall be addressed.

Regarding the protection against DEH aircraft crash, the following features can be incorporated
in the design of the plant: geographical separation of redundant safety systems, bunkerization of
the external walls and roofs of the concerned buildings, airplane shell, steel lining of some in-
ternal faces as a response to leak-tightness requirement or scabbing products confinement.

Safety related requirements related to the civil structures

Depending on the safety assessment of the aircraft crash external hazard, the possible require-
ments assigned to civil structures are:

- overall stability, no collapse; this aspect is necessary for the protection of the relevant
systems and components inside the building. The overall stability covers the global tilting,
or sliding, of the building on its foundation. The collapse means either the ruin of some
frameworks of the building (for instance stability frames made of columns and beams,
either metallic or concrete ones), or the ruin of the front wall that receives the impact and
develops flexural plastic hinges

- local stability and supporting of equipment

- limitation of structural displacements, in order to prevent one or several of the following
consequences:

o the interaction between two buildings

o the contact of an airplane shell onto the protected building, thus exerting unex-
pected loading on the corresponding structures

o the degradation of equipment (pipes...) or special features (seals...)

- containment of radioactive material, or leak tightness. The leak tightness of a structure is
usually ensured by a steel liner when the concrete alone is not sufficiently leak tight.

- prevention of perforation of structural elements, in particular when hard missile is con-
cerned. Though not perforated, a concrete plate might be damaged by cone cracking (lead-
ing to a loss of leak tightness if the liner is damaged), spalling or scabbing.

- prevention or limitation of scabbing (scabbing means ejection of concrete debris and pos-
sible damage of equipment present behind the wall)

- structural and functional resistance against impact-induced vibrations. The operability of
relevant equipment might be jeopardized

- structural resistance and protection against impact-induced fire and explosion.

Acceptance criteria related to the mechanical behavior of the civil structures

When analyzing the mechanical behavior of civil structures with respect of the above listed re-
quirements, acceptance criteria must be defined. Some examples of acceptance criteria are given
here after:

Sida 27/89



- overall stability, no collapse:

o tilting: limitation of the uplift area of the base (for instance 30 % in case of no
representation of the uplift); limitation of the compressive stresses in the foun-
dation soil

o sliding: limitation of the global shear force under the building to a fraction of
the shear resistance of the soil

- local stability and supporting of equipment: limitation of rebar strains

- limitation of structural displacements: absence of unacceptable contact between adjacent
structures
- containment of radioactive material, or leak tightness: limitations of the liner’s strains, in
order to prevent its tearing
- prevention of perforation of structural elements: the acceptance criteria depend on the
method used:
o empirical formulae such as the one of appendix DD in case of hard missile
o analytical method such as the one of appendix DC in case of deformable missile.
Acceptance criteria: o, < 1.2 fu, & <5 % (class B), provided the rebars have no
overlapping in the scabbed area

o finite element method (FEM), applicable whether the missile is hard or deform-
able. Absence of perforation if the velocity of the missile comes to zero before
the end of the calculation

- prevention or limitation of scabbing: empirical formulae such as the one of appendix DD;

- structural and functional resistance against impact-induced vibrations. FEM may be used,
to check that the dynamic loading of the relevant equipment stays within their qualifica-
tion domain

- structural resistance and protection against impact-induced fire and explosion.
B. Definition of the mechanical loadings

Projectiles or missiles causing mechanical impacts are generally classified into two categories,
based on the missile’s deformability with respect to the deformability of the impacted structure:
hard missile and soft (or deformable) missile. The corresponding impact is then called hard or
soft.

Definition of the projectiles

As a general rule, aircrafts entering in the DEH scenario are large commercial aircrafts. The
order of magnitude of their masses and dimensions are significantly greater than those of the
DBD aircrafts': masses from 100 tons to 500 tons, length and wing span from 40 m to 80 m.
Their impact velocities range from 100 m/s to more than 200 m/s. When reaching a target near
the ground level (altitudes 40 m to 80 m), their trajectory may form, with a horizontal plane, an
angle that depends on the capacity of the aircraft and of the cause of the crash, accidental or not.

Those aircrafts might carry an important mass of fuel, reaching a third of the total weight. The
tanks are located in the wings, the central tank being located in the fuselage. In terms of rigidity
in the axial direction, the rather “soft” fuselage is supported by the stiffer wing boxes. Anyway,
the plane as a whole is rather deformable, except the central parts of the engines and of the
landing gears.

Definition of the loadings

! DBD aircrafts are usually small Cessna or Lear Jet crafts, less than 6 tons, and military air
fighters such as a 20 tons Phantom.
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There are two main differences between the loadings of a commercial aircraft and those of DBD
aircrafts: the magnitude (both the maximum applied force and the momentum), and the loading
area, that is both circular (fuselage) and rectangular (wings).

The commercial aircraft crash loadings may be either defined as load/time curves derived from
an analytical method, or computed with the help of a finite element model of the airplane:

- the analytical method is based on a simplified spatial model of the aircraft, described by
J.D. Riera in 1968 [25]. According to this method, the masses and crushing strengths are
distributed along the fuselage axis. The crushing strength induces instantaneous and ho-
mogeneous deceleration in the remaining uncrushed part of the aircraft. The impact is
supposed perfectly soft: the target is rigid, the projectile is deformable and there is no
rebound. Then, the application of Newton’s second law leads to the impact force. This
approach cannot represent the loadings due to the harder parts (engines...) of the aircraft.
Those loadings can be computed using FEM method (see next bullet). Alternatively, ded-
icated empirical formulae such as the one of appendix DD can be used.

- the aircraft may be explicitly modeled with the help of a FEM fast dynamic code. In this
case, the corresponding loadings should nevertheless be checked for consistency with the
Riera [25] approach.

The structure of those aircrafts being rather deformable, the crash loading is essentially due to
the mass spatial distribution of the aircraft. The part due to the crushing strength is secondary.

Whatever the approach, it is recommended to check that the momentum and the kinetic energy
associated to a loading do correspond to the characteristics and the impact velocity of the air-
crafts chosen in the hazard scenario.

For the purpose of the structural analysis, the crash loading is applied on a realistic surface,
corresponding to the shape and dimensions of the different parts of the aircraft that contribute to
the loading.

C. Analysis guidelines: recommended approach

In analyzing a large commercial airplane crash on a civil structure, realistic (or best estimate)
analysis methods and initial assumptions may be used. A sensitivity analysis shall be applied to
assess cliff edge phenomena.

Due to the severity of such hazards, the analysis is highly non-linear and highly sensitive to the
input data and model choices, such as the constitutive law of concrete. Therefore, the following
5-step methodology is recommended.

Step 1: Building the Team of Analysts

When studying an Impact Engineering problem, the first and maybe most important choice is
the one of the team of analysts. That team should have a strong background in the type of prob-
lem concerned. Only calculation codes and tools familiar to the team should be used.

Step 2: The Preliminary Analysis

Before any “complex” simulation, the finite element method (FEM) being the most common, it
is mandatory to carry out a preliminary analysis of the problem. Engineer tools shall be used:
simplified methods, empirical formulae, analogy with previous problems and with existing tests.
The basic information shall be gathered and discussed:

- the range of the problem: impulsive, dynamic or quasi-static

- the order of magnitude of the main parameters: duration of the impact, energy, momen-
tum, probable strains and displacements

- the probable behavior of the projectile —deformability- and of the target —bending and/or
punching. The differences between the mechanical behaviors have an influence on the

modeling strategy: it is necessary to “feel” in advance the dominant rupture mode, flexural
or/and punching mode
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- design criteria: acceptable damage and deflections to the target, performance of the target
after the impact, for example a requirement of leak-tightness.

Step 3: Choice of Tools and Validation of input Data
The calculation codes and tools should include appropriate physics and calculation methods.
Before simulation, the analyst shall identify the issues to be focused on and then he shall apply

a consistent set of assumptions, namely concerning the limiting conditions and the concrete be-
havior law.

The models, including the constitutive law of concrete, should be calibrated using representative
experimental results, when available for example IRIS 2010 [21] and IRIS 2012 [22]. However,
due to the numerous numerical ways for matching the tests results, it must be checked that the
selected one does not cover either a computational “crime” or a physical law violation.

Step 4: The Numerical Simulations

Several different numerical simulations shall be performed, organized in sensitivity studies. The
case shall be presented as simply as possible, with a focus on the main physical phenomena.

Projectile modeling: see above, paragraph B. Definition of the loadings.

Target modeling (reinforced concrete plates): in the case of bending behavior of the plate, sur-
face elements (such as shell element) can be considered; in the case of punching behavior, vol-
ume elements appear as mandatory (at least in the area of the expected punching cone); the
boundary conditions shall be carefully modeled; a partial model of the civil structure, using the
existing symmetry, may be considered, with a special attention to the boundary conditions pos-
sibly causing numerical errors.

In case of FEM analysis, it is recommended to carry out sensitivity studies to define an adapted
element size and time step; the results should not change when the mesh is refined, or when the
time step is reduced. The validity of the selected concrete constitutive law should be checked by
modeling and performing comparisons with some real experimental cases®. If not, compression
and splitting tests on samples may be used as minimum references.

If the concrete can be significantly damaged (punching behavior of a concrete structural ele-
ment):
- care must be given to erosion technics, that are not based on physics. Their safe use re-
quires a special skill

- though FEM is the most common way to simulate the problem, other methods are well
suited to concrete fragmentation (SPH?, lattice discrete particle method, discrete element
method...). They can be used, if appropriate.

Material properties: in the impact analyses, the material properties should be best estimate and
may take benefit of the strain rate effect (for steel and concrete) and of the confinement (for
concrete), according to the state of the art in that field.

A simplified analysis, with engineering attitude, has to be systematically adopted in parallel to
the necessarily sophisticated FEM simulations: it allows quick sensitivity studies and improving
of engineer’s judgment.

Empirical formulae: when using an empirical formula, namely for hard impact analysis, the joint
use of several formulae is advisable. Each formula should be used inside its validity range.

Step 5: Handling of Results

2 For instance, the information on Sandia, Meppen and IRIS Impact testing campaigns
can be found in the literature

3 Smoothed Particle Hydrodynamic
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The analysis of the results needs a careful approach, comprising the minimum following provi-
sions.

The calculation results must go through a critical analysis, a “sanity check”, to confirm the con-
sistency of the simulation. For example, in a “soft” impact the projectile momentum should be
more or less transmitted into impulse in the target. The results should be presented with usual
structural engineering quantities.

Both random and epistemic uncertainties shall be assessed and quantified, as far as possible. An
appropriate margin shall be incorporated in order to take those uncertainties into account.

D. Aircraft crash and pre-stressing system

This text deals with the pre-stressing system that takes an important part in the confinement
function of some reactor’s containments.

In the event of an aircraft impact, a concrete containment can be subjected to loads and damage,
possibly reaching the ultimate capacity of the structure. There are four types of consequences on
that structure: axial and bending deformations of the wall, shear deformations of the wall, local
damage (spalling, penetration and scabbing) of the wall, and induced vibrations. Each part of the
structure (the concrete itself, reinforcing steel, pre-stressing steel, liner, etc.) takes part in the
resistance and in the leak tightness of the wall.

The robustness of a pre-stressed structure impacted by an energetic projectile depends on
whether the tendons are bonded to their ducts (with a cement grout) or unbonded. In the latter
case the ducts may be filled with grease or wax, and some sliding of the tendons in their ducts
may occur.

A containment wall whose tendons are protected by grouting, thus bonded to the structure, ap-
pears as more robust to impact loads than a containment whose tendons are greased or waxed,
thus unbonded to the structure. The main reasons are the ability of bonded tendons to remain
anchored to the concrete even if they are locally ruptured, and the contribution of bonded ten-
dons, as passive steel, to the capacity of the reinforced concrete sections in the zone of the im-
pact.

In addition, in the case of heavy damage to the containment wall induced by an aircraft crash,
the leak tightness of that wall depends on its crack network. Important and numerous cracks
mean not only a poor leak tightness of the concrete itself, but also significant strains imposed to
the steel liner, increasing the probability of its tearing. In that situation, the possibly pressurized
air and steam fluids present in the reactor building will seek their way out through the wall, even
more easily if they find some voids or possible paths that interconnect the cracks. If not com-
pletely sealed, the pre-stressing ducts could offer such paths. In that respect, the bonded ducts
technology appears as safer.

2.9 PG3/CE-07 BWR design

2.9.1 Title

BCD (BWR Civil Design): Increasing the types of units to be covered by the design section of
the RCC-CW Code — BWR.

2.9.2 Code reference

The RCC-CW [11] contains rules for the design, construction and testing of the NPP civil engi-
neering structures in PWR reactors. It describes the principles and requirements for the safety,
serviceability and durability conditions, based on Eurocode design principles (European stand-
ards for the structural design of construction works) combined with specific measures for safety-
classified structures.
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The design of NPP shall ensure that safety-classified structures have the appropriate character-
istics to ensure that safety functions can be performed with the necessary reliability, can be safely
operated within the operational limits and conditions for the full duration of their design life and
can be safely decommissioned.

In this purpose, the RCC-CW [11] combines design rules and requirements for both Design Basis
and Design Extension Domains with dedicated approaches.

The safety analysis and consequently the design of NPP structures are based on the safety func-
tions (containment, leak-tightness, support, etc.). Depending on these safety functions, the RCC-
CW [11] gives different criteria for structure material (concrete, reinforcement, liners, anchor-
ages, etc.) and for design situation.

Referred codes and papers in this proposal are:
-  RCC-CW [11], 2015 edition — Part 1 Design

- Eurocodes

2.9.3 Brief outline

The safety objectives for nuclear reactors are the same independently of the type of unit at hand,
however the events and circumstances to be considered, the safety functions to be ensured, and
the corresponding criteria and design situations may differ to some extent.

Depending on the safety functions, the RCC-CW [11] specify criteria for applicable design sit-
uations covering the design of PWR units, with a pre-stressed reactor containment.

Included in the design part of the RCC-CW [11] (and the Eurocodes) are the following areas,
- requirements,
- actions and combinations of actions,
- materials,
- durability,
- structural analysis,
- ULS and SLS design, and
- detailing and specific measures for different type of construction.

The purpose of this Code Evolution is to initiate a systematic identification and evaluation of
typical as well as truly unique BWR features of importance for the design of civil works. This
investigation to identify and implement into the RCC-CW [11] design part necessary amend-
ments and modifications to in addition to PWR's also cover the design of BWR units. The in-
vestigation shall consider all of the areas listed above.

For each of the identified BWR features, the outcome of the investigation could be classified as
follows,

-  The existing design provisions in the RCC-CW [11] cover the situation, no adjustments
needed
- The existing design provisions have to be adjusted

- New design provisions have to be added

For the last two outcomes above, adjusted/new design provisions should be developed, and
added to the RCC-CW [11]. For the first one, the present wording of the RCC-CW [11] may
have to be adjusted to ensure the understanding that the present design provisions also are appli-
cable for BWR's.

Code development work for typical, hence not truly unique, BWR features is recommended to
be coordinated with other code evolution and code development projects, if such projects exist.
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This could preferably end up in a situation where the adjusted/new design provisions are appli-
cable for BWR s as well as PWR’s.

For truly unique BWR features, specific design provisions should be added to the RCC-CW [11]
and marked accordingly.

During the code evolution and development process, it may be identified that research pro-
grammes have to be launched to support the development of the new design provisions.

2.9.4 State of the art knowledge

Design provisions for BWR units exist in other Codes & Standards, and are discussed in industry
documentation such as the EUR:

http://www.europeanutilityrequirements.org/Documentation/EURdocument.aspx

Also, on the market today are BWR units for which at least their basic design are in accordance
with USNRC requirements, or is evaluated at the moment:
http://www.nrc.gov/reactors/new-reactors/design-cert.html
Additional research may be needed in key areas (to be identified during this code evolution pro-

ject), and to comply with the latest European safety objectives, especially when they differ from
US requirements. Ongoing evaluation in the UK:

http://www.onr.org.uk/new-reactors/assessment.htm

2.9.5 Objectives of the code evolution programme
This CE —proposal suggest following issues to be studied and executed based on further reason-
ing:
1. Identification of typical as well as truly unique BWR features (events and circumstances;
safety functions; type of construction; etc.).

2. Implications on the design provisions (requirements; actions and combinations of ac-
tions; materials, durability; structural analysis; ULS and SLS design; detailing and spe-
cific measures for different type of construction; etc.).

3. Classification of the BWR features (already covered by the RCC-CW [11]; existing pro-
visions have to be adjusted; new design provisions have to be established).

4. Specification of necessary code development work and research needs. When found ap-
propriate, coordination of code development work and research with corresponding
needs for PWR’s.

5. Code development and research work finalization.

Implementation into the RCC-CW [11] the necessary adjustments and modifications for
BWR design, including needed design provisions that are common with PWR s, follow-
ing the formal AFCEN procedures.

The implementation of adjusted/new design features could be carried out in steps, implementing
first the most urgent new RCC-CW [11] sections. If so, it should be clearly specified in the RCC-
CW [11] the actual status of what is and what is not covered regarding the design of BWRs.
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2.10PG3/CE-08 Special concrete

2101 Description of the evolution

2.10.1.1 Technical content

The term special concrete means the concrete that has some special properties that are different
than in so called — ordinary concrete. Due to this fact they usually play a very specific and very
important role in construction. Special concretes are both those with extraordinary properties
and those produced by unusual techniques. Both cases lead to special requirement for such con-
crete. Types of special concrete form a very wide list. According to Portland Cement Association
(US) publication “Design and Control of Concrete Mixtures” following ACI CT-13 [1] “ACI
Concrete Terminology, they are presented in a table below.

Special types of concrete made with portland cement
Architectural concrete High-early-strength concrete Roller-compacted concrete
Autoclaved cellular concrete High-performance concrete Sawdust concrete
Centrifugally cast concrete High-strength concrete Self-compacting concrete
Colloidal concrete Insulating concrete Shielding concrete
Colored concrete Latex-modified concrete Shotcrete
Controlled-density fill Low-density concrete Shrinkage-compensating concrete
Cyclopean (rubble) concrete Mass concrete Silica-fume concrete
Dry-packed concrete Moderate-strength lightweight concrete Soil-cement
Epoxy-modified concrete Nailable concrete Stamped concrete
Exposed-aggregate concrete No-slump concrete Structural lightweight concrete
Ferrocement Pervious (porous) concrete Superplasticized concrete
Fiber concrete Photocatalytic Concrete Terrazzo
Fill concrete Polymer-modified concrete Tremie concrete
Flowable fill Pozzolan concrete Ultra High Performance Concrete
Flowing concrete Precast concrete Vacuum-treated concrete
Fly-ash concrete Prepacked concrete Vermiculite concrete
Gap-graded concrete Preplaced aggregate concrete White concrete
Geopolymer concrete Reactive-powder concrete Zero-slump concrete
Heavyweight concrele Recycled concrete

Special types of concrete not using portland cement
Acrylic concrete Gypsum concrete Polymer concrete
Aluminum phosphate concrete Latex concrete Potassium silicate concrete
Calcium aluminate concrete Magnesium phosphate concrele Sodium silicate concrete
Epoxy concrete Methyl methacrylate (MMA) concrete Sulfur concrete
Furan concrete Polyester concrete

Of course, it is not possible to introduce all the requirements for special concrete into the RCC-
CW [11], so the code should be focused on the most important cases.

In the RCC-CW [11] only the following information is presented: “Special concrete are de-
fined as:

- self-compacting concrete SCC,

- fibre concrete FC,

- heavy and neutron-absorbing concrete HWC,

- light concrete LWC,

- high temperature resistant concrete,

- underwater concrete,

- various concrete placed at the interface of soil and structure (blinding concrete, etc.).

The properties of special concrete shall be justified on the basis of tests validating their suita-
bility to meet their requirements. The tests, production, transport and placement of special con-
crete shall be adapted to the characteristics of the material. These requirements shall be defined
by the Project.”
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This for sure is not sufficient to assure the proper quality and performance for such a major and
and important material in NPP construction. The guideline or method for design and construc-
tion using special concretes widely used in NPP should be presented.

It is worth adding that since 2014 a new standard EN 206:2013 [5] was published. It super-
sedes E