Transactions, SMIRT 21, 6-11 November, 2011, New Delhi, India Div-V: Paper | D# 147

IRIS_2010 — PART I: GENERAL OVERVIEW OF THE BENCHMA RK

J.-M. Rambach N. Orbovié, F. Taralld

!Institut de Radioprotection et de Siireté NuclédRSN), Fontenay-aux-Roses, France

Canadian Nuclear Safety Commission (CNSC) - ComionisSanadienne de Streté Nucléaire (CCSN), Ottawa,
Canada

E-mail of corresponding author: mathieu.rambach@firs

ABSTRACT

The benchmark IRIS_2010 is an exercise in OECD/NESMI framework. This paper is thé&' &f a series
of 5 companion papers that present the objectives experiments to be simulated, the simulationgestfs with
punching failure, the simulation of tests with biergdfailure and the lessons and recommendations.alin of this
paper is to describe the origin, the objectives,fgiocess followed for the selection of the tdsis,schedule and the
whole organization.

IRIS is the acronym for the title of an activitytinted inside CSNI/IAGE working groupstrhproving the
Robustness assessments, methodologies for struttnpasted by missi®. The aim of the benchmark is to find a
place and an approach where a potentially sensitatter, like the analysis of the effect of an iktpaf commercial
aircraft on NPP, can be openly discussed by woddvgipecialists of simulation in mechanics. Thisl d@s been
reached taking into account these two limitatimrdy mechanical effects are considered and thectsbie be tested
and numerically simulated are of reduced size coatpto NPP’s structures. Once acted by the NEAatiwity is
launched under a benchmark among member statesespatives of the concrete sub-group of the IAGE. A
structure is put in place, approved during'arieeting, with an Organizing Committee, a Scientfommittee and a
Website. The Organizing Committee pilots the propud organizes a'2meeting where the tests to be simulated
are selected. The elementary structure to be téstadeinforced concrete square slab, simply ngstilong its 4
edges, impacted on its centre by a missile. Thifferent simulations are proposed: 8 dne is chosen from the
literature, whose results are well known. The Zeathproposed are with unknown results (blind sithart. The
two main types of failure are considered: by punghand by bending. The Organizing Committee and-thaish
company VTT fund and design the dedicated testsvanidcarries out the tests. The latter are repeatedrder to
discriminate the expected results discrepancy p&smental nature from the discrepancy of modetirigin. The
simulation regarding the punching rupture is pregbaccording to the results of impacts on 3 slabslentical as
possible. The simulation regarding the bendindexuiral rupture is proposed according to the resefiimpacts on
2 identical slabs. The results are obviously coleckauntil the transmitting of the results of themmrical
simulations. In order to ease the treatment of rmults, a rigid formatting of the result presaotat(under
spreadsheets) is imposed to the participants aet &ve Numerical Simulation Reports, requested fitbm
participants, are proposed with an imposed stracfline 28 participating teams proposed their sitianla (24 with
the complete set of 3 simulations, 2 with only ugliations and 2 with only 1 simulation). They cofram Asia (3
countries), Europe (5), North America (2), theydmgj to different institutions (vendors, utilitieBSO, regulators,
academics). The presentation of the tests (desamying out and results) is made in tH& @mpanion paper, the
presentation of the simulations of tests with pumghfailure and their synthesis is made in tH& @he, the
simulation of tests with bending failure and thginthesis is made in th& #ne and lastly the™spaper deals with
the lessons gained from this collective exerciss \aith the recommendations that constitute a guidaiming to
improve the analysis of the mechanical effecthefitnpact of aircraft on concrete structures.

INTRODUCTION

IRIS_2010 is the project name of the benchmarkirofigtion of impacts on reinforced concrete slaps b
missiles at medium velocity that occurred in 20T8@is benchmark was initiated and supported by théH
(Working Group dealing with the Integrity of Comporis and Structures inside the Committee on thetypaf
Nuclear Installation — so-called CSNI) that impslske reflection about all topics regarding the aggment of the
safety of existing nuclear installations among tiember states belonging to the Nuclear Energy AgéNEA)
from OECD organization. This paper is the firstarseries of five companion papers (see Ref. [1}{p that
respectively present the objectives of this benckmthe tests to be simulated, the simulations estst with
punching failure, the simulation of tests with bimgd failure and, last but not the least, the lessamd
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recommendations. The aim of this paper is to desdhe objectives, the organization, the procelfsvied for the
selection of the tests, the development of the lmiack and the concluding workshop.

OBJECTIVES OF IRIS_2010

Public acceptance of existing and new nuclear liatitans depends partially on demonstrating theqadee
structural robustness of the installation and tifiecéveness of emergency response strategiesdial av mitigate
the effects of some unexpected events (and therefor considered in the initial design): the 11t8eyber 2001
terrorist attack outlines the risk of a voluntaiyceaft crash on a Nuclear Power Plant (NPP). Th&uBhima
accident, following the 11 March 2011 earthquakd gsunami, outlines in other domains the necedsityeach
nuclear installation to resist beyond design agioes.

The IAGE launched by the end of 2008 a CSNI Adgjivitroposal Sheet (CAPS) under the label
“I'mprovingRobustness assessment of structlngsacted by missi® whose acronym is IRIS_2010. Its objective
“is to suggest a mean to facilitate technical exgest...] without producing detrimental results. It is then
proposed to compare the assessment of typical itmpac well known structures, the emphasis beingftects
description rather than on justification. In ord&y avoid any malevolent use of NPP’s robustnestuatian, the
idea is to consider similar structures encounteoed\ PP site but at reduced size]. The technical exchanges are
based on numerical simulations rather than on ¢iffecests on real mock-ups.

It is recalled that an aircraft crash on a nuclestallation does not only involve a mechanicapmse of
the directly impacted structure: the vibrationsgamgating throughout the whole structure and théosiqn and fire
due to kerosene and all other burnable material affgct the operability of the safety classifiedstgyns and
components. In order to avoid a technical exchargyesess within a framework restricted for confitlaity
reasons for such potentially sensitive data andltseghe benchmark domain (open to OECD/NEA mensbeties)
was intentionally limited to the analysis of theahanical effects of an aircraft crash on the safeligted structures.

The IRIS_2010 benchmark has been, since the begjntiiought as the®lof a series of 3 benchmarks: a
2" benchmark was envisaged to consider more compddaC structures (always at reduced scale) resegntui
those used in NPPs design (box shaped, cylindyieaitl spherically shaped) and"&t8enchmark was envisaged to
consider the induced vibrations inside the striectéor each of these intended benchmarks the wayogfess in
the knowledge and in the reliability in structuresining is the simulation of the mechanical betawiof some
tested structures: the comparison of the time hisibstrains and displacements recorded by sengitiscomputed
values of strains and displacements at same locptimvides data of high interest on the qualityhef simulation.

The CSNI/IAGE then initiated a benchmark study aseans of validating the evaluation techniques used
in the assessment of the integrity of structurgsaiched by missiles. In the proposed IRIS_2010 raobih study,
the different computer codes, modelling approachethods and results were to be compared to dateaoidued
codes used to determine effective means of ang\thie structural effects of a postulated missitepdct on civil
structures. When numerous teams are participatirige benchmark, an additional piece of informatoprovided
by such a collaborative approach: the epistemiedainty of the simulation results or, in other dsrthe quotation
of the unavoidable scattering induced by the pewptdharge of the simulations, all along the prgaafssimulation.
This might be considered as a pedagogic issuep@tiipants were encouraged to use a wide rangéraflation
tools, model refinements, material laws, from timeptest analytical model (few degrees of freedom}aithe more
sophisticated finite element models (millions ofjes of freedom). As a general rule, the treatroéttte results
shall keep its statistical interest: the pointas to find the best team that would have founditést approximation.

As nowadays the NPPs of 3Jeneration are sized to resist large aircraft ichpifiis necessary to gain a
better confidence in the modelling capability andttie relevance, robustness and accuracy of theuatonal
results, in terms of resistance displacement afarmi@tion. This is a major issue addressed td\tR@ Operators
and their designers (if any) involved in the justfion of the adequacy of the structures thatl gkalst the direct
action of the impact and of the systems and commsrtbat shall ensure a satisfactory safety leuehd and after
the impact. This issue is also addressed to thallReys and the TSOs (if any) involved in the digfim of the
protection level required from the installation aimd charge of the assessment of the justificativam the
methodology up to the criteria. The simulation otmaft impact deals with dynamic phenomena beyelastic
behaviour domain: this double constraint inducesrain sensitivity to the assumptions which areessary to be
appreciated.

A series of two meetings were held by the reprediets of the IAGE/Concrete subgroup in year 2@08:
first one in April, where the organization and tiées have been adopted and the second one in @atdtere the
number and the type of simulations have been dedtte adopted.
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BENCHMARK ORGANIZATION

An Organizing Committee, headed by IRSN and CNSGRCis created: its role is to specify all
necessary data, rules and pace ensuring the devetdpf the project. The number of active OrgamjZiommittee
members shall be sufficiently large for a good sitaof efforts and for a higher benefice from th#fedences of
opinion but this number shall be sufficiently reddcfor keeping a good reactivity. A number of 5 gleowere
initially foreseen, but the Organizing Committeeswan by only 3 people.

A Scientific Committee is created: its role is tmyide guidance to the Organizing Committee, in the
selection of the tests to be simulated, in thenitédn of the play rules, in the analysis of reswhd in selection and
writing of the recommendations. Furthermore, theyasked to provide lectures in workshop sessiarreMhan 5
internationally recognized experts kindly and gemsty accepted to help the Organizing Committeethmsir
comments, lectures and guidance.

A dedicated website is created in order to fatditdne exchange of heavy numerical files and toantae
the same level of information for all participantéie website was hosted by the NEA website. Itdeen observed
however that the practice was that all data, mealifbns and periodic reporting etc., initiated hg ©Organizing
Committee were directly transmitted by e-mail tareparticipant and that all the results from theipigants were
directly sent by e-mail to the Organizing Committeembers. However, in our opinion, the dedicatethsite
remains necessary: it is a practical way to entheecompleteness and correctness of all the dktg,rples and
results.

TESTS SELECTION

The tests are selected in such a way they addresshaviour of typical part of NPP’s outer struesu(i.e.
reinforced concrete wall or slab) damaged by neszilmedium velocity (in 100 to 200 m/s rangeyvds excluded
to consider some NPP mock-ups impacted by an #inmack-up for this main reason: the reliability sich tests
would be questioned due to the reduced size. Iblkas considered wiser to start by a kind of af@ltpproach
where simple structures are impacted by simpleilisshe considered structure is a simply supposigaare slab
made of reinforced concrete and the consideredlmissa more or less deformable steel pipe.

Two main distinct features of the slab damaging @residered, either by bending or by punching. The
tests to be simulated were initially supposed tdoled in the literature, but there were no avadabsts exhibiting
distinctly the bending mode failure and moreovewvals considered as more interesting (and excitmgpenchmark
blind simulations.

It has then been decided:

= to simulate one test among the tests performedim@ny at Meppen'’s testing facility and whose rssul

are known and well described in different papers,

= to simulate one new test with bending rupture mode,

= to simulate one new test with punching rupture mode

= to repeat those new tests: 2 identical bendinguregiests and 3 identical punching rupture testerder

to have better confidence in what is supposed thdeeality.

The new tests are performed by the Finnish comparnly, they are financed by VTT (40%), IRSN (40%)
and CSNC-CCSN (20%).

BENCHMARK DEVELOPMENT AND NUMERICAL SIMULATION

The Organizing Committee defines and pilots theralVescheduling and prepares the data that could be
useful in the simulations. The Organizing Committeéth the help of VTT, defines the slabs to betdds
(dimension, reinforcement, concrete resistancepating conditions) and the missile to be launcldichension,
velocity). Special dispositions are taken in ortter results remain concealed. The Organizing Cotaeiefines
the formatting of the simulation results (figureslaeport) in order to ease their further treatment

The main steps of the benchmark are recalled sl

» beginning February 2010: official launching witHidéive input data,

e April and May 2010: the new tests are performed #ral measured concrete properties and the

effective missiles velocities are then transmittethe participants,

* mid June 2010: the templates (formatted spreadshémt expressing the computational results are

transmitted to the participants,
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*  September 2010: the results from the participamcallected,
» end of October 2010: the numerical simulation repare collected,
* beginning of November 2010: the tests resultsewealed and transmitted to the participants,
» beginning of November 2010: the Organizing Comreitteakes available to each participant, through
the website, the results obtained by each team,
* Mid-December 2010: the Workshop is held in OECDniises.
The Organizing Committee used the period from Cetalp to Workshop date for the whole analysis
and tried to give sense to all those numericallt®su

THE WORKSHOP

The Organizing Committee organized the 3-day wasks(il3 to 15 December at NEA Headquarters),
where each participant was invited to present ggr8ilations during 20 min and where ample time dexsoted to
discussion and technical exchanges.

A total of 28 teams from 20 different institutiorisll suppliers, Utilities, Safety Authorities, TSOs,
Research Institutes) and from 11 different couatfiem Europe, North America and Asia (plus 2 in&tional
organisations) were participating in the workshege(hereafter table). Among those 28 teams, 24npeefl all the
3 simulations requested, 2 only 2 simulations armht® 1 simulation. Some institutions presentedesaivteams
with different modelling options.

Participant Europe North Americal Asia International
Nuclear Island suppliers AREVA AECL
Utilities Engineering E%’;L;O;IIHM ITER
Regulators ENSI CNNRS(?((ZZ))’
St | ors iy
Research Institutes CEl\f\ng),U\SLL(?J)’ JRC

The figure after some participant acronym meansithmber of participant teams in the same company
*: COB stands for Coyne&Bellier that belongs tocTedel Engineering which is a part of GDF-SUEZ grou
**. SPI stands for Stangenberg und Partner Ingenieur

+++,

: UJF stands for Université Joseph-Fourier thabtgs to the University of Grenoble (France)

At the end of the workshop, the Organizing Committeubmitted its own analysis, conclusions,
recommendations and proposals for further actavitie

CONCLUSION

The objectives of IRIS_2010 are to improve theigbdf robustness assessment of structures impdmted
aircrafts. The way to manage open discussions alisitpotentially sensitive topic is to improve thbility in
modelling the mechanical behaviour of simple sues of reduced size impacted by missile by compgatihe
simulations results with the test results. Thidatmrative approach gives in addition a certairaidethe scattering
due to different modelling tools, meshes, matdaals and all other necessary assumptions. The agsopaof the
whole results of simulation with the recorded valud the tested structures allows good practicesanlelling
assumptions to appear

The papers referenced [1] to [4] develop the auies of this exercise.
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