Wi nd and StarBuNa2f 284 3-B51
httpsar/dAd®»O &a L 23372133 133

Codes staanndd arcd mponhawii nein@il ne e rstt myc dewn
State of art and recent

Luca BiNocmwml as 2Co€l audi®,® Manensisnaindrfo Mar i
Luca PafrRaol § 49@hiutseppe®Vairo

Depart ment of Ar clPiotlddtewcmea,vanadl ieD eMinQitimBal | T ¢ 88 ryo
20ptifl ow,1®o0OmpClneym!| a M¥ d f1&83g0ules MaFrrsaeniclel e
SDepartment of Ci vEhGgiamelnEinweayrrsointnyevidéa IFil 0B @368 1BAr Flatr &Iny e
‘Department of Civil ,amd viemdu,dtarigdhl PEre@idi BeGizzeag Riasbay
Depart menChemiEavi irlonaned t Mdt er i al,éi &€ngi deler RbQee i Béhagya
Depart ment of Mec/fPoriidelcnk gl addleaMiMagsrad® 1 Mitlad rnyo

"Department of Civil Engi fUnervierg i @anyd oG o nrpourtee thel® a Pialelr et reRaic avh
8Speci al I nterest Group in CompMEf)ati onal Wind E
I'talian Associati omwwoi eWiemgd-almeogii neer i ng

(ReceODutadh2er2Revi Belr ua032AZ ¢ e pt & 2 03P

Abst ralchti s
Wind Engin

p er first provides a wide overview about
e i

the paper s
C
r
r

p
ring / Comput at iwonsd n il tuii wle Dsytnraurd tcwsr € sC WE!
ts out the basic assumptions and wunderly
( D/ CWE) o0 of the revised version fAGuide fo
the Adviso Commi ttee on Technical Recommendations f
2019 and d fted by the members of theerdpnegcioafl tlhnet elrt
for Wind EngCWEprinbe( AMM¥ group is currently advi si
new AniniexerK vati on of design parameters from wind tun
Actions ohPartdr:utGemersiali nadcta otnison s . Finally, the parg
devel opment at the technical and applicative | evel.

Dynami cs

Keywor dbeest practices ComputeaNi iablma Iseamndagds Eddo Qithden ebkr E
Gui de-DTN®RQT7 20rMmBex T

1. Introduction ri sk o-tormscnorms and wuncritic
practitioners?

Piero Pozzaftoiuunddmey dfatthree sT hoef pStersuecnttu rpadlper attempts t

Design in Italy, statedni hatkked aby thead&meci alesboher

excess of stectdaidsal invoWvysd Ewngriineggsing of the |Ital
inconve[néil@geglest i on of desi gemedri gse ead u-DWE (MW lalhagwe . o-¢ \W)é.ani v
creativity; difficulty in ANI-§WEBrmcilnigdewh stome eaf | § hemama
feeling of being relievednafcoreepsuptoantsiiobniali twi; nddi€rfgicrue
understanding the reasoni g adenmitca a@aandemioop selgé& o rrsu.l elsn
considering rules as algordewensopgshei n htime& i wyk & soGWE hleo n:
called on to @xpPazmatindl@g®aytihfegwomfaing of the infori
statement | ooks still topic®&lcend yeacommandatiangenandcl
Zafomn@aml ock 2021), and, iArSipnar taitd wingr ,byt wCewmpmbatki onal
rel evant to the codificathiGuni def f odonipluet aas s mewit n o f
Engineering (CWE) for the sevallcuiautriessnrd0 ofssweddby oalde Achyv
structures. Recommendati ons for Construct

Does CWE need to face i tResweadrec haCh CiNGETt eBaly7d /24901188s)e, a
within the structural desigmc @miactgicewt adideignweadbtloAN®E

Who shall be the main targetarafmedwedrs afe¢owi fwicad i otnu rarce |

What shall be its purpose?SsiDoulsa tigéionose oAdce ti loors jomk aSéta sils t
4 . Gener aWi Mt Aotnisonsl-4 ( POEN, 1
Ricciardel li 2023) , whose a
expected to appear in 2024.

*Corresponding authoPh.D.Professor

E-mail: luca.bruno@polito.it The present paper, concelve

both speci slpiexéedlamrdednaorader s

CopyrighkiTekc hdBloess, Ltd.
http:// www.etsec ftroow g&swrbnpaal gse/= 5 I SSN: -61121%66 ( Pr i6n2t2)5, (1Cn98 ne


http://www.aniv-iawe.org/aniv-cwe

Luca Brtwhas, CCastdeée o,AMarsrsiamid rlou cMaa r A Bt odimoi t o and Gi useppe \

analysis of the past and cur 7 P struc
design, and traces the evolu ,. ! T codi fi «
Readers interested in a broa = ; = overvi
of the CWE can refer to thel"‘; """ revi e\
papers publ i s,hMur ak@amif a9 q®,.. & & & & & & & & & & & & &
Stathopoulos 2002, aBUYarc kBPhuce o S T
2015, ePota20g3) . Then, an ove = e A
principles which inspired thig, /N e/ VTN rement
informative annexes i s provi zw /\,-\/_,/\/ - summa
of their content. Additional " _ . . . . . . o . . « « « h emerc¢
in the drafting activity are °~ ° ° ° % % 77 e highl i
points which appear to be of Zw  —mww e or n
open to significant devel opmeD) aonvavien BN —
2. State of the art in CWE pro & & & & & & & & 8888 & on

) ) Fig. 1 Ti me evolution 0
As it -kinopwwelCIWE resul ts frperformances and Cloud |
of methzmpl;srcaengdhes from bot lyww. top5quesrtlaq)|s)(hsc[
and Computational Fluid bhroduction i wwWWECi/ (esnocderde
Engineering isthkeesrtatdefniane:.gonstruction contract va

interactions between wind {phe estimation of wind dary

llayer and man and his worloptif| owe€cCoSmpraingycye ot Earth

(Cermak 1975). CFD is a branch ot fluid mechanics whi ch
uses numeri cal analysis to tackle problems involving fI
flows in a wide range of §he|dpgl add @PPthealbit hry- h'rhd
following, the abbreviati oyp&CRRO fioy mahedsi fanidt d5e 2ad9
by the author of a cited/pglgp;ggt,sotnusdyh,ntthse tagC r PR Y M ¢
ACFD/ CWEO is used if referggmput at MaAEIntefcedminh b shoults t o
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can predict wind flows ar@@diwd 206L81 dindeedandi mtaohiagtuere
under conditions ver,yandl ccsgme rtnoi stshh@nadtsuagi vethatteo use r
therefore be usedrtoersabbmbstliepedn pofocewdundes (i . e., t he
The guidelines however sett bsatr i myaemt p rporceesdcurri epst i aornes voenr i
computational model s t o beo usedphiysi dealr msvi nod tprurompelr t
turbulence modelling and cionndpeupteantdieonnta lp egar arme/ti @mws , and
provide a number of CFD validation results. An anal ogol
approach i s adopted by the French Nati onal Annex t o

Eurocode 1 -(ANFNAMN23I0989%In Fr&8nchidndamental principles for
describes both WT tests and CWE as methods to estimate
t he -wnduced | oads on strucltnurtlse faonldl owr ngj cdlhley mai n
di scusses which modelling @ppuméadchbas & rDale sRIDTA/d20h0 1e8 NdRr n dn
for the computational Si muPlraEtNl dk:948G 2 lavaereadddct add armpde atk
| oads. Mor e recentl vy, t he Ple cOWH dmedinfoit ¢ an@id cofhu ted+tD toma
Russian C&o6&20(M3820. 2016 2B48§i ndBediorsd ot sky he disciplin
et 2L 9) l egitimates the usé&lof dCPRPnami bsut oarytépepeciemivad
instructidmwms fsamrucseresiiwi Ehgi neeeasgd Iceownalgipafs taog e tnhe
responfsépedodynami c ébhstiddioetnht sf iagleds . Consequently, C
on the results of 1) phyessitc€aFID; ( @ mpereidme mteaalr)l ymo2dbe lyleianr gs
in wind tunnels (appendicesmpGaanded ) ;soMme nmoaft hearhaeti pat
(numerical) model |l ing of wiid i aervidg 9 aonfi cEWEv.aslend t i s
numeri cal schemes o menssoilauntalBD e@oXpet hr eies not necessa
equations of moti on of | itglue rde faomrdck, gapecwiftihc gdedebht ae
turbul ence model s i mpl ementRRd A i mnimed sran € WVE a nrokduey | d «
verified I|icensed softwarecomputeantsi oonfal c omopduetlatiioonapprfad
dynadni cs assumptions that are suitable
I n t he Aut hor sbo opinionf,or bottthertsh.e Evedif intoadteilons h ot
approaches reviewed in subaecturamrmy?2. &2l Ihatvd edraiwdraicfkisc a ro
the one hand, the |l ack of pmdndmermdn omel svantdangge rtohues

door to unregul at ed mar keftol pbwyet bat atshet babefi &@dCWEON
subsection 2. 1. On t he ondeds Ipalbyp,aseacaprees diicattii we,
i ncremental, uneven approaabsi mi ICAWMElI ecotdd fa cani oar ggalo war
old too fast due to its r awiindd el vooaldust itohaal nl késdh tfioe intrehreu adeor wn
characteristic time of codi hteatdedni nscdmmerl mingl sccompar e
the CWE evolution ti me, i nt PHh dS*edt th ontgh talse comp e atioifoeat
resources availability andcecseqguéence @ffoghespoi iRtemab &
an anal ogous issue was r ai skhkcd alsys Bdlhlpich bdmd Selaiif i €1 a
three year s after -dlhe lits@dloieainsofpitvloe alb,oras emphasi zed
Recommendati ons about t heGr aalbcam oml @ @S ut wansdouod under s
constructions (CNR 100Ta2f8mepchdmieys rampr &apdi athat té t he
devel dpnmdentof t he Wiamsd cTaunneadlt tfaderé6padd at caution iIis requir
rapid bringing into line atntéaegr aslt apdardef| heksebvh gml q
nations in this sector al rreadyl tcsomfspagawatihidieatdvewipmgegdup
specific[edgulraficoerace to ASICEH M & 5] @i nd features at t
I n the ' i ght of the syntalkeetoidynamber bathiaemomabofvetheh
ANI-WE group decided first ttyqppeundervt)aktehea ftohdusd @fatthhe a
per f orbnaasnecdef or mppi wach, thatwhgcbubhtdedanna!l ysi sclraslsatoeds .prT
2018 the new ADNheRDT/ 0F18FNsRamadrt her discussed in Secti
recently t he Anneld: X0 2iln PrrifgNs ¥all9i9dla. tAe f fuindatment al prin.
i nfor matniexe s are generallycodesemdhaad st andercdug eabaout CWE
correct and timely technolmgdeltr most erbebevianeiednattelde aCgWE
scientific community and thedeltirugturcampdeatsgedaeehk.edbn nit
words, such documents haves dieeemt ipfriicnaarliyl ya ncdo ntced lareidc aglal
order to (1) all ow structuagditntseésicigneept t of ba& rauwmerei coaf
fundament al principles of CWEnt i(tiat)i veeddyi fmeameé mfigd udbandees
based good practices for tdleatesde eaxfp e CoNMEe ab(aiitivyawhwaran i
designers against common mi(slwOPPs) oMasCWH.teady adowbtli rag sfe

Even more recently, t he utpadap@.r 9 Wea lAiSE&tsi7oar ucprruvemmtd |yt i gnl
force (-ABCR0272) has echoedl atthees| apsoso pdafe elpr i dvdadt ,in dtalt @ o n
per f orbnassrecde appr oacGNHRT -RlnmemerT c al mod el i s mandatory
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which the appl,i chauti oint bied om

requested for every single Modeling Approach Numerical Approach her h
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(a) (b)

(c) (d)
Fig. 4 Vortex shedding pamdagmi tsugduea roef ctyhe npdreeas s uirreedt
Trieds a2015); (bapnd&EBur(af2@®@Y6)caRNE;) URANMNMSHMDONS

i nadequate modmightarpr alse dp e mmtdt if we taomy CWE study, and
component smod e lalonidthgne hiec al avhp rcdhaadh sor i esnpesc itahlei smoss.t Inton
(see, for detna®dlaaxe, Xing the analyses to which all c hc
Unfortunately, as alreadytusbhbat edyceit.he@edalompoamyd eold fi tnly
simulation depends not onlappornuessteeide tscel eepeds emtmpbhented
t hemsel ves, so to say singoaharagt earaikzend twtaml et r eénoe lay
extent, on their interrel atdiidr ean d edovepat iekiclhi tot.her i n
A single guiding principleFiirsstsluyggeistt eids fiomp otrhtea nmo d eol
specification: each componehtuscthatl és breelseVarctt efdorai GWEB g
evening up the introduced teirrrbaurl e nwi telt olwd$s00)E o kimmd ssvh a £ h
ot her s component s, i n suchr easuwaey rahdbomlityhef |l ooteuvat & i
commi tted error i sl acsosmpaft i piSeltlwe hhudtheati ons, which car
under investigation. presence of eddi es, are know

It mu st be noticed t hatf i esluc horguwindizrag i i noi glhe pr
encapsul at es t he ont ol ogi c(ael.Bgeianrtaearltbirsecli pll 9 8nBa,2a0NDo3d)aat u 5 B C
C WE, in woideh!| t hgandpher mauanteed cciads ar e characterized by
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