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Foreword

This European Standard ENM9983, Euo-

code 8: Design of structures for earthqua
resistance: Assessment and Retrofitting

buildings, has been prepared by Technic
Committee CEN/TC250"Structural Euo-

codes, the Secretariat of which is held b
BSI. CEN/TC250is responsible for all Stias

tural Eurocodes.

This European Standard shall be given i
status of a National Standard, eithergupl-
cation of an identical text or by endorseme
at the latest by May 2006, acdnflicting ra-
tional staadards shall be witlrawn at latest
by March 2010.

This document superseddsNV 19981-4:
19%.

According to the CENCENELEC hternal
Regulations, the National Standa@iganis-

* tions of the following countries are bound 1
. implement this Europeaftandard: Austria,

Belgium, Cyprus, Czech Republic, Denmar
Estonia, Finland,France, Germany, Greect
Hungary, Iceland, Ireland, Italy, Latviajth-
uania, Luxembourg, Malta, Netherlands
Norway, Poland, Portugal, Slovakia, Sév
nia, Spain,Sweden, Switzerland and Unite
Kingdom.

Background of the Eurocode ppgramme

In 1975, the Commission of the Europei
Community decided on aaction programme
in the field of constrction, based on article
95 of the Treaty. The objective of theopr
gramme was the elimination of technicdd-o
stacles to trade and the harmonisation
techncal specifications.

Within this action programme, the Consni
sion took the initiative to establish a set
harmonised technical rules for the design
construction works which, in a first stag
would serve s an alternative to the nation:

VII
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rules in force in the Member States andi-u
mately, would replace them.

For fifteen years the Commission with the
help of a SteeringCommitteewith Represeni
atives of Member States conductedthe de-
velopment of the Eurocodes programir
which led to the first genetian of European
codes in the 19800s.

In 1989, the Commission and the Memb
States of the EU an&uropean Free Trad:
Association(EFTA) decided, on the basis ¢
an agreemehtbetween the Commission an
CEN, to transfer the preparation and thé-t
lication of the Eurocodes to CEN through
series of Mandates, in order to provide the
with a future status of European Standal
(EN). This linksde factothe Eurocodes with
the provisionsof all theC o u n c i Ltides

and/ or Commi s s i longwith

European standardse.@). the Council Di-

rective 89/106/EEC on construction hacts

- CPD - and Council Directives 93/37/EEC
92/50/EEC and 89/440/EEC on public worl
and services and equivalent EFTA Directiv
initiated in pursuit of setting up the intain
market).

The Structural Eurocode programme nco
prises the following standards generallynec
sisting of a number of Parts:

EN 1990 Eurocode : Basis of Structurad-D
sign

EN 1991 Eurocode 1: Actions on sttures

EN 1992 Eurocode 2: Design of concre
structures

EN 1993 Eurocode 3: Design of steel strL
tures

EN 1994 Eurocode 4: Design of roposite
steel and concrete structures

1 Agreement between the Commission of the Europt
Communities and the European Committee fon&ta
ardisation (CEN) concerning the work o
EUROCODES for the d#gn of building and civil e-
gineering works (BC/CEN/03/89).
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EN 1995 Eurocode 5: Design of timber stu
tures

EN 1996 Eurocode 6: Design of mason
structures

EN 1997 Eurocode 7: Geotechnicakin

EN 1998 Eurocode 8: Design of sttures for
earthquake resistance

EN 1999 Eurocde 9: Design of alumium
structures

Eurocode standards recognise the respdns
ity of regulatory authorities in each Memb
State and have safeguarded their right ¢e
termine values related to regulatory safe
matters at national level where thesetoure
to vary from State to State.

Status and field of application of Euo-
codes

The Member States of the EU and EFTA-re
ognise that Eurocodes serve as reference (
uments for the folleving purposes:

I as a means to prove congpice of building
and civil engineering works with the essent
requirements of Council Directive
89/106/EEC, particularly Essential Reapir
me nt i Méchanical resistance and stab
ityfand Essential i Sety

in case of fire ;

I as a lsis for specifying contracts for o
struction works and related engineering-s
vices ;

I as a framework for drawing up fmaonised
technical specifications for construction gro
ucts (ENs and ETAS).

The Eurocodes, as far as they concern

construction wrks themselves, have a dire
relationship with the Interpretative Dec
ment$ referred to in Article 12 of the CPD
although they are of a different nature fro
harmonised product standatdsTherefore,
technical aspects arising from ther&codes

IX
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work need to be adequately considered
CEN Technical Committees and/or EOT
Working Groups working on product sth
ards with a view to achieving full complait-
ity of these technical specifications with tt
Eurocodes.

National Standards implementing Euio-
codes

The National Standards implementing &ur
codes will comprise the full text of the Eur
code (including any annexes), as published
CEN, which may be preceded by a Natior
title page and National foreword, and may
followed by a National annex.

The National annex may only contain imfo
mation on those parameters which are |
open in the Eurocode

2 According to Art. 3.3 of the CPD, the essentiad r
quirements (ERs) shall be given concrete form irrint
pretative documents for the ctiem of the necessary
links between the essential requirements and the n
dates for harmonised ENs and ETAGS/ETASs.

3 According to Art. 12 of the CPD the impeetative
documents shall:

a) give concrete form to the essentieduirements by
harmonising tke terminology and the technical bas:
and indicating classes or levels for each requirem
where necssary ;

b) indicate methods of correlating these classesver
els of requirement with the temical specifications,
e.g. methods of calculation and ofrgof, technical
rules for project design, etc. ;

c) serve as a reference for the establishment of drar
nised standards and guidelines for European techr
approvals.

The Eurocodeg]e factg play a similar role in the field
of the ER 1 and a part of ER

The Eurocode standards provide common structt
design rules for evgday use for the design of whaol
structures and component products of both a traditiol
and an innovative nature. Unusual forms of corestri
tion or design conditions are not spectiky covered
and additional expert comgration will be required by
the designer in such cases.
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for national choice, known as Nationallyeb
termined Parameters, to be used for the des
of buildings and civil enginegg works to be
constructed in the country concerned, i.e. :

I values and/or classes where algtinres are
given in the Euscode,

i values to be used where a symbalyois
given in the Eurocode,

i country specific data (geographical, clime
ic, etc.), e.g. snow map,

i the procedure to be used where raiative
procedures are given in themécode.

It may also contain

i decisions on the application afformative
annexes,

I references to nenontradictory complenre
tary information to assist the user to apply t
Eurocode

Links between Eurocodes and hiamonised
technical specifications (ENsand ETAS)
for products

There is a need for consistencgtvieeen the
harmonised technical specifications forneo
struction products and the technical rules -
works’. Furthermore, all the informationca
companying the CE Marking of the constru
tion productswhich refer to Eurocodes sha
clearly mention which Nationally Determine
Parameters have beefkea into account.

Additional information specific to
EN 19983

1 4L 90O 0O Ydss gD @B | i3ts @ ; Although assessment and retrofitting of éxi

Yy Mozt eyl dglt g d2d -
‘Hde. tWBLH.. 3.3 tetSL H.
4. 3.2 " 5.2 1D 1.

ing structures for noiseismic ations isnot yet

4 see Art.3.3 and Art.12 of the CPD, as well as 4
4.3.1,4.3.2and 5.2 of ID 1.

XI



ftpvu-p HNI19983: 201 m

dz4 ©OHE tHdf jtsor * teitded’ dgle covered by the relevant materiddgpendent
csCBHAHYPtse " Hzs A® Mmad Eurocodes, this Part of Eurocodev8s spedi
dz0 | 9 tEHAH] Y8 OriAzr d4ts ically developed ecause:
ghizls h s

g0 7
8.0 © .
L®)

-1 d&zw B OG Ols 'ty As tefz INQ @&y T For many older structures, seismésistance
C' Mis! dz@z] tc B Uz ® dzW~dEAIdcD tts- was not considered during the originadn-
CsoBEB " 9@d Wisasts?2 YOGy struction, whereas neseismic actions wer:
dzh ' etz@Ets 0 @ d2'd3d2®, uUSC catered for, at least by means twéditional
CGHc O ddjAf oo ddz B zH * © construction rules.

-y dzf Ofdg 'dajdB j L fHf ¢ ° T Seismic hazard evaluations in aotance
Htdsj f jto' N dzd t5c tai3tste’ jo da®G with presentknowledge mayridicate theneed
sd dz0 ‘ddglsB~-EEB HY tcdz' L C for retrofitting canpaigns.

-1 sh CtsSH Y j dzdaw , o d Efrp@gd 1 Damage caused by earthquakes may crea
By J Mis gtseed'IsHfdz'dils+ o the need for major repairs.
tcj d3ts dzls * .

' &3 ssets, tMC" dk € Furthermore, since within the philgshy of
3= fif ls'ts2) K Jls z o © ddgdf ts &« Eurocode 8 the seismic design of netwuc-
HE Of @ tcd 2 dzPds dz f) Hets tures is based on a certain accelgtabgree of
n kZh CtsHy j d& Iz L gg{ structural damage in the event thie design
EM§ tcdhlyj t)j 2 Md3' yd@ earthquake, criteria for seismissassment (o
dzz(mf stelzH MY tcd'j i fstise 'Or structures designed iaccordance with Eor
| otdC B8&H, 0O f sils' d3n) t, s hfegkls code 8 and subsequently damaged) const
dzv Is ¢ dzj @ ' H ' 9 figl3dafzds ts)Efrilly an integral part othe entire process for sei
Md 2 Mdz' Ydizis M Is 2O € ts dzfm Is tc b mic structural afety.

g NIV

42M
Jte]
Is tizte
J siis

1 todhj 2 M dstc y Szts dzm s OF WAg &) In seismic retrofitting  situations, quatdive

dztf j toj oH dB'CHdj dzls d ¥ @C@xylzj verifications for the identification anelimina-

oJ dzdEgdzmistclzC Isd o dag['F jita tion of major structural defects are very i
o tlCftcdidi PiMigT OMkz § O dzdixg- portant and should not béiscouraged by the
C ®dzOdz' Is d ydztsiees' Hif@zdm@dR4 quantitative analyticalmproach proper to thi
dzd o tes8 HHGtSBEKES & &B dzdz Part of Eurocod 8. Preparation of documen:
we' mMEzBeBCIsj iz 1§ ®s9 @Gz of more qualitative nature is left to the ia#i
o BF Oy' Bdz@az'dyizdizs Mis te ©y * tive of theNational Authorities.

[ Odzg B O dzHe@ste I dev' HIEX' & dzfi§ls This Standard addresses only the structisal
Is d oQif) § J M JsAf d3ts y itk Is @jdz pects of seismic assessment aedrofitting,
C tsdzfls fviLeisg  2I1s+  Ektsro dsli®e which may form only one component of
Misddzd osfistt Ols j ¢ ° 'M3 - broader striegy for seismic riskmitigation.
Md3" ydets ¢ s Gedick N © dzHe@ztail§) - This Standard will apply once the requirem
Mssmtsy Gd 2z ¥ ¢ tc d3lz dz¢ ts © ( to assess a particular buildimgs been edba
sy ' dgSqdzC to j Is dzts ¢ 9 A3 Zttd lished. The conditions undwhich seismic s
w C fig tsB Rff) jHAEPAIS g 'da¢ O 5 & sessment of individuabuildings 1 possibly
tg BBs’ B dzs 3 dzdrg th z Y®j Gk leading to retrofittingi may be requiredare
Istc lz ¢ yaiZ ts H iV | He 'l O dzte dsd® beyond the scope tifiis Standard.

HOtls Iz

1 Oy’ sdzOdz' dz' { tets ¢ tc O dzd National programmes for seismic risk méig

Xl
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ydesets tedL d¢6 Iz, h s o € ction through seismic assessment amttofit-
¢ d Mlsodzz IsO tcj § tsdzf ting may differentiate & ween fiac
"OCIsd o dzd d3d " H S " OfAipsmi ved sei s mi cretrafifirge
ftiosetcOdgds ' B sIstcj BEZO O progr amme s . AACt i ve-
BkH" 9o jd fJjodzdr ¢ OHbzj quire owners of certaircategories of building:
JIsdz Isjted3" dzgd L Oo glzk to meet specific deadlines for the comtjun
IsOdzlz 9 L Odzj 3yL@xt of the seismicassessment ariddepending on
J dzdzv  toj € tsdzfls to iz ® - its outcome of the retrofiting. The categorie:
y' &z seda BEH' 9 j cof buildings selected to be targeted mag-
3" ydakglintsd d = Bdgtizas,- pend on seismicity anground conditionsim-
dz! dzsmlis ‘ L Ofpj Bz4 portance class and occupancy andceed

(9 LOdzj Y detsmis® vulnerability of the building (agfluenced by
y' 2, yd mdzO §¥mBed type of material and consttion, number of
d&z' , HOIs 99 j HJ dzo storeys, age of the buildingiith respect to
)
z

e IFTOFQO NN
“q—-Qq—D-.ﬁ
33

2PN O

dz' " ftscto@ipds' tdates of ol der codes
nlgGdaz |, §f tadgteysdr s | v e orammas cagsociateeismic assss
H dzts ls tcj ¢ tsdzfmls tezdcfh menti possibly leading to retfitting i with
Cwodz! dg' mise f s ' @O other events or activitieselated to the use c
"o dz' s 7 f tesH ts the building and its continuity, such as
CotedMlsOdzdzr © L ® ' W | change in use thahcreases occupancy ani
| dzj dzs s " ' He d @ c portance class, remodelling above certain-
. 14t tcsBdygy y (K its (as apercetage of the building area or «
© HMBIstsC {f dzt&d - the total building value), repair of damage ai
BlkH " 9dz ), tc J d an earthquake, etc. The choice of the Lir
J gdzj stekzmiz Is. H. ] States to be checked, as well as the rgbarh
fJtejo & d, © Is O ods of the seismic action ascribed to the-v
My 2 Mmd3' ydats” H ° ous Limit Statesmay depend on thadopted
G to (Ddzq’ udzls ¢cts MmilsOdzlz, d programme for assessment and retrofitti
i todz? Is 11 tctsetcOdzd tsy' The relevant requirements may less stm-
kclzC y*' ’ l " Hftse " HdZ gent in filactiveod prc
dzd dzh fr]lzatstscfd3q’ ® " OSones; f or esx b wppoframmes
dz2' 3 9 f Ofmdoeded m" ; d triggered by remodelling, the relevant regui
ftotsetcOBRBOA, w e 9 d L dz ments my gradate with theextent and cost o
9" Hf s9 ' Hdz o d 3t e d 3l the remodelling work undtaken.
9 OtclstsMmils’ 8B’ Ys .f s 4
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LicOdzd L “fifjtR’ M d3' (W dzEMUS9BL, In cases of low seismicity (see EN1998
3.2.1(4)H O dag R O dzrizBsty I€2O O Is | 3.2.1(4), this Standard may be adapteddcal
HE 3" MyJjwd ~H tkifIEsdge ¢ tsto conditions by appropriate NationahAexes.

1 0y’ sdz@dH®REL ' o .

1 Oy’ sdzOdz' dzd BENHIBIB D Is ts ¢ National annex for EN 19982

[ Odzdhds Qodeils OO dz! Is j tc df@dgifr This standard gives alternative pedures,
H Iz teod] dzd Ut giz§ s d3J elzerl®dnO i) values and recommendations for classes, v
ftod d3' IsfCted=szcflsif tsIs tc 'L Hedst® « notes indicating whereational choices may
dZzOy ' tddd dedzOy "’ & dz0 have to be made. Therefore the Natior
MisOdzn O s d 2 HENj 10983: 2005 Standard implementing EMN9982 should
f tso d dzj dz OdgO lascffz@hdis HO® Is ts ¢ have a National annex containing all Natio
' MisqlOy' sz @dek Otc Bdgj ally Determined Parameters to be diser the
Qrypavd S sted fif szt € Ist design of buildings and civil engineerin
BEajdzr I[sO ' dgy j,dzfeclzialé works to be constructed in the relevant ot
fBzHBEOH HYf s9 ".Hdz 2 ( try.

X
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1 Oy’ sdzOdz! dzd 2 © dB ' tc National choice is allowed
EN 19983: 2005dz0 ) Is zHff Hatfmls © =  EN 19983: 2005through clauses:

t SLH 1 2dzS Is
Reference ltem
1.1(a) wdzV 5 tc 3@ g H DAEZB '
' Informative Annexes A, B and C
21(2)P s ' dz' q ‘teiPlsizd usiR(dB s o d dzdz' B EZIEJd ttsL G dzY
' Number of Limit States to be considered
1 jtw’ sH S ling 2 #MakO daedd & tog I dizf edpir M ¢ O
21(3)P 4t od] baedef ydz® dzlz o
' Returnperiodof seismicactionsunderwhichthe Limit Statesshouldnot be
exceeded
Ctoj d3' € BBHj 4 tadz )
2.2.1(7)P . _ J & mc@ﬁ% d Sz
Partial factors for materials
sg W' y' " odals dzOH ' 2 detsfls*
3.3.1(4) ° J Y d n
Confidence &ctors
‘9 dz ; & § teoteBdgdzw
3.4.4(1) t | Uls. g9 .dzf
Levels of inspection and testing
| ¢ Md &30 dz! dzp'H dztzO jygadgdz
4.4.2(1)P , _
Maximum value of the ratio__/r .
[ BH OO | 6 ]didstodoff ue'ts'y F @z dz' dz'fdsdps
Yydetsets tosL ®OR B @z& H3ts ¢ ts s tovEndizBe ' ol fgalds - |
4.4.452) |Hd
Complementary, neoontradictory information on nelmear staticanalsis
procedures that can capture the effects didrignodes

XV
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EUROCODES
DESIGNOF STRUCTURES FOR EARTRUAKE RESISTANCE.
Part 3:Assessment and retrofitting of buildings

Y d dzdzd 2201 : XX - XX

1 10400y f [evw 1 GENERAL

1.1 W jtcO LOMIssMmikze Odzc 1.1Scope

DuW itk 1©LOfHdasMiz o totsC tsH (1) The scope of Eurocode 8 is defined
® EN -1t 200481.1.1Is© MW Jj tolz dzt EN19981: 2004,1.1.1 and the scope of thi
dzv Yy’ sets Mmis OdzH QA KAk (59 Standard is defined i), (4) and (5). Addi-

HOMG s MmlisQdsHCOddCAS & ©  tsy tional parts of Eurocode 8 are indicated
Hz8 o € OL (18881: 2004A.1.3 EN 19981: 2004,1.1.3

(2) sW it L OMlssIkze @dz (2) The scope of EN 1998 is as follows:
dzOMmis z{f dedsds y d dats

irT OKded sy dad\j' dz€ d fjf BHjg 1 To provide criteria for the evaluation of tt
dz$ 'd ) dzlz s derj BRI W * o jfiTlfic bzg - seismic performance of existing individu
building structures

i1 Olfd Ha' H HAs] toBd-BUSExtE] A T To describe the approach in selecting sec
o dzd MR SH " 9 sary corrective measures

"] s O dztfotajdidscy tzxf tc s j € Is agp - T To set forth criteria for the design of rettef
sdzmistclz € Is d o @d 1m0 a HOGKEI®Y ting measures (i.e. ocoeption, structural aha
Fdzt€ &s dzmis tg o € q® By § stc J § | ysis including intervention measures, final
G)Z‘ sHEMIs Olsis@alaj © dzdzw Y@k mensioning of structural parts and theimec
dzf Is tcliz@ W 92 WL C' Iz dzlz @ iy nections to existing structural elements).

zCIsdo ded d3d). § dzj B4 dals Oc

1t RI wup WO dztiplidzO dzHtad) thlss dzf Itz NOTE For the purposes of this standard, ofitting
Yo' { fAd dzj degel sh € tsHiy] <ftfe | d3ts covers both the strengthening of amhgedstructures
MY s € sH Y Jj digidg i © di3d and the epair of earthquake damaged structures.

— 11

zﬁn

R teftetsj € sk ® fizlsid® HasfHE? (3) When designing a structural intertien to

LOBJ LY § yp tetizdn'j R dgtel3ts M 4] - provide adequate resistance against seis

tcj o Qot€ddmlis totfz€ oy @&dzO { te'= actions, structural verifations should also b

Hdz] ] 2 &t el 320 g O Azls ©x made with respect to neseismic load conib
nations.
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(4) l " HtsB tc Oy @tfipgzls o dg'd d3tc (4) Reflecting the basic requirements
EN 19981: 2004, tc O o ¢y ldz20 dzHo @tk EN 19981: 2004, this Standard covers t
Yyosys g 2 mdz' yded "L Oentfisdag € seismic assessment and retrofitting of buildil
C Bdeils AL "0’ | dz , i ts Bol®+ made of the more commonly used structt
dzd CF s dzifls dhde dzd = dBOIs | tgfh ®@E@ materals: concrete, steel, and masonry.
COlR' wWdets. CdzOHC(

1t R wuigdeh stcBQ lisdiedda B * C d3' Mis NOTE Informative Annexe$, | andd contain add
HHOISCdalotirtc 3Oy " ¢ , ‘s ofs yH ddis tional infonnation related to thessessment of reinforce
BEH' b dzy Ot B, fnls €@AlEisls © dzj B § ©3 concrete, steel and composite, and masonry buildi
dzd = B I Hifftestc jof s dzfrpistetdif i ys B = ' . H respectively, and to their upgling when necessary.

(5) m s WOs dzts ) H GrdetsdstO dzH IO @ty (5) Although the provisions of this Sidard
mMsols o Mm' -~ & OHS'ja@jere'y 2 « are applicable to all categorietlwildings, the
Mi2MmMdssmlis 'LXOGusflgl" " sSHtS seismic assessment and retrofitting of mo
f Od3' v ldsd2df§ls o tc d y dpdddy O kde[ & ments and historical baihgs often requires
BOc Olst tzg § s d&3j dah O~ 8uO'- different types of prosions and approache
dzj 3 dzts frplsdz© fipls HY B zls Yy B dzd € depending on the nature of the monuments.

(6) [ME " dzr €d " Mmdzkze y' (6) Since existing structures:

(e ' HtsB tc@f @Y lslz0 drdz' U fiftz - (1) reflect the state of knoedge at the time o
dzp sdedz H zo Odzd MW their construction;

(1'1) sy dzdoe 5, a3’ Mmlsw dz+ (I1) possibly contain hidden gross errors
$d;

(wuRis)y dzepaststady f * HH O Odzd 1 (z ) may have been submitted to previc
L J d3dzj IGskaE foOH € 5o d d3 odf; earthquakes or other accidental actions v
Htsd3d &3 dzOQfgar’ 828 @ddzm Is tddzC unknown effects, structural evaluation an
By &z B zhistelz € Is Jeedz' dz' LhO r possible structural intervention are tyaily
ftso' wuOdz'dzd oz Mdeilzef ¢ dafz@: subjected to a different degree of uncertai
(o' o dzjdzel ts tc d30 I dyaf digs friflsc ts j ¢ (level of knowledge) than the design of ne
do dRY ttazsdiizs s totc B dztlz’ € t structures. Different sets of material and str
Ctsj W' ydsO Hlzls? 1B Mdg O Is | '€ 'tz tural safety factors are therefore required,
SteizCw,di3d0 b @l sy d&3j IstsH do well as different analysis procedures, depe
L Odzj ) desfyls’ ‘"&H'sHnls 618 &dal@dz ing on the complemness and reliability of th
dzts© " Q@ S ted3 information available.

1.2) sted3EOIsd o dz' 1 tsfmd dzO dzdz 1.2 Normative references

1Yi©ded 2 | o toctflsi@dEppEtafi® (1)P This EuropearStandardincorporates by
Asts o Odigj H Ols 1 5 @ dztiz® dzaizts 3 ,j dated or undated reference, provisions fr
Qf d y g 'dalzh LB B dz' . X @lzfs tRd30 L other publications. These normative referen
d azOqgafiay z ¢ kBls ;¥ O s Isf) di5 | are cited at the appropriate places in téet

MY d Mtizd dz' . &y " fiPls &z O dsts © and the publications are listed hereafter.
fsid dedfizsH Odz! ' @ estifdidf@te dated references, subsequent amendments
dzj dez WS sYyd § 2B dz' € O Wz revisions of any of these publications apply
lotetsf j 2 M+ C ts6 s’ dzls © dgH st this European Standard only when inawt)
o sz tscts 9 Qs jtcd®s s fote rated in it by amendment or revision. Far-t
dzj dzdets Mls s dz) HsO@ lintyth ©OMf{ & dated references the lateedition of the publ
st * 2 ffjdeT d dzO disdfipls Odfglizs dz° ¢ cation referred to applies (including ander

2



ftpdou-p HNI19983: 201 m
(@ Cdzt yOsddePo ¢ d ments).
1.2.1 16mddzOddzy dzO L ( 1.2.1General reference standards

EN 1990 I of thsifsthrg s j C Is £ EN 1990 Eurocodé Basis of structuralesign
CtodzemistczC y*' 2

EN 19981 | o tetw Q s J & Is ) Qdg EN 19981 Eurocode § Design of stratures
mis " 2CdamistelzC y* 2. Y O fifds for earthquake resistance Part 1. Genera
o d digp? Md3h YA O d dzO h s H 5 rules, sedmic actions and rules for buildings

1.3 kM dedaw 1.3 Assumptions

(1) 1 sMd dzO dzdzw tcts B d | (1) Reference is made to EN 19982004,1.3.
EN 19981:2004,1.3

(2)1 s dzts ¥ dztE SO dzH OwBdzz M, ¢ (2) The provisions of this Standardsame that
htse BHOdA@ o dif tctsB Izo © disilz the data collection and tests is performed
dzlz o Ols dsffe ' Hfyjj tddy e3lz® t2tsdfgy- experienced personnel and that the engir
dzj,tc © " HY tso ' B P'drzUA @& @ & responsible fo the &sessment, the possib
tc j ¢ tsdzfm ldst@@zf Qs dzO dzdeB© ‘ tc tseB design of the retfitting and the execution o
o'H dzd 2 Hitstde S R df dzj Ge@'j d3ts work has gpropriate experience of the type
X Y stclzH structures being strengthened or repaired

Rl ftesj A B bztz] tfids I tc b 8 das  ( (3) Inspection procedures, chelikts and othel

LBJ tc'fde@layd] H Zted ,HfBjfds] jtT datacollection procedures shoulébe dcu-

" dgff tets Y j H iz teigdrdzd - mented and filed, and should beferred to in
the design documents.

la{tsL d3j Y zo Odzdzy d3' ¥  fOte 1.4 Distinction between principles and @-
oddZzOdd L OfMissMmizo O dadav plication rules

(1) 1O ddas flitc O o  dz fp (1) The rules of EN 1990: 2002,4 apply.
EN 1990: 20021.4

15uj tod3' dzd ° o d L dzOyj dzdz' 1.5Definitions
(1) 1 sd e dedzy MW tc dzO (1) Reference is made to EN 19982004,1.5.
EN 19981:2004 1.5.

1.64 d dzo s dzd 1.6 Symbols

161y Oc0dz! d2@ 9o ' HBB@sMIs® 1.6.1General
1) 1 sfmd dzO dzdzw tesB d Is! M (1) Reference is made to EN 19982004,1.6.
EN 19981:2004,1.6.

21 sHOdz "' Mmd dzo@dded Gzl (2) Further symbols used in this Standard
4IsOdzH Otels * 9 d L dzOy O@ts iz defined in the text where they occur.
L' Wodzwe st fpw .,

1.6.24 d d3o tsWdfo,d ¢ s to d Hnlis tsfg sk 1.6.2Symbols used in Annex A
HIE EZ ¢
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bhdied &z0 MlsOdzj o dn &k

b, " hy tetsL d&3' t6 5B d34 Y J dales
Hj yded ¢ © Hts yj dzlstcOd
Otz tc d

b CtEmistcd ydzo L HiSO ) dzt W'
Y d dzls tc @rlz! defz

c LORdMmdzed 2

d JWjShkafdfdapy®@j Isd dzlz  (
LW Edklss OtkOkk

di o d ik O fids dage dy@ls
Odkjlstc oL lsw @ dzlzls s

h Ot @ fis dzt

d, H'
fo 8 ydz' Mmls!

foo G5 s )3 O I8 1§ dStis dziz

Bj Y8 &L dzO

fo f ot Clsdzj L dzO ik tzdel

fomn M4 H d2Y B ydz' Mlds'™ 6B J

frge BB L t60OR Z2dzC 50 A" J Wzjds
esLh Oz®@dztiey Odets G 15
i sdz' @ RR thber reinforcedpolymer)

fuw(R) € e Oded Yydz© 3" ydz' fMls
FRPts B j tc dzidd®B € ts5 dztstc GrHIZ st
R, odtOL (A. 25)

f, M toj Hdz d telzZDdadjfadzny ts i
LO toL tcOR zdzC 53

fotletL tOR £ deOE Y fedz” ¢ te O
Otc BOI§ Wt s 0 Y3k tsdzO) to

fo 6L t60R £ dEDE g @t j\S
fls '@ fgds B h do € d

f GEOdd Yyw I5j CEYsmls'
(OOt O fMmisdmdklso

h odmEb®jtej ydeses 1§ J t6,

b width of steel straps in steel jacket

b, and h, dimension of confined concret
core to the centreline of the hoop

b centeline spacing of longitudinal bars

Cc concrete cover to reinforcement

d effective depth of section (depth to t
tension reinforcement)

di depth to the compression reinfencent

d,. diameter of tension reinforcement

f. concrete compressive strength (MPa)

c

f.. confined concrete strength
f;, design value of concrete strength
f.m concrete mean tensile strength

frqe design value of FRP (fibreeinforced
polymer) effective debating strength

fw (R ultimate strength of FRP she

wrapped around corner with radiRs ex-
pression (A.25)

f, estimated mean value of steel yie

strength

f,, design value of yield strength olbgi-
tudinal) reinforcement

f,, design value of yield strength jack

steel

yid

f,w Yield stress of transverse or comfment
reinforcement

h depth of crossection



ko = 1.5@2- w; /s )/(1+w; /1003 € 5§ W-
‘Cdzls f 8§ s dzs lRRPEHc di3ts 9 ¢
otizts € QHpdigz ¢ / dzd fls * o

nudmdzs Mistedy disd CA@K
Of s §J tpdd ek

p HS9o ) ddzO0 dz' dzdtf | tff Jiidiefta
dzd EkZLHBo Y o dzlzlstc’ M
Hdz/ QO Isztcd

nfstEzis ) dels tc O dz! dz'

s CtesS R dkE] B d alydEm
G5 o fs Ozt & dztygy dzls to Oz, d
Hdzw  d2dLfy lsF RP

tt stso h d dzO'L FRE () Is @' zdg)jtdaitds
s e s dsthis ¢ dz

s Cs ¢

t ssoh qiz0 MisOdzj o s’

, 58

x oMl Misdmdkzls s’

w N dteddzO fdstad-HF (i dgls &
Otcd@zs ¢ 5 o §§ dzts € dzts B

L &

Zz Hs9 Y d dzO 9 dzlzjlsy O dff jtste jtc
A fizsh O ]t ydaktE dzd

A=t dvginp f dzsh © cBtedL sdzls

f s j toj ydzts chisds A KD
ko h quzs ¥h d oo deSts 6

Afdsh0 (s, ydtods
ydz' 5 flaigodsjbotgsl O

A, dzsh O (st jtej ydztdss t®

E, 5sHbEdz FRPEHCEL o) ol fs-
¢ Stizs € gt &3

L, =M/V H' dzv dg¢ © MY tf dgf g ¢
fpd dd@) Iststey’ § dzj B4 dals

N sf 500 MddkO (§ L det
dzv )

K,

4

X

Wi

z

ftpdou-p HNI19983: 201 m

= /152- w; /s )/(L+w, /100mm) covering

coefficient of FRP (fibreeinforced pl-
ymer) strips/sheet

number of spliced bars along peet@r p

length of perimeter line in columna®n
along the inside of longitudihateel

centreline spacing of stirrups

centreline spacing of FRP (fibre
reinforced polymer) strips{w; for FRP
sheets)

thickness of FRP (fibreeinforced pay-
mer) sheet

thickness of steel jacket

compression zone depth

width of FRP (fibrereinforced plymer)
strip/sheet

length of section internal lever arm

A, column crosssection area

A

=t, @, Ginp horizontally projected cross

section area of FRP (fibneinforced pl-
ymer) strip/sheet with thickness, width

w, and angleb

A, crosssectional area of longitudinal ste

reinforcement

A,, crosssectional area of stirrup

E

Ly

N

FRP (fibrereinforced polymer) mdulus

=M /V shear span at member end

axial force (positive for compression)

5
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Vee @37 Yy dz' Mls!
tedlzO L Mo

Vemae B3° U dz' Mgz p ddg@BJ 10zl G Lz
ttsL HOo dzj dzdgv 8 s f fy¢
L ¢

J iz dzy &eis B0

V, 9 dzj MsC 4 jtej ydats’
dzOm o

a S w' y' " odzls Jlvdg ) dzg dee
dw @ amkz)

Oy SBJW Yy " dzs, hts f jote
o ddzded = MJ 2 Md3" ydzd =
1,0 dzv  aEgfsAc dij 2 3" ydz

s UOMIs CGste W' mtizv dalsts L h
FRP(f sdz' d3j ez, Otcdts)o C

dCkls o3 tydz@ dzas o '

e, CtcOdztfi yeB tcdZOY' v B Is

e, G 6 O dzdi | dz® tc BRPY ¥ dz' o3 ¢

BEAS ¢ 5 o B dzts € dzts o
& G 6@PUedzO H J W sds@EORYC dff -
dzj dzdz"

g Skls ddz@% d f dziz Is 86t 5 LL dsQie
zO Lt L

g, 5B § tels Odzdz(fyls f 5tz k& T to
f zOMmisd ydz 2 HJ W stedC
B dzls iz

9, G tOdzd ydzj
J dzj 43§ dals iz

vV =N/bOd, (b " d te gt ) dzlzsigtes]’

tsB j tols O dzdz"

re SBd W g @tz o9 H' O&e

9 O dzdz'

ro 58" § WdzS 5 j WFRRY( 8 Ealkztsiet
Otc i3z o O dzgte S oz

Vi Shear resistance of member without w
reinforcement

Vemax Shear resistance as detereun by

crushing in the diagonal compressi
strut

V,, contribution of transverse reinfament

to shear resistance

a confinement effectiveness factor

g, factor, greater than 1,0 for prary ses-
mic and equal to 1,0 for secondarysse
mic elements

gy partial factor for FRP (fibreeinforced
polymer) debonding

d angle between the diagonal and this @f
a column

e, concree ultimate strain

e, FRP (fibrereinforced polymer) uitmate

strain

e, Uultimate strain of confinement rei
forcement

g strut inclination angle in shear design

g, chod rotation at yielding of concret
member

g, ultimate chord rotation of concrete me
ber

v =N/bG O (b width of compression zone

rq steel ratio of digonal reinforcement

r. volumetric ratio of FRP (fibre@einforced
polymer)



r. Gjdjstedydzd 2l Ads j S

skt
o =AU, S W Yyt dals s
o5’ OtdkObbktied, § O®C(

dz0 9 O dzls Oy § wWARAs d5Eels

Fo SBIW' Y OCHREz dimdsty dzf
Otc sz o O dzdz®

sB' d AdsJ ¥ ' QeQidsted f)-
dzj dzdz"

r

sSw

ro, €4 W W's'ydelde | Y detsdgtzg Ote
j, GtodzdQuteaPeo d L d&zO £ Iststec

Gedo dL dz®  dzOMls d ysdats
ssteyv § jtejlsd dzk

Iy

W § s % Qs tziphk o 2 ¢ Bid dyiiia
v ttlds 5 fls d iy dzte

ftpdou-p HNI19983: 201 m

rs geometric steel ratio

I« =A, /b, G5, ratio of transverse steebip
allel to directionx of loading(s, stirrup
spacing)

ro total longitudinal reinforcementtio

volumetric ratio of confinement nei
forcement

r

sSw

r., transverse reinforcementtia

w

/. ultimate curvature at end section

J, Yield curvature at end section

w,wi mechanical reinforcement ratio ofnte
sion and compression reinfement

1.6.3¢ d dzo sWAP,d € st d s s iy - 1.6.3Symbols used in AnnexB

HOICEZ |

b, " Jted dzO dzdMmisO tBh do
by " dteddzO f sdzd y®

d. " d te dSdEizts dzd

d,o " HiNlsOdz' 3 )L SR ddgOk

e o' HMisOdz ddjday B O iptsy

pjtendz ¥ Cfsdztsdzd

fo dd ydz' Mls! B jIstsdez dzO
fo & ydz' Mis! B stsdzz  dzO
fw @3 ydz' s L o Otcdzdr N

foun GOy ytsmis® f Gstizj

f,o O2fs d3' dz@idm Codmf 2 &z yis fiyls

b, width of the cover plate

b, flange width

d, column depth

d, paneizone depth between continuity plat

e distance between the plastic hingedahe
column face

f. concrete compressive strength
f.. tensile strength of the concrete
f.n tensile strength of the welds

f,wn yield strength of transverse néorcement

f,, nominal yield strength of each flange

7
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f sddy’

l,, H B9 Y dag@izOH ¢ d
t,, ssoh dz@OdzOH ¢ d
tt Istseoh ddzO

t,, lstoh ifdk0dzS d

w, "dieddzO L sded § Odzj tz-
dzts dzd

A LOGOd dO §dzsh O §jts

Ay § dztsb @ fistiztsf dad y

Ay fdzsh O Sydts’ §sdzdy

B.h dqioddaPs M sects MmilsOdz' d
L“ H dz0 dzdzv

w

B h ( tc diyifQzOH j dets G s 1 j to ]

E dssHkzdzr Sdzc O BOdS d

EgdsHEZdzr ftelydatsmls® L C

Fo Md 2 Md3" YdzO
N stkHd

H o dfslsO tOdd

¢ tsto d L tisfigzt

H, odsls0 o jeilk O

K, ¥yt L 'dz@BdzQuisdd dz
| s d3 dzls * dzgj tey’
Lftesdz s B OdS d

Mppra § dZOMIs d yded 2 d3ts d3d dals

Ny {tetsj Clsdz® &) s O fd

N, G t6 O dis{jyWlz s fiplsts *  fipls’ Ovdz,

l., length of the cover plate

t,, thickness of the cover plate

t; thickness
t,, web thickness

w, paneizone width between column flange

A, gross area of the section

A, area of the haunch flange

area of each flange

A

B, width of the seel flatbar brace

B width of the composite section
E Young's modulus of the beam

Eg elastic modulus of the RC (reinforcednec
crete) panel

F, seismic base shea

H frame height

H. storey height of the frame

K, connection rotation stiffness

I moment of inertia
L beam span
Mrs bEAm plastic moment

N, design axial

N, yield strength of the steel brace
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S, 3z dzls  wf{fj tetg Hsed@idiAGds alz( S, beam elastic (major) modulus
dzd)? ez dz' 2

T, stso h ddzO f Odzj dz' T, thickness of the panel

Vorap L BN 28 YO Md z@&EEO e Vv, .4, shear force at a beam plastic hinge

tB Odz$ d
Z, § &zOMmls dhasdd]] azls g thetg el - z, plastic modulus of the beam
az¢
Z, 4 Wi ClsdtpaAfls ddasadsfj2zls z, effective plastic modulus of thed®n at
fJtejIsddyf dizls dzy dgtyjc g ! the plastic hinge location
r, S d Wty fzs) e daeddr r,, ratio of transverse reinforcement
1.7 JHddedy' wuw 1.7 S.1. Units

(1) 1 sMd dzO dzdzw tets B d | (1) Reference is made to EI9981: 2004,1.7.
EN 19981:2004,1.7.

2 rsulfuvodudAwsl w R J R 2 PERFORMANCE REQUIREMENTS
St RU [ ww Wwwr{lafvlw AND COMPLIANCE CRITERIA
2.1 [Mmdzseodz’ oddised 2.1 Fundamental requirements

(1) ihdzs e dgdzs 6 d o ° H ddtpldn® (1)P The fundamentaéquirements refer to th
f sh CtsH Y J dzdaw C sifiak)ls @ dz< state of damage in the structure, herein defi
odL dz®@wls  lanw ! t51d3©0 def{dgicEzs @43 through three Lmit States (LS), namely Ne
(LS), © MmMQddd:d 2HSH Iz 2 dzlz © D@z Collapse (NC), Signitant Damage (SD), an
i tolf OdsfsA sh CxsHAZHESD) |, f t6 f{B - Damage Limigtion (DL) These Limit State:
B NG Rsh € sHRj(Ok)EY A 1 shall be cheacterised as follows:

s Odzd f tse d dzdz' nOtOC -

dzts d3:

| 6Oded wtiz@ @z dzd L * ¢ d &2 dalam LS of Near Collapse (NC)The structure is
(NO.ssdzmistez¢ y* w Mmd dz' dgtd heavily damaged, with low residual latel
dzd L ' LSCzd 2 @3t ay dz” M ls) s te'f Is § strength and sfifiess, although vertical el
CGtcdL sdzls O,dz de] 2 H g dz¥ y ¢ ments are still capable of sustaining verti
o Jtelsd ¢ Qdegjdezls dJ dp fig P Is diz'l$ t loads. Most nosstructural compnents have
i Olsd o jtelsd S Odz' dg dzO collapsed. Large permanent drifts are pres
dzj dzj fptg g dzj d3j dzls * © G ts daf)- The structure is near collapse and wouldbpr

o Odz' . lted Mizls dz' 9 J dzd € ably not survive another earthquake, even
stsdzmistc iz Ctwy 'dus + s @rdlz’'B dzd L moderatertensity.
HEtS tolz?2 dzz 9 Odzdz” , - 2 &

sHdtcts @kl dGdzOlsts Is ! w g h
mMdedz Mis' BEH] § tsd3 tcdzt

| tOded aii@fetc d | O a8 BdsAH yH&i LS of Significant Damage (SDJhe struture

(SD.s sdzfilstedB@'y ' & O G s ' i is significantly damaged, with some residt

HJWwWCtss L Odzdh Ctsets¥ 3 & lateral strength and stiffness, and vertica- ¢
9
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CGisted L tsdzls O,d0ade tcds d f§ Pdiz' dz ments are capable of sustaining vertical loe
LHOBdstcd dizz g ©Is d ¢ O dzlks @zHzj Non-structural components are damagett;
dzv . ( dzfzfsiziddtstefu d = € tfdiEip |l houghpartitions and infills have not failed eu

CBHY jJd&' , dzai HJo dzvmytd M7 of-plane. Moderate permanent drifts aree
L Of tso dzj daiipls d dizf ) 'Lfigep s5° °  sent. The structure can sustain affbocks of
] tod i dsd’ L@z M C 59 H J W moderatentensity. The structure is likely to k
MtezCy" " w dsyJ o dIsted d3( unemnomic to repair.

f sd3' tcdets’ " dals j dzfyd o datS fy

2diso " todzts . dif B@aY Odigfjdy L

Is 5y &eflz .1

| cOdzd wldzg @ tcdB dfj » ¢ ey @t LS of Damage Limitation (DL)The struture
) J dZEDPL). s sdgflstez € y* w f ts!is only lightly damaged, with structuraleel
Ld&zj ¢ ¢ 0O, i ted Yy sdi3kz 4 ments prevented from significant yiglg and
Fded C dzgz dzd * Mistsls dzgts”’ ff d retaining their strength and $tiEss properties
LBjt" cO8 Is! Mo ts¥ 3] 1) dzt Nonstructural compnents, such as partitior
Mz wuzj i3 dzlsd ¢ ts dzfiylsttc HASCjud § and infills, may show distributed cracking, k
¢cd L Of 59 dzjdstadzte(fs L tiddtsp the damage could be @womically repaired.
tesLiIstc’ MC zo Odade™ ,ff s OCzff H Permanent drifts are negligible. The structu
B J Blzlsd odf ttO®oe H Odzj does not need any repair measures.

L stolz. 1 PO BEzo O Hyj-

dzMs fmvizj iz IsdsO datksr . s ts dzfmdf 4

BOG O I3 @deghdzdaf 5 toj d3ts

t R wulsdhL dzO y jteddodsd wiz® ddz 2 dztize NOTE The definition of the Limit State of Collapsevgi
Jtodo jeH jH@@MBJddz 3 | o tetsC 1 en in this Part 3 of Eurocode 8 is so to the actua
Cldudese s tolz2 dzz & P daflttsj B Afpls collapse of the building than the onieen in EN 1998

fls © d2N 098%1:2004 9 ' H fftdoo' dat 1:2004 and corresponds to the fullest exgtmh of the
to d frplsj Ndisiis 3OLYH @ leiztsts fls © j « defonnation capacity of the structural elements. -
CY odetp QWA d 2 o ' a ftgdOdigl Limit State associated with the "no collapse” regu
dzts' 0 odzdMIsENdBOB12RB04  ‘dB dzde. ment in EN19981:2004 is roughly equivalent to th
9 0 dfj wirstozd 6figs daf@ y jlsdiz |sa@tzd @y & one that is here defineds Limit State of $jnificant

Ofdtc d | O ey dgdstH »hj dzdzw Damage.

—

&=§
© O

s
tclz
z2

9

Tor 3o
"oy ma

(2)1t 1 Oy’ sdzOdz! dz'= 9 @detc (2)P The National Authorities decide whetr
o' h jdegdgw ftets Isg, ud Y all three Limit States shall be checked, or t
Is toyde O dzdtilgd®@'ded, Ho O L dzd ofthem, or just one of them.

wulsdos [tot® dzd wlzd@ @z’ o f j toj 8 NOTE The choice of the Limit States will be checked
0’ dz g QedizcH wdtisfikiz' e, © d a country, among thé¢hree Limit Staés defined in
s1(1yg" Bsy dzO@ L dzO 2 sts[- 2.1(1)P, may be found in the National Annex.

1 ftso ' Hdz ts* ® ¢ (3)P The appropriate levels of protection :
Sd3 o d B GkizOdzq B> achieved by selecting, for each of the Lir
SHE f§tolstste]j dzdz¥ | States, a return period for the seismic action

e’ sHd f 59 lststaf)ézdzls . NOTE The return periods ascribed to theivas Limit
L Edzd wlE@AZO d3f © HdsY ¢ Py’ States to be checked in a country may be found ir
df Q0" 7 dzO d3 dzQ20syf talzOdts HER National Annex. The protection northa considered
N d Y02 dets o9 O O Is* MW  zppropriate for ordinary new buildings is considerec
odn BRH' 8 jd , &AMk fifd@E] be achieved by selecting the following values for
fiteH " o jarze Istste return periods:
T Jte Odzd wikz@ dlzdzd L * Stdf D dzlr B Rupd75 7 |S of Near Collapse (NC2475 years, aoesponding
sC o, Nt o' Hftse' HO' 8" 16 toa probability of exceedance of 2% in 50 years
f owlashiz0 tesC ' o

10
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T (e Oded wz@Petcd | Oy dostH yRji(BBz T LS of Significant Damage (SD}#75 years, corre
475 t©s¢'e9, hts o' Hfse' HO' sponding to a probability of exceedance of 10% in
% fwdds 50 tsC' oo years

T Jtc Oded UL tc I B dfj ydirtias h € tsH YR} T LS of Damage Limitation (DLP25 years, correspdn
(DL): 225 ¢’ 9, hts o 'j ket Bdf- ing to a proballity of exceedance of 20% in 50 years.
ze 20 % fwslbwesd 50 st

2.2 stdlsjt’ ™ o' HY 9" F 2.2 Compliance criteria

2211 OcO0Odz dz' 9 HBsBBMIs' 2.2.1General

(1)t Il " HY B9 ' Hdz MIEBYH 3 (1)P Compliance with the requirements 2nl
GO s mMw h dzwotsd3 kr- o Odz is achieved by adoption of the seismic acti
ok, dgtsw@YZdelip " taiC] 5 © method of analysis, verification and detaili
Codzmistc iz, d @ dedzgs O dgdzls Y O procedures contained in this part BN 1998,
dz@c IsEN 1998 w &y j Y dgweflsts H dz as appropriate for the different structural exe
CodmstczC y' 2 dzdrn 3O IEJ - rials within its scope (i.e. concrete, steeh-n
tc d ) ls ¢ dsda"si lsia8 j Idzts dz 1) Is Qudidst sonry).

¢ daq@).

(2)© oddwiIsCtsd3 o d{§ OHEE- (2P Except when using the - factor a-
Wyt dzls O Eagizs'oH titotdses tsystf ) proach, compliance is checked by making |
oW ‘ Iso dirfWis te d M6 © alzdigs agixizd ¥5 4 of the full (unreduced, elastic) seismic acti
Gt oz dymg dhtz' Y dets 6 51R2.4 A& as defired in 2.1 and 4.2 for the gpropriate
Hdalz] SB -~ ' fH]dES tfidsiolds ts te & .0 O ¢k return period.

(3)tedg j od W CTE@ANIste z< Is ddz- (3)P For the verification of the structuraleel
s ‘totsB d I8! V3" dzdz fids+ O IsdZzd> ments a distinction is made between ‘duct
CtodrCdM@dzj] o d¢ sted Misé and 'brittle’ ones. Except whersing the q-

Yyt odzls Iz d3tg,ds tiftadssettdsHdd jistetgfs factor approach, the former shall be verified
CBsetydejt dhadzf dss ¢ d HES checking thademands do not exceed the
Cy'RH J W s tc d3ts.os@alz df JSIB fs & I8¢ responding capdties in terms of deformation
‘st gy dai ¢ J tcg § dgfsdg e usdz The latter shall be verified by checking tt
CodmlstelzC y' 2 demands do not exceed the correspondang

padties in terms of strengths.

1t Rf wusupdel stedsOy "' & s ¢ & NOTE Information for classifying  comp
Bjdals' 9/ dBj mOde' L B o w G ¢ f t nents/nieclianisinssa"ductile” or "brittle" may be founc
Bsy dz0 L dz02 Isd [ B H © Isis BRas OHiklir in the relevant materiaklated Anexes.

4)s o d3,ts'sreds’ & d € s te s @Vc (4)P Alternatively, aq - factor approach ma
‘dels O kZdits @ d3te s de@ IS @ tc d fyls be used, where use is made of a seismic ac
sQagjnd 2 Md3' waE) daA v Hsts iy~ reduced by aq - factor, as indicated iA.2(3)P.
Gy Y!' seBkz§wB WL QLar@i])) In safety verifications all stictural elements
P.1lted)’ tsfslsIs tc ' g detg o o g iyl shall be verified by checking that demands (
stclzCIsd o dz' dz@ ¢ 63y dztiztd cAP - to the reduced seismic action do not exceed
nlzdets 3 dzh fnde@ Iz’ ydzd Bz p - corresponding capacities in terms of streng
tcj o dh oo Gdfdtsdyts cdm tisfiglidi§' Is evaluated in accordance with)P.

Y Pl ydpttdids ‘e On s Odg' H &

f &z dzqSphz

(5) tetbsL tc Ondzjd§ Gt~ f A& (5)P For the calculation of the capacities
Is dzd 901’3"’!‘.‘3 tednmCdna Jlsd®)dgikip dzlsl ductile or bittle elements, where these will t

11
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BHEIs!  tstel o olzf & 38 j compared with demands for safety vesfic
cC@®d L JCd o' (B)Pmmd)Pds- tions in accordance witfB)P and (4)P, mean
Istc' ®dits tstc d fnlskshy dzte OHs @fyj jddz value properties of the existingatarials shall
n Ot OC Is | tdfdedssd3fdsni to ' O=lis t®@ be used as directly obtained framsitu tests
Lo df tetsBiztePaiz H j dzdz'  &tsfigls and from the additional sources ofarmation,
StclzCdg@z@2 H Odzy d wI BE® d =+ appropriately dvided by the confidence facto
CdaW s te, d3 Ofy tizpddel s jyW ‘ delssd ©  defined in 3.5 accounting for the level o
2 dBse " todzBfipls ‘o d L deB.5 Ot IkAs knowledge attained. Nominal properties st
9 O dzdzOdizts @ s 0 datz ts tc B3O Is ¢ ozt be used for new or added materials.

dztso dH tsH Ols WIOds@ Actf ©ldAs ‘ocB -

C sted liglOndatf 3" dzD @rtc @S Is § ..o d

(6ytiwC¢ MmdakzsCusdemiIstc iz € Is ¢ & (6)P Some of the existing structuraleeients
dzls d3ts 3 dz@ Lydf@'ck'H .oz 6 s gy R & may be designated asetondary semic”, in
ydzl ¢ " Hdets L o afd2d@)R (R)d4&)" accordance  with  the  definitions |
EN 19981: 2004. "I tocz ¢ ts tefty judd) &3 EN 19981: 2004, 4.2.2 (1)P, (2) and (3).
J dzj dzjfipeistd toj © L ®VW Isidfs §f Wsdgt "Secondary semic" elements shall be verifie
NJdCtedlsj te' ~ o oW CH'E Ig dzfsigddz with the same compliance criteria as primi
fry dgpiz”. seismic ones, but using less conservative ¢
mates of their cagrity than for the element
consdered as "primary seismic".

(7P tedetsL cOndzg'da§ d2€ igld = S - (7)P In the calculation of strength capaes of

dzts o dpdj -2 M d3’ juddgddg] aiZls\ dedz@bs brittle "primary seismic" elements, mater
tc ' Qfdrds tc o dzts ' dedff s df © O EHz[ t strengths shall be divided by the partial fac
Yy ‘ylElsse s BOIsj o' Odzkz of the material.

1t RS wulsitdzd udicrde O9stHz % ° yH ddn@@ls NOTE The values ascribed to thpartial factors for
dz' B | Is sWUdzdzM s tc £ Mis P&Ags v dzts®  IsX steel, concrete, structural steel masonry and otheg-n
" dzh B Is | teH AU Gy ts O dzliz dzC te 3 Is 8zl rials for use in a country can be found in the Natio
By dz@ZO0 3Gy’ 5 dzO[as wBiE 2y ! & Annex to this standard. Notes to clause4(3),

HOtEtod d&3' IS¢ OR 5SHRE((I)fUE)S7.168 6.1.3(1) 7.1.3(1)and9.6(3)in EN 1998 1; 2004 refer to
(1) ' 9.6 (3) 8 EN19981: 2004H O dz' ff =dg@ gefer the values of artial factors for steel, concrete, structu
yd afdted o OB tzf % ' yn dzigidsOmlz] Is SCdadirlz steel and masonry to be used for the design of

StclzCIlsdEs@E O’ ¢ dBHECWU d ¢ tsteld f buildings in different contries.

b lst Mt tetsy C Is Has® @@ * o (¢ 'dz dzd =

dzQ A

2.2.2 | 6t Odzd ywsdRdzdzd L * € d & 2 2.2.2 Limit State of Near Collapse (NC)

dizo O dzddét ) (
(1) dststgtsflo d dzdz G tedz@zlis®d (1)P Demands shall be based on the des
nlzdzC s d3’ ydets Bli€ P fHdfc seismic action relevant to this Linfstate. For

HO ‘H O dzty| BB dzddyiaidis® dplzdzy s H @ ¢ ductile and brittle elementsechands shall be

dE6nCdnr J dziddiimdtsf deO y ( evaluated based on the results of the anal

Mzl tc O EdRESH ¢ stcd Mmis If a linear method of analysis is used, dema

" dz' izdses L to O iz HaCdlizts ¢ « on brittle elements shall be modified in aoto

d~ G dzj dsjetfias o d dzbizls,dd3z' dzj ance tod.5.1(1)P.
‘HY s9 ' HM4ESIEP. L

dzd o Sstdndzf) Is tatfizt€ ayd aldfid « (2)P Capacities shall be based appopriately

(2) 5
YOls g #g'© dzd widgdhogofmd3 W dgcfi dolsfo defined ultimate deformations for ductileeel
J dzj o3j dzle Oalzd ydaets® € dg'd § & ments and on ultimate strengths for brit

qQ—
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34 dals * o ones.

31 " HAR" H, Ldgandidiste Ot Pt (3) The g-factor approach (se€.21(4)P,
‘qds @ 2.2.1(4)P, 4.2(3) P) L Ody®dE]j 4.2(3)P) is generally not suitable for clgag

ftcd HOisdaff 2tc j of ¢ Ldisf7 tc © dztf 1 this Limit State.

d3 s O.dz

11 RS wusdpO y jdzti®d 2,0,4 tc d adgoH jlz dz¢ NOTE The values off = 1,5 and 2,Quoted in4.2(3P
42(3)t H A s dznls tc LCOY' AL S'ENiISIPsttA 4 for reinforced concrete and steel stures, respectively
9 ' HOEDY d hdzO y J gladie ) dzéb 8 © tdslz @4 as well as the higher values @possibly justified with
L 5 d dzQir@ddn digz dzts| &2 O dgf cdelzts B Offdadiifadl reference to theotal and global available ductility i
Isd ydz mls: B 3 Hoftsas MHsdats a O B accordance with  the relevant  provisions

H O tcHNI19981:20049 ' H Y So b ¢ O dePiciialilz EN 19981: 2004, orrespond to fulfilment of the Sighi
Y dzswestO dzic 1 Ole tsuze{ 8 H %. L Gduzd g - icant Damage Limit State. If it is chosen to use tipis
@' Is: Mw Y itejo 6 O Jfded Ly t€@& proach to check the Near Collapse Limit State, t
I 22 dzlz 9 1©tilgdatlzQ © fiidsas@i I dz2.253 (3) 1, 2.2.3(3P may be applied, with a value of the factor
fted vy! sz o j dzd yatidgOefichd jdi@al exceeling those iMd.2(3P by about onhird.

dzve, S O Lo @ tztz%.5(3) 1,1 o8 dz wWzlz@ H dzlacd 4

diz.

2.2.3) 6 Odzd ywlsdoAfztcd 1 O Wd3c 2.23 Limit State of Significant Damage (SD)
C BSH)Y jrdsl)

l dissecd  tseo d dzdz' ( (1)P Demands shall be based on the de
J 2 Mds" yde'tsd "HuABLQ tc ¢ seismic action relevant to this Limit State. F
IsOdzlz. § dz@Ayls d" y dzf & d ductile and brittle elementseghands shall be
J dzls ' o wafdflpE(cl @ WndzC evaluated based on the results of the anal
SO ' ' wHL WL BWRBY < In case a linear method ohalysis is used
dz' dz' dz' B dzts ¢ o td® demands on brittle elements shall be modit
d H S Ctedma & dn J dzj in accordance tal.5.1()P.

dzj dz° o "4bfl(B)p . H dzts H t

N QFT g

1 O oddav IsC Stz W 'd§' (2P Except when using thg - factor -

“ad ¢ s tc dahds Qirddavipogyfdz] proach, capacities shall be based omaige

Is z atz®s ff dgdf  § gz@B@y §f & related deformations for ductileestents and
H Y JH a0 my Is dj iz ddd€ on conservatively estimated stgths for bri-

Y d3tlz Bzts i O] O fy tzfztc d = tle ones.

J dzls' o

e

( dStstedfls @detzizts § W °  (3)P In theq - factor approach (se221 (4)P,
gH d 8.2.1(4)P,4.2(3)P) o d i3t asch d dzd 4.2 (3)P), demands shall be based on the
Is fdn dzts ed@@iztzd % J G 3k d3° y dits duced seismic action and capacities shall
9,0iRB Y dzd dfts i ¢ dedz'L tc O ~(fB)IVEL evaluated as for neseismic design siations.

Hds) MJ 2 Mgy de@n ZigetGhd & -

224 ) 6 Odzd yedg @ df tcd B B4 >dJ= 2.24 Limit State of Damage Limitation (DL)
1tsh € tsHdgY k)

(1)t Jlddsed ¢ tse ddzdz ( (1)P Demands shall be based on the de:
dz' 2 fj 2 Mddh fuzd 2 H @Bz © - seismic action relevant to this Limit State

ded udgisls O dzlz .

(2NtO o dddf Isk &sidzH b f s ® d (2)P Except when using thg - factor a-
Csj W' 1 dstigled@| off tasfpla] dzdz® O ¢ proach, capacities shall be based on y
13
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Is d figz@z"  dztf I9dsj' ¢ 2 \piglildsj * teH 2 strengths for all structural elements, botled
o ) ‘Chs dzf Is tc Iz C(Isdf jofrglifpbdr F gz d tile and brittle. Capacities of i shall be
i sl o frtcd -.§ 6y dzd aLs@lsts © based on mean interstorey drift caipador the
i so d dzdz' ¢ tcdz@glg oy @Rdaf) I uts infills.

ol @ HEts f | to jHEBIDSS dz'dz]

3) tetf ' HAHw'J S tste difidsiGidzde (3)P In theq - factor approach (se221(4)P,
Hd 221014, 4.2(3)P) 9 d dizEsc@ts yJd& 4.2(3)P), demands and capacities shall
sz s tc’ o dztk ® O lir]tj tc J H dz! compared in terms of mean interstorey drift.
ey se j e gaed A" N j dat .

A Awe 71 crR wfukdwl 3 INFORMATION FOR STRUCTURAL
H U A we

(
q
9
Y
3 w
s | ASSESSMENT
3.

dz' dzO@ ' dgW¥ tstc d&30 3.1 General information and history

1 sy’ dzy' md 2 Md3s f (1)P In assessing the earthquaksistance of
Cy' 2, 9n  HdZ | existing structures, the input data shall bé «
¢ dz Cryfipls ‘y dH X J lected from a variety of sources, including:

i dzz H 5€ & dg§ tzls ®adpk i available documentation specific to t
JzH " 9 dz' building in question,

To'Hf B9 " HdZ Isd §z81t tc d Hc T relevant generidata sources (e.g. conteoag
Yyomdd diz@ ' MmiIsOdzH Otels d ) rary codes and standards),

i sdz' tfpdz’ HHYtg) dzdzv i field investigations and,

foB " dzr h sfis’, dz® gf tf @ @oIScsg € T in most cases, igitu and/or laboraton
o Odzliz®/ GO gt tcts B B ‘Odizdzy Is O ¢ measurements and tests, as described in n
9 d¢C zo@B.2 &4 detail in 3.2and3.4.

(2)} B9 d dzdz' BlzlWd tcg o g d3@ (2) Crosschecks should be made between
tcC g ¥ ' BtcOdzd dzdL HE drdeid§fcfle data collectedrom different sources to min
Hdfs' dz' didzd AL d&zOyJ detsls § mise uncertainties.

320 4 sB R ' HiHz HOGEdZ' H 3.2Required input data

1) 1 y' azsdiiz, © dgtigs mdz (1) In general, the information for structl
H Ols detisfigdd'ls tsl2 & 'dZ2® My Is i #Cdz evaluation should cover the following poir
do) M ts from a) to i).

Y Hj dzlsd % sUgNs'tez € Is d o Iz Q Identification of the structural system and
‘"HYf se ' HdzsMlis 'tcj ¢ Wztday s jddi its compliance with the regularity criteria

EN 19981: 2004,4.2.3 wdzW tstc d3®  tc'© EN 19981:2004, 4.2.3. The information
Ofstcg d Mz o O A2 H O dzy @E should be collected either from on site inve:
Ctcj Mdzj de@pztfdctts j s & ts cdidW- gation or from original design drawings,

dzts Mists M ls O dzdz' s d3ls O & i tf @ & € available. In this latter cas information on
v da stc i@y 'Y d3s & dedlamndsidic 1 possible stratural changes since constructi
dzed =  di3fndzy L OC ' dzyJ.dzdz¥ should also be colléed.

(
L
Is
O]
)

b) wHj dzlsd W '8 zCay O3] szt o b) Identification of the type of building found

14
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tions.

C) WH j dzls d # s&RG' Wzteits © dzC ¢) Identification of the ground conditions
C OyG " HirpisO dArE®I £9981:2004,3.1 categorised in ENL9981: 2004,3.1

d) wdzW stedzOy ' v {f tc s diglde d) Information about theoverall dimeaisions
s jted ydesets  J 6 Isd dzz and crosssectional properties of the buildir
SOCtsY o3 ~ Odz' yded » ofik@k elements and the mechanical properties
Hsodf@Is j'tled Odz condition of constituent aterials.

J) wdW stedzOy' v f tetsWCHE 1 e) Information about identifiable materiaé-d
Stc® Bdzts o dL 'dzO Yz O 5 2l I® fects and inadequate detailing.
o O dzdzv

f) wdaW stedzEOyYy' W f tes € t6d- f) Information on the seismidesign crieria
skzo Odzdzv , o d ¢ & daPfigl©FMzBZ used for the initial design, including the val
Stz Odgdzv o ¢ dz¢ qQudzaddid dzlz € of the force reduction factog(¢ factor), if -
L d3 dzh j§ tzlipdCdis j W ' ap) | dzlRCshe plicable.

Bts ) d@f ldzee O Is

0 J {lints dzts cLEO 2O dfsBotO dgtc g) Description of the present and/or t
tcd MisOdzdz?" BEZH' 9 dz" (L ' planned use of the building (with identdtton
9 Hfteo ' HOdz! desfils® , WwC of its importance class, as described
EN 19981:2004,4.2.5. EN 19981: 2004,4.2.5).

h) l solststedzO®O By’ dz€ © th) Reassessment of imposed actions tak
P& ko Odzdzy d3 o d € tstcd fls O dz into account the use of the building.

) wdgW stedzOy ' W ff to o ydg'd ¢ i) Information about the type and extent
fslssydetsets f tsh C s H yd3jHE previous and present structural damage, if ¢
CedmlsczC y' 2, i tod ¥ @€ - including earlier repair measures.

tOde' "j fteso jHjddskzOnt

(2)t 1 0Odzj y detsv Co'" findia 'ts wze (2)P Depending othe amount and quality ¢
L' BteOdzts’ o HEkdSdPn, 1the information collected on the points abo
ftod 2 dgV' lsidf sled i diz’ O'dzO " © + different types of analysis andfféirent values
Yy dedzv Ctsj W' y' * dzls’ @ Htof the confidence factors shall be adopted.
i zdz8.8 " indicated in3.3,

33t 'jdz ' dzW sted3OIlsd o detsfyls® 3.3 Knowledge levels

3.3.1 ] dL dzO'ygetizizts i3@1Is 8 3.3.1 Definition of knowledge levels

(1) 71 dzvi te 2 dsdinidficiests tc O - (1) Forthe purpose of choosing the adsilble
' 9 ' HY tso ' H dedsn ¥ L deOuglild type of analysis and the appragie confidence
o' tesE ' HdzsMiIs'  ofQ iz factor values, the following three knowled:
Cdal stodg® g levels are defined:

sLl: [ B @&jdehjtslac di3OIs d o dz' Ml KL1: Limited knowledge

sL2:) o d y@D¥alztstc d30OIs d o dz' M ls KL2: Normal knowledge

15
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sL3: 10 dztlas te 3OIsd o dz' mis! KL3: Full knowledge

(2) vy ddzded ¢ O3], hts o dL (2) The factors determining the @ppriate
tc' o J de¥ tstc 3O Is(dloaddds [Z5s © knowledge level (i.e. KL1, KL2 or KL3) are:

sL3) ,wvsdndz dzOMmiskzyd dz' :

) ¢ J sBd3d: Is teG J'Vtsng stdapP mlils d 1) geometry the geometrical properties of tt
MstclzCIlsdo dzts”™ MdMmilsj d3d, structural system, and of such rstnuctural
we' o dzd (Wdpdpptsoic@l fige ¢ deizy ( elements (e.g. masonry infill panels) as n
L Yd edzw dzd d3 dzOf ts o dajtfdady: affect structural response

SdzO0 9 jH deS k2 $Ctsdzmistel

ww j IsOdzd € dzs 4O Is+  Ce'ad@d4 1) details these include themaount and detéi
Ottd3OIszted o L @HO dedw's j d8 ing of reinforcement in reinforced concre
dgo d d3d 4 dzj d3j dzls O dzqd , f tc « connections between steel members, the-
B' ydats®' ¢85 ddMmts toiz § dedtdsj’ © ' & nection of floor diphragms to lateral resistin
‘ L' " HdzOdzdzw tetsL yd dz' © - structure, the bond and mortar jointing o&n
sjtc skdgf Otoczey] Wiz~ ajJ ¢ sonry and the nature of any reinforcinge-e
CdzOH Yy ments in masonty

wwagOls j tc' Odgd -~ Odz' ydz' d3® lll) materials the mechanical properties of ti
Is J to ' MpXoxi=®dE | dzj d3d dzls * o constituent materials

) [ SMW 6 dziz IsS'ddW ts ed3®@ Ig (3) The knowledge level achieved debines

L dz@ 1@ 2 dzvdisidisfis?is L tc O £ & df the allowable method of analysis (séd), as
: O OCBY L dzOyJ dzdzv well as the values to be adopted for the Eo

Is* CHsgW ' yn tsakzlstzy s’ 8 dence factors (CF). The procedures for obt:
. lJtesyjHEtGd Hdzv 5 ingthe required data are given3nl.

dzed s ftoj HMIsBadzj dz' o

(4) JLO" td3tsL o' W LAKYSES tedd> (4) The relationship between knowledgedls
mis" L Oedsdgds o d3j listis mic@dgdfz ¢ and applicable methods of analysis and ko
Ctsj W' yH s alsfyicts ¢ * H detisfh) Isk dence factors is illustrated inadle 31. The
tctso Odz ) Is O Bdzd y' 3 .  definitions of the terms "visual", "full”, Iin-
"' LEOd dzd 2", jdfd=Re" dad - ited", "extended" and "coprehensive" in the
hdtej ded2" ° 1 &d ajoc i l€9E Table are given iB.4.

3.4

3.32KL1[ B d3j P de¥ stc d3OIs d © dz 3.3.2 KL1: Limited knowledge

(MDKLL o HYftse  HO® dZ20dgtst (1) KL1 corresponds to the following state
BOIsd o:dets s knowledge:

NDEj i3y lsta' @6 Odz! dzO 6 J tsd3 1) geometry the overall structural gecatry
tetsL o3 tod J dzj dgj Z®) 9 L @ ts1 and member sizes are known either (a) fr
(b) L sted 6" dzOdz! dzd n J survey, or (b) from original outlineonstric-
C tdgzy dz' o dCtsted fmis s\ & tion drawings used for both the originalrec
sted 6" dzOdz! detscts B EzH ' 9 dz struction and any subsequent modifications
wedr fHOdz hda d&sHJW case (b), a sufficient sample of dimensions
mMdz" H fjtejo  tewlisd dzO d3 both overall geometry and member si:
tctsL d3' .o o L O Odz! dzts” ¢ should be checked on site; if there are sigr
J dzj d3j dzls * woclzts fif lsf)ds tsdz@zd =  cant discrepancies frorhe outline constrt

16



ftpdou-p HNI19983: 201 m

L JM¢" L ded d3 evidy 'frtion drawings, a fuller dimensional surw
d Bbdajdzy s d&3° tc* © should be performed.

yw 3. izW st 30 Isa] o Wiz Table 3.1: Knowledge levels and corre-
dz' oty 16 ® A(lFd4C izl tc © = sponding methods of analysis (LF: Lateral
ted L sdzls Odz' dzeJMR8z@® « Force procedure, MRS: Modal Response
elssiCO dz! dztse s M j SHs Spectrum analysis) and confidence factor:

Y H slpls dioteg’’ Helz€B)ls T ( (CF).

s W'y
HES 8 'St Y

o' tets@"
CF

t ' 9j daW l@d
Isd e dets
Knowledge Level

[ dIstsH
tesL O
Analysis

Lib®Ribte
Geometry

r 4 lsod
Details

[ Olj' Odz
Materals

] BiSH | dz 5o Odz0 ) dzO U j szl 5@ dein @ dpts

z

KL1

KL2

o' HY S8 b ¢ Uz
sOdzftcOChk S B
N d fials ¢ dB'de0 3"

Simulated design in acad
ance with relevant pctice
and from limited in siu
inspection

Y Oded® 'di f 5B tiHs dEzH,
HeEyd § " yOfizr ' o dzf o
tsB d3j 3 deff totsB Iz o QiE
&' My’

Default values in acedance with
standards of the time of constr
tion andfrom limited in-sitv teging

LF-MRS

Chu

sted ¢ ' dzO
" BlzH
s

26d%C § OsY
L Bz

From original odline
constriction drawings

) dzj § 5o dzf® dfn
HJlsQ@Rz' dz BEZH" ¢
C o] Mdzj dzts B iflay
56 dzv HizDds o' My
tetsL o wjtdg devdsidz
& My’

From incomplete orignal
detailed construction dva
ings with limited in-sitv

1 B&dd @Od d&d Rl
dz' yded = tiedgisjoy JLdady
f tc RO dzdz¥ i3 dzO
L h d e dadelf Bos@dz
"y’

From original design specifitions|

with limited in-situ testingor from
extendedn-situ teging

1
Al

CHKi2

with sample visual
suvey or from full
survey

inspectionor from extende(
in-sitv inspection

1 ©®© ] cdzddZO doazg||]  S®q ¢ dzO ' daq [ ¢
BlzH " o dz figlrfizL|f tetsB kZio Oz 3 9 d et
sB Bj ) J s ds |0 O dzdizOlz 3' Mg d uP et
B3 My’ Gedfigtf ddo d § tc TEzbEzO® 3 My

56 de'dlgO 3" My’ I

From original test reports wi Al

limited in-sitv testingor from com-
prehensivein-situ testing

KL3 CFis

From original detailed Qo
struction  dravings  with
limited in-sitv inspectionor
from comprehensivein-situ
inspection

1t RS wu)sdaO y jSdigvW, * ' s odzldday ts 't5- NOTE The values ascribed to the confidenagdis to
mis* w e Cistcaddrdedsjo zo @Is d v be used in a country may be found in its Nationa} ,
LdO2Isd o 1 Oy’ (sjdfOskp@isf nex. The recommended values areF, =135,

L dz@Hz" BEF, , =135, CF , =120 ' CF 5 =100. CF , =120 andCF, , =1,00.

Ww j sOdzh j sOdz' € tsdzfls tetiz- ||) details: the structural details are not knov

Bddd L HJIlsOdz dzd~ B'ZEA from detailed construction drawings and
Allst BlIsd Htsfkhjd' QFpe assumed based on simulated designcin
dzs® Csdhstelzt y’ ® ' Hf§ t cordance with usal practice at the time c
sd<d §°H yOMm BlzH 'dP @ construction, in this case, limited inspections
fdz' v ftwsetsHdlsd B8 dJ ) the most critical @ments should be performe
Ctedlsdydsd = J dzj d3j dzlEO, + to check that the assytions correspond to th
HESY k2" jdedz? o' HY 5o 'dls @ zctual situation. Otherwise, more extensive
wdz0¢h j BEHJ f siste’ B dEE sy inspection is required.

HilsOdz dadfiZD s dzv H

wiudgOls j tc* @gyb j L § s te gzl 1)) materials no direct information on the en
17
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GOy tets o3 =~ Odz' ydz' 9 dzO fi chanical properties of the construction enat
BOIsjtc’" Oz © w& L tstednc- als is available, either from original desi
dz" ydzd = Edi3tse, s©¢ ° L specifications or from original test reportseL
odff tesB g @&dn ' Hdts de®qLP fault values should be assumed in accorde
LO EBseo yHh dzde* adg.dztse H s M with standards at the time obnstruction, e
H® & lIs! ' H YO M BYfzstfosfixti companied by limitedin-situ testing in the
tsB d3d X g ozd fiztc s B [zch dP@2d® ' d3lef' - most critical elements.

Isd wdzd ~ J &) gl dzls © o

271 " Bt®Odel sSted3Oy " ° f sl®IE- (2) The information collected should be suf
dz' isdzv 9o d § 5 dzO dAfigly J od3 ~udE cient for performing local verifications ofeel
sJjtedmilsd ¢ J dzj i3 mlalsH 89 d° ment capacity and for setting up a linear str
BEHHAdY ttsLOREzdz$ 2 € s tural analysis model.

B)I soaddzdzO BEISH u‘dgﬁlcdai ofMmjlz (3) Stwuctural evaluation based on a state
LHOIdatsls " ' 'C s dzfiz® tc f ¢ ¢y ) limited knowledge should be performe
B g dzde¥ sted3OIsd o Bq’fr‘;lstﬁwvd through linear analysis methods, either static
oz' de Rgzls S Lic O O B d QEL dynamic (seed.d).

Hd dzOd3" ydadk (Hdo.
3.33KL2:) 9 d y@2ldadt stc dzOIs d 9 dz 3.3.3KL2: Normal knowledge

A KL2 9o HiBs9  HO' dZ20dgtlst (1) KL2 corresponds to the following state
BOIsdo:dzts s knowledge:

we J sd3fIsta'O6 Odzr dzO Glg ®d3 1) geometry the oveall structural geowmiry
tesL A3 tod J dzj o3 dzls® o gdzts and member sizes are known either (a) frorr
L2tdB3Cdb @B i€ L dzd = ME extended survey or (b) from outline constrt
dzj dz' odSCtstedMmilsOdzd = - tion drawings used for both the originalnec
H' 9adzdylse O, Is O @iz h dHAdzwL struction and any subguent modifications. Ir
df ObS Mk H f Jj ted o @de case (b), a suffient sample of dimensions «
ds ' Gz Ww Q totsL d3 tG o both overall geometry and member siz
sLdi3 ' 9 jdzj d&3j dz 9 ; L t should be checked on site; if there are sigr
“y detsmils § 2 ch H ‘ﬁ“jﬁcﬂcﬁ&mq dz- cant discrepancies from the outline constr
devdpydz' H o dS sdzOIsd 9 de tion drawings, a fuller dimensional survey
required.

9
9
tc
B

WUuH j sOdzH j s Odz' ¢ tsdzfm s to | 1) details the structural details are knowit ¢
tesLh qtoj datse ts 56 dzW H zaddl!( ther from extendedn-situ inspection orfrom
HJIsOdzr dzd~ BEH' 9 j dz dzd :incomplete detailed construction drawings
g o df OHC E Mmdz' H PAFECHR the latter case, limitenh-situ inspections in the
dzO0 dp Mdg®2 B ' dz' ' Cjted]jlsdd jr most critical elements should be performed
ficj o " € d o' H{ 5o "davdadipgk check that the availablénformation corre-
WOoOCISdhygs 20y "' . sponds to the actual situation.

widgOls j to' Oddgf¥ stcdzOy " v @4 Ill) materials information on the mechasal
Misd o sMmis”’ BEkH® o J dz dzd =~ properties of the construction materials
L tetsLh dtcj ded » dadd tfdgE SiEE available either from extendeatsitu testing or
stede "’ dzOdz! dzd -~ f tets g § Isoz from original design specifications. this la-
Yysdiz mis ®dedzOmzgls 8 = ° H Xz ter case, limitedn-situ testing should be pe
filsts(B d3J ) difdrits Bz © O dzdzv dzO formed.
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(2) 1 ' BtOdzts’ " dg¥ ts tisiggPl (2) The information collectedhould be suf
Hdzv 9 d ¢ tsdzO d#dg tc jap- Qagd X < cient for performing local verifications afle-
Mmisd ¢ J dzj d3JtosB bbHd® od4'H Xtz ment capacity and for setting up a linear
dgdz' dz' 2 dzts€ ts digfipls i HA y © nonlinear structural model.

Ry dEgiizayOIlsdzsmils® , % & (3) Structural evaluation based on this state
BOL 'dED ifw HMmis @d 9 dzi O dekz knowledge may be performetthrough either
o dzts ifdssopd oasd € s dzOIsd  Ldezw linear or nonlinear analysisnethods, eithel
dz" dz' 2 dese s OBdiy IsdsjHdz' odz' te: static or dynamic (se.4)
MisOls d ydzs ¢ sylzBe ts 4644 dz® 3

334KL3: 1@saaztstc BOIs d o dz' fi 3.3.4KL3: Full knowledge

(1) KL3 9o " HY s9 {f 20 iz dZdgdt (1) KL3 corresponds to the following state
BOIsd o:dzts M Is knowledge:

NDe J sy lsta"O6 Odzr dzO 6 J tsd3 |) geometry the overall structural gecatry
tesL d3 tod Jdzj d3j dzls® @ © ' and member sizes are known either (a) froi
LAtsdBBSCdh) OB WY S detse ts  ddO comprehensive survey or (b) frorhet con-
H' 8 Jdz dzgd r € toJ MiAZOdR],~ ¢ plete set of outline construction drawings us
M stelzH Y J dadgv , € ddghfls to'lz € for both the original construction and anybst
fsw@ddr L d3 dz. bju pdd fHOH sequent modifigions. In case (b), a sufficier
sd dzO0 3" My’ HtsIs Ols dzf - sample of both overall geometry and mem
sdzj Istc’ Is B¢ tc ] gydedsdzjdzizl sizes should be checked on site; if there
dzOw 9 dzts s "Mmistslsdzd = © significant discrpancies from the outline e
BlzH' ' o jddztcdedhdizg alzias miF-L' itsia: struction drawings, a fuller dimensional surv
B ' dz' b HIJAY Gdzyitkxfs o . is required

ww j 821 s O dz' Cdzmis gz g Il) details the structural details are knowi ¢
YJ 6l dzts G tsdz@ ey ig@E s I Hy - ther from comprehensivm-situ inspection or
sOdz dzd~r BEkH' 9 jdzr dzgd” ! from a complete set of detailed construct
odf OHS &, MmMdz'sw dy dicexiniaé drawings. In the latter casémited in-situ in-
3" My dzG2B " dz' h CtodIsdy spections in the most agal elements shoul
fitejo teCd o' HY 59 dat detist be performed to check that the available linf
WOoOgHHdhdlszoy' T . mation caresponds to the actual situation.

widOls j to' OddgV¥ stcdzOy " v @4 Ill) materials information on the mechéaal
Misd o sMmis”’ BEkH® o J dz' dzd3 t properties of the construction materials
L to dzts ¢ tso dyifdt€ skdzdz® O dg' i@y availabk either from comprehensivan-situ
WOSIkdiuzg BtsC sdz' © © dstiize testing or from original test reports. In this-I:
dz’ s OHC Iz mas d B Bfj@@ ter case, limitedn-situ testing should be pe

tsB 09dfiic 5 B Zdg@ dal3' My’ formed.
(2) 1 OMB8@)se z2° Is! Mw (2) 3.3.3(2)applies.
( 3) 1 OMB8M@se z° Is! Mw  (3) 3.3.3(3)applies

34wWH J dzlsd W * € Ozivs tdats Oolsdgve 3.4 Identification of the Knowledge Level
3.4.1 | JjBd e’ W 3.4.1 Geometry

3411 M¢ " L dz BEZH' 9 J dz dz' 3.4.110utline construction drawings
19
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1) ( MC " Ldzedd3d B EZH' 8 j (1) The outline construction drawings are thc
s¢Ckd3j dzls d, w g s d Mmliz- documents that describe the gestiy of the
Yy o, dzveesyde ts° H j dzls d W ° § E structure, allowing for identification of stcu
Jdzsd S wdelstclzC y*® *, - tural components and theirndensions, as wel
czCIsdeo dzk mMdmilsj dglrdzlz 8" € as the structural system to resisittb vertical
we 9 jtlsdS Odz dz' Is © € dz- and lderal actions.

s Oy J dz&' .

34121 jIsOdz! dz@ BEZH' 8 j dz' ¢ 3.4.1.2Detailed construction drawings

@Q)r 4 sOdzt dgd d3q’ Cted fn dig dizdz (1) The detailed drawings are those doents

st dmize Is J s34 Istc’ lzw € t that describe the geometry of the structute,
HJydzsdw® € Iz a Olsd daif figk ¢ lowing for identification of structural conap
n L d3 t.d, O IsOCtsy nents and their dimensions, as well as

wWCO fftsoddzdzO 9 d lsfic@ dizlzar'C structural system to resist both vertical arte

CiotedL sdzls Odz' dz' gt d3 di®te eral actions. In addition, they contain infc

dzd &' Mmilswis! ' da¥ st &O @t mation about details (as specified3rB.1(2).

9 3.3.1(2).

3413l ' LzOdz! dz2O L 2 BdRBE 0O 3.4.1.3Visual survey

D) " LEOdz dzO L 2 sd&3¢ Qjo ' te (1) A visual survey is a procedure for checki
9 HiBs9o' ' HdzsMIs® 3" N W correspondence between thetual geomay
CsdzmistezC y*® ° ° HisMis kY e of the structure with the available outlinenec
dzed 5 € tej Mdzj dedzw o3 . wtEe" struction drawings. Sample geometry ase
GJ B3] Isted ydz 9 dd3" tcY a8z e urements on selected elements should lve
dzlsOr. [ Bydzde '™ L d&3" dzd ried out. Possible structural changes wh
BOIsd o3 mMyy ¢ H YOMm Bt mayhave occurred during or aftemstruction
LOo jteh j dzdzv, ' HHvtEe0O' ¢ H should be subjected to a sunasyin3.4.1.4.

i zdz3.8.124

3414 so dzO L 28BdREO 3.4.1.4Full survey

DI sodkOd LAISBCO i st (1) A full survey is a procedure resulting in tl
wes’ MmM¢ dzOH O Is+ MWj dzelzl y production of structural drawings that descr
HtSL o sdzW & Is! ‘ HJ dzls d Wjdz& the geometry of the structure, allowing f
Csdzmistcz S y* ‘ " n todb4 identification of structural components al
oz mMdmlsj i3lz, w e O f{ tsp-their dimensions, as well asettstructural sy-
telsdCOdzr dz', IsOC ' ¢ tstec temto resist both vertical and lateral actions
3.4.2r j IsOdz 3.4.2 Details

@ | nBH' sSedzWv H' 9 d3ts: (1) Reliable nontdestructivemethods may be

ZOMmis 2z dz2' dzOH " B jdds ts Hig] :tc L adopted in the inspections specified déofus:

342 sHYaOd csj S Iskz 3.4.2.1 Simulated design

Q) f sHJ dz¢ 9 OdzdzV {Hftadstyg§JlsH (1) A simulated design is a procedure résgl
tcj L zdz IsOIs* wCg&" dz’eSd L figlz in the definition of the amount and layout «

dz' h j dadaw Qtt & o ddzddf' s 9 L + reinforcement, both longitudinal and tear
sO¢ o f s Jj tdjlzy datipszlz- verse, in all elements participating in thetire
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sOR, Mt BJjtokzls! Iz Y OMmls+ cal and lgéeral resistance of the building. Tt
Bk o dz weC Hts 9 telsd ¢d design should be carried out based on regul
s Odz' dzd ~ oY uzf p € bBlzo Odz ry documents and state of theaptice used a
LH' 2fMmdzs 9 Olsd dzO f ° H MmlIs the time of construction.

d3d dzlsf 8 OC Is d y dzts AC IsHAEE D

Yyofm BEkH' adzdylse O.

3.4.2.2( B d3j ygBdyls j ) geedzds’ My 3.4.2.2Limited in-situ inspection

Q) Bd3d ¥4 dzed? tsedzvH He®:t (1) A limited in-situ inspection is a praglure
fJjtedo te&d o' HY 59 H dzsifor checking correspondence between ttte-a
sOdzv B3 CdmistclzC y' ° dd3d al details of the structure with either the av:
BEkH" 9o jd ded &3 € tcj g @zl able detailed construction drawings the re-
BB H j dzt 9 Odzedeve HtdAIHACKHE Iz . sults of the simlated design in3.4.2.1. This
9 ¢ dzte Yo o dEdevdad dpddy  asC entails peforming inspections as indicated
3.4.4(1)t 3.4.4()P.

3.4.2.3t 5L h djusgj igds j ¥ glz@etizligy®  3.4.2.3Extended in-situ inspection

Dt sLhdtej dzad 2 ts6 dzvv HHHedz® (1) An extendedn-situ inspection is a prae
weoOdStsted figls wp'Asd = o d § C dure used when the original detailed corstr
sted 6 ' dzOdz' dz' HJ IsOdz' dz' tion drawingsare not available. This entai
HsMiskzy dz' . A4 Mt ted ydade performing inspections as indicated
sedzvH 9, W 8COLO) ¢ 3.440)P

3424 tso tgjmis j X gz@edztz’ My’ 3.4.2.4 Comprehensive insitu inspection

D) dujtefdd? tedwH dO (1) A comprehensiven-situ inspection is a
weoOdStsted fipls @pvdsd = o d § C procedure used when the original detailed-c
stcd e dzgOdz! dz' HJ IsOdz' dgjj - struction drawings are not available anden
HsMmiskzy dz* , ‘ Cdzd {1 tsls: a higher knowledge level is pursued. This
9 J dzidaW tstc B3O IsAJo ddistntesd y d dzv tails performing inspections as indicated
o zO dzdzy ez H' 3, 4 W4 ( t 34.4(]P.

3.43[ Olsj to* Odzd 3.4.3 Materials
3431t 22 dz' 9 dzy dzj tc Iz 2ddz 3.4.3.1 Destructive and nondestructive tes-
daw ing

QDudz' H totsL e dzv HOIsd Bk (1) Use of nordestructive test methods (e.(
dzd elz2 dzlz s yd n B3d stsH " od - Schmidt hammer test, etc.) should hEngd-
C d&zOH , odf tetsB zo Odzdz" I& t51 ered, however such tests should not be use
Zd3' HIsO, ‘ Is . H. ) ; { teiisolation, but only in conjunction with destru
o dC sted Misdsp ks Iq’Olgq’ H dzO d tive tests.

tolz? dz' o dzd 3 der' ffftctsB z9 O

3432 BdBj N ddaj o©df tetsB kzo (3.4.3.2Limited in-situ testing

QD [Bd3dd N4 dz0O f tese e OO frp- (1) A limited programme ofn-situ testing is a

Yy ftesyyJ HEztets¥ H dzWw s procedure for complementing the infieation
WistedzOy' ' 0 f tots o dzQfiyldsc on material propéies derived either fron
OBt 'L MmMlsOdzH Otels ' o, O standards at the time of mgiruction, or from
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Steaddz? dzgdr ftetsj CIsded n original design specifations, or from original
L destc dzOdz! dzd =  totsls ©Uadzt test reports. This reails performing tests a
i toods H ilds' dzj 5B 3 d 4 deEdA® ldzdz' indicated in3.4.4()P. However, if values fron
Blzo Odz' , wC3 . AC A Adetgs Is g tests are lower than default values trad-
L dzOy 4 dzdzv , slsted @30 dz' WL ance with standards of the time of constian,
s st fqw  dzd ¥ yd dzd w £80d SLtgdeG an extendedh-situ testing is required.
olzls! M® kdtseo YyOdadzg” d3 o Os

dzH Otels O3, dZOEOfH ' & lBH ' I9t

f tsistcb g zfs da@EaddY o tjdif tc B

dzO'fnag

3.4.3.3 tBLhdty dzg o 1 3.43.3Extended in-situ testing

(1) tBLMdte]j dzO f totsc it (1) An extended programme d@i-situ teging
ey jHEZtesr HWARIOGE IS t6 ¢ is a procedure for obtaining information wh
dz' sted 6 ' dzOdz! dz’ f tots j € neither the original design sgification nor the
ftoslssCsdzd o 1 tcs RxadQidy test reports are available. This entails perfo
y'?2 MmMdlskzoOoy' °~  Hzgp (] Aotk ing tests as indicated 814.4()P.

dzw ¢ Qol@dzEs. 4. 4 (1) ¢

3434 s dzj o ({1 tedz® kzdgOfdegz" 3.4.3.4 Comprehensive insitu testing

(1) Jduydtef dzO ¢ tets@ tc Ofdiz (1) A comprehensive programme di-situ
y', YJ HfAddss Hdzv tsils@yd  testing is a procedure for obtaining infeation
Csdzd dz sted 6 ' dzOdz! dz when neither the aginal design specificatiol
dz2' fJtetslstsC sdzd o d fHE teg H3t nor the test reports are alable and when
Codzd §tslste’ B dzd 2 o d h A £ higher knowledge level is pursued. This ent:
M ted yd dzv ° Lq’ ts filp® dztfztotsBc performing tests as indicated3m.4()P.

we @gs@Be 4. 4(1)¢

4. 4 1 dL dzO 55 dgtey dztc o« 3.4.4 Definition of the levels of inspectior
o O dz and testing

-

1)t sdzOMdW " € Oy" v t8d € (1)P The classification of thievels of inspe-

Odz X dls 9" H i tetsyJ dzl tion and testing depend on thergentage of
sdzmistclz € Us'te' ', &f gt e dHifikifv - structural elements that have to be checked
Mizeo Ol O dzj 2 , O Is ©¢ BYO- details, as well as on the number of miate
sjtc' Odz' o dztths ¥ 59 g dz6 ,Hadz samples per floor that have to taken fotites

odf ctsB lzOo Odz' .

(
L
¢

[ wulsed ‘Bdglsts ) 4 d'd {f tc Bd2Ye ©& NOTE The amount of inspection andtteg to be sed
2 @ odk OL 26 Is1fG)fr]4W tsdz.OqulS Bz8d in a countiy inay be found in itsdional Annex. For

LodyoO2dzdr MdlkzOy' 2 @- ordinary situations the recommendednimium values
dzv ftoj HMIsOo dzj dz' ® IsO©OB are given in Table 3.2. There might be cases requi
Ghlis' oLdEOdE N | dzdgw modifications to increase some of them. These cases
BEZHE®GY' tdkOiseiBzm be indcated in the National Annex.

0,0,
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v OB dzd yw¥ t J3C Rd3j dzH s Odz' Table 3.22 Recommended minimum e-
oddisecd Hdzv tof B~y ] gz quirements for different levels of inspection
f ctsB z.o Odz and teging.
{BMis i gzte®dzj 2 1 df tctsB HdfI® fiadzY) O dz’
Inspection (of details) Testing (of materials)

rdzv  Ctoy destyties b detf B dzj ) wpdRdz$jodzy o s

. . Ce s For each type of primary eteent (beam, column, wall):

teve?og‘siﬁimelitﬁogpaﬁdd%é?@ Py Jygzls dgo nOfr]ls(C ydmdzs L :GOL C° da-d
P 9 lfjtejo" toysOsk figts H

9 jton
Percentage of elements that are
checked for eails Material samples per floor
[ B d3j o Jidzted 20 1
{ sL h df tExtdnded 50 2
1 5 9 d@Pmprehensive 80 3

35s s W' y'Sodalidfy mtsc " H dz'  3.5Confidence factors

(1)t v o dL dzOyJ dzdzyd (1)P To determine the properties of existi
BOIj " Odz' 9, w e i t[fp ¢ materials to be used in the calculation of t
i ted tesL tcOn zdzC Iz d3' ydz' capacity, when capacity is to be compared v
weh o QoS Is] tcdfpls df @ifs ' 9t demand for safety verifation, the mean value
sdodisec Od3d 5 dgQ He'j 2k obtainel from in-situ tests and from the add
dzv, tslsted &30 dz' L a d f teIs ¢ tional sources of information, shall be divid
Csodnm H 3 J tsJ dz ' deW stc &3O by the confdence factor, CF, given in Tab
dzj dz'C sdp@ ' \H' S aqatsbx trsts G¢', Hd 3.1 for the appropriate knowledge level (s
ftedo jou j 8O B dztfoy ' H l]’BEfa[Iithe 2.2.1(5)P).

Cdet st Re .2 . )1 (5) t

(2)t 71 dzv o dL dsGmsjjdzdzy d#« (2)P To determine the properties to be use:
dz2° odSCtstedmilstse o Olsddipve the calculation othe force capaty (strength)
~nOtOCIsj tod Mis df WO Mg 'd ydatgi of ductile components deliviag action effects
s o ¢"* l]’ J o HO¥ Is! dz@0O & @ to brittle components/ mechanisms, for use
Ctodglg] dzlsd/ o3 -~ Odz" L &i3d , t 4.5.1())P(b), the mean value properties of-€
f2dz21s5. b)Y 1 Mmti 6J Hdz' L gz isting materials obtained froim-situ tests and
tedmilsd ¢ ' Mmdzkzs yd s Isde@ I8 from the additional sources of infortmn,
ftesBlzo Odzr dzO d3° My' dz shall be multiplied by the coitfence factor.
W tstsd3q’us Is'tg ' esdigefdsyz@ ts j W © CF, given in Table 3.1 for the appropric
HsotS o ytctles pl,” 1§ tod © J H ghyli knowledge level.

3.1 Hdv o' HY =ipW tHtaeEls]

4 A w suds o1 v 4 ASSESSMENT

411 OcOdzr d2' 9" ' HtsdBtsMIs® 4.1General

[ gls @6z €' dy dzts i tc (1) Assessment is a quantitative procedure
o ¢ d btcet, Ydoom!| checking whether an existing wamdaged or
h CemEHEza @H 59 ts5dz! dz damaged building will safy the required in-

Wz f k0 de dpeztiigts © dz? it state appropriate to the seismic action un
H

o @tHn j 2 ) diytflalzd o B @- consideration, as specified 2nL

(2 Odzgl@0dzH Otecls f ted L dzO L (2)P This Standard is intended for the asse
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sCtcd disd = ,B ZHAz j BHZ © O dzi ¢ ment of individual buildings, to decide on tl
dzj 5B - " Hdz' MR dzdShts defighdstgd£ S need for structural intervention and to des
tcsBf tdsd dzj sSB R~ ' Hdztsfls.'s ©- the retrofiting measures that may be nee
dzH Odgjs f tod L dzOyJ dzd 2 H dzw sary. It is not intended for the vulnerabilitg-¢
dzOfj dzj dzdzv OB 5 H ezt 2 fs yB | sessment of populations or groups of dinis
md3' atled L del & digsd H HzO §da©f , for seismic risk evaluation for various purpos
o dL difoay] Mmiscia® § By 5 H dz®izts ¢ (e.g. for determining insurance risk, for setti
azj dzdzv ftc" stedlsy s’ vpged risk mitigation prioritiesgtc.).

(3)1 l1ttsyJ HEtO tsydisdgShyr (3)P The assessment procedure shall be cai
o dCsted Mis Odzdzy d3 d3Jtdsds HielE out by means of the general aysaé methods
C ko' HY 5o Wnisifsdds ENd 8981:2004, specified in EN19981: 2004,4.3, as modified
43, L L d3' dzO d3dfi ,© dalsiig) dgy @4d in this Standard to suit the specific proble
Yydz' ftedmissmize Odzdzy H s € encountered in thessessment.

s addzd SO Is! ffted tsy' c

ADv em' n o9dfOHSCOAR, &t (4) Whenever possible, theethod used shouli
tcdmMistso o Odzd 2 d3J Is s H ‘d4f incorporate information of the observed aeh
WstedgOyf tcts f s9 j H | Is€ dztsOs iour of the same type of building or simili
Bses OBt OdzOdzts ¢ ' dfdztizE « buildings during pevious earthquakes.

L § Bdzfetd & dnf shlsj 6’ 6 (
4. 2 g 2mdg ydz© Hnpjw2 m'd3’ 4.2 Seismic action and seismic load contb

de» Odzls Oy § dz nation

(1)t [ Mdetse dzd &3d  d3ts H j d (1)P The basic models for the definition of tl
mMd 23" ydesets tweknlkz | seismic mdion are those presented in

mis O dziE® 1©881:2004,3.2.2' 3.2.3 EN 19981: 2004,3.2.2and3.2.3

(2)1 1 tMmd dzOdzdzv , L 5¢ tg, (2P Reference is made in particular to t
i tc zosdz tc] OCys OL Oded 2 elastic response spectrum specified
EN 19981:2004, 3.2.2.2 ‘ f J toj te C EN19981:2004,3.2.2.2 scaled to the value
9 ' Hdztsh j dzdz¥ HB L dzOy iz of the design ground acceleratiogablished
tcj dzdzW Gtolzdzlslz, o ff)|p @ gzts for the verifiation of the different Limit State:
tc' L dad @dzd wizezs ©® C ts yls ddda ' The alternative represatibns allowed in

EN 19981:2004,3.2.3 &3ts )y dzd 9 § L O EN19981:2004,3.2.3in terms of either artiif
Q' Is j tc df@fistel jo Hathgidy @la' d ¢ dzwIsAlg- cial or recorded accelerograms are also iaf
dzdr OBB L Ot ' fis te®ak@dzc cable.

(3)t l1td " HABHEB LW 91 (3PIntheq- factor approach (se&2.1(4)B,

g(Hdo. .2 . )l (e ] CIsdzd 2 M4 the design spectrum for linemalysis is b-

dzts ¢ 5 OOy gz Is ) ls GEMEA998s tained from ENL9981: 2004,3.2.2.5 A value
1:2004,3.2.2.51 dzgOygdzdztl , 5 * 2 ofqg=1,5and 2,0 for reforced concrete an
Mtz y' 2 tsB LIstadeldd “ H ffids steel structures,espectively, may be adopte
ctsy 4 B lzlsd ddf ©© ®2zge¥plddisi zo regardless of the structural type. Higher vali
Mistez € y'd tzOWgidsta dgd of ts 2 dg( of g may be adopted if suitably justified wit
ssdisz o df OH S &, @ Ohdis] d3y ., reference to the local and global availablec
sBGetckdzlstseo Odes L tsdglgud] tility, evaluated in accordance with thaavant
G (zts B O dz'OdzO difdzéln Is d yy dz' thnls" provisions of EN19981: 2004.

9" HY so ' eHditfis d fIs 5 oHlAS HAQ[ISC

MisOdzH Otels Iz
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EN 19981:2004.

(4)1 Yty ClsdzO My 2 Md3kza (4P The design seismic action shall bento
9 0Olsdmw L " dgh dd3d 9o ' H f bined with the other appropriaterpganent anc
L d3' dazdzd d3d H' W d3d ® ' H{ 1variable actions in accordance wi
EN 19981:2004,3.2.4 EN 19981: 2004,3.2.4

43f SH | dzt 9o OEHAtEAIstclz ¢ y* 4.3 Structural modelling

(1) pHJ &z MY g HefOrvie ded§ (1)P Based on information collected as iicak-
CdeW st 3Oy " mtt @ditts © © H dzts3.2F ed in3.2 a model of the structure shall be ¢
[ SH ] dz B3O ‘¥ B BIstxfd3tsls) @£ © up. The model shall be such that the action
odL dzOly dasff' = J dzj d3j dgsW@j= fects in all structural elements can be de
Isd of dzdho 2z & tod3B * dzO Yy ' mined under the seismload combination g+

e Odzls Oy § dz* , ‘thtc i iz#j& B9 c enind.2

(2)1t l m’ i ts daisty g EdR98 (2)P All provisions of EN19981:2004 regad-
1: 2004, hts Mistsmiz¥ Ising modelling (EN19981:2004, 4.3.1) and
(EN 19981:2004, 4.3.]) ‘ 9 d § OH £ 1 accidental torsional effects (EM9981: 2004,

SOIs® 8  totsw &Ne1998%: 20044 &8z 4.3.2 shall be applied without modiftions.
fsod@istsmseo zo Olsdmw B §

3) I " ydz' Mmiss ' ¥ stefils € ° (3) The strength and the stiffness etendary

M3 yded n j dzj &3, Bzls)l 6 6 ¥ H seismic elements, (se&2.1(6)P against lat-
h pzdzs HiS B ' ydzd = H ' dg € eral actions may in general beghected in the
nlslzo Olsd 1 tcdoc L tdasOar jlzHigC dec analysis.

D1 ted odStstedMmls Odzdz dzj (4) Taking into account secondary seismic
9 LOCOdz dz' 2 ¢ sdzMmlistclz &z ements in the overall structural modelweav-
‘st QO eOBE S dzdz’ M @z er, is advisable if nonlinear analysis Ephed.
sd [ dzjidzpdzls v ¢ ° i ts 9 dffida Thechoice of the elements to be cateyed as
wC tedsdedz’ M4 2 Mmd3’ ydg'L d3y @ secondary seismic may be varied after the
oB®d MY L Odzj ) detsls® fots fHY ¢ sults of a preliminary analysis. In no case
dz! stetsL O~ 2¢O W € da 5 selection of these elements should be suc
9 COL Oded » djizj i3 dztfi3izglail Is to change the classification of the struct
mMdWw ' COy" ¢ C s dpfigliztett Be@igts from nonregular to regulanin accordance witt
CGhdwtcdaz' Hf s9 ' Hdets HE 9 the definitions in ENL9981: 2004,4.2.3

fls O ZHEN 1©B31:2004,4.2.3

(5pdted Hdz' b dzO Tk dzdzts M@z (5)P Mean values of material properties sh
fsoddzdz’ o d¢ sd st g HAr ¢ be used in the structural model.
Cy*' 2

44 j sstetsL tcOR 2z dz€ Iz 4.4 Methods of analysis
4411 OcOdz' d2 9" ' HtsdsMiIs' 4.4.1General

D WidSlsd MmJ2Mmd3" ydzs' H (1) The seismic action effects, to benduned
"HdzOdz' L jWJj SIlsOdzd dHFdE with the effects of theother permanent an
dzOo Odzls Oy j dz@ 9" HY ts9 ° H ¢ variable loads in accordance with the seisr
Y dzd zOo Odzls Oy j d&' , o load combination i.2(4)P, may be evaluate:
4. 2( 4By st ty" dz® od@dy ¢ using one of the follwing methods:
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SHd@EEE L @ZOmEEY{ d@n & dgj

TtesL tcOrnzdzsC dzO G tsted L ti lateral force analysis (linear)
(dz' dg" 2ded?) ,

I totsL tc Orndgtslats@dz! dzts ¢ st j i€ T modal response spectrum analysisedr),
(dz' dz2" 2 dzd 2) ,

T dgj dz' dz' 2 dzd 2 MmiIsOlsdtqtdag: i nonlinear static pushover) analysis,
nlkzdets €

T dzj dz' dz' 2 dzd 2 toHsO de@® iflde T nonlinear time history dynamic analysis,
y' ', yofmk

T} " Ha" H L o diSHgjteld fgs O dad i q - factor approach.

) @ o ddzvIsC sd3 dewr (2P Except in theq - factor approach of
Ty, W MOdets 6As. . 1 2.2.1(4)Pand4.2(3)R the seismic action to b
fmd 2 M@&H Ydz ¢ tseo d dzdzO used shall be the one corresponding to the ¢
dz'( tsel3leldy L dggtiglizlz® y d tic (i.e., unreduced by th belaviour factorq)
HO) @ g € Istclz, tog dIC dzO response spectrum in EN981: 2004,
dzH ENt@ $981:2004, 3.2.2.2 OB ts 3.2.2.2 or its equivalent alternative represan
"9 Odzjzdzle diaf] ddzolzv 3 s © ' 1 tions in EN19981: 2004,3.2.3
19981:2004,3.2.3

(3)t 1 vt ‘oxfX tedpiddy) IsSOxtg ¥,° (3)P In theq - factor approach a2.2.1(4)Pthe
9COL Odztse 52 .92 . LI d4f) 5 2 tf) d3 seismic action is defined h2(3)P.
odL dz@yls #j\Wwz dighls 2 ((3) ¢

(4) ) OMmls tf fiptslzf.Bs3.1¢5)frijvO dzH (4) Clause4.3.3.1(5)of EN 19981:2004 a-
EN 19981:2004. plies.

(5) J1dhijqgg
mMseo dz® g
Is O 4421 =.4.5

tcJ 1 jo @X BOdg¢ (5) The abovdisted methods of analysis a
od¢
L O
Y4 G dzv dets’® § dzO
H Izt
dzts

tizts

ts dzO dzdz' [ applicable subject to the conditions sified in

9 ddzV Is € ts4.4.2t0 4.4.5 with the exception of masonr
HE d, 9 &zt structures for which pradures accounting fo
d, h s 9 te the peculiarities of this constrtion typology
G'  HOdzts’ needto be used.

s 5o ko Glsd) j
osfls’ Idfts

1t Rf wursthH OlsC so 2 ' deW ste dzO'-
ted B35y dzO L dzO2 s dLUZWZtS @3 Gild ¢« NOTE Complementary information on these procedu
H OBtEROIs j @d3 O dz may be found in the relevant materialated Inforra-
tive Amiex.
21 SLEOREdsS &0 ¢ iz
Oy J dadaW 4.4.2 Lateral force analysis

(1)t L edzfsCo tsfte o fyHs @aizddyj IsiAs
odL dz.Olu dz' o ENfI9&N2008, (1)P The conditions for this method to be-
433210 dzOM gl 16 dztf d3dzf] dzdzv d plicable are given in EN9981:2004,
CShitsL g j tejaD /C; Haetsh j ( 4.3.3.2.1with the addition of the follwing:

Yy f slstc' | daiztez) Bl dag Denoting by}, =D, /C,; the ratio between th
Blsted 3O dztss L OdzOdz' L L demandD, obtained from the analysisnder

o0&
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M 2Md3" yded = dz09e Odzls Oy j ( the seismic load combination, and the col
ddn Is dzts © n Otc OC BB jHtalrviy 5 St sponding capacityC, for the i - th 'ductile’
H Ols dzd edfg diz yjsadz jsdzj dzls Iz ¢ primary element of the structure (bending-n
(L dtizO¥ ydftR d3j adalsts digjs dztf © d3O = ment in moment frames or shear walls, a
Mls' d@®&- f tcOys 8 Isy dzO Lde force in a bracing of a brced frame, etc.) ¢
dzOL@ W 3 ' -fpeOdidgse scts Y8 P by r, ., and r;, the maximum and minimun
SBLBO UG B4,k " r,, | BOC NG BO q4es of £, respectively, over all ‘ductile

ds° dz' dsOdz' dzjri, L 0RO WYY T’ o epments of the structure with >1,

¢f dzOMm g dgglzflny | dZj & delg Is &
Lr>1Ists o " Hdas)) ), dalpy dF 65
BOC M &3O dz dets HEsf 2ZMils d d3t
Lsdz2 o' H 2 HB 3. df @dy
Cdzs dzOd3d o 7, H dztff gplaizdzs y
Isdmw Is° dz' €d @ lsadjs Y
Elso stey dzdz?  dzOfls d ydzd A
ft5tc” o dav dedzy fMlzd3d  ogf oy
3" ydz' s f dzdz®@ s dzts 4iz. 3 (L Ty
Mso ' Is! Mw Hdal' yYalisA i@

Is§ ted f@lsdd&” o dL dzp iyl vdszizts
Is' Ldz€@Cdp j telsd € Odz! dzd »  fizd
dzv ! sets’ Md dzd 2 dgs i jd
Is s i3z, wej tsBlzdgsdsdddzid
dzO 9 O odzO® s34 .

1t R wu s19dzOly j dedzv , M5 fted{ d
Fmax! fmn HdZV 8 d S sted MisOdzdzy o O

LOdzesdiz o dhn j) dstsy dzO
Ck. t4Stsd3 dznlz' i3 o3

L dz@sisa
L dz0yJ dac

1t Rfwuscds HSHOBEC SO Ed3sej@
edmis s O " CtednCdn" Jdjodg dzlsl
Bklsd odhj, d' ¥ o' HY 59 ‘DH,C
tetsL ORas'oOfld®o "4H.des IH®HE RY)

LOBJ LY J uddedC totsHits s B dzs B
tetsL teOR ZdSOR o 58, MS" d&z € d,
2.2.2(.2).13.220.t4 (ROBO Lkditse O
i hls, od¢C sdzOdzts ClAs daffils' teiz € jydz
9 d ¢ sdsQ)fz@gls O@akzisdzv tcj C 5 dzf st
tezHddzj L Odzj » detels BOREZdg§ BsSH Iz

2)t 1 Oded?2 B4 IstsH Afdsipyc
§fdMOdss o ENi189812002,8 &3.2.2
332343324 L O oddlsCts-
Hd OO M jCltek t©j OCY"
stoH d &zOls ts 815 ¢ fste oy tog.(§)Is te O
fosj CldsesMnY j Sl

(
s
4.

4431 OC Ols s d3ts HeAsZ! BRI dgtes
6jOCy"
(1)t

vdise d L OfMmlstsfglosz

the ratior _ /r, ., does not exceed a maxum

acceptable value in the range of 2 to 3. Arot
beamcolumn joints the ratior;. needs to be

evaluated only at the sections wheresfida
hinges are xpected to form on the basis of tl
comparison of the sum of beam flexural aap
ities to that of clumns.4.3(5)P applies for the
calculation of the capacitie§, . For the dete

mination of the bending moment capaes C,

of vertical elements, the value of the ax
force may be taken equal to that due to the
tical loads aly.

NOTE 1The value ascribed to this limit of ./ 7 min

for use in a country (within the range indicated abao
may be found in its Nationalhex. The recommende
value is 2,5.

NOTE 2 As an additional condition, the cajm C, of
the "brittle" elements or meehismsshould be large
than the corresponding demabx evaluated in aced-

ance with4.5.1(2)P, (2) and (3). Nonetheless, enfiorg
it as a criterion for thepplicability of linear analysis is
redundant, because, in accordance wRgR.2(9P,
2.2.3(2)Pand2.2.4(2)P, this condition will ultimately be
fulfilled in all elements of the assessed or retrofitt
structure, irrespective of the mehod of analysis.

(2)P The method shall be applied asatibed
in EN19981:2004, 4.3.3.2.2 4.3.3.23 and
4.3.3.24, except that the ordinate of the-r
sponse spectrum inxpression (4.5) shall b
that of the elastic spectruy(T,) instead of the

design spetrum S, (T,) .

4.4.3 Multi -modal response spectrum angt
sis
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ftcdojHJ dz o EN®¥O®Id2008, (1)P The conditions of applicability for thi
43331 L HEGY o dzj dzgdgv @3 [z method are given in EN9981:2004,
i z dz@.462 4.3.3.31, with the addition of the condition

specified in4.42.
(2)t JdbtsH fYtsoddy dz d-
MOdzts o BKIDERL.008454.3.3.3.2/3 (2)P The method shall be applied asaibed
o d ¢ tstadayizin gz C Istclz its f to lztejj in EN19981:2004,4.3.3.3.2/3 using the el
S.(T). tic response spectmu S,(T,) .

4.4.4 § dz' dzg' 2 dzd 2 tdrs Qds@nuzid
4.4.4Nonlinear static analysis
4441 OcOdz! dz' o' HEtsdsMIs'
4.4.4.1General
(1)t 14dz dg' 2 dafsk QB @s
ftetsctej Mkze Yy °toclxd2iddiz od® d@e (1)P Nonlinear static (pushover) analysis i
Yydededs L tc O F iodpts § s figlg ' tesdddc ~ nontlinear static analysis under constant ge

dz@dzls Oy j dzdzv = 3t dzts lsdfts ty loads and monotonically increasing horizc
L tSdzls Odz! dz@yrj deid® e-0 dzls tal loads.
(2)t 1kH" od, dai o' W81

Is EEN 19981:2004, 4.3.3.4.2.1(2) ( 3 )9 - (2)P Buildings not confaning with the citeria
dzts d3° to deticly IS5 'z dzv dc dztyf i2O'd}’ , of EN 19981:2004,4.3.34.2.1(2), (3) for reg-
tctsL tOn oo O § s d Mis O dze ularity in plan shall be analysed using atsgd
o 5™ jd&3iz' . model.

(3)ytizy BERZH 9 j@ wdBJBY

tc' o dats d3' t@dzsififlds ©,° H dgtis O dam (3)P For buildings conforming with the neg
EN 19981:2004,4.2.3.2tc s L tc O Aty © larity criteria of EN19981: 2004,4.2.3.2the
od¢ sdzzo OIsd L 9 d ¢ tsfftedftdls analysis may be performedsing two ganar
B3 H j dzj 2, fts Hd 2 Hd models, one for each maiorizontal direction
G Eictsdals Odz! dzgd » dzOf oW d3' 9 of the building.

4. 4. 4.2 1 HYyagdz"dzO9e Odzls (
4.4.42 Lateral loads
gz’ H LOMtsMmMtso'lzofpd
Is d & Ot Ld IsAHTS tei] L 5 dzlsidD- (1) At least two vertical distributions oftkral
Odzls Oy j dz' : loads should be applied:

L, ftesf steyt 2 ded s g4 T a "uniform” pattern, based on lateral forc
o 't dg' digCifgftc (@i f s te JC@ that are proportional to mass regass of ed-
vation (uniform response acceleration);

)
tc
&z
" SHdSE' HA&O" MR &0, k-
&
s

T "BsH Odz! dg@OL {f tdifs-tfjts ¢f aige 2Ll

dzj dzdzv &3 ¢ ts to Jdz@adABdRIsHO xogdf | a "modal” pattern, proportional to later

Y4 ded = tet] dstf ozt @ Iz dzC Iz forces consistent with the lateral force diatrit
tion determined in elastic analysis.

(2) 1" ydz' dGz@o OdzOBPS the

tesL IsOh 2o Odzedzy B3O M Qa0 (2) Lateral loads should be applied at thealo

tesL tcOnzdzs S o d§ O fsls .d = tion of the masses ineéhmodel. Accidentale
centricity should be taken into account.

4443s tcd alz) Mz yts'™ 'L HOIs dats |
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4.4.4.3 Capacity curve
(1) gt " 99 ' HdzE s jedzdzts dzl
Mddzts,tdzO tc' o dz' ' ¢ tudzls tefigic (1) The relation between baskear force anc
tc j ftfly) deddtCdic JdzPmz yts™ ) H & the control displacement (the "capgccurve")
oL dzOyOlsd o  HY 59 ' ENIEES8 should be determined in accordance w
1:2004,4.3.3.4.2.3(1) (2). EN 19981:2004,4.3.3.4.2.3(1), (R

4444 dL dzOyo0' o3y ¢ Jted o3
4.4.4.4 Target displacement

(1)ltdL dzOy0O*’ 3j  fLjde@ RS _ o .
9"  HY o' HgdsO ddm @M 10981:2004, (1)P Target displacement is defined as in
4.3.3.4.2.6(1). EN 19981:2004,4.3.3.4.2.6(1).

1t RS wulsdp dz20y 0" 3§ kists j d3is BE

Hj dzf HY tso ' Hdets HENSI9O98k 02 O4 s NOTE Target displacement may be determined dn
BOlsdoded?2 HBHOBEL 1. cordance with EN 1998: 2004. Informative Amiex B
4445) tsyYyj HEzZte® HdBzv BY2-

Y dedz?y e dhdr d3sH 4.4.4.5 Procedure for estimation of tosiona
and higher mode effects

1)t y'ddsC dis toj L zdz' ln@®jsdz

Ofmlstsmtseolz® Is! MY Y tetsYkt (1)P The procedure given in EN9981:2004,

EN19981:2004,4.3.3.4.2.7.  { lz @ftist 4.3.3.4.2.7(1)o (3) applies for the ednation

3). of torsional effects.

Qv BEH"@9dzw iR, WwWC' dgj

o MisOdzts o dzj ded d3 Ed 19981200 (2) In buildings that do not meet the eriL in
4. 3. 3,2.91 (26 IOKCsBz2 8@ EN 19981:2004, 4.3.3.2l(2)a, the contrili-
olzo @8 dEOHE ] OC Y8t d8 " W ¥ tions to the respae from modes ofilaration
o 0zt "5 ] tejfajdeidEAs*O5  higher than the fundamental one in eacmp
¢ sdzd ® O defts y dzlgialste ded ~ts dzOY cipal direction should be taken intocaunt.

1t R wulsdhditse O, o fls O dats(8),dzj da

Bllsd LOHBpBdZjdO OBE ®EHILE NOTE The requirement ii2) may be satisfiedither by
dz? Iz L . o d¢BdmlsOdglanaRiz L performing a nodinear timehistory analysis in accd-

5 H g ts ® ' H dzt - 4“@ g @m Is o Q_ U ance with4.4.5 or throughspecial versions of the ner
mydy 9 dz! dzd - s gfnts 0zj 2z’ falc & afs linear static analysis procedure that can capture fthe
tGES L &8 0Os E%qf‘h ISWS ©OnBo ko Od ML foyg of higher modes on global measures of #e
o M . 9 q .q” v dtd@ Qﬂg‘q’@dzqwagodz,ﬁ dz sponse (such as interstorey drifts) to bededad then to
0y . SR | ‘ts & Jls.tg ™ @ dzgds)d 1s JI?BgSi estimates of local deformation demands (such a®s-r
Hdzs Y dab g hQ dﬁBIII?ﬁ%_J st d3Qu _2 ber hingerotations). The National Annex may conta
fsesEskd @gé df ,dmmlvts dfdzg 3 reference to complementary, noantradictory infor-
dzOdf s v OB i 5 Misdlsd  th ©iyd mation for such proedures.

ok dzgjfftotslsdoetstej ydo k2 ' gatztstgc

445 § d&z' dz' @E=kdiROn Z dzs ¢ dz-
v 53 MOHd S sdzdo Odzr o Y
4.4.5Non-linear time-history analysis
(1)t 1 OffssmMtso z2° Is4 Mw
mis O dzHE® £9881:2004,4.3.3.4.3L (1) - § t
)Y zdzS Is. ()P The procedure given in EN9981:2004,
4.3.3.4.3(1}o (3) applies.

446 " Ha' H L odStstgd i
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(1)t 1 4 HAatsH' gtW @d% 4.4.6q- factor approach

fsoddzgjdz L OMlssMmiso @z B (

n Is © @zcHH '19981:2004,4.3.3.20 B 43.3.3 (1 )P In theq - factor approach, the methc

dzofm¢ " dzr € o dz H tsteJ 1 shall be applied as described in HESB&
1:2004,4.3.3.20r 4.3.3.3 as appropriate.

447s sd3B " dzOy' W MGC dzOH 59 |

4.4.7 Combination of the components of the
(1)1t cpEOL tsdldsftf idhy jd2isfiy| seismic action
dzts ’ tHs 9 d dzdz' ontsHdIsd
9 HYBeo ' Hdzsld&z THBlOWRA:EDBA, (1)P The two horizontal components of t
4.3.35.1 seismicaction shall be combined in agdance

with EN 19981: 2004,4.3.3.5.1.
)t 1 J®lshHs ae@y dzo O Mg -
ZzO otcORtsolzeo Olsdmw
dztHEQ® 088 1:2004,4.3.3.5.2' W € hysj (2)P The vertical component of the seismie
tc, BdgB ' ‘' Hdzzo Olsd mw tion shall be taken into account in the ca
OHtsoadd3d, W& 9 ¢ OL Ocspecified in EN19981:2004, 4.3.3.5.2 and,
when appropriate, combined with the honzc

4. 8 [ tSHOLCBY L Or ts talcomponents as indicated in the same clat
LGI Soddgpy &3 yJ ¢ dzw dzts € dzO

4.4.8 Additional measures for masonry n-
(1) 1 OMmMssmMse 28 Is+ Mw filled structures
EN 19981:20044.3.6w Ch s yj dzj ts

(1) The provisions of EN9981:2004, 4.3.6
449s s W' y' ' dalsd € tswdglrAS apply, wherever relevant.

a3’ dzdatff Ezd © * o

4.4.9 Combination coefficients for variable
(1) T Omssmse zs Is+ Mmw { t actions
EN 19981:2004,4.2.4

RPO&

(1) The provisions of EN998-1:2004, 4.2.4
4.4.10s &zOMd o' H Y tsof & Oz W apply
9 ' Hf so ' HOdz' detsfyls*

4.4.10 Importance classes and importanc
(1) T Omsmse zs Is+ Mw { t factors
EN 19981:2004,4.2.5

(1) The provisions of EN9981:2004, 4.2.5

451 jtcjoB P Cd apply.

4.5. 1 [ dz'tcsds tc OR(fiA€S dztf- 4.5 Safety verifications

dzls Odz' dzj dzO o O Bids &3S H dd L2

M j C &R " ©)) 4.5.1 Linear methods of analysis (lateral
force or modal response spectrum analysis)

1)f jtejo "e®tOJ-Cda" ¢

BjOodz' L &3 9  tso d dz@O d dgd

d, oL tcOntso Oded d3d L (1)P "Brittle" camponents/mechanisms shall

‘o detso Ofjeels WzPL | dzH Is ® € verified with demands calculated by means

ted - < d?2 C s tsdzj dzls/ d3j equilibrium conditions, on the basis of the-

s 3t tsdzj dzls O d3q . U H Odzts tion effects delivered to the brittle coop

JLEkdz sOIs H"' 9 1 5 H O nent/mechanism by the ciile components. Ir

SH Q" Hstg fr]wis Ldstsdtdm (B K tis dgf this calculation, each action effect in a duet

J dzlslz/ d&3j ~ Odzed L Bz, d30 ‘ component delivered to the brittle cooap



ftpdou-p HNI19983: 201 m

tc' o dzd d3: nent/mechanism under consideration shall
taken equal to:
( 0) LdzOy J izt d3stE@@dz L tc O A
wehdg] Mz yO LuHiQdsHAS I o s
dzl ZE L tc OnLs 0 OO to d M s © d (a) the valueD obtained from the analysis,
L dzOyj dz@ o dzOMmisd o tstlsdsjd2 the capacityC of the ductile component, au-
izts r =D/C¢1, ated using mean values of material prtips,
satsfies r =D/C¢1,
(bydzd Mz yO© LfHSGOdE diffle!s ¢ ts
tcBL tcOniso Odr® Stcd Mis O dzdz® «
yd dz ~nOtcOCIsjtedMmMisds o (b) the capacity of the ductile compone
ZQ s W' ybdHEAYtes 6 * H dzts B} evauated using mean values of material g
YJ dz8.5p EZtcOrRlzeo Odzdgv d3 H erties multiplied by the confidencecfars, as
" daW StedzOIsY © as-fpis>1, B J C defined in 3.5 accounting for the level ©
o dL dz@&PCde S Is® ( ©) o ! knowledge attained, it =D/C>1, with D and
C as dfined in (a) above.
(2) v (MNhzdzSole'C dzOH j dirg d)i
L HOIdz' Mmis'B j s jtsteg@ums ' s d !
B @OC sdeeddlz’ H totsL tefOs: s izt (2) In (1)b above the capacities of the bei
(5. 8), Yotc diplsj HEMAREA 1$:2004" sections around concrete beasolumn joints
dZzzmizykz L HOIlsdE B)dztsdzdizydOt€ , should be computed from expression (5.8)
Msdd s, WisttHz&) , L 9 d EN19981:2004 and those of the columncse
ftcOo ' 2 yomisd dz' 9 € OL (tions around such joints from exgseoon (5.9,
O=1'" MmitejHdz" 7 L dzOyJJdz using in the righthandside of these expse
o' Odz' 9, i ts dfdats jy \j ‘das 'B'e tal Sions the valugy, =1 and mean values ofan
o' totdisH dzzQaptfL © B.% dzC Is ' terial properties multiplied by the confiden
factors, as defined i.5.
) 1 dzv L teOnkzdS 2 Ay
Gts" 34 =~ Odz" L d3lzo SLda AC
dz€llb o d M gats ) dz@ L O fMmls tstl)- (2) For the calculation of force demands on
BBz dffz26)dzj Mz yts* L H Ols dzts fp "brittle" shear mechasm of walls througt
Bsdzd dzbllg k2 sz " L MisOddm (1)b  above, expression (5.26) in
EN 19981:2004 ff tc @y =1, tetsL 6 O f & EN19981:2004 may be applied witlye, =1
odS tste d M) lsfPpadz) wiglz' 7 L dzOyj and using asv., the bending moment capac
BOIsjte’ Odz' o, i ts g3 dtzts wy Jsz¢ ty at the base, evaluated using mean value
Us o ' to S Is H abfiC dzO vgj dfislz3ABC Is © material properties multiplied byhe conf
dence factors, asfined in3.5.
Av f zd SPE3) o dh dej Mz ydz-
dz' fdsp telsd ¢ Odz! dzd -~ L JAH) Ed3d
Bs Bipdzls dmspHpasd L dzOyOlsd § (4) In(1)P to (3) above the bending ement
sf)! o 5o d igEs®d , s dzr S dddzg capacities #; of vertical elements may b
dz0 o Odzls Oy j dzdzv d3d . based on the value of the axial force due to
vertical loads only.
) U dzd ud dzO©  dzj fy ks " ff K
n o, so¢ CtedmanCdr ¢
d 4t o' tcCfOso Jougda®f@s (5)P The value of the capacity both ductile
Fdz@Qlst2 . 1(5) t and brittle components and mealsns to be
compared to demand in safety verificatiol

VRS wusdplt stedp@ipts L 6 On 2 dzS 2 Is € shall be in accordance with2 1(5)P.
dats fflss BY tsdzj dzls ' © ' azp@0wE L et
GOl sH O COR ¢, 1 ' w,

(3
¢t
b

NOTE Information for the evaluation of the capigcof
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9' HY tso GsHjda] O dd3 o . components and mechanisms may be found in tlee
vant maerial related Infomative Annexes A, B and C.

452\ § dz' dz' 2 dz'tc sd3jcl® E(iefaisGA
dzOBts HJOgOAB ydz _ _ _
4.5.2 Nonlinear methods of analysis (static

(1) t 1l dustsc Yy tsH Ols dedeng @ or dynamic)

azj d34ﬂd&a‘o&mm#so[stqu3©tﬂL el _

b dSsdzOdetsc s o "df i 5440w (1)P The demands on both "ductile” and tb

. o dCsted Mls Odzdzy o3 - tle” components shall be thosétained from

Is jtedmls @& ak0lsj tc° the analysis performed in accordance w
4.4.40r 4.45, usirg mean value properties t

(2)t ) Ofmbsmite 5. sl (fipv) ty the mateials

1t R wuusdsW tstc 3O e 8L te@& Wz dz$ Iz Is € (2)P4.5.1(5)P applies.

desmls® j tzj d&u&l@d&ﬁLd;s o Bsy &

Isd o dgftssH OIs € O ¢, %,  NOTE Information for the evaluation of the capcof
9" HY tso Usjdad ~Odei3 o . components and mechanisms may be found in thee

vant material related Infmative Annexes A. B and C.
4.5.3 1" HRa'" H LS ¢ ygc

1 dz0y j dzdzv W OC dgjdfs+ 4.5.3g-factor approach

(1)t

fnlzu L 1 ©s @pts(dEdse' d = § df fies

Is' 9 OsHE'sL". RO 2). 13 ( 3 (DP The values of both demand arapacity
of ductile and brittle members shall be io-«

4. 6 Qetodlsj to' 6L t@2VY gedcly cordance witl2.21(4P, 2.2.3(3)P

S HY 4 ¢d - _
4.6 Summary of criteria for analysis and
(1)t 1 bOBddy' 4. 3 [ safety verifications

LdzOyj dzdzv R Ot OCIsj tod @t (1)P Table 4.3 summarises:

i

6 |s Blzlsd { tdafsdL devAsY £ dafidia

N Hdes ', @ My eZO wjodeidd T The values of the material properties lte
s thtoaff) (FOMUsts L tc On & dzl Iz adopted in evaluating both the demand aad

pacities of the elements for all types of ane
iy Ctiftsg thdzdz o d $ yddlits Sis.
9 ' takQ@H " 2WAs MistsH Olsdzd o d -
j§iBj dzls ' 9 H dzMc sa fip'Om kzlsiaf fz T The criteria that shall be followed for tt
safety verification of both ductile and britt

elements for all types of analysis

v OB dzd y¥ 1 deOQqj dedzv o dzOfyl
kjte' Odz o H dzeeCidta dOintdf jdzg ‘I
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Table 4.3:Values of material properties and
criteria for analysis and safety

[ dz Brgodzids (L M)
Linear Model (LM)

1 J d&z2' dgsRjdz  d
Nonlinear Model

1" H

Mo
n

H L o8
J W' y'qt dEs O
g-factorapproach

. . j flz y- j finkz yo-
I doss 6 d Vineuss bl ldssed 9 AENS dassed U DENS
Demand Capacity Demand Capacity Demand Capacity
1 tod 2 dzw Isddz' dig Is? dzts’ BsH J dz'
L @J d =D;/C;)
Acceptability of LinearModel (for cheking of L o dEQt
) desfls ' d €
I‘i:Di/CiVa|UeS). fr]lStSOIZ?JIS
1t totsL tcORIfiR | o d toc Q' " Y dat te Hdz' dzt
Mo z2gjtoj H@®YJ dCdilgetso 22 Is dzv o dz@f
o Y jdag o dzOMiIsdo 5§ ij tej H dz' sj 2"
B dw | & 9 dzO fisfisls] p 2 dz0 Ctsj ¥
8| From analysis Use mean| In terms of strength. Htso ' oy 1 5 o1
— § values of propeaties in | Use meanvalues of G' HdzsMmls| R 2dzS Iz
% | model properties. Ctsi W 'dds
T olldted o( MEChAs B 2 dZzO ff to dsR jdzi dzOH * 2 dztg From v 9 dteQt
2 z| Verifications(if LM accepteji $3OIs j t6* @ analysis. dzsfmls c_ff
g 8 lod@) ¥ sted fMistse 3ls
- o dCtstedmistgel ! B Y In terms of t6j Hdz dat
% tcj HualzOy j dagld L @ 2 dzC b strength. Use dzv o dzf)#
= sdotsfylsj 2, |J1d¢ M mea values of s 2, ‘dzdfq
H |webLEOREdSE | BE 5] yistkd 22154 1 propeties €20 ¢t
g Fromanalysis. Us besctinisdz | H d&' L @ divided by CF HEo ' 16t
5 In terms of defor-| WJdd# di@ and by partial ¢ ' Hdesls
.é mation. Use mean| IS d 5§ 2 | factor. 54 W day
B values of properties| d3t5jdz dzOH ' 2 dets
dividedby CF. $ZOIsj o' O
1 j 6y o( &GS B EZzO { to R jogw| From anay-
7| Verifications(if LM accepteli sis.  Use b eqLgt In terms of
cn ] meanvalues . strength Use
-51 C Be1: of properties| #25MIs " d 4 = H § meanvaluesof
N ‘oL EOT . in model. Misse 23ls dzts fiyls ' -| properties
: If r; ¢1:fromanalysis. o dCttadfls ol dzv adzaﬁglstsqlk]b Iviged by C
% ; ; g . ; “ &d &3 L { and by partial
4 Ch : o Hdz' L dz®n 5§ 21" ¢z .
o C B>1 : H' dztsdg | factor
= o ‘ Isdoe sfylsj 2 dzq (s70] wlggg
T & !— tG| 9 dztodEbizvq Ctsj W' y' ' das o ' taitize fiyls 12004
P ol d ydz Mlss S o ¢ gy fyls ' deO o  figg T
t:JdZJdZ)‘!leSIZ_. __B'JW'" YaldzO H ' 2 Csd W 'dds
Tlokz2ls mJG‘UW’g’B %0l j ' d In acccr_d-
‘i o &zOMmiIsd o sMisJ In termsof ance with
dz' CdQ W' REI&E |y terms of strength. strength. Use the _relevant
Bt ey fi>3 Section  of
9 i) Use meanvalues of mean values of EN19981:
If r, >1: from equilibri- | propertiesdivided by propaties '
' CF and by patial divided by CF | 2004
um with strength ofduc- and by paia 'Vc'j% y L |
tile e/m. Use meanvalues| factor. ?n y partial
of propertiesmultiplied by actor
CF.
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5t wzr11 r c) csf1vut uvus AJwe15 DECISIONS FOR STRUCTURAL
luvstuy ¢dq INTERVENTION

5.1 sted ] taZ = o Oulzgz dzdzw 5.1 Criteria for a structural intervention
CodemMstczC y' 2 detsdzsz o9 Istelzn

5.1.1 19 jH] dadgv 5.1.1 Introduction

(QDuvm o Pdedg? " j dzdzv f totf ts@lf (1) On the basis of the conclusions of the

ftcd 2 di30OIs d Mwic jdzOkz dx frigiH® ' * © sessment of the structure and/or thaure and

MstcZE@OtLOC Kt j dzvHy j dzd extent of tie damage, decisions should bk-t:
en for the intervention.

1t Rf wucsSd fted ftotsjSClskzo Od

Sflsdi@Pd ' §{dzzodls! fiipMe O 2 NOTE As in the design of new structures, optimali-dl

sy’ Odz' ded~ OMYJjCIs* o, Is@E sions are pursued, taking int@caunt social aspects

fls Odzdz? OH® $ipptelsd to] d3tsdzlst sych as the disruption of use or occupancy during
intervention.

@)r OdzdROdgH Otcls s dMmiz’

o' Hf s ' Hdzdr CtedlIlsj o' ~ g (2) This Standard deribes the technicalsa
pects of the relevant criteria.

5.1.2 uvjnde ydz' SCtedlsjt
5.1.2 Technical criteria

(1)t Jde'tw Iqdflz, s

C dzOH dzts M Is 9 Is tc za@dadzy @€ (1)P The selection of the type, technique;

W s teidior)  C sdefmistc z§ tg( 'tso tent and urgency of the intervention shall

dzO dzdz' fiplyyOtiEE p dz' . based on the structural infoation collected
during the assessment of the buitglin

(2) wd2'H fHftod?2 BBOIsd ofy-

f4S%Isd: (2) The following aspects should be taketoi

account:

O) Ml dzO02 KWzis@&O dz' dz' GtokzB

EmMEzo Olsd o  Hf so ' Hdzd &3 1 Q All identified local gross errors should t

appropriately remedied,

b) eadf OHC s fozfdejdz 2z dzv €

£ mjdem' ytstmlsCtsmis® ,ddk b)Incase of highly irregular buildings (both

9 Odzls Oy j dedglz’ H § tsdziits s terms of stiffness and overstrength disirit

tc' o dzts 3 tc dzgim®d yJ d3ts 3 tions), structural regularitghould be improvec

o dMmskh s’ Q@z'g  dz as much as possible, both in elevation anc
plan;

M) 1 JjtBR " H n Otc O &fiksj

mis' 2 Qdys‘mlstc{ o IRONYdef~ s d3 c) The required characteristics of regular

& ydetsfmls '/ OBt Y tstcfyly¢ and resistance can be achieved by eithedim

s Mdgz® yd = ,J dfd ey ddlsdzd - t fication of the strength and/or stiffness of

d dr Jdzj d@3j dzls* o € tsdzfls t appropriate number of existing components,

by the introduction of new structuralements;
d) 1 " Hodh jdzdzgv dztsC Odz' «
LOBJ LY jykze Olsd IsOd3, H J d) Increase in the local ductility supply shot
be effected where required;
i) "Hodh jddey KkC gtz
G lIstelzyOdedz? dzj f tso d dfdz e) The increase in strength after the intaerv
dzlz ¢ dzts B @rls izt o tion should not reduce the available globadd
tility;
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f) stsdzC toj Isdzets  H dzw ¢ tsd

C d&zOH € (: dzj f sH OIlsdzd 9 ° f) Specifically for masory structures: non
Ho jtoj 2 Mmdz' H L Od3" dzd Is d ductile lintels should be replaced, irgdate
B Y §° HEzcctsH " Hfipld ,dimid connections between floor and walls should
iz dabtstd d L 62O d2'dzls © % j dzc improved, outof-plane horizontal thrust
htf tod f OH Osfflslzts iy CAs fiflsL” . against walls should be elimated.

5131 dH Ctsdziis tclz & Isdf a|Grdzeiz
5.1.3Type of intervention
1)) stezyOdedzy di3tsy § @B BY
n Otc OC ISl defdzdon: (1) An intervention may be selectdtbm the
following indicative types:
O “"MmMyje0O OBt L Oc Odrdzdk
OBt dzj f sh CsH Y J dzd = Hindz a) Local or overall modification of daaged or
mMddzj dedgs @ sSoLddd3’ dzO) undamaged elements (repair, strengthening
Yy tstemisC " Mmis+ a3’ ydz' mls ©- full replacement), condering the stiffness
dzd = 4 dzj O34 dzls ' 9 ; strength and/or ductility of theseegients;

b) [ SHO9 Odgdlz? detsodn~ J

(20 ted & d&zOH , tesL Isw ¥ € d b) Addition of new structural eteents (e.g.
L Of 59 dzj dzdzV d3; mis Odz' , bracings or infill walls, steel, timber or rei
Is 5 dzdz’ fswid o € tsdzimlstel forced concrete belts in masonry constian
"L IsH. ) ; etc);

1 B dz0 € sdziistelz ¢ Isdfa

n s ta iZ CHIsdizQadAsts-L b« ¢) Modification of the structural system (elir

Mk dzj dzdz? EteOL dzd nation of some structural joints,idening of

dzs o s € p & Ekdrfd’ dZ joints, elimination of vulnerable elemeni
f sHOIde dR Mls tc L modification into more regular and/or mo

ductile arrangements)

d) [ SH O9 Odzgdz"  dzts o ts 'fifls jCd

Hdzfgtf tcf Bdav 8 DY OMIis @deth ! t®c d) Addition of a new structural system tosst

i 2 MBddg@a O dzls Oy J dzdzv tain some or all of the entire seismatian;

)
HJWwWECd
L'H dzQ dz
C BBt
B h

t dzJ

J) Iwxydzdej J toj Isdzfwldcly- e) Possible transformation of existing RAc
wnJ dzj d3j depn zay dzj d3j dzls d € t structural elements into structuragmlents;

f) l ftctso OH Y J dzdzW f Oofnd
Mistets @ HE csisc setsLifd fiy f) Introduction of passive protection dees
Lo WL Q tsodZspetsts ; through either dissipative bracing or basedst

tion;
g) dafl 4 § dzdzv  BZOM ;
g) Mass reduction;

DL, dzOf ted ¢ &zOH , 9' Hdzs( Is

teOL d&zdo ' Cwdztsded L BOdzdd3 D This is for instance the case when vulnerable

ftsods Miss 3 WClb sl 'j Bt d o § shearratio columns or entire soft storeys are &a

¢ sdziste iz € yvad ;s @Qa@atEs © ¢ tsdzd formed into mee ductile arrangments; similarly, when

dz@fy’ ydesfg® o dMmtsisdzs’ 2 o " H 3" k overstrength irregularities in elevation, orglan ecca-

Edzt(%gfz Ld3j dgh 2° Is+ mw " dzw = T3 tricities are reduced by modifying the structural systel
Ji :

h) [ B d3j » Jfdgdmyj fOBHEsy "o df*Cets
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MisOdzedz? BIZH ' 9 dz' ; h)Restriction or change of use of the ding;

i) vYOMmlStsoad?2 L datsfy;
i)Partial demolition;

(2) Its>1lzlsl Blzlsd odsBte

sdt " ) f 5° HdzOdzdz" .pdz' (2) One or more typesicombination may bt
i qd3®ls q’ tctsL tc On kzdztollf dirfsk selected. In all cases, the effect of structt
MstezC y' ° dzO W kzdzH O d3J dzlc modifications on the foundation should b&-t:

en into account.
(3)t c¢hs fted2 RO’ Is* fiy
dzj sBR "  Hdzs Mdz" HEY Ols dd3t (3)P If base isolation is adopted, the peions
my Mmis O BEMI10381K2004,10. contained in ENL9981:2004,10 shall be fd
lowed.

514 4 SCtdimistclz§ dgf a@zldzd |
5.1.4 Nonstructural elements

1(t) t'hjdedgw, Nitslstilst
L 3" ydaj dzdzw j dzj d3j dzls * o j ¢ 1(P) Decisions regarding repair or strength
frjth zd , 2 sty © dziz ng ts a3l fiCBo ing of nonstructural elements shall also |

Hist tso dajtizdal 2 dzC ' asdiaBeaf ok taken whenever, in addition to functiona-1
MmMd 2Md3" ydzO ¢ tso jH' dz€ O ¢ quirements, the seismic behaviour of these
mMesdIlsd L OcttsL 2 X dIslsi ements may endanger the life of inhabitants
offdzde dzO ' dzdz’ M ¢ Ofgdks affect the value ofoods stored in the bdihg.
BkzH' o dz' .

(2) v IsO0€d~s odf OHC OF- (2) In such cases, full or partial collapse
dzz o Odzdz? © C OL Oded = 5 fzj t these elements should be avoided by means
HY J tatlzv ntsd3 o ) d & OdzdzV  dzC

a) 1" Hd Bo' ' HHddD 6izts dzfy Is to 2 ¢ &) Appropriate connections to structuraé-e
J s @iz H Ed 19981:2004,4.3.5; ments (see EN9981:2004,4.3.5);

b) 1" Hodh j dzdaly 1§ les'd@ndstichi b) Increasing the resistance of mstnuctural
J dzj d3(dmlgEdD19981:2004,4.3.5; elements (see EN9981: 2004,4.3.5;

) ltd2dwilsd L OmtsHd { &c) Taking measures of anchorage t@vpnt
dz¢ L did Ists¥ L Of sB ' G Od possible falling out of parts of thesemknts.
dz¢ W@NAsOL Odzed = J dzj d3d ozls

Pudz' H otcOrRtso zo Olsd @igfs (3) The possible consequences of these ipr
L Or =BO off ts9 dzi ) Hzliidg A3 &5 ¢ sions on the behaviour of structural eleme

Mistez& y should be taken into account.

5.1.5 [BGetolkzdislkzo Odzdz" Iz - 5.1.5 Justification of the selected interve-

Y O dzdz" tion type

(1)t b ofm'"ns odff OHC &= (1)P In all cases, the documents relatingete
mMwis: Mw HB Htets] § Iskzo Odarofit design shall include the justification of tt
dEMisdlsd o MmMtse tsB G tc iz dzl type of intervention selected and thescrip-
olstelzyOdedzy ° s d g f BARC tion of its expected effect on the structured

f so jH W @Ctdd CCys dz . sponse

2r ©dzj BBCGtlzdzlslzo Odzdzy (2) This justification should be made availat
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Cso ' to the owner
6t rsf{1 vt LvsAuwg 6 DESIGN OF STRUCTURAL
INTERVENTION

6.1 esyJ HEO tsL tetsB € d 6.1 Retrofit designprocedure
tczC y' °’

(1)t 1 ttey§ s dzfg tiste \Wizdz®@ (1)P The retrofitdesignprocedure shalhclude

YyOlsd dzpigetf tff dz’ the following steps:

Oy ms ' fuzgPCls a) Conceptual design;

btetsL cOn Zdzts € b) Analysis;

c) ¢ ts dzls te ts dz! c) Verifications.

( 2)(Mm¢ " Lfdft2j € Is dAftstsotsdf ddgs (2)P The conceptual design shall cover the
dgnlis 24 dzj : lowing:

() 1 dsBj' ntalzts'ds@BIS] ted3@ dz° o (I) Selection of techiques and/or matials, as
sdf k& ' ¢ SLdvdzfrpldaddgsisftedaz well as of the type and configuration of thme
dzv . tervention.

(1) 1 s¢ J toj H dzgV sy dz&0d (Il) Preliminary estimation of dimensions

dzj Mz YlsGdzjH?2 . additional structural parts.

(rri) 1 s¢ J toj Hdz2v sy ' d (lll) Preliminary estimation of the modifie

BSHjtodz L so Odegd = j dzj d3J c stiffness of the retrofitted elements

(3] § sstetyL tOn zdzC,lz  dnd usde (3)P Themethods of analysis of the stture

i 2 dzC4s4, {ts odgdz’ o d € tste d fus specified in4.4 shall be used, taking intoca

P& ko Odzdz o3 L d3'jtela] ids{ R € =t count the modified characteristics of the Qui
ing.

(4)itejo' o€ d fdsdH] diddzts il (4)P Safety verifications shall be carried out

sd W HY so ' H dzts4.5HvEH dfvz dZ€ general in accordance with5, for both exis-

ydas,0¢ ‘L d3n dgyjsddgtE o d = J d ing, modified and new sictural elements. Fo

Csdemistcz € §'j tc.j o T tdaf ) I8ZO existing materials, mean values from-siiu

odCtcdmMdstshizs Pls dz’ L dzO - tests and any additional sources of informat

o dtf tctsB W do@delgyH §zQi3° 'y B-L shall be used in the safety verification, dio

wedan HBHOISE Y stcd3Oy " ° fied by the conflence factor CF, as specifie

de *z@ tsj W ' nyts " tedAS to el laa F, in 3.5. However, for new or added materie

9COL Odzts 3b ffiztelt€ldsj H dzw  nominal properties shall be used, without atnc

HOdzd » d30tsty dedzafess o Is ts o Iz ification by the confidence fact@F.

dzts &3’ dz® dzO tigls d o 5 fiddzd ¥ j dzded

CstedMisOdadeMscy W ° y' ' Hzls &

o' tsG ' Fdzsmils’ s

1t RI whspdzl tste d3O Yz jé i futlzts L' wipdist NOTE Information on the capacities of exig and new

ydnas dzso dn  Jdzj d3 dzls® @  § structural elements may be found in the relevant rira

9 ' H{ slgdalVdatdc 3O Is f asdet®OdglE z | @€ alrelated Informative Annex A. B or C.

L Odzj ¥ dztstipds | teo' 'Oz’ © .
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(5)t cS¢hts Codemilstclz$ Isd € (5)P In case the mictural system, aoprising

9 MmMtsB* w e ) dgleE] 34, 6lzls k both existing and new structural elements,

MstelzC y' L OH teizsty de'd dgsls @ d3« be made to fulfill the requirements
H Otc ENz19981:2004,Ists ff J tedd® Izt EN 19981:2004, the verifications may beree
LH' 2Mmdzs 9 Olsd mw ® ' H{Y seried out in accordance with the provisio
9 d ¢ dzOH yQles Ritsek z &34 dzls therein.
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rdr ¢uvfps ANNEX A
(" deW sted3OIsd o dzd 2 (‘nformative)
10 wy Ja o111 wusfwwt REINFORCED CONCRETE
STRUCTURES

6. 1 W jtcO LOMIssMmize Odzd ¢.1 Scope

(1) [ Odzd?2 | sHOIssS o3 (1) This Annex contains specific infoiaon
BOY' ' ¥ HAzv sy ¢ d L Odz' for the assessment of reinforced concr
f slssydzsdzz Mmis Oalkzj,dzd2v , H buildings in their present &te, and for theil
dzj sB R " Hdats. upgraling, when necessary.

. 2 wWHJdsdY' €Oy d¥ 26Q@- A.2 Identification of geometry, details and
sjt’ Odz' 9 materials

. 2.1 1 0c0dz dg' ¢ tsdztsy J A.2.1General

Br' Hdzts tcj Isj dz¢ (1) The following aspects should be eflly
X examined:

s

d

l. A ydzd2 MmMlsOdz L Odz' L I. Physical condition of reinforced concre
dzoO w ‘ML s@tizH Y 56 ' tohtyg- elements and presence of any degtiad, due
fMis p 220 M d€' QHds@ylz' 1€ stesS L 1 to carbonation, steel corrosion, etc.
H O.dz'

a0 j o J tcjd edzglz’'2ls ' dzO o O dzlf € II. Continuity of load paths between laterad r
dzseo d dgd J dzj d3j dzls O izd sisting elements

. 2.2 J JsdIstc’ W A.2.2 Geometry

(1) ‘" Bt Odz H Odz' ff 59 (1) The collected data should include thé- f
i &z dz€ : lowing items:

1
s
W.WH jdzlsdW "™ €Oy w B ' ydzd I. Identification of the lateral resisting sgms
) Bisn dzOf toW d3Or in both direcions.

wuf.to' ° dzif @dflgivte jltc gL O te dz II. Orientation of onavay floor slabs.
tetsL 3" M jdes® © BSHdesRBE

wwl d Msls® dqted dzO B Oddis €, Ill. Depth and width of beams, columns a
walls,

wW. zdfz® ftsdzdy:! o IsOs tet V. Width of flanges in Theams.

V. [tydzde ' J¢Mmyd dzls tQifth V. Possible eccentricities between beams
" Cdztsdz’ B 6 &3'H fdaazeizw . columns axes at joints.

. 2r.j3AsdEd € O A.2.3 Detalls

(1) 1 ' BtcOdz H Odz ff ts9 (1) The collected data should inckidhe fd-
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fzdzC Is( : lowing items:

Cdzt € 'ofglisie x tiAs B

l. s B o tsfifds Btze I. Amount of longitudinal steel in beams,l-cc
BOdkzC OR, S(tdatsdzOa

fmls * umns and walls.

II.s " dz €' Mlis: ' HJ IsOdz¥ o Il. Amount and detailing of confining steel
dzj o ts° Otedi3OIskzted o € ted[- critical regions and in beacolumn joints.
COn By BOERS OB ' CBc

wusw.dz: € Mmis! s O dz Oaldg fiziv 111. Amount of steel reinforcement in floc
tcj CtcdIlsils’ o, h s o dzts fipdaist slabs contributing to the negagivresisting
tcJ OCE p dzd dzO ¥ dgtisd3 JsdslO W tE bending moment of -beams.

BOMsC .

W. [ § stcdzO H tzasdsdf@d dzdz™te IV. Seating lengths and support conditions ¢
L sdzls Odz! dzd = J dzj d3j dzls ' o . horizontal elements.

V.usoh d@O@dmdzesets h Otclz V. Depth of concrete cover.

VI. b lsodd2Q@f izdg'€ 4§ tso L H ts oot VI. Lapsplices for longitudinal reinfoetnent.
tcd .

. 2.4 [ Olsjt’ Odzd A.2.4 Materials

(1) "'BttOdz HOdz" { ts9 (1) The collected data should include thé {
fzdzC Is(d: lowing items:

ws @fg j Is s dzlz . I. Concrete strength.

wyitc Oddd Y&z wtsAIs ' ls ©tdzO dzd 1 1. Steel yield strength, ultimate strength and
B ydz' Mls?  * CtodlsdydzO + ultimate strain

$.3[] sHj dz' dzi MEyts’® L H Ols A.3Capacity models for assesnent

¢. 3. Misizy A.3.1 Introduction

(1)} sdztsy § dzdzv , 9 Jdgtsogriz giz& (1) The provisions given in this clausepdy to
LOMIssmMtse ¥ Is+ mMw w € @ - both primary and secondary seismic elemen
to d dzdpd) ~2"fgatf f dzj d3j dals © o .

(2)s &zRMds Oy v ¢ s tsdgj dzl (2) Classification of compnents/mechanisms:

w" § sH OlLdeddpdz® O dgS ¢ ts dzts dzd |. "ductile”: beam, columns and wallshder

i ‘oHt dzd B 15 d3tEpdiflz  Bizj; L flexure with and without axial force,
wwltednt di3j § 8z togzy dets ¢ 5 Il. "brittle": shear mechanism of beams,l-c
BOdzttizts dzE Mmis‘odz * Mmisd & umns, walls and joints.

$.3.2) ¢ d &z0O df; B tsdztsdzef * “ ¥ A.3.2Beam, columns and walls under fle-
s tso b’ fpdjde ure with and without axial force

. 3.2.1 lIMmsizy A.3.2.1 Introduction
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(1) [ g & Bdpdyozts ¢ ¢ sstogstélz (1) The deformation capacity of beams,l-c
tew ' s mMev" Hif s " HdztsMBIs 2. 2 umns and walls, to be verified in accordar
2. 2.2(2).14¢ ) 2Oy 0O"' Is g with 2.2.2(2)R 2.2.3(2)R 2.24(2)P, is defined
Ckfsso stEtslslr,d IstsBiIsts € Kls interms of the chord rotatioa, i.e.,of the an-
ydets®  rots AP MIs d ydas B3ts to B gle between theahgent to the axis at the ydel
hts MY tsdzlz y® 'O tc dHzO t€dzdifidg sk ing end and the chord connecting that end v
sz o W tsdilz tifAatsjhsdmMf/\s = the end of the shear spdh, =M /V = mo-
dB3ts 3 jLdiEdz/h jzdzdgY dzy j © s &3z ff ment/shear at the end sectior®,, the point of
oyl J &g dzlz. I-tSotciBtES s Yo - contrdlexure. The chord rotation is also eqt
dz¢ ‘St W' y' ‘' dzlsli dzifoigglis J € tb to the element drift rati i.e., the deflection at
fteccdgodz Cf tidaplisdr W € s A3z ff the end of the shear span with respect to
Ltelzh jfdsizve ' H dztsh j dzdz®  H t tangent to the axis at the yielding end, divic
f zO0Mmisdydesects h Otedz’ tcklz by the shear span.

. 3. 2. 2 | tcOsBzpzddzd 2t i#)1s & A.3.2.2Limit State of near collapse (NC)
dzlz © O dixldz)  (

(1)1 te O dzd Yy dzO toty sdrftagtfixiz@ABd (1) The value of the total chord rotation cape
toH (N lz dfQc Iz ¥ tats dzj  touO)fipff i ty (elastic plus inelstic part) at ulimate, g, ,
B J Istsdediaf tigls ' o fdesddz H dztdze of concrete members underctig loading may

s Oy j dedpt d&zOyO*‘ Is+ Mw L Oz - be calculated from the following expression:
dzts:s

8 1,5
o dyw 8
)0,35 ?O SO

1 Emax( 0,01;w) g% (L X 0 (1000
Tum =QCa,om((o,a”)oém“Cl\EI 3 (TV ces 'C(l,25 d) (6. 1)
HJ: where:
gote o ded Hdzt, § j oo d dzdzdfdz, g;; is equal to 1,5 for primary seismiceel
Bjdals"® * 1,0 Hdv ¢ mentsandtd,0 for secondary seismic €

Ldzj dgj dals( W € o dL dOyj ements (as defined h2.1(§P),
2.2.01(6)t

h sadmMmEbY jtcj ydetse, s f j toj h isthe depth of crossection

L,=M/V o' Hdztsh | dzdatc z 35 dgflze L, =M /V is the ratio moment/shear at t
C' ' dgy'tcj to' L Iz, end section

n=N/bh&, (bh d tcd dzO d fitpSoo[Mzdgs, 7 =N/bh &, (b width of compression zondy
s s 0 MdzP i sk g axial force positive for compssion),

wawi a3 - Odz" ydzd2 St W y' wwi isthe mechanical reinforcemetio of
tetsL Isw q dzjSdiiz O fujdtc @ teiath the tension (including the web reinferc
szl tf eijflsd MG OdedzH §f S50 SF ment) and compression, respectivelyn-lc
oy dzt B8 @t BZOIs gitudinal renforcement

fo" f, 3" ydz' Mmls: BJ Isk@lx @ f. and f, are the concrete compressi
dzd W S Eytsfmlsd 1@ sd3fzisH t strength (MPa) and the stirrup yie
BJLYiBMjtejHdy B slste@e strength (MPa), respectively, directly-o
Yd dedzv L 9 daPtc mR eyO dzt tained as mean values fromsitu tests,
odnm HYJlt]jdz ' dWBtdo and from the additional sources of inc
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dzd d3  y d detdsdi W dz@) s b thizds Y to t mation, appropriately divided by the cen
Hithils wC o dLtdodgSlsizs ('] dence factors, as deéd in 3.5(3)P and
IsOB dzd Y ° 3.1, L ZtcC Table 31, accounting for the level o
tc' o'ddsl stcd3OIlsd o dats s’ knowledge attained

r=A,/b,& StV y' ‘ dals Oed r,=A,/b, &, ratio of transverse steel pér:
Yydztst Ot d(IOG iz @dzsf dz® flasw lel to the directiorx of loading(s, = stir-

dzO 9 O dzls Osy =S ddBEvds 312, o rup spaing),
rq S4W" dgls H' OG t5dzO dz(Wst r, Iis the steel ra of diagonal reinforement

hts o thdz C 15 ) dssdigrdiz H dzts (if any), in each diagonal dicgon,

2O 6w o3’
a Stsiw' y' ' dels g deddedk a is the confinement effectiveness factor, t

>4 BEISH ljtcté da?dziq’Wd;$ o[ 2 may be taken equal to:

s 9% a a h
a= (¢.

H where

by " hytesL BYW®HE] tcH j ydzd Qy( b, and h, is the dimension of confined core
tc Odz' igs” ' B lsyd,dzj dzd the centreline of the hoop

b Ctotf ISL Hiso ) dz' DY Bils jp W/ b is the centerline spacing of longitudin
dzOf te WLd3$ zdzH i) 1€ MfsE3] | B - bars (indexedyy ‘) laterally restrained by
Is d fndzj Sztizks 8 § A3z OB s tjJ- a stirrup corner or a cros along the p-
ydzdidg ' Wi o s gd d3d Is tedzlz 1 | rimeter of the crossection.

v Mis ' &P &d YdEkz0e d L dzO0y Otet In walls the value given by expression (A.is
Bz dztel),H * dzd O MY, 6 divided by 1,6.

1 todo d € tsto d fiflseOidide’ dzts $SAdsd@h¢ If cold-worked brittle steel is used the tof
Mmls Qdzlss | tc IsFO=kemd dzd t® ¥ , chord rotation capacity above is died by
1,6.

(2) 1 20y j dedzv ff dz@figls ¢t (2) The value of the plastic part of the chc

- Stot tj{ Skeflstsdzdzd = J dzj d3j ¢ rotation capacity of concrete mbers under
dzd dgO o Oglzbiz@y d3 d&Btsy J B kzls ( cyclic loading may be calculated from thd-fc

dzOMmlis z fdiz®OE & o lowing expression:
a . fno
1. . emax{0,0L mi)8 » 00 AL, & . B0 8 ..
O = G- G, = ®O1450025" o g S 02 V.8 @5 s (12758°%) (¢ . 3
Fom = o = Gt 5((1) ) &max(0,0% W) } ch = ( )(¢ )

Hi BEPptlsOeadar@ OB k%zB Y where the chord rotation at yieldingg,
g, 8B Y(d Mmdzee s s’ " MBS 94 should be calculated in accordance w
Histc' older dzf j tco d Gpged K)d3'j wid A.3.2.4 g, is equal to 1,8 for primary s®i
B34 dzl51,®- H dz¥ Is ts te d filpglz?d ) d3'd WZ mic elements and to 1,0 for secondaryss
B4 dzlOe &f “de 'd3° ezdel dzO U © Ol8Y mic ones and all other variables are defir
Bz dzteAEL). asfor expression (A 1).

[ dzils * dz L dzOyJd dzdz¥ , 1 &Bij |n walls the value given by expression (A
Nz¥s+ dzO 0, 6 is multiplied by 0,6.
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1 tod 9 d ¢ tsted s OlizslziztsCH@ISE If cold-worked brittle steel is used, the ple
Mis'@ddzO M ls d y dz@ e @A layflziz@ ts tic part of the chord rotation capacity i (
ntH s+ mw dzO 2. vided by 2.

B)v Jjdzi &3 dels©O~ B JjL ddg" (3) In members without detailing for elart
Mls' 2C sMis’ H, B daO jydistiaia@is quake resistance thalues given by expse
9 dtcOL O3d (ots didets ¥ zdA®@d .Gr§ sions(A.l) and(A.3) are multiplied by 0,825

4) 1 HieS(BHd OMmMissmise z¢ Isdz- (4) (1) and (2) apply to members withed
s L HJWBtd3so Odzed dggv c formed (high bond) longitudinal bars Wit
Mistedy dzv di3d ¢ tso L H 59 ) d@ - outlapping in the vicinity of the end regiot
O dzdz" o dzOff 2M<C o Bfijb Y where yielding is expected. If deforme
C'dzyd ovsleC dw " dm sy "' ¢ k& longitudinal bars have straight ends lapp
HJWBkdzOy" v . c ¢$h 8 H j¥ starting at the end section of the membe
OLHBSo Y dzr 85 Oted3OIskztcdts- as is often the case in columns and we
dzzadg] o dzOf 2MS,  t5yd dgd with lap-splicing starting at floor level ex-
o' jtzy Gzgzezyy yYyoOmilsts B pressiondA.l) and(A.3) should be applied
fMls' dzO~ 'L L' ‘ H dzOdzdzv t3 with the value of the compression mei
odzv f Twdite®d d ( ¢. 1) - forcement ratiowi doubled over the value
Msozoa Olsd ' LS sy @O yf Isafldk applying ouside the lap splice. Moreover
Ottd3Ollafed f sHots' ded &3 ¢ ts if the lap lengthl, is less thanl,,,,, the
L dzOy g dzdz" , L OMISSMNES WS pastic part of the chord rotation capaci
o &zOY EMC. 4" d "qdEXSAB," gien in (2) should be mullied by
o izOY lg WgCdz" J , lofle X § zOMIe |/ while the value of the chord mt
Sddez L H' BaSMES MES  § 6 ion at yielding,q, , added to it to btain the
o Y@ md n 6 dgdsy total chord rotation capacityshould a-

L az0 u d dzde - fsEe i S I 2O s oqynt for the effect of the lapping in ac
B BOg), VS HBH@YIS EIYE cordance with A.3.2.4(3) The value of
5o dzts G 15 H 51 4 tésko AStcSHSEA 59 1,
fted2 BOId » tSLLOD L dds
fezm¢ o  HYfts o3". H2qzetQ rE 1Y, a0tz
odtc Oy Gnivls s O¢ d diz Y d dzts d3:
loun = o OF, /|(1.05+1456, & &, 1 )./, |
H where:
dy, H' O3J Iste MY o dzidsjtedcpi~dz’ d,, is the diameter of the lapped bars

f, MJ t6J H dg' L dzOyJ dzdzv  dij- f, is the mean value of the yield strenc

dzdr o dzOf EMC 1@ )sdy et of the lapped bars (MPa) froin-situ
90drO d&' My’ HESH OIs € s asd tests and from the additional sources

tedzsOy" ', § tsd3datsy JEJE] information, multiplied by the corre
Y' ‘HiEso S #cytcttmis H d2C o d L sponding confidence factor, as defin
fzdz88" IsOBdzdy' 3. 1ts- in 3.5and Table 3.1, accounting for ti
Mwedzzlstse 5 deWtes todg@@'Is & d level of knowledge attained (se
3.582)t 3.5(9P).

fofw 7 WS odLdzOyj(tets o f f., f,andrg asdefined irfl), and

& = (1- Sh /(2@’0))@' Sh /(2610))®]restr/ Neot 5
HJ with
- Negre W Mdzts Misertgalp d2' 8 s - n.,: number of lapped longitudinal ba

MY & dzkz vpjdaf-z M s d3d ¢ U Y laterally restrained by a stirrup corner
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dzj dzd B)s € o L gtsdszd®B 5 | ff a crosdie, and
te § Ydzd g tswdm * W

Ne: L OG Odzt dzj yd fdasdzOfft - n,,: total number of lapped longitudin:
Mistedy degidso ff Bz 5~ O B bars along the crossection perirater.
B swsz) $] ydesets § jtojls

(5) v Jdzj d&3j dzlsOr L &y (5) In membes with smooth (plain) longi-
dzv 3 ftsoL HtSo Y dz B° O te dinal bars without lapping in the vicinity ¢
o Mz fig¢ BJ L Y sMJ t6j Hdz' 2 JB the end egion where yielding is expecte
o’ H' dzv g€ d, HJ sy  WOE the total chord rotation capacity may bk-t:
yw , L O O dzd dfGsdzaCs tetdsldcAztF ¥ en equal to the value calculated in atkc
Blzlsd dfvtesd? tc' o dzts® L dz®x ance with(1) multiplied by 0,575, while the
dzts dfIA%1) ' dBzts y J dzd d3 @§Qdn B ¢ § plastic part of the chord rotation capaci
Yyomsddz® Ftswegslslz B zIsd may be taken to be equal to that calcula
tc ‘dais ¥ L dzO tg 5 dztiz® - ts df &B@2 d3 in accordance witl{2) multiplied by 0,375
kdztsy j des sz dzO0 0 € &7 B ' Q¢ (with these factors including the reducti
B3d o Cdprdfu®f W ' y ' h gizlzdz¥ d3§ factor 0,825 of(3) accounting for the lack o
f (3, " totkk® dzj Hisdz' € @- detailing for earthquake resistance).tlie
y' ' s Ml 2¢° Mis! H % - longitudinal bars are lapped starting at -
dz' fsoLHBo Y dz 5° O tc d3 end section of the member and their ends
f 2ifSsyd dzO¥ yd Lt gdizdzagj dzb provided with standard hooks and a |
¢ dzy’ LOBJ LY Jyd dZ MmUsClengthl, of at least15@,, , the chord rca-
o d dzO L' * fHEAPURAZV3" oddAWEZ ¢ tion capacity of the member may be cal
i so sdctistsHdzj d3j dzls © d3tsy j O - lated as follows:

dzts IsOSC dd3 yd dats d3:

TuWstedRzddO.~r1) Hsa(qpd dBBQ 1 In expressions(A.l), (A.3) the sheal
Ltckzh j dadzV( ® ' H dzts hNj/dzddY dis - sparL, (ratio M /V - moment/shear at the
a3 delde/lz N jiddadzw ¢ * ik jote j) to ' dze end setion) is reduced by the lap length,
hizls: MW  dz© Htsoy ddakzlz IS, 35 the ultimate condition is controlled by t
sM¢ " @6 O MRiB@dzj y d Is' td»- region right after the end of the lap.
LsOhs8Qdzf sjtejHdz 5 L C

o @ zm¢ .

T {0 to | fasdpidAcisdSe ez ) J i The total chord rotation capacity may
i tc d 2dd21cls ¢ dg dzO y J dzdz¥ , Qizts & taken equal to the value calculated in .
i 1), ' s d3dptzty d3z  dzO cordance with(1) multiplied by

0.0025180+ min(50,1, /d,, ))d1- 1,/L,)
Of dzO figlsay QI Ists[ et tif 5 o (s t6 tsldst plastic part of the chord rotation capac
By 4 BRI § tod? tay ded: B may be taken equal to that calculated dn
-~ 5o OdeEL Y s dzdptety Bz dzO cordance with{2) multiplied by

0,0035d60+ min(50,1,/d,, ))dL- 1,/L,)

(6)1 dzv d L dzO g jerdizy s dptsHctk tis- (6) For the evaluation of the ultimate chc
SOdzimstceBE Y J o )BS s&Ez9o Oldef rotation capacity an alternative expressi
dzO Is d oodte O L may be used:

_1 05, 0

gel%y+0u-jY)dplcé§- Ly

Gurn (¢.

-II-. % 11
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HJ where
g, § 5o sictstEf tfg s O A Iz i§ts fipdsS ¢, is the chord rotation at yield as defined k

o dL dzOWStelzlslz @ dzd 0) Q1 expressions (A. 10) or (Al)),

/., G tcOdgd uwddzO\ ¢ dimtpf £ wWzO B ez / , is the ultimate curvature at thedesection,
Bz jefj o' L ",

Jj, Stedo dL dzg@OMmlis d ydeBUWR2G /, is the yield curvature at the enccsen.
dz' ts d3lgte ' L ‘te

1 dz0 Yy j dzdzv zy ez 0f tzd t5 dz" L€ The value of the lengtz, of the plastic hinge

LOdzy 3 dIs! 9 9Hc O 8® I8, Is- depends on how the enhancement of stre
h | dzdig’ wiphls L d3j dzh j dzdz2v H j and deformation capacity of oorete due tc
B J Istsdzlz, Bise d3 & dzjf dedtv « confinement isaken into account in the calc
L@ z2dzC 2 ¢ tc Oded y@asO 2 dz'ted lation of the ultimate curvature of the enas
tc J'Usly ,, . tion, /.

(7) e O dzed ydzO C =P diz jizg@ s (7) If the ultimate curvature of the endcgen
Jj, Ytedyd ¢ daifindd® o O dzls @fsjL ded /, under cyclic loading is calculated with:
ok’ st mw:

@f s o J dzd yd dz j ¥ @ dE@ ny € (a) the ultimate strain of thiengitudinal ren-
Hitso ) dei3®Is & ',C O o ' H {f ts¢forcement,e,,, taken equal to:

i d3" dz' dgezdz’ ddO §j dzdf to d dz jot i the minimum values given in EN 19921,
mis © dzHE® ©®9921-1 Is ©B dzd yw Table C.1 for the characteristic strain at ime
tcOC Is j o'dHnjdcd3® a), ', §f tcd  d mum force,g, , for steel Classes A or B,

BOdets dzz L e dgw| ddgds O dz' € dz
T6 % Hdzv MHsOdz ¢ dzOmEk T 6% for steel Class C, and

(b) H dsts H | dg'd Mdzg dztzytxfom Ofil: (b) the confinement model i
H OtcHdN'19921-1:2004,3.1.9f tog[ W j &  EN 19921-1: 2004,3.1.9, with effective lat-

dzedlof st j toj udzts__d3I; &z # s I;Hnj eral confining stresss, taken equal tc
S, fted? dav Is dOf Ofg ‘Hal e 3 a0y &, where r &, anda have beenet
09 L dzOW) dellstsad ', H OZO® { fined in (1), then, for members with detailin
d G5t Odedn W& ' MBYMBGI for earthquake resistance and without lappi
o dfQ fiffls to > Ex'LeH B 3 dz' 5 of longitudinal bars in the vicinity of the se
Bd L fsmj ©j'd@dnk’ Bd&dH (on where yielding is expected,, may be
BU ¢ s O oA izt iy &y J calculated from the following expsgion:
L tcOn GibEklLy Y 6 dslz dzts &

. ) d,, & (MPa
L, =01G, +017(h+0,240™> ,(MP2)

Jf.(MPa) (o
Hih o dmtzp d3j dgls(Em j'tej H dz' % whereh is the depth of the member ai

esL s ctagiPls tr tc d © d,. is the (mean) diameter of thente
sion reinforement

(8) ¢c¢hts ¢ tcOda o400 Ziffe'c (8) If the ultimatecurvature of the end se
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tod 67 L f°H vyd¢ dz® ydzd d3L - tion, j,, under cyclic loading is calculate
cOrBBo " Ist Mw: with:

@t € ted Is deinyjd¥ tstc fz® my s © 3 daw -t a) the ultimate strain of the longitudinal r
BOskzdgd , f ted B dze s 8 Y 59 78 &k inforcement,e,, taken as ir{7)a, and

(b) L 9 d ¢ s tc ddptisHO itz d3 dzJ) dzat (b) confinement model which represents-kt
o' HEBE@YPO'Y te,syde'fiy d3sH J ter than themodel in EN19921-1: 2004,
9 Mis O &N IO%RK-1:2004,3.1.90 sdz' § 3.1.9 the improvement of , with confine-

dzvj, L Bldsq fded fatzd d3y d € dz° U ment under cyclic loading; nasly a model

M J dedzv o5; @] O3y j o3 where:
T3 ydz' B ndzjagslstsdzlr tc O 5 1 the strength of confined concrete isalev
LO Wtz dztss ated from:
e X0 200 sl
f.=f G+ 37%# N ( o)
g ¢ v

THIJWBte®RBOY' v, ftwd W& T2 1thestrainatwhich the strength. takes
fted?2 &3O’ Is* fpw IsOC ts¥ Q4 tdz place is taken to increa over the value,,

€, dgs B d fgElsjc 5 B j Ist5dzlz: of uncafined concrete as:
e _Aaf 0@
Eoc = &2 @__,_5(%;13 - 18;1 ( ¢ .
e c'le =

TO OKusOdzdiyde@® tce 3Oy W - 7 and the ultimatetrain of the extreme fibr:
dzts C iy tatdzd  § ted 2 &3O ° Is ! ) of the compression zone is taken as:
a0, O
€., =0,004+050 X % (¢.

HJa, f, " r,0 dL dOyd dz'(1) '47), @ iz.d a f, and rg are as defined ifl) and(7)

B3'dal Mig'ssdzlz L ZtcOr Izo O«and f. is the concrete strength, as enhan
s &5 Hl' o H dzw J dzj a3 dzls * o ‘ LG by corfinement then, for members withed

s 2°¢ "L 0 o' HiplzlsdasMmis® Xk tailing for earthquake resistancadano lp-

dz' o fBoLHBo)d & Ot &30 ping of longiudinal bars near the sectic
L, Hi BY Ck° MY {6 where yielding is expected,, may be ch

W detigrdstsy § BSEMeD s & O d2dS - (100 from the following expssion:

G tsdtc®L Iz :

. O, (MPa
L|=I;)\6+O,2®1+O,llObL—() (.

P Jf.(MPa)
(9) C¢h s sessg fdal dpee®dzH (9) If the confinement model i
EN19921-1:20043.1.90 d ¢ Sted Mis 5 & EN 19921-1:2004 3.1.9 is adopted in the
tOL ' f(tefd. A9ts L tc OGunidEl 2 Cele calculation of the limate curvature of th
CtO2d sdaty, §f jAjuedg” L o (end section/,, and the value oL, from

(¢.5), Ists g§ HsiAVds y d3ts ogly expression (A.5) is used in expression (A.<
ftodRlsde? o dzgdds 2 Hdzv { j tc then the factorg, therein may be take
JgBsjdels' @ ° 1,0 HdY ol equalto 2 for primary sghic and to 1,0 for
3l " o . secondary seismic elements.

CEhs LOR s swdstsdz®- 4 |f the confinement model given by expre
odSstedmistsalz’ 60M9 ) ¥ stsd sions A.6) to (A.8) is used instead, togeth
Ctsd W' yg, deEslzdy tc d 2 dI®'Iseddzd « with expression (A.9), then the value of th
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Hdzv f j tog § tpdgd ~ dzb)~ { dzj d factor g, may be taken equal to 1,7 forip
o Is 5t d digdiys ufde = J dzj 54 dzk mary seismic elements and to 1,0 foc-s

ondary sesmic ones.

VIR wusdpOy g dzdz” ¢ of Bo Bde'Sdzz  § \oTE The values of the total chordatibn capacity

L6On 5o 0dz o' HY o " HASI)H(®) (L8 5 cylated in accordance with) and(2) above (ta-
2©eORzo BXzdd)ds L OL & d YO?2 A HEIZ 0 into account3) to (5)) are normally very similar

Bl Bd(sz 1) B elhd " gL 6 @AM £y haqgion (A1) is more convenient when cadet
Liz6 sdz@se dzd = § 5o Stctsk OF s 5 dsl tions and demands are based on total chosatioos,

. 3) CtcOhj "  HABHdIS! HMNWh”SteX i i ;
. pression (A.3) is better seit for those case
8 B gO MY &ZOMIsd udz' 2 7 hen calculations and demands are based on

d

S&Hds * dz! h !sis(_d)tg’,_trs; 81 ) i @ ez Chalyieel plastic part of chord retions; moreover(4) gives
d2 § so Stwjtds] dedEgitEsl d W dddSBAL t the chord rotation capacity of members with-
dzdsiflstedy d2" &5 OwdBOlkz®d O- formed longtudinal bars and straight ends lapp
ddsd § B OY 5ud 2O ud L € .02 d garing at the end section only in teraiexpresion

fnd difs to dsi¢ ded B & to s O 49, =1 § e (A.3). Expression (A.4) with g, yields fairly similar
Hls! HE o dats . By dn ©JLLE results when used with eith€r) or (8), but diffe-
§zdet HO®E(®), Odzj o H AR o005 ith the predictions ) or (2) are larger. The

lfcf:(l;’[)teoé B@)Izaa qOW dze.)dzdvfw B‘J’ lstsl f’g)wl HB ' dzt:%(; dél@ scatter of test results with respect to those of exp
sion (A.4) for g, =1 used with(8) is less than

ts i3 Iz : =1 Cts

I : (d;b 1]'48)”'%1 ’ °d tedmisOd when it is used witl{7). This is reflected in the Hi
(8) dsd azh § ., dg y Ctsdzd o Sz dEd v ¢ fied in(1). (2) and (9.
). Kj o HBdoO' Is! Myg,,o W5 @ erent vaues of g, specified in(1), (2) and(9), for

- | L - . primary seismic elements, as is meant to con
ded~ o (1l dd Nk d §4 1o d daded mean valuesat meanininusonestandaredeviation

J dzj 3§ dzls* o ¢ @IS IS "Gl L d2O U ' gnes. Finally, the effects of lack of detailing f

stse ts® figj toj H dzUdzva paBddjdzej dsls ¢ earthquake resistance and of lapaipg in the plasti
¢ fd te-izn didiplNO dzH O tc Is dzj . 8 ' H1~Q@tel hinge zone are specified (8) to (5) only in conne-
dZzOmdzoH Gdhkzls detsmls 9 tc On [z 9" Od4f tion with exprasions (A. 1) and (A.3).

o' HMMls Odz d3' o dzO'{ ‘wHNdQodezy d3fdd

h OQtcddfl B8O Odgz A8)s@)Hs* dz' € d E

odcOL OB (¢. 1) * (. 3).

(10) win dzlzfy lag' "fz'o * H Aol d L diLs (10) Existingwalls conforming to the defin
dzs " 9 JiFREARRs d3ts 9 O dz' fnls * ction of "large lightly reinforced walls" o
Mis OdztEN KOB81 : 2 0 0 420 dgtsy ® ¢ EN 19981:2004, can be verified in acwb
s ' HY S8 H dets BNBIIRH @@ C ance with EN19921-1: 2004.

A. 3. 2.3 | tcOdzd o Czd & dsth g A.3.2.3 Limit State of Significant Damage

¢ 5H Y JdgHBD) (SD)

Q14 MEyo L § ©b dtcdgtlstg WS (1) The chord rotation capacity corresper
o' HfHs® Oc ts i3t i3S ts HWdFelzdz d3t ing to significantdamagegs, niay be &-
fted?2 30IsdmMw tc' o dztst ff 8 g8 sumed to be 3/4 of the ultimate chordaro
sEstee,d o0fj descts & . F zazC tion g, giveninA.3.2.2

A. 3. 2.4 | tcOdadadizicp g3dfgtis C A.3.2.4 Limit State of Damage Limitation
C 5 H Y jdgiF(at) (BL)

D14 MEyo L #H©lsdg" @esifadeziz (1) The capacity for this limit state used
MisQalZ Hf s ' HO' L & tfE@gixfdigal; the verifications is the yieldjn bending
d3j tgls ftadsdl tc O - 2z dzSddsOoyty didlz' moment wder the design value of the axi
dzOo Odzls O j dzdzwv . load.

Qv oadfOHOH STz Is! Mw 1 (2) In case the verification is carried out
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d

Hy Wswwddy's " HY tdzg iz dgO L terms of deformations the correspondi
ftcj HMIs Ooldzv ‘ol cligy eH tAcdstistc capacity is given by the chord rotation
g, tod Msdf@idg ¥ stc 3O 9 J L dzO * yielding g, evaluated as:

v tzn &2 5 fdaty o3:

Hdzw BOdtsS ' ¢ dzisd: for beams and camns:
1, +a, & e d Oc
g, =1, v Tay +000135(%+15(t§ 5 Vd 6( (¢. 1
HdzVv s diss € zIs dzts 6 5, H dst®ls ( for walls of rectangular, -Tor barbelled s&
tctso it dzd dz tion:
e d Oc
=f, C vt 0,002 01356; Ob)1
W=y 3 =+ & + d-di Gf (90
L Odz' Is] e@e@lsd @ @tﬂzq tdzI@dg or from the alternative (and equivalenk} e
Hdzw B OdtsE ' ¢ sdzisde pressions for beams and columns:
L, +a, & a .h @ L4, O
g,=f, 60—~ +0’001x?+l5%§+0’130y0ﬁ (6.1
Hdzw Mmils® dz ¢ oW d3s ¢ & b tiets and for walls of retangular, F or barbelled
tcts o ity dixnz section:
N CJ; O‘
g,=f, 0" " +oooz& 01250.Y 8+0130, by ( & .bl
3 Jfe
HJ where:

f, SedodL dz0 § dzOMls donfds®O f, is the yield curvature of the end sectio

y

de'dslz f jtod 6" L

a, @ ff jtoj 3" h j dzdaw ftcd tc a,& is the tension shift of the bendir
LGddzOs ysedgtsdzj dzls z 0 . moment diagram (see EN921-1:
EN 19921-1:2004,9.2.1.3(2),H JZ H ts & % 2004, 9.2.1.3(2),with Z length of n-
&ZzO0 o dzzlstc’ hdz sets f dzj ternal lever arm, taken equal tb- d in
tcddzsd-d © B Odz€ On Cd beams, columns, or walls with barbell
LHoBIsOo BB ds Oo tctso d d or T-section, or t00.8hin walls with
OB &8h 9 Mmis’® dzO X Iz is dfdfptgefis rectangular sgion, and
dats d3;

a, =1, wChi wslges chizd dtstmye t a, =1 if shear cracking is expected toepi
Ltclzh jukzf jtoj Hzo Ols d d3d t cede flexural yielding at the end section (|
WistedzOy ' 0 CotafGs2ddezias ditz (14 t§ 1 when the yield moment at the end secti
C sdede d dzO el dsd Mzls o d ¢ dzds¢ M,, exceeds the product df, times the
toj dadzv ff dzOMls d yflzts ® & dzh 1§ & shear restance of the member consider
o', f tod Y jstsizo Bzl =AD {f without shear reinfonent, Vg, taken in
L tolzh j palizf d3j dzls 5,0 ¢ iz O digRvy accordance with EN9921:1:2004,
Vee, Blsted 3O dedztaftis o * H dzts  bz+ 6.2.2(1); otherwise, (ie. M, <L, Q)

EN 19921-1:2004, 6.2.2(1) ; " dEeA@N 7 a, =0,

(stsBlstsM %L, ) a, =0,

f,'f,eteOded yv I OHyds imsgs: f, and f. are the steel yield stress and |

y
Istglp ' HY s ' H dafsH dAWesdoLdziEtnyf j concrete strength, respectively, as defir
sBdHO ' eof A yd dzd for expression (A. 1), both in NPa,;
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e =f,/E;

d ' 'di o' HiMis®dactsL IsWw ¢ dzlzls ®- dandd' are the depths to the tension &

skted, o'  Hf B9 ' Hdats; compression reinforcement, respective
and

dy(MmMitejHndz 2) H' O3] et . d, is the (mean) diameter of the tensi
reinforcemen

ydzj dz z o dtcOL OR The first term in expressions (A. 10), (A.1
"' H o dcddzkz. adzr accounts for the flexural contribution. TF
¢ y'j Wtzis 3d@zdevd jf l&s'sfiiy second term represents the contribution
daoliy g’ od0 dzC jdydkiAls* f ‘dzj dzdz shear deformtion and the third anchorac
slip of bars.

Ul so' Odz' Isj tedzOIsd o dz' fnt NOTE The two alternative sets of expressio
Q) L BHdtets Btk ( (A.10a). (A.11a)pn one hand and (A.10b). (A.1Ib) ¢
dquydes JjSCo' o Odzj dzls dzd dsd . the other are practically equivalent. Expressic
Ooddz dmgakgdd (A. 10b), ° (A.l0a), (A.lla) are more rational but expressio

ts tg  fesiFdzddz’ € q’f teRisDy t§ O iz« (A.IOb). (A.l1b) are more awovenient and their usi
L stk el OdsE, ' to st - may be overall more convenient, as the catth of

fy may be difficult and more prone to errors.

ng " Frore

) 1 @Rl domis smtse 2 Isdz (3) (1) and(2) apply to members with lomg

© ‘L fMmistedy dzv d&3d f 59 tudinal bars without lapping in the vicinit
" H 2O dafidiz® B j a f s tai # &zt of the end region where yielding is expect

H Ctt02dz ts° H' dzw dz€ d , If longitudinal bars are deformed wit
JWBtedzOy " v . cSh s Mmiste+ straight ends lapped steg at the end se
Olsz#cfftc’ tsH d ydzts ¢ 5 0 ‘Wetalis'¥ tion of the member (as in kamns and walls
A MmeC §f syd dzOs yd L ¢ tejO- with lap-splicing starting at floor level), th
Jdzlso (wg o (s de O" yield moment M, and the yield curvatur
Em¢ § suyd dzO yd L © o lgze -
P My s € tGCfSGlILdZt@frJISCfudz@JI' f, expressions (A. 10), (All) should

computed with a compress reinforcement
 eod teA)lOpf(A ¥1) 1©6Is©® (atio doubled over the value applyingte
HosCteg k' y' ' dals s fzts O s é side the lap splice. If the straight lap lenc
j dzdzs HEB L dzo Ud dedzv , L |, islessthan
HdOdzdfvz & dg&E h s HEs9 ) (
" H dzOtfidniAl, C3gimizO,  dz'

IOy,min = 03cmbL dyL Q/Tc!
H J . _ where
dyo H' Od3d Iste MY & dzlfdsitedd~dz’ d,, is the diameter of the lapped bars,

f (21Q@) MmjtejHde Lj@&@YE f, (in MPa) is the mean value of the stt

fMisOdz® L HdzOdzd = o dz@-  vyjeld strength of lapped bars framsitu
dzj L odfyde® B tBd Amk’ HiSH  tests and from the additional sources
HY jtoj dz ' deW sted3OY €531  information, multiplied by the conf
Y' ‘HaEso B #eyte Wl dzC  © d L dence factor, as defined 5 and Table
fzde88" IsOBdzdy" 3. 1ts- 31, accounting for the level ¢
v cEakzts " dptiAstc 3OS o d  knowledge attainedsee3.5(2P) andf.
3.5(2)P) fy(4d1Q wC odL dzO (in MPa) is as defined for expression
o dte QLLE ( 1),
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41 * then:

M, " f Mdz" H tesL tc Qlade-lzeeC i M, and f, should be calculated with tr

0§ to bz yif jtegatisy sty s * ff ty gsiitsddsC yield stress,f,, multiplied byly /1y, 0 ;
IO/IOy,min 1

THJ] WSO Zusilis tsfis O dzdz i the yield strain,e, in the last term ofe
dzs o odtOL "9 (A. 10a(dls pressions (A. 10a), (A. 11a) should belm
2@, /oy i tiplied by lo /1oy min »

. b 5 i o1 i the second term in expressions (A. 1

%Féztfs ; ‘fﬂs 4 “ldzé e Joad’zgw qdff.f l‘sﬁ-” (A.l 1) should be multiplied by the ratio ¢

5jCLydmish dscts IsO¢ n the value of yield momenM, as modified
y k)

Vo e to account for the lap splicing, to the yie
L H dpOdifftizfn ¢ H 5 d3igi3lz dasig( : )
BiyOBd L b Hard® dzdz moment otside the lap splice,

i Hdzv o dL dzOj difdatrd edsdedsy | in order to determine whether tergy Q
a, & dd jtehyRjd £ sdwOL O contributes to the first term in expressio

u‘ tc 4/ :11 HEB I IS/@ECU stc’ o dZB ‘ds (AlO), (AI 1) with ay =1, the deUCt
dSJ. leSSSldg bz T-M%f[] BicO” Iz % omﬁ, t L'\/ (.yRc is Compal’ed to the y|e|d mome
@ f éad’  H cp@EeY C M, as modified for the effect of thepiing.

D 2dz¢(BHR) B ZIs! IsOC BG- (4) (1) and(2) may be considered to app
sdfs jdzj o3j dals' @ L @ dzO1 aso to members with smooth longitudir
HsdzZ QiE@fis ted, dzOoe ‘' Is! ¢ t bars, even when their ends, supplied w
dzj dz' ‘L fls OdzH Ote ls dedlaizd standard hooks, are lapped starting at
o dfz M ¢  s5yd RAORHE s & & df, end section of the member (as in colun
Bjdelsz (wC o € tsdztsdzO dZ and walls with lagsplicing starting at flool
f2m§ sud deO vad o tigis § € to)] Is k level), provided that the lap length is at
Edsse d, "Nt HEo g dadUEsHZ0 |east equal td5,, .

we o R ARl a3

5)cShs L H'RiEAd OBl dgtg ¥ t (5) If the verifcation is carried out in term
BOWYr oddtsed H®Ju @Bmtdy of deformations, deformation deman
tetsL tOR Qe 2z C Is 2 to dzts d3ts should be obtained from an analysis o
Y stefmis ¢’ Mmis C sy detsTZdRO " J structural model in which the stiffness
' o dzjsyj Hide 5dskz M @R V3Kzdee each element is taken to be equal to

Ho Ry G dzj d3j dzlskz. U u @c Mean value ofM, Q, /3@, at the two
H ' drideS' iz S b detf jj to j ldgf, dzbxtias ends of theelement. In this calculation th

ff tod 2de® Kedf s dzts o d dz' HdsjodRk shear span at the end sectidy,, may be
taken to be equal to half the element lengt
A. 3.3 10dSd, SCtdtsded ° A.3.3Beams,columnsand walls: shear

A.3.3.1 | tcOddzdadze TtfBB @ A.3.3.1Limit State of Near Collapse (NC)
dizo O dzddC) (

(1) AdqCdz ydz© 3" y(da tbVsi' (1) The cyclic shear resistancé,, decrea-
L dgj dzgh 26 IsL @izj q dets s gn'- es with the plastic part of ductilityechand,
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sdydets’™ YOMmisd dzd offdticHO] Igat expressed in tersof ductility factor of the
' C s Wi yH O IsizizdDaiay fisld * j tc . transverse deflection of the shear span o
HyWistedsOy'® ~ Oriisddyd & kds @Ik the chord rotation at member er
nsted@ Iststey' 7§ dzgp el delg lizv 78 = my - 1. For this purposent' may be
Bj s dstsy j BRI ttsL tc OBz calculated as the ratio the plastic part of

dzv RO O BAs®@ | to Is Digad; chord rotation,g normalized to the chor
g, i BH' dzj dzgs’ 2@ Skl B rotation at yielding, g,, calculated in ac

fseo" HO' Isqj ,& &z yads ldc @ % tst® cordance withA.3.2.4(2) to (4).
A.3.2.4(2) - (4).

L Ofls 2 e dstsdp@lrdeis & of ks The following expression may be used -
Hdzod L 2Oy dzai’ fls HOL @' the shear strength, as controlled by the ¢
btcOR ko Odiglesdss o dh j o ¢ OL TUPS, accounting for the above uetion
dh j gt sHdddyw &d o dds (with units: MN and meters):
ke d ) :

VR :i

Ger
> - 0166ninds; = Lo, on, +v
20 mé%,hggqﬁov wll
Hig, §tcd?2 B3Q°, &S Hdzw § j where: g, is equal to 1,15 for primar

%%in(N 105501, Cf )+ (1- 0,05®nin(5; nf, ))@0,16®nax(0,5;100("}wt)3
. (6.

Mz ydedn j dzj d3j dzls ' o seismic elements and 1,0 for second
My 2 M3 jozgedzp dzals( & § dzOy j « seismic elements (as defined
fdz@ls2.)L( 6) 2.21(6)P):

heo dsistfos j toj ydesets  j tej I h isthe depth of crossection (equicto the
tclOHdzY Ctokzeodzdms  jtojls diameterD for circular sections);

x admMekb@d MmMisdms ze Odzdzy x is the compression zone depth;

N mMsdmC ke yo Mm! tso & digxl- N is the compressive axial force (positi
L sadzO* Is+ MW tc' o dats® taken as being zero for tension),

L, =M/V 8 ' Hdztsh jdelgddflss/tfizjstc j Y L, =M /V is the ratio moment/sheat the
2 ¢ ' dgHffjjocg ;Is d dz' end section;

A fdsho (s jted ydatsREzy A s the crossection area, taken as bei
tc' o das® H dzf oW Bs ¢ Hfladftgct equal tob, @ for a crosssection with a
dzse s ff j toj lascf (zlz s Oz o rectangular web of width (thickness),
CodzmMistczC Isd o dzd 6O B 85 ( fifee and structural depth d, or to
p®D/4 (1P, =D-2@-2Q,, i HO- pdZ/4(where D,=D- 2@- 2@,,, is
&3 Istc B jIstsdzdese sy jhtsl the diameter of the concrete core to
dz2 8° G¢' dz yj 9 ®" COderds2 inside of the hoops, witb andC as c-
dz' o Mk g, i'H O3y gt  fined inb) below andd,, the diameter

toJ yYdzts '  PHoHAYO IsCiztdcitfc] dedd —dz of the transverse reinforcement) for-c
cular setions,

f 3" ydz' mils: BJ Istsdzlz dz@- f, is the concrete compressive strength,

defined for expression (A.l); for primar
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Yjdets Hdzv" o9dwOLEZ (0. seismic elementsf, should further be
3" wdzd ~  § dzj B4 dzls’ Bydz"  divided by the partial factor for concre
tetsL H' dzd Wy detls® ' K tfstso * H in accordance with EN9981:2004,
{5 &gOIs HidWO deiyjols(tdfits o ©  5.2.4

M ls O dzHER ©998741:2004,5.2.4

rg S84 W y4yO6 @k dzscts  ff tes r,, is the total longitudinal reinforcemel
B3z o O dzdzv ; ratio,

vV, 9dzj Mt Y jtej ydets® €V, is the contribution of transverse mei

LB J datzy to' uf )tc d 2ecdz't laikz forcement to shear resistance, taken
being equal to:

Q) Hd&zw s j ted yded = g O for crosssections with rectangular web ¢
L &3 " j delizs Gozd@'c dste d ds tdo- width (thickness), :
dis 9 b,:
Vo =1y @, @A, (¢.
H i where:
r, Sd¥' y'ocdskzy dzse s f s r,, isthe transverse reinforcemestio;
di» O dzdzv ;

zZ HBea Yy ddzO o dzzlste' h dz' 56 z is the length of the internal lever arm,
9COL @8 . 2. 4( 2) ; spedfied in A.3.24(2), and

fowd2Of tczc O ftod Isj ¢yt f, isthe yield stress of theansverse rer
tedf 5 Wstdglzd) ; Hdzw f forcement as defined for expressi
mds" yded » jfgzindg] ezls H&® dz’ (A.l), for primary seismic ele
2O 5] WOy 2 des@l o' e  mentsfy, should further be divided b
MisPez' HY s " H dzts HEB1998 I the partial factor for steel inceordance

1:2004,5.2.4 with EN 19981:2004,5.2.4;
b)Hdzw Ctokzecdzdm f sty toj yd b)forcircular crosssection
v, =ZGE7WGYWCQD- 2@2) (.
HIDH' Od3j Iste  J toj Isd dzlz, D is the diameter of the section,

A, izsh O s jtej ydetsets § A, isthe crossectional area of a circular
n Sk 0, stirrup,

SsCtctEBdsiAflss yj dzlstc Odz? dzd -~ s is the centerline spacing of stirrups,

fwW S odL dOyj(dedb jf zde¢ f, isas defined ind) above, and

yw
cLORdMdzed?2 N Otc B j Istsdzlz. c isthe concrete cover.

@f " ydz' mls+  dz® tgLBYg shisjdzitets (2) The shear strength of a concrete w
Vo, dgj dBtsyj ftod?2 i3OIs d bg* V;, may not be taken greater than the ve
dav , 9 HY so ' HOsfuslt J sl B¢ corresponding to failure by web crushing
B0 Is z\g . wiCtgidy d & dB'd3Ed® © @+ Vg ..., Which under cyclic loading may b
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Yy JdiBtsy J BlkIsd totsL tc On t&go- cdculated from the following expressic

tc OLolg \ ( "l9c0dgd (with units: MN and reters):
_085d1- 0,06min(5; ¢ )) N @
V 1+0,2 751
Rmax — 0 A;G 883 (L+0,25max(1,751000,,))*

(.15
sg ozcmma@ 80(@» Qg

H .ga_l.ls H de i J oo d dzdzd ~ fi where g, =1.15 for primary seismic element
kBjdels" ® ° 1, 0 HdzW 9 Istst and 1,0 for secondary seismic ongs,is in
Iso, 1, o JteO O BORWVzodOf O Is- Mpa, b, andzare in meters and. _in MN,

R,max

o @3d Qe 1O '8 '®hT V C gng all ober variables are as defined(l).
o dL dzOy ) dzt€l).o f bz czC Is "

[ " ydz' MiIsy ff 'da® e dz' y dzdze The shear strengthnder cyclic loading a:
dzv dp dL d&zOyo*’ s mw tc z 2 dzk controlled by web crushing prior to flexurs
OdzOlszted HB dzOMIs O ddfia8 yielding is obtained from expression (A. 1
leddz odL dzOyoO' Is' fifwp . &f &) for 72 =0.

g =0.

B)cEhts odzdd RIs tfots datslzle i dk® (3) If in a concrete column the shear sg
L' u/klz § "sdeEgigjjoter] ted3O ¢ M d e ratio, L, /h, at the end section with the ma
dgdz L Hotsn d3tsd3j dzls 39 dzidd imum of the two end moments less or eq!
‘lsidipjvds kOB 5 H¥2,0,ld45 ©  d3' Yy to 2,0, its shear strength,, should not be
LoV} e d dzdz® * Bziz B ¢p* , dEk taken greater than the value corresponc
dew C g ‘f Hs O"“tailz 2 dzlz © O dzdz® tclizd to failure by web crushing along the diac
dzz o Odzdzy ff s j tolz y Hats & ) Ot nal of the cdumn after flexural yielding
Csdztsdzd H # fdzdzj dzdz’ G e OCd v, , which under cyclic loading may &
Ledgg, YCJ4 YoedicdzQd Qdplstiett cajulated from the expression (with unit
Bsyj BElsd L cOR 9 Odzj MN and meters):
oG B2 o OB ) f1 G
Vi = A O'ngon'” S /7 c?§+1,3507”'%"\:jf & (1+04501000 ) O/min(40 T, ) b, xin2g (@ .
el c c+
HJ where:
d Skls 3" N H' OG sdzOdzdz ¢ is the angle between the diagonal and
(tand=h/24.,) , ‘ tcjNIsOT Ww{ axis of the columntang=h/26G.,), and all

odOde dzs o B 2dzC Is* othe variables are as defined(8).

4)f " dz' dzPAY dz® ' tcts L OF Is’ (4) The minimum of the shear resistancé «

o' Hf s ' Hdzets HEN 1998124 culated in accordance with EN9921-1: 2004

OBt L O HtsSY o3 cos E1lp20)H & or by means of expressions (A. 42).16)
should be used in the assessment

B)v wsLiORkzd O Mmdz' H (5) Mean material properties from-situ tests
tc jJ H dzdzO y j dzdzv -~ OWwOE 5 'jed and from additional sources of infonation,
slsted 3O dz" L da@f fd& tsfipuz e8@ should be used in the calculations.

odnr HXY BEdBOY"
(6) g1 dzv fJteco ddedzd~ fgd (6) For primary seismic elements, measaten
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tcJ H dz' L @20 @ dddzy toc d i Is dfX- rial strengths in addition to beingviled by
sj o ®, ¢’ &ty Wdzjuwksipd the gpropriate confidence factors based
yts ' tcushle@d & s/ My detddde the Knovledge Level, they should be divide
30O Is d o,detasliglef dzdz’ H 'IsddfMdz® | ¢ by.the partial factors for materials in acde
Wy tztels J 2 dzisi@ s fAlzf ® ° H f ance with EN199&.: 2004,5.2.4

HEs fls OERHL®®I2B04,5.2.4

d. 3. 3. 2 | tcOdedcd @& FAfiMHIs  A.3.3.2 Limit State of Significant Damage
CHY jadalR2) LtsB d3J o dftlztsh B &5 (SD) and of Damage Limitation (DL)
3§ dedg(DL)

D) j o] odz@c § © aldfn jo € OL O (1) The verification against the exceedance
1tc O dzd wtz@ 8z b ts Islag,'L Odz® d &&- these two LS is not required, unless these
dzv 3 o df Or € DL O s dzachaBEz LS arethe only ones to be checked In that ¢

dzed “ o ddEddo st ¢ gddd tc A.3.3.1applies.
Yy satEtf OH C o k£ OlfishigHp . 3 .
. 3.4 ulsg @©drt &GBiZq ¢ ts ( A.3.4 Beamcolumn joints

. 3. 4.1 | twcOddzddzd TtdBIs' A.3.4.1LS of Near Collapse (NC)
dzz © Odzag ( N

Q) ) d d3fsdzQ tclzh j(dedme I d ®dD- (1) The shear demand on the joints isleat-
L dz0yO¥ o' M s ' H dzts H1ed in accordance with ENI981: 2004,
EN 19981:2004,5.5.2.3 5.5.2.3

@f " ydz' mis: Misd ¢ ‘(e tedd@ (2) The shear capacity of the jointsergluat-
L dz0y 0¥ o' M s ' H dzts H1ed in accordance with EMN9981:2004,
EN 1998-1:2004,5.5.3.3 5.5.3.3

3)} zdzSdls d3 . 3 (6L (GBN)Is s Mtso E (3) A.3.3.1(5)and(6) apply to joints of prima-
Misd¢ ' o i 4o d dadzd n M d ryseismic elements with other elements,
odzh djdggl d34 dzls O 3d .

. 3. 4. 2 | tcOdzd QaAip@3s "y A.3.4.2 Limit State of Significant Damage
CtSHY j dzdavL ts(BRH) M dfdis " ¢ tsdg- (SD) and of Damage Limitation (DL)
dz#3(DL)

1) jtoj o fof©®] alabPh j dzdzv o (1) The verification against ¢hexceedance c
1te @d y datf ® dz' th ts Islag,'L EOdz® d &&- these two LS is not required, unless these
v 5 o df Or S DL O e dzchnEelz LS are the only ones to be checked. In t
dzd* C iz dzj & g Actg ep Hztf case A.3.4.1applies

' sostd] OHSHps o Bigls 3mwa . 1

¢. 4 [ wmijfiff yts® u daPiscplAs fr A.4 Capacity models for strengthening
dzj dzdzV

0. 4.1 1 OcOdz dz'  sdztsy , A.4.1General
D) oo ffzOf J tff a)'ddisils * O° (1) The rules for member strength and def

Is d o dzts M 1620 fn) Istdztdf LAz H-dz = H jn- mation capacities givem ithe following clag-
ded F dzj d&3j dzls ' o, H &' Wty es for strengthened members refer to the
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dzs s H Y s ' HGOYA A datls Bl pacities at the LS of NC iA.3.2.2andA.3.3.1
1 dzd L v € tsoi@zdziy o dafidr dis. ISO'- prior to the application of the overall fact
. 3.3 L OfmMistsMmize Oded 4,. The g, factors specified inA.3.2.2 and
S W Y, delO y'g,, delslrnlg®@ A 3.3.1shauld be applied on the strength a
o Tkl Is30AR. 2, 3 mMiiz" H ©OC deformation capacities of the retrofitted mme
sd Hts o ydztslindss dzs ) isifyeh ber, as determined in accordance with tHe
Gty dzj d3jas'zH {f hplsL’ wz@it) dzdzff lowing clawses.

tesL H'. dzOd3qd

Q)1 dzdlzts o@ste OIS 2 talts © 56 & € (2) The partial factors to be applied to the n
9 d ¢ stc f filpls oty tstegmds tc iz € 3y - steel and concrete used for the rettoly are
dzls' @ odSCtstedmistse z¥ Is tdy those of ENL9®B-1: 2004,5.2.4 and to new
mis* fts @HBOKES ' Gdflz dz@ds structural steel used for the retrofitting
EN19981:2004,5.2.4 O Hddive s~ € { those of EN19981: 2004,6.1.3()P.

Y 2 dets 'H Al OdR'dziiste 2 € y 'z -

5 st fyw Cts4 W Mmig O tzezBNELI9E

1:20046 . 1.3 (1)t

$.4.21 ' Hdpiddzdzy L O H jSlff txfdigz A.4.2 Concrete jacketing
Ctstemj Is' o

. 4. 2.1 19 jH]J dzdagV A.4.2.1 Introduction

(1) 1§ teifgmnfistsmtse ¢ Is! (1) Concrete jackets are applied tolwons

Y Mis "de® mlis g fvdigpdzd and walls for all or some of the following pu
poses:

T " Hodh j dedgw dzj Mz yts’ 171 increasing the bearing capacity;

if" " Ho dh j dzdgv LeR{ dpddsfiyg®B t 1 increasing the flexural and/or shear streng
T " Hodh jdadgw H J W Bsted3Oy 1T increasing the deformation capacity;

T Ho dW JjdgadaHizshinlsS fis lstaf{ @6 - : 1 improving the strength of deficient lap
BOIs e ZM ¢ . splices.

2) v sOBiiols b d dzdzO H ®© (2) The thickness of the jackets shoultbwa
do ' fMmls! tetsL d3' h j dgdgv v for placement of bothohgitudinal and trast
s jt] ydets™ 9 Ot (3O I5 I Wz d verse reinforcement with an adequate cover
Ote!

( 3) stz sBhlsts & Ho dYyj (3) When jackets aim at increasing flexu
dztsflsic Jdz) Mmisted )y dz' dg@ds strength, longitudinal bars should be contd
ted MmMdz' H { tc =EOEESEZIlstkE ¢ to the adjacent storey through holes pierc
YyJjtejL Bbotted, i tc ts dzdsL- the slab, while horizontal ties should be plac
ted L tsdzlsipai™ cdiz © Odzdzv  fypdz' tin the joint region through horizontal hole
H' dzWv dzy "’ MisdS¢ k& yd ted L driled in the beams. Ties may be omitted
odife j toH dzj dz' d lp W oBEOed d@xj the case of fully confined interior joints.
odCstcedmilstsozo Olsd k& G

cesmMskzy lzkts" h dz' = Mmisd
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41 tod dzd sBR" HaaRMmisdzdzy  (4) When only shear strength and defation
L telL d3j dgh j dzdzv ff sH Ols dzd ¢ capacity increases are of concern, tilyinvith
f ' HMmd dzy dztz dzgQfdiz MK & @z ( ¥ a possible improvement ofgdeasplicing, then
Emils Oddte E@Is z tc @ j 94D @IzdZY jackets should be terminated (both concret
oddzdz’ L OC " dzykze Olsd mMw  and reinforcement) ledng a gap with a slal

L foazdldged Cegsdgl O of the order of 10 mm.
d. 4.2.2 “"Hodh j dzdgv d3 A.4.2.2 Enhancement of strength, stiffness
L d3j dzh gH d}d&\f\is s ds® dzts My Is and deformation capacity

(1) [ &zv sy ' deSsth Odg'dzy @izl (1) For the purpose of evaluating strength :

d3j dzlff* "oH,fd dzj dzd A, SCdstinigld deformaion capacities of jacketed eehents,

LtctsB dzj dz' dzOfls i Hz" | @igdlz the following approximate simplifying sa
sumptions may be made:

i J dzj d3dfdzlsi,id dzj dzd 2, §f & &t 1 the jacketed element behaves monadilfiy,
i 5o Hmjlse | Gzwvdids Is M O te did= with full composite action between old ai
Bilstsfiass o d dzy dz 9 J misd .mJ B . new concrete,

ists?2 WOCIk, hMts M tsolg- T the fact that axial load is originally applie
Cbdzs §tedhtzOMmisd@icts’ to the old column alone is disregarded, and
otcOnattolz’ Is4 Mw ' i ts o c full axial load is assumed to act on thekpets
99 00" Is! Mmvw o § tigQimjjidg ed ebment,

cOLBd3 L Ctij lssd

T odgddoe smis’' ¢ tBigfisiidslidzf s T the concrete properties of the jacket ase
H¥B Is+ mMw dz0 9 j Mf J widd . sumed to apply over the full section of the
d34 dzls Iz . ement.

(2) The following relations may bessumed to
2 1jtej HBERYO S A 9 J hold between the values of ,m,,g, and g,
VaM,.@,G, GzOMils 2§ dz' & O2 c5icylated under the assumptions above
o Odzd n 5HY Yd L L tctBjdrf the valuesv * M * g, *and g, » to be adoptec

ftod?2 30 Is! Mmw dz danz;(Bsd@g in the @pacnyverlflcatlons
VeuMrg g fed il et BB pory s

dzts s
T Hday«:

Ve* =090/, (6.1
GH dzif - Form, *:

M*=M, (6. 1
T Hdzy~: - Forg,»
cShdgj IstsH L ' H dzO dipispdg jsi& If measures to connect the jacket to the
ds g o C'ddgOw@ dzdzv M Stedzls © ! concrete include roughening of thearface:
fseojtorndz :Bjlssdzz Ists

g,* =105q, ( ¢ 900
r dzv toj " Isd Lo fm'deo dislzf'f f§@s For all other types of measures to connect tt
taj dg J lis=xlglz w € h 5 dg' w € (is @F jacket tothe old concrete, or if no special
H 'fotcd@dgmwY dzj BLEH]: measures are taken:

7)

8)
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9,*=12q, ( 901

¢~ Tk i for g, :
g, =4, (¢.20)

(3) 1 daPyd Mzgez) dzj o) dziS bs t6,f (3) The values of,«g,* M * of the jaketed
i oaddiicc O3 BJ L { &d tc@- member, to be used in comparisons émands
dzd &3 EZtcOR kzo Qdadev di)j toj H ¢ in safety verificationsshould be computed o
3" ydetsmis " dzlz s yts f I« the basis of: (a) the mean value strength of
Slsted B3Odzs e 5 L dz® d dg'teftyng & K existing steel asicectly obtained fromn-situ
Csoadnm HYJtJ dz ' dz¥ StedgO tests and from additional sources of infc
dzd &3 yd sz W dz@ s o thidste 8zt f mation, appropriately divided by the cont
9 dL dzpFj diz ZIFWSC Pt @Bz ‘H ts &)* dence factor irB.5, accounting for the level o
dzlg d @ ‘jde ' dzW sStc &3O Is dk) dztéidtslels- knowledge attained, and (b) the nomir
dzlzfz" Yy fipls ts B © ts eBsjclass dzlfks P to O strength of the added concrete and reirdel

ment.
(4) ) d2@uJ degedzif dzlsi b d dzjtelz (4) The value ol * of the jacketed mmber,
Midilsgsted 9 W ' Is! Mw  dzO L ¢ to be compared to the demand in safety ire
§4¢d dzO( Bndefgg o H dz' - cations, should be computed on the basis
dzs M ls " DuxE®O s d B j L 5 (a) the meawalue strength of the existing ste
Slsted B3Odzs e 5 L dz® d dR'tcfiyng Bk as directly dtained fromin-situ tests and fromr
Csodms HYJj dz ' dgW tstc &3P : the addtional sources of information, divide
W'y H sladgS B Y to efi IsH dz d Lsdz@ by the appropriate confidence factor3rb, ac-
f z2dz8.5 W ¢ dofs @Bz ‘H ts MWsa{delj alz counting for the level of knowledgetained,

dzt tstc 30 Is d H)dzts(fipts i3° dzO dz@ d and (b) the nominal strengthi the added co-

Hisk Ot oBsjGldsts dzlz Ot d3OIs k& crete and reinforcement. Iniprary seismic
Md 2Mdz" yded r Jj dzj d&3j dzls Of - elements the mean value strength of thete:
dzts fyls ©  * ) dzlgtsy s ° O temtisaistzig ing steel and theaminal strength of the adde

dzlz ' W3dz’ ) lsC sadgis@ tc © Odasi - materials should be divided by the partiat-f
dzdIsd dz0 C W  tztstigls d Iz  tors for steel and concrete in accordance v
Hdzv  Mils Odz! dats’ BQdsdsdiisAz teod EN 19981:2004,5.2.4.

fls O dzHE®I ©99821:2004, 5.2.4.

(5) 1 4@t j dzdedizj dzls ' o 6 - (5) The value ofM * of jacketed mmbers

My sO@&JC dz yO¢¥ Is Ciod ~t&s #st that deliver action effects to brittle coowp
dzd dzls d / o3 & Ol © o3k oaECAlSH1t nents/mechanisms, for use 5.1 (I)P(b),
(1Pt,( Mdz' H totsL O~ B89 I 8 should be computed on the basis of: (a)
tej Hdz' BE 8 L dzOYJ dedzvO tedd¥G mean value strength of the existing steel ias
ted BJ LHiAS 3] tsis to d d30 dzts cdsC rectly obtained fronin-situ tests, and fromax
" HMy'lsos L HiSH Ols € ts 9 ditional sources of information, appropriate
f sd3datsy J dgdisnj W dg@ 'H sdg § ‘tetmyts multiplied by the confidence factor B\5, ac-
dstsff.3.5 L EkZtcOr ko Odgdz"  counting for the level of knowledge attaine
o dZ2vdzW stc 3O Is db) dztfiAtslss” dzO dz+ and (b) the nominal strength of the added-c
fMis' HGyC=idEs 5 BO . d3BG(s & e crete and reinforcementsa.5 (2)P)

d.

431 ' Hipd dzj dzdz" L O H s 5 A.4.3 Steel jacketing
Cstefjls' o

6. 4. 3.1 19 jH, dadaw A.4.3.1 Introduction

(1) 4 6 Bixjny Bfdls s o Iz sy (1) Steel jackets are mainly applied tduwuans
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dzs dptiz¢ scdzsdz L d3j Istsd3’ Y dz for the purpose of: increasing shear stren
&ZzO0 Lt L f ' HfMddzj dzd®- and improving the strength ofeficient lap
fMm¢ I sdzd di3tsy Wsls e dzZk @HOdR splices. They may also be considered e
f " Hodh jdadza" ' 5@ Obgglzdzd ds- crease ductilityhrough cafinement.

¢ s flsd & plad fisdz) dzdz”

(2) uvbowngE®gs sds { tcwde (2) Steel jackets around rectanguladurons
zsdz L OLkoHdzg @2 My LS Eptslds are usually built up of four corner angles
s CEkIsOnR GHEe jWE d A&z { ted which either continuous steel plates, or thicl
mzy" dz' dz' MisOdzj o ° dzd M discrete horizontal steel straps, are weld
s Odzs dztiz? " figlasddipjlse’ ©  TAOI€ dia Corner angles may be epekpnded to the
Bsy kzls! ftedCtc’ f dzv ®d |5 concete, or just made todaere to it without
CtsY  sCdeEfiH dzj@B s { tots M ls@s gaps along the entire height. Straps may
sdmw HSY telgf Islsds ) L ff tot preheated just prior to welding, in order
odmsls® . 1 OCd&zOH S d d3sy | provide afterwards some positive cormfiment
mMiteindy 5  jtejH L © Q@#z9Y on the column.

LGBHSAdZ HI§ | B dzSrtizizdze .

. 4. 3.2 [ " ydz Mt tc'da®) L A.4.3.2 Shear strength

Q) uvmsOdz 5 & IS PAZO tetsL ¢ (1) The contribution of the jacket tshear
B ' dz' hdgOdzdrdiztsy dz® fgls ddg@ tg ' strength may be assumed as additive tot-e:
¢ hQsts te fif jfol© Yot to 2z ) dz'HtS B C ing strength, provided the jackednmains well
d ¢ sdzOdzdzy ugj tsB [ fzekds® jgfs within the elastic range. This condition isch
d Istafts L € tcaddaldslsvic Isttcdz™ ¥ @B jj - essary for the jacket to be able to control
dlsyd dz' fredg’ Iddedide s L o 5 @2Y e, width of internal cracks and to ensure the
o d dzdigfi - O e isdglz .dzO L to ' tegrity of the concete, thus allowing the oriig
nal shear resisting mechanism to continue
opeate.

21 Cowgho C stcd Misks » &SP (2) If only 50% of the steel yield strength
az3d Is | B k& QGdndsh) Jsiszts H O Is the jacket is used, the expression for thei-a
3 ydz' MisV, LABEOO ALAazte ¢ 2 s tional shea, carried by the jacket:is

I < dzOH j

20bd . .1
V; =050 &, 0
s " cosa
HJ: where
t, oM ddzO MlsOdzj @ d » daCt; isis the thickness of the steel straps,

J

b hdqteddzO MlsOdzj 8 dr dzOSE b isthe width of the steel straps, and

s Ctothds O &z Qs =1,z tc @Ls is the spacing of the steel strajs(=1, in
Yy dzt dzd n  {ffrdeGomik) b df case of continuous steel plates), and

fo flots Gled@ds y¥z ytsht i f,, is the design yield strength of the steel

Iskz tc' o dzOdz’ dz' Hztsdg” dzfat the jacket, equal to its nominal strength
dz' 2 dzO CdsQH " ydztS figdis’ vided by the partial factor for structur
HdzZw CdefflstelzC y' 2 dats’ steel in accordance with EN9981: 2004,
fi)ls © dzHE®I69881:2004,6 . 1. 3 ( 1 6.1.3(JP.

A. 4. BB GylslafC ' o o dzO Y E A.4.3.3 Clamping of lapsplices
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(1) 4 € Gedzjfrpiisls of 2 Is ¢ L OB (1) Steel jakets can provide effective clam
dWiClsdoaded?2 L Olsdm¢ dz@PLing in the regions of lagplices, to improve
Hdzw f sdz' §h Jdedz? yd &S dzOa cyclic deformation capacity For this result
Is dzts fylsdzw tsls tc d d30 dzdzW H C be dotained the following is

dz) selE " o1 C sdzOdzdz? dzOMlIs k necessary:

THSo ) § Ez@frfjjlsidz] @ PfeAB o y d dz T the length of the jacket exceeds by no less
H' dzw dz2€ d L' ' HdzOdzdzv 9 dz( than 50% the length of the splicagion,
%;

TCstemMi s 1§ tcd sV cfaodGotefirts i the jacket is pressured against the faces o
w ¢ 3" dz' d3iz o3, Ho sd3O t&™ column by at least two rows of bolts on ec
i Is tief fJtef J dzH d € &z dzv tc digf side normal to the direction of loading;

s Oy j dzdgv ;

TCtsdzd L' ° HdzOdzdzv o dzOffj! i when splicing occurs at the base of thé ¢
dztseo d € tsdzts dzd , sH d dz tew umn, the rows of bolts should bechted one a
oo Olsd bk o Jj teh d dzd H Gdizvf the top of the splice ggon and another at 1/
0O 'ddh"dd@ o' HMmlsOdz , I/ P ' w ofthat region, starting from the base.

H' dzwedsShH tsfdztse d .

. 4. 4 1 sCtdlslsw ° 8B G 5 A4.4FRP plating and wrapping
Ottditse Oded d3d FRIEYE € dzO d3d

d. 4. 4.1 ] ojH,dada” A.4.4.1 Introduction

D {Mmdeso &z odf OHSCd d&HJ% (1) The main uses of externally bonded F|

Otdiso Odzd » o BBdzits € dzO dz( 6 - (fibre-reinforced polymers) in seismic retriofi

dz'" L Oy* ° ' Mmdzkz¥ yd - jdelD da' ting of existing reinforced concrete eleme
are as follows:

i1l " Hodgdzyy d3" ydztsmlis" ¢ 8¢ 1 Enhancement of the shear capacity oF ¢
h j dzdzv h i &2 s of dz'  tofdstaxis umns and walls, by applying externally bonc
o Odzse 5 9 t5dzts Gedsts ds O R &5 @ FRP with the fibers in the hoop direction,
ROf W &' C' dasdjiot’ Otsc

i1 " Hedh jdedgv  sH Olsdzd © T Enhancement of the available ductility
Bj dzls* o, yJj tejlsd mdsjudddes member ends, through added confinemen
Bse s f sdz' i3] ©Odzdiztoidzs f the form of FRP jekets, with the fibres orient

dzsd3, L tstc’ ° dzls OJip'd ‘dyj Isdstl ed along the perimeter,

T 1 O0f sB' 6 OdzdaW tetsL tod o kT Prevention of lap splice failure, through i
hdzw S sd3 L B ' dedhfnjdaptsiatizy i creased lap confinement again with theefs
fsCtodislsw d3 totf its|paff digjols@alizc along the perimeter.

(2) btfdgtcedIslsw ts B ¢ & (2) The effect of FRP plating and wrapping
f sdz' d3j te s 3, Otc di3ts o B fzf - members on the flexural resistance of el
dzle €' dzyj o sz dQ tc)j Bz@ & section and on the value of the chord rotat

5B J tolsOEAA b sMW ¢ dzj dzdz'j - at yielding, g, may be nglected g, may be
CEubfylsdssodazj nlskze Olsd g{ computed in accoance withA.3.2.4(2)to (4),
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d>14d BRI ttsLORtso Odad with |
6. 3LR)-48, SN 0 Hpd Wl 5, 400
Gv s & w028, /[l o' Hito
0.3.2.4(4)

A. 4. 4.2 [y fls! dzO

(B é q I f u SIIZ o g,ufl,s Of‘bﬁ% (1) Shear capacity of brittle components can
h v T s de2® gz ¢ OB 5 enhanced in beams, columns or shear w
Ot e Odzts G d5. o /5 iz stz | @ - through the appllcat_lo_n of FRP strips or s_he1
OB h V"I d § 5o ds G ts These may be applledtlee_r by fully wrapping
OBfs "W ot fedCis' § dzj the element,_ or by bonding theto the s_ldes
&Ml o Ht B' ydd o o and the soffit of the beam (shaped strip o

U4 BH' BdO fMEkcO OBEY d sheet), or by bonding them to the sides only.
A kT dz¢d Hs B ydeda

taken equal to02@, &, /.[f,, in

A.4.4.2 Shear strength

2 1 " o

((1I3)Iz‘]lsgljg' OHdzﬁ] qdzd(ZD i dzdgzwm:gdﬁismdg‘géiﬁ (2) The total shear capacity, as controlled
WG fHzedsEE o j &z ﬁ#ﬂs 5 dadgts- the stirrups and the FRP, is evaluated as
Bjlkz “EEREcOn sk EzbkHfre SUM of one contribution from the existingrec

s O OFAI4 89 . 200 & ki crete membr, evaluated in accordance wi
g] - f?]zg % dzdzvsv‘;;L §5 B EN 19981:2004 and another contributioN, ,

from the FRP.

3 OG Odz! dzO dai3 J t
(Is q ]an ] B' dzi h dtszg gmj‘; fr](?o (3) The total shear capacity may not be ta
L o8
)

i Ists Sets v.i oM  p 9dreater than the maximum sheasistance of
’ ez Ved., (23 59 dz the concrete membe¥,Rmax , as catrolled

"HY Oc SEiEtyls dd) ¢ 2 of Gsdifdgitady |, g L
: ; y diggonal compression in the web. The va
Ot BO.2 68Oy, J, dBlEdHE 2is d Ot of VRmax may be calculated in accordan

nso Odzj ® HY o ' Hdzs  with EN 1 9921-1: 2004. For concrete wall
EN19921-1: 2004 . 1 dz¥Wdz B'J 8t and for columns with shear span ratiby/h ,
dzts dp ‘LH dztsi'datzw de¢/ts ¢ d3js d@'Bt less or equal to 2, the value &fR maxis the
tc' B2, L deQ.J Hiaslay * eoglzsd@ ot minimum of the value in accordanceith

dzts 3t o t8 HzON P dzl dzO vgj ' desetess EN 19921-1: 2004 and of the value calculat
Hits fils O dzHl99®B1sllz 2EOND 4 * from A.3.3.1(2) and A.3.3.1(3) respectively,
L . OF tsto @ b ¢A.3.3.1(2) * A.3.3.1(3) under inelastic cyclic loading.

o' Hf 59 ' Hdzts, ‘tfigzdy d Sderdyle

dz0 olsGxly J. dzdz

(4) orrdw Jjdzjdgjdals' @ L . .

o dzj fifts v ) d dfjtscirized® to6 &i3° y dz' (4) For members with rectangular section,

L odstsy | tetistfOR 8B @dgd 2 d oz FRP contribution to shear capacity may
evaluated as:

THdY ftodts’ tsBGtStcls Ud

f sH

‘Bdzd & fiRBEZ @ C@a t© datzdf - | for full wrappingwith FRP, or for Ushaped
FRP strips or sheets
° ~2
Vrgs =090 Ky @0, éjiv:g deotg +cotb)Binb (A.22)
g =

THdzY Mdisze OBt dzd Misjded i for side bonded FRP or sheets as:
Hts B ' ydedEdztf so J
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Vi, =0,9G 6, 2 &N2 (A.23)
’ ' sing s

HJ where
d jWjShapfgeOls© ,f jtoj to' L |d isthe effective depth,

g Skls d@edtizztcs d g is the strut inclination angle,

frage BB L 16 OR H3028 20 Qs tfdtodiz’ o f,. is the design FRP effective delotimy
wWECO LOdjydlIs! af " MY- strength, which depends on the strengtt
Bs6ts | da 'd3y dadsdz” H dzts (5)F ing configuration in accordance witfb)
Hdzw f tseo dz' Mmist 5B gat for fully wrapped FRP, of6) for U-shaped
3d dzls @B & f S 66) HAMS § SH FRP, or(7) for side bonded FRP;
dets f 5 H fd dzj dadz” y 7 wiziAf3,
HiNd dzj dedz” f ®dzS dggf Wiegsc
Yydets® ftse jtendz ,

t Istsoh flee@ BMHHzes , dzddff t, s the thickness of the FR®rip, sheet or
dzd dzd (L SsH)dzse 5 B fabric (on single side),

b Ckls o ¥ @& fyspsdszls Cidz¢ b is the angle between the (strong) fibre d
dz' 3§ tede’ 2 dzdsfods ' O Bfifdy ! rection in the FRP strip, sheet abfic and
J dzj dzj dzls iz ; the axis of the member,

W, hdJtod fl@®dz’ dzjntedglzets ' OB w is the width of the FRP strip or shei
@' 4oy ff J toff § dzH d ¢ (e3daitisedd measuredorthogonally to the (strong)id
aa W i3z o Bdzs§ 5dz recton of the fibres (for sheet
w, =min(0,9@, h, )@in(g + b)/sing), w, =min(0,9@,h, )@in(g + b)/sing) and

s Sl  sdz' d3jHevdsd &V Mdgt s, is the spacing of FRP stripg&w, for

L a3 tewdzd d3d f J teHf tfdsiznydif sheets), measured orthogonally
dzO {f tc viigtz C 8 dz. the(strong) fibre tection.

(5) grrdzv 4f¢tseodz MmilssL @&ABSic (5) For fully wrapped (i.e., closed) or perly
sBJ lgOdim's SOCdn, h ts anchored (in the compression zone) jackets,
0dzS j tedzj Stz fLdig ddzdz ) ls ¢6f design FRP effective debding strengthmay
dzts dats & J B¢ B@S HOys®' Gn be taken in epressiongA.22), (A.23as:

o' Htcd o  forjde' dd@j ez Is' fmw

(¢0.22), (@) bOSdd

: L. Binbg 1. & L, GBinbg
fragew = fraa Cgl- k oy [:|+§C6ffu,w (R)' ffdd)cgl' U (A.24)
é u é Z U
H where:
z=09di o dzzlstc® h dz* ff dzd yd 1z=09d isthe internal lever arm,
k=2 2§ i
¢ P

fy =10 o.eo% (A.25)
Gt f

‘“totsL tc On EHFzGYtHAARDIS Hicd © f isthe design debonding stigth, with:

H J
s ftcdo Olsdzd?2 Ctsi W' y' ‘' d gy the partial factor for FRP debding,
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L' fd BBj tekid®&e Bt

1t RS wuisdpO U jgigeizelz o € Ste

B ¢ NOTE The value ascribed tg;, for use in a country

A C RO d2 ., sy ¢@y 'L =z dgetsfdg® can be found in its National Annex. The recommen

Clk ) dzOyj dedew o3, N ts5 gle=ilots d3d

dzt+ value isgy = 1,5.

E, i3S H z dz ftolzy dzsls dzd E; the FRP sheets/plates modulus,
oz, Oteddtso OdzesEts o tsdzts

fon Md toJ Hd2Y &3 ydg' Mmils+ dzs8, f,, the concrete mean tensile strength,

dzv ,

ko =15&2- w, /s )/(1+w /100mm) € 54 W © Y K

f sdz' 3] fesseEles , o, s

= [15@2- w; /s )/{1+w; /100mm) the cove-
s ing coefficient, in which:.w; ,s; ,t; are as

we odL dzOyj(des o f zdz¢ defined in (4) and

fuw(R) G 6 Odzd ydz©@ 3" ydz' mils' f,,(Ris the ultimate strength of the FF

fsdz' d&3j eklz, O tc d3 s, O dztis strip or sheet wrapped around the cor
ddsd ~ dz09 Csdzs S RISOf t with a radiusR given by:

f)lo@j dzf®s Oa fs d3:

ffu,w (R = ffdd

+ (Mg Oy - fra) (¢.26)

Hi ydzj dz o ¢ EZ@GhMpdzbdO fHtzey where the term in® shouldbe taken only if

5'd $d o ktdk odf OH
L dzOQC 5 W " Y, L @etizj 4 d Is

¢ I postive and where the coefficiertt, depends
9 on the rounding radiuR and the beam widtl

L OC oz GRIZj dddaf tc d dzch, I8 @UaEd b, as:

dzts d3:
=R R
h,=02+160 " 0¢ — ¢05 (A.27)
i B, b,
L. d WJ S Isd o dzO SHdsjosyad@pddzy L, is the effective bond length:
_ [ EG
L, = A.28
" 48, 42

( BHd dedf Ip't5:dzdd303)

(units:N, mm)

H J e =18/ fom @, =3O € M d 3Oz dd®l with 7, =18/ f.,,, &, = maximum bond

L Cdzj ¥ 9 Odadav

strength.

6) 1 dzv tsB teftdsdats CH( defsB Is s (6) For Ushaped (i.e., open) jackets, the-«

sdr) | Wis®ilsd O Tz 20 @IS sign FRP effective debonding strength may
ted §f sdz' d3j tolz, etz 3% dz @ digtfs | taken in expressions (A.22) and (A.23) as
odL dZ®uOlSO[fr]W H ¢s. 2029t gl -
¢ d W dzts d:
Lo Cslnbra
fddeu_ffddcg1 kO=—— (6. 2

Hj o fm'TwiCd3'adfds dzOlu(ﬁths

9 Where all variables are as defined ).

(7)) r dzv  dzd ) lsdz@Y dinjdg ez & 26 - (7) Forsidebonded sheets/strips, thesiyn

sdo dadsL tOn b dgS B0 lss
fod &jtek, &syjifsbEbg
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(6.22) v HyhB3digs)d3: fydz

2

Zigeq & L. @
Froges = fraa O @] ko0 (A.30)

z & Zrid,eq 9
Hi Zigeq=Zigtlep 2y =Z- LGinb, Ley = :—1C§inb (A.31)

fad
fed y' sdk: with:
€a = Traa/ By €oa = fraa !/ Er »
u, =k, /3. u, =k, /3.

B)r dzvw jdzj d&3j dzls® @ L € tc (8) For members with circular section \iag
B3O H DO tejemts fizts f ts dzYf &34 diameter D the FRP contribution is eluated
tSLORBOE 'MW 8 WBtas:

V, =050, O, & & (. 32)
HiA §f dzsh © f st j toj ydztisdzds; where: A is the column crossection aga,

rr Histc' o4¥D 1 B ' ‘ d3dzj ® r, isequalto4® /D is the volumetric atio
f sdz'dalgictdss § ' H Md dzj dzdzv of the FRP, and
€04 =0,004. €04 =004,

(9) VU Jdzj 3 dzs O~ L At (9) In members with their plastic hingegion

h Otedz' 6 O, f sodz' Mmlise ts B fully wrapped in an FRP jacket over a lengtr
f sdz’CQdfjttlc Hiso ) d dz' , w Cod @ least equal to the membeeqth h, the cyclic
Mtz dzhdzlstgd € dz' ydzO 'diV;,L shear resistanc&/;, may be taken toatrease
By J Blzlsd  tog 2ztfa¥ Is @zjHs with the plastic part of the chord rotationodt
dzts® Y tsHOIsdzde " Mis® § &O- ity demand at the member endf =n-1, in

lsOdzdz toHz® €' dzy' gl W3l accordance with expression (A. 12)dam to
o' HUY shpls'W tzts 3z (izts ¥ I 2c)H,ts 8 ¢ V,, (i.e. to the contribution of transversemnel
dg dzaetsv, ( stsBlIsts Hts 9 dzj 1S forcement to shear resistance) that of the F
BOskzted o 3" )y das fts ezts dae jacket. The contbution of the FRP jacket t
tclz 1 dzi MsC o C OL Qs Esag Vw may be computed assuming that the F
L tcORtse Odzd 2 o d A ts5H W Qe Stress reaches the design value of the FRF

f tolzy jeodzdaf st ,d3j O tc d3ts o O dzts timate strengthfu,fd , at the extreme tensio
Hsfw e O ftetsj Clsdztse s - fibres and reduces linearly to zero over the

dzs fisy 2 € tc O1biEn o tds & o I fective depthd:

&ZzO L ilsw e, ‘ dz'ff g W2 pdisk
dz'2d mMsls’ d:ijtejtc' L Iz

Vi =050 &, &g (A.33)
H where:

re, hts HRGMHodgES i3 Istedsud r, equalto2Q, /b,is the geometric ratio of
h jdedz fsdz' d3j todesets ff the FRP,

Z HBSo Y ddzO o dzzlste’ h dz' 561z isthe length of the internal lever arm, take
ftod?2devIs@, tc' o dats® equal tod, and

fgo 5L 6 OR £ dZOBg fzdzv ¢ 6O f,, is the design value of the FRRtimate
Misf sdz' d3j tc dztEjtizdzy H 15 g strength, equal to the FRP ultime
GteOdzd ydz' 2 B ydetsmls' strength, f,; divided by the partial f&
fi, 8L B MaP dzC sqls * WwOH* o1y of the FRP,
5 BOIsg,te d dzbzc i3]
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1f R wusdpO y jgigdavdzy o d € steld B « NOTE The value ascribed tg;, for use in a country
Cdgh 2, C IR Is ) Oay " s Uz0O ¢izts WE® can be found in its National Annex. &lrecanmended
Ck. ) dOyj ddzv &3, " &,=,5.C sd3j c valueisg,=15.

A443] f &zde tsBIsd fmdzj dzdzv A.4.4.3 Confinement action

(1)) o3 dz' " j dzdzv H j WHEsBA@IE (1) The enhancement of deformatioapacity
YJ tegalsdmdej dzdgdzlz dfdsogef g% is achieved through concrete nfimement by
sOdizd | tsded s tols @O Cfipvdzts j means of FRP jackets. These are app
Hdzv § e fgd deff telizd dzy ' Rbdse: around the element to be strengthened in
toj dzdzv ff dzOflsdzydets e ts N Ot potential plastic hinge region.

(2) 1 4tBn" HEEOS dofmjdaiedigd™ (2) The necessary amount of confinemensp!
9" H 9" Htigtshj wd3' y 1y csure to be applied depends on the r:

ftsHOIlsdzd o ' IS”ZLa QW O elsoff Ltttz I :”ZIt,ar/”Ziava between the target curvatu
HOIdzd o ' Mlss m .G 6 d odgaydgd ' B ductility m,, and the available curvature @u
a )

dzj dzts WG : tility 1 ..., and may be ealuated as:
s
n:oAOféEg? (¢. 3
ju
HJf, &i3° ydz' mis! B J Istsdzkz, O where: f, is the concrete strength, defoh as
Lk (¢. 1), for expression (A.l),

e, StedlsdydzO HJWBGLGHEBOY' W e, isthe concrete ultimate strain, and

e, L OH OdzO  cHig NdiftopdieBatizj vts ¢ e, is the adopted FRP jacket ultimate stre

5B tsdzts dzf &gj dz'WS@ C ted Isd which is lower than the ultimate strain
W stedzOy " & dztf s'erl fifis] deyj, dzdz FRP, e, .

(3) rdvw odf OHCE € toHsedc (3) For the case ofircular crosssections
mkzy' dz' dzd d3d dzd M ls Oaizd dzd(1 wrapped with continuous sheets (not in strig
s B Is d Mdzjzdzdme] )6 ff HdddR) ' the cafinement pressure applied by the Fi
f, =120, & @,, H JE, d3tsH zdz!  f tc ') sheet is equal, =1/20 & @,, with E; being

&z o iz, 0 tc dsEas@ disdsdis J 823y 1 the FRP elastic modulus arrd the geometric
dzij © ' H dats'hQdgfslieis Hzts dzC'dgj o ratio of the FRP jacket related to its #ness
Qaiso Odztscts o dzsC detsd3 + as: t, =r,D/4, whereD is the diameter of tha
t=r,®/4, H jDH" OdJ Istc tsBWEREZIS jacket around the circular cressction.

@ZOo Ctsdzts CtobkzC 5o t5¢ tHdzl 54

(4) [ dzv odtff OH S zj tdfjtoydigf (4) For the case of rectangular creestions in
tej sddz' 9, o wCtd3kz € k1§ ¢ which the corners have been rounded to al
Yg dedzv stsy dzd @ sfls' B ¢6t wrapping the FRP around them (see Fig
daz' di3j tolz, Otcdis o Odzts G 5¢ .91 A.l), the confinement pressure applied by 1
sBd3j Yz yd2 Isdm¢, h sts4 FRP sheet is @uated as fj=k &, with
@z' B elz, OLd3so @dps @BYL ¢ =2(R/D and f,=2 &, & /D, whereD is
w ~ & t

L ts d3IZd21E k G_l’ fed yk=e&E the larger setion width.

f,=2& @,¢/D,H DB " dz' h d2 "L

Y § tojtfuidasjclysdzgeiily
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5)) cthB G Otclsigp B3O dfAs tctsLAs (5) For the case of wpping applied througt
Is! M¥tctwmCds egd dzd y d dzOddas Bt strips with spacings;, the confinement pee

sSHO' Is! Mvw dzf gl f 3@y iyt sure applied by the FRP sheet islaated as:
ts to d3tjek; O, , H k, =(1- 5 /20D). fi=k, O, with k, =(1- 5 12®D).

x

B

6) r dzw  j dzj a3 dzls® © ff tow d31 (6) For members of rectangular section w
CklsOdid, L OC tclz e dzj dztf d3bet corners rounded as Figure A.l, an alteative
ChH. ODdz' s Jac@Otskz 2% Kds dzw to (2) and(4) is to calculate the total chord-r
9 KtsL cOn zdzf B Ols Geis@ Ws'EAjpe tation capacity or its plastic part througk- €
n O xE f dzO sy @ M is  dzd d - pressions (Al) or (A3), respectively, with the
cOLd (¢. 1) OBt f®HS BL d exponent of the term due to confinement (i
Mmisd 7 yda] s, d 2 o tcOn 59 Iz* the power of 25 before the last termeikpres-

(e BtsC Osdipf j'dzd MAZ® { , sions (A.l) and (A.3)) increased byG, (.,

s Odzdz' o5 Viusidg @Bt ( (. ¢L.)  with:

LB ' dz¢ hj edisUglzn jdzO

(@ r, =2G /b,, o' H dzs b satzsjc () r, =24 /b, , the FRP ratio parallel to th
f ' HiMd,dzj fle@edi) it w dskz  diC loading diretion,
dzv ;

(b) fio d W 4 € lpdp® ogilizdzVf tc j HJnls (b) f,. an effective stress given by the fallo
ZOMlszf dzd 3 o dtcOL t5d3: ing expression'

fe —mln( e.; C% 07®n|n uf » CEf)CL8 (A.35)

HJfy " E d&3° ydz' Mmlis: ' d3ts H iz« where f,; and E; are the strength and Elasti
B cEEco@dse s o sdzts ¢ dz modulus of the FRP an

€ GlOdzd ydzO HJj W sted3Oy" W ¢, a limit strain, equal to 0,015 for CFR

HAOFRP( f sdz'" d3j telz, 9 P& dz (carbonfibre-reinforced  polymer) ol
9 d dgts dzts ¢ dzsS AERP (QfBtdsdz’  dgsi- AFRP (aramiefibre-reinforced polymer)
Bso @tkts OO Hdzd B3 o 5 ¢ and to 0,02 for GFRP(Glassfibre-
GFRP( 1 sdz'" d3j telz, Otc i3 8 reinforced poymer); and

dets d3) ;

(MPESBj Wy * dals J (j fdzddi (c) O the confinement effectivenesstar

ftcj HMIsOo dzj ded 2 W tstc d3lz dzt given by:

(b- 2&R) +(h- 2R)
3

HJR OH' £ L OC tc i asdfjjdetg « whereR s the radius of the rounded corner o

fjtoj ldlzlzf tso dz' tesL d3° te ( the sectia and Q b, h the full crosssectional

i 4 ted Isd datdin¢(.Hld)e.. dimensions (see Figure A. 1).

a=1- (A.36)

7O C®OW H dzts imdels  jfiprj dgJ (7) Paragrapk6) applies to members with ne
sepBoydz 58 Oted3OIs ztets - tinuous deformed (high bond) or smoc
sl Mmd dz' wigdfdsf) dzd@s dgts ¥c (plain) longitudinal bars, with or withouted
soLHBSo Y dzd t5¢ (L O tdyxi@dsBiAfey tailing for earthquake resistance, provided t
J dzllzv A ADf ets S Istso Odzts¥  the em region is wrapped with FRP up to
J2MmMdizsmMe©B BCdRifflsL O [ d3dze distance from the end section which is enot
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Yydo0O H' dzvde¢ O B j todidhzlf (to ensure that the yield moment, in the wn-

o Bz 6 deB BBH ME2Odz o " H & \yrapped part will not be exceeded before

fis OlsBpdz L OB J L ¥4 UJ dadz¥ - foyra| ovastrengthge,M, reached at the en
Wd? dsdjdls, s odCdl Iy TEAC] |
dZscts " OMpde iz 5B todzlzls” section. To account for the increase of

flexural strength of the end section due to-c

Blzo Bd §ditdodjdd? H fnement by the FRPg, should be at leas
dz0  LogMd,dz dRpits dflg 1§ IS df el equal to 1,3.

Tkzeo Ofizdar o g 0 j dzdgv o5 ydats

9 sctfsjiEd dalzizO fy dz” IHofishy dz jfstsalz

CEd, DO d o s dBgHEEO

H tS to¥ 00@ls d ,'dz' WdEkz dgis 1, 3 .

R\_/

N

d Mk dzts&h jd€.Is1 o flzdzts B @ ) dzj Figure A.1. Effectively confinedarea in an

j o Isddzz L W us@F iy @diss" FRP-wrapped section
q
4

A4 () dedz® T 9 9 dzOf | A.4.4.4Clamping of lap-splices

DY esMS scofflOqiAiZs o o detdd E (1) Slippage of lagsplices can be pvented by
f sB ' tHisd ¢ dzO HEO daglatdtstef fis S,z ( applying a lateral pressures, through FRP
Hsl sdsts@ s dzts dz' d3 sl O dz jackets. For circular columns, having diame
oz des 3. d FRdevdztsttic & ds dg© D, the necessary thioess may be estimate
Bj D dzj sBR' HA&ZO Istsadd dz as:

UJ @S dfdts di:

~ 2, ®001

His,, Zlsted A3z yd dzO ffste lzyizist where s, is the clamping stress due to t
dg » s Bz Is O d3dj Witdafd3@O0L (% 5 = stirrups at a strain d3.00Xs,= 0.001r , Es),
0,001r , Ey), OBt OSCIsdo dzd 2 or the active pressure from the grouting- |
By fsd B esd ¢ ts das tween the FRP and the column, if provide
L Odzdzs ¢ 5 tetsL ydsdzly o j Hsftpls while s, represents the clamping stress o
blstod dskzs yj 4O torzty of bzt the lapsplice lengthL, as given by:

9 dzOf Iz, Ew ¢ L dzO y OWids U3ty Wizts &

o5
5,=- A Gy (A.38)

g% + 2C.deL + C)gd's

HJ where:
Asf dztsh © Ctsy detse 5 & sHugymial As is the area of each spliced longitudinal be
sets Mistedy dav ,

— DQSl- st) (A37)

f

fhctcOdZg Yy zytsmis ' f so L H fy is the yield strength of longitudinal ste
OQtez@®E Iz f tod 2 te¥ fig Pt jtai'C reinforcanent, taken equal to the me:
L dzOyJ dzdz® |, tsls to d d3O dztiz€ value obtained fronn-situ tests and fron
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B My HSHOIsSCtsodnr the additional sources of informationp-a
9" H 1]’ “Hdzd &3 yd dats €385 - propriately multiplied by the confidenc
W'y da 913 t® Y to ) Is @Rlzv € factor, CF, given in Table 3.1 for the-a
ftoj HMIE[Qo ddg @B dzd y* 3. propriate knowledge level (s€e2.1(5)B,
dzts ¢ 5 ‘todz EAY d30 IS( JHodReBs H(HS

t)

tc fitcdd3iilstce o § s J tcjtlgd tc is the penneter line in the column cros:
FLHBOY o ddghtslctcHalusH s section along the inside of longitudin
sMisOdzj o s’ OtedzOIskztcd, steel,

n yd mdzs mMBwEdg® lddd b i dzGzd n is the number of spliced bars alopg
f &z fif &s'dztip,

oo ( BOSE M BBOdzr dzgd2) H " @& do is the (largest) diameter of longitudin
oy dzg s° MlksOdzjos’™ Otcd steel bars, and

MsadzO L OrdMmdescts " Otck f isthe concrete cover thickness.

2 r dzv v i3tsC kB dzdp a3l Getff @ (2) For rectangular coluns, the exprssions

HJ dz' odh j, Bsy s E above may be used by replacibgoy bw , the
L Od3' Ozte®,, " dtod dzlz f jdggle- section width, and by reducing the effeeti
hjdgdgv a3 J W Jj SIlsdo desfls ness of FRP jacketing by means of the dee

fsdz' d3j ez, Oted3ts o0 datdscftds cient inA.4.4.3(4)
Ctod W 'p" . Wded. 4. 3(4)

@B)rdzv Jjdzj d3gj dzls’ & ff tew d3t (3) For members of rectangular section w
Mistecd ¥ dzv d3d § 59 L H 59 3 dzj { longitudinal bars lapped over a lghg, stat-
dzd &3d o dzOf 2 &1y, d=Bfd e® ¥ ing from the end section of the member, &n
¢ dgwgjifoitstc j Ig difplzizj dzls Iz, O c termative to (1) and (2) for the calculation of
f z2dzC P dR) H dzv sz ® g E 2! the effect of FRP wrapping over a lengtk ¢

SBGEStelsOdzdzy f sdz' d3J te s d3, ceeding by no less than 25% the length of
odh iz Htso ) d dzlz L " ° Hd lapping, is to applA.3.2.2(4)

3" dz' d3iz d3, azO0 25 %, ‘

d.3.2.2(4)

OQl)otcOr BB ¥ Yqd dsftetf) L a) takng into account in expression (A3) reo
sB kB dzj dzj Is ' dizis ) I tc o gz finement only due to transverse bars (expor
(§ sdedfyly j dz' 25 f j tojjdets  of the power of 25 before the last term), and
W s te 3z dzd

b) de dzOyoslud ¢t W ts:tc b) calculating | ou,min as
g = 0o O, (1.05+145¢,, O, &/ 1.)0/T.]  d2C 1oy =0 O, /|L05+145¢,, &, &,/ 1,)6/F.| on
shdpea ¢ sted Mis © dzde Is ' dis - the basis of the FRP alone, Wlﬂl} =4/n, and
o Odzs6 5 9 BaEFRAS W, fH.dnw ., f ., n, as defined inA.4.4.3(6)for the

o dL dzOYJ dz'¢ . o4 . Pz dRY 16L) OL ( FRp.
f sSdig clz
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rdrovfs | ANNEX B
(" deW sted3OIsd o dzd 2 (Informative)

g\ Pt df 4 uf11 wSTEEL AND COMPOSITE STRUCTURES
s{f1auvtusAuwy

l1laW jtcO L OMissmikze Odadz? B.1Scope

 Odzd?2 twtsL H' dz 3 Mistf ts® 1 This section contains information for the-¢
nlzCZzH " 9 | dz L § Othkls@mt sessment of steel and composite frameddbt
stsdelz © = ff tsistsydzts dglz ChidsdEr ings in their present state and for their retro
Yy ddf s An'IsH dzts ting, when necessary.

td SsdmlstezCy'" w L d3j IsIs- Seismic retrofitting may be either local or
C' figids'y 4 B RIS dzts$ O daztsizts. global

l . 12d L dzOydg pasassj Istc* H'] B.2 ldentification of geometry, detils and
Odz' 9 materials
1.217 Oc @tz {f sdztsy J dzdzW B.2.1 General

jsBnr ' Hdzs tej Isj dz' c (1) The following aspects should be carefu
d: examined:

. 1 slssyded?2 W' L dydg®ddzIl. Current physical conditions of base tale
M sdzzydzed = dBBOIsj t6' Odz' © and connector materials including theesence
o d¢tcd o dzj dzadzw of distortions.

. 1 sktsydd?2 W' L dydzed X- Il. Current physical condition of primary ar
tcddzdzd n MmJj 2 Mz’ yded = J dz ] seconday seismic elements includirthe pres-
wo dg" fw-gfselisH f tsc ' teh j ¢ ence of any degradation.

122 jsd3j Iste’ W B.2.2 Geometry
(1) 1 " BtcOdz H Odz' ff 59 (1) The collected data should include thé- f
fzdzC Is(d: lowing items:

.1 dw o dzff defigls j d3, h s tffddfipjk 1. Identification of the lateralorce resisting
ydzd &3 fnd dzO 3 systems.

.1 dWw o dzg Hadzf L ts dzls © dz' dzd = IlI. Identification of horizontal diaphragms.

.} j tco ts dzOWOiAfztEAz | tc J Y dets lll. Original crosssectional shape and physic
Isd dzz ' teWs'L 1d3] tedE. dimensions.

V. widzlz of aztieht s j 6 Ftfuidde J' I® IV. Existing crosssectional area, section ©ho
BB H HdE ZY dats s o f f§ s~ uli, moment of inertia, and torsional properti
B3l e telz yd Szted Is f ydid at critical sections.

Isd dzO - .

1.231r J Is0Odz' B.2.3 Details
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(1) ' ' BtOdz HOdz' f ts9 c (1) The collected data should include thé fo

fzdzC Is( : lowing items:

M (LB ted stso h d dzz (I) Size ad thickness of additional coected
BOIs jGakz' o, ode@ dg@pMsydf s materials, including cover platebracing and
LY & d stiffeners.

amy sz € Mmls: f soL Htso (II) Amount of longitudinal and transverse t
dzj o 5° O tddfaidf e dzO HEg @@Pn inforcement steel and of dowels @omposite
Cazs dz0O~ ' Mis’ dzO~ . beams, columns and walls.

(s dzr CHINbO " s o ¢ HnlisfO= (111) Amount and proper detailing of coniing
o stak@s kztcd o € twdz®<f ydzd = steelin critical regions

(IV) A OC Isd qtdetlzV "ye 2 tc O o dz (IV) As built configuration and properties
ftoetsdzs Yy dzed » sstcyd 9 d®- intermediate, splice and end connections.

fzm¢.
1.24f Olsj t6* Odzd B.2.4 Materials

1)) ' BteOdz H Odz' ff so d dz (1) The collected data should include the- f
f zdzC Isd: lowing items:

. [ " ydz' mls: BJIstsdzlz. I. Concrete strength.

. | e OdedlsyisC Zytsfils ' H nis®ik Il. Steel yield strength, strain rgening, uli-
L d&3' ydaj dzdzv , G tc O dzdoy flztlzdzt mate strength and elongation.

(2) [ izn 2 sfjdz' H o d B d te C (2) Areas of reduced stress, such as flange
di3tsy dzd o 5, H' dzw dz€ d L d3d c at beamcolumn ends andxéernal plate edges
f sdzC d w dzO dzy J B @ 38 EiplRdd should be selected for inspection as far as |

L 8o dz' " dz'tf dECidrdsagCay sible.

(3) 1t.OLf€d Hv BYy' dz (3) To evaluate material properties,mgdes
mMdz' H BB L ¢ glcw i ® should be removedrom web plates of ho
Codi3f sdzf @ tots JAE 9@  H d rolled profiles for components designed & (
dz' sipative.

(4) 1 e OL SW dzQfddn@iaplsid de d ¢ (4) Flange plate specimens should be use
o OlIsd Isisdzts . @ O Gsliz o tédelr characterise the material properties of na «
Misd 9 =ihflds | tc ‘dfdda’'dem md § Q lsky sipative members and/or joints

Bjdzls' @ [/ OBt MisdS ' o

(5) v tOIUS'B B Y H et ls & f @astdz (5) Gamma radiography, ultrasonic testi
Csi3f sL d Is dzd - -~ ®3OHsh dai3DEzi throughthe architectural fabric or bosocopic
sB Misj 3 JARDEBEOH ' 5 ¢ ild®@W I5- review through drilled access holes are via
CsajfJf ctsB s ©dzdiar  tejstbygdzj « testing methods when accisbty is limited or
slso tsted for composite comments.

(6) & dz' fHs € O LINBIOGIzEs B) fg Msdnxizts © (6) Soundness of base and filler materi
BZOIs j to* O@Y &9 dzt o P te d fIs should be proved on the basis of chemical
a3 ydz' sOH@ids Odzz te ¢ ' 2 metdlurgical data.
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(7) 1 slstc’ Bdets b wise i@ (7) Charpy VNotch toughness tests should
zOtwcifzO EH ®w&zAfgd! ¢ ° HIs e used to prove that heat affected zones, if ¢
stsets, Nt Ltsded § ' HHOME and surrounding material have adequate
Is* , ' dz0O o JEMrdzddg @il IS! d§ sistance for brittle frature.

fMls' 2¢C" Mls! HED Otlzdel € sG ¢

(8) [kl 9d¢ stcd Mlists: (8 Destructive and/or non destructive te
dzj cz2 dz' odzj o df tetsB lzo O (liquid penetrant, magnetiparticle, acoustic
Stsf stetsh Ctso O, W i bW jdfOEtsk emission) and ultrasonic or tomographietin
OCEMmilsdyde 2° gz fridsteBOR 3@« ods may be used.

W oy dztH ddzd Is

13l ddised Hts 6 j sd3j Isds g - B.3Requirements on geometry and mari-
OBt L& dzgj dzgdr- H JjIsOdzj 2 alsof new or modified parts

131 icsdgi Iste’ W B.3.1 Geometry

Q)1 Jj o] tezsloffzg Is © dzj dzgf &g dzle (1) Steel sections of new elements shouldss:
oddzdPHB Bdz dgv Isd tsB d3 3 fy width-to-thickness slendernesémitations
stsBssH gedztlgw Jtcd dzd Hts Is based on class section classification as
"  HiMls©Oo ' C dzOMdd& * 4 Ptgo ° EN 19981:2004, Sections 6 ard
fnisE®ISEN 19981 : 2004, toftsL H

(2) 1 s8¢ J to ydz' 1YY tc - (2) The transverse links enhance the rota
ok mdzz yd~ OBB dzts 9 @- capacities of existing or new beaoolumns
9 ' Isls 5 dz€ ( dzdelz y ¥ dzBdizy' W dfigffls- even with slender flanges and webs. Si
d3ds O dzts SufOEYf j toj ydz'® Mls t&&F transverse bars should be welded betwiben
tct 9 Olsdv dad'dzy ¥ tgdzd (| » d3d § s flanges in compliance with EN 1998 2004,
H tEN 19981:2004,7.6.5. 7.6.5

(3) 16ffjted qdOL ®dzf2), o i (3) The transverse links 0of2) should be
tcsLIsOhtselzo OIsd L, Is®EC d i spaced as transverse stirrups used foased

teJ Ydz' Is df WL s to f fipls td@dds Bdls members.
) dzj dedid d3j dals * o .
1.32f @] o' Odzd B.3.2Materials

1.321s sdgmilstclz ¢ y' 2 dzgO@ Mls O« B.3.21 Structural steel

(1) rdzv odctslstse dzj dedgv (1) Steel satisfying EN9981:2004, 6.2
" fnydzglz sdaj iz jydgF d3j dzls© @ € ts should be usedor new parts or for replae
odCstedmilstseo zo Olsd MMmlis Ozt ment of existing structural corapents.

G Od3 fls GBNAOGRE:ROA4,6.2

(2) stdzd & ydz dglsthkzidz (2) When the strength and stiffness of i

3 dzls * fpls t€lsCdz) * °  tsigl2@dgsystid structural components are evaluated at €
Jtc O dzdoymidisrdz fdz' H o tc @ ~dis)¢ LS, the effects of composite action should
dzz tetsBBlskz taken into account.

B) [ "WMedzO dz{ selztzz  tcts H O ¢ (3) The througkthickness resisince in columr
mMdz' v o d 1 tzdYBERY Wtz Is@ - flanges should be based upon the redu
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dzle © dzOMmilskzf dets® W ts te d3lz dzi strength as follows:
f, =090, (B.1)

4) vtsoh ddz®@ j dzj d3j dzls z (4) Element thickness should comply with t

d i3tsc Odz fiEhl @@31-Qt0Is 2 0 0d} - requirements of EN9931-10:2004, Table 2

wo POtz ¥ daty dad ydEedizc ‘o i - 1, depending on the Charpy-Notch (CVN)

o Odzdzv » dalg] sifSteiis ¢tz HOe f energy and other relevant parameters.
hdRls sG] stc” o .

(5) 1dbtOlsds BOIsj o' O¢ (5 Welding consumables should meet the
Htse sdz! dg¥vlIsd 9 d d3ts ¢ O quirements of ENN9931-8:2004,4.2
EN 19931-8:2004,4.2

®J)] fitjt’'LOr L " Jued< (6)nwide flange sections coupons should
s jdz ® MmMdz' H o9 dt’' L z9o OI cut from intersection zones betweltange and
dzdyjs * Mmls' des tsdzv MAe§g web. This is an aregk-area) of potentially e-
sjdey’ 2 detsets L dzd 3 j dedaw duced notch toughness because of the ¢
mdz" His§j fiflac § s ' dz' dzts G s cooling process during fabrication.

f totsy(gchs Is e dzj dzdzv .

=,

1.3220 e 3OIsztcdz® Mmls ©dz B.3.2.2 Reinforcing steel

(1) 18590 OtedzOlbdtpdz@ Jdidgl (1) New reinforcing steel in both disstjve
SOC ' HdMiEJ] Ols & oz@f -~ dzts and non dissipative zones of new or modif
L d3" dgj dzd » J dzJ dg ‘dzlsf & '@ elements should be of class C
Mz d, 9 dL dzOy4d dzts Blz EN 19921-1:2004.

EN 19921-1:2004.

l.3.2.3 1 jlktsdz B.3.2.3 Concrete

(1) 1t89d?2 BJIstsdz dztso d (1) New concrete of new or modified coop

dzj dzls ' o] df s ff tize ' HIEBIEIS Btdz nents should conform with EMN9981:2004,
s EEN 19981:2004,7.2.1(1). 7.2.1(1).

l . 4] CSsdemisigE Mg J & B.4 System retrofitting
l.4.1 10c0dz dz  sdztsy J§ B.4.1 General

1) | dzts B O dz'tedg' € ts o) i@z £l (1) Global retrofitting strategies should beel

Bsd o L dBsL' ' Hoe dh f ks to increase the capacity of latefafce resit
tetHS f st j toj Yydats d3lz ,dz@»- ing systems and horizontalapphragms and/o
dL sdzlsOdz? dzgdr H ' OW tc Od « decrease the demand imposed by seismic
v CdzO € dz@ H @ 2z dzd d3d H tions.

[¥— S s s Bl

&

2) [BHjtedz L tso OdzO € s (2) The retrofitted structural system shoudtt
ddzdzO L OHB9 tsdz! dg¥ Isd dzC isfy the following requirements:

OI—\

. i{sL § $uzddbOmd, I£ sy ° 1. Regularity of mass, stiffres and strengtl
f 5o d dedz' * ol 'dzefecizy L O t distribution, to avoid detrimental torsional €
dzi Mftcdwisdzd o & tctsy v lzdz' ¢ fects and/or sofstorey nechanisms.

'/ OBt d3j m Odt i . d3' W
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Il. [ Ofmd ° thisdedndzde'H g EIs1 Il. Masses and stiffness sufficient to awc
Hdzw L Of sB " ¢ Odgdzy kzlIs ® ts highly flexible structures, which may give rit
dzsH ' 8 8F s dddzlz y & * Mis¥ , to extensive nostructural damage and signi
ftod yddetse tsBh dtcdzdag igp t cant RA effects.

CemistelzC y' @) IsiglsvdetedPO D). 2

I 14t J teyow eOdg dm Iz yydgts, 111. Continuity and redundancy betweenme
B dzls ORI OB jlzeflgyylls ¥ o dzts « bers, so as to ensure a clear anidoum load

StcO’ ¢ KO Oeizls Oy J de@zrtzdg® tecft path and prevent brittle failures
(s Gtslz 2 dzlz © O dzdzW

3) | dztsB Odz! dz' 9 Is tc Iz y O d@slzy (3) Global interventions should include one
SHd&zze OBt HJ C' dzr € O dzOf more of the following strategies:

l. 1 " Hodh j dzdgv  y tste fls S w Stiffening and strengthening of the stiure
stez¢y" MmMdmisj &gd ~ ° W k& d and its foundation system.

wwsl tOh § dedz®Is dzd o sfls© € wilEnhancement of ductility of the stture.

. ) d34 dzh j dedew dBOMJ . [Il. Mass reduction.

V. d&J2Mmd3" ydz©O ' L sdzw y ' v IV. Seismic isolation.

V. [ SHOIsC B9 j HJ BYWIEZoe CV. Supplemental damping.

) [ d&zv oM’ n Ctdzmistelkz (4) For all structural systems, stiffenin
j dedzv ) stefils € tsfiylsts §Che jLdd strengthening and enhancement of ditgti
HOIsdkz@s®r s B zIsd j H 8 M Wo may be achievedby using the strategies gr

Odzdzw d@3 MIstcOlsj ¢ ' 2, f vided in Section8.5andB.6.
.5 l. 6.

—

— e >
(V)

1 d3d dzh j dzdzw kO d (5 Mass reduction may be achieved throt
sd3 knro Odzj dzdzv 5 H d one of the following measures:
5

=11

(
h

dggo

)
W
H
l. 1 Od3" dzO@ Mmd dgls § &3¢ ¢ dslgpls 1. Replacement of heavy cladding systems v

ys o Odedgy &3) d di3d M d Mis J d3O c lighter systems.

Il. ]l dHOdzj dzdzv  dzj o »Oflmd®® Il. Removal of unused equipment andrage
9o0dzlsOY "9, hts LBJjte' ¢ O¢tloads

. 10k 0@ vyj cdzvwdzd~ { JIll. Replacement of masonry partition wa
misj 3O ABJ . with lighter systems.

IV. 1 dHOdzj dgdzv Hdetsce ts (V. Removal of one or more storeys.
6)14d Mdz' H o d ¢ BStaxdMsys 9€lz- (6) Base isolation should not be used for tr

z3j dasdzy C tsdefmlstczC y*® 2 L tures with fundamental periods gteathanl,0
Is 5 delis dzd © ©dz' , hts o jtetp ®1s. Such periods should be computed thro

nzdzEQCH Lo’ 6 tzg 90Q@[de' s dzlz eigenvalue analysi
LO Hts sdjslstsH o o thy gz©
o dzO gL ffls ts Is .

72



ftpdou-p HNI19983: 201 m

(7) wL sdzw y ' & W Iz dzH O d3, (7) Base isolation should be designed imec
9"  Hf 59 ' Hdzts ENS1991s 0241 M- pliance with EN19981:2004 for new buibl-
dsedr BEH' 9 jd . ings.

B)1 itcjtcOhfdptsg disd W zdzH C (8) Reassessment of the foundationsteyn
f tctso jWH J tzfizC s dgfnils glzE Y "o (after the retrofitting) should be germed in
"  HYf 89 ' H dzts HEN 189BICP@A4,( accordance with ENL9981: 2004,4.4.2.6.If
4426 1 twd od¢ tstcd Mis®dzmiA linear analysis is usedhe values ofW * f{
Ck L dzOW jodzdlfvlz d2£.26(4)L OL 9 ( 4.4.2.6(4)will normally be less thad,O.
Bjtolzls! d3jdzh j dz'y 1, 0.

1. 4.es] ¢ lskzoOWiggtlzy ¢ tsdzim Is te | B.4.2 Moment resisting frames
dz0 kRtsitdgs daPd Odzls Oy § dz

(1) 1tsmddzj dzdzv ¢ s d3B ‘'dattaf (1) The enhancement of the compositican

BOMC O B J Is wsislsdgfla®d H' between steel beams and concrete s
zmls ©dats o tizJs datlzts tzw € B I#H- through shear studs, encasement of beams
9 Ols’ BLdadz@ " Is v Odzda” ts B §sls columnsin RC should be used to increase -
tctsB ' oB OHixl®'C C sdzsdz H d global stiffness at all limit states.

B Odz! dzts’ | tistdcefin IS JRetOfgs]  pdED]-

dzO n .

(2) [ s d 0 Is d af dech A dafid (2) The length of the dissipative zones sho
fso' me@Blsd Oh zo Odzdzy d3 N aO be consistent with the hinge k®on given at
dzj dzd o3 wERE{ jewhH z s ©B dzd y the first row of Table B.6.

31 todf sMd dzg @edgtiA] & dzfmIs tc 2 ¢ (3) Moment resisting frames may be ofitted
M tcd 2 d3Bts dg4 dakz@R] O dzls P9 gz@&; through semirigid and/or partial strengtl
stso zt g &Y ' o  SAAHESKET 5 joints, either steel or composite.

o sdztsH 'd3ff 5’0 dztg® ydz e € s dzl

OBus' fle Bk Odzj B j Is s dzalz

( 4) 1 J o' tsHIs tsdijaizEzm dz®aAs (4) The fundamental period of frames wi
dZzOf " oy stemMisS ddsd L ' ° H da semirigid connections may be computed
cOrtso Odzd 2 IOC dd3 yddsts follows:

T =0,085(H 85 ™18) jf w ¢ M55 < dzsemirigld 8zO04 * 8L 19B.2)
T=0085H¥*ifw Ch 5 digidy8j te(fls € j ) (B.3)
HJjl 9adMtsls© tcOd3dO {f €O tc @sgrds whereH is the frame height in metres and t
odL dzOy0O' Is' mw IsOC dd3 yc parametemis defined as follows: where:

ls = L tean (B.4)

HJ: where:
KiytstemilsC ' Mis! B j,tcls Oded K; is the connection rotation stiffness,

| 3 d3j dzls { jdigjjteaP dz®d | is the moment of inertia of the beam,
Lftesdz'ls BOdzSC d L is the beam span,
Ef®HEd SO BOASd. E is Young's modulus of the beam.
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(5)1 © H ts5H CisakiCa3gHeE L 5 dzls O ¢ (5) In addition to the patte of horizontal forc-
ftcJ HMIsOo dzj dzts’ EN1998:RD4L es given in ENL9981:2004,4.3.3.2.3and in
43323 9o HMRABIH Odzsc s Ml 4.4.4.2(1)of this standard, the following pa
fmdz' H o d¢tsted Mmis ts oftprd jodgly tern of forceq F,;) should be used in theirfe-
(F)o(dz' dz' I daticdslz ted2@ EZBIZS H i ar) |ateral force analysis and in the nonline
dzO o Odzls O ¥ jedmiztlz’ dz' 2 dzts &3z static (pushover) analysie tletect the onset ¢
(MY tesh | dets Gk dzf @zv o d w all limit states:

dénils Odzdzy o fMm' =7 ¢ toOdzd ydac

W, .
Foi=o——— 0 (B.5)

HJF, Md 2 Md3’ ydzO ¢ sted L tsdzl whereF, is the seismic base shear asidiven
mMfstckzdd tcj @MIsOo dzv * s by:

ydzts d3:
feLO yéui T ¢0,50s
a=y 0500 +0,75 yéui 0,5<T ¢2,50s (B.6)
720 yéui T >250s

l . 4. 3 -MeOdgdgtse” € Otc$ OMmd B.4.3 Braced frames

D)1 e tsnd d&j Qipxig (s daizisite ddgf (1) Frames with eccentric bracing and ki
o' W Lifd®O AR o ° H H O9 jOdsfigiydth braced frames shaibe preferred for the retr

ydzdidg ' vifC @ smoOd3 fitting to frames with concentric bracing.

(2) ] COts OM@r H ¢t Outstied (2) Kneebraced frames are systems in wh

d}i dmdt Ols tf olztz® d3'Lf) IS 'H dz( the bracing are connected to a diasSie zone,
B @3S t©Odzts dzO . instead of the beatto-column canection

5"!_
Q,
ﬂ

ddzt d&3° dz' 2 OB B dzj tc (3) Aluminium or stainless steel may be us
tcd Mistso kotdds d s L fip'dxe for dissipative zones in concentric, entte or

M 4§ My dzls tefdmyridzde kneebraced frames, only if their use is ikt-
h s totsLwE3tE, tf bzt #z ed by testing.
OHCEk, weCht Q1
wo L O dzOfdz" HE Od3c

Odzj 9 ' , MmisEOjoig B dpdz'ts (4) Steel, concrete and/or composite walls n
Bsy k2 IsJ 9 d ¢ tsted Mmig K ostarm@sl be used in the retrofitting to enhance duc
H dzw f sdz' §fhj dzdaw f tsH OI response and prevent beawlumn insability.
fsB' ¢ Odzdzy dzj Mis' 2 COstndsts Ther design and that of their connection wi
ltosj Slskzo O Gtz IsX@ & € &= dzL steel members should comply  wi
fdz' H o d ¢ & tzla YdRteffIsiiids @ dgH EN 19981: 2004.

EN 19981:2004.

5) dlsOdzj 9 f Odzj dz' d (5) Steel panels may employ leyield steel
Is Od L ‘LSetgO dzdsyi jS¥z yts s ©  and should be shepelded and field bolted.

9 Otcs 9 OlIsdmw o yYjnatsod

dmw BBBdIsORd o {d ts¢

o3

(6) 1 dzw L B ' df @fjjdidgvy dzts®  (6) Bracing may be introduced in momeet
COots,Oomf & MY tedftd diziOdElERRj @ sisting frames to increaskeir lateral stiffness.
N4 dzdigts ) €@z@ s HIds'dY L & d

l .5 [ My ¢ tsdzfls jeidg ©3y ‘d B.5 Member assessment and retrofitting
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l.5.1 10c60dz dz2 9 d d3ts6 ¢ B.51 General requirements

(D) v e Odzd Y eds@3zl O 6 ts i3Y =HIYtS - (1) Beams should develop full their plas
HY J dzdz® ®3dzfm s to(B0 4S) § tc § d @ze moments without local buckling in the flang
dzj dafiziil®d ydzd = M e ded 1¢" fipls or in the web at the SD LS. Local bucklir
BOdakzE f o itz Olsd f figlff = should be limited at the NCS

Hiso y dzL S dgldd] j toj H O 9 Odote Quk

dzs 3z (NE QB3 Myg BtOOIs © f

BO° BEISd .BB &I Y J d&O

( 2))tc®ded yds@alz' B [d3] »JO3tEd - (2) At the LS of DL and of SD, axial and fe
C tsH Y BdEdEvO ¢ ts 3 dS ts H yd3gdzc ural yielding or buckling should notcour in
CodzsdzOr dzi  tso B gzézPy ® 1 coumns.

sjtc' Oz OBt oHIstcOISO Mk

B)r OcdkOdz dz'tsL EpGH¥p § (3) Diagonal braces should sustain plasee
o dlstcd d3lz o O \qdz’ § dzOjimists tc d3 formations and dissipate energy througlt-s
' 9 0Isd J dzj e ' o f t cessive cycles of yielding and buckling At t
yd¢< dz@ls difwplrfss tc 30y LS of DL budling should be avoided.

U |16 O dzd Y edss@iy B3 ¥ § dAqBdGt=

A J dadzh d ¢ ted o dzj dadeV ElRQ " dzjE

@r s §tsdzduy: "/ OB s tHBL (4) Steel plates should be welded to flan
MisOdzj o ° dzd Mlis d o Hatlz | Hzdg: and/or webs to reduce the relierness ratios.

it st fddkPL ddS. ¢ dk

(5) [ " ydeB @A tdd L &' deO dz' gt (5) The moment capacity ., of the beam a

dzls B 540 IS 5 W20 M Is d Y dzts 6] O the [ocation of the plastic hinge should

Yyo' ! mw L O Wtstedglkzdztstk computed as:
M pbrap = Ze Kyp

HJ: where:

Ze J Wi SIlsdodzd?2 d3sHIEzdz ddft Z is the effective plastic modulus of thecse

(.7)

2 di'f fga® mls d y dztsks tists L t©@E tion at the plastic hinge location, comput
dzd § 8 OC Is=fiQizlz dzdfstc ts L @3 Jo- with reference to the actual measured ¢
tcj e, of thesection, and

fyo G loOMW S Eytsmlis' s Ghde'C fyp is the yield strength of the steel in t

dplz 8 q ts'dzfn Is t6 HADY §dtz [ -
Isd fted2devilsjy t' o ded d3
slstcd B3O dets dz3lz L dz® d ¢f'tc fysr
f sesded n HY jtoj dz ' daW tste
yddesds f s3delsty § Wz 4 ° ‘dat
a'tsmsfs]‘lsGR;IzWQc{Q ftcj H I
IsOB dzd y* Isb' HdesG EHzl
d30|sqadzsfnfﬂs.‘.512)m dzv
L dzOu fyslatizyy § BRI fted
s te 3O dz' des sz L dzOy j dzd
Gl W' y' ' dals  dg@Hnddy' fplssn
odL Oy dd?2 o' HY s9ENK
19981:2004:6.2(3),(4) * (5).

beam; for existing steely, may be taker
equal to the mean valuddtained fromin-

situ tests and from the additional sourc
of information, apropriately multiplied by
the confidence factoiCF, given in Table
3.1 for the appropriate knowledge lev
(see3.5(2)P; for new steefy, may be té-

en equal to the nominal value multiplie
by the overstrength factar, for the steel
of the beam, determined in accordar
with EN 19981: 2004:6.2(3) (4) and(5).
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6) 1§ dzd yd dz0 L el dg@rasigts, g (6) The moment demani g, in the criical
CtedIsd ydzs sz ff J ® g Is dze'y © * section at the column face is evaluated as

wide dzlz dzts & lows:
Metga = Mpirap +Voirs @ (B.8)
HJ: where:
Mpirdb § dzOMls d ydzd 2 d3ts d3J dzl Mpirabis the beam plastic moment at the be
h Odg'zie O dz$ d plastic hinge

Voirdp f 51 J toj Y dyOdznfigflsizoy datsis Vpirapis the shear at the beam plastic hinge;
B OdzS d ;

J 9" HMIlsOdzr d3' ¥ f dzOMmlIsd e is the distance between the beam pla
fsojtrnded ¥ G Bdzsdz] . hinge and the column face.
(7) 14dBBR" HMed 20 dfsEEgEtt (7) The moment demand in the citical
fjtejllsddz Iz y J dzls tc O dz' Hzt section at column centreline may be calcula
sd tL ttO0~tsa@deb2s: IsOS d c as follows:
Mcegs = Mpirap *+Voirdp %"‘28 (B.9)
Hijdco dmMslsO JpdpddL z whered. is the column depth.

l . §5.j2M&Ew@fiplsly dzj d3jfdsls #tgj- W B.5.2 Member deformation capacities
BOY" WA

D1 d Meyk L HOdeigs tihisG Isigfde (1) The inelastic deformation capacities
Is "fotcde § tc lz ¥ gzt & tc dzglayts Wit - structural members at the three LSs may
dzd y dedp O d40S) di3ts ¥ de@ L dzQ W ©®- taken as given in the following mraphs.

L dzOygjdein szt dzd = .f Ot OG to

2 d Mzylz Linldsedd defSls dafsdz (2) The inelastic deformation capacities

dzj § oz dzdf s tc dzBty Y W@z d 2 dfC= beamto-column joints may be taken equal

s OBRG (B.6.2.) L © Lk ditsefiplf ts dzlz those given in a Table B.6 (clauge6.2.1),

J &z BpdzH so ' H O, OL gz dg| provided that connected members fulfil tlee

Is © BB quirements given in the first five rows of Tak
B.6.

(3) 1 e Odzdfiaj dz'tc z 3 dz' HL jeWdtdEx (3) For beams and columns in flexure, the-i
BOdsEs Az dgetc O O Is! #) Y dfdak lastic deformation capacity should bex- e
Cis® | tolsCO degaylrj d3ff dzlef © fryvdez' pressed in terms of the plastic rotation at
f dzOfmls dmylstBdzds | dzd y d dzlz ¢Es K end of the membyg as a multiple of the chor
f so stEtslicty ip Mis Asdg' € 2z Yets frpks = rotation at yielding , at the end in questior

9" Hdz' 271 dres QaptstCts dzisriz] L totds- For beams and columns with dimensionl
df disf' so dd3 dzOe OdzlsfOtg j flzr axial load not greater than 0,30, the ingla
dh 19,30,9 j dzd pAjdEdz yts° ff 8 deformation capacities at the three LSs nhey
dzd f tc z yHdg' W2ts tc dg@dgwWe 'd h j © € C taken in acordance with Table BL
Is tg ¢
9" H
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