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EN 1990:2002 & 2005 (amended 2008, 2010)

¢ High level expoctations ®  Target relabilities

= Design 10 be rebabibty bused =10 vary with limit states

®  Design 10 take care of - 10 depend on ¢

= syength 10 have three I

* with sppreprintely definod sco ®  Design calculations to consider
= serviceabelity - fepresentative actior
W - appropriate koad combimations
- rabelity

mecharical modehy

= Partial safety factory

JRING INSPECIOn dnd mantenince

epected vervee e

So, after presenting this summary storyline, describing the high level expectations behind the
structural Euro codes EN 1990, let us see in the next few slides how the code makers have

expressed these expectations through codal provisions. And we are going to look only at the first
few pages of EN 1990.
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Eatects bom B8 BN 1900 2002412008 and BN 1996-2002+A1 2008 (1) mcorparasng compends December 2008 and Apst 2040
B Tout s by SO0 et 41 2000 N 100 2000
1 0 Tt st by O Comguntn Decamtnr 2004

5 ) Toet shwret by CON Compondem A 2010

2.1 Baslc requirements

P A structure shall be desipnied and exgensed i wch & wary that of will, desteg 118
intanded life, with sppropriae degraes o rebiabity dod in ms econcanical way

sustatn ol actioms and influences likely T00oed dunag execetion asd we. and

meet the ypecified serviceabalety roquiranents for & wrctie or & siruchissd eloson!

(2)P A structioe shall be designad 1o have adeqeate
struciural resistace
wervicealality, and
danatulity

(AP A strctire shall be dosimed and executdd in wch 8wy hat 1f willl mot be degs-

ped by events such m
explovion,
mpest, and
the comserpuences of hussn erron

o an extent digroportiossts 1 the ocipmal come

So, the very first set of requirements section 2.1 clearly lays down the context and the parameters

behind the code. So, the code is reliability based we are very clear about that.
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2.1 Basle requirements

(DA stppeture shall be deaged and execued i ssch o waty that #f will, deteg i
Citamded Jife) with appropriasse degrees of reliability and in m econemical way
™ vrrenati all actions and infloences likely 10 eccur durng evecwnon und wie. aud
et the ypecified servicoabeity requiements foc & wctme or 8 ol element

(219 A structime shall be devigaed 10 have sdegqute
sirucnusl reststance
serviceshility, and

duataliry

OF A stnctre shall be dosigned and execa in wch 3 way St 1f will oot be das-

Aped by events such m
explonioe,
(gt wd
the conseqquances of huss ervoe,
f0 2 extent digroportioeas %o the arigmal cxse

We also see the issues related to the definition of reliability that we discussed early on in this

course. They are all contained in this sentence; there is an intended service life.

(Refer Slide Time: 01:35)
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) 0 ot ot g SO Ay A1 2000 N 00 0%
) 0 Tout whwrnt by CAN Comgeadin Dacentet 2004
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2.1 Basle requirements

(DR A structuse sl be destpied snd execned in wch & wary that o will, destng it
(osended life, with Sograss of pelisbility aod in m d way

wuntain altchoes s0d infhuences likely 10 <03 Ainng execsnon asd we. 10d

incet the o< ThaT RITTCERTy TITnet for o vk tee or & sctinal clonent

2P A strocture shiall be designed 10 bhave adeqase
strucnuns resiviace.
vervicealalty, and
dantuliry

(AP A strctre shall be designed and exectndd in mch o way et 1 will not be dams-
nped by events such m
xplonion,
npest, ad
« the comseguences of hiss ervony,
o an extont digroportionsts 8o the ool cmse

There are all service conditions and demands that are placed on the system. So, those are the
loads and the structure should not fail under those loads.
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5 ED Yo ot by SO Aoy 413
100 0 Tost ot by CIN G
15 1 Toet e By CEN Compaatan 4ot

2.1 Basle requirements

(I A structire shull be designed and execwted in such & way that # will, desing ity
ineended lifs, with appropriate degroes of reliability and m m econemical wary

sustain all actions aod ithuenges Likely o ecom dunag execenon asd we. md

meet the thf(:(n A(t&d-'i:k|lll.vlllbﬂl\ for & snctore o o saictimal element

()P A wructume shall be devigmad 10 have adequee
MIUCIUA] reskitance
serviceahility, sod
daataliry

(410 A tructire shall be dosigned and executd in sk o way et it will oot be do-
nped by events such a

explonios,

mpest, and
« the comeruences of b ervoe,

10 30 extent dingroportionts 1o the oripnal coene

And the structure should also function. So, all the boxes are checked.
(Refer Slide Time: 01:56)
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2.1 Basic requirementy

(1P A structure shall be desipmed and executed it wich o way that #f will, dering in
ineanded hife, with appropriess degrees of reliability and in s econcmicel way

suvtain all actioms and infhoences likely 10 ecow dunng execwnon sd we. tod

meet the wpecified serviceabety roquirements foe & snicnwe or & strochiaal element

(2P A strctysesball be desigmed 10 have adeque
\Iunmu((mhmc.,"
werviceabdiy TGT
daratubiry

(4P A wroctuze shall be designed aod exectig in woch o way St it will st be deams-
nped by events mch s
exphonos,
ngest, sad
~ the comseuences of hussn envors
10 an extent dipropartineate o the cngeal cwne

And more specifically, so that there is no ambiguity the strength issue.
(Refer Slide Time: 02:03)
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2.1 Basle requirements

(P A structure shall be desegned asd execwied (o such o way that it will, desing s
meaoded life, with appropnate degroes of reliability and in m econeanical way

sstein all actions and wfluences Likely to eoow dunng execenon ad wie, ind

meet the specified servicestality reqnirements for & schwe o & amchinal element

(2P A structure shall be desigmed to have adequte
structyfpl resistance,
(Fervicestidy

(O A stroctre shall be desizned and exocutef] in snch 2 way St it will not be dems-
Aged by events such &
explovion,
mpest, sl
=~ the comeruences of b etron,
0 a0 extent dingroportionans 1o the onpesl cue

L

The functionalities issue.
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2.1 Basle requirements

(I A structure shall be destgned aod execwed in wch & wary that #f will, desing i
intended life, with appropnate Segrees of reliability and in m economical way

sustain all actioes and influences Likely to ecour during execunon asd we, snd

meet the specifiod serviceabediry seqirements Sor o« sricte o 2 et element

(2P A vinctiare shall be devigmad 10 bave adequeee
strcual revivtance.
ey, nd
(deeabiliy )

(4P A srstire shall be dosigned and executad in wck a wy S 1t will pot be daan-
aged by events anch m
explovite,
mpest, wed
< Ihe comenpiences Of it etron,
10 40 extost drgropostionsse o the crpeal cwse

And the longevity issue, the time dependent issues they are clearly spent out.
(Refer Slide Time: 02:12)
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2.1 Basle requirementy

(1P A structure shall be designed aad execoted in weh o way that it will, desing in
imended life, with appropriste degrees of reliability and in w econemical way

sustain all actions and knfluences Likely o eoour dunng execeon asd we. snd

ineet the specified serviceatabry soquoements for & st o 3 it dement

(2P A structure shiall by designed 10 have adequee
aniciurnl ceststance
erviceability, and
duabality

(40P A strcture shall be dosgned and executad in suck o way Shat 1f will pot be dem
aped by events such
exploncs,
pest, ad
L T T —
10 a0 exsod ispropontionwse 1o the criginal cmsg>

Very early on it is interesting to see the code makers have been worried about and they have
expressed the progressive collapse issue. So, this disproportionate collapse a progressive collapse
has shown up quite early in the codal sentiments.

(Refer Slide Time: 02:37)
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Eracts Som D5 BN 1900 J0020A1:2004 and BN 1996 20000A 4 2008 (1] mcerpoeuing compends December 2008 e Aps JN0

()P Pocootial damage shall be svorded o hmsited by approprisce chosce of ome or more
of the followmg
avouding. chamating or redwcing the lszaeds %0 which the sivctwe o be wb-
potad,
= sedacting » stractaral form whack haw low senvitiviey 1o the hazaeds comadersd
weboctia-strwerara 1O RT Jevign B ¢l wiirvive ASEqURRTY the weebdestal 13-
0l of m indvidu] seusber of a limited paft of the wtracture, of the occunence of
( accaptable localined demage ,
B ~euoiding a5 o s posnble structursl syserns that can collapre wilhout wamiog |~ -
tring the VT menbess togathar i

(6) The bawx requsements should be met
~ by the chesce of witsble trerials

by approgeiate design and detsling. snd

by specifying cootrol procedures foe deign, production, execetion, sd we
rebevant w the particular project

And in the next few provisions also we see more details on how this sort of progressive collapse

can be prevented.
(Refer Slide Time: 02:53)
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Eevacts boo 55 BN 10600 20000 A1:2004 and DN 1006 20020A 1 2008 (1) mcorporunng comgpends Decamber 2008 e Ap 2040

($)P Potential danage shall be svoded or bamted by appropriate ehosce of one o more

of the folkowmg
woiding, elimimating or redecig the hazds 30 whch the srcrws can be wibe
pected,

= sedecting » stractarad foem whach b Jow sermitivity 10 the hazaeds conudered
sedecting » structan] form mnd design St can survive adequanely the accidental re
wnoval of i indrvides] seeaber o & linted part of the snsctire, or the occurence of
wccoptable localised damage
avoidug 2 {ar 0 posnible structind syssems that can collapse wWidout waning ;
tying the structursl memben Sogether

(6) The Linssx respuirements should be et

by the chosce of suitable rmteriale

tipprogeiate desiis Ipd detailing. sod

by st ymgreonwtl procodures for devign, production, execution, md we
relevant %o the paricular project

And then the code says that all of this should be done by appropriate design. So, the importance
of design has been not left to any ambiguity.
(Refer Slide Time: 03:08)
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Eatvucts bom 06 BN 1950 200704 1:200% and IN 19602000041 2008 |} meorporatng compends Dacember 2008 e Apes 200

2.2 Reliability management

(1P The rebiability recruued for vamctiees within the wope of EN 1950 shall be

achieved — —

4 by destgn im acccodance Wik EN 1999 10 EN 1999 sad

b Y o -
ppropnate exeownon asd
quality ssanagernetd mesres

Now here we see the introduction of all the companion documents. So, EN 1990 shall be read
with 91 through 99.
(Refer Slide Time: 03:23)
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2.2 Reliability management

(1P The relisbility eoqaeed for crmemmes within the wope of EN 1950 dhall be
achieved
) by design m scecedance with EN 199010 EN 1999 sd
b) by
gpropaate execenon ad
quality sunagement mesmres

EN 199 Eurocede Banks of Swocnunl Desgn

EN 1991 Ewocede | Actorn on snactaes

N 1% Paroceds 2 Devign of concrvie snsctivn

N1 Pwoceds | Deugn of seel wrstirn

EN 1" Taroceds 4 Deugn of conposite el il cononae enenwes
EN 194 Duocede § Devgn of turber strctues

EN 19% Barosode 4 Devugn of mmsosry wisswes

EN 19 Dwosede 7 Gootechancal devp

EN 199 Earocede ¢ Diestgn of strucrares for earthignake resstasce
EN 1999 Ewocede 7 Destgn of shamtoenn namires

And they are listed here that covers various materials, various loads and so on.

(Refer Slide Time: 03:33)
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Extacts bom D6 BN 1990 20000A1:200% and BN 1900 20027AY 2008 () meorporesng compends December 2004 and Apes 2040

2.2 Rellability management

(1)P The reliability coquised for vanctmes witlin the sope of EN 1950 shall be
wchieved:
) by destgn m scocedance with EN 1990 10 EN 1999 ead
b) by
HPropoate execunon asd
quality managernend imesatires
(2) Dferen Sevels of relisbidity fhay be adopted inter alia
T vrveneeh toststoony T
foe vervacesbility

5) The chooce of dhe levels of reliability for & particular stroctive shoskd ke sccoust
of the relevant factons, imchadieg
the possible camse ad ‘or mode of amamny & baut stae
{he posable commeqaimces of failre in tetnn of risk w0 life, kjury, polertial eco-
nomical loves
public aversion to fashare
the expenne and procedeaes nesewaary fo rececs e mk of fabue

Now we come to the point that different limit states, different types of expectations should have
different levels of probability of exceedance or acceptable reliability.
(Refer Slide Time: 04:00)
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2.2 Rellability mansgement

(1P The peliability reqered for sormonwes within the wope of EN 1950 shall be
wheved
1) by devign w scccedance with EN 1990 10 EN 1999 sad
b) by
appropeiate execunion aad
quality managerent mesues

{2) Diffevent Sevels of relabulity may be adopted i afie
foe vrvctunl remtance
foe servicesbility

i:‘; The choice of B levels of reliabiliny T5pa paeticular vructuee shonbd ke accouss
of I Twhrrmms fnotorsy snsbusding
the possie come sod jor mode of smainmg o hasi! sate
the possitle consequences of failire 0 terus of mk 1o life, Ejury, potential eco-
vomucal losses
oblic sverseon to facure
the expense and procedhaes neceary 10 redece e rk of fabure

So, depending on the consequence these target liabilities should change or should be made
different.

(Refer Slide Time: 04:11)
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Earacts Soor B BN 1090 7002A1:2008 ancd IN 199020000 AT200% () mcorparming compends Decemmber 2008 it Aped 2010

2.2 Rellability management

(1P The reliability coqured Sor sruotes within the scope of EN 1950 dhall be
achieved
) by desegn wn sccoedence with EN 1999 10 EN 1999 s
b) by
APPIOpIATE EXecnon tad
-~ quality macagernent (nesuser

{2) Defevenn Jeveds of rebialnlity may be adopted i ol
Sor smwctinal reustance
Sor verviceability

(3) The chowce of the levels of sehubllity for » paeticular wrnchise shosid take accoust
of the relevast facton, schuting
the posiile Come s -ocipode of Mmatng » ot state
the ,ou(i} coaveqaeces ODExhere i termm of ik 1o life, jury, potential eco-
tomical lowi T "
public aversion to fadure |
the expenise and procedures necewary 10 reduce e ok of fsbars

So, that is also spelt out very clearly. So, far we have understood that the design has to be
reliability based different consequences must have their respective acceptable reliabilities.
(Refer Slide Time: 04:26)
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(4) The Jevels of reliability that apply to & particalar strwessot may be specified in one
or bots of the followmg ways . ———

by the classification of & structure a¢  whole ;.0

by the classificnsen of #s comgones

(5) The Jevels of reatslity redating to srustmal resntioce and servcetelny o be
acheeved by vatalde conbwanons of

o) preventatrve and protective menures (¢ g tmplementation of safety barmen, active
ed pasive protective imeanires apaiit fire, peotection apaimt rindy of cononion vack
m [ainrting or cathadic juotestion)

b) meswwes relatitg o devign cabvdations
representative values of actioms |
the chaice of purtal factors

) mamncres relatmg 10 quality mana pemen!

And then we come to the point of how to do this safety check whether it should be done as the
structure as a whole or on a component basis?
(Refer Slide Time: 04:42)
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Eatucts vom B BN 190020000 A12005 and BN 1906200222008 (1) mearporuing catnpends Decomber 2008 and Ap 2000

(4) The levels of reliability that apply %0 2 particular stvctare may be specified in coe
o both of the following ways

by the clamification of the structure 1 & whole

by the classtfication of (‘\\wwmz_?

(%) The Jevels of rebability relating to sructaral rewntance and servicosbelity cam be
chieved by metable comlaunons of

1) preventanrve and geotective memres (¢ g mmplementation of sdety bumien, active
sl passive peotective iesamres gt fire, protection apamy rivk of comoion vk
s [winrting o¢ cathodic protection) |

b) messrwes relatiog 10 devign caleulations
represertative valies of actions |
he choice of partial factor

) rmmnare pelatng S0 quality mana prment

Both options have been given and it so happens that we are still more tuned towards a
component based design approach than whole systems based design approach.
(Refer Slide Time: 04:57)
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| Eatracns rom 05 BN 1950200204 1:2005 andd N 16020000 A1-200% |E) mearporwtng comgends Qecember 2008 and Apa 2010

(4) The devels of vliability that apply %0 2 particalar strocowee oy be specified in coe
of both of the foloning wiys

bry the classification of e structure as s whole

by the classitication of s componesis.

(5) The Jevels of rebability relating to wructanal resutance and serviceabalery cam be
achetved Ly smtabie combsancas of

A) prevestanrve and prosective meawires (¢ g wmperoentanion of saety bamen. active
od paaive protective eaitres gl fire, peotoction apaimt ks of comoion vk
s iy o cathodic prosection)

b) messtwes relating lrﬁc\;: ul:..l.;:lu_‘)
representative valies oF Rt "
the choice of partal facton

) moeasares pelating o quality managemsent

Then these design calculations becoming more specific have to be based on representative

actions.
(Refer Slide Time: 05:06)
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(4) The Jevels of reliabiliy that apply %o & particadar strucoure may be specified in one
of boeh of e following ways

by the clawification of $e stnuctury s » whole

by the claaificancn of fs componsms.

(%) The levels of reabibiey relating 10 sontal rewance and sericeabylty cas be
acheeved by smaable coubanations of

) preventanve and protective measues (¢ 3 mplemensation of safety bamens, active
rod prssave geotective measres apalinl fire, peotection apamd risks of comonion sach
w painting or cathodic prosection)

b meanizes 1vlyuae o heem sabgibations
representative plues of actiogs.
fhe choice of partsal Tactons

) eneawres relatusy 8 (rabty v pement

The sort of quantities that we saw in those partial safety factor based equations.
(Refer Slide Time: 05:12)
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rom D5 BN 190020020 A 12008 and DN 106620020 A4 2008 (1) meorporamng compends Ducember 2008 and Aped 204D

(4) The Jevels of veliabilicy that spply 10 & particalar stremre iy be specified in one
of boh of the fellowing Ways

by the classification of the strucrure as a whole

by the classificanion of s cougponesss

() The Jevels of robwbality relating 1o drustal rewstance and servicebality ca be
cheeved by vetbie combesanons of

#) prevestative and protective meavres (e g tplementation of safety barmien. sctive
md pasine peotective meaires agal fife, peotection apumd risks of comrolion wck
™ [ainting oc cathodic prowecion)

b) tesstmres relating 10 devign calovdations
representative yabues of w5 tiows
the choic€ ol partial factors :)

<) maneres relatmg o (eality T posen) |

' -~
And more specifically the choice of partial safety factors. So, the partial safety factors are also

introduced very early on in the design document.
(Refer Slide Time: 05:27)
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hacts o 05 BN 1960:20000A1:2008 and EN 1196-20000ANZ008 (1] Incorporuing compende Ducammber 2008 and Apt 2010

d) measires nendd 10 reduce cnon @ delgn and execimon of the structure, sl grom
Yaanan emon

¢) ofher meaveres relatmg W the following oder deugn mattery
the bavic reqarements
the degree of robuinews (wructund iegity) |
dunability, inchading the choce of the design working e
the extent and quality of preliosnary mvessigsions of wils and possible enviser
wental influenten

the accuracy of he wechanial models wed
the detailng
1) efficient execution, eg. in accordesce with execticn sanduds referrnl 0 m

EN 1991 o EN 1999

r';]_;;i;pm pection md mmu_u,;:_',‘mm 8o priceckam specified in the project
T

Next we are reminded of the importance of inspection and maintenance because of all the time
dependent issues related to aging and accumulating damage.
(Refer Slide Time: 05:43)
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racts o G BN 1060.0079A1:2008 and N 1990:20029A 12008 1] mcorporuing camgends Decambar 2008 ané Aps 11

1.3 Design working life
(1) The dewgn workang life sloald be specified

NOTE bauentove eabpomes we goves @ Table 20 The vabuoen prvew in Table 21 sy shio be e Se
detrramay tenw-Arpendent peroersiece (e g Inigue-cvisted cakndetenn ) See o A A

Tabke 11 Dedbcnthe design warking e

| Dwign workdeg | Jodicattv decign | [T
LR wariong e
(e} ! 3
| Doy et |
o Repluwdie urutesl pun, ep ooy pwin
| bewngs

| L. Piprdutetedewe....,, |
B Gl | | Db srwcnees wod ofte commn s
\ 1 Mozzoetyl by actrm, bodge, wd oty |

| BT T T ]
1) St or parts of shcures O o be docnatiod Witk & view 16 baatg 1 weed vl
|00 be commnbered s bapecery

More specific things now, so the design working life depending on the type of structure that is
Ranna needs to choose the service life, the intended life. And that is typically for the kind of
structures that we undertake formal designs are of the order of 50 to 100 years.

(Refer Slide Time: 06:09)
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10 ity eovitonncet and the mnticipated level of ssentenance

E
And then the issue of durability once again comes up and the designer is cautioned that all issues

related to aging and environmental degradation have to be anticipated and considered.
(Refer Slide Time: 06:31)
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Section 3 Principles of lhnit sfates design

31 General

(1P A distineticn hall b e betwin linmte st sistes end wetvicesbudty kst )
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NOTE [ e oo, kb verifoencns iy e el fr enimrghe o ensave inllc wivey

() Versfication of one of the two caleporsen of it siates may be ommed provaded dt
wifficomt informanion s avadable bo prone that i is wtified by the ober

(3P Lisnit weates shall be seloted 1 desgn snaatons, e 32
(4) Design struntions dbondd be clasillod 1 perstient, tramiet of Acckiental, see 3.

(5) VenSeation of kaat states that ae concomed with bane dependet effects (o ¢ fstige)
should be relared % the design working life of e contruchios

Finally more details on the type of limit states to be considered are spelt out. So, we see
specifically that ultimate limit states and serviceability limit states have to be considered.
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Secthon 3 Principles of landt states design
31 General
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uwes
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wifficit informaton i mvaable 10 prove that it in setiafied by the other
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(4) Destin viruations sboobd be clavsified e persisient, ramiest or accideatal Joe 32
(5) VenScation of huut staden that are coacernod with tine dependant effocts (o g fatigae)
should be velated o the design wedking life of e coontructice

Not only that, the designer also needs to worry about not only the operating condition but
transient situations and accidental situations as well. So, that presumably includes the
construction phase as well.
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Section 3 Principles of it states design
3.1 General
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wifficomt informaton is avadable 1o prove that it is ctiafied by $e odher
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(4) Desigen sinations daondd be classiflind i persistent, tratmiest of sccidental see 3.2

(5) Virification of il st the ave concemnod il tame dependent effectyh g stigue)
shoald e pelated %0 the design working lifi of e contriiion

Once more time dependent issues are again brought out and the designer is reminded of that.
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3.2 Design situations

()P The relevant dougn stuatiom shall be selected takimg o accomnt the carcaans
sances under which the stnictioe is requined %o Sabfil o fenchion

\ZjP_Duquﬁs Ml{«'nm(nd w Sollowy

L_pervinient deugn situationy)which refer 10 the conlitom of noermml use
ol Bl Wianons, which refer %o temporney coaditions applicable 1o the
stiuchure, ¢ g diring execution of repes
accidental devign wnsations, wheeh refer to exceptional condshions applcable 0 the
SCTure of 10 s exposire, ¢ ¢ 10 fre, explosion. wgwet of the comequendes of ko
caled taike
sewsing destn sniations, which refer to condinions apglicable 1o the stncte whes
sebyected 10 seivessc evenis

NOTE Jafmnmbom s speslic deugs wtiorn withen each of fhewe ches o pvms i EN 1991 0
NI

(5P The selected design wasations shall be sufficiently sevare snd vaned w0 m 1o m-
coapais Wl Condtons that can remonably be focescen W ocor durseg the execution
il e of the stroctive

Now the design situations, the normal and abnormal and the transient etcetera, so more details
are given now. So, the persistent design situation.
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3.2 Design situations

(1P The relevant dougn ntuatom sall be sehectad tkang w0 account the cargsan-
stances under whach the stmctiae ts required so il s fnction

(2)P Deslggn situarions shall be chassifiad m fllows
Swvigas situaiom, which refer 10 the conStiom of normal use

Cirnient dovign muno_c\w which refar %0 semponay couditions spplicable to the
KN, 7 OnE S ecution of repue
accrdantal design wnahons, whach refer to exceptional condhions appleatde to the
struchire o 10 My expowre, « ¢ 10 fiee, explosion, uupect of the conegquences of lo-
calied fulae
e design witnations, which refer 1o conditom applicable 10 the stnictwe when
wiijected (o seinssic cvents

NOTE Iefaesuton on perific deigs seicen stk ench of e clines s gven 12 EN 1991
NI

()P The selected design smation stall be sufficiently severs and vaned o m 1o -
compans ol condinons that can remonably be forescen to oocr durmg the execution
ol we of the stnwtwe

The transient design situation.
(Refer Slide Time: 07:36)



Structural Resabéity

Reliability based design Lecture 31

Reliavility based
design codes

Fom D6 BN 1990 20020 A 12008 and EN 1H0020020 A4 2008 (L} meorparmtng compande Oucember 2008 and Ap 2040
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(2)P Design sinmtions shall be clified s follows
persisteny deugn situations, which sefler 10 the confisons of novnad use
traovient design simsations, which refer 10 tepony condifics applicable 1o the
Strgnue. o g during grecution Of fepas |

(_E:_tddal dengn uawfs whech refer to exceptional condstions applseatl to the
sfRTIC v RS oiae, « £ 0 fiee, explonion, (ngpect of the comequences of lo-
calovod faibare
seinne desygn sitiations, which nefer 1o conditions applicable 10 the winicture whes
sipected 10 seimic evanls.
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(510 The sebested design viations hall be sufficiently severe and vanied 5o m 10 -
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ol we of the e

The accidental design situation.
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3.2 Design situations

()P The relevam dougn utiations shall be seloctod taking o account the carcam:
stmnces under whach the stmctine is required %o falfil s fnction

(2)P Design situations thall be chasifind o follows
pervistent down sinuations, which sefer 10 the conditsmm of normal use ;
trwsiont design wuatioos, which refer %0 temponwy conditionn applicable o the
M, o g during execution of fepas
accidontal design situations, whach refer 1o excepbona! conditions appbieatds to the
strucise of 10 915 expoare, 4. 2. 10 fire, explosion, pect of the consequences of lo

o r—

Cm:mx design wituatiogs, #tbich refer 10 cooditions apglicable 1o the strocire whew

whyetal 5 eme v et

NOTE Lefwmton wm spralic dowpe st walles eack of fhewe cleves o pvms i3 EN 1L &0
N1

(5P The sebested desipn smations shall be sufficiently severe and vaned 10 o 10 -
compass Al condnons that cen remonably be Sorsseen 30 oocir duneg e execution
e of (he sroctiwe

And the seismic design situation. So, special place of mention has been there for the seismic
loads.
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2.2 Design situations

(1)P The relevamt deugn wituations shall be sedectod taking indo accomnt the carcen:
stnces under whach the struchoe is required to Salfil s fnction

1)P Design sinmtions sl be classified m follows
persisten! dewgn wtiatiom, which refer 10 the conftions of normal e
transient desigm wsanons, which refer 10 tenponey coaditions wpplicable 1o the
structure, ¢ during execulion of repas
acoidontal devign wiuathions, wheeh refer to exceptional conditions spplcable o the
SUIChire o 10 7 exposare, ¢ £ 1o fire, explosios. Lpact of the comaguences of fo-
calied faibrs
setsm destgn sinutions, which refes 0 condinons applicable w the vimcnwre when
wdyected 1o seniac eveuts

NOTE lefemmtont 0u sperfic dewps stmtborn withes exch of these clves o e 1 EN 1991
NI

(XIP The selested design smantions q{ffw sulficiently severe and x;nEhﬂ M 10 W
compass ol condtons that can remonally W foreseetr wroorwr Mg B execuhon
i we of the simictice

And then the designer is again reminded that he or she has to take care of all likely scenarios, so
nothing should be left out of consideration at the design stage.
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(3) States price 10 strocoural collapne, whaeh, for vngplicity, are comedered in place of
the collagne itvelf, may be trwated a ity Benil staten

(400 The folBowug ultimate lismst staten shall be veriGed where fhey are releviat
bown of equilibwim of the ssmstwe or any part of it, somidered as » ngid body ;
fatliare by excessive defermatmn, s fonmation of the siucture o aay pat of 1 10
2 wechaniu, raptwre, b of walality of the strwchas oc any part of o, sxhuding
wippors and Soundanon

~ fulwe comed by [xtigue or other me-depemlen effect

¥
Now more details about the ultimate limit state and now we are getting more specifics that this

limit state has to do with life safety or safety of very important assets.
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- e vadety of people, sadics
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{2) I3 some corommaances, the lutal viates that concern (he pretecton of the contaty
should be classified m uitionts het staten
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"

(3) States price 10 sracnsral collapse, whech, for sinplicity, are combdered in place of
the collane itvelf, may be treated o ylumary lemit daten

(4112 T dollowmg wltienaly lsmn! states shall be verified where they are redevent

. Jows of equilibeinm of the shructre o sy part of it, comsidered as & ragid body ;
tuilire By vt deformaton. ansformatios of the structwe of ty et of of o
» mechonman, raptire, Jow of stabilty of the vewtas o amy pat of 1, chudmg
wipports and Soundenons

~ [nilare comed by fatupue or other tome-dependent effocns.

And more details about what sort of definition of this sort of failure? This ultimate limit state
collapse should be considered.
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(3) States price o stroctural collapee, which, for siplicity, are comidered n place of
the collapne itvelf, mary be treated an viltumare it aten,

(40P The Sollowag eltimate lut states shall be venfied where they are relevinl
lows of aquilibritm of the smstare or sty part of it, comidered m & ngid body ;

Ly by b ST of the structure or sy pant of it w0
e, roptie, Jow of stalalty D the sractre o any st of it, inchuding
IO ART R

~ Lailure comned by fatipie e other time-dependent effects

So, loss of equilibrium, creation of a mechanism, loss of stability, rupture etcetera, would all
come under this sort of ultimate or collapse limit state.
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Time dependent effects should also not be forgotten. So, we are seeing again and again that the
code makers want to remind the designer that time dependent effects have to be kept in mind.
And then serviceability limit state is next.
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the appemmance of the construchon works
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1P A Sntmction shall be ninde betvoen reversible and imeverutie serviceatedey Lt

So, there the designer is reminded that everything to do with the proper functioning even though
it does not interfere with safety, life safety, asset safety or any loss of stability but still the
structure has to function. So, the designer is reminded of that and we see that the details.
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And 1 interesting distinction is drawn here between the reversible and irreversible service within

limit states. And if you remember this would somewhat come under the consideration of whether

we are talking about reliability or availability. So, if something is reversible then you remember

that we said the term availability is more appropriate. So, here we see a broadening of the

definition of reliability in certain situations.
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Then we go a little deeper into this concept of limit state design.
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firmly defined and again the designer is reminded.
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()P Dessign for limat states shall be based on (e 10 of strstaral snd Joad wmodels for
redevant Hure states

(200 11 shiall b verfied dhan wo bt state is exooeded whe relevant design values for
- o,
~ nuteral proparties, of
product properfies, and
prometrical data
are wped in hese models

(318 The venficanions shall be camed out folCgl relevant desegn ».\mj;inl Joad
can 0

(4) The requurennesss of 3 8(1P sbould be achieved by e parsial fhctor method, des
scribed i section 6

(5) A i sliirsaive, & dexign Srectly baved ¢ probabelivtic methods sy be tned

That all relevant design situations must be considered.
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- MO,
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(5) Ax an ltermative, a design drectly boved oo probabdintic medods sy be ined

And the preference for partial safety factors is clearly stated.
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s
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But the designer is also given the option of doing a direct reliability based analysis.
(Refer Slide Time: 10:59)

. 0 488 3 Structural Redabdity
Reliability based design Lecture 31

Reliadiity based
desgn codes

o IS BN 10000020 A Y2008 and BN TIRE2M20A L2008 1) meorporesng compends December 2008 and Aped 2040

(611 The sedoctod desgn wmanons shall be consadered and critical hoad omes ientified
(7) Vor a paticuby verificanion load cases should be selectd, dentifymg compuable load
mogements, sets of defonmbons ad mpefosam Bt deuld e conedeed

strmsltanecudy with fiued varsble acticos md permanent sctions
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(9) Strsture s o el can e pyrace oo mathsastical medel >

We have talked about models. So, here the code makers emphasize the importance of good
modeling and this could be a combination of physical and mathematical models.
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Then details about the consequences. So, we have been told about limit states, we have been told

about target reliabilities and now these target reliabilities have to be tied to consequence classes.

So, 3 consequence classes have been defined early on and the designer has to decide which class

their structure comes under.
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And again this note is actually very important, this tells the designer that so far all these

requirements in terms of acceptable failure probability are to be applied to structural members or

they are component based. So, these targets that we are going to see next, they are going to

pertain to structural elements, components and not the entire structure. And that is actually

consistent with the fact that | said that still most design verification is done at a component level.
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Next comes the corresponding reliability classes. So, each consequence class gives rise to it is
corresponding reliability class. And here we see finally the explicit stating of the target beta
values, the target reliability indexes. And it is given for 1 year reference period and 50 year
reference period for each of the 3 consequence classes or reliability classes. So, this brings an
end to our high level discussion and investigation of the philosophy behind the structural Euro
codes. And now we will take up more details about reliability based design and what this partial

safety factors are? How they come and how they are derived?



