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MANEMIZTHMIO NATPQN
MOAYTEXNIKH ZXOAH
TMHMA MOAITIKQN MHXANIKQN

MPOZG@HKH YAIKQN ITO EKTOZEYOMENO IKYPOAEMA

IOQTHPHI AEMHZ
Pavemariuie Narpdy - Turiua MoAmK@Y Maxavikiy, NdTtpa Mdiog 1995

MNEPIAHYH: H oAcéva auiavouevn osicpikdTNTa aTov EAAGSIKS XWPo, EM@Eper TNV avdykn yia
£pEUVA TTOV TOHEQ ETTIOKEULIV KaI EVIOXUOEWY TWY BAappévwy kataokeudv amé Tov asiopd. To
EKTOSEUGUEVO OKUPSBENA WC ETTI TO TTAEITTOV XPnoiuotoieiTar oTig peBodoug autéc. Ta UAIKa TTou
XPNgIuoTTolRlvVTal UTTopoly va XweidTolv ot TREIS Katnyopieg. IV TTRWN, avrikouv Ta adpavr kai
TO VEPS TTOU aTTAITOOVTAl yia TV TTapackeun Tou. £rnv Seltepn Ta TpéabETa Kai Ta TTRACHIKTA Kal

STV TpiTN Ta UAIk& TTou Bpigkouv epapoyr oTis TExvoAoyies emepBdoswy. DAa Ta TEIpapaTKG -
EDEUVNTIKE QTTOTEAETHATA EKBETOVTAl QVAAUTIKA.

ENIZXYZEIZ - EMIZKEYEZ
KATAZKEYQN AMO OMAIZM. ZKYPOAEMA

Mapouoidoelg dounuikiv Epyactiv

1. Eioaywyn avarTigoupe Siegodika TIC TpEI TTapPQTTAVLY
Karnyopieg,

To ektofeuduevo  okupdBepa  eival

TQ KATATQGOULE OE TPEIS KATNYopies. ZTnv Zrov TTivaka autév n pia oTAAN eival To
W KkaTyopia avikouv Ta UAKA Tou  MéyeBoc Tou KAoKIVOU xal n d@Mn, To TrocoaTd
APnCiucTroiodvTal kaBapd yia My Tapaokeu  Tou Bapoug Tou adpavols UAIKGU TIou TEpVdE!
TOU  EKTOSEUSHEVOU  OKUPCEEuaTog. IV GTTO TO KGTKIVO QUTO.

BelTepn Ta TRGOWIKTA 1) TIPOOBETA UAKA Kai

gtV Tpitn Ta UMKA TTou Bpigkouv gpapuoyn Eav n dupog Sev avTarrekpiveral aTnv
OTIG TEXVOAOYIEG eTTeufdoswy. Iy cuvéxeia B TTapATIavw SiaBagpion WTTOPE] va

TOMOX 1og (lotidiog 1995)




Durability of hydraulic-cement concrete is defined as its ability to resist weathering action, chemical attack,
abrasion, or any other process of deterioration.

A durable concrete element is one that is designed and constructed to protect embedded metal from corrosion
and to perform satisfactorily in the working environment for the life-time of the structure.

Durability is the capability of maintaining the serviceability of a product, component, assembly, or
construction over a specified time.

Durability is the ability to maintain required technical performance throughout the service life subject to
specified maintenance under the influence of the foreseeable actions

Mo KaTtaoKeEU OVOEKTIKN O€ SLAPKELO TIPETIEL VAL LKAVOTIOLEL TLC QTTAULTOELG AELTOU PYLKOTNTAC, AVTOXHG KOl
guotabslac ka®’ OAn TN SLAPKELD TOU EMIOLWKOUEVOU XpOVoU {wNG oxeSLAoHOU, XWPLC ONUAVTIKEC ATIWAELEG
XPNOTLKOTNTAC OUTE UTEPBOALKN Kal ampOBAemntn cuvtrpnon.




Durability of hydraulic-cement concrete is defined as its ability to resist weathering action, chemical attack,
abrasion, or any other process of deterioration.

A durable concrete element is one that is designed and constructed to protect embedded metal from corrosion
and to perform satisfactorily in the working environment for the life-time of the structure.

the capability of maintaining the serviceability of a product, component, assembly, or
construction over a specified time.

Durability is the ability to maintain required technical performance throughout the service life subject to
specified maintenance under the influence of the foreseeable actions

Mo KOTooKEUR avOeKTIK 0€ SLAPKELA TIPETIEL VAL LKOWOTIOLEL TLG ATTALTACELG AELTOUPYLKOTNTOG, OVTOXAG KO
guotdBelag kab’ OAn tn dtdpkeLa TOU EMISLWKOUEVOU XPOVOU {wnG oXeSLACHUOU, XWPLE ONUOVTIKEG ATIWAELES
XPNOTIKOTNTAG OUTE UTIEPBOALKN KAl altpOPBAETTTN cuvTAPNON.




Ability /capability to resist (lkavotnta va avtiotadei)

weathering action (meptBaAdovtikéc Spaoeic)
chemical attack (6pdon xnUikwv)
Deterioration (umofabuion)

to protect (va mpootateel)
life-time of structure. (§tapkela Lwng TNG KATOLOKEUNG)

required technical performance (amoattoUpevn texvikn anodoon)
service life (dtdpkela {wng)

Serviceability (emteAeotikoTnTA)

AvOekTLKOTNTA: |IKOVOTNTA KOTALOKEUNG VOL OVTLOTEKETAL OE TIEPLBAAANOVTLKEC ETULOPAOELC
XWPLC N EMUTEAECTIKOTNTA TNG VO UTIOXWPEL KATW OO Eval EAALOTA

oS EKTO OpLo.

AvBekTikOTNTA £lval pia dlotnta mou “dnuiovpyeital” Paclopévn o€ CWOTO OXESLAOUO Kal EMIAOYN
UALKWV aAAQ KOIL TNV OWOTH KOTAOKEUN
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EAayioto Artodekto Opto

LKAVOTNTO KOTOLOKEUNG val
ETUTEAEL TOV OKOTIO TNG UE
(aodalela, AettoupylkotnIa,
geudavion)

neplod0og XpOVou HECO OTNV OTtola N
ETUTEAEOTIKOTNTA TNG KATAOKEUNG
dlatnpettal oe anodekto, cuuPwva pe
npodlaypadéEg eninedo, akoAouBwvtag
KOLVOVLKO TIPOYP OO CUVTAPNONG




redpupa Lazerrato Creek, USA redpupa Riceboro Creek, USA




repupa Deep Creek, USA repupa Back River, USA




Nadomoulou, MNatpa, 2005
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(EBO, Aiylo, 26 etwv -2004)
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HAwkia 20 etwv !!!




Mnxavikég Katamovroelg

MepBarlovTikéG ApAoELg

Melwon wPpEApng dtapketag {wng Mtwon otadunG EMITEAECTIKOTNTOG

MNpoBAnpo AVOEKTLKOTNTOG




Mwc «mtpoadiboupe» AvOeKTIKOTNTA OE £val

HéAog OZ ) o€ pla kataokeun?

Katavonon Mnxaviopwv ®Bopadg

Jwotn EmAoyn Aoptkwv YALKWV

> Tnpnon Kavoviopwv

Jwotn Kataokeun Kal cuvtnpnon

ToAkatto Q!
Na E€poupe TL avTIHETWTTI{OVE

Eival dtaBeoipa

Nopog aAAd kal epyaleio

E€umtakoUeTal pev, aAld ..




Mnyaviopot @Bopac




Awo&eidlo Tou avOpaka




370
360

350

340

330

320

310

300 | | |

200 [T ;

280 | 4 A A Mk A‘Al‘““‘
270 +— |

1725 1750 1775 1800 1825 1850 1875 1900 1925 1950 1975 2000

Auénon CO2 otnv atpoocdatpa
(fib bulletin 34, Model code for service life design)




L

Avtidpaon CO, pe evavOpaKwWoLa CUCTATIKA TOLUEVTOU

H avtidpaon autr Aappavel xwpa oto vepo
TWV MOPWV TOU OKUPOSEUATOG

e[Ttwon pH,
e ATt0 TTAONTLIKOTIOLNGN OTALOMOU,

Evapén dtadikaoiog SlaBpwong

(1) Aeiobuon CO, and atpdopatpa Kot Stéxuon oToug MOPOUG CKUPOSELATOG
co,
To CO, (a) and agpla paon l l l

MOPwWV SLAAUETAL OTO VEPO

WV TOPWY Ztepen @don (o)

CO, (a) > CO, (v) ~> Yypri ®don (v)

Aépla Oaon (a)

Mpootateutiko Ztpwpa O&ediou tou Zdrpou (2Fe + 3H,0 - Fe,05 + 6H* + 6€)
Eumnodio otov oxnuatiopo tng avosikng avtidpaong Stdhuong ovtwy Fe?*

(2) Zuvolwn avtibpaon otepeng paong Ca(OH), kat agptag paong CO,

Ca(OH), (o) + €O, (a)_H,0. CaCo, (o) + H,0

AwdAuon Ca(OH), oto vepo twv mopwv (a):  Ca(OH), (o) €> Ca?* (aq) + 20H (v)

Avtibpaon tou CO, (a) pe Wovta OH" (a): €O, (u) + OH" (u) > HCO, (v)
HCO"; (u) + OH- (u) > COZ, (u) + H,0

ZXNUATIONOG otepeoy CaCO;:  Ca? (u) + CO%, (u) - CaCo; (o)
&S  3Ca0-25i0,-3H,0 + 3C0O, - 3CaC0,-2Si0, -3H,0

X  3Ca0-2Si0, + 3CO, + H20 > Si0,-H,0 + 3CaCo,
C,S 2Ca0-25i0, + 2C0, + H20 -> Si0,-H,0 + 2CaCo,

Demis (2007) An Investigation of the durability of glass fibre reinforced
polymers in concrete, Ph.D. Thesis, The University of Sheffield, UK.




e AldBpwon nmpolmoBétel cuvumapén mapayovIwy: anwlAela madntikotntag xaAluBa, mapouacia ofuyovou Kal
ETAPKOUG Vypaciag oto nmeptBaAlov okupodeua

e YUVOETO XNULKO, NAEKTPOXNHULKO Patvopevo (TepthapBavel avtldpAoels LeTadopAC LOVIWY, NAEKTPOVIWV)

e [polmoBeoelc: Avodog, kaBobog, NAeKTPLKNA Kol NAEKTPOAUTLKA oUVOEDN

Yy

To vspét[ ,
0O,

HAektpLen anvdsan and tnv nBRAa Tau vaAuRo
Nepo Twv mopwv

4(OH)

2H,0+0,+4e >40H
Méow Tou XaAuBa - 7 :

VY LI 2Fe > 2Fe?*

Nepod Twv mMopwv

wosos [T

Napoucia O,




Nepd Twv mopwv

Fe?*+ 2Cl- -> FeCl,

FeCl,+2H,0->FeOH+2H*+2C" IFe = 2Fe* + de-

174 KaBosog [l 2Fe™ + 4CH 5 2FeCl,

Ofeibwon:  FeCl, + 2H,0 - Fe(OH), + 2CI- + 2H*

Concrete — n e
| apouola 2

Passive film Sy e 2Fe(OH), + 2 0, 9 +H,0

Steel

Tomikn dLatpnon oTpwWHATOC 0EelSiwv armo LovTa YAwpLlou OTOV CUYKEVTPWOT) TouC Eemepaocel kplowun tiun (0,5 %
K.B. TowévTou).

Erudaveta tou kaBapou xaAluBa anoppoda Cl- (oxnpatiletal FeCl,) (avodikn avtibpaon).
Me tnv mapouacia tou vepou, uSpoAucn Twv MPolovIwy TnG dtaBpwong

Agopeupéva YAwpLovta amo ta npoiovra StaBpwaonc eMoTpEPOUV MAAL 0TO SLAAU A TWV TOPWV TOU OKUPOSEUOTOC UE
TouToXpovn ToTikn ofivion Tou StaAvpatog (autoavaAuopevn avtibpaon).




- Top pit surface

Depth measurements

Apostolopoulos, Demis and Papadakis (2013) Chloride-induced corrosion of steel reinforcement — Mechanical
performance and pit depth analysis, Construction and Building Materials, 38 : 139-146




>wotn Emthoyn YAlkwv




No additive (29 mm)

Muprticn Hourddn
[Muprrkn Intdpevn Téppa

Concrte Cover(mm)

AocBeotitikn Intauevn Téppa

SCM (%)
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43% A36% AS51%

CEM Il
Type of Cement

Towuévro Portland pe mupttikn mawtaAn (CEM Il — D) Towpévro Portland pe okwpia v kapivwv (CEM Il = S)
Towévto Portland pe mupttikn uttdpevn tedppa (CEM I - V) Towévto Portland pe moZoAdvn (CEM Il - Q)
Towévto Portland pe aoBeotitikn uttapevn tédpa (CEM I - W) Zkwplototpevrto (CEM )




Table 3.3.2: Admixkres - according fo EN 834-2
Water reducing admixture

Admixture which permits a reduction in the water coment of & given mix without affecting the
congistence, or which increases the sfumpflow without affecting the water content: or prod-
uces both effects simultaneousty,

Superplasticizer (high range water reducing admibx ture)

Admixture which permits a high reduction in the water content of a given mix withowt afiecting
the congistence, or which increazes the shemp/flow considerably without affecting the water
content; or produces both effects simultaneously,

Retarder'water reducing admixture

Combines effects of a water reducing admixture {primary effect} and & retarder {secondary
gifect)

Retander superplasticizer

Combines effects of a superplasticizer {primary effect) and a retarder (zecondary effect).

Set accelerator’water reducing admixmre

Combines effects of & water reducing admixture (primary effect} and a set accelerating
admixture {secondary effect)

Table 33.3: Admixtures accoraing fo EN 834-2
Viscosity modifying agent (stabilizer/water retaining admiture)
Reduces the loss of miking water by reduction of bleeding of the fresh concrete.

Rir-eniraining agent
Provides evenly distributed air voids system by introducing a specific gueantity of small air
bubbles during the mixing process which remain in the concrete afer it hardens

Sei accelerator
Reduces the time to initial sat, with an increase in inital strength,

Hardening accelerator

Accelzrates the early strength development of the concrete, with or without affecting the
setting time and plastic properties of freshly mixed concrete.

Retarder

Extends the time to initial 32t with an extended workability time and retardation of sarly
strength development.

Water resisting admixture

Reduces the capillary water ebsorption of hardened concreie.

Tabie 3.3.4: Addisonal concrele admixiures ni defined in Grapean reguiaions.

Shrinkage reducing admbxures

Reduces early age drying shrinkage of the concrete in arder to prevent drying shinkages
cracks.

Pumiping aid

Admixture to improve the stability of the fresh concrete and easy pumping of concrete
especially with application of difficult aggregates and unfavourable grading curves.
Corrosion inhibitng admiiures

Admixture producing & profective layer on the steef reinforcement in reinforced concrete. As

a result start of cormosion is delayed and cormosion speed is decreased leading fo extended
durabiliy.

Surface improving admiciures

Blowhoie reducing admixiure that significantly reduces the overall airvoid comtent in the fresh

concrete- for production of high quality fair-faced concrete,
Admixtures to control alkali-silica reaction

Admixture sllowing for control of alkali-silica reaction (ASR) in high-alkali concrete. Application

minimizes deleterious expansions in concrete due 0 ASH and increases durability and fife
span of the Concrets sructure,




TnApnon Kavoviopwv




O Kwbwkag Nopwv tou HAMMURABI (rt.x. 2285-2242)

229 If a builder build a house for some one, and does not construct it
properly, and the house which he built collapses and kill its owner, then
that builder shall be put to death.

JUVETIELEC
Actoylag

EMuoKeUr, 232. If it ruin goods, he shall make compensation for all that has been
& ruined, and inasmuch as he did not construct properly this house
Evioxuon which he built and it fell, he shall re-erect the house from his own
means.
. If a builder build a house for some one, even though he has not yet
completed it; if then the walls seem toppling, the builder must make
the walls solid from his own means.




Charles Il, 1666: An Act for rebuilding the City of London

- V. Buildings to be of Brick.
ABRIDGMEHN T
~ or o Archwork to sustain the Burden of the Fabrick.
S UCH P AR T . . g 5 - . .
oF THE 2 And in regard the building with Brick is not only more
"BUILDING ACT, durable but also more safe against future perils of Fire Be
' (Paffed i the Year, 1774,) | it further enacted by and with the Authorities aforesaid
USEFUL T‘O m PERSONS That all the outsides of all Buildings in and about the said
City be henceforth made of Brick or Stone or of Brick and
Stone together except Door cases and Window Frames
 SURVEYORS, UILDERS, CARPENTERS, the Brest Summers and other parts of the first Story to
NS the Front, between the Peers which are to be left to the
' ‘ discretion of the Builder to use substantial Oaken Timber
ILLIAM MEY 8l instead of Brick or Stone for convenience of Shops, And
_O_f_“_~_ﬂ_°‘_d_fm___ B that the said Doors Brest Summers and Window frames

Pt iy 18ROV, B, sty be sufficiently discharged of the burthen of the Fabric by

and at Mr. Tavior’s, Architeftural Libera rary, No.:. 56, High

b s G Tt Archworke of Brick or Stone either straight or circular

{ Pricé Oue Shilling.

0, o f,#/,;f/é&c/“fcrg\q&,%ﬁd%m»é

Freehold or Leafehold Hotifes or 13‘uv1'__l'ding§,_,v e

PARTICULARLY TO
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EOHMEPIZ THX KYBEPNHIEQX

TOY BAZIAEIOY THZ EAAAAOX
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*AcBpov 24.
Hepienrinorns el rawuévro.

1. Kata v xafosioudv tév dvaroyidy, 7 mogbtng Tob
tourévrou Optletar el yhbypappa avad xulBuedv  pétpov
érolpov exvpodéparos. ‘H Eaylstn émitpemounévy nepiexti-
x61n¢ 10070 elg Tovuévro xabopileran elg 300 yuAbyparuo
Eic 1og mepimrdioerg xof)’ & xata ThHv SidoTpmaty Tob
oxvpodépatog yiverar ypfiotg dovytdv, émirpémerar Grofi-
Basoig THe dvertépw mepexTdTnTog &l 270 yundyralua
ava xvf3. wérpov Etoiuon o*.cupo&eua'roq 7

2. Ei¢ éoya ex*rsﬁez.p.éva glg BUG'{J.E’VELQ Er'3pcwsng Hypor-
alag, 6Eémy xat xanvév Sdvartar va dravtn0 Smd Tije Y-
neppailovia peaif Kearucol "Eréyyou Emabinoig i els Tou.évro e-

prextikémnros. Todvaviiov slg sopara m-:rlwp.évou oxupodé-
watds peydhwy Sstacswy, moxsipeva sl tdoelg omnpav-
TGS y.r.xpo'répau; TGV Sux TRV TapbvTLV Xavospudy £t
wpemopévey Slvatar va Emitpany dvddoyog EAdTTWOLG THE
netexTindTnTog %ol péypt 240 Kg/m

3. Aw iy TI:EPI."T“I.'COG‘W RATATKEVEY &y Ba.?\amcim B8att,
Bart. xepddatov LIV 1év mo:évrewv AIVOVLSLEDY (txa:v6vsg
‘ataoxevTc Eayov cxupodéuatoc &v 1 Omdagle GSaTw

JUOTAOELC
TIEPLEKTIKOTNTOAC
TOLUEVTOU

Méetpa yLa
EMLOETIKA




EOHMEPIZ THX KYBEPNHZEQX

TOY BAZIAEIOY THZ EAAAAOX

*Ev *Abfjvaig |
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”Apﬂpov 42,
 Ilpoaraoia Gmo ynuindy Emippody.

1. Tldvra o Epya §) Tuhpata todtov 10 Exteletueva eis
EmPrali quody vépreioy dEcwy, oElvev dTpddv, Bzrodywv
grudv, Oewxdv 7 Oziobyaw dratov, Stov va PO TTATEL WV~
o OU €iddv mpopuhaxTinéy uétpwv. “TButépws Emixiv-
Suve clvae TO O8poyAmpLxby, T LTpindy xod Tb Benudy ED.
2. Q¢ yevixd TS OQUAAXTING UETPX GUILETHVTAL Epoproy
Métpa yla 5pdion apro?}égm'ro;Né&_m‘psﬂxﬂ'}; ;:rux%'ﬁ ,xai'afaya‘vcﬁ,naﬁgncﬁg
VUSRI =00 Tea(oVs TS Sr.oz, u’xupo‘o‘spmog mixadigews THY Gmht-
sudv elg hem Todhdyiotov Er 88 xal Emiypiots TS na-

TaaxsLg O ELalpsTixG®s Empehnuévng TotiLevToxovias.
Ts mayoc ts ToLuevToxoviag TadTng 3V cuvuTtohoyileTan
e ta qvotipe 4dem. Ieparrépn ouvigrévian eldunal &
Exdotyy mepintwoty Bapal, Emevddoel xiw. AV Fpoya &v
Bohaaatey O8xtt loybouy Tx &v 1 oyeTind xepaAxio «Ka- -
voveS KoToaxEVTic Epymy orupodépatos év Badaasie Gty

- ]




EOHMEPIZ THX KYBEPNHZEQX
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*Apboov 63

Eidixal 68nylar S Thy  épaguoyny  oxvgodéuatos
&y Oadagoiey Dot

1. Kata Ty xoatasxevly Epywv &x oxupodépatos &v
Oxhaooles Bdatt xal xatd Thy Tomobérnawy étotpwv Tewo-
yiwv &% oxupodépartog dwtds Tijg Baddooms (dyndnibot, mao-
codot X.7.T.) dov mpd mavtdg v xatxfadheTa TPOGOYN,
e 7 onvpbSepa, 1Slwg 3% xatd Tag EEwrepixdg gmipo-
velac, xataoxevdletar ooy elvar Suvartdy muxvéTepoy. Aéov
80ev v& ypmowomorodvrar maysion &vodoyian wifewg e
o0yl OAD tixpdy, GAN 603E ToAD peydrny Sbow U8arog, (')
i Amha toupdvra (7) (Ternxbra TAhmS ) péysis EmiTo-
Me) ol ddpavs DAted pé xedr&ds diefabuiopeva peyeln ®6x -
xov by 800F ouvBéoe, date ™ onuzbdepa va Exy boov
7o Suvatdy Shrywrépous mopous. '

Tpde mapacxevty 7o axvpodéparos Sovara dvev d.oto-
Yol va& ypnoipmomondy Bardsarov G3wp (7).

JUOTAOELC
ouvBeong
OKUPOSENATOG




1:57 GMT 2005, Uncontrolled Copy, (c) BSI
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EUROPEAN STANDARD
NORME EUROPEENNE
EUROPAISCHE NORM

EN 1992-1-

December 2004

1CS 91.010.30; 91.080.40 Supersedes ENV 1992-1-1:1991, ENV 1992-1-3:1994,

ENV 1992-1-4:1994, ENV 1992-1-5:1994, ENV 1992-1-
1994, ENV 1992-3:1998

English version

Eurocode 2: Design of concrete structures - Part 1-1: General
rules and rules for buildings

Eurocode 2: Calcul des structures en béton - Pertie 1-1
Régles générales et régles pour les bétiments

Eurocode 2: Bemessung und konstruktion von Stahibeton-
und Spannbetontragwerken - Teil 1-1: Allgemeine
Bemessungsregeln und Regeln fir den Hochbau

‘This European Standard was approved by CEN on 16 April 2004,

CEN members are bound to comply with the CEN/CENELEC Intemal Regulations which stipulate the conditions for giving this European
‘Standard the status of a national standard without any alteration. Up-to-date lists and bibliographical references concerning such national
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To Mpotumo EN197 yia to Tolpévto

* JUUHOPOWON OAWV TWV TUTIWV TOLUEVTOU (oUVBEean, Mpodlaypadeg)

e Katnyoplomoinon tolpéviou o€ 5 kuploug tumoug (CEM | Towuévto Portland, CEM Il Towpévto Portland pe aAAa
KUpLa ouotatikd, CEM Il Zkwprotopévto, CEM IV MoloAavikd Tolpévto, CEM V ZUvBeto Tolpévto)

CEM | Toiyévro Portland
Toiuévto Portland
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UYIKAMIVWV
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ME TTUPITIKA
TTAITTGAN
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pe TToCoAdvn

Toiuévto Portland
ME IMTTAUEVN TEQPQ

Taiyévto Portland
ME wnuévo
OXIGTOAIBO

Taoiyévto Portland

Je aoBeaTOAIBO

Toiuévto Portland

ouveeTo

CEM Il ZkwpioTtoipévto

MoloAaviko

CEM IV Toiuyévio




To Mpoturno EN206 yla 1o Zkupodepa

Tafwvounon meptBalAovtikwy emdpacewv oe TALELC EKBEONC

Kopleg dpaoeilg pBopag: dtaBpwaon tou onmAlopou (evavBpakwon, enidpacn Cl-), Spaon mayetou, xnULKA TPOSBoAN.

Mpodlaypadovtal AmaLTACELS YLO: CUOTATIKA UALKA
TOU OKUPOOENATOC, LOLOTNTEC OKUPOSEUATOG, KPLTHPLOL
oUppOpdwWONG, eploplopol cUVOeoNG OKUPOSEUATOC

Xwpig diaBpwon N TPooBoAnR

AidBpwon Tou TTpoKaAeiTal
péow evavBpdkwong

Ai1dBpwon Tou TTpoKaAeiTal
péow Cl- BaAdooiou vepou

AidBpwon Tou TTpoKaAeiTal
péow Cl- ekT6G BaAdoaiou vepoU

Apdon MayeTou

Xnuikwg ApaoTiké MepiBdaAlov

MéyioTog
Aoéyog
w/c

EAdxiotn
Karnyopia
AvToxng

C 12/15

EAdxioTn
TEPIEKTIKOTNTA
o€ TOIUEVTO
(kg/m?)

EAdaxiotn
TIEPIEKTIKOTN
TO O€ aépa

(%)

AMAeg
Amaitioeig

C 20/25
C 25/30
C 30/37
C 30/37

C 30/37
C 35/45
C 35/45

C 30/37
C 30/37
C 35/45

C 30/37
C 25/30
C 30/37
C 30/37

Adpavr| og
oupuOPPWON HE
pPrEN 12620 ue
ETTOPKA
avTioTaon o€
KUKAO

TENS/TASNG

C 30/37
C 30/37
C 35/45

Toipévio
avOeKTIKO OTA
Benkda




e A structure shall be designed and executed in such a way that it will, during its intended life, with appropriate

degrees of reliability and in an economical way - sustain all actions and influences likely to occur during
execution and use, and

* meet the specified serviceability requirements for a structure or a structural element.
* A structure shall be designed to have adequate: - structural resistance, serviceability, and durability.

Assumed period for which a structure or part of it is to be used for its intended purpose with anticipated
maintenance but without major repair being necessary

Table 2.1 - Indicative design working life

Design working Indicative design Examples
life category working life
(vears)

__ Temporary structures )

10 1o 25 Replaceable structural parts, e.g. gantry girders,
bearings

: and other

civil engineering structures
(1) Structures or parts of structures that can be dismantled with a view to being re-used should
nol be considered as temporary,




4.4.1 Concrete cover
4.4.1.1 General

(1)P The concrete cover is the distance between the surface of the reinforcement closest to the

nearest concrete surface (including links and stirrups and surface reinforcement where

q q 0 relevant) and the nearest concrete surface,

YrnoAoylouog ErikaAudng ZkupoSEpatog
(2)P The nominal cover shall be specified on the drawings. It is defined as a minimum cover,
Cmin (S€€ 4.4.1.2), plus an allowance in design for deviation, ACgey (See 4.4.1.3):

e Katnyoplomoinon Katookeuwv Crom = Croin + AGaew (4.1)

4.4.1.2 Minimum cover, Cmn

e YmoAoylopog EAaxiotng EmkaAung Baon .
' ' (1) inimum concrete cover, cmn. Shall be provided in order to ensure:
T[EpLBOO\)\OVTLKwV cquanv - the safe transmission of bond forces (see also Sections 7 and 8)
- the protection of the steel against corrosion (durability)
- an adequate fire resistance (see EN 1992-1-2)

(2)P The greater value for G satisfying the requirements for both bond and environmental
conditions shall be used.

Gmin = Max {Cminb: Gminaw + AGauy - AGaw st - AGauraaa; 10 mm} ]

where:
Cminb minimum cover due to bond requirement, see 4.4.1.2 (3)
Cminaur  MiNimum cover due to environmental conditions, see 4.4.1.2 (5)
ACaw, additive safety element, see 4.4.1.2 (6)
ACawst  reduction of minimum cover for use of stainless steel, see 4.4.1.2 (7)
ACguyaaa reduction of minimum cover for use of additional protection, see 4.4.1.2 (8)

EN 1992-1-1:2004 (E)

Table 4.4N: Values of minimum cover, Cmn,as. requirements with regard to durability for
Table 4.3N: Recommended structural classification reinforcement steel in accordance with EN 10080.

Structural Class Environmental Requirement for Gunaer (mm)

s Exposure Class according to Table 4.1 Structural Exposure Class according to Table 4.1
Oieion X0 XC1 | XC2/XC3 | XC4 XD1__[XD2/XS1 [XD3/ X527 XS3 Class X0 | XC1 |XC2/XC3| XC4 |XD1/XS1)|XD2/XS2 | XD3/ XS3
Design Working Life of | increase | increase | increase | increase | increase | increase | increase class S1 10 10 10 15 20 25 30
100 years class by 2 | class by 2 | class by 2 | class by 2 | class by 2 | class by 2 by 2 S2 10 10 15 20 25 30 35
Strength Class 7™ = C3037 | =C3037 | =C35/45 | =C40/50 | = C40v50 | = C40v50 | = C45/55 S3 10 10 20 25 30 35 40

reduce | reduce | reduce | reduce | reduce | reduce |reduce class by S4 10 15 = 30 35 40 45
classby 1 | classby 1| classby 1 | class by 1 | class by 1] class by 1 1 S5 15 20 30 35 40 45 50
Member with slab reduce reduce reduce reduce reduce reduce | reduce class by S6 20 25 35 40 45 50 55
geometry classby1 |classby 1| classby 1 |classby 1 | classby 1| class by 1 1
(poskicn of renforcement Table 4.5N: Values of minimum cover, Cminas. requirements with regard to durability for

nol affected by consiruction prestressing steel
process)

Special Quali reduce reduce reduce reduce reduce reduce | reduce class b = ) =

C?)ntrul of lh@tl::{on;rae classby 1 |classby 1| classby 1 class by 1| class by 1| class by 1 1 d g:’:::ll‘d E?t;?):lrre clasch::rz‘irrg’::)Table rK]

preduction ensured Class X0 | XC1 | XC2/XC3 | XC4 | XD1/XS1 | XD2/XS2 | XD3/ X53
S1 15 20 25 40

S2 15 25 30 45

S3 20 30 35 50
S4 1 25 35 0
S5 30 40 5
S6 a5 45 0
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Nwg «mtpocdidoupe» AvBekTIKOTNTO O€ EVal

HéNog OZ ) og pla kataokeun?

Katavonon Mnxaviopwv ®Bopadg

Jwotn Emtdoyn Aoptkwv YALKWV
Tnpnon Kavoviopuwv

Jwotn Kataokeun Kal cuvtnpnon

Apkel n amattovpevn erikalun ??




2XeOLAOUOC AVOEKTIKOTNTOLC




2xedLaoUOC AVOEKTLKOTNTOG

Katavonon Mnxaviopwv ®Bopadg

Zwotn Emdoyn Aopikwv YALKWV

Xprion MaBnuatikwyv LOVIEAWY
Extipnong dtapkelag Zwng

Tnpnon Kavoviouwv

Zwotn Kataokeun Kal cuvtnpnon




Xpnotwuomnoinon HovtéAwy ektipnong dtapkelag {wng OKUPOSEUATOC CUUPWVN UE OKETITIKO LOXUOVTWY KOVOVLIOUWV

* OpLOKEG TLUEG OUVOEONG OKUPOSEUATOC
e Anoattoupevn Erukaiun

AvOeKTIKOTNTO OKUPOSEUATOC Urmopel va tpodlaypadel

MeBobdouc nou oxetilovtal PE EMITEAECTLKOTNTA }

punxoviopo ¢Bopac (e TOoOTIKO TPOTO)
Aettoupyikn (wdEAn) dtapkela {wng otolxeiou
Kpttipla mou kaBopilouv to TEA0C autng tNG {wNG

?7?

Anauteitat Stapketa {wng onUOVTIKA StadopeTikn Twv 50 eTwy

To mepLBAAAov oLaitepa ETMBETLKO,

XpnoLpomolouvtal Vea 1 SLopOopPETIKA CUOTATLKA UALKA OKUPOSEUOTOC,
XpnoLpomoleitat pa avapaduiopévn peébodoc npootaoiog
ETILXELPELTAL TEXVOOLKOVOLLKA apLoTomoinon.




MaBnuoatikwy povtéa Ektipnong dtapkelag Zwng

Mnxaviopoug évapéng dtaBpwong omALlopou

MnxaviopoU g XNULIKNCS PpooBoAng
(o€€a, Beuka, aAkaAla, KATT.)

Extipnon QdeAung Alapkelag Zwng

(xpdvia)
(elte ocuvaptnon Tou maxoug emkaAuvyng)




Aeltoupykn dapkela Iwng: meplodoc xpovou PEoa oTNV omola N
ETUTEAEOTIKOTNTA KOTOLOKEUN G Slatnpeltal oe amodeKTO,
oupdwva pe mpodlaypadecg enimedo, akoAouOwVTAC KAVOVLKO
T(POYPOLLLHOL CUVTIPNONG

Kpilolpo emninedo Stafpwong
TIOU TIPOKOAEL pnyHATWON

AwaBpwon
OTIALOOU

Xpovog

Mepilodog Mepiodog
ELOAYWYNG e€ENENG
t, s

Xpovog nou analtteital wote to Badog Xpovikn mepiodog mou amatteitol yLo
gevavBpakwong va ¢pBaoel papfdo onmAlopov e€€ALEn ouvenewwv SLaPpwonc os pun
N CUYKEVTPWON XAWPLOVTWV va urtepPel arnobekTo Baduo.

Kplowun TN




Level of Deterioration

A Initiation Period Propagation Period C:)

o %1 ..
1‘ T T T T T./ > Time of Exposure [years]

Condition can be  peterioration recognizable through non-
comprehended destructive measuring methods
by monitoring

Depassivation of the reinforcement Initiation Period
Formations of cracks

Limit States
Spalling of the concrete cover Propagation

Collapse of the structure through Period
bond failure or reduction of the cross
section of the load bearing reinforceme




Ektipnon dtapkelag Zwng

MeA£tn ZUvBeonG ZKUPOSEUATOC

Aebopéva

MNeptBalovtikeg ZuvBnkeg EkBeong

E€opolwaon puaoiko-xnuikwv dlepyaociwv
«$Bopac» oKUPOSEUATOC

MaOnuatiko
MovTtéAo

YrioAoylopog ouvteheotn Staxutotntag PAaBepwv ouoLwv

Extipnon Awdpkelog Zwng
(ektipnon «$pBopdc» oe fabog xpovou)




DURABILITY

Structural Design Maienals Execution Cunng
* Form * Concrewe » Workmanship = Muoisture
+ Detailing + Reinforcement = Heat

v v Y '

Matwre and Distnbution of Pores*

!

Transpon Mechanisms

; Y

Caoncrete Reinforcement
Deterioraton Deterioration

Y ' :

Chemical and
Biological

' v

PERFORMANCE *

Y

Surface
Condition

i Y

Satety Serviceabiliny Appearance

Resistance Rigudity

* Microcracks can also be included under this heading.

Fig. 2.]1—Relationships between the concepts of concrete durability and performance
(CEB 1992).




® APKETEC EUTIELPLKEG OXEOELG EKTLUNONG BABoug evavBpakwong

De Ceukelaire and Van Nieuwenburg, 1993
Ho and Lewis, 1987, Roy et all, 1999

Schiessl, 1976

Parrot, 1987

e Aldxuon aepiwv cupdwva pe maparlayec touv Nopou tou Fick
N,, puBuog petadopdg agpiov A tou pécou kaBeta otnv StevBuvaon porg
d[A]/dx, BaBuida cuykévipwong tou A

D g, OUVTEAEOTAG SLdxUoNG TOu A 0TO pEao B.

* Y10 oKUPOSepa Slaxuon agpiwv otnv agpla Gacn Twv Mopwv

e Xpnoluomoinon anoteAeoHATIKWY TLLWV N,, D,, avayopevol 6Tnv oAk emipaveLa TOu Mopwdoug PECoU (Kot
OXL TNC agpLag paonc)

e YroAoylopog anoteAeopatikng (intrinsic) dtaxutotntag (BewpnTIKA 1 TELPAUATIKA)
e E¢opoilwon mopwdoug CUCTAOTOC LE YEWUETPLKO povTeAo (1d, 2d, 3d)
* YIOAOYLOTLKN N OTOXOOTLKN TtopELla eMIAUGCNC por ¢ SLAXEOUEVOU CUOTATIKOU OTO TOPWOEG LECO

* [aPAUETPOL LOVTEAWV OUVAPTNON GUCLKWY XOPAKTNPLOTIKWY OKUPOSEUATOC




e MovteAomoinon Kot TTOGOTIKOG POaSLOPLOUOC PUGLKOXN UKWV SLEpyactlwy evavBpakwong e xprion Bactkwv
apxwv “reaction-engineering”

* YMOAOYLOMOG GUCLKOXN UKWV XOPAKTNPLOTIKWY oo Ta omnola e€aptatal o pubuog Twv depyactwv ¢oopag

e BaBuog Spactikotntag SCM

t: xpovog (s)
CO, : meplektikotnTa 0 CO, TOU agpa (%)
CH : mepiektikotnta Ca(OH), oto okup. (kg/m3)
CSH : meplektikotnta C,S,H; oto okup. (kg/m3)

3

AnoteAeopatikni Staxvtotnta CO2 . S :
0TO0 OKUPOSENQ, D, ¢, (M?/s): De,C02_6'j‘10 ' 1_ A -(-RH/100

d

Nepiodog eloaywyng r enwaong tng dtdfpwong, t., ke =(O'%%H +OCZC;L4/(]?§-| )
6,(302( 2 Q




N N w
o ol o

Calculated Carbonation Depth (mm)
= =
o (6]

A

A MNpoBAewn B Métpnon

Xaptotroiia  Xaptotolia  MaAapdikn levikd
NAadotToulog  AadOTTOoUAOG 2X0AR
Marpa Marpa
(AvetrixpioTo) (ETiXpIopEVO)

Meooloyyiou  An&oupiou

20

Experimental Carbonation Depth (mm)

Anuapxeio  IMupyog wugngMupyog wogng

Noookopegio Boiwv EH AEH

NAakwviag  MeyaAdtroAng MeyaAdTToAng
(Eowtepikd) (ESwTtepikd)

A

¢ Khunthongkeaw et al. 2006
Jiang etal. 2000
Atis, 2003

A Valcuende andParra, 2010
Balayssacetal. 1995
Sisomphon and Franke, 2007

X Sanjuan atel. 2003
Marques and Costa, 2010

Z Annetal 2010

A Dinakaretal. 2007

B De Ceukelaire and Van Nieuwenburg, 1993
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YUYyKpLon HETaEL ekTIpwpevou tpodiA Cl- otn B€on tou omALooU
HE TN Kplown TN ywa évapén dtapfpwong




e MeyaAn mpoooyn otn Katnyopia €kBeonc

Alrmospharic 2ong

Hide Tida.

‘EkBeon otnv
Atpoodatpa

‘ExBeon o€
splash/tidal

- " Spiz;sh Zone




e Alelobuon YAwPLOVTWV OTOUC TOPOUG OKUPOSEUATOC HECW SLAXuoNG elte PEOW TPLXOELSOUC amoppodnong
enudpavelakoL vepoU oTo omoio dtaAvovtal.

e Aleiobuon YAwPLOVTWYV O0TO OKUPOSEUA LOVTEAOTIOLELTAL XPNOLHoTolwVTaC 2° vopo Fick kat Abon tou Crank

2
% i D% AUon tou Crank (error function)

ot OX?

2°SNopog tou Fick

D, ouvteAEOTAG SLaXUTOTNTAG

D_,, QIOTEAEGUATIKOC CUVTEAEDTH G SLaXUTOTNTAC

ca’

C,, C,, ouykévtpwaon Cl- otnv e€wtepikn emipavela Kot o Babog x

S’ =X

t, XxpOvog £kBeong

e Aev unmoloyiletal n aAANAETOpacn YAWPLOVTIWVY HE TNV OTEPEA hAoN
(OKANPOULEVO TOLEVTOTIOATO).

e Afopeuon 30 — 60 %, avaloya e TNV cUCTACN TOU TOLUEVTOU, AT
npoilovta evudatwong (podnon-ekpodpnon LOVIWY UE T OTEPEQ
oleloy)




e Aleioduon YAwpLOVIWV 0To oKUPOSEUA LOVTEAOTIOLE(TAL XpNnoLpomowwvTag 2° vopo Fick kat Auon tou Crank

P AUon tou Crank (error function) — 1 ef

ot ox? C, 2(Dt)”

2°SNopog tou Fick

e [polmoBetel otaBepo (pe xpovo) ouvteAdeotn Saxutotntoag D

* Melwvetal AOyw ouVeXI{OUEVWYV XNULKWV AVTIOPACEWY OTO TOLUEVTOTIOATO

* YmoAoyilel €toL Tov «Datvopevoy» (apparent) cuvtedeotn dLaxutotnTag Kot odnyel O UTTOEKTLUNGN cUVONKWV
Sdieioduonc CI-




e MoAAQ eumelpika poviéAa Bacilovtal oTov UTIOAOYLOUO ToV OAKWV Cl- AOyw €UKOALOG UETPNONG TOUG

e EAeUBepa Cl dlaitepo poAo otnv e€€ALEN Tou datvopévou tng StaBpwong

e (DUOLKO-XNHULKA LOVTEAQ LECW CUOTNHATWY UN-YPAUULKWY Stadoplkwv eElowoewv AapBavouv umoyn peaAloTiko
tpomo Steiobuong Cl- oto okupodepa (dtaxuon kot déopeuvon Cl- otnv vypn Kot oTtepPen GACN TWV TOPWV)

2
Aoen)_ Peal™Kel@@] 520

2
KeqlCl Skt +¢{ 1+ K g5 [C1 (20

X2

Cl ( aq ) D - 24.10° i '(geﬁ )3.5

1 (9)]= W C1 (s) lsat " (KJ“CSJ“Z(kPACT) + Wj

d,

[Cl(aq)] : ouykévtpwon Cl- otnv udatwkr daon (kg/m3)
[CI(s)] : ouykévtpwon CI Secpeupévwy otnv oteped paon (kg/m3)
X : amootacn amno tnv e§wteptkn emupavetla (m), t: xpovog (s)
D, ¢.: anmoteAeopatiki Staxutdtnta Cl oto okupodepa (m?/s)
eq: OT0OEPA L0OppoOTiag yLa 6eopevon Cl (m3 sol /kg)
[CI(s)],,:: ouykévtpwon kopeopol Cl- otnv oteped paon (m3/kg)




e Npoodloplopog cuykevipwong Cl- otnv otepen kat vypn ¢Aacn, cuvaptnon APXLKNAG cuykévtpwong Cl,
ouykévtpwong Cl- og BaBog x amod tnv e€wteplkn MAEUPA OKUPOSEUATOC, OE XPOVO t.

Zuykevtpwon Cl- [kgfm3

20 30 40 50 6O 7O 80 90 100 170 120 130 140 150 160 170 180 190 200
AndoTaon and eEmpdyaua [mm])

Distance from surface  Cl- concentration in pore Cl- concentration in solid  Total CI- concentration
(mm) water (kg/m?3 solution) phase (kg/m3 concrete) (kg/m3 concrete)

0 20 1,667 3,547
10 16,725 1,565 3,137
20 13,539 1,438 2,711
30 10,537 1,283 2,273
40 7,817 1,097 1,832
50 5,469 0,884 1,398
60 3,569 0,658 0,993
70 2,151 0,443 0,645
30 1,19 0,266 0,378
90 0,605 0,143 0,199

0,283 0,069 0,095




LIFE 365

e THmog KaTaGKELTG

o [Téyog dopkov ororyeiov
(mm)

e Emikdloyn (mm)

e Adyog N/T

e FA, SF, Slag (%)

e THmOG OGOV

o 'Yrap&n avacToAE®mV
Safpwong

o Yrap&n pepfpavaov

XuvOnke
o Yuykévipoon Cl oty

eEwtepuch empdvew (kg/nt

oKLp.)
e Xpovog ylo PLEYLoTn
ovykévipwon CI (years)
¢ Kpioun ovykévipoon CI
(kg/m® oxvp.) + COV(%)

Ieprparrovtikn

CLINCONC

N Kot XapakTnproTikad YAIK®OV

e [Tocotta Towévrov, vepoo,
adPAVAOV Kol TUKVOTNTEG.

e [TocotTa, TUKVOTNTO KO
activity coefficientstpocOétwv
omov 11 (SF, FA, Slag).

¢ [Toc0016 Kevav agpa (%)

¢ Equivalent alkalis (N£D)
topévrov (%)

o Ogpuokpacio cvvipnong (°C)

‘Ex0¢o

o Yvykévipoon CI (free)otv
gEmtepikn emeaveto, (g/l) + SD

o Apyixn cvykévipwon Cl (%) +
SD

¢ Kpiciun ocvykévrpwon CI

o Ogpuokpacio £xbeone (°C)+SD

¢ Ogpuokpacio £kbeong (°C)
YovtereoTg AtoyvTéTnTAC XAWMPLOVTOV
o OovOpEVOG ZVUVTEAEGTNG o Davopevog XuvieleoTig
Ataxvrérqwg Cl- (28 days)  Awyvtotntog Cl- (6 months)
Dy (x 10%% m%/s) + COV Dem (x 10%2 m?/s)
(%) e Babpog evodatmong, Concrete
¢ Maturity factorm + COV porosity *
(%) o Tirlne—dependent binding factor

*C

IMoapayovres Xpovov

¢ Tonog Towévrov (EN 197),

DURACON

¢ EmikdAoym (mm) + COV (%)

e Standard Cement Strength Class (MP&)

o [Tocotnto Toyévrov, vepov, adpavmv,
TOTOG AOPAVMY KO Omax KO TTUKVOTNTEG.

o [TocotnTo, TUKVOTNTO. Ko activity
coefficientstpocbét@v tomov II.

e [TocotNTO, TOTTOG KO TLKVOTNTO
npocHétmv Tomov |

¢ [Tocooto kevav aépa (%).

e [Tocotikn cvotacn Toéviov: Xnum
ovotaon Toéviov kot Tpochetv
tomov I (%).

o Yvuykévipoon CI (free)otnv eEmtepicn
empaveia (kg/m” sol)

o Apyicny ovykévipoon CI (kg/m? sol)

e Kpiowun ovykévipmon CI (kg/m? oxvp.)

o TIdyoc otoryeiov (Mm)

o TTpaypatikog cuvteAeotng didyvong CI
* (x 102 m?/s)

o Efficiency factor of FA or SF for CI-
penetration

o Yvykévipoon CI oty
e€mtepikn emaveto, (% okvp.)
o Apyikn ovykévipoon CI
¢ Kpioiun ovykévrpwon CI
® Méon etota Oeppokpacia (°C)
e Environmental transfer varialble

o dovopevog Xuvieleotig
Aayvtomrog Cl- (t days)

e [Ipooir Cl am6 10 omoio
vroAoyileTol 0 TOPATAV®D

¢ Concrete porosity*, Equilibrium constant

for Cl- binding*=®
¢ Cl- saturation concentration in solid
phase*®

¢ Propagation Period (years) e Concrete age at exposure (days)e Service life (years) that the user wants t® Hiikio kotaokgvng étov

e Hydration period (years)
e Exposure duration (years)

e Age factor (n) due to desiccation estimate the Cprofiles in concrete

ektédnke oe yYloplovra (days)




LIFE 365
[po@ik yhoprovrov

e Xvvohkd Cl (kg/m?
okvp.) katd Bdoc X (mm)

e Emninedo ovykévipoong CI
oTNV EMPAVELD TOV YdALPaL
£€MG TNV (POVIKT] GTIYUN
évapdng g dfpwong

e MetafoAn Tov GuvteLEoTN
Swayvtotntog Cl pe 1o
xpOvo ékBeomng

Avapkero Zong

e Xpovikn otryun EvapeEng
mg SiBpwong (xpovia)
o Audpketa (NG KATOOKELNG

(xpovia)

Alrov mapapetpor

o dawvdpevog ZuvtereoTng

Awyvtotntog Cl- (28
days)
D,g (x 1012 m?/s) + COV

CLINCONC

e Yvvolkd CI (% tow.)
Katd Babog X (mm)

e Elevbepa Cl (g/l) katd
Babog X (mm)

EUCON

Yvvohkd Cl (kg/m2 oxvp.)
Kot Babog X (mm)
EAeb0epa CI (kg/m? sol.)
Kot Babog X (mm)
Agopgvpéva Cl (kg/m?3
okvp.) Katd Babog X (mm)

e Augpkela {ONG GLVOPTNGEL TNG OTOLTOVUEVIG EXKAAVYNG

o Davouevog
YVVTEAECTNG
Awyvtotnrag Cl- (6
months)

Intrinsic chloride diffusion
coefficient * (x 102m?/s)

DURACON

[TBavo-cToyacTiKn
eKTIUNON SLAPKELOG
Cong




LIFE 365 CLINCONC
Governing Equation
2 2
ac _p4c _x ACl (@] _  Decr—(1+ Koy [CL(aq)])
dt dx? =G . ot - _ _ 2
Keg [CL=()]sar + €(1 + Keq [CL(aq)])
0%[Cl” (aq)]
0x?

Initial condition: [Claqg)]=[CI(aq)]in, at t=0 (initial
concentration)
Boundary conditions: [Qlaq)]=[CI(aq)]0, at x=0 (concrete
surface)

0[CI(aq)]®x=0, at x = M (axis of
symmetry)

Chloride Diffusion
e Life model disregards actions of e Calculation of intrinsic diffusion coefficient (s&m
Cl- binding Do=%&y'Dgm empirical relationships)
e Time and Temperature dependar b 2.4-10710 (E0)?S
. - . - 2_ . . X .= S .
apparent diffusion coefficient. _ (0.8af-2a,+2.5)-(140.59K61m)Ktp Drieia eCl (K+CS+Z(kPACT) +ﬂ)2 eff

D Bp-1
c b D
1+Konem Kpem Kb fh By (—3 E4C tab i dw

usr1l 1

D(t,T)=Dyef (%)m exp [E (Tref ) T)]

w -3
X W getom o= 5—-0.226°10 [K+cs+ Z(kPACT)]
y pem — w

K =e
OH6m 10004, '

40000( 1 _L) 42000(L 1 )
%FA %SG) Krp=e8312 \273+7 293/ | Kpp=e 8314 \293 273+T

50+70

w
Dopc,zsa = 1x10(1206+24)
—0.165SF

0.59(1_ 0.043 )

[0H J6m

(tref = 28 days, Trer = 20 °C)

m=0.2+0.4<

Dsr = Dopc - €
Solution

c=(cyc)erf - + | [ore)]=

2 B (8) [er) ™)

400000 115
cp=Ff"Konem Kpem:f,-cPp-e 8314 \273+T 293

Cc — Ci
t=at-ln( t+ 0.5) +1

Keg[CI (@)
1+Keq[CI-(aq)|

o)

sat

[CI(total)] = [CI(s)] +¢ [Cl(aq)]

Cs Ci

g(cp, + ¢
ECEP

00
B




8 Kotookeur B, XS3 R

_— .-rl_gl-'_'_

Aokipo A-1 | Aokipo A-2 Aokipo B-1
ErukaAnyn (mm) 48.3 (5.9) 60.8 (1.8)
Towévro - Ittdpevn Tédpa (kg/m3) — N/Ta 380-19.2 - 0.45 400-0-0.45
Dawopevoc Suvteheotric Ataxutotntoc (x102 m?/s) | 0.948 (0.166) | 1.140 (0.162) 1.589 (0.432)
Juykévrpwon Cl- otnv e€wtepikn emudaveta (% wt. conc.) | 0.555 (0.158) 0.828 (0.079) 0.518 (0.070)
Kplown Zuykévtpwon Cl- (% wt. conc.) | 0.080 (0.010) 0.080 (0.010) 0.070 (0.010)

HALKIa TNG KOTOLOKEUNG TN OTLYUN TG €kBgong (days) 2920 2555
Aldpkelo Zwng (years) 50 50




Yrnoektipnon amno Life-365

Jupdpwvia pOBoKoxNUKWV
pnovtéAwv ClinConc, Eucon

N
(@]

D)
NpoPANpa avOEKTIKOTNTOG uracon
EUDAVEC

Life
M Life (D28, duracon)

, , ClinConc
Molo poVTIEAD pmopw va
EUTLOTEVTW?

[EEN
o

Eucon

Service Life (years)
[EEY
o

A-1 A-2 B-1

0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1 A

10 20 30 40 50 0
20 40 60

Depth (mm) Depth (mm)
*

Cl- (%wt conc.)

°
Ada, A




To avplo (onuepa)

Ektipnon dtapkelog (wnc Baolwopevn otnv dthocodia oxedloopou
KOTOLOKELWV €vavtL urtepBaonc ( oxt) O.K.




* fib Model Code

Time is inserted as a design parameter

Assuring a defined service life means: use of materials with satisfactory properties
Definition of appropriate limit states for durability
verification with regard to the probability of exceeding those limit states

Verification of the limit states shall be realized with a probability-based method.

For each limit state, models should be established, which describe the behaviour of a structure. These models
include mechanical models, which describe the structural behaviour, as well as other physical or chemical
models, which describe the effects of environmental influences on the material properties.

Performance is evaluated by verifying the behavior of a structure or components against specified performance
requirements. The stakeholder shall give demands for performance of the structure and its required service life

Performance requirements are established by means of performance criteria (quantitative limits defining the
border between desired and undesired behaviour) and constraints

e Constraints related to service life

* Constraints related to reliability

specified by a target reliability
level.




IMBavoTtikog (Stochastic)Xyedraopog avOekTIKOTNTOS KOTOOKEVOY OX

[MBavotikn Extipunon Paon avicmong aceareiog
Apdon (| anotéreopa dpaong) Sd <Avtictaon Rd

1. Opwopog Oprukov Katastasemv (OK) g 6povg
avlekTIKOTNTOG
Aertovpywkotnrog (OKA), .. amdmadnrtikomoinomn yéivpo
Aoctoyiog (OKA) , m.y. Auafpwon XaivPa

2. IIpocowopropdg IMBavotyrag YrépPaong Oprokdv
Karaotacewv
(Bdom cvYKEKPIUEV®V ATOLTHGEDV)

Opiopiog Anédoonc/Apaocnc Kataokeung

Babog evavOpoxwons

Min d yia. mpootaoio tov oriouod oe meprfitiov Cl-
Xpovog évaplne oidfpwong (initiation time)

[Ipodiaypapetan
Méow eCocpdiong

Z’;\?ﬁ?ﬁi‘l“zn &E:O’g‘;“;gcf Anatiiogig — Zuviot®osg AlomoTiog
JRSES, TUREES, [PUO] (s Avtiotaon (resistance)

Ezinedo AGomotios Aerrovpyiotnro, (Serviceability)
Avtiototyel og mBavoTTa gpedviong (RC1, RC2, RC3, RC4) v Hgm/z) Zémr?x (Durability) y

ms opw’u(ng Karaotaons P FEvpwotio (Robustness
(Sev mpémel va EemepaoTet)

Extipnon Yrnéppaong (f o) Oprokis katdotaong

[T.y. P{ouaPpwong Aoyw dieicdvong yropoviovi < P,




e Oplopocg O.K. Asttoupykotntog kot Aotoxlag oe 0poucg avOeEKTLKOTNTOG

e Anodoon Kataokeung npodlaypadetal HEow e€0PAANONG CUYKEKPLUEVWV OTTOUTHOEWV

; - p—y §
Byniite AT el e K ATI?(?,ITT]GSIC_, _Zl)vw‘r(ocsg EromoTiog
. . Avtioraon (resistance)
Babog evavOpoxwong \ . -
- , , . Aertovpyiornra (Serviceability)
Min d yia mpootacio tov onlicuod oe mepifaliov Cl- , .
Xpovog évaplne dafpwaong (initiation time) g (P E 21,
SRS SHLESHE BRI FEvpwaotio. (Robustness

e Aappavovtag unoyn attieg, popdn, tpomo eniteuvéng O.K., mBaveg ouveneleg aoctoyiag opilovtal StaBadulopéva

entineda aflomiotiog

Emaoyn Aciktn Awomotiog f
(ehdypoteg Tiuég Paon OK, RC)
Eninedo ASomoTtiog Exdpalovtal

(RC1, RC2, RC3, RC4) TOAVOTIKA Avtiotoryel o mbavoTta epaviong
NG OPLOKNG KATAGTOONG
(dev mpémel va Eemepaotet)

e Avaloya pe katnyopla aflomiotiag kat €idog O.K., opilovtal EAAXLOTEG TUEG TOU B, TTOU QVTLOTOLXOUV OE pLa
mBavotnta epdaviong tng cuykekplpuévng O.K. (mou Sev Ba mpenel va EemepaoTed).

e JuvnBwc n nepitwon urnépPaoncg O.K. Aettoupytkotntog (m.x. amonadntikonoinon xaAuvBa) petadpaletal o
npocOeta peETpa (KOOTOC)




* JUVIOTWEVEC TIUEG B

Table 3.2-1:

Example of performance requirements for desien of a

new structure

Table 42-2:

Recommended minimum values jor reliabilitv index f

Jor use in SLD (infended for the design life time)

Exposure
Class —
Eurocode 2

Description

Reliability
Class

gLs!

ULS

R
Depassivation

Collapse

Carbonation

1.3 (pr= 107)

3.7 (pr=107)

13 (pz= 107

42 (pr=107)

Performance
category

Performance
criteria

Constraints

RC3

13 (pr=107)

44 (pr=107)

Deicing salt

RC1

13 (pe=107)

3.7 (pe=107)

Serviceability

Deformation himit
Crack width Limit
Vibration limit, etc.

Specified (design) service life: 50 year

Target reliability level:

p=135

RC2

1.3 (pr=107)

42 (pr=107)

RC3

1.3 (pr=107)

4.4 (pr= 107

Structural safety

Stress linut
Capacity limit
Propressive collapse
limit, ete.

Specified (design) service life: 50 year

Target reliability level:

p=38

RC1

1.3 (pr=107)

3.7 (pe=107)

RC2

1.3 (pr=107)

4.2 (pr=107)

RC3

13 (pr=107)

44 (pr=107)

Sustamability

Emission lumits
Impact on society
Aesthetics, ete.

fib Model code

Table C1 - Relation between fand P

10

10

10

107

2,32

3,09

3,72

4,27

A SLS geliability of p = 1.3 in consequence could lead to lower ULS reliabilities
than uspally required by the codes, cp. ISO 2394, That means for very
aggressive climates, higher values for g s are required, cp. Annex B in order
to fizlfil the ULS requirements.

fib bulletin 28




e YrmoAoylopog mibavotntoag StaBpwaong Aoyw XAwPLOVTIWY

p{ }: p{Ccrit _C(a’tsl <O}< Po

p{}, Po, mBavotnta StaBpwaong Aoyw Sieioduong YAwploviwy (target failure probability),

Ceritr Caespp KPLOLUN OUYKEVTPWON KoL N ouykevtpwon Cl- og BaBog a kat xpovo t (% k.B. Tolpévtou),
a, erkaAuPn okupodEpatog (mm) Kat

t Sdapketa Lwng (xpovia)

Reliability index 3

X
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—

=

‘©
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o
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=

!
©

Q0
(@]
p -

(a1

©

20 30 40 20 30 40

Avapxeia Zwis (xpovia) Alapkela Zwng (xpovia)







e ETULTAKTIKA avAyKn oXeSLOOUOU QVOEKTIKOTNTOC KOTAOKEUWVY OTIALOUEVOU OKUPOSENATOC
e Oyt tudpAn umakon dtaBeotpwy povieAwv (Babld katavonaon Kol KPLTIKN LKovoTnTa)
e [vwon pnxaviopwyv ¢Bopag
BaBid katavonon Asttoupyiog povteAwyv (eploplopiot)

Ertthoyn] puoLkoxnULKoU LOVTEAOU (L€ OTOXOOTLKEG AVAAUCELC)

Jwotn emloyn Soputkwv UALKWVY (debopéval)

000 to duvaTtov TLo PEAALOTLKI TIAPAUETPOTIOLNON LOVTEAWVY
(meptBaAdovtikn €kBeon, eminedo aflomiotiag, oplakn Kataotaon)

TeXVOOLKOVOLKN apiotevon BAon amoTteAeCUATWY

® JWOTH, EUMEPLOTATWEVN KOTOOKEUT KL CUVTPNON

e Ev TéAEL, HEOW KATAVONONG TwV Slepyaoilwy Tou odnyouv o€ Mpwipn ¢Bopd Kal cwoTtd oXeSLOOUO UIMOPOUE
va anopuUyou e peiwon Stapkelag {wnG KATOUOKEUWY OTIALOUEVOU OKUPOSEUATOC.




e MeAAovTika Bripata

Kowvn) apxikn mapapetpomnoinon (Baon duvatotitwy poviéAou)

Jupdwvia povadwv (ouykévtpwonc Cl)

ArtAomoinon otowxeiwv eloaywyng (o epLAtka)

Kown mAatdopua, dnuioupyia Baonc SeS0UEVWY ATIOTEAECUATWY OO TIPAYUATLKY KO0

Anuoupyia Baong dedopevwy neptBaidoviikng ekBeong (Beppokpaocia, vypaoia, Clr, CO,).

AloioUvdeon oxedLaopol avOEKTIKOTNTOG E TTAKETA OTATLKAGC AVAAUGNG

MeptBaAlovtikéc Spacelc oav GopPTio OTNV KATAOKEUN




20C EuyaploTw Beppua




