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A) TENIKA

1. AEN koAUmttovtol TARPWE opLopEVa LOLKA £pya,
vedupeg, dpayuoata, udpaywyeia kat Se€opLeveg K.ATT.

BA. EBvika MNpooaptripata (National Annexes, NA),
LE KATAAANAN Ttpocappoyn 1 GUUMANpwoN
( Tpomomnoinon).

2. H yevikj cupBoAikr) aviowon aodpaAelag
LoxVel Kail yta OKA kai yia OKA :

Sqd <Ry,
Vsd - S (S - Vi) £ (1/Vrd) - R (Xi/Vm, ai)-

3. OKA : BA. mponyoUpEVEC TTOPOUCLACELC.
AMA kal: — AnwAela LlooppoTtiag
— MeTtatponn o€ UNXaviopo
— Auylopoc A UBwon
— Konwon.

4. OKA : Kpttripla kot Kavoveg mou SLETTOUV TNV KAVOVIKA Xprion
(r.x. BA. § 2, éAeyxocg eUpouc pwyunc i BEAoug kapupewc) :
o YnépBaon tacewv (01ONPOMAYEC KAL TIPOEVIETALEVO),
.. o€ edpaoceig/otnpifelc, oe BABOpEVEC LWVEC
e Pnypdtwon
e [Mapapopdwon
e ToAdvtwon (dev kaAUTTETAL).

Kata EC2, mpoPAémnetal €éAeyxoc OKA akopn Kai yiwo aomio n
geAadpd OMALOUEVO (1) UTTO-OTTALOEVO) OKUPOOENQL.



5. AVTIUTPOOWITEVUTIKEC TUUEC,

XOLPOAKTNPLOTIKEG 1] OVOULOLOTLKEG.

6. ApAoeslg,

HOVIEG (G), petaBAnteg (Q) A TuxnUaTikEG (A),

Apeoec (BUVAUELS, CUYKEVTPWHEVEC I KATAVEUNMEVEC) N

gupeoec (LeToBoAEC otnpiéewy, emBalAdpevec i

NAPeUTTOSL{OUEVEC TTAPAUOPPWOELG).

Eupeoeg dpdoelc : Movipec (LetafoAn otnpi&ewy), Gyt KAL Vgset , N
MetaAnteg (T, s, ), Qimp KAL Yqimp , N
Tuxnuotikee (1).

7. Eupeoec 6pAoeLc,

7.1 OxLOKA, avdlatiBetal emapkrg mAaotipotnra,
TPOC OVOKATOVOWUN TNC EVIACEWC,.
E€aipeon : Kivbuvocg eAaotikn¢ aotdBelac (N-d)
N KOwon¢ (omaviwe yia Ktipla).

7.2 Nai OKA, avdaiuon/éleyxog cuvOoAou 1] TOTILKWG,
av dlatacoovtat MANPELG appol ava djgint
(BA. NA, yia ktipla cuviotatal djine = 30 m,
A LEYAAUTEPN AITOOTACN YO TIPOKATACKEU).



7.3

7.4

Emitpénetal aropeilwon duokapiag Aoyw
pnypatwonc kat eprtuopol (yia OKA kot OKA), evw ot
noapapoppwoel mou odeilovtar oe o0pBéc N
SLATUNTIKEC  TAOELG  eTUTPEMETOL  (YEVIKWES)  va
ayvoouvral.

EWdikwe yia avaivon/éleyxo evavtt OKA, pnopouv va
xpnoionotnBouv ot duokauieg otadiou I (av f. <
feeerf) N 11, omote ouviotatol va AapfBavetal umodn n
TPOOBEUTIKA (EV XPOVW) ETILPPON TNG PNYMATWONC KOl
TOU EPTIUCHOU,

MNepl Twv cuvduaopwyv SpAcEWV Kal TwV ETLUEPOUC Y
BA. oTa emopEva.



8. Kataoctaoelc oyebloouou

e [lapodikég (T, transient)
TL.X. TIAPOOLIKEC CUVONKEC, AVEYEPON, ETILOKEUN 1 Evioxuon
e Moviuec n dtapkeic (P, persistent),
TL.X. KOWWOVIKEC OUVBNKEC Xpong Ko Aettoupyiag
e Tuxnuotikeg (A, accidental),
TL.X. ECALPETIKEC oLUVONKEC, Kpouon, €kpnén, CELOUOC, TTUPKAYLA

9. MetaBAntéc 6pAOCELC

o XopaKkTnNPELoTKA TN (pe =5 % oe t, = 50 €tn)

e Jmopadikn Tiun, yla peon nepiodo emavagopdg 1 €tog
e Juyvn TN, ywo peon neptodo enavadopdc 1 eBdouada
e Oulovel-poviun (A dtapkng) Tun

10. Juvbuaopol Spacewv

Melwpévn mBavotnta TauTtoXpovng ouvumapéng Twv TIAEov
duopevwy  TIHWV  TWV  EMIHMEPOUC  aveldptnTwv  (VEVIKWC)
HetaBAnTwyY Spdoswv.

MpoBAen enpepouc cuvtedeotwyv cuvbuaouol Wy, Wy, W,

yla TNV KUpLa Kat Tig cuvodeg Spaoelg tou untodn cuvduaopou :

o W,: omavioc cuvOUAOUOC

o W,: cuxvog cuvbuaopOC (BPAXYXPONIOZ)

e W,: olovel-povipoc ouvdbuaopoc (MAKPOXPONIOZ).

M.x. — Maypadeia, kataotipata Y,=0,7/¥,=0,5/¥,=0,3
— Tot anoBnkeg W,=10/¥,=09/W,=0,8.

Ma yedupeg, unapxel kol W'y (— 1,0) yia omopadika poptia.



10. 2uvbuaopoi Spdoewv (ouvéxela)

10.1Evavtt OKA
EAEyyovtal :

Kai ol Baoikol cuvbuaopuotl (Bpaxuxpoviol)
Kol ol tuxnuatikol ouvduaopol (Lakpoypoviol).

10.2 Evavtt OKA
EA€yxovtat povov ol Bacikol cuvduacpoli, 6nA. :

® JTAVIOC ouVOUAOUOC
ZGl(j (J 2 1) + QKl + ZLIJoi QKi (l 2 2)

® JYUXVOC oUVOUAGCUOC
2Gy (j = 1) + W11Quq + ZW5 Qi (i 2 2)

e QOuovei-povipoc (dtapknc) cuvbuaopog
3G (j= 1) +ZW5 Qi (i 2 1).

[l KTipLa, YEVIKWCE ETILTPETIETAL N €€ G artAomoinon
(avetapTntwg dLapkelag dSpdcewvy) :

o [0 pLa povov petaBAntn 6pdon
ZGK] (J 2 1) + QKl

o [l meploooTePeC LETABANTEC OpAOELG
3Gy (j>1)+0,93Qq(i = 1).

10.3 Mevikwe :

— ‘Evavtt pnypdtwong (unoé Baotkoug ouvduaopoug Hovov),

gAéyxetal o Bpaxuxpovioc cuvduaouog

— ‘Evavttl mapauopdwonc (umo Bacikoug cuvéuacuouc LOVoV),

eAEYXETAL O LAKPOXPOVIOC CUVOUAOUOG.



11.

12.

OpBoAoyikec (kal aodaleic) mpoBAEwelc EKOX
via tic EMMEZE> APAXEIY

e OyxL OKA (Aoyw mAOCTLHOTNTAG),
Nai OKA (umd ocuvBnkec ...).

e AvAndBouv umoyn,
g&etdlovtal uovov we Kupla (kat oxL cuvodn) dpaon,
6nA. Wy (Bpax.) = W, (nakp.) = 0.

e Eupevng emppon : Vaimp = 0.

e AuopevAc eruppon :
— OKA EAaotiki i MAaotikn) AvaAuon
L€ Yaimp = 1,2 4 1,5, avtiotolxwg
— OKA  EAaotikn AvaAuon,
ME Yaimp = 1'0'

e Je kABe mepintwon, KATAAAHAA KATAZKEYAZTIKA METPA :
— Appoi dtakomng epyaoctwy (r.x. ava 20 m)
— JUOTNHOTLKN KL TIAPATETAREVN CUVTAPNON
— 181aitepn TOTIKA 1] YEVIKNA OTTALON
— OyxL tpowpn poption KA.

Etol, kata EC2, yia OKA ;

— ETUTPEMETAL N YPAWLLLKY EAQOTIKI) ovaAuon,
QKOMN KAk N pA-ypappkn n n xpron nebodwy
BALTTAPWV/EAKUCTHPWV

— AmnayopeUEeTal N Xpron MEPLOPLOUEVNS (E0TW)
QVOKOTOVOUNG TNG EVIACEWG
N N MAaoTkA avaiuon (m.x. YPoUHEC SLappon N
NMAQOTIKEC apBpwoelg).

BA. ta tepl Suokapiwy K.ATT., §7.3.



B) YAIKA
1. Mevikwg, Aoyw OKA, y.=vy, =1,0.

EKOZ : g €lOLKEC MEPIMTWOELS (TL.X. YLA OTEYOVOTNTO),
ouviotatat y. = 1,3.

2. JKUpOdepa

e FEwc koL urtep-uPNAEC TTOLOTNTEC
e Emitpenetal peiwon tou y, und ocuvlnkeg (OKA)
o fu=0a.fu: Ve,
a,.=0,8+1,0, BA. NA/ovviotatal o, =1,0
o fisp=1(1/0,9).f
o fup="f,. max{1,[1,6—(h™"/1000)]}

Etdikwg yia OKA, xprion tng TAG feterr, KE fetefr = fom, VEVIKWG,

N fctm,ff-

3. XaAuBac OmAlopou kupodepatoc (XOZ)
e B500 C (kat B500 A, untd npoinobBéosic / KTX 2008)

e Enitpénetal peiwon tou ys bmo cuvOnkec (OKA)

e BA. didypappa o-€
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fyd = fyk/Vs

Al
................................................. 4 ,-‘——_____._ kfyk
_‘_‘_____.‘.".-"-'-_—ﬂ- o i e ) B kfyk/Vs
f/' &
‘ ﬂ k_ (fe/fy)k
: A ‘ Idealised
B \ Design
fyd / Es €ud Euk E

Idealised and design stress — strain diagrams for reinforcing steel

X0z, EC2 + ANNEX C, EN 10080
OAKIMOI, 2YTKOAAHZIMOI, YWHAHZ 2YNAOEIA2
B500 C

MNa T=-40°C++100°C:
1) E, =200 GPa

2) x> 7,50% (p=10%)
€ud > 6,75 % (NA, £4g = 0,9 £4)

3) (f/f,) k>1,15 k< 1,35 (p = 10 %)

OKA /vs =1,15 (f 1,10 f; 1,05 1)
OKA / ys = 1,00
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a)

B)

MH-YIMNEPBAXH TAZEQN
MePLOPLOUOG TWV :

OAUTTLKWY TACEWV TOU OKUPOSELATOC,

npo¢  amoduynv  €CWTEPLKAC  MIKPOPNYHATWONG,
SlapiKoug pnypatwong kat urtepBoAkol eprmucpou.

— Alounkng pnyMAatTwon, amopeiwon avoektikotnTac.
Av dev AndBouv Waitepa pétpa, Omwe avénon tng
gemkaAvPne ot OAPopevec lwvec n  Siataén
ETAPKOUC TEPLOPLYENC, TOTE TIPETEL O < Ky . for (UTTO
Tov  PBpaxuxpovio ocuvdbuaocpo) vy ouvBOnkeg
ekB€oewc XD, XS ko XF (XA;!).

K1 : BA. NA, cuviotdatal k; = 0,60.

— YrniepPoAkog priuouog, avénon mapauopdwoewy.

Mot YPOLULKOV €PpTIUOMO (oTtOTE LOYXUEL KOL N apxn TNC
eEMOAANALQG), TPEmel O < K, . fo UTO TOV OlOVEL-
Hovipo/dlapkn (Lakpoxpovio) cuvduacuo.

K, : BA. NA, cuviotatal K, = 0,45.

EdeAKUOTIKWY TACEWV TWV OTIALCUWY,

NPog amoduynv aveAaoTIKwWV & (LeTa TNV dlappon),
EYKAPOLOC pNYHATWONC Ko UTEPPOAKAC TTapapopdpwonc.

MpemeL O < (K3 + Ks) . fyx (UTTO TOV Bpayuxpovio cuvduacuo).
Ki= BA. NA, evw cuviotatat :

K3=0,80 yla 22 kol Apeoec SpACELS

Ka= 1,00 yla 22 kol EPPECECG OPAOELC

Ks=0,75, 6nA. 0,< 0,75 . f, yia t€vovteg N2.



Mpo¢ TEPLOPLOUOV TWV EPEAKUCTIKWY TACEWV TWV OTALOUWV
KoL TOU KWOUVOU €YyKAPOLOC PNYMATWONG, UTAPXOUV Kal
npoPBAEPeLg mepi EAAYLOTOU OTTALGLOU.

[MpoevteToueEVO OKUPOSELLQ

Nepav tng mponyoupevng dataéng mepl o, < Ks . foy , yLa TOUG
TEVOVTEG, oL éAeyyxol OKA mepthapBavouy :

— J€ TEPUTTWOELC TIANPOUC TIPOEVTAONC,
TOV €AEYX0 TNC OPLAKAC KaTaoTaong arnmobAlng,
ME O+ <0

— 2€ TIEPUTTWOELG TIEPLOPLOUEVNG TIPOEVTAONC,
TOV EAEYXO TNG OPLAKNC KATAOTAONG PNYHATWONG,

HE Oct < fctk 0,05 (OXL fct, eff)-

YrievOoulon, EKOY :

MeEPLOPLOEVN TIPOEVTOON ETLTPEMETAL HOVOV UMO OCUVONKEC
neplaAovtog 1 kal 2, evw TAAPNC TPOEVIAON MTMOPEL va
edbappodletal kai oe ouvOnkeg meplBariovtocg 3 1 4.

e YO TOV poKkpoxpovio cuvduacpo Spdoewv OKA, ywa tnv
HEON TN TNG SUVAUEWC TTPOEVTAONC HETA TIC LELWOELG Kall
anwAeleg, mpemnel 6,< 0,65 . foy .

e YO TOV HOKpOoXpOvio cuvbuaouo dpdcewv OKA, yla TLC
QPYLKEC TAOELS TWV TEVOVTWYVY, ommoudnmote fj atov ypuAo,
TIPETEL Opo < 0,65 . ok 1 0,70 . fyx , KO

Opo, max < Opo + 0,05 . (fore 1 Foyi)-

e OLdladopeg EKOZ kat EC2 elval MPpaKTIKWE MLKPEC.



EN 1992-1-1:2004

Table 4.1: Exposure classes related to environmental conditions in accordance

with EN 206-1

Class Description of the environment Informative examples where exposure classes
designation may occur
1. No risk of corrosion or attack
For concrete without reinforcement or
X0 embedded metal: all exposures except where

there is freeze/thaw, abrasion or chemical
attack

For concrete with reinforcement or embedded
metal: very dry

Concrete inside buildings with very low air humidity |

2.Corrosion

induced by carbonation

XC1

Dry or permanently wet

Concrete inside buildings with low air humidity
Concrete permanently submerged in water

XC2

Wet, rarely dry

Concrete surfaces subject to long-term water
contact
Many foundations

XC3

Moderate humidity

Concrete inside buildings with moderate or high air
humidity
External concrete sheltered from rain

XC4

Cyclic wet and dry

Concrete surfaces subject to water contact, not
within exposure class XC2

3. Corrosion

induced by chlorides

XD1

Moderate humidity

Concrete surfaces exposed to airborne chlorides

XD2

Wet, rarely dry

Swimming pools |
Concrete components exposed to industrial waters
containing chlorides

XD3

Cyclic wet and dry

Parts of bridges exposed to spray containing
chlorides

Pavements

Car park slabs

4.Corrosion

induced by chiorides from sea water

XS1 Exposed to airborne salt but not in direct Structures near to or on the coast
contact with sea water

XS2 Permanently submerged Parts of marine structures

XS3 Tidal, splash and spray zones Parts of marine structures

5. Freeze/Thaw Attack

XF1 Moderate water saturation, without de-icing Vertical concrete surfaces exposed to rain and
agent freezing
XF2 Moderate water saturation, with de-icing agent | Vertical concrete surfaces of road structures
exposed to freezing and airborne de-icing agents
XF3 High water saturation, without de-icing agents | Horizontal concrete surfaces exposed to rain and
freezing
XF4 High water saturation with de-icing agents or Road and bridge decks exposed to de-icing agents

sea water

Concrete surfaces exposed to direct spray
containing de-icing agents and freezing
Splash zone of marine structures exposed to
freezing

6. Chemical attack

XAt

Slightly aggressive chemical environment
according to EN 206-1, Table 2

Natural soils and ground water

XA2

Moderately aggressive chemical environment
according to EN 206-1, Table 2

Natural soils and ground water

XA3

Highly aggressive chemical environment

according to EN 206-1, Table 2

Natural soils and ground water




EN 1992-1-1:2004 (E)

SECTION 7 SERVICEABILITY LIMIT STATES (SLS)

7.1  General

(1)P This section covers the common serviceability limit states. These are:
- stress limitation (see 7.2)
- crack control (see 7.3)
- deflection control (see 7.4)

Other limit states (such as vibration) may be of importance in particular structures but are not
covered in this Standard.

(2) In the calculation of stresses and deflections, cross-sections should be assumed to be
uncracked provided that the flexural tensile stress does not exceed fy . The value of fy e may
be taken as fum or fuma provided that the calculation for minimum tension reinforcement is also
based on the same value. For the purposes of calculating crack widths and tension stiffening
fam should be used.

7.2 Stress limitation

(1)P The compressive stress in the concrete shall be limited in order to avoid longitudinal
cracks, micro-cracks or high levels of creep, where they could result in unacceptable effects on
the function of the structure.

(2) Longitudinal cracks may occur if the stress level under the characteristic combination of
loads exceeds a critical value. Such cracking may lead to a reduction of durability. In the
absence of other measures, such as an increase in the cover to reinforcement in the
compressive zone or confinement by transverse reinforcement, it may be appropriate to limit
the compressive stress to a value kqfy in areas exposed to environments of exposure classes

XD, XF and XS (see Table 4.1). XA =

-

Note: The value of k; for use in a Country may be found in its National Annex. The recommended value is 0,6.

bDe

(3) If the stress in the concrete under the quasi-permanent loads is less than kafy, linear creep
may be assumed. [f the stress in concrete exceeds kofc, non-linear creep should be
considered (see 3.1.4)

Note: The value of k;, for use in a Country may be found in its National Annex. The recommended value is
0,45.

(4)P Tensile stresses in the reinforcement shall be limited in order to avoid inelastic strain,
unacceptable cracking or deformation.

(5) Unacceptable cracking or deformation may be assumed to be avoided if, under the
; characteristic combination of loads, the tensile stress in the reinforcement does not exceed
kaf,x. Where the stress is caused by an imposed deformation, the tensile stress should not

exceed k4fx. The mean value of the stress in prestressing tendons should not exceed ksfy

Note: The values of k3, K4 and Ks for use in a Country may be found in its National Annex. The
recommended values are 0,8, 1 and 0,75 respectively.
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A) NEPIOPIZMOZ PHTMATQXHZ

¢ Pwypég («avamodeuktec») Aoyw nANBoug attiwy kol Spdoewv
(kat  ouvbuacpoU TOUug), TOOCO UNXAVIKWYV 0600  Kal
dUOLKO/XNUIKWYV, TIEPLPAANOVTIKWVY K.ATT.

e ATQITNOELC

— JuvaioBnua aodpaAelac Twv XpnoTwyv

— Epdavion Kat xpnotikotnta

— AewtoupylkotnTa

— AvBektikoTnTa (Kivduvog mpooBoAnc, dtamepatotntag)

— Arnoduyny  umepBoAlkng Tmapapopdwong  n/kat  Ppabupng
aotoxiag, 1tdlattepwc yla «evaiodntouc» oe Stafpwon YAAUBEC
(EKOZ : XadAuBeg tevovtwy i pdPdol XOZ pe J <5 mm).

e Ouwc, n pnypdtwon dev ouvemayetal ad’ eautng EAAeWPn
AEITOUPYIKOTNTOG 1 avOekTkOTNTAC N auénuévov Kivbuvo
npowpns/Pabupnc Bpavoswc.

e [leploplopog Tou eVPoUC PWYHWV, Wax (2 1,75 W),
aAVOAOYWE Tou £i60UC¢ Kal TNC TACEWC TWV OTALCHWV (22 kot M2),
KoBwC Kol Twv cuvBnkwv ekBEcEWC :
— Elte péow AeMTOUEPWVY UTTOAOYLOUWV (AVAAUTLKWC)
— Eite amlomolnTikwe, YE MEPLOPLOUOUE WG TIPOC TNV SLAUETPO
A tnv anéotaocn twv pafdwv omAlopou,

o€ ouvOUAOHO e TNV MPOPAePN EAAYLOTOU OTIALGLIOU.




e [oAAEG opoloTNTEG AN Kal Stadopeg petafv EC2 kat EKOX.
M.x., kata EKOZ :

— Whax=0,3mm ywa 22 kat 0,2 mm yua M2, BA. kad Map. T,
EVaVTL akOoun Kat > 0,4 mm (akoun ko ya M)

— 'EAeyyoc yLa tov Bpoxuxpovio cuvbuaouo,
KoL OXL YLOL TOV LOKPOXPOVLIO cuvOUACHO!

Mpwv amd ta mepl avaAuTIKAC ekTipnong tou Wi, , Ta mepl
eAEYXOU TNG PNYHATWONC UECW TIEPLOPLOMOU TNG SLApETPOU
(Yevikwg) A tng amooctaong Twv paBdwv omAlopol (m.y. ywo
NMAAKEG, Tolela, €AkuotAPeC K.ATL), KoBwg Kol ta Tmepl
EAAYLOTOU OMALGHOU €vavtl UTEPPOALKNC pnYMATWONG, OMWC
nopouoLalovral oTa EMOUEVA,

kotd EC2 (} EKOZ, mpog cuykplon),

BA. cuvOTITIKWG Ta TePL TOU PNYOVLIGUOU pnypdatwong ota dvo

Slaypappata mou akoAovBouv :

— Aldypappa petaBoAng twv tacswv pafdwv omAtopol Kat
OKUPOSENATOC TTAVW oTNV pwyun (AN Kol eKaTEPWOEV),

amno nmpogxouoa KA, Kal

—  Aldypappa avnypevwy ePeAKUCTIKWY SUVAREWV (TACEWV)
KOL HECWV ETILUNKUVOEWV TWV «EAKUCTAPWVY QAVAUECO OF

SU0 SLOOYLKEC PWYLIEC.

YT[EVG[IJU.LOH, yloL TV cuvadeLa :

T =Ky . o/ (1 + Ky .%) (14 K3.pe) ... KOLOXL HOVOV !
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Tuvadela : O onUAvVIIKOTEPOC MAPAYWYV TIOU UTTELCEPXETAL
OTOV LNXOVLOUO TNG pPNYHATWONG
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To Siaypappa (F./As) - €m

€= 0s / Es AIAPPOH
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F'YMNEZ PABAOI

TAZH ZTHN PQIrMH OfMAIZMOY

ESI’

1: Mpwtn yeved pwypwv

Anotouec augnosig mapapopdpwong
N : TeAguTtalo YEVEQ PWYHWV
FEVIKEUUEVN PNYUATWON

Esm

DAIH SYNAPMOTHS - 11

H cuppetoyn (emppon) tou ebeAKUOULEVOU OKUPOSELLATOC

LETAEY SLadoYLKWV pWYLLWYV 0TO OLAYPAULO O — €

Twv pABOWV omAlopoU kal otnv duokau la

'H, n ebeAkuoTikry cupBoAr otnv duckapia
(Tension Stiffening Effect)

Em = € (=04/Es) — «<ANAKOYDIZH» TA (oTadLlakwe omopeloUpevn)
A =AB. (o,/0;), 0, = Tdon otav epdaviletal N TpwTn pWYUN
AB = o,/E,, yLa € TTOAU ULKPN)

S S

Os Osr 2 :
> &m = o .[1 — K(o—) ] (pe 616pOwon)




EAQYLOTOC OTTALOULOC (€vavTL pnyuatwonc)

Yriokataotaon tng ePeAKUOTIKAG avtoxnc (ouvelodopdc) tou
oKUPOdENATOC (aUéOowC TPV TNV pnydatwon), yw paBdoug
ortAlopoU umo dlappon (A TpLw), Lkavn amMopEVOUCa aVToX UETA
TNV VEVIKEUUEVN pnypatwon, amoduyry amotopn/doabupng
Bpavoewc, HECW :

min As =Ke. K. fct,eff . Act/ Os, fct,eff < fctm I ’
OMOU K. : KATAVOUN TACEWV OUECWC TPV TNV PNYMATWON Kol
netaBoAn tou poyxAoBpaxiova Twv ecWTEPIKWY SUVAPEWV
K : omopeiwon  taocswv  (Katovaykoopou),  Aoyw
EOWTEPLKWY  OVOUOLOHOPPWY  OUTO-LOOPPOTIOUCWV
TAcewv (eruumedotnta).

BA. Aenttopepeotepec Statatelc/mpoPfAserc EC2 yia X3 ko M2,

BA. ta mepi A = «evepyn» ebeAkuopevn {wvn oKUPOSEUATOC,
oTo nEpag tou otadiou I
(EKOZ : Amdomolntikog, A = A l).

Muikpo-ripofAnpata kai Baoel EC2 @ Ay, Acefr, Acteff,
0, yla Ttoldv cuvOUaoHO ;

Artapaitnteg, HdAAov, cupnAnpwoels Baocel EKOZL :

e Oyl €Aeyxocg yla kupiwc BALBOUevVa otolxela (xwpic kauyn)

e Yroxpewtikn, kKaB’ UPoc tNG A, KOTAVOUN TOU EAAXLOTOU
OTIALOMOU, aVOAOYWC Tou SLaypAUHUOTOG TwWV TACEWV, EVW
gTLTPETETAL SLATAN O Lt LOVOV OTPWOoN LOVOV
ylo TAAKeC pe h <250 mm kat yia dokou¢ pe h = 600 mm.

— Katd EC2, BA. bk Stataén/eldikov umtoAoylopd OmALoHOU
KOpUOU UPLkoppwv dokwv pe h = 1,0 m (skin reinforcement,
HEoO Ao Toug ouvOeTAPEG).



AMec Srataéeic EC2 (kat EKOZ) mepl eAAyLoToU OTTALOLLOU

Mla dokoU¢ Kal cupmayeic mAakeg : BA. NA mepl min A, evw
OUVLOTATOL :

min AS = 0,26 fctm . bt . d/ny > 0,13 % bt .d.

Na &eutepelovta  KOUTTOMEVO OTOLWXElR, yw Ta  omola
gevbexouevn Yabupry aoctoxia &ev cuvemayetal SucavaAoyeg
OUVETIELEC, ETILTPETETAL :

min As = 1,2 . AS,OKA .

Kata EKOZ, oL avtiotol e SLatagelg elval OXETLKWE QUOTNPOTEPEG :
e T[Adkeg minA;=0,60b.d/f > 0,15%b.d

o Aokol minA;=0,50fy,.b.d/fy.



‘EAeyxoc¢ xwpic ar’ euBeiag urtoAoyLopo touv W, (< W na)

Méow twv Mwakwyv, yla TNV PEYLOTN OSLAUETPO (YEVIKWG, Kol
KUuplwg €vavil eupéowv OpAcewv) N TNV HEYLOTN amootaoh
(kuplwg yLa TTAGKEC, Tolyela, eEAKUOTAPEC K.ATL.), avaloywg W, Ko
0, KoL tavrtote pe npoBAsdn eAdylotou omAtouou (BA. mpw).

Edw, kal dratatelc mept :

— AmnaAAayng eAéyxou Aemtwv (OXETIKWC) MAaKwyV (2X kat M2)
ue h <200 mm

— [pdoBeTou OMALOHOU KOpUOoU LPIKOPHWY dokwv pe h > 1000 mm
(skin reinforcement, péoa amd toug cuvoeTAPEC).

AVOAUTIKOG UTTOAOYLOUOC Kol EAEYXOC eUpouC pwyHwV, W, < W .,

MéEow tng oxéoewc (BA. kat to Stdaktikotepo MNap. [/EKOZ) :
WK = Sr,max . (Esm - E':cm);

dnA. Tou ywopevou tneg MeEylotng (mBavng) amodotaong petagl
SLaSOYIKWV PWYHUWV KOl TNC MECNG AVNYHEVNC ETILUAKUVONG TOU
«eAKUOTAPAY.

ESw, kal dratatelc mept :
—  No&wv pwyHwWYV, UTTO ywviav (> 15 %) w¢ mpocg eoxApa ONMALOUWY

— Kwblvou  pnyudtwong Kot  eAéyxou  Tolxelwv €Tl
Npookupodetnuévwy  Bepediwv  (BA.  okapidnua  kal
TPOTAOELC LETPWV).



NapatnPNoELC

>to Oldbaktikotepo Map. [/EKOZ, mepl W, , 0pBwc :

o) AvadEpeTal MWE Ol TIPOTELWVOUEVEG OXECELS aPopoUV KUPLwG
KOUTTTOMEVA oTOLXELD, TTAAKEC Kal SoKoUc, Kal

B) YmevOupiletal n evOEXOLEVWCE ONUAVTLKY ETLEPON ETULEPOUG
TIOPAYOVTWY TIOU UTIELOEPYOVTOL OTO TIpOBANUa Kat odnyouv
(avarnodeukta) os avénpéveg aBeBatdtnreg, OMWC :

— H pkpn T kot n petaBoin tng e (£ 30 %)

— H oAU pkpn TLun tng avtiotowng €. (< 0,05 %)

— H peydAn esvawoBbnoio twv fi Kol g€ &vavil Twv
Mpaypatikwy  (emtomou)  ouvBnkwv — cuvtrpnong,
dOPTIONG K.ATL., KOl

— To yeyovocg mwe ylo pnypatwpeva otolxela Sev LoYUEeL N
apxn tng emaAAnAiag.

ErtutAéov, oto MMap. T/EKOI umdpyouv AEMTOUEPEOCTEPEC
TIPOOEYYLOELC :

e [l TNV €mPPON OTO €UPOC TNC PWYHNG TNG evOEXOUEVNG
auvénuevng erukaludPng (€otw o€ TUAMA TOU HAKOUG TOU
otolxelou), kat

e [l TO NUL-EUTTELPIKO cUUTANpwpa (ks . C katd EC2, C' katd
EKOZ/kal Kuplwc yLo TAAKeG), tou Stapopdwvel Tnv S,.

BeBaiwg, n mpoPAsdn katd to Map. [/EKOZ nepi «evepyol»
CUMUETOXNG KO €MLPPONC akoun kat paBdwv omAlopol o€
artootaosel S < 15 J elvalt paAov umepalolodoln, He

opBoloyikotepn TNV avtiotolxn tou EC2 mepi S<5 (C+ J/2).



o——F— MeTayevEDSTEPOG
To(x0C

Kivouvog YapaKTNPLOTIKAG PNYHATWONG KON KOL VL0 UIKPA HAKN TolXwv
(m.x. 10 m) N kai yia Omapén «VeupWOEWV» HE LOXUPO OMALOUO (T.X.
UTIOOTUAWMATO — EVOWUOTWHEVA 1] KA — 1 EYKAPOLA TOXWUATA).

Alaumepelc pwypEG KATW (amooyLon), avd amootaoelg 2 + 5 m, aAAd pe
TEPLOPLOHEVO (YEVIKWE) UPOC — OXL LEXPL TNV Kopudn Tou Toiyou.

EC2:

e |Slaitepn mpoPBAedn

e EAeyxog/meploplopog TG eVOEXOUEVNCG PNYHATWONG

e [lpoooxn oto mocooto/otnv dlataén tou opt{OVILOU OTALGUOU OTOV
noda tou Toiyou

o EmBdAAetal omwg AndOn unoPn andotaon pWYHWY Sy max = 1,3 h.



O erudavelakog (N emdep ko) OMALOUOC

Y nuavtikec dtadopec petafu EC2 kat EKOZ

Meploploptd¢ TG EKTETAMPEVNG  pnyMaAtwong 1 Kol
arnoAernionc/amodpAoiwong tne eMKAALV Y NG yia Xovtpes papfdoug
(N 6éoueg pafdwv) n/kal peydAeg emkaAl el (tedikn C > 70
50 mm).

Zuvunoloyiletal (EC2) | «Buoialetaw» (EKOZ) ;
Mo SokoUC | Kol AAAa oTOLXELD ;

BA. EC2, Annex J (mAnpodoplakd/evnpepwtiko), kat EKOZ,
§§ 5.1 ko 15.6, kaBwc kal MNapaptnual :

Ma vPikopues S0koUCG (TMTPAKTIKWE Yol «KpepAoelg» > 40 + 60
cm), amouteital n dratagn Kol SLapKoug omALGHOU KopuoU (mpog
TIEPLOPLOOV TNG PNYHATWONG).

EC2 : EWdwky Ouatagn/eblkoc UTIOAOYLOUOC Yot UPIKOPUES
dokou¢ pe h > 1000 mm, (skin reinforcement, péca amno
TOUC CUVOETHPEC).

Ye KAOBe nepimtwon : MaAov AdBoc okapipripata (1),
npoooyn otnv dlatan Twv ecxapwy,
ARPn MpoobeTwy PETPWV K.ATL.

YrievlBouion : Coom = Cmin + ACghey (Agey — NA, 10 mm),
QAKOUN KoL yLot ETULDAVELAKO N EMLOEPHLKO OTTALOHO.
Cmin: Yl AOYOUC ouvadelag, ovOeKTLKOTNTAC,
nupovTicTaong
Ciinp = (I 1 D) +5mm, ya dg > 32 mm.
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Annex J (Informative)
Detailing rules for particular situations
J.1  Surface reinforcement

(1) Surface reinforcement to resist spalling should be used where the main reinforcement is
made up of:

- bars with diameter greater than 32 mm or

- bundied bars with equivalent diameter greater than 32 mm (see 8.8)
The surface reinforcement should consist of wire mesh or small diameter bars, and be placed
outside the links as indicated in Figure J.1.

Tr I i

e 72ﬂ | ]

X i Assurt > 0,01 Actext |

Acext I )

| I

\ Tm ! 5

(d-x) < : 4 I

600 mm 0 :
r :
As.sud\ !

I I
_“ s <150 mm ' o =St <150 mm

x is the depth of the neutral axis at ULS

Figure J.1: Example of surface reinforcement

(2) The area of surface reinforcement A, should be not less than Ay g i, IN the two

directions parallel and orthogonal to the tension reinforcement in the beam,

Note: The value of A
is0,01A

s.surfmin [OF US€ in @ Country may be found in its National Annex. The recommended value
where A is the area of the tensile concrete external to the links (see Figure 9.7).

ct,ext: ctext

(3) Where the cover to reinforcement is greater than 70 mm, for enhanced durability similar
surface reinforcement should be used, with an area of 0,005 A, . in each direction.

(4) The minimum cover needed for the surface reinforcement is given in 4.4.1.2.

(5) The longitudinal bars of the surface reinforcement may be taken into account as
longitudinal bending reinforcement and the transverse bars as shear reinforcement provided
that they meet the requirements for the arrangement and anchorage of these types of
reinforcement.




7.3 Crack control

7.3.1 General considerations
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(1)P Cracking shall be limited to an extent that will not impair the proper functioning or
durability of the structure or cause its appearance to be unacceptable.

(2) Cracking is normal in reinforced concrete structures subject to bending, shear, torsion or

tension resulting from either direct loading or restraint or imposed deformations.

(3) Cracks may also arise from other causes such as plastic shrinkage or expansive chemical

reactions within the hardened concrete. Such cracks may be unacceptably large but their
avoidance and control lie outside the scope of this Section.

(4) Cracks may be permitted to form without any attempt to control their width, provided they

do not impair the functioning of the structure.

(5) A limiting calculated crack width, wmax, taking into account the proposed function and nature
of the structure and the costs of limiting cracking, should be established.

Note: The value of wiax for use in a Country may be found in its National Annex. The recommended values
for relevant exposure classes are given in Table 7.1N.

Table 7.1N Recommended values of wy,,, (mm)

Exposure Reinforced members and prestressed Prestressed members with
Class members with unbonded tendons bonded tendons
Quasi-permanent load combination Frequent load combination
X0, XC1 0,4' 0,2
XC2, XC3, XC4 0,22
XD1, XD2, XS1 03
XSZ,’ XS3 ' ' Decompression
Note 1: For X0, XC1 exposure classes, crack width has no influence on durability and this limit
is set to guarantee acceptable appearance. In the absence of appearance conditions
this limit may be relaxed.
Note 2: For these exposure classes, in addition, decompression should be checked under the
quasi-permanent combination of loads.

In the absence of specific requirements (e.g. water-tightness), it may be assumed that limiting the calculated
crack widths to the values of wnax given in Table 7.1N, under the quasi-permanent combination of loads, will

generally be satisfactory for reinforced concrete members in buildings with respect to appearance and

durability.

The durability of prestressed members may be more critically affected by cracking. In the absence of more

detailed requirements, it may be assumed that limiting the calculated crack widths to the values of wn,, given
in Table 7.1N, under the frequent combination of loads, will generally be satisfactory for prestressed concrete

L
9 members. The decompression limit requires that all parts of the bonded tendons or duct lie at least 25 mm

within concrete in compression.

(6) For members with only unbonded tendons, the requirements for reinforced concrete

elements apply. For members with a combination of bonded and unbonded tendons
requirements for prestressed concrete members with bonded tendons apply.
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XS3 & XAD:

(7) Special measures may be necessary for members subjected to exposure class XD3. The
choice of appropriate measures will depend upon the nature of the aggressive agent involved.

(8) When using strut-and-tie models with the struts oriented according to the compressive
stress trajectories in the uncracked state, it is possible to use the forces in the ties to obtain the
corresponding steel stresses to estimate the crack width (see 5.6.4 (2).

(9) Crack widths may be calculated according to 7.3.4. A simplified alternative is to limit the bar
size or spacing according to 7.3.3.

7.3.2 Minimum reinforcement areas

(1)P If crack control is required, a minimum amount of bonded reinforcement is required to
control cracking in areas where tension is expected. The amount may be estimated from
‘equilibrium between the tensile force in concrete just before cracking and the tensile force in
reinforcement at yielding or at a lower stress if necessary to limit the crack width.

(2) Unless a more rigorous calculation shows lesser areas to be adequate, the required
minimum areas of reinforcement may be calculated as follows. In profiled cross sections like T-
beams and box girders, minimum reinforcement should be determined for the individual parts of
the section (webs, flanges).

AsminOs = Ke K feeff Act (7.1)

where:

Asmin IS the minimum area of reinforcing steel within the tensile zone

Agt is the area of concrete within tensile zone. The tensile zone is that part of the
section which is calculated to be in tension just before formation of the first crack

Os is the absolute value of the maximum stress permitted in the reinforcement
immediately after formation of the crack. This may be taken as the yield strength
of the reinforcement, fix. A lower value may, however, be needed to satisfy the
crack width limits according to the maximum bar size or spacing (see 7.3.3 (2))

feeff  is the mean value of the tensile strength of the concrete effective at the time
when the cracks may first be expected to occur:
faefi = fum OF lower, (fum(t)), if cracking is expected earlier than 28 days

k is the coefficient which allows for the effect of non-uniform self-equilibrating
stresses, which lead to a reduction of restraint forces
= 1,0 for webs with h <300 mm or flanges with widths less than 300 mm
= 0,65 for webs with h > 800 mm or flanges with widths greater than 800 mm
intermediate values may be interpolated

Ke is a coefficient which takes account of the stress distribution within the section
immediately prior to cracking and of the change of the lever arm:

For pure tension k. = 1,0

For bending or bending combined with axial forces:
- For rectangular sections and webs of box sections and T-sections:

k, =04 |1-—Ze <1 (7.2)
Ky(h A )y o

- For flanges of box sections and T-sections:
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k., = 0,9L =05 (7.3)
Actfct,eff
where
O is the mean stress of the concrete acting on the part of the section under
consideration:
— NEd
O, bh (7.4)

Neq is the axial force at the serviceability limit state acting on the part of the
cross-section under consideration (compressive force positive). Ngg4 should
be determined considering the characteristic values of prestress and axial
forces under the relevant combination of actions

h* h*=h forh<1,0m
h*=10m forh>1,0m
Ky is a coefficient considering the effects of axial forces on the stress
distribution:
ki1=1,5 if Neq is @ compressive force
k, = % if Ngq is a tensile force

Fer is the absolute value of the tensile force within the flange immediately prior
to cracking due to the cracking moment calculated with fe et

(3) Bonded tendons in the tension zone may be assumed to contribute to crack control within a
distance < 150 mm from the centre of the tendon. This may be taken into account by adding the
term &1Ap' Aoy to the left hand side of Expression (7.1),
where
Ay is the area of pre or post-tensioned tendons within A esr.
Acefi IS the effective area of concrete in tension surrounding the reinforcement or
prestressing tendons of depth, hqef, Where hqer is the lesser of 2,5(h-d), (h-x)/3 or
h/2 (see Figure 7.1).
&1 is the adjusted ratio of bond strength taking into account the different diameters of
prestressing and reinforcing steel:

g9 (7.5)
P

¢ ratio of bond strength of prestressing and reinforcing steel, according to Table 6.2

in 6.8.2.

¢s largest bar diameter of reinforcing steel
#pequivalent diameter of tendon according to 6.8.2

If only prestressing steel is used to control cracking, &, = /& .

Ay Stress variation in prestressing tendons from the state of zero strain of the concrete
at the same level

(4) In prestressed members no minimum reinforcement is required in sections where, under
the characteristic combination of loads and the characteristic value of prestress, the concrete is
compressed or the absolute value of the tensile stress in the concrete is below ot p.

Note: The value of o, for use in a Country may be found in its National Annex. The recommended value is
ferr iN @accordance with 7.3.2 (2).
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- level of steel centroid

- effective tension area, Ac es

7777777_/"/_/—/—/'/'/‘/'/'/'7'77
[ d [ ] [ ] [ ] L 4 L]
L L y

hc,ef

- effective tension area, Acerr

b) Slab
F heer ¢, - effective tension area for upper
7 TTTTTI TR 777777 I/ Surface, Acz,eff
d e_/_/z L/_/_/J 4//_/.144/_/_/
h i . .
A L daas effective tension area for lower
_;f o Yy I, surface, Acb,eff
hc.e! I 51

c¢) Member in tension

Figure 7.1: Effective tension area (typical cases)
7.3.3 Control of cracking without direct calculation

(1) For reinforced or prestressed slabs in buildings subjected to bending without significant
axial tension, specific measures to control cracking are not necessary where the overall depth
does not exceed 200 mm and the provisions of 9.3 have been applied.

(2) The rules given in 7.3.4 may be presented in a tabular form by restricting the bar diameter
or spacing as a simplification.

Note: Where the minimum reinforcement given by 7.3.2 is provided, crack widths are unlikely to be excessive

if:

- for cracking caused dominantly by restraint, the bar sizes given in Table 7.2N are not exceeded where the
steel stress is the value obtained immediately after cracking (i.e. o in Expression (7.1)).

- for cracks caused mainly by loading, either the provisions of Table 7.2N or the provisions of Table 7.3N are
complied with. The steel stress should be calculated on the basis of a cracked section under the relevant
combination of actions.
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For pre-tensioned concrete, where crack control is mainly provided by tendons with direct bond, Tables 7.2N
and 7.3N may be used with a stress equal to the total stress minus prestress. For post-tensioned concrete,
where crack control is provided mainly by ordinary reinforcement, the tables may be used with the stress in this
reinforcement calculated with the effect of prestressing forces included.

Table 7.2N Maximum bar diameters ¢’ for crack control’
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Steel stress” Maximum bar size [mm]
[MPa] w= 0,4 mm wi= 0,3 mm w= 0,2 mm
160 40 32 25
200 32 25 16
240 20 16 12
280 16 12 8
320 12 10 6
360 10 8 5
400 8 ¢) 4
| 450 6 5 -
Notes: 1. The values in the table are based on the following assumptions: . '
€ =25mm,; fuen = 2,9MPa; b, = 0,5; (h-d) =0,1h; ky=0,8; k= 0,5, k. =0,4; k= 1,0; € @

k=04andk'=1,0
2. Under the relevant combinations of actions ;’

Table 7.3N Maximum bar spacing for crack control’

Steel stress” Maximum bar spacing [mm]

[MPa] w,=0,4 mm w=0,3 mm wy=0,2 mm
160 300 300 200
200 300 250 150
240 250 200 100
280 200 150 50
320 150 100 -

360 100 50 -

For Notes see Table 7.2N

The maximum bar diameter should be modified as follows:

Bending (at least part of section in compression)

k. h
=5 (faen/2,9) 5 7.6N
b= s (Foren )2(h-d) (7.6N)
Tension (uniform axial tension)
¢s = ¢.s(fcl.eﬂ/2rg)hcr/(8(h'd)) (7.7N)

where:

#s
#'s
h
her

d

is the adjusted maximum bar diameter

is the maximum bar size given in the Table 7.2N

is the overall depth of the section

is the depth of the tensile zone immediately prior to cracking, considering the characteristic values

of prestress and axial forces under the quasi-permanent combination of actions

is the effective depth to the centroid of the outer layer of reinforcement

Where all the section is under tension h - d is the minimum distance from the centroid of the layer of
reinforcement to the face of the concrete (consider each face where the bar is not placed symmetrically).
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(3) Beams with a total depth of 1000 mm or more, where the main reinforcement is
concentrated in only a small proportion of the depth, should be provided with additional skin
reinforcement to control cracking on the side faces of the beam. This reinforcement should be
evenly distributed between the level of the tension steel and the neutral axis and should be
located within the links. The area of the skin reinforcement should not be less than the amount
obtained from 7.3.2 (2) taking k as 0,5 and o as fx. The spacing and size of suitable bars may
be obtained from 7.3.4 or a suitable simplification (see 7.3.3 (2)) assuming pure tension and a
steel stress of half the value assessed for the main tension reinforcement.

(4) It should be noted that there are particular risks of large cracks occurring in sections where
there are sudden changes of stress, e.g.

- at changes of section

- near concentrated loads

- positions where bars are curtailed

- areas of high bond stress, particularly at the ends of laps

Care should be taken at such areas to minimise the stress changes wherever possible.
However, the rules for crack control given above will normally ensure adequate control at these
points provided that the rules for detailing reinforcement given in Sections 8 and 9 are applied.

(5) Cracking due to tangential action effects may be assumed to be adequately controlled if the
detailing rules given in 9.2.2, 9.2.3, 9.3.2 and 9.4.4.3 are observed.

7.3.4 Calculation of crack widths

(1) The crack width, wx may be calculated from Expression (7.8):

Wik = Srmax (&sm~ &m) (7.8)
where
Srmax IS the maximum crack spacing
&m IS the mean strain in the reinforcement under the relevant combination of loads,
including the effect of imposed deformations and taking into account the effects of
tension stiffening. Only the additional tensile strain beyond the state of zero strain
of the concrete at the same level is considered
&m  is the mean strain in the concrete between cracks

(2) &m- &m may be calculated from the expression:

O's_ktfcti(dl_’_aepp.eﬂ) o
— = p.eff > —Ss
Esm é‘cm E. - 0’6 E-S (79)
where:
fo is the stress in the tension reinforcement assuming a cracked section. For
pretensioned members, os may be replaced by Ao, the stress variation in
prestressing tendons from the state of zero strain of the concrete at the same
level.
Qe is the ratio Es/Ecm
Poctt (As+ &% A Acett (7.10)

Ao and Acex are as defined in 7.3.2 (3)
& according to Expression (7.5)
ki is a factor dependent on the duration of the load
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ki = 0,6 for short term loading
ki = 0,4 for long term loading

(3) In situations where bonded reinforcement is fixed at reasonably close centres within the
tension zone (spacing < 5(c+¢/2), the maximum final crack spacing may be calculated from
Expression (7.11) (see Figure 7.2):

- Neutral axis

- Concrete tension surface

- Crack spacing predicted by
Expression (7.14)

[D] - Crack spacing predicted by
Expression (7.11)

- Actual crack width

Figure 7.2: Crack width, w, at concrete surface relative to distance from bar

Srmax = K3C + KikoKad 1 pp efi (7.11)
where:
¢ is the bar diameter. Where a mixture of bar diameters is used in a section, an
equivalent diameter, geq, should be used. For a section with ny bars of diameter ¢
and n» bars of diameter ¢,, the following expression should be used

2 2
- My + N4 (7.12)
Ny + Ny

¢eq

¢ is the cover to the longitudinal reinforcement
ki is a coefficient which takes account of the bond properties of the bonded
reinforcement:
= 0,8 for high bond bars
= 1,6 for bars with an effectively plain surface (e.g. prestressing tendons)
k, is a coefficient which takes account of the distribution of strain:
= 0,5 for bending
= 1,0 for pure tension
For cases of eccentric tension or for local areas, intermediate values of k; should be
used which may be calculated from the relation:
Ky = (81 + 82)/26‘1 9 (7.13)

Where ¢&; is the greater and &, is the lesser tensile strain at the boundaries of the
section considered, assessed on the basis of a cracked section
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Note: The values of k; and k, for use in a Country may be found in its National Annex. The recommended
values are 3,4 and 0,425 respectively.

Where the spacing of the bonded reinforcement exceeds 5(c+¢/2) (see Figure 7.2) or where
there is no bonded reinforcement within the tension zone, an upper bound to the crack width
may be found by assuming a maximum crack spacing:

Srmax = 1,3 (h - x) (7.14)

(4) Where the angle between the axes of principal stress and the direction of the
reinforcement, for members reinforced in two orthogonal directions, is significant (>15°), then
the crack spacing s;max may be calculated from the following expression:

e 1 7.15
Srmax = “2550 . sing ( )

Srmax,y Srmaxz

where:
6 is the angle between the reinforcement in the y direction and the direction of the

principal tensile stress
Srmaxy Srmax,z are the crack spacings calculated in the y and z directions respectively,

according to 7.3.4 (3)

(5) For walls subjected to early thermal contraction where the horizontal steel area, As does not
fulfil the requirements of 7.3.2 and where the bottom of the wall is restrained by a previously
cast base, srmax Mmay be assumed to be equal to 1,3 times the height of the wall.

Note: Where simplified methods of calculating crack width are used they should be based on the properties
given in this Standard or substantiated by tests.
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E) NEPIOPIZMOZ NAPAMOP®Q3IH2

e [lapapopdpwon Kot pnypatwon n pnypatwon Kat napapopdwon,
«6idupec» adbeAdec...

e ATIQUTNOELC

— Juvaiodnua aodaAeiog Twv xpnoTwv

— Epdavion kat xpnotikotnta

— Neploplopoc kabe eidouc BAaBwv

— MpoPAePn otnv ¢aon «kataokeune (BePaiwe pe
avtioton mpoBAedn otnv peAétn / ota ox€dLa), av eivat
anapaitnto, unepuPwoewv Eulotunwyv (avtl — BeAwv

Kapuewg, pre — camber), BA. ota emopeva.

e AMAOTOLNTIKWG, TEPLOPLOUOC TNG KAWTTLKAG Auynpotntag
(yia optlovtia PpEpovta otolxeia, dokoUC Kol TIAAKEG, LE
otaBepd VP og Slatopnc, h kat d), avadoywg Tou KplLtnpiou
n
AVAAUTIKWE, AEMTOUEPAC UTIOAOYLOUOC TwV BeAwv KApP ewC
(6. Mohr 1] apxn duvatwyv €pywv) Kal EAeyXoC O€ OXEon e
oplakeg TIEG (/250 iy €/500, BA. Mivaka)

KPITHPIO DOPTIZH 2YNAYAIMOZ OPIO
Eudavion, OAa ta dpoptia MaKpoxpovLog £/250
Xpnotikotnta

Meploplopog BAafwyv | Ta doptia petdtny | Makpoxpoviog £/500
nAlvBonAnpwoewv Sdiataén twv Tolywv




e [loAAEc opolotnteg oA Kal Stadopeg petat EC2 kat EKOL.

e BA. oxéoelc £/d «kal, amlomownTikwg, TWHEG Tou [livaka,
avaAOywe Kal Tn¢ katamovnong/tou mocootol OnALGHOoU.

e [poocoxn

o) Mo mAdkeg otaupoeldwc onmMALopEVEC, KABe eidouc,
w¢ UNKoc¢ € voelital To pKkpOTEPO.

B) Mo mAdkeg pe vevpwoelg (kaBe eidoug), To AMATOUUEVO
U oc datounc sivat avénuévo (kata 25 %).

y) Ma rAdkeg kat Sokoug pe £ > 7,0 m, TO ATTALTOUEVO
v oc dratoung eivat avénuévo (ertl leff/7).

8) BA. véeg Slatdéelc yia pukntoeldeic mAdkeg !

o Taoaq Aettoupylac (OKA) cuyxpovwy xaAuBwv (B500C)
o ouyxpova dopnpata :

O ser = (fy/¥s) - (Vroxn / Yeoka)s Vs = 1,15
Yron = 1,07 ko Yeoka = 1,4,

OTtOTE

O ser = 310 MPa (= 0,6 )




e Jtov EKOI «kat oto O&ubaktikotepo [MMap. A, opbwg
urtevOu peTal, OMwWE Kal yla TNV pNYMATWON, N eVOEXOUEVWG
ONUOVTLKA ETIpPON ETILLEPOUC mapayoviwy  Tou
UTTELOEPYOVTAL 0TO TIPORANHA Kal odnyouv (avamnodeukta) ot
auénuevec apepatotntec, onwe :

— H pkpn Tinn ka n petaBoAn tne f (£ 30 %)

— H oAU pikpn T TN avtiotowne €. (< 0,05 %)

— H peyaAn svowobnoia Twv fq KOl € EVOVIL TWV
MPAYUATIKWY  (grutémou)  ouvbnkwv  cuvtipnong,
$OpTIONG K.ATL., KO

— To yeyovoc nwe yo pnypatwpéva otolxeia dev oxUel n
apxn TNG enaAAnAiac.

e [La avaAutikoU¢ eAeyxouc BeAwv kapuPews, utevBupilovtal ol
g&nc Aemtopepéotepec npoPAedelc tou EKOZ, kupilwe yla to
otadio I (BA. kat Eyxeipidro CEB/FIP) :

o) EPMYIMO2
Eite péow «evepyoU» E. , Ecesf = Ecn / (1+9), i (LoOSUVALWG)
ylot UV OELC MEPLTTWOELG LECW TNG OXECEWG
ar= 2, (1+¢),
elte péow npodoBetnc kaunvdotntoag (1/r).=€.d . (1/r)o.
B) XIYZTOAH
Meow pooBeTnNC KAUTUAOTNTOC (1/r)s= €. &/d.

v) OEPMOKPAZIA (OxL mupkayLd)

y.1) Opoiwopopdn avénon
Méow mpocBetnc kapmuAotntac (1/r)y=-¢&. T/d.

v-2) Awadopikn avénon (katw/mavw)
Méeow mpoaBetng KapmuAotntac (1/r)ar = + oy . AT/d.



8) O HeElWTIKOCG cuvteAeoTNG €, ekppAleL TNV EVUVOIKN EMLPPON
(auBAuvon twv eniPoAopevwyv TapapopPwWoEwWY) TOU
OmMALOpOU, Kal kKata EKOZX tooutat (armAomotnTikwe) LE :

&(1—%)20,5.

BeBaiwg, Oa pmopoloov va  uloBetnbolv kot
«aKPLBECTEPESH eKPPATELG, OLAPOPETIKEC YLl EPTIUCHO N
ouoTtoAn § Bepuokpacia K.ATT.

g) TEVLKWG, YLO YPOUULKN ox€on HETAEL evtaoews/dopTioswg
KOL QVOMTTUCOOUEVNC TACEWG OTLC pABdoug omALooU (yLa
Kopmtopeva f epeAkuopeva otolxeia), o EKOZ nmpoteivel :
(05:/0s) = (Mcr/Mser) 1 (Ner/Noey), OTTOU
M = We . [fam - (Nser/A], via kapn/ammAn 1 cuvOetn
N, =A.:. fom
A. kol W, : gpufadov dlatopnc kal pomn aviiotaong tng

TAEoV edeAkuOpeVNG (voc wWC¢ TpoC ToV
oubdétepo dafova vylwa tnv Olatoun ToU
OKUPOSEUOTOC LOVOV (XWwpLE Toug OTALOHOUC).

Inuavtikg urevlouon: K= E.. I, (>>K)
Ky (0,45+0,75) E, . A, . d*

(BA. kot KANENE)



JUCTACELC TIPOC MEPLOPLGUOV TWV BEAWV KAUPEWC

e Alopopdpwon cuotnUATwY TIou Teplopllouv TIC O0TPOdEC OTLG
ebpaoelc kat atnpiéelc (ouveyxels, umepotatikol dpopeic)

e [pooavénon (evdexopévwe) tou ouvieAeoty OSopntikou
ovotnuatog (o n 1/kK) og MEPUITWOELC UEPLKNC TIOUKTWOEWC
OUVEXWV OTOLYELWV

e Xprion KAANG KOl EAEYUEVNG TIOLOTNTAC OKUPOOSEUATOC, HE
HLKpr 600N TOLEVTOU KOl LKPO AOYO VEPO/TOLUEVTO

® JUOTNUOTLK KOl TOPATETAUEV ouvinpnon (katd KTY),
eMAPKAC dlatripnon twv EUAOTUTIWV KoL OKAjpuvon TPV Ao

Vv poption

e Meilwon tacewv okUpoSEPATOC (Kal OTMALOHOU), TIEPLOPLOKOG
Xpoviag oupnepldopag, TNPOoBeToC SLAPAKNG  OTMALOHOC,
epeAkuopevog aAla kai BALBOpEVOC, Xwpig uTtepBOAEC

e [leploplopOG TOU HNKOUG KAL TNC ETILPPONG TWV TUNUATWY
UTo pnyuatwon (m.x. mpoévtaon)

e Ynepupwoelg Eulotunwyv (avti-BEAn kaupewe, pre-camber),
otnv ¢aon kataokeun¢ (ue mpoPAedn otnv HeAeTn/ota
oxedla) :
prf<8/250 [ poviua ¢. + epmuopocg (+ cuoTtoAn) ]
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7.4 Deflection control
7.4.1 General considerations

(1)P The deformation of a member or structure shall not be such that it adversely affects its
proper functioning or appearance.

(2) Appropriate limiting values of deflection taking into account the nature of the structure, of
the finishes, partitions and fixings and upon the function of the structure should be established.

(3) Deformations should not exceed those that can be accommodated by other connected
elements such as partitions, glazing, cladding, services or finishes. In some cases limitation
may be required to ensure the proper functioning of machinery or apparatus supported by the
structure, or to avoid ponding on flat roofs.

Note: The limiting deflections given in (4) and (5) below are derived from ISO 4356 and should generally
result in satisfactory performance of buildings such as dwellings, offices, public buildings or factories. Care
should be taken to ensure that the limits are appropriate for the particular structure considered and that that
there are no special requirements. Further information on deflections and limiting values may be obtained from
1SO 4356,

(4) The appearance and general utility of the structure could be impaired when the calculated
sag of a beam, slab or cantilever subjected to quasi-permanent loads exceeds span/250. The
sag is assessed relative to the supports. Pre-camber may be used to compensate for some or
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all of the deflection but any upward deflection incorporated in the formwork should not generally
exceed span/250.

(5) Deflections that could damage adjacent parts of the structure should be limited. For the
deflection after construction, span/500 is normally an appropriate limit for quasi-permanent
loads. Other limits may be considered, depending on the sensitivity of adjacent parts.

(6) The limit state of deformation may be checked by either:
- by limiting the span/depth ratio, according to 7.4.2 or
- by comparing a calculated deflection, according to 7.4.3, with a limit value ,

Note: The actual deformations may differ from the estimated values, particularly if the values of applied

moments are close to the cracking moment. The differences will depend on the dispersion of the material
properties, on the environmental conditions, on the load history, on the restraints at the supports, ground
conditions, etc.

7.4.2 Cases where calculations may be omitted

(1)P Generally, it is not necessary to calculate the deflections explicitly as simple rules, for
example limits to span/depth ratio may be formulated, which will be adequate for avoiding
deflection problems in normal circumstances. More rigorous checks are necessary for members
which lie outside such limits, or where deflection limits other than those implicit in simplified
methods are appropriate.

(2) Provided that reinforced concrete beams or slabs in buildings are dimensioned so that they
comply with the limits of span to depth ratio given in this clause, their deflections may be
considered as not exceeding the limits set out in 7.4.1 (4) and (5). The limiting span/depth ratio
may be estimated using Expressions (7.16.a) and (7.16.b) and multiplying this by correction

_factors to allow for the type of reinforcement used and other variables. No allowance has been
made for any pre-camber in the derivation of these Expressions.

3
2

é:K 11+1,5J§&+3,2J§[&—1J if p< g (7.16.a)
p p

o oy 1 ' ,
L= K[11+15,F, +—F, f— if p> 7.16.b
d i kp_p. 19 Ve Po} P~ ( )

where:

I/d is the limit span/depth

K is the factor to take into account the different structural systems

o is the reference reinforcement ratio = 'fck-10'3

p is the required tension reinforcement ratio at mid-span to resist the moment due to
the design loads (at support for cantilevers)

o is the required compression reinforcement ratio at mid-span to resist the moment due
to design loads (at support for cantilevers)

fo is in MPa units,

Expressions (7.16.a) and (7.16.b) have been derived on the assumption that the steel stress,
under the appropriate design load at SLS at a cracked section at the mid-span of a beam or
slab or at the support of a cantilever, is 310 MPa, (corresponding roughly to fx = 500 MPa).
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Where other stress levels are used, the values obtained using Expression (7.16) should be
multiplied by 310/cs. It will normally be conservative to assume that:

31 O / Os = 500 /(fyk As,req/ Aslprov) 5 (717)
where:
Os is the tensile steel stress at mid-span (at support for cantilevers) under the design

load at SLS
Asprov IS the area of steel provided at this section
Asreq Is the area of steel required at this section for ultimate limit state .

® Forflanged sections where the ratio of the flange breadth to the rib breadth exceeds 3, the
values of //d given by Expression (7.16) should be multiplied by 0,8.

e For beams and slabs, other than flat slabs, with spans exceeding 7 m, which support partitions
liable to be damaged by excessive deflections, the values of //d given by Expression (7.16)
should be multiplied by 7 / le (fer in metres, see 5.3.2.2 (1)).

e Forflat slabs where the greater span exceeds 8,5 m, and which support partitions liable to be
damaged by excessive deflections, the values of //d given by Expression (7.16) should be
multiplied by 8,5 / less (fesr in metres).

Note: Values of K for use in a Country may be found in its National Annex. Recommended values of K are
given in Table 7.4N. Values obtained using Expression (7.16) for common cases (C30, o; = 310 MPa, different
structural systems and reinforcement ratios o= 0,5 % and p = 1,5 %) are also given.

Table 7.4N: Basic ratios of span/effective depth for reinforced concrete members without axial

compression dcgl _ e
- -

Concrete highly stressed Concrete lightly stressed
Structural System K 0=15% 0= 0,5%

Simply supported beam, one- or
supported slab

End span of continuous beam or

way spanning slab continuous over
one long side

Slab supported on columns without
beams (flat slab) (based on longer
span)

1,2 17 24

Note 1: The values given have been chosen to be generally conservative and calculation may frequently
show that thinner members are possible.

Note 2: For 2-way spanning slabs, the check should be carried out on the basis of the shorter span. For
flat stabs the longer span should be taken.

Note 3: The limits given for flat slabs correspond to a less severe limitation than a mid-span deflection of
span/250 relative to the columns. Experience has shown this to be satisfactory.

The values given by Expression (7.16) and Table 7.4N have been derived from results of a parametric study
made for a series of beams or slabs simply supported with rectangular cross section, using the general
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approach given in 7.4.3. Different values of concrete strength class and a 500 MPa characteristic yield strength
were considered. For a given area of tension reinforcement the ultimate moment was calculated and the quasi-
permanent load was assumed as 50% of the corresponding total design load. The span/depth limits obtained
satisfy the limiting deflection given in 7.4.1(5). )

7.4.3 Checking deflections by calculation

(1)P Where a calculation is deemed necessary, the deformations shall be calculated under
load conditions which are appropriate to the purpose of the check,

(2)P The calculation method adopted shall represent the true behaviour of the structure undér
relevant actions to an accuracy appropriate to the objectives of the calculation.

(3) Members which are not expected to be loaded above the level which would cause the
tensile strength of the concrete to be exceeded anywhere within the member should be
considered to be uncracked. Members which are expected to crack, but may not be fully
cracked, will behave in a manner intermediate between the uncracked and fully cracked
conditions and, for members subjected mainly to flexure, an adequate prediction of behaviour is
given by Expression (7.18):

a=layt (1-4)a (7.18)

where
a is the deformation parameter considered which may be, for example, a
strain, a curvature, or a rotation. (As a simplification, « may also be taken as a
deflection - see (6) below)
o), oy are the values of the parameter calculated for the uncracked and fully
cracked conditions respectively

¢ is a distribution coefficient (allowing for tensioning stiffening at a section) given by

Expression (7.19):

£=1 ,B[G—J (7.19)

Os

¢ = 0 for uncracked sections

g is a coefficient taking account of the influence of the duration of the loading

or of repeated loading on the average strain

= 1,0 for a single short-term loading

= 0,5 for sustained loads or many cycles of repeated loading

Os is the stress in the tension reinforcement calculated on the basis of a

cracked section

osr  Is the stress in the tension reinforcement calculated on the basis of a
cracked section under the loading conditions causing first cracking

Note: oy/os may be replaced by M./M for flexure or N/N for pure tension, where M, is the cracking moment
and N, is the cracking force. _IE \ EkKoX

(4) Deformations due to loading may be assessed using the tensile strength and the effective
modulus of elasticity of the concrete (see (5)).
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Table 3.1 indicates the range of likely values for tensile strength. In general, the best estimate
of the behaviour will be obtained if fum is used. Where it can be shown that there are no axial
tensile stresses (e.g. those caused by shrinkage or thermal effects) the flexural tensile strength,
fotm s, (S€€ 3.1.8) may be used. _Q_FEC':‘L(:,\/

(5) For loads with a duration causing creep, the total deformation including creep may be
calculated by using an effective modulus of elasticity for concrete according to Expression
(7.20):

E
E - cm
ceff 1 N (D(Oo,to) (720)

where:
#o0,to) is the creep coefficient relevant for the load and time interval (see 3.1.3)

(6) Shrinkage curvatures may be assessed using Expression (7.21):

L) (7.21)

1/res is the curvature due to shrinkage
Ecs is the free shrinkage strain (see 3.1.4)
S is the first moment of area of the reinforcement about the centroid of the section
! is the second moment of area of the section
Cle is the effective modular ratio
Qe = Eg [ Eg eff

S and /should be calculated for the uncracked condition and the fully cracked condition, the
final curvature being assessed by use of Expression (7.18).

(7) The most rigorous method of assessing deflections using the method given in (3) above is
to compute the curvatures at frequent sections along the member and then calculate the
deflection by numerical integration. In most cases it will be acceptable to compute the deflection

twice, assuming the whole member to be in the uncracked and fully cracked condition in turn,
and then interpolate using Expression (7.18).

Note: Where simplified methods of calculating deflections are used they should be based on the properties
given in this Standard and substantiated by tests.
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