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Table 3-4  Diversity in deemed-to-satisfy rules of selected countries

Country Diversity in deemed-to-satisfy rules and permitted types of cement
| Spain/(E) CEM VA CEM B, CEMIIY, | Others combined with a higher
ZEM I/B-%,B-P BV A-D ccver for same wic-ratio (for XSI,
combined with a lower cover for | XD|, X52), for other exposure
same wic-ratio classes a service-life design is
required
aAyRSY S3eéSBHADS ! yi INBL | For{ggP) d |/A-D, CEM II/B, CEM II/A, | CEM |, CEM II/A
- _ A z z z < CEM IN/A CEM I'YB ower w/c-ratio for
I £ 8361668y O NKIFGs|HY 020 o ha st |ofRET 7% s
i A & E TS 3~ d F R Combined with a higher wic-
hogymllyen OS Y? X lil S,\ 1’ K hZ?g‘yg:Sl t ff In lqj 5_ 1; ratio for same cover
1. N‘y eS| SuA 2al Ot Gr@xtﬁridain%ﬁ) XSroups of types of cement combined with w/c-ratio correlated with

cover

Netherlands (NL) | All types of cement; same cover and w/c-ratio within each exposure

class

'United States of America (USA)
Australia (AUS)

| 1:2000+NA (2007)
ACL-318-14 (2014).,AASHTO LRFD Bridge (2012)
A$ 737600 (200?#

Same cover and w/c-ratio within e

Councry [ Specifications considered Germany (D) All except: CEM II/B-L, CEM II/B-LL, CEM II/A-W, CEM II/B-W,
CEM III/C*, CEMV/A
:"”'“ '-E: - E:Esﬁ(zooe'zom N TR FTY T Same cover and wi/c-ratio within each exposure class
e £ ol il S sy Denmark (DK) | XDI, XS, XS2: X53, XD2, XD3:
| Great Britain (GB) | BS B500-1 (2006). BS 8500-2 (2006), BS EN 1992-1- CEM |, CEM I/A-L, CEM IVA-LL | CEM | and CEM IVA-V
1 +NA (2005), BS EN 206-1 (2000) and CEM II/A-V
Netherlands (NL) NEN 8005 (2008). NEN-EN 1992-1-1/NA (2011), ratics with
| | NEN-EN 206-1 (2001) Same cover and wi/c-ratio within each exposure class
Germany (D) DIN 1045-2 (2008), DIN EN 1992-1-1+NA (2013),| | Norway (N) XDl, X5S1: AD2, XD3, X582, X53:
' | DIN EN 206-1 (2001) CEM |, CEM II/A-5,CEM II/B-S, | CEM | + 4 M.% SF/c., CEM II/A-S,
Denmark (DK) DS 2426 (2011), DV/EN 1992-1-1 DK NA (2011), DS CEM II/A-D, CEM II/A-V, CEM CEM II/B-S, CEM II/A-D, CEM II/A-V,
— | EN 206-1 (2001) — II/B-V, CEM III/A CEM II/B-V, CEM III/A
Norway (N) NS-EN 1992-1-1 :2004+NA (2008), NS-EN 206-

ach exposure class

United States of
America (USA)

All cement types have same w/c-ratio but different cover for exposure

conditions

Australia (AUS)

Mo recommendations on type of cement and w/c-ratio: durability is
verified with respect to compressive strength combined with cover

fib bulletin 76
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Durability of concrete and main influences
RH: Relative humidity, PSD: Pore size distribution

Most important parameters (very simplified)

Property : . :
w/c or w/B w/CaO, . cive WISIO; reactive Entrained air Na,O,,
S P N : . +++
YI Uu! |y e ==+ Nalbahation resistance + RH. PSD
. +++ and PSD,
Y1 G1! | y g |=pF NCRIDridelresistance & exposure cond.,
incl. carbonation
: +++
oo~ oA Freeze thaw resistance + i
W 5 al oS y minimum temp.
.z _ N resistance + + + ++
1 ol | )/e F3F ﬁsggsﬁ and reactivity of
aggregates and
exposure conditions
YI O |y & |—3F Nedching resistance + ++ ++

all Saiasiirstt + S

—)

T 1SY(tO3Y DS Sydly d &

(@

I GF NlGsaatax 2SttSyi1 1S

fib Hungarian Group, 12-10-2023, BME, Budapest
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http://www.fib.bme.hu/2023-10-12%20Swiss/Performance%20based%20concrete%20design_Hunkeler BME_12.10.2023_



Al {IND2yt282Rt 442 SttSytttta SIBEIaAfyYBHEN VSTHRNUDE
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AT StSYl swCagl, SMNEWE IRI Vi ligy2BHd2a2Rt aA Sttt Syttt
dzlis 1 ST St Sar Sa (I NyeSIi SGAF{ANNDbEFYy&Gh 2R AYiGtSYy 0S¥

From: Report of RILEM TC 281-CCC: insights into factors affecting the carbonation rate of
concrete with SCMs revealed from data mining and machine learning approaches
parameter used in the factor
time - —_—
temperature{ - ) beton kora
strength A > o
humidity - — < LX* NI G |
CO, >
Caoreactive y 'Q_ < CaQeacﬂve
0.1 1.0 10.0 100.0
factor values
C 2 NMdll@aeht A., Gluth, G.J.G., RogierseBal. Report of RILEM TC 28LC: insights into factors affecting the carbonation rate of concrete with SCMs revealed from data !

mining and machine learning approachkkater Struct57, 206 (2024). https://doi.org/10.1617/s11520724-024650



. . . _ . pr s TAJEKOZTATO JELLEGU
A karbonatosodas okozta acélkorrozio kezdeti fazisa

Jcementfajtatal figgden, c,;,=25 mm és x=0.5 viz-cement tényezd esetére/

50
1 o
] . U' /
45 - - . o
] Azonos viz-cement tényezével és betonfedéssel készitetl szerkezetek
40
1 [ ]
E L. | e BE 2R
£ 35 - e
A CEMV/B P CEM I1/B-LL CEM II/B-LL CEM 1
20 30 | Il.J' (altalaban) (Vac) /
. Cin=25 mm betonfedes 2\ % m
i a-d-ccLo
e =
] 1 [ 3
B 20 3 1
8 o s’
*m 15
- Ot & = Ezért j6 llapotuak
5 10 - tobbnyire a panelhazak
= teherhordo szerkezetei
5
0

50 100

Szerkezet kora, log év

A karbonatosodasi figgvenyek az x =kxvt képlet alapjan szamolt adatokkal keésziltek.
A beton viz- és reakcidképes mésztartalmabdl a Leemann-féle becsléképlettel (k=8,3xw/Ca0,.,,.-%.7) szamoltuk az egyes betondsszetételek
varhato karbonatosodasi egylitthatodjat, mely az alabbiakra adodott: ke =2.1; keepuysn sitatdban =235 Keemisir vic =4-0 €S Keppg yg=12.5 mm/vev
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BAWMerkblatt: Dauverhaftigheitsbemessung bei Carbonatisierung und Chlorideinwirkung, Ausgabe 2019

Kitoltetlen hezagok Ungeniigend verpresste

karbonatosodas miatt

e

e

Zementart | Alterzexponent
I nach EN 497-1:2014 [ 3] Ctapp DEW. i [-] |
CEM{ 0,30
CEM NI/ 475 0,359
CEMII/E § L oo \/
CEMII/A-D 0400 - |
CEMII/A-P 0,409
CEMII/B-F 0,409
CEMII/A-Q 0,409
CEMII/B-Q 0,409
CEMII/A-V 1) 0,603
CEMII/B-V 0,60 4
Spannglieder CEMII CEM II/A-W -6
19% CEM II/B-W -6
Acélbetétek depasszivalodasa a CEMI/AT o0t
CEM II/B-T 0,409
CEMII/A-L 0,309
Depassivierung der Bewehrung CEMII/B-L s
durch Karbonatisierung CEMII/A-LL 0,304
8% CEMII/B-LL -8
CEMII/A-M -6
CEMII/B-M -6
CEMIII/A 0,409
Chloridgehalt auf Héhe der CEMIII CEM I1I/B 0.45%
Bewehrung > 0,4 M.-%/z CEMIII/C 0.459
73 9 eI CEMIV/A —e)
CEMIV/B -
Magas kloridtartalom a betonfedés mélységében CEMV/A "
CEMV
CEMV/B -6
CEMIII/A + ca. 10% Flugasche 2 0.504
CEM II 51+ ca. 20 9% Flugasche 2) 0,554

! Flugaschegehalt mindestens 18 ML.-%: /Gesamtmasse
1V wirksame Bindemittelart; Zusammensetzun

nit den Zementarten nach DIN EN 197-1 nicht abbildbar

aS1

l|1ts[UJ3aYé|33/5| 6 Sz y
1FNDFYyGr NIt Al

auf Basizs von Untersuchunzen abgeleiteter Wert

auf Basis der Zementzusammensstzung angenommensr Wert
5 CEM [1/A-5, CEM II/B-5, CEM [[/A-T, CEM I[/B-T, CEM I[/A-LL
} Zementart gemaf DIN 1045-2 fir X5/XD nicht zugelassen

R

Tabelle 4.1:  Altersexponenten ctp, (vereinfachend, falls keine Chloridprofile zu mehreren Zeftpunkten vorha

den sind} bzw. cacw in Abhdngigkeit der Zementart



ZTV-W LB 215 (2012).
&I O "AOITTA AAO %@gbi OEO
werden;

A - CEM I und CEM II-Zemente nach (22), in Verbindung mit Flugasche als Betonzusatzstoff, wobei der
Flugaschegehalt mindestens 20 M.-% von (z+f) betragen muss.

A - CEM III/A in Verbindung mit Flugasche als Betonzusatzstoff, wobei der Flugaschegehalt mindestens
10 M.-% von (z+f) betragen muss.

T

| T OEIl AOOAT 8%$¢h 83¢h 8%$0c «

A - CEM III/B.
ADINEN206 Iy S& -0 Sy bY@ ndp2]1 YAYRSYd YSISYISRYS|I RS
Yt NI (2Y2ftéelty @Sal Al F 1ft2NAR1I2NNBI A5

Forras: Betondeckung und Bewehrung Sicherung der Betondeckung beim Entwerfen, Herstellen und Einbauen der Bewehrung sowie des Betons nach Eurocode 2 — Deutscher Beton- Und Bautechnik Verein E.V.



Total Replacement Costs — 35 Year Outlook to
Replace Bridges at Age 70

Costs for Bridges Currently Structurally Deficient
_| or Currently Over 70 are Spread over the Next 25 Years

35 Year Funding Outlook to Replace Bridges at Age 70
50
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RTRATFRIC

Service Life Design of Concrete Elements

IBC Workshop: W-8 Service Life Design

Neil Cumming, FEC, FACI, P.Eng.
COWI North America Ltd.

June 14, 2018

e

1.5, Department of Transportation
Federal Highway Administration
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Durability Of VDOT'S

Bridge Durability — New Construction
Emphasis on Value of Investment
Small Cost Increases Substantially Improving Durability
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Equivalence between structural and durability design

A D, —-

Exposure class X33, XC4

Required geometry
Design or design tables

E.g. self-weight, life-load

S
az éSY uééx
S 3

Material resistance class Material resistance class A aAl Aé’r f G021 A1 K )
Chloride resistance class Carbonation resistance class ! 1 g c ~ § f f, S y.* ftt an ~ 2 i? I
o altvyal SNEaNGaN] T 8§13
21 SYoSyA SttSyt il
Proofing compliance
Performance under standard conditions
. | KFaGtaztRIEE2y oL) @
| L | alt vyal SNEaNGeN] |
XRDS 2 XRC7 C35/45
Environmental load Performance under exposure Load
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2. Evolution and key changes in Eurocode 2, EN 1992-1-1

General - EN 1992-1-1: al NJ YyY§gesSt éyu | 0SS K

B Design provisions based on physical models; independent of type of al S NJ]_ SI SuUS 1_ USNIJSI E
member; sufficiently detailed for existing structures; simplified for new MSZEN 1992-M Y H T H N 3 T I O ¢
structures.

(angol nyelven)
B General, regularly used provisions given in main part Clauses 4 - 14;

provisions for special members and materials in Annexes. Example:

Simplified verification for fatigue in Clause 10; detailed verification in b S YT é l:l A FVQ 2 1. dzY é y‘ lj dzY 2 fl 1
Annex E. _ c

0 S@ST SGsSa KIFGt NARS2ES
B Integration of bridge part (EN 1992-2:2005) into EN 1992-1-1, with
provisions specific to bridges only in Annex K.

B Integration of containment part (EN 1992-3:2006) into EN 1992-1-1, with

provisions for restraints / cracking at early age in Annex D and for leak
tightness in Annex H. D
DIBt EUROCODE Conference | Berlin | 24 May 2023 4 of 32
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2. Evolution and key changes in Eurocode 2, EN 1992-1-1

Clause 6 Durability and concrete cover - EN 1992-1-1:

B Clause 6 introduces new performance-based approach for durability design:
Effects of exposure of member (t) < Exposure-resistance of member (1) as f(3).

B Effect of exposure over time (t) considered with recognised models for ! 0Su 2)/ ,|' )/ el EI,YAZ F
carbonation and chloride ingress. _ YI3el NI Fal kSl Sf

B Resistance of concrete is grouped into Exposure Resistance Classes (ERC): Kt G S NR 2 1 dzY't 0|
- for new types of concrete (without sufficient experience) or all types based on 6 Background Documeat U

performance testing acc. to EN 12390-xy or national test procedures
- for known types of concrete (with sufficient experience) can be determined
based on deemed-to-satisfy rules

— proof of conformity according to EN 206-100 (under preparation).

B ERC-Concept currently developed for corrosion of reinforcement in carbonated
concrete and induced by chlorides (future extension to freeze-thaw, chemical
attack, etc.).

[

YY1l Ay3eSysS 2yt AYS 1 2%1FISYUS
e

DIBt EUROCODE Conference | Berlin | 24 May 2023

.38 1+NE K23& | aSN¥yl 1 YIYIN

17



FONTOS!

ALAPDOKUMENTUM,] @2 ad/I 0 @0t yé nAay JI2CKRISBESyy Yy Sadl f G§KS
https://dokumen.pub/qgdownload/eurocode?-designrof-concretestructuresbs-en-1992-1-1-2023.html
I OF NIhs&aat 33art (1 LOaz2zftlG2a AydakNooldadA smipnyI @F REIE Y 54 G

¢CO[ W9{ | #¢¢; wS5hYpbldaDiooBAVIBMENSESY  SiGl f G KSO!
https://concrete fsv.cvut.cz/~drahomic/Pomucky/FprEN_1992-BD.pdf < Background Document
I OF NIs&aat 3art (11 LOaztl (2a AlLgIFoRla tyOriys 12 tLBAFGAGUs K2 & & |

Afib MagyarTagozatk 2 y f | L2ty A& St SNKSG! S3@& YI3édlNIils

http://fib.bme.hu/2023-12-08-Webinar/2nd%20Generation%20Eurocode%202%20Concrete%20Structures%20
%20GANZ%202022-08-final.pdf
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Structural collapse
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Loss of section
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Figure 1.1 is a schematic illustration of damage degree and end of design service life (blue arrow)
of the reinforcement at the end of design service life just before visible cracking (generalized
corrosion in the case of carbonation) or before cracking occurs (localized corrosion in the case of

chlorides)
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Thedefinition in EN 19921-1 of the limit state
representing the end of the design life includes a
certain period of active corrosion till a depths@>m
In case of carbonation and 580 pitting in thecase
of chlorideinitiated corrosion.
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carbonation depth, mm

XRC classes, characterist value 90% fractile carbonation depth (x.= k*t°5)
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Figure 2.1.2: Ranking between corrosion initiation phase and corrosion propagation phase
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Figure 2.1.4: Corrosion rates in dependency of moisture conditidnigure 2.1.5: Corrosion loss for crack development in dependency of
concrete cover versus rebdiameter according to [Hunkeler et al. 2006]

[Hunkeler et al. 2019]
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Atmospheric CO, at Mauna Loa Observatory
%6 (5= [2- (ke Ridoo +50-Cor JFo T WD) E Eq. (5) & E i
290+ NOAA Earth System Research Laboratory ]
(e 25 g A«o- .
ke = | 2 Eq. (6) | £
(1‘(E] ) E sof | e
2y Pe N o i 380
ke=(%) Eq. (7) - S &
—_— o o mm we % & W E PR
0.0767 - 0.07674W SELOLL Yeek
w(t) = (- ) = (= ) Eq. (8)
3.0 Tie 3.0 T D — for TOW x pdr = 0.
Where ke and W(t) can be expressed by Eq. (9) 25 1o bowsdes 5d I e sl il
56 + CEM10.56 with 0, 10,120, 25% FA 55 "“:"'29;':13‘::5:(1)
JE' wi(t) = [Jk_ﬂ.-ﬂ.ﬂ?ﬁ?’"] T Eq. [Q] . = « CEMIwe=060
- 15 - ;—; 15 4 CEM IVA-S wic=0.45
RHe relative humidity conditions [%] CAREE = S 10 s o e
ke accounts for a relative humidity deviating from 65% 08 N 05 {Qgyi-b el i
ke _accounts_fur the water curing time t. in_ day different from 7 day wa.ter curing O T e o e o 00 bk o commBweos
W(t) is afunction that reduces the carbonation rate, when exposed to rain and exposure starts at a BH %) t[year]
concrete age of 28-day
ks is a regression parameter [-] n=1.25, =0.35 g \\ e Mm ow
———— W rain
Racco is the inverse carbonation resistance of concrete [mm?.year'kg?.m?] ) ot
Et error term for inaccuracies which occur conditionally when using the accelerated test method
in [mm*.yeartkg’.m’] pn=315.5, c=48
C. is the CO; concentration of the ambient air [kg/m?®] i = 0.00082, o= 0.0001
be exponent [-] u =-0.567, o=0.024
bu exponent [-] u=0.446, 5= 0.163
ToW  time of wetness [-]
Par probability of wind driven rain [-]
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Table 6.3 (NDP) — Minimum concrete cover €minur for carbon reinforcing steel — Carbonation

conditions (400 ppm CO: in a constant 65 %-RH environment and at 20 °C). The designation value of XRC has

AlaborSa | KSf &
GalN) YAFTSNI FI

Exposure class (carbonation)
XC1 XC2 XC3 Xc4
ERC
Design service life (years)

50 100 50 100 50 100 50 100
XRCO0,5 10 10 10 10 10 10 10 10
XRC1 10 10 10 10 10 15 10 15
XRC2 0 | 15 | 10 | 15 | 15 | 25 | 15 | %S NOTE3 The minimum covers can be increased by an additional safety element Acaury considering special
XRC3 10 15 15 20 20 30 20 30 . » 1 d, ¥
XRC4 10 20 15 25 25 oy 25 20 requirements {'E'g more extreme environmental con ]UGHS).
XRC5 15 25 20 30 25 45 30 45
XRC 6 15 25 25 35 35 55 40 55
XRC7 15 30 25 40 40 60 45 60
NOTE 1 XRC classes for resistance against corrosion induced by carbonation are derived from the carbonation
depth [mm)] (characteristic value 90 % fractile) assumed to be obtained after 50 years under reference
conditions (400 ppm CO; in a constant 65 %-RH environment and at 20 °C). The designation value of XRC has
the di . .
NOTE2 The recommended minimum concrete cover values ¢mindur assume execution and curing according to

N 13670 with at least execution class 2 and curing class 2.
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A.3 Reliability associated to the end of design service life

(1) The reliability of the limit state associated to the end of design service life can be verified by
different methods. Figure A.2 [xx]shows two methods. In Figure A.2 a) the reliability limit state
associated to the end of design service life is verified by deducing the ingress depth from concrete
cover depth at initiation time. In Figure A.2 b) the limit state associated with the end of design
service life is verified by deducing the degradation time, which is the sum of initiation time and
corrosion propagation time, from design service life.

a) b}
Relative frequency [-]

Cyeaftini)
Syfcorit, tini.  Te

Relative frequency [-] - L c
"ta{tini];
"(l::r'll. lini}

s Pr
0 %, Brog p x(Ca.Cl)c W
[ jM\ Priiniecor) ni ¥ torop
T
OLB__‘"{E__J, Kz z

Figure A.2 - Verification of the reliability associated with the end of service life a) by deducing the
carbonation/chloride depth x at initiation time ti, (load) from concrete cover depth ¢ (resistance)
and b) by deducing the sum of initiation and corrosion propagation time from design service life

(2) Eq. A.2 and Eq. A.3 show the limit state functions associated with the two verification
approaches a) and b) from Figure A.2 a) and b), where g(X) is the limit state function and c is the
concrete cover in mm.

Q(X) =c—x(tini) <0 (A.2)

Q(X) = t.S‘L - (tini + tprop) <0 [A.3)
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Table 6.3 (NDP) — Minimum concrete cover Cuin,dur for carbon reinforcing steel — Carbonation

Exposure class (carbonation)
XC1 XC2 XC3 XC4
ERC
. _ A P . Design service life (years)
ut ot
y. q A gOA | a H0 0 50 100 50 100 50 100
- O-S-NJJS
XRC 0,5 10 10 10 10 10 10 10 10
XRC1 10 10 10 10 10 15 10 15
yixgar £ F2@BE| 5] 21 ® 15 15 25 15 25
Ixeick 3 1 Siv U 2854[0 A 20 20 30 20 30
Q)?RE\AEB u S Yol | c g@ ad I U bsU 25 35 25 40
Yxrezt 0T &N ff 2 U b | B33 25 45 30 45
OH—NHNA—6SBS+StKSo
XRC6 15 25 25 35 35 55 40 55
XRC7 15 30 25 40 40 60 45 60

NOTE1 XRC classes for resistance against corrosion induced by carbonation are derived from the carbonation

ﬂE‘ th [mn (Chara E'l‘lStl value 20 % fractilelas ed to be obtained after 50 years under reference
011 [@U P C 2 1 ) a -':m&aat @ "/UR v1in§e1)fahld at 20 °C). The designation value of XRC has

E tyle @lmﬁnsam of a carbonation rate [mm/+ (years)].

WNOTE 2 The recommended minimum concrete cover values Cmindur assume execution and curing according to

EN 13670 with at least execution class 2 and curing class 2.

NOTE 3 The minimum covers can be increased by an additional safety element Acdur,y considering special
requirements (e.g. more extreme environmental conditions).
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Table 6.4 (NDP) — Minimum concrete cover Cmindur for carbon reinforcing steel — Chlorides

QX

| G m)

Exposure class (chlorides)
X511 XS§2 XS3 XD1 XD2 XD3
ERC
Design service life (years) Design service life (yvears)

50 100 50 100 50 100 50 100 50 100 50 100
XRDS 0,5 20 20 20 30 30 40 20 20 20 30 30 40
XRDS 1 20 25 25 35 35 45 20 25 25 35 35 45
XRDS 1,5 25 30 30 40 40 50 25 30 30 40 40 50
XRDS 2 25 30 35 45 45 55 25 30 35 45 45 55
XRDS 3 30 35 40 50 55 65 30 35 40 50 55 65
XRDS 4 30 40 50 60 60 80 30 40 50 60 60 80
XRDS 5 35 45 60 70 70 — 35 45 60 70 70 —
XRDS 6 40 50 65 80 — — 40 50 65 80 — —
XRDS 8 45 55 75 — — — 45 55 75 — — —
XRDS 10 50 65 80 — — — 50 65 80 — — —
NOTE 1 XRDS classes for resistance against corrosion induced by chloride ingress are derived from the depth
of chlorides penetration [mm] (characteristic value 90 % fractile), corresponding to a reference chlorides
concentration (0,6 % by mass of binder (cement + type Il additions)), assumed to be obtained after 50 years on
a concrete exposed to one-sided penetration of reference seawater (30 g/1 NaCl) at 20 °C. The designation value
of XRDS has the dimension of a diffusion coefficient [10-13 m*/s].
NOTE 2 The recommended minimum concrete cover values cmindur assume execution and curing according to
EN 13670 with at least execution class 2 and curing class 2.
NOTE 3 The minimum covers can be increased by an additional safety element Acdury considering special
requirements (e. g. more extreme environmental conditions).
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Table B.2 - Examples of maximum average values to be obtained in laboratory tests to Table B.4 - Examples of maximum average values to be obtained in laboratory tests to
meet the requirements of each ERC class meet the requirements of each XRDS class for different ageing factors
XRC class Maximum average values by prEN 12390-10:2025 (chamber) XRDS class | Maximum average values by EN pr12390-11:2025 (90 days) x
mm/year?s 10-2m?/s )
exe — 1 exe — 1 45 g~ —
% % ' | az03 az 0,4 f @205 €z 06 \
nxrc = 0,05 Nxrc =0 nxrc = 0,05 Nxrc=0
0,5 0,2 0.3 0,5 0.8
0,5 0.4 0.4 0,3 0,2 1 0,3 0,6 0,9 1,6
1 0,9 0,7 0,6 0,5 1,5 0,5 0.8 1,4 2.4
2 18 14 1,2 1,0 2 0,7 1.1 1,9 3.2
3 2,6 2,2 1.8 1,5 3 1,0 1,7 2,8 4.8
4 3,5 2,9 2.4 2,0 4 1,3 2,2 3,8 6,4
5 4,4 3.6 3,0 2.5 5 1,6 2,8 47 8,0
6 5.3 43 3.6 3.0 6 2,0 33 57 9,6
7 6.2 5.1 42 3.5 7 2,3 3.9 6,6 11,2
9 73 65 55 15 8 2,6 4,4 7,5 12,8
12 10,5 8,7 7.3 [ 60 10 3.3 55 9,4 16,0




KYSNI 1 dzis1STSftsadart Aa FTNI3 F GFNlsaat 3k

4 v — 1% P N N A 4 30 - ~ v T R4 N

YINb2Yytuz2azRtaA SITeNuuKIFUGs Z /_Jd)$a w/ 2al uttftez?2]
25 [

Max. atlagertek az MSZ EN 12390-10

laboratoriumi teszt soran ahhoz, hogy az
XRC QDT{,. adott ERC osztaly kovetelménye
osztaly fraktilis, teljestiljon, mm/Vév

mm/Veév

f —1 fexe=1;1 fexe=1;3 fexe=1,45

exe” (cca) | (ce3) | (cc2) T 4
XRC 0,5 0,5 0,4 0,3 0,3 0,2 s CC21-CC3| ki
XRC 1 1 0,7 0,7 0,6 0,5 00 =
XRC 2 5 14 13 11 1 10 20 30 40 50 60 70 80 90 100 110 120
XRC 3 3 2,2 2 1,7 1,5 r[%]
XRC 4 4 2,9 2,6 2,2 2 ~prE: FNFLGAEAAY SNIS|T NBMDSNBYy
XRC5 5 3,6 3,3 2,8 2,5 fod MZAY T 102N+ Gf 1 3ISNIS]TZI NB
XRC 6 6 4,3 3,9 3,3 3 fod MIMY 102N+t GfF3ISNIS]TE KI
XRC 7 7 5,1 4,6 3,9 3,5 fod MZ0oY f I 02NJ{ l',]f, |'E|$N\I,]§1Z K I
XRC 12 12 8,7 /)2 6,7 6 aS32d NBFSNBYyOAl 11 N ar SERiIYo Sy

1€ NYIF 1 YNICRHE, 400 ppm COF + 4 R 910) W
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Mi ez a CEN/TR dokumentum?

The future of the European Concrete Standard EN 206

criteria for individual values

[—

Additional requirements for
specification and
conformity of concrete for
special geotechnical works

Factory production control and
assessment procedures using
digital tools and
Artificial Intelligence

Conformity assessment and
certification

Additional requirements for
specification and

conformity of concrete for
digital fabrication

Information exchange for concrete
with digital tools

“Digital product information””

Current planning CEN/TC 104

EN 206 Concrete - Specification, performance, production and conformity

Performance, requirements, factory
production control and assessment

Existing content of EN 206

New content of EN 206

Sustainability criteria for concrete

CEN TR (Part 100 )

Concrete - specification and
conformity criteria

Exposure Resistance Class (ERC)
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SNSgetngty St f S1£.SGS10SY

EN 19921-1:2023 (EC2) is approved. This standard introduced thecBRf@pt. Henceoncrete specifications will
consist of strength class and resistance to carbonadioa/or resistance to chloride ingress class. To provide a
foundation for design, th@roduct standard EN 20€eries must give the framework for the concrete
corresponding to the specification from EC2.

Even if we were not able to agree ontauropean standard for ERC, all member states that want to follow the
main route in ECZ2or durability design now need to develop national standards for ERC. Each member state will
set itsrules in national standards or national annex as provisions in the place of use.

37
C 2 NISENATE 104/SC 1 N 158ncrete- Specification, performanceroductiont y R O 2 y MenbNiddér B025D3-03_



AbSYT SGA afl | 0 DR &y5i )\YSYtI-IK&:SEVEéSSHET)\ Basyw KI Gt NBN.
kaphatja meg egy betonaz adott ERG { | { $a

~

AaxtAIet T FGH 911 St t I yR2Nmzetdll {63 QLRI d iy & &
megalapozotd | I 1 Y I A Y SIT2Kilk3/iStya 51a SASIyI MEhHySUH. f 206 6
CtaR AftasSy ©92td yttasF LEX® T a{% ntdp allodty
AodbSg OSYSYyd (eéeLlSa YAITKGEG OF dza S preafJREHunkedeNS 1

38
NBaC®Slkidzy1 St S RIHBrigarianfSroapl 1262028, BME, Budapes



dl'hese concepts are being incorporated to the draft of the Spanish National Annex for application of-FEH4 1992

At present the Spanish C-B3-Concrete (mirror of TC104) has accepted to develop a standard on the ERC approaeliCO

ERCClassification by Testing (5'n d

1. Classification of Carbonation Resistance Classes (ERC -XRC)

IEHG CAC

EGcU! YGVYI+t ACRDAcUWAY ¢t WIGAAqIt
nYl DcdYaHceWe Wgel qzt Uct Wt ACUq WU

Mean value of carbonation Corrosion rate (fractil 50%) and corrosion
rate inthe ITTbased on UNE propagation and corresponding initiation
EN123901006 YY Kk K& S I{ ND periods*

;Eg’s 2:3 Exposure Veorr [ _ .

XR2 120 class bla 0o dt, * 50¢ Y Y {100¢ Y Y

XR@3 3.0 <E E) XCl1 1 50 0 o0

XR@ 4.0 XC2 4 12,5 37,5 87,5

XRG 5.0 XC3 2 25 25 /5

XRG__ |60 XC4 5 10 40 90

XRC 7.0

Table 1. Average limit value of the carbonation classes

I / 9bke¢w F2tyftta 1S

*Rounded value
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2. Chloride Resistance Classification (XRDS)

Table 4.Corrosion rate andorrosion propagation and corresponding
initiation-periods for 50 and 100 years life

Corrosion rate (fractil 50%) and
corrosion propagation and

Mean value of the apparent diffusion coefficient for several ageing
exponents (50! 1J ¢ betvike life and t,=28 days)
1102 m2/s*
;/alue ofg.. k0,0 . 50,3 0,4 . 50,5 0.6
uring S50/CEM | low in|CEM I high in CEM Il B,
years aluminate s aluminates CEMII-A CEMIV CEMII
XRD®,5 |0,05 0,35 0,7 1,3 2,5
XRDS1 0,1 0,7 1,4 2,6 4,9
XRDY,5 |0,15 1,05 2 3,9 7,3
XRD2 0,2 1,4 2,7 51 9,8
XRDS3 0,3 2,1 4 7,7 14,6
XRDHA 0,4 2,8 5,3 10,2 19,5
XRDS 0,5 3,5 6,7 12,8 24,4
XRDSS 0,6 4,2 8 15,3 29,3
XRDS8 0,8 5,6 10,7 20,4 39
XRDS10 |1 7 13,4 25,5 48,8

Table 3. Average limit value of chloride classes, XRDS, based on EN 12390 Natural diffusion
test with various age exponents applied to the diffusion coefficient over 50 years of service life

/| 9bK ¢ w

l-s2tosafsimeagenrigeddit

Exposure corresponding initiation periods*
Class
Vcorr t i tini*
0K YK¢g PO [50years|100years
X4 30 15 35 85
X2 * 5 45 95
X3 ** 5 45 95
XOL 30 15 35 85
X2 ** 5 45 95
X8 ** 5 45 95
*Roundedvalue
** Corrosiorrate canbe veryhigh
I {SYAILA | aal SGSYyRISTH
Oaz2LIR2NIol azNeftat |
[ 9a L TFreatl 3F&F 12NI L
Il a45a LISNX¥SiYyS|T SyeéKsS
480508y 0-5m S& -
oSuzy¥SRSau OallilsSyaua!
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2. Chloride Resistance Classification (XRDS)

Resistivity classification for chlorides

Mean values of resistivity (M3 U fer several ageing exponents using a value of F, .= 7,5x10-4
(50years service life and t, =28 days)
Value of a
during 50|, ¥0,0 . k0,3 . k0,4 . K05 . k0,6
years
CEM 1_B

Type of CEMI CEMI CEMII-A CEMIV CEMIII
cement Low in | High in

aluminates aluminates
XRDSD,5 15000 2150 1071 577 300
XRDS1 7500 1070 535 288 155
XRD3,5 5000 715 375 192 105
XRDS2 3750 535 280 147 77
XRDS3 2500 357 188 98 52
XRDHA 1875 268 140 75 40
XRDSH 1500 215 112 60 30
XRDS6 1250 180 94 50 25
XRDS3 937,5 134 70 37 20
XRDS10 750 107 56 30 15

Table5. Averageresistivity limit values ( 8n) for chloride environments at 28 days according to EN 12390-19

for service lifes of 50 years, applying the ageingexponent over that entire period.
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Table 6.3 (NDP)

— Minimum concrete COVer Cmin,aur for carbon reinforcing steel — Carbonation

F.Toutlemondek F.Cussiglon behalf of AFNOR/P18B/GE CR mirror griglgpch 25th, 2026

E 1 (carb tion) . :
- Xizzurec == Onzclsn xca A simple model has been used to relate the carbonation rate and the recommended cover
ERC Design service life (years) depths (see table 6.3 (NDP) below), namely:
50 100 50 100 50 100 50 100 .
. = + * alpha_e
XRC 0,5 10 10 10 10 10 10 10 10 Cringur = PG *+ K. Ke - (s T F'prop)
XRC 1 10 10 10 10 10 15 10 15 In this equation: k is the reference Anominal
XRC 2 10 15 10 15 15 25 15 25 XRC definition, it is derived from the performance criterion expressed as characteristic
XRC3 10 15 15 20 20 30 20 30 accelera A D ctor 3.0; alpha_e is the exponent
XRC 1 10 20 15 % 25 3 25 40 associat ' F NISVAGAI I’SV 11 tlﬂ describes the influence of
XRC5 15 25 20 30 25 45 30 45 the relati - o I ~ oz 7\ z e al 7\ 3
e e s x o wle s o sl g QALLISYVOALSEYEATAMLLRR
EIO'I;JE[I X]R[C{:lasses fgrresisltallgga/gafinst.(io;'rosion ilclidu(‘sd hlif Carbgn;;tions(a]re derive(:lfromfthe carbonation :o 055’00 V I Q S f EN nggm‘-n' gdly Lhe()ade?(llsongllar:;a;grr:]qgnob(;3 mm for
ep ‘].nlnl cmracrerlstlF value % Vl"a('.tl e assu‘me to be obtained after yea.rs un. erre E‘.]'E'IICE: SL = ) - - -— 2 .'. ‘ E g 0
conditions (400 ppm CO:z in a constant 65 %-RH environment and at 20 °C). The designation value of XRC has . .
the dimension of a carbonation rate [mm/«/_(years)]. quantlle Szerlntl chll" O AS u 2 v. Aﬁ ‘al t 19 ﬁ) o
N TSa70 i e o o o A o nd g eoring Fomex |2 NINB T A5 S BodngBiekaofrbvebedh cdbitierdd A
NOTE 3 The minimum covers can be increased by an additional safety element Acgury considering special =
requirements (e.g. more extreme environmental rgnditions]. g for the a S O S a S 3 S O (gg tIOP um .N:gla?se%.lqye% I f
for XC2, or XC1 conditions, t ctive
propagal ( prop) vidence, nor is the corrosion rate
Exposure class precisely-rreasurco e ramoraroTy —rerrasyorweorr-considered that it should not exceed 96%
of the design service life, so that tg T t*,,, be at least 2 years for 50 years-design service life
ERC XC1 XC2 XC3 XC4 and 4 years for 100 years-design service life structures. Moreover, to better address the case
] o of concrete mixes with blended cements |, the acceptable durations of reinforcement
Design service life (years) corrosion propagation have been extended  to 15, 25 and 20 years for resistivity between
50 100 50 100 50 100 50 100 100 and 175 g .m and to 20, 30 and 30 years for XC2, XC3 and XC4 classes respectively.
XRC 2 15 25 20 30
XRC 3 20 30 25 35 | = < T 7
XRC 4 15 25 25 35 30 40 ) :FN‘] }/07\*1"12',\'\1*92'!\*1
XRC 5 15 | 30 t1FtYFI KIFIus SttSytit
XRC 6 20 35 r &7 S A > & T «
oSl 235 | UuSNIBSI ! S1 2 A
XRC 7 10 20 25 B Lysi 1 Z
XRC 9 15 25

avVv e




Criteria using the EN 12390-12 carbonation test * H __C VO H R C,Y | A CNH CU I-UAR* Wt ¢t I-UIJ,G
(RC (mm/sqrt(days)) OYASGCcqZWnYIl NcdYOHe¢ We Wacel qz
Resistivity 100g. m O res tivity, <
<100q . m 175 q.m ﬁesastmty(s 1q5m
2 1 1,4 - P N -
3 12 18 ¢SKV+Au I aLJ 3/e2fA21AK2.{I K
4 1,8 2.2 Klval)[+f?+cl.le| SfSlUN\E\
5 2,2 2,6 Work in progress Ys Ral N\B u 2 RS ! 1 )/ SY |
6 26 3 1 Nb2y+t G2a2Rta 1 AS3
7 3 3,5 OF2t el Yl BoHail i 85@R LINR 2
9 4
ERC concrete will be first confirmed by testing , In continuity with
provisions given in AFNOR/FD P18-480 guidance document
Criteria are given as characteristic values . From the concrete ] $ NI | € cI.E" éfZWLEU\"UJfZlU Gl 1 | Nb rﬁeﬂ:} (
producer experience, compliance thresholds during concrete mix A AadY S NA ‘l | ‘l 2 N\..N\B f } 07\ 5 U | y 2
gualification shall account for the expected variation, with a ~ A - A
minimal 20% CoV value. Criteria have been based on AFNOR/XP S N‘E RY S y e S 1. | I | U U S a
P18-458. They are given in terms of accelerated carbonation rate A 0dzR 2} ‘1 > K2 3eée | y' I 3 e '1 I ND 2 y'
at 90 days, since a correlation (based on measurement) has been A x & & = 1A ' 1
established with natural carbonation rate. Threshold values Sasu $CO tSWW a # [ Yl aw# { € + L /2{ D
depend on the concrete resistivity range , since a longer - - ¢L¥»LIOS5D ; [ L { ¢ h+#. ¢! w¢

corrosion propagation time (correlated to a higher resistivity)
possibly compensates a shorter initiation time.
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Testing age to be obtained min. 5 mm ingress in lab. tests to meet the requirementsfor ERC class

(f.xe=1,45 - CC2 Curing Class)

I 2t yaf tcxboA FHT6XRAN I GHT A9 /SNRA Y G A

[ | H

FSE O

Testing age to be obtained min. 5 mm ingress in lah. tests to meet the requirements for ERC class

(f.xe=1,1 - CC4 Curing Class)

12 XRC 12 XRC 9 12
XRC 7 XRC 12 XRC 9
11
£ £ 11
£ £ XRC 6
& 10 XRC 6 = 10
8 ]
g e fow=1,1
E 9 f,.=1,45 E 9 ca =
XRC5 Class in. i 8 . .
g XRC 5 XRCclass |Min. testing Max. Carb. coeff. g M;netesetalr:g ini r’::: - Cr:rr: /‘70::_
S 8 age, year |ingress, mm| mm/Vyear = 8 ge, Y gress, Yy
Q
8. . 0,5 0,2 3 B HPC o
= 3years; 52 mm 1 HPC 0,5 =] 7 XRC 4 1 0,7
aQ j XRC 4 2 10 Q 2 13
o~ 2,25 years; 5,2 mm #4 years; 5,0 ’ o
- ~N 3 7 5,2 2,0
— 6 7 years; 5,3 mm 3 11 2,0 15 — 6 - .
= 7 years; 5,2 mm
4 7 53 2,0 z 4 4 5,3 2,6
w 11vyears,5,0 mm )
z @ L o XRC 3 5 4 5,0 2,5 - XRC3 5 2,5 5.2 3,3
- 6 3 5.2 3,0 2 6 175 5.2 3,9
@ 4 7 2,25 5.2 3,5 4 7 1,25 5,1 4,6
© b 1,25 5,0 4,5 o 4 9 0,75 5,1 5,9
‘6 XRC 2 12 0,75 5,2 6,0 £ XRC 2 12 0,5 5,6 7.9
)
w 3 a3
g g
g [
© 2 ® 2
% XRC 1 ¥ XRC 1
g ©
1 /// XRCO,5 £ 1 ~ XRC 0,5
0 0
0 1 2 3 4 5 6 7 8 9 10 11 1 2 3 4 5 6 7
Testing age, year Testing age, year
~ Ve 7 ~ ~ ~ ~ I~
d L N\ o d N\ o d o d ~~
AkkorfelelmegxRC 2 al tat t eyl 1 pn $S@YSa 12NblyYy | KSteal NYA al 5NJ
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Criteria have been based on AFNOR XP4B2&chloride migration).
Criteria are given in terms ohloride migration test resulD,,, at 90

NRDS Drem(90d) days, consideredquivalent to natural diffusion
(102m) / s)
Designation [0 00|UG0|{000{UOO0
1 1 15| 2 | 3 Ezy I 3é2y Sy &S Arbedt az\ EN WBAF skerigh i + &
15 15| 2 | 3 | 5 1t 2NARYAINI OAsa QAT aattlrad ySyoOs
2 2 | 3 15 |69 2f 04500 AaxX -Mayal SNAYDOA mHDEha NA F
3 3 5 9 | 16
5 5 9 | 16 /
9 9 16 | 22 / I/ 9bk ¢ w [38z20ngda Is neggngediett H
16 16 | 28 | 1/ / 6F alLlkyez2f2]1SK21 |[KFHazyftsl y

Exposure class I FNJI YOAL 1 YsRzamd 2id ote ¢ 1TH TG HA)
XD2 XD3f XD3tf FAaT SNAYy G K23& 1T FR2G0G al S|NJ
Design service life (years) 1 6o0all NJ oI 3& LISRA 3 1 SSasSolo:
50 100 50 100 50 100
XRDS 2 35 45
XRDS 3 30 40 35 45 40 50

XRDS 5 IS 35 35 45 40 50 45 55 *: frequent use of deicing salts (10 to 30 days per year)
XRDS 9 30 40 40 50 45 55
XRDS 16 35 45

**. highly frequent use of deicing salts (over 30 days per year)




XRC class, f,,.=1.0

Where the specifier is concerned about the use of any concrete or concretes with particular type of binder then they

may specify performance and testing requirements
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XRC class vs. w/c and cementtype
(calculated on the base w/Ca0,..uive)

12 /B v I

,,"’ //" 11/B-LL (35% LL)
9 I,” ’,// 1.

e ot CEM 1
7
6
5
4
3
2
1
0
0,30 0,35 0,40 0,45 0,50 0,55 0,60 0,65

w/c ratio
CEM|  ===~=1I/C-M(S-LL, 30%+20%) I/B-LL(35% LL) =-==-IV/B —---V/B —&—VI/B(SLL)

d2ayK21 =

112!

Table 6. Nominal limiting values deemed to meet carbonation resistance class performance.

I1/C-M(S-LL, 30%+20%)

EMN 12350-10 28 Strength Minimum Maximum
chamber test, | Class binder w/b ratio
mm/year®® content,
kg/m’
XRC 0,5 =0.5 - 380 0.35
XRC1 =1.0 - 360 0.40
XRC 2 =2.0 c40,/50 340 0.45
Carbonation XRC 3 =3.0 C35/45 320 0.50
resistance XRC 4 =4.0 C30/37 300 0.55
class C32/40
XRC 5 =5.0 C28/35 280 0.60
XRC G =6.0 C25/30 260 0.65
XRC7 =7.0 C20/25 240 0.70
T ry32t2] ySY F23IFRet ]
| l)\@)\quSl! SéSufSEISéS)/
1FNb2yt 02a2Rt aA SttSyt it
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Table B.4 - Examples of maximum average values to be obtained in laboratory tests to
meet the requirements of each XRDS class for different ageing factors

XRDS class | Maximum average values by EN pr12390-11:2025 (90 days) x
10-2m?/s
The recommendation is for one class i XRDS 2. Testing in accordance with =0l ceod =0 “eoe
EN 12390-11 to confirm performance O 2 . 0% mm/y&ad®5, unless o i i - >
otherwise specified. 15 05 08 14 24
This encompasses most UK specified requirements for concrete exposed to 2 T; i; ;: i;
the risk of corrosion from the ingress of chlorides. 4 13 22 38 64
5 1,6 2,8 47 8,0
6 2,0 3.3 57 9,6
7 2,3 39 6,6 11,2
8 2,6 44 7,5 12,8
10 3.3 5,5 9.4 16,0
Tahle 16. Nominal limiting values deemed to meet chloride ingress resistance class
performance.
EN 12390-11, | 28 Strength | Minimum Maximum v = z Z - 4 A i
mm/year™* Class binder w/b ratio I aslt a )f | 1, gl 3 ev us }/ -
Eﬂ:jt%“h szerkezetsak XRDSPt 2 NA Rt |t { 5
g/m” - A 4 v ° “ A 4
C40/50 380 0.35 oSuzyylt 1Sal NOKISU! ¢
, XRDS 2 <2,0 x10" | C35/45 380 0.40
Chloride } C32/40 360 0.45 . . “ A o oA
resistance CEDHE}: ' AzLRO I NI IF £ 2 Y U5 ¢ Sfus 1
class C28/35 340 0.50 T ' {1 KARt A&l St|! NN
C25/30 320 0.55
I /9bke¢w l2tytta al S8KWFEAE Ofap ®yed | @A XI AY¥ &€ 2 Ny
C..fmpkpp YYO SNKSO! St 1T pnkmnn S@ (G§SNBSI
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Table 8.2.2-2: Summary of Exposure Zone, Concrete Mix Requirements and Test Requirements

Max. Average Chloride Max.

Air Content F -
Cover Binder Max {r-onten Migration Chloride AAR reeze
Exposure Zone Structural Element | o e w/cm| ASTM C231or ) Thaw
{inch) composition ) e NT Build 492 at 28 Content | Tests —
days® ASTM C1152
Portland Cement +
Sub d/Buried® |Drilled Shaft 6/3 0.4 - - - - -
ubmerged/Burie (G SASIES /3 las% Fly Ash Class F
Portland Cement +
15.5x 10%in?
Splash Zone/ 2 |20-25% Fly Ash 0.4 6 +2% x10°in°/s 0.1%
Pile Caps (10.0x 107" m/s)
Atmospheric with Class F
. Tower Pedestals X X
moderate de-icing .
salts!®H=) piers Portland Cement + 11.3x 10%in%/s
3 0.4 6+2% : o o 0.1%
30-45% GGBS (7.3 x 107~ m~/s)
Atmospheric with Towers (exterior) at Portland Cement + 11.8 x 107 in¥/s
isevere de-icing deck level 3 20-25% Fly Ash 0.4 6 +2% 7 ﬁ 102 m? 0.1% X X
alts® eck leve Class F (7.6 x m?/s)
Towers (interior) 1.5
Towers (exterior Portland C t
Atmospheric without ( ) 2 ortiand Lemen 15.5x 10%in/s
L 5 below deck level with 20-25% Fly 0.4 6 +2% e 0.1% X X
de-icing salts™ (10.0 x 1012 m?/s)
Ash Class F
Towers (exterior) > -
35 ft above deck level

(1) Greater concrete covers may be specified if needed for ease of construction.
(2) Max w/cm = Maximum water/cementitious material ratio.

(3) Chloride migration coefficients are applicable only to the corresponding concrete mix design, cover and exposure conditions.
(4) Concrete exposed to the river water and soil shall have minimum concrete compressive resistance of 4 ksi.
(5) Concrete exposed to freeze-thaw cycles with or without exposure to de-icing salt shall have a minimum compressive strength of 4.5 ksi.

Cl 21 6, {!
1t 2NAR2 ‘[
szerkezeteiheezsak n
inch=75 mm )é S
np: | 2 KskaNTiFflYyg C

L1 o
S a S ini§dén szerkezeti betor20-25%
LISNY 8§ S0 & f
1

b NSt ex f
szerkezetev/b=0.4 G N |1
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The class conformity criteria for XR@ new NS 3683 will be:

XRC Class conformity criteria in
accordance with EN 12390 -10
chamber test

- Norwegian assessments of existing XC3/4 exposed buildings, with similar
concrete, reveal a scatter in carbonation ingress in the range of CoV =#60

%. Since Note 1 of Table 6.3 defines reference conditions without

contributions from variations in humidity within the XC class, £oV = 30 %has
been applied.
- Atransfer factor of1,45 considering the assumed reduced quality in the
structure compared to the EN 1239€10 conditions.

XRCclass Conformity
criteria
i1 r7rnu

XRQ0,5 0,3

XRCl1 0,5
XRC2 1,0
XRC3 1,5
XRC4 2,0
XRC5 2,5
XRC6 3,0
XRC7 3,5
XRC10 50
XRC15 7,4

N ySY @20 2SttSyYi! | y2NBS3a |1 AJA
EG2miatt(f,J m®npuv | 2SSt Syt S3aA y2NBS3IA ai
Maximum mean carb. rate CEM I CEMII/A CEM II/B-S | CEM III/A | CEM III'B

EN 12390-10 max w/b
XRC 5 2,8 mm/Vyears 0,62 0,58 0,55 0,52 0.47
CaO,eqctive = 0.66 - [CEMI] + 0.53 - [CEMTI| + 0.41 - [CEMIII] + 0.35 - [CEMIV] +
0.5 [CEMV]+ 0.08 - [sF'A] + 0.06 - [nP] + 0.14 - [cFA] + 0.03 - [CC] +
0.27- [GGBS] + 0.01 - [MK] + 0.46 - [SWS] + 0.01 - [sBA]
aS3AKIGtNRT Gt T S3esSa OSYSyaFladt | N, Sdertalm®S3I s
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Carbonation ingress in-field Carbonation ingress
20°C, RH = 65 % According to the "Definition" LH"_JUT“:'W ingress up to 1 year
Assumed time-exponent 0,5 (square-root-of-time) In-field 1 year and onward XRC &

90 % fractile ingress after 50 years 42 mm m
With the factor *7 this is a XRC (42/7) = XRC &

s
I

5 Transfer factor fo. = 1,45 assumed for
effect of lab curing wersus site curing

&
1
\
III
1
1
\
[~]

P
]

Mmim ingress
"
Y

- In-field - CoV = 30%
- mean

e g mean + 1 stand dev
mean + 1.28%stand dev --> 90% fractile In-field - CoV = 30%
2 mean
/ mean + 1 stand dev

mean + L.26*stand dev --> 90% fractile

\
mm ingress
[=]

]

o 10 20 30 40 50 60

Year o 0,2 04 06 08 Year 1,2 14 16 18 2

XRC 6 has a 90 % fractile carbonation ingress after 50 years under defined conditions of 42 mm (mark 1).
With a CoV of 30 % this will correspond to a mean ingress (mark 2) of 42 mm / (1+(0,3*1,28)) = 30,3 mm.

This again corresponds to a mean ingress after 1 years (mark 3) of 30,3 mm / 50%° = 4,3 mm
With a transfer factor of 1,45, the ITT criteria for XRC 6 willbe 4,3 mm /1,45=3,0




With O = 0,5 the mean after 90 days will be 3,6 * 102 m?/s

With a transfer factor EN 12390-11 to in-stru.

also be the XRDS class boundary for ITT complience based on

mean test results

M,./D s [¥1012 m?/s]

10

=

0,1

of F YsRalSNJ A& f23A dzé@
6RS T 1 aalSisasSts 0§ SNBSI K
example XRDS 4
= A Conformity .criteria at 90 days for
L L¢e¢ 11 M4 SRSt sténGad @@19 exponent p10-12 m?/s
R e szinte egyezik a class

/oo /9bke¢w | efyftt[EI0 4 a4 a5 as

[ e 6 LA OA 1 S | xrosbR N 6[0 (3 0.4 0,8

e XRDSL 0,3 0,5 0,9 1,5
XRDSL5| 0,5 0,8 1,3 2,3

90 napos korban elérendé XRD& 0,6 1,1 1,8 3,0
e i s Példa XRDS 4 XRDS3 | 09 16 27 46
—— kloridallésag esetére XRDS4 12 21 36 6.1
B . N XRDS | 1.6 2,6 45 7.6

' \ . XRDS | 1,9 3,2 5.4 9,1
Y k N XRDS? 2,2 3,7 6,3 10,7
T e St L e0s| s | 42 | 72 122
a'fa=\ — 0.4x102m2/s XRDS 2,8 4,8 8,1 13,7
\f“ XRDSIO| 31 5,3 9,0 15,2

a norvégok altal hasznalt CoV=45% vari;cigjstén\{ezfi XRDS15 4’7 7’9 13’5 22’9

esetére az étllag max. 0.25x1012 m?/s XRD<0 6,2 10,6 17,9 30,5

0,1 1 Age [log year] 1|o 100
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a5N¥d . FflTa 3FrgS | aK2NI adzyYlFNB 2y ltwdS @
proposed to add an annex with the additional information from Hungary. To do so, Hungary
would need to draft anannex to be discussed in WG 1 by the end of March at the |aest
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) proposal in fib Bulletin B -
proposal in Table B.4 CEN/TR xxx 76 and HU Annex XRDS 0,5 Composition with w/b=0.40 — measured M, x10™* m?/s Ageing
- ays | 1years | 2years | 3 years [calc. 50 years factor
XRDS 0.5 Age Ageing factor CEM 142,5 R+MK1+UFFA=75%+7%+18% | 1,24 | 0,43 | 0,0 | 0,11 0,02 0,84
! 202 | 203 [ 204 | 205 | 206 | 207 | 208 CEM 142,5 SRO+MK3=83%+17% 652 | 092 | 0,89 0,03 1,02
Max. average D .., M . t, values by EN 12350-11 or EN 12350-18 CEM | 42,5 SRO+UFFA=90%+17% 7,72 0,84 0,61 0,01 1,28
t,=90 days|] 0,09 0,16 0,27 0,45 0,76 1,32 2,20 10
1year 0,07 0,10 0,15 0,22 0,33 0,50 0,72 7 72«' ¢ CEM | 42,5 R+MK1+UFFA=75%+7%+18%, 0=0.80, Mnsst0=1.2
2years | 0,06 0,08 0,11 0,22 0,30 0,41 652 .-,.__ B CEM | 42,5 SRO+MK3=83%+17%, 0t=1.02, Mnsst0=6.5
0years] 00 0,03 0,08 = 0,03 9,03 0,03 Q T ® CEM | 42,5 SRO+UFFA=00%+17%, 0=1.28, Minsst0=7.7
E rig.
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M.,... vs. 3 reactive chemical components of binders
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