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1. A small change in the definition of the XC2
1. The Exposure classes are incorporated as “environmental actions”

2. Cover depths in fuction of the ERC’s and the XC’s and calibrated with 
durability models
1. There will be an EN 206-100 for verification of durability
2. The previous methodology will be allowed
3. It is introduced a new LIMIT state in addition to depassivation

1. Condition or Deterioration LS 
2. In includes a corrosion propagation period 

1. 50 µm of homogeneous attack
2. 500 µm of localized attack

3. Cover depths for stainless steel bars.
4. Annex I Assessment of existing structures

DURABILITY IN CHAPTER 6
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 EXPOSURE CLASSES 
 No 

risk 
Carbonation induced 

corrosion 
Chloride induced corrosion 

 Sea water Chloride other tan 
from sea water 

 X0 XC1 XC2 XC3 XC4 XS1 XS2 XS3 XD1 XD2 XD3 
a/c - 0.65 0.60 0.55 0.50 0.50 0.45 0.45 0.55 0.55 0.45 
strength C12/ 

15 
C20/ 

25 
C25/ 

30 
C30/ 

37 
C30/ 

37 
C30/ 

37 
C35/ 

45 
C35/ 

45 
C30/ 

37 
C30/ 

37 
C35/ 

45 
cement - 260 280 280 300 300 320 340 300 320 340 
Cover 
depth 
S4(mm) 

10 15 25 25 30 35 40 45 35 40 45 

 

THE STRUCTURAL 
CLASSES ARE 
SUBSTITUTED BY THE 
EXPOSURE RESISTANCE 
CLASSES (ERC)

PREVIOUS METHODOLOGY FOR DURABILITY DESIGN 
AND INTRODUCTION OF ERC’S 
Exposure classes     +   Structural classes                 cover depths  
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COVER DEPTHS IN FUNCTION OF ERC’s
mínimum cover Depth  
carbonation                                                                              chlorides 
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STAINLESS STEEL
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THREE (INDEPENDENT) ROUTES FOR VERIFICATION OF 
DURABILITY ( to use the cover depths)

ACTUAL EN206
XC/XS/XD

FUTURE ANNEX F 
EN206

XRC/XRS/XRD

TESTINGCONCRETE 
COMPOSITIONANNEX P

? ?
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DEFINITION of ERC
EN-206-100 DESIGN

Fabrication
TEST

Service life 50 or 100 
years

Performance at 
50/100 years

Testing at 
short term

• NOTE 1: The designation of classes for resistance against
corrosion induced by carbonation (XRC) is derived from the
carbonation depth in mm (characteristic value 90 %
fractile) assumed to be obtained after 50 years under
reference conditions (400 ppm CO2 in a constant 65 % RH
environment and at 20°C). XRC has the dimension of a
carbonation rate (mm / sqrt(years)).

• NOTE 2: The designation of classes for resistance against
corrosion induced by chloride ingress (XRDS) is derived
from the depth of chlorides penetration in mm
(characteristic value 90 % fractile), corresponding to a
reference chlorides concentration (0.6 % by mass of
cement + type II additions), assumed to be obtained after
50 years on a concrete exposed to one-sided penetration of
reference seawater (30 g/l NaCl) at 20°C. XRDS has the
dimension of a diffusion coefficient (10-13 m²/s).
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VERIFICATION BY TESTING STARTING FROM THE ITT 
the mean value  is extrapolated to fulfil the cover depth (90%) 

• From reference conditions to each XC

The test will be in standard conditions

Da
p

TIME

Depth 
(mm)

28 days                                       50 years

DESIGNATION
Characteristic 

value
Reference 
conditions

Mean 
value

- RXDS1

- RXDS3
- RXDS3

7 % (Beta= 1.5) probability of failure 
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VERIFICATION BY COMPOSITION
with annex F of EN 206                                     (Annex P of EC2)

 EXPOSURE CLASSES 
 No 

risk 
Carbonation induced 

corrosion 
Chloride induced corrosion 

 Sea water Chloride other tan 
from sea water 

 X0 XC1 XC2 XC3 XC4 XS1 XS2 XS3 XD1 XD2 XD3 
a/c - 0.65 0.60 0.55 0.50 0.50 0.45 0.45 0.55 0.55 0.45 
strength C12/ 

15 
C20/ 

25 
C25/ 

30 
C30/ 

37 
C30/ 

37 
C30/ 

37 
C35/ 

45 
C35/ 

45 
C30/ 

37 
C30/ 

37 
C35/ 

45 
cement - 260 280 280 300 300 320 340 300 320 340 
Cover 
depth 
S4(mm) 

10 15 25 25 30 35 40 45 35 40 45 

 

Design step
Variant 1: New design

concept with ERC

Variant 2: Current design

concept without ERC
Exposure classes XC, XD, XS, XF, XA, XM
related to environmental conditions

6.3 Environmental exposure conditions

6.3.3, Table 6.1 : Exposure classes X
Exposure resistance classes XCR, XRDS, XRF
related to concrete resistance against corrosion 
or abrasion attacks

6.4 Exposure Resistance 
Classes (ERC)

–

Minimum concrete strength Depending on new concrete 
mixes in EN 206 or NAD, 
new Annex F

Depending on current
concrete mixes in EN 206 or 
NAD, Annex F; 

P.3 Indicative strength classes 
for durability

Minimum cover cmin 6.5.2.1 General: 

cmin = max {cmin,dur – Dcdur,red  +Dcdur,abr; cmin,b; 10 mm}
Minimum cover cmin,dur for durability cmin,dur depending on :

– XC, XD, XS and 

– Exposure 
Resistance 
Class XRC, 
XRDS and

– design service 
life 50 y or 100 y

6.5.2.2 Minimum cover for 
durability – carbon and 
prestressing steel

Q.2 Minimum cover for 
durability – stainless steel

cmin,dur depending on :

– XC, XD, XS and 

– Structural class 
S and

– design service life 
50 y or 100 y

P.2 Minimum cover for 
durabilty – carbon, stainless 
and prestressing steel

Minimum cover cmin,b for bond 6.5.2.3 Minimum cover for bond
Allowance in design for deviation Dcdev 6.5.3 Allowance in design for deviation, Table 6.7(NDP)
Nominal cover cnom 6.5.1 Nominal cover: cnom = cmin + Dcdev

Description of concrete durability (examples): C35/45, XRC2, XRDS4, 
XRF, XA2, XM1….

cmin = 50 mm

cnom = 60 mm

C35/45, XC4, XD3, XF2, XA2, 
XM1….

cmin = 50 mm

cnom = 60 mm
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ANNEX I Assessment Existing Structures

Limited to non deteriorated with 

some comments on deteriorated 

structures
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NEW LIMIT STATE (the same in MC2020)

Initiation Period Propagation period

Degree of corrosion

Time

initiation propagation

t5

t4

t3

t2
t1

possible limit states

Level of damage

time
Despasivation

Corrosion

Cracking

Section Loss

Structural Safety loss

initiation propagation

t5

t4

t3

t2
t1

possible limit states

Level of damage

time
Despasivation

Corrosion

Cracking

Section Loss

Structural Safety loss

tlife= ti + tp

Time

Cl-

The reason is that in practice the 
depassivation onset CANNOT BE 

VERIFIED unless permanente sensors 
are used

CEN does not accept requirements 
that are not verifiable
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END OF SERVICE LIFE
Corrosion propagation is part of the service life until a corrosion depth of 50 µm 

(general corrosion) or 500 µm (localized corrosion with a probability of failure of 7-8% 
(b= 1.5)

time

Damage 
degree

depassivation Rusts or spots

Cracking

Spalling

Loss of section

Structural collapse

Initiation time Propagation time

Aggressive 
substance
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BACKGROUND DOCUMENT EXPLAINING THE CALCULATION 
OF THE NEW LS AND THE COVER DEPTHS 
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COVER CALIBRATION FOR NEW EN1992-1-1
• Limit state definition

• tL = 50 yrs for tables
• tp = Propagation time required to achieve 50µm / 500µm under exposure
• ti = Required initiation time

• Modelling:
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COVER CALIBRATION FOR NEW EN1992-1-1
• Autocalibration procedure (bt )

-1 -0.5 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

Depassivation

50 um Max

100um Max Attack

COMPARISON EL.DEPASS vs EL.MAX ATTACK (DIN 1045)

XC4_UB XC4_LB XC3_UB XC3_LB XC2_UB XC2_LB XC1_UB XC1_LB

bave = 1.0

bave = 2.0

bave = 1.0

bave = 2.3

-2 -1 0 1 2 3 4

XD1

XD1

XS1

XS1

XD2

XD2

XD2

XS2

XS2

XS2

XD3

XD3

XD3

XS3

XS3

XS3

Reliability Index b

COMPARISON EL.DEPASS vs EL.MAX ATTACK (DIN 1045)

100um Max Attack

50 um Max

Depassiv

CEM I concrete

bave = 2.16

Excludding CEMI

bave = 2.00

bave = 2.07

-1 -0.5 0 0.5 1 1.5 2 2.5 3 3.5

Depassivation

100um Max Attack

COMPARISON EL.DEPASS vs EL.MAX ATTACK (EHE-08)

Iib_C_NoShelt Iib_B_NoShelt Iib_A_NoShelt Iib_C_Shelt Iib_B_Shelt

Iib_A_Shelt Iia_C_NoShelt Iia_B_NoShelt Iia_A_NoShelt Iia_C_Shelt

Iia_B_Shelt Iia_A_Shelt I_C I_B I_A

bave = 0.8

bave = 2.1

-0.5 0 0.5 1 1.5 2 2.5 3 3.5

IIIa

IIIa

IIIa

IIIb

IIIb

IIIb

IIIc

IIIc

IIIc

Reliability Index b

COMPARISON EL.DEPASS vs EL.MAX ATTACK (EHE-08)

100um Max Attack Depassiv

CEM I concrete

bave = 2.25
Excludding CEMI

bave = 2.1
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COVER CALIBRATION FOR NEW EN1992-1-1
• Autocalibration procedure (Sensitivity factors) ai
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a'S for Design Point

Note: a > 0 “resistance” Variable
a < 0 “action” Variable

Carbonation induced corrosion Chloride induced corrosion
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COVER CALIBRATION FOR NEW EN1992-1-1
• Service life propagation time uncoupling

Only some exposure cases merit a
calculation of propagation time tp,
in other cases propagation time is
negligible.

Expossure Vcorr 

[µm/y]
CoV 
(%)

Vcorr,D 

b=1,5

Tpr[yr] 
b=1,5

tini,D 

b=1,5

XC1 1 65 2.0 25 25
XC2 4 65 5.4 9 41
XC3 2 65 4.0 13 37
XC4 5 90 12.9 4 46
XS1 30 60 56.3 1 49
XS2 10 60 13.1 4 46
XS3 70 90 105.0 0 50
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COVER CALIBRATION FOR NEW EN1992-1-1
• Cover calculation for tables

• Carbonation                                                         Chlorides
Calculated values for XC3 & XC4 are provided for RH =
75%, which may correspond to Central Europe but not
for Mediterranean countries

Relation average carbonation rate and
90% fractile is computed using
following eq.
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COVER CALIBRATION FOR NEW EN1992-1-1
• Cover calculation for tables

• Chloride induced corrosion

0

10

20

30

40

50

60

0.05 0.15 0.25 0.35 0.45 0.55 0.65 0.75 0.85

Re
qu

ire
d 

m
in

 c
ov

er
 [m

m
]

Dapp_50y [m2/s] E-12

XS1 - 50 yrs

Current DtS beta=1.50 Beta=1.0

0

20

40

60

80

100

120

0.05 0.15 0.25 0.35 0.45 0.55 0.65 0.75 0.85

Re
qu

ire
d 

m
in

 c
ov

er
 [m

m
]

Dapp_50y E-12

Current DtS Beta=1.5 Beta=1.0

0

20

40

60

80

100

120

140

0.05 0.15 0.25 0.35 0.45 0.55 0.65 0.75 0.85

Re
qu

ire
d 

m
in

 c
ov

er
 [m

m
]

Dapp_50y [m2/s] E-12

Current DtS beta=1.50 Beta=1.0

With current proposal, durable concrete should not be achieved using CEMI cement in XS/XD2 & XS/XD3
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COVER CALIBRATION FOR NEW EN1992-1-1
• Minimum cover provided tables

• Provided as NDP
• Calibrated for 50 and 100 yrs, including 50µm/ 500µm rebar corrosion
• Calibrated for HR = 75% (XC3/XC4), values for Mediterranean Countries 

may differ
• a priori deviations for the 90% fractile calculations
• Additional allowance for different construction tolerances (NDP)
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Thank you for your attention

M.ª Carmen Andrade

David Izquierdo 
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