


 

 

Model Code for 
Service  Life Design  

 

Model code prepared by 

Task Group 5.6 

 
February 2006 



Subject to priorities defined by the Steering Committee and the Presidium, the results of fib’s work in 
Commissions and Task Groups are published in a continuously numbered series of technical publications 
called 'Bulletins'. The following categories are used: 

category minimum approval procedure required prior to publication 
 Technical Report  approved by a Task Group and the Chairpersons of the Commission 
 State-of-Art Report  approved by a Commission 
 Manual or 
 Guide (to good practice) 

 approved by the Steering Committee of fib or its Publication Board 

 Recommendation  approved by the Council of fib 
 Model Code  approved by the General Assembly of fib 

Any publication not having met the above requirements will be clearly identified as preliminary draft. 
This Bulletin N° 34 will be submitted to the General Assembly for approval as an fib Model Code in June 2006. 

This report was prepared within Task Group 5.6, Model code for service life design of concrete structures: 

Peter Schiessl (Convener, Technische Universität, München, Germany)  
Phil Bamforth (Principal Construction Consultancy, UK), Véronique Baroghel-Bouny (LCPC, France), 
Gene Corley (Construction Technology Laboratories, Inc., USA), Michael Faber (ETH-Zürich, 
Switzerland), Jim Forbes (Hyder Consulting, Australia), Christoph Gehlen (Ingenieurbüro Schiessl, 
Germany), Paulo Helene (Univ. de Sao Paulo PCC/USP, Brazil), Steinar Helland (Skanska Norge AS, 
Norway), Tetsuya Ishida (Univ. of Tokyo, Japan), Gro Markeset (Norwegian Building Research Institute, 
Norway), Lars-Olof Nilsson (Lund Institute of Technology, Sweden), Steen Rostam (Cowi A/S, 
Denmark), A.J.M. Siemes (TNO, The Netherlands), Joost Walraven (Delft Univ. of Technology, The 
Netherlands) 
 
 
 
Full address details of Task Group members may be found in the fib Directory or through the online services on 
fib's website, www.fib-international.org. 
 
 
 
Cover images: The photos show the carbonation depth of a vertical concrete surface of an existing building after 

8 years of exposure without shelter from rain. A phenolphthalein indicator distinguishes areas 
with pH < 9.5 (not coloured) and areas with a higher pH (coloured). The graph shows the 
development of the carbonation depth over time, xc(t), compared to the cover depth, a. Scatter of 
both variables is also given. 

 
 
 
© fédération internationale du béton (fib), 2006 
 
Although the International Federation for Structural Concrete fib - féderation internationale du béton - created 
from CEB and FIP, does its best to ensure that any information given is accurate, no liability or responsibility of 
any kind (including liability for negligence) is accepted in this respect by the organisation, its members, servants 
or agents. 
 
All rights reserved. No part of this publication may be reproduced, modified, translated, stored in a retrieval 
system, or transmitted in any form or by any means, electronic, mechanical, photocopying, recording, or 
otherwise, without prior written permission. 
 
First published in 2006 by the International Federation for Structural Concrete (fib) 
Post address: Case Postale 88, CH-1015 Lausanne, Switzerland 
Street address: Federal Institute of Technology Lausanne - EPFL, Section Génie Civil 
Tel +41 21 693 2747, Fax +41 21 693 6245, E-mail fib@epfl.ch, web www.fib-international.org 
 
ISSN 1562-3610 
ISBN  2-88394-074-6 
 
Printed by Sprint-Digital-Druck, Stuttgart 



fib Bulletin 34: Model code for Service Life Design iii 

Contents 
 
Preface iv 
0 Introduction 1 
1 General 5 
1.1 Scope 5 
1.2 Associated codes 5 
1.3 Assumptions 5 
1.4 Definitions 6 
1.5 Symbols 10 

2 Basis of design 12 
2.1 Requirements 12 
2.2 Principles of limit state design 14 
2.3 Basic variables 14 
2.4 Verification 16 
3 Verification of Service Life Design 20 
3.1 Carbonation induced corrosion – uncracked concrete 20 
3.2 Chloride induced corrosion – uncracked concrete 23 
3.3 Influence of cracks upon reinforcement corrosion 24 
3.4 Risk of depassivation with respect to pre-stressed steel 25 
3.5 Freeze/thaw attack – without de-icing agents 25 
3.6 Freeze/thaw attack – with de-icing agents 27 

4 Execution and its quality management 29 
4.1 General 29 
4.2 Project specification 29 
4.3 Quality management 30 
4.4 Materials 31 
4.5 Geometry 32 

5 Maintenance and condition control 33 
5.1 General 33 
5.2 Maintenance 33 
5.3 Condition control during service life 33 
5.4 Action in the event of non-conformity 34 
 
Annex A (informative)  
Management of reliability for Service Life Design of concrete structures 36 
Annex B (informative) 
Full probabilistic design methods 44 
Annex C (informative) 
Partial factor methods 83 
Annex R (informative) 
Reliability management: from SLS to ULS 90 

References 109 



 

fib Bulletin 34: Model code for Service Life Design v 

Preface 
fib and its preceding organizations, CEB and FIP, have a long tradition in treating durability aspects and 

to design for them. In 1978 CEB created a first working group, the “Task Group Durability”. Milestones in 
the CEB and FIP work on durability are CEB Bulletins 148 “Durability of concrete structures”, 182 
“Durable concrete structures” and 238 “New approach to durability design”. In the latter document the 
framework for a probabilistic design approach was set. In 2002 fib established Task Group 5.6 “Model code 
for service life design of concrete structures” with the objective to develop a model code document on 
probabilistic service life design. The approach developed in this document is intended to be the basis for the 
service life design approach of the new fib Model Code, currently under development. Furthermore it might 
serve as a basis for further work in ISO (TC 71) and CEN (TC 104 and TC 250/SC2). 

The following members of Task Group 5.6 actively contributed to the work (in alphabetic order):  
– Veronique BAROGHEL BOUNY 

– Phil BAMFORTH 
– Gene CORLEY 

– Michael Havbro FABER 

– Christoph GEHLEN* (secretary) 
– Paulo HELENE 

– Steinar HELLAND* 
– Tetsuya ISHIDA 

– Gro MARKESET 
– Lars Olof NILSSON* 

– Steen ROSTAM 
– Peter SCHIESSL* (Convener) 

*Members of the Drafting Board 
 

The format of this Model Code follows the CEB-FIP tradition: the main provisions are given on the right-
hand side of the page, and on the left-hand side, the comments. 

 

 
 

 
Peter SCHIESSL 

Convener of fib Task Group 5.6 
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 d
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at
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t d
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 d
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 d
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at
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at
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at
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 l
ea

d 
to

 a
 r

ed
uc

tio
n 

in
 t

he
 f

at
ig

ue
 

re
si

st
an

ce
. T

he
 S

-N
-c

ur
ve

s 
as

 th
e 

ba
si

s 
fo

r f
at

ig
ue

 d
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 c
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t c
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 c

au
se

d 
by

 d
yn

am
ic

 l
oa

di
ng

 a
nd

 s
im

ul
ta

ne
ou

s 
co

rr
os

io
n 

ca
us

ed
 b
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 m
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 d
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 d
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 p
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f C
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 d
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e 

st
ru

ct
ur

e 
ex

is
ts

 
an

d 
re

al
 

m
at

er
ia

l 
pr

op
er

tie
s 

an
d/

or
 

th
e 

in
te

ra
ct

io
n 

of
 e

nv
iro

nm
en

t 
an

d 
st

ru
ct

ur
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, c
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 c
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 b
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at
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 b
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 C

od
e 

is
 a

pp
lic

ab
le

 f
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 D
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 c
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 c
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 d
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 C
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 d
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r d
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i p
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r d
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 d
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 d
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t o
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em
ai

ni
ng

 se
rv

ic
e 

lif
e 

of
 e

xi
st

in
g 

st
ru

ct
ur

es
. 

 
 

1.
2 

A
ss

oc
ia

te
d 

co
de

s 
C

EN
 E

N
 1

99
0 

“B
as

is
 fo

r d
es

ig
n”

 is
 b

as
ed

 o
n 

th
e 

ge
ne

ra
l p

rin
ci

pl
es

 fo
r t

he
 

ve
rif

ic
at

io
n 

of
 th

e 
re

lia
bi

lit
y 

of
 s

tru
ct

ur
es

 g
iv

en
 in

 I
SO

 2
39

4:
19

98
 “

G
en

er
al

 
pr

in
ci

pl
es

 o
n 

re
lia

bi
lit

y 
fo

r s
tru

ct
ur

es
” 

 
(1

) T
he

 p
re

se
nt

 c
od

e 
is

 a
pp

lic
ab

le
 a

s 
de

sc
rib

ed
 u

nd
er

 1
.1

 to
ge

th
er

 w
ith

 

– 
C

EN
 E

ur
oc

od
e 

0 
(E

N
 1

99
0:

20
02

) ”
B

as
is

 fo
r d

es
ig

n”
 

– 
“P

ro
ba

bi
lis

tic
 M

od
el

 C
od

e”
, J

oi
nt

 C
om

m
itt

ee
 o

n 
St

ru
ct

ur
al

 S
af

et
y 

(J
C

SS
 P

M
C

:2
00

0)
, w

w
w

.jc
ss

.e
th

.c
h 

– 
C

EN
 E

N
V

 1
36

70
-1

:2
00

0 
“E

xe
cu

tio
n 

of
 c

on
cr

et
e 

st
ru

ct
ur

es
” 

– 
IS

O
 2

39
4:

19
98

 (E
), 

”G
en

er
al

 p
rin

ci
pl

es
 o

n 
re

lia
bi

lit
y 

fo
r s

tru
ct

ur
es

” 
 

 
1.

3 
A

ss
um

pt
io

ns
 

C
EN

 E
N

V
 1

36
70

-1
 is

 p
re

se
nt

ly
 th

e 
m

ai
n 

re
fe

re
nc

e 
do

cu
m

en
t f
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l s
ta

nd
ar

d 
fo

r t
he

 e
xe

cu
tio

n 
of

 c
on

cr
et

e 
st

ru
ct

ur
es

. 

Th
is

 C
EN

 s
ta

nd
ar

d 
m

ig
ht

 b
e 

re
pl

ac
ed

 b
y 

th
e 

co
m

in
g 

EN
 1

36
70

, o
r b

y 
th

e 
IS

O
 d
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r p
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 b
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fie
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m
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l p

ro
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al

 v
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 c
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r p
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d 

Pa
rti

al
 f

ac
to

r 
as

so
ci

at
ed

 w
ith

 t
he

 u
nc

er
ta

in
ty

 o
f 

th
e 

ac
tio

n 
an

d/
or

 a
ct

io
n 

ef
fe

ct
 m

od
el

 

γ R
d 

Pa
rti

al
 fa

ct
or

 a
ss

oc
ia

te
d 

w
ith

 th
e 

un
ce

rta
in

ty
 o

f t
he

 re
si

st
an

ce
 

m
od

el
, 

pl
us

 g
eo

m
et

ric
 d

ev
ia

tio
ns

 i
f 

th
es

e 
ar

e 
no

t 
m

od
el

le
d 

ex
pl

ic
itl

y 
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2 
 B

as
is

 o
f d

es
ig

n 

 
 

2 
B

as
is

 o
f d

es
ig

n 
 

 
2.

1 
R

eq
ui

re
m

en
ts

 
 

 
2.

1.
1 

B
as

ic
 r

eq
ui

re
m

en
ts

 
 

 
(1

) T
he

 S
LD

 o
f c

on
cr

et
e 

st
ru

ct
ur

es
 s

ha
ll 

be
 in

 a
cc

or
da

nc
e 

w
ith

 th
e 

ge
ne

ra
l 

ru
le

s g
iv

en
 in

 E
N

 1
99

0.
 

 
 

(2
) 

Th
e 

su
pp

le
m

en
ta

ry
 p

ro
vi

si
on

s 
fo

r 
co

nc
re

te
 s

tru
ct

ur
es

 g
iv

en
 i

n 
th

is
 

do
cu

m
en

t s
ha

ll 
al

so
 b

e 
ap

pl
ie

d.
 

 
 

(3
) 

Th
e 

ba
si

c 
re

qu
ire

m
en

ts
 o

f 
EN

 1
99

0 
Se

ct
io

n 
2 

ar
e 

de
em

ed
 t

o 
be

 
sa

tis
fie

d 
fo

r 
co

nc
re

te
 s

tru
ct

ur
es

 w
he

n 
SL

D
 i

s 
ca

rr
ie

d 
ou

t 
ac

co
rd

in
g 

to
 t

he
 

re
qu

ire
m

en
ts

 g
iv

en
 in

 se
ct

io
n 

2.
1.

2 
(2

). 

 
 

2.
1.

2 
R

el
ia

bi
lit

y 
m

an
ag

em
en

t 
 

 
(1

) 
R

el
ia

bi
lit

y 
m

an
ag

em
en

t 
sh

al
l 

fo
llo

w
 t

he
 r

ul
es

 g
iv

en
 i

n 
EN

 1
99

0 
Se

ct
io

n 
2.

 

 
 

(2
) T

he
 se

rv
ic

e 
lif

e 
de

si
gn

 sh
al

l e
ith

er
: 

– 
fo

llo
w

 th
e 

ge
ne

ra
l p

rin
ci

pl
es

 f
or

 p
ro

ba
bi

lis
tic

 s
er

vi
ce

 li
fe

 d
es

ig
n 

of
 

co
nc

re
te

 s
tru

ct
ur

es
 o

ut
lin

ed
 in

 th
e 

JC
SS

 P
M

C
, I

SO
 2

39
4:

19
98

 (
E)

, 
re

sp
ec

tiv
el

y.
  

– 
us

e 
th

e 
pa

rti
al

 fa
ct

or
 m

et
ho

d 
gi

ve
n 

in
 th

is
 d

oc
um

en
t 

– 
us

e 
th

e 
de

em
ed

-to
-s

at
is

fy
 m

et
ho

d 
gi

ve
n 

in
 th

is
 d

oc
um

en
t 

– 
be

 b
as

ed
 o

n 
th

e 
av

oi
da

nc
e-

of
-d

et
er

io
ra

tio
n 

m
et

ho
d 

gi
ve

n 
in

 t
hi

s 
do

cu
m

en
t 

 
 

2.
1.

3 
D

es
ig

n 
se

rv
ic

e 
lif

e,
 

du
ra

bi
lit

y 
an

d 
qu

al
ity

 
m

an
ag

em
en

t 
 

 
(1

) T
he

 ru
le

s 
fo

r d
es

ig
n 

of
 s

er
vi

ce
 li

fe
, d

ur
ab

ili
ty

 a
nd

 q
ua

lit
y 

m
an

ag
em

en
t 

ar
e 

gi
ve

n 
in

 E
N

 1
99

0 
Se

ct
io

n 
2.

 

 
 

(2
) 

Th
e 

de
si

gn
 s

er
vi

ce
 li

fe
 is

 th
e 

as
su

m
ed

 p
er

io
d 

fo
r 

w
hi

ch
 a

 s
tru

ct
ur

e 
or

 
pa

rt 
of

 it
 is

 to
 b

e 
us

ed
 f

or
 it

s 
in

te
nd

ed
 p

ur
po

se
 w

ith
 a

nt
ic

ip
at

ed
 m

ai
nt

en
an

ce
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 B
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 c
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 bu

t w
ith

ou
t m

aj
or

 re
pa

ir 
be

in
g 

ne
ce

ss
ar

y.
 

Th
e 

de
si

gn
 se

rv
ic

e 
lif

e 
is

 d
ef

in
ed

 b
y:

 
– 

A
 d

ef
in

iti
on

 o
f t

he
 re

le
va

nt
 li

m
it 

st
at

e 

– 
A

 n
um

be
r o

f y
ea

rs
 

– 
A

 l
ev

el
 o

f 
re

lia
bi

lit
y 

fo
r 

no
t 

pa
ss

in
g 

th
e 

lim
it 

st
at

e 
du

rin
g 

th
is

 
pe

rio
d 

 
 

(3
) 

D
ur

ab
ili

ty
 o

f 
th

e 
st

ru
ct

ur
e 

in
 i

ts
 e

nv
iro

nm
en

t 
sh

al
l 

be
 s

uc
h 

th
at

 i
t 

re
m

ai
ns

 f
it 

fo
r 

us
e 

du
rin

g 
its

 d
es

ig
n 

se
rv

ic
e 

lif
e.

 T
hi

s 
re

qu
ire

m
en

t 
ca

n 
be

 
co

ns
id

er
ed

 in
 o

ne
, o

r a
 c

om
bi

na
tio

n,
 o

f t
he

 fo
llo

w
in

g 
w

ay
s:

 

– 
B

y 
de

si
gn

in
g 

pr
ot

ec
tiv

e 
an

d 
om

iti
ga

tin
g 

sy
st

em
s 

– 
B

y 
us

in
g 

m
at

er
ia

ls
 t

ha
t, 

if 
w

el
l 

m
ai

nt
ai

ne
d,

 w
ill

 n
ot

 d
eg

en
er

at
e 

du
rin

g 
th

e 
de

si
gn

 se
rv

ic
e 

lif
e 

– 
B

y 
gi

vi
ng

 s
uc

h 
di

m
en

si
on

s 
th

at
 d

et
er

io
ra

tio
n 

du
rin

g 
th

e 
de

si
gn

 
se

rv
ic

e 
lif

e 
is

 c
om

pe
ns

at
ed

 

– 
B

y 
ch

oo
si

ng
 a

 s
ho

rte
r 

lif
et

im
e 

fo
r 

st
ru

ct
ur

al
 e

le
m

en
ts

, w
hi

ch
 m

ay
 

be
 re

pl
ac

ed
 o

ne
 o

r m
or

e 
tim

es
 d

ur
in

g 
th

e 
de

si
gn

 li
fe

 

in
 

co
m

bi
na

tio
n 

w
ith

 
ap

pr
op

ria
te

 
in

sp
ec

tio
n 

at
 

fix
ed

 
or

 
co

nd
iti

on
 

de
pe

nd
an

t i
nt

er
va

ls
 a

nd
 a

pp
ro

pr
ia

te
 m

ai
nt

en
an

ce
 a

ct
iv

iti
es

. 
In

 a
ll 

ca
se

s 
th

e 
re

lia
bi

lit
y 

re
qu

ire
m

en
ts

 f
or

 l
on

g 
an

d 
sh

or
t-t

er
m

 p
er

io
ds

 
sh

ou
ld

 b
e 

m
et

. 
 

 
(4

) 
Th

e 
se

rv
ic

ea
bi

lit
y 

cr
ite

ria
 s

ha
ll 

be
 s

pe
ci

fie
d 

fo
r 

ea
ch

 p
ro

je
ct

 a
nd

 
ag

re
ed

 w
ith

 th
e 

cl
ie

nt
. 

G
ui

da
nc

e 
fo

r 
th

e 
ch

oi
ce

 
of

 
se

rv
ic

ea
bi

lit
y 

cr
ite

ria
 

co
m

bi
ne

d 
w

ith
 

ap
pr

op
ria

te
 ta

rg
et

 v
al

ue
s o

f r
el

ia
bi

lit
y 

ar
e 

gi
ve

n 
in

 A
nn

ex
 A

. 

Th
e 

“C
on

se
qu

en
ce

 c
la

ss
es

”,
 “

R
el

ia
bi

lit
y 

cl
as

se
s”

 a
nd

 “
D

es
ig

n 
su

pe
rv

is
io

n 
le

ve
ls

” 
ar

e 
id

en
tic

al
 t

o 
th

os
e 

de
fin

ed
 i

n 
A

nn
ex

 B
 o

f 
EN

 1
99

0,
 w

hi
le

 t
he

 
“I

ns
pe

ct
io

n 
le

ve
ls

 d
ur

in
g 

ex
ec

ut
io

n”
 o

f E
N

 1
99

0 
ar

e 
on

ly
 o

ne
 e

le
m

en
t i

n 
th

e 
“E

xe
cu

tio
n 

cl
as

se
s”

 d
ef

in
ed

 in
 th

e 
pr

es
en

t d
oc

um
en

t. 

 
(5

) 
A

s 
a 

gu
id

an
ce

 to
 r

el
ia

bi
lit

y 
di

ff
er

en
tia

tio
n,

 A
nn

ex
 A

 to
 th

is
 d

oc
um

en
t 

de
fin

es
 th

e 
fo

llo
w

in
g 

ge
ne

ra
l c

la
ss

ifi
ca

tio
ns

: 

– 
C

on
se

qu
en

ce
 c

la
ss

 C
C

3,
 C

C
2 

an
d 

C
C

1 

– 
R

el
ia

bi
lit

y 
cl

as
s R

C
3,

 R
C

2 
an

d 
R

C
1 

– 
D

es
ig

n 
su

pe
rv

is
io

n 
le

ve
l D

SL
3,

 D
SL

2 
an

d 
D

SL
1 

– 
Ex

ec
ut

io
n 

cl
as

s 
EX

C
1,

 E
X

C
2 

an
d 

EX
C

3 
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2 
 B

as
is

 o
f d

es
ig

n 

– 
R

ob
us

tn
es

s C
la

ss
 R

O
C

1,
 R

O
C

2 
an

d 
R

O
C

3 

Fo
r s

er
vi

ce
 li

fe
 d

es
ig

n,
 A

nn
ex

 A
, i

n 
ad

di
tio

n,
 c

la
ss

ify
 4

 le
ve

ls
 o

f c
on

di
tio

n 
co

nt
ro

l d
ur

in
g 

th
e 

se
rv

ic
e 

lif
e:

 

– 
C

C
L3

, C
C

L2
, C

C
L1

 a
nd

 C
C

L0
 

 
 

2.
2 

Pr
in

ci
pl

es
 o

f l
im

it 
st

at
e 

de
si

gn
 

Th
e 

pe
rf

or
m

an
ce

 o
f 

a 
w

ho
le

 s
tru

ct
ur

e 
or

 p
ar

t 
of

 i
t 

sh
ou

ld
 b

e 
de

sc
rib

ed
 

w
ith

 r
ef

er
en

ce
 t

o 
a 

sp
ec

ifi
ed

 s
et

 o
f 

lim
it 

st
at

es
 a

nd
 a

ss
oc

ia
te

d 
le

ve
ls

 o
f 

re
lia

bi
lit

y 
w

hi
ch

 se
pa

ra
te

 d
es

ire
d 

st
at

es
 o

f t
he

 st
ru

ct
ur

e 
fr

om
 u

nd
es

ire
d 

st
at

es
. 

 
It 

sh
al

l b
e 

ve
rif

ie
d 

th
at

 n
on

e 
of

 th
es

e 
lim

it 
st

at
es

 a
re

 e
xc

ee
de

d 
w

ith
 a

 le
ss

 
de

gr
ee

 o
f r

el
ia

bi
lit

y 
th

an
 g

iv
en

 in
 th

e 
de

si
gn

 c
rit

er
ia

. 
Th

e 
de

fin
iti

on
s o

f S
LS

 a
nd

 U
LS

 a
re

 g
iv

en
 in

 1
.4

.2
2 

an
d 

1.
4.

24
. 

SL
S 

re
pr

es
en

ts
 a

ll 
lim

it 
st

at
es

 e
xc

ep
t t

ha
t a

ss
oc

ia
te

d 
w

ith
 c

ol
la

ps
e 

or
 o

th
er

 
si

m
ila

r f
or

m
s o

f s
tru

ct
ur

al
 fa

ilu
re

. 

Ex
am

pl
es

 o
f 

lim
it 

st
at

es
 a

ss
oc

ia
te

d 
w

ith
 S

LS
 a

nd
 d

ea
lt 

w
ith

 i
n 

th
is

 
do

cu
m

en
t 

m
ig

ht
 b

e:
 d

ep
as

si
va

tio
n 

of
 r

ei
nf

or
ce

m
en

t, 
cr

ac
ki

ng
, 

sp
al

lin
g 

of
 

co
ve

r, 
er

os
io

n 
of

 su
rf

ac
e 

du
e 

to
 fr

ee
ze

-th
aw

, e
tc

. 

 
(1

) T
he

 ru
le

s f
or

 li
m

it 
st

at
e 

de
si

gn
 a

re
 g

iv
en

 in
 E

N
 1

99
0 

Se
ct

io
n 

3.
 

 

 
 

2.
3 

B
as

ic
 v

ar
ia

bl
es

 
 

 
2.

3.
1 

A
ct

io
ns

 a
nd

 e
nv

ir
on

m
en

ta
l i

nf
lu

en
ce

s 
R

ul
es

 fo
r a

ct
io

ns
 a

nd
 e

nv
iro

nm
en

ta
l i

nf
lu

en
ce

s 
ar

e 
al

so
 g

iv
en

 in
 E

N
 1

99
0,

 
Se

ct
io

n 
4.

 
 

 
(1

) A
ct

io
ns

 sp
ec

ifi
c 

to
 S

LD
 a

re
 g

iv
en

 in
 re

le
va

nt
 se

ct
io

ns
. 

C
ha

ra
ct

er
is

tic
 v

al
ue

s o
f a

ct
io

ns
 fo

r u
se

 in
 S

LD
 sh

al
l e

ith
er

 b
e 

– 
ba

se
d 

on
 d

at
a 

de
riv

ed
 fo

r t
he

 p
ar

tic
ul

ar
 p

ro
je

ct
 o

r 
– 

fr
om

 g
en

er
al

 fi
el

d-
ex

pe
rie

nc
e 

– 
fr

om
 re

le
va

nt
 li

te
ra

tu
re

 

O
th

er
 a

ct
io

ns
, w

he
n 

re
le

va
nt

, s
ha

ll 
be

 d
ef

in
ed

 in
 th

e 
de

si
gn

 s
pe

ci
fic

at
io

n 
fo

r a
 p

ar
tic

ul
ar

 p
ro

je
ct

. 
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2.
3.

2 
M

at
er

ia
l a

nd
 p

ro
du

ct
 p

ro
pe

rt
ie

s 
 

 
(1

) 
Th

e 
ru

le
s 

fo
r 

m
at

er
ia

l 
an

d 
pr

od
uc

t 
pr

op
er

tie
s 

ar
e 

gi
ve

n 
in

 E
N

 1
99

0 
Se

ct
io

n 
4.

 
 

 
(2

) 
C

ha
ra

ct
er

is
tic

 v
al

ue
s 

of
 m

at
er

ia
ls

 a
nd

 p
ro

du
ct

 p
ro

pe
rti

es
 f

or
 u

se
 i

n 
SL

D
 sh

al
l e

ith
er

 b
e 

– 
ba

se
d 

on
 d

at
a 

de
riv

ed
 fo

r t
he

 p
ar

tic
ul

ar
 p

ro
je

ct
 o

r 

– 
fr

om
 g

en
er

al
 fi

el
d-

ex
pe

rie
nc

e 

– 
fr

om
 re

le
va

nt
 li

te
ra

tu
re

 
M

at
er

ia
ls

 a
nd

 p
ro

du
ct

 p
ro

pe
rti

es
 t

o 
be

 d
et

er
m

in
ed

 w
ill

 d
ep

en
d 

on
 t

he
 

de
te

rio
ra

tio
n 

m
od

el
 u

se
d.

 If
 d

iff
er

en
t m

od
el

s 
w

ith
 d

iff
er

en
t b

as
ic

 a
ss

um
pt

io
ns

 
ar

e 
of

fe
re

d,
 a

 c
he

ck
in

g 
pr

oc
es

s 
sh

ou
ld

 b
e 

es
ta

bl
is

he
d,

 t
o 

av
oi

d 
an

 in
co

rr
ec

t 
m

ix
tu

re
 o

f d
at

a.
 

(3
) 

M
at

er
ia

l 
pr

op
er

ty
 v

al
ue

s 
sh

al
l 

be
 d

et
er

m
in

ed
 f

ro
m

 t
es

t 
pr

oc
ed

ur
es

 
pe

rf
or

m
ed

 u
nd

er
 s

pe
ci

fie
d 

co
nd

iti
on

s. 
A

 c
on

ve
rs

io
n 

fa
ct

or
 s

ha
ll 

be
 a

pp
lie

d,
 

w
he

n 
ne

ce
ss

ar
y,

 to
 c

on
ve

rt 
th

e 
te

st
 r

es
ul

ts
 o

f 
la

bo
ra

to
ry

 c
as

t s
pe

ci
m

en
s 

in
to

 
va

lu
es

, w
hi

ch
 c

an
 b

e 
as

su
m

ed
 t

o 
re

pr
es

en
t 

th
e 

be
ha

vi
ou

r 
of

 t
he

 m
at

er
ia

l 
or

 
pr

od
uc

t i
n 

th
e 

st
ru

ct
ur

e.
 

 
 

2.
3.

3 
G

eo
m

et
ri

c 
da

ta
 

 
 

(1
) T

he
 ru

le
s f

or
 g

eo
m

et
ric

al
 d

at
a 

ar
e 

gi
ve

n 
in

 E
N

 1
99

0 
Se

ct
io

n 
4.

 
O

f 
pa

rti
cu

la
r 

re
le

va
nc

e 
fo

r 
se

rv
ic

e 
lif

e 
de

si
gn

 (
SL

D
) 

ar
e 

EN
V

 1
36

70
-1

 
cl

au
se

 1
0.

6,
 f

ig
ur

e 
3 

b 
an

d 
3 

d 
co

nc
er

ni
ng

 l
oc

at
io

n 
of

 o
rd

in
ar

y 
an

d 
pr

es
tre

ss
ed

 re
in

fo
rc

em
en

t. 
Fo

r 
pr

ac
tic

al
 

re
as

on
s, 

a 
si

m
pl

ifi
ed

 
st

at
is

tic
al

 
ap

pr
oa

ch
 

ba
se

d 
on

 
“m

ax
im

um
 p

er
m

itt
ed

 d
ev

ia
tio

n”
 is

 o
fte

n 
us

ed
 in

 p
ro

je
ct

 s
pe

ci
fic

at
io

ns
. T

hi
s 

is
 o

fte
n 

th
e 

ca
se

 f
or

 t
he

 c
on

cr
et

e 
co

ve
r 

to
 r

ei
nf

or
ce

m
en

t. 
Th

is
 i

s 
no

rm
al

ly
 

gi
ve

n 
as

 a
 n

om
in

al
 v

al
ue

 (
ta

rg
et

 v
al

ue
) 

an
d 

m
ax

im
um

 p
er

m
itt

ed
 m

in
us

 a
nd

 
pl

us
 d

ev
ia

tio
ns

.  

W
he

n 
pe

rf
or

m
in

g 
a 

fu
ll 

pr
ob

ab
ili

st
ic

 S
LD

, 
th

is
 m

ax
im

um
 p

er
m

itt
ed

 
de

vi
at

io
n 

ha
s 

to
 b

e 
tra

ns
fo

rm
ed

 t
o 

a 
gi

ve
n 

fr
ac

til
e 

of
 a

n 
as

su
m

ed
 s

ta
tis

tic
al

 
di

st
rib

ut
io

n 
 (s

ee
 c

la
us

e 
 4

.5
 (2

))
. 

 
(2

) D
es

ig
n 

va
lu

es
 o

f g
eo

m
et

ric
al

 d
at

a 
fo

r S
LD

 s
ha

ll 
be

 in
 a

cc
or

da
nc

e 
w

ith
 

EN
 1

99
0 

cl
au

se
 6

.3
.4

 o
r 

ac
co

rd
in

g 
to

 m
ea

su
re

m
en

ts
 o

n 
th

e 
co

m
pl

et
ed

 
st

ru
ct

ur
e 

or
 e

le
m

en
t. 

(3
) 

EN
V

 1
36

70
-1

 “
Ex

ec
ut

io
n 

of
 c

on
cr

et
e 

st
ru

ct
ur

es
” 

sp
ec

ifi
es

 p
er

m
itt

ed
 

ge
om

et
ric

al
 d

ev
ia

tio
ns

. I
f 

th
e 

de
si

gn
 a

ss
um

es
 s

tri
ct

er
 t

ol
er

an
ce

s,
 t

he
 d

es
ig

n 
as

su
m

pt
io

ns
 s

ha
ll 

be
 v

er
ifi

ed
 b

y 
m

ea
su

re
m

en
ts

 o
n 

th
e 

co
m

pl
et

ed
 s

tru
ct

ur
e 

or
 

el
em

en
t. 
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2 
 B

as
is

 o
f d

es
ig

n 

 
 

2.
4 

V
er

ifi
ca

tio
n 

 
 

2.
4.

1 
V

er
ifi

ca
tio

n 
by

 fu
ll 

pr
ob

ab
ili

st
ic

 m
et

ho
d 

M
at

er
ia

l p
ar

am
et

er
s 

de
riv

ed
 f

ro
m

 a
cc

el
er

at
ed

 s
ho

rt-
tim

e 
te

st
s 

m
ig

ht
 h

av
e 

an
 in

he
re

nt
 u

nc
er

ta
in

ty
 c

on
ce

rn
in

g 
th

ei
r a

pp
lic

at
io

n 
fo

r l
on

g-
te

rm
 m

od
el

lin
g.

 

Th
e 

re
le

va
nc

e 
of

 
su

ch
 

m
at

er
ia

l 
ch

ar
ac

te
ris

tic
s 

sh
ou

ld
 

th
er

ef
or

e 
be

 
ca

lib
ra

te
d 

to
 lo

ng
-te

rm
 in

fie
ld

 p
er

fo
rm

an
ce

. 

 Th
e 

un
ce

rta
in

ty
 o

f 
m

od
el

s 
an

d 
pa

ra
m

et
er

s 
w

ill
 n

or
m

al
ly

 i
nf

lu
en

ce
 t

he
 

re
su

lt 
of

 th
e 

SL
D

 to
 a

 g
re

at
er

 d
eg

re
e 

w
he

n 
us

ed
 fo

r d
es

ig
n 

of
 n

ew
 s

tru
ct

ur
es

 
th

an
 w

he
n 

as
se

ss
in

g 
re

m
ai

ni
ng

 se
rv

ic
e 

lif
e 

of
 e

xi
st

in
g 

st
ru

ct
ur

es
. 

 

 
(1

) 
Th

e 
ge

ne
ra

l p
rin

ci
pl

es
 f

or
 p

ro
ba

bi
lis

tic
 s

er
vi

ce
 li

fe
 d

es
ig

n 
of

 c
on

cr
et

e 
st

ru
ct

ur
es

 o
ut

lin
ed

 in
 th

e 
JC

SS
 P

M
C

 sh
al

l b
e 

fo
llo

w
ed

. 

In
 p

ar
tic

ul
ar

 th
e 

fo
llo

w
in

g 
fo

ur
 p

rin
ci

pl
es

 sh
al

l b
e 

co
ns

id
er

ed
: 

– 
Pr

ob
ab

ili
st

ic
 m

od
el

s 
sh

al
l b

e 
ap

pl
ie

d 
th

at
 a

re
 s

uf
fic

ie
nt

ly
 v

al
id

at
ed

 
to

 g
iv

e 
re

al
is

tic
 a

nd
 re

pr
es

en
ta

tiv
e 

re
su

lts
. 

– 
Th

e 
pa

ra
m

et
er

s 
of

 
th

e 
m

od
el

s 
ap

pl
ie

d 
an

d 
th

ei
r 

as
so

ci
at

ed
 

un
ce

rta
in

ty
 s

ha
ll 

be
 q

ua
nt

ifi
ab

le
 b

y 
m

ea
ns

 o
f 

te
st

s, 
ob

se
rv

at
io

ns
 

an
d/

or
 e

xp
er

ie
nc

e.
 

– 
R

ep
ro

du
ci

bl
e 

an
d 

re
le

va
nt

 te
st

 m
et

ho
ds

 s
ha

ll 
be

 a
va

ila
bl

e 
to

 a
ss

es
s 

th
e 

ac
tio

n-
 a

nd
 m

at
er

ia
l-p

ar
am

et
er

s.
 

U
nc

er
ta

in
tie

s a
ss

oc
ia

te
d 

w
ith

 m
od

el
s 

an
d 

te
st

 m
et

ho
ds

 s
ha

ll 
be

 c
on

si
de

re
d.

 
 

 
2.

4.
2 

V
er

ifi
ca

tio
n 

by
 th

e 
pa

rt
ia

l f
ac

to
r 

m
et

ho
d 

 
 

(1
) T

he
 ru

le
s 

fo
r t

he
 p

ar
tia

l f
ac

to
r m

et
ho

d 
ar

e 
gi

ve
n 

in
 E

N
 1

99
0 

Se
ct

io
n 

6 
an

d 
ca

n 
be

 u
se

d 
fo

r 
SL

D
  

w
ith

ou
t 

th
e 

lim
ita

tio
ns

 g
iv

en
 i

n 
EN

 1
99

0 
cl

au
se

 
6.

2.
 

 
 

(2
) T

he
 s

am
e 

m
od

el
s 

as
 fo

r t
he

 fu
ll 

pr
ob

ab
ili

st
ic

 m
et

ho
d,

 b
as

ed
 o

n 
de

si
gn

 
va

lu
es

, s
ha

ll 
be

 u
se

d 
fo

r t
he

 p
ar

tia
l f

ac
to

r m
et

ho
d.

 S
im

pl
ifi

ca
tio

ns
 o

n 
th

e 
sa

fe
 

si
de

 a
re

 p
os

si
bl

e.
 

 
 

(3
) 

Th
e 

pa
rti

al
 f

ac
to

r 
fo

rm
at

 s
ep

ar
at

es
 t

he
 t

re
at

m
en

t 
of

 u
nc

er
ta

in
tie

s 
an

d 
va

ria
bi

lit
ie

s 
or

ig
in

at
in

g 
fr

om
 v

ar
io

us
 c

au
se

s.
 I

n 
th

e 
ve

rif
ic

at
io

n 
pr

oc
ed

ur
e 

de
fin

ed
 in

 th
is

 d
oc

um
en

t t
he

 d
es

ig
n 

va
lu

es
 o

f t
he

 fu
nd

am
en

ta
l b

as
ic

 v
ar

ia
bl

es
 

ar
e 

ex
pr

es
se

d 
as

 fo
llo

w
s:

 
–

D
es

ig
n 

va
lu

es
 o

f a
ct

io
ns

 a
re

 g
en

er
al

ly
 e

xp
re

ss
ed

 a
s 

F d
 =

 γ
f ·

 F
re

p 
(2

.4
-1

) 

w
he

re
 F

re
p a

re
 re

pr
es

en
ta

tiv
e 

va
lu

es
 o

f a
ct

io
n 

γ f
  a

re
 p

ar
tia

l s
af

et
y 

fa
ct

or
s 
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–
D

es
ig

n 
va

lu
es

 o
f 

m
at

er
ia

l o
r 

pr
od

uc
t p

ro
pe

rty
 a

re
 g

en
er

al
ly

 e
xp

re
ss

ed
 

as
 

R
d =

 R
k 
/ γ

m
 

(2
.4

-2
) 

O
r, 

in
 c

as
e 

un
ce

rta
in

ty
 in

 th
e 

de
si

gn
 m

od
el

 is
 ta

ke
n 

in
to

 a
cc

ou
nt

 b
y:

 

R
d =

 R
k/γ

M
 =

 R
k/(
γ m

 ⋅  γ
Rd

) 
(2

.4
-3

) 

w
he

re
 R

k a
re

 c
ha

ra
ct

er
is

tic
 v

al
ue

s 
of

 re
si

st
an

ce
 

γ m
  i

s t
he

 p
ar

tia
l f

ac
to

r f
or

 m
at

er
ia

l p
ro

pe
rty

 

γ R
d 

 is
 th

e 
pa

rti
al

 fa
ct

or
 a

ss
oc

ia
te

d 
w

ith
 th

e 
un

ce
rta

in
ty

 o
f t

he
 re

si
st

an
ce

 
m

od
el

 p
lu

s g
eo

m
et

ric
 d

ev
ia

tio
ns

 if
 th

es
e 

ar
e 

no
t m

od
el

le
d 

ex
pl

ic
itl

y.
 

γ M
 =

 γ
m

 ⋅ 
γ R

d 
is

 t
he

 p
ar

tia
l 

fa
ct

or
 f

or
 m

at
er

ia
l 

pr
op

er
ty

 a
ls

o 
ac

co
un

tin
g 

fo
r t

he
 m

od
el

 u
nc

er
ta

in
tie

s a
nd

 d
im

en
si

on
al

 v
ar

ia
tio

ns
. 

 –
D

es
ig

n 
va

lu
es

 
of

 
ge

om
et

ric
al

 
qu

an
tit

ie
s 

to
 

be
 

co
ns

id
er

ed
 

as
 

fu
nd

am
en

ta
l 

ba
si

c 
va

ria
bl

es
 a

re
 g

en
er

al
ly

 d
ire

ct
ly

 e
xp

re
ss

ed
 b

y 
th

ei
r 

de
si

gn
 v

al
ue

s a
d.
 

 

Th
e 

ta
rg

et
 r

el
ia

bi
lit

y 
le

ve
l u

se
d 

fo
r 

th
e 

ca
lib

ra
tio

n 
sh

al
l b

e 
in

 a
cc

or
da

nc
e 

w
ith

 C
ha

pt
er

 2
.1

.3
. (

4)
 

 
(4

) W
he

n 
us

in
g 

th
e 

pa
rti

al
 fa

ct
or

 m
et

ho
d,

 it
 s

ha
ll 

be
 v

er
ifi

ed
 th

at
 th

e 
ta

rg
et

 
re

lia
bi

lit
y 

fo
r n

ot
 p

as
si

ng
 th

e 
re

le
va

nt
 li

m
it 

st
at

e 
du

rin
g 

th
e 

de
si

gn
 s

er
vi

ce
 li

fe
 

is
 n

ot
 e

xc
ee

de
d 

w
he

n 
de

si
gn

 v
al

ue
s 

fo
r 

ac
tio

ns
 o

r 
ef

fe
ct

s 
of

 a
ct

io
ns

 a
nd

 
re

si
st

an
ce

 a
re

 u
se

d 
in

 th
e 

de
si

gn
 m

od
el

s. 
Th

e 
pa

rti
al

 fa
ct

or
s s

ha
ll 

ta
ke

 in
to

 a
cc

ou
nt

: 

–
Th

e 
po

ss
ib

ili
ty

 o
f 

un
fa

vo
ur

ab
le

 d
ev

ia
tio

ns
 o

f 
ac

tio
n 

va
lu

es
 f

ro
m

 t
he

 
re

pr
es

en
ta

tiv
e 

va
lu

es
 

–
Th

e 
po

ss
ib

ili
ty

 o
f 

un
fa

vo
ur

ab
le

 d
ev

ia
tio

ns
 o

f 
m

at
er

ia
ls

 a
nd

 p
ro

du
ct

 
pr

op
er

tie
s f

ro
m

 th
e 

re
pr

es
en

ta
tiv

e 
va

lu
es

 
–

M
od

el
 u

nc
er

ta
in

tie
s a

nd
 d

im
en

si
on

al
 v

ar
ia

tio
ns

 

Th
e 

nu
m

er
ic

al
 v

al
ue

s 
fo

r 
th

e 
pa

rti
al

 f
ac

to
rs

 s
ha

ll 
be

 d
et

er
m

in
ed

 in
 e

ith
er

 
of

 tw
o 

w
ay

s:
 

–
O

n 
th

e 
ba

si
s 

of
 s

ta
tis

tic
al

 e
va

lu
at

io
n 

of
 e

xp
er

im
en

ta
l 

da
ta

 a
nd

 f
ie

ld
 

ob
se

rv
at

io
ns

 a
cc

or
di

ng
 to

 r
eq

ui
re

m
en

ts
 o

f 
cl

au
se

 “
V

er
ifi

ca
tio

n 
by

 f
ul

l 
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2 
 B

as
is

 o
f d

es
ig

n 

pr
ob

ab
ili

st
ic

 m
et

ho
d”

 

–
O

n 
th

e 
ba

si
s 

of
 c

al
ib

ra
tio

n 
to

 a
 l

on
g 

te
rm

 e
xp

er
ie

nc
e 

of
 b

ui
ld

in
g 

tra
di

tio
n 

  
 

2.
4.

3 
V

er
ifi

ca
tio

n 
by

 th
e 

de
em

ed
-to

-s
at

is
fy

 m
et

ho
d 

Ex
po

su
re

 
co

nd
iti

on
s 

in
 t

he
 d

es
ig

n 
si

tu
at

io
ns

 m
ig

ht
 b

e 
cl

as
si

fie
d 

in
 

”e
xp

os
ur

e 
cl

as
se

s”
. 

Tr
ad

iti
on

al
ly

, 
de

em
ed

-to
-s

at
is

fy
 p

ro
vi

si
on

s 
in

cl
ud

e 
re

qu
ire

m
en

ts
 t

o 
th

e 
w

or
km

an
sh

ip
, 

co
nc

re
te

 
co

m
po

si
tio

n,
 

po
ss

ib
le

 
ai

r 
en

tra
in

m
en

t, 
co

ve
r 

th
ic

kn
es

s 
to

 t
he

 r
ei

nf
or

ce
m

en
t, 

cr
ac

k 
w

id
th

 l
im

ita
tio

ns
 a

nd
 c

ur
in

g 
of

 t
he

 
co

nc
re

te
. 

H
ow

ev
er

, o
th

er
 p

ro
vi

si
on

s m
ig

ht
 a

ls
o 

be
 re

le
va

nt
. 

Ex
am

pl
es

 o
f 

th
e 

ca
lib

ra
tio

n 
of

 d
ee

m
ed

-to
-s

at
is

fy
 c

rit
er

ia
 b

as
ed

 o
n 

a 
“c

lo
se

-to
” 

fu
ll 

pr
ob

ab
ili

st
ic

 m
et

ho
d 

an
d 

da
ta

 d
er

iv
ed

 fr
om

 1
0 

– 
15

 y
ea

rs
 o

ld
 

st
ru

ct
ur

es
 a

re
 g

iv
en

 in
 [2

]. 

 
(1

) T
he

 d
ee

m
ed

-to
-s

at
is

fy
 m

et
ho

d 
is

 a
 se

t o
f r

ul
es

 fo
r 

– 
di

m
en

si
on

in
g,

 
– 

m
at

er
ia

l a
nd

 p
ro

du
ct

 se
le

ct
io

n 
an

d 

– 
ex

ec
ut

io
n 

pr
oc

ed
ur

es
 

th
at

 e
ns

ur
es

 t
ha

t 
th

e 
ta

rg
et

 r
el

ia
bi

lit
y 

fo
r 

no
t 

pa
ss

in
g 

th
e 

re
le

va
nt

 l
im

it 
st

at
e 

du
rin

g 
th

e 
de

si
gn

 s
er

vi
ce

 l
ife

 i
s 

no
t 

ex
ce

ed
ed

 w
he

n 
th

e 
co

nc
re

te
 

st
ru

ct
ur

e 
or

 c
om

po
ne

nt
 is

 e
xp

os
ed

 to
 th

e 
de

si
gn

 si
tu

at
io

ns
. 

 
 

(2
) T

he
 s

pe
ci

fic
 re

qu
ire

m
en

ts
 fo

r d
es

ig
n,

 m
at

er
ia

ls
 s

el
ec

tio
n 

an
d 

ex
ec

ut
io

n 
fo

r t
he

 d
ee

m
ed

-to
-s

at
is

fy
 m

et
ho

d 
sh

al
l b

e 
de

te
rm

in
ed

 in
 e

ith
er

 o
f t

w
o 

w
ay

s:
 

–
O

n 
th

e 
ba

si
s 

of
 s

ta
tis

tic
al

 e
va

lu
at

io
n 

of
 e

xp
er

im
en

ta
l 

da
ta

 a
nd

 f
ie

ld
 

ob
se

rv
at

io
ns

 a
cc

or
di

ng
 to

 r
eq

ui
re

m
en

ts
 o

f 
cl

au
se

 “
V

er
ifi

ca
tio

n 
by

 f
ul

l 
pr

ob
ab

ili
st

ic
 m

et
ho

d”
 

–
O

n 
th

e 
ba

si
s 

of
 c

al
ib

ra
tio

n 
to

 a
 l

on
g 

te
rm

 e
xp

er
ie

nc
e 

of
 b

ui
ld

in
g 

tra
di

tio
n 

Th
e 

lim
ita

tio
ns

 to
 th

e 
va

lid
ity

 o
f 

th
e 

pr
ov

is
io

ns
, e

.g
. t

he
 r

an
ge

 o
f 

ce
m

en
t 

ty
pe

s c
ov

er
ed

 b
y 

th
e 

ca
lib

ra
tio

n,
 sh

al
l b

e 
cl

ea
rly

 st
at

ed
. 

 
 

2.
4.

4 
V

er
ifi

ca
tio

n 
by

 th
e 

av
oi

da
nc

e-
of

-d
et

er
io

ra
tio

n 
m

et
ho

d 
 

 
(1

) 
Th

e 
av

oi
da

nc
e-

of
-d

et
er

io
ra

tio
n 

m
et

ho
d 

im
pl

ie
s 

th
at

 
de

te
rio

ra
tio

n 
pr

oc
es

s 
w

ill
 n

ot
 ta

ke
 p

la
ce

 d
ue

 to
 fo

r i
ns

ta
nc

e:
 

–
Se

pa
ra

tio
n 

of
 

th
e 

en
vi

ro
nm

en
ta

l 
ac

tio
n 

fr
om

 
th

e 
st

ru
ct

ur
e 

or
 

co
m

po
ne

nt
 b

y 
e.

g.
 c

la
dd

in
g 

or
 m

em
br

an
es

 

–
U

si
ng

 n
on

-r
ea

ct
in

g 
m

at
er

ia
ls

, e
.g

. c
er

ta
in

 s
ta

in
le

ss
 s

te
el

s 
or

 a
lk

al
i-n

on
-
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re
ac

tiv
e 

ag
gr

eg
at

es
 

–
Se

pa
ra

tio
n 

of
 re

ac
ta

nt
s, 

e.
g.

 k
ee

pi
ng

 th
e 

st
ru

ct
ur

e 
or

 c
om

po
ne

nt
 b

el
ow

 
a 

cr
iti

ca
l d

eg
re

e 
of

 m
oi

st
ur

e.
 

–
Su

pp
re

ss
in

g 
th

e 
ha

rm
fu

l r
ea

ct
io

n 
e.

g.
 b

y 
el

ec
tro

ch
em

ic
al

 m
et

ho
ds

 

Th
e 

as
su

m
ed

 e
ff

ec
tiv

en
es

s 
of

 th
e 

ac
tu

al
 c

on
ce

pt
 s

ha
ll 

be
 d

oc
um

en
te

d,
 fo

r 
in

st
an

ce
 f

or
 p

ro
du

ct
s 

by
 c

om
pl

yi
ng

 w
ith

 r
el

ev
an

t m
in

im
um

 r
eq

ui
re

m
en

ts
 in

 
pr

od
uc

t s
ta

nd
ar

ds
. 

 
(2

) T
he

 s
pe

ci
fic

 re
qu

ire
m

en
ts

 fo
r d

es
ig

n,
 m

at
er

ia
ls

 s
el

ec
tio

n 
an

d 
ex

ec
ut

io
n 

fo
r 

th
e 

av
oi

da
nc

e-
of

-d
et

er
io

ra
tio

n 
m

et
ho

d 
ca

n 
in

 p
rin

ci
pl

e 
be

 d
et

er
m

in
ed

 i
n 

th
e 

sa
m

e 
w

ay
 a

s 
fo

r t
he

 d
ee

m
ed

-to
-s

at
is

fy
 m

et
ho

d.
 

Th
e 

lim
ita

tio
ns

 to
 th

e 
va

lid
ity

 o
f t

he
 p

ro
vi

si
on

s s
ha

ll 
be

 c
le

ar
ly

 st
at

ed
. 
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3 
 V

er
ifi

ca
tio

n 
of

 S
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 L
ife

 D
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ig
n 

 
 

3 
V

er
ifi

ca
tio

n 
of

 S
er

vi
ce

 L
ife

 D
es

ig
n 

 
 

3.
1 

C
ar

bo
na

tio
n 

in
du

ce
d 

co
rr

os
io

n 
– 

un
cr

ac
ke

d 
co

nc
re

te
 

 
 

3.
1.

1 
Fu

ll 
pr

ob
ab

ili
st

ic
 m

et
ho

d 
 

 
3.

1.
1.

1 
Li

m
it 

st
at

e:
 d

ep
as

siv
at

io
n 

To
 g

et
 c

or
ro

si
on

 a
n 

en
vi

ro
nm

en
t 

th
at

 i
s 

w
et

 e
no

ug
h 

is
 n

ee
de

d.
 F

or
 

st
ru

ct
ur

al
 e

le
m

en
ts

 s
ol

el
y 

ex
po

se
d 

to
 re

la
tiv

e 
dr

y 
in

do
or

 e
nv

iro
nm

en
t, 

a 
lim

it 
st

at
e 

‘d
ep

as
si

va
tio

n’
 m

ay
 n

ot
 b

e 
re

le
va

nt
 a

s 
no

 s
ig

ni
fic

an
t 

co
rr

os
io

n 
w

ill
 

de
ve

lo
p.

 

 
(1

) T
he

 fo
llo

w
in

g 
re

qu
ire

m
en

t n
ee

ds
 to

 b
e 

fu
lfi

lle
d:

 

p{
} 

= 
p d

ep
. =

 p
{a

 - 
x c

(t S
L)

 <
 0

} 
< 

p 0
 

(3
.1

-1
) 

p{
}:

 
pr

ob
ab

ili
ty

 th
at

 d
ep

as
si

va
tio

n 
oc

cu
rs

 

a:
 

co
nc

re
te

 c
ov

er
 [m

m
] 

x c
 (t

SL
): 

ca
rb

on
at

io
n 

de
pt

h 
at

 th
e 

tim
e 

t SL
 [m

m
] 

t SL
: 

de
si

gn
 se

rv
ic

e 
lif

e 
[y

ea
rs

] 
p 0

: 
ta

rg
et

 fa
ilu

re
 p

ro
ba

bi
lit

y,
 c

p.
 A

nn
ex

 A
, T

ab
le

 A
2-

2 

 

 
 

(2
) T

he
 v

ar
ia

bl
es

 a
 a

nd
 x

c(t
SL

) n
ee

d 
to

 b
e 

qu
an

tif
ie

d 
in

 a
 fu

ll 
pr

ob
ab

ili
st

ic
 

ap
pr

oa
ch

. 

 
 

(3
) 

To
 e

xe
m

pl
ify

 t
he

 d
es

ig
n 

pr
oc

ed
ur

e 
an

d 
th

e 
qu

an
tif

ic
at

io
n 

of
 a

bo
ve

 
gi

ve
n 

qu
an

tit
ie

s, 
an

 a
pp

lic
ab

le
 d

es
ig

n 
m

et
ho

d 
is

 g
iv

en
 in

 C
ha

pt
er

 B
1,

 A
nn

ex
 

B
. O

th
er

 m
et

ho
ds

 m
ay

 b
e 

us
ed

, p
ro

vi
de

d 
th

at
 th

e 
ba

si
c 

pr
in

ci
pl

es
 fo

rm
ul

at
ed

 
in

 C
ha

pt
er

 2
.4

.1
 a

re
 fu

lfi
lle

d.
 

 

 
 

3.
1.

1.
2 

Li
m

it 
st

at
es

: c
or

ro
sio

n-
in

du
ce

d 
cr

ac
ki

ng
, s

pa
lli

ng
 a

nd
 

co
lla

ps
e 

R
ei

nf
or

ce
m

en
t c

or
ro

si
on

 le
ad

in
g 

to
 c

ra
ck

in
g,

 s
pa

lli
ng

 a
nd

 c
ol

la
ps

e 
de

pe
nd

 
to

 a
 h

ig
h 

ex
te

nt
 o

n 
th

e 
en

vi
ro

nm
en

t 
at

 t
he

 c
on

cr
et

e 
su

rf
ac

e.
 T

he
 m

ic
ro

 
en

vi
ro

nm
en

t 
m

ay
 v

ar
y 

co
ns

id
er

ab
le

 a
lo

ng
 t

he
 c

on
cr

et
e 

su
rf

ac
e 

of
 s

tru
ct

ur
al

 
el

em
en

ts
. 

M
os

t 
un

fa
vo

ur
ab

le
 m

ic
ro

 e
nv

iro
nm

en
ta

l 
co

nd
iti

on
s 

ar
e 

fr
eq

ue
nt

 
w

et
tin

g 
an

d 
dr

yi
ng

 a
nd

/o
r 

ac
cu

m
ul

at
io

n 
of

 a
gg

re
ss

iv
e 

ag
en

ts
 (

ch
lo

rid
es

 
or

ig
in

at
in

g 
fr

om
 s

ea
w

at
er

 o
r d

e-
ic

in
g 

sa
lts

). 
M

ac
ro

-c
el

l c
or

ro
si

on
 e

ff
ec

ts
 m

ay
 

 
(1

) 
Ex

em
pl

ifi
ed

 w
ith

 r
eg

ar
d 

to
 c

ra
ck

in
g,

 t
he

 f
ol

lo
w

in
g 

ba
si

c 
lim

it 
st

at
e 

fu
nc

tio
n 

ne
ed

s t
o 

be
 fu

lfi
lle

d:
 

 p{
} 

= 
p c

ra
ck

 =
 p

{Δ
r (R

) -
 Δ

r (S
)(t

SL
) <

 0
} 

< 
p 0

 
(3

.1
-2

) 
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tri
gg

er
 h

ig
h 

co
rr

os
io

n 
ra

te
s 

in
 a

re
as

 w
ith

 l
es

s 
se

ve
re

 m
ic

ro
 e

nv
iro

nm
en

ta
l 

co
nd

iti
on

. F
or

 g
iv

en
 d

eg
re

es
 o

f 
co

rr
os

io
n 

th
e 

ris
k 

fo
r 

cr
ac

ki
ng

 a
nd

 s
pa

lli
ng

 
de

pe
nd

s 
on

 th
e 

ge
om

et
ry

 o
f t

he
 c

ro
ss

 s
ec

tio
n.

 M
os

t v
ul

ne
ra

bl
e 

cr
os

s 
se

ct
io

na
l 

ar
ea

s,
 e

. g
. t

he
 e

dg
es

 o
f b

ea
m

s,
 sh

ou
ld

 b
e 

ch
os

en
 a

s 
de

ci
si

ve
 fo

r d
es

ig
n.

 

p{
}:

 
pr

ob
ab

ili
ty

 th
at

 c
ar

bo
na

tio
n-

in
du

ce
d 

cr
ac

ki
ng

 o
cc

ur
s 

Δ
r (R

): 
m

ax
im

al
 c

or
ro

si
on

 i
nd

uc
ed

 i
nc

re
as

e 
of

 t
he

 r
eb

ar
 r

ad
iu

s 
w

hi
ch

 c
an

 b
e 

ac
co

m
m

od
at

ed
 b

y 
th

e 
co

nc
re

te
 w

ith
ou

t 
fo

rm
at

io
n 

of
 c

ra
ck

s 
at

 th
e 

co
nc

re
te

 su
rf

ac
e 

[µ
m

] 

Δ
r (S

)(t
SL

): 
in

cr
ea

se
 o

f t
he

 re
ba

r r
ad

iu
s 

du
e 

to
 re

in
fo

rc
em

en
t c

or
ro

si
on

 
[µ

m
] 

t SL
: 

de
si

gn
 se

rv
ic

e 
lif

e 
[y

ea
rs

] 

p 0
: 

ta
rg

et
 fa

ilu
re

 p
ro

ba
bi

lit
y,

 c
p.

 A
nn

ex
 A

, T
ab

le
 A

2-
2 

 A
n 

al
te

rn
at

iv
e 

de
si

gn
 a

pp
ro

ac
h 

is
: 

p{
} 

= 
p c

ra
ck

 =
 p

{t
SL

 - 
t in

i -
 t p

ro
p <

 0
} 

< 
p 0

 
(3

.1
-3

) 

p{
}:

 
pr

ob
ab

ili
ty

 th
at

 c
ar

bo
na

tio
n-

in
du

ce
d 

cr
ac

ki
ng

 o
cc

ur
s 

t SL
: 

de
si

gn
 se

rv
ic

e 
lif

e 
[y

ea
rs

] 

t in
i: 

in
iti

at
io

n 
pe

rio
d 

[y
ea

rs
] 

t pr
op

: 
pr

op
ag

at
io

n 
pe

rio
d 

[y
ea

rs
] 

p 0
: 

ta
rg

et
 fa

ilu
re

 p
ro

ba
bi

lit
y,

 c
p.

 A
nn

ex
 A

, T
ab

le
 A

2-
2 

 

Fi
rs

t a
pp

ro
ac

he
s 

ex
is

t t
o 

qu
an

tif
y 

th
e 

va
ria

bl
es

 Δ
r (S

)(t
SL

) a
nd

 Δ
r (R

). 
M

os
t o

f 
th

e 
co

rr
es

po
nd

in
g 

m
od

el
s 

ar
e 

em
pi

ric
al

ly
 d

er
iv

ed
, 

of
te

n 
ba

se
d 

on
 v

er
y 

lim
ite

d,
 i

n 
co

ns
eq

ue
nc

e 
in

su
ff

ic
ie

nt
 d

at
a 

ba
si

s. 
Th

e 
co

rr
el

at
io

n 
be

tw
ee

n 
co

rr
os

io
n 

ra
te

s/
co

nc
re

te
 q

ua
lit

y/
m

ic
ro

 e
nv

iro
nm

en
t 

is
 n

ot
 y

et
 q

ua
nt

ifi
ed

 i
n 

de
ta

il.
 T

he
 s

am
e 

ap
pl

ie
s 

to
 th

e 
lim

it 
st

at
es

 s
pa

lli
ng

 a
nd

 c
ol

la
ps

e.
 T

o 
ge

t f
irs

t 
im

pr
es

si
on

s 
on

 t
he

 p
ro

pa
ga

tio
n 

pe
rio

d 
TG

 5
.6

 o
rg

an
is

ed
 a

 D
el

ph
ic

 o
ra

cl
e.

 
O

ne
 re

su
lt 

of
 th

e 
ex

po
su

re
 d

ep
en

de
nt

 o
ut

pu
t o

f t
hi

s 
D

el
ph

ic
 o

ra
cl

e 
is

 g
iv

en
 in

 
A

nn
ex

 R
. T

og
et

he
r 

w
ith

 e
xi

st
in

g 
m

od
el

s 
de

sc
rib

in
g 

th
e 

in
iti

at
io

n 
pe

rio
d 

an
d 

th
e 

he
re

w
ith

 
ov

er
al

l 
qu

an
tif

ie
d 

pr
op

ag
at

io
n 

pe
rio

d,
 

fu
lly

-p
ro

ba
bi

lis
tic

 
ca

lc
ul

at
io

ns
 w

ith
 r

eg
ar

d 
to

 c
or

ro
si

on
 in

du
ce

d 
cr

ac
ki

ng
, s

pa
lli

ng
 a

nd
 c

ol
la

ps
e 

of
 c

on
cr

et
e 

st
ru

ct
ur

es
 c

an
 b

e 
pe

rf
or

m
ed

, s
ee

 E
qu

at
io

n 
3.

1-
3.

 

 
(2

) T
he

 v
ar

ia
bl

es
 Δ

r (R
) a

nd
 Δ

r (S
)(t

SL
) o

r t
he

 v
ar

ia
bl

es
 t i

ni
 a

nd
 t p

ro
p n

ee
d 

to
 b

e 
qu

an
tif

ie
d 

in
 a

 fu
ll 

pr
ob

ab
ili

st
ic

 a
pp

ro
ac

h.
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3 
 V

er
ifi

ca
tio

n 
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 S
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vi
ce
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ife
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ig
n 

 
 

(3
) 

To
 e

xe
m

pl
ify

 t
he

 d
es

ig
n 

pr
oc

ed
ur

e 
an

d 
th

e 
qu

an
tif

ic
at

io
n 

of
 a

bo
ve

 
gi

ve
n 

qu
an

tit
ie

s, 
an

 a
pp

lic
ab

le
 d

es
ig

n 
m

et
ho

d 
is

 g
iv

en
 i

n 
A

nn
ex

 R
. 

O
th

er
 

m
et

ho
ds

 m
ay

 b
e 

us
ed

, 
pr

ov
id

ed
 t

ha
t 

th
e 

ba
si

c 
pr

in
ci

pl
es

 f
or

m
ul

at
ed

 i
n 

C
ha

pt
er

 2
.4

.1
 a

re
 fu

lfi
lle

d.
 

 
 

3.
1.

2 
Pa

rt
ia

l f
ac

to
r 

m
et

ho
d 

 
 

3.
1.

2.
1 

Li
m

it 
st

at
e:

 d
ep

as
siv

at
io

n 
 

 
(1

) T
he

 fo
llo

w
in

g 
lim

it 
st

at
e 

fu
nc

tio
n 

ne
ed

s t
o 

be
 fu

lfi
lle

d:
 

a d
 - 

x c
,d
(t S

L)
 ≥

 0
 

(3
.1

-4
) 

a d
: 

de
si

gn
 v

al
ue

 o
f t

he
 c

on
cr

et
e 

co
ve

r [
m

m
] 

x c
,d
(t S

L)
: 

de
si

gn
 v

al
ue

 o
f t

he
 c

ar
bo

na
tio

n 
de

pt
h 

at
 ti

m
e 

t SL
 [m

m
] 

 
 

 
(2

) T
he

 d
es

ig
n 

va
lu

e 
of

 th
e 

co
nc

re
te

 c
ov

er
 a

d 
is

 c
al

cu
la

te
d 

as
 fo

llo
w

s:
 

a d
 =

 a
k -

 Δ
a 

(3
.1

-5
) 

a k
: 

ch
ar

ac
te

ris
tic

 v
al

ue
 o

f t
he

 c
on

cr
et

e 
co

ve
r [

m
m

] 

Δ
a:

 
sa

fe
ty

 m
ar

gi
n 

of
 th

e 
co

nc
re

te
 c

ov
er

 [m
m

] 

 

 
 

(3
) 

Th
e 

de
si

gn
 v

al
ue

 o
f 

th
e 

ca
rb

on
at

io
n 

de
pt

h 
at

 a
 t

im
e 

t SL
 x

c,
d(

t SL
) 

is
 

ca
lc

ul
at

ed
 a

s f
ol

lo
w

s:
 

x c
,d
(t S

L)
 =

 x
c,

c(t
SL

) ⋅
γ f

 
(3

.1
-6

) 

x c
,c
(t S

L)
: 

ch
ar

ac
te

ris
tic

 v
al

ue
 o

f 
th

e 
ca

rb
on

at
io

n 
de

pt
h 

at
 a

 ti
m

e 
t SL

 
[m

m
], 

e.
g.

 m
ea

n 
va

lu
e 

of
 th

e 
ca

rb
on

at
io

n 
de

pt
h 

γ f
: 

pa
rti

al
 sa

fe
ty

 fa
ct

or
 o

f t
he

 c
ar

bo
na

tio
n 

de
pt

h 
[-

] 

 
 

 
(4

) 
To

 e
xe

m
pl

ify
 t

he
 d

es
ig

n 
pr

oc
ed

ur
e 

an
d 

th
e 

qu
an

tif
ic

at
io

n 
of

 a
bo

ve
 

gi
ve

n 
qu

an
tit

ie
s, 

an
 a

pp
lic

ab
le

 d
es

ig
n 

m
et

ho
d 

is
 g

iv
en

 i
n 

A
nn

ex
 C

. 
O

th
er

 
m

et
ho

ds
 m

ay
 b

e 
us

ed
, 

pr
ov

id
ed

 t
ha

t 
th

e 
ba

si
c 

pr
in

ci
pl

es
 f

or
m

ul
at

ed
 i

n 
C

ha
pt

er
 2

.4
.2

 a
re

 fu
lfi

lle
d.
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3.
1.

3 
D

ee
m

ed
-t

o-
sa

tis
fy

 m
et

ho
d 

B
as

ic
 r

eq
ui

re
m

en
ts

 w
ith

 r
eg

ar
d 

to
 c

ov
er

, 
C

O
2-

di
ff

us
io

n 
an

d 
bi

nd
in

g 
ch

ar
ac

te
ris

tic
s 

as
 w

el
l a

s 
ex

ec
ut

io
na

l r
eq

ui
re

m
en

ts
 w

ill
 b

e 
gi

ve
n 

co
m

pa
ra

bl
e 

as
 a

lre
ad

y 
gi

ve
n 

in
 E

C
 2

 (
co

ve
r: 

c m
in

, E
C

 2
, T

ab
le

 4
.4

 a
nd

 4
.5

; d
iff

us
io

n 
an

d 
bi

nd
in

g 
ch

ar
ac

te
ris

tic
s:

 i
nd

ire
ct

ly
 b

y 
st

re
ng

th
 c

la
ss

, 
m

in
im

um
 r

eq
ui

re
m

en
ts

 
w

ith
 re

ga
rd

 to
 c

on
cr

et
e 

co
m

po
si

tio
n,

 E
C

 2
, T

ab
le

 E
.1

N
; e

xe
cu

tio
n…

.).
 

 
(1

) 
W

ith
in

 t
hi

s 
ap

pr
oa

ch
 a

 t
ra

di
ng

-o
ff

 o
f 

ge
om

et
ric

al
 (

co
nc

re
te

 c
ov

er
), 

m
at

er
ia

l 
(d

iff
us

io
n 

an
d 

bi
nd

in
g 

ch
ar

ac
te

ris
tic

s)
 a

nd
 e

xe
cu

tio
na

l 
(c

ur
in

g)
 

va
ria

bl
es

 c
an

 b
e 

es
ta

bl
is

he
d.

 

 
 

3.
1.

4 
A

vo
id

an
ce

-o
f-

de
te

ri
or

at
io

n 
m

et
ho

d 
 

 
(1

) 
G

en
er

al
ly

, 
av

oi
da

nc
e 

is
 a

ch
ie

ve
d 

if 
de

pa
ss

iv
at

io
n 

ca
nn

ot
 t

ak
e 

pl
ac

e 
du

e 
to

 in
fin

ite
 m

at
er

ia
l r

es
is

ta
nc

e 
or

 z
er

o 
en

vi
ro

nm
en

ta
l l

oa
d.

 
 

 
 

3.
2 

C
hl

or
id

e 
in

du
ce

d 
co

rr
os

io
n 

– 
un

cr
ac

ke
d 

co
nc

re
te

 
 

 
3.

2.
1 

Fu
ll 

pr
ob

ab
ili

st
ic

 m
et

ho
d 

 
 

3.
2.

1.
1 

Li
m

it 
st

at
e:

 d
ep

as
siv

at
io

n 
 

 
(1

) T
he

 fo
llo

w
in

g 
lim

it 
st

at
e 

fu
nc

tio
n 

ne
ed

s t
o 

be
 fu

lfi
lle

d:
 

 p{
} 

= 
p d

ep
. =

 p
{C

Cr
it.

 - 
C

(a
,t S

L)
 <

0}
 <

 p
0 

(3
.2

-1
) 

 

p{
}:

 
pr

ob
ab

ili
ty

 th
at

 d
ep

as
si

va
tio

n 
oc

cu
rs

 

C
Cr

it.
: 

cr
iti

ca
l c

hl
or

id
e 

co
nt

en
t [

w
t.-

%
/b

in
de

r c
on

te
nt

] 
C

(a
,t S

L)
 

ch
lo

rid
e 

co
nt

en
t 

at
 d

ep
th

 a
 a

nd
 t

im
e 

t 
[w

t.-
%

/b
in

de
r 

co
nt

en
t] 

a:
 

co
nc

re
te

 c
ov

er
 [m

m
] 

t SL
: 

de
si

gn
 se

rv
ic

e 
lif

e 
[y

ea
rs

] 
p 0

: 
ta

rg
et

 fa
ilu

re
 p

ro
ba

bi
lit

y,
 c

p.
 A

nn
ex

 A
, T

ab
le

 A
2-

2 
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3 
 V

er
ifi

ca
tio

n 
of

 S
er

vi
ce

 L
ife

 D
es

ig
n 

 
 

(2
) 

Th
e 

va
ria

bl
es

 a
, 

C
cr

it.
 a

nd
 C

(a
,t S

L)
 n

ee
d 

to
 b

e 
qu

an
tif

ie
d 

in
 a

 f
ul

l 
pr

ob
ab

ili
st

ic
 a

pp
ro

ac
h.

 
 

 
(3

) 
To

 e
xe

m
pl

ify
 t

he
 d

es
ig

n 
pr

oc
ed

ur
e 

an
d 

th
e 

qu
an

tif
ic

at
io

n 
of

 a
bo

ve
 

gi
ve

n 
qu

an
tit

ie
s, 

an
 a

pp
lic

ab
le

 d
es

ig
n 

m
et

ho
d 

is
 g

iv
en

 in
 C

ha
pt

er
 B

2,
 A

nn
ex

 
B

2.
 

O
th

er
 

m
et

ho
ds

 
m

ay
 

be
 

us
ed

, 
pr

ov
id

ed
 

th
at

 
th

e 
ba

si
c 

pr
in

ci
pl

es
 

fo
rm

ul
at

ed
 in

 C
ha

pt
er

 2
.4

.1
 a

re
 fu

lfi
lle

d.
 

Se
e 

C
ha

pt
er

 3
.1

.1
.2

 
 

3.
2.

1.
2 

Li
m

it 
st

at
es

: c
or

ro
sio

n-
in

du
ce

d 
cr

ac
ki

ng
, s

pa
lli

ng
 a

nd
 

co
lla

ps
e 

Se
e 

C
ha

pt
er

 3
.1

.2
 

 
3.

2.
2 

Pa
rt

ia
l f

ac
to

r 
m

et
ho

d 
Se

e 
C

ha
pt

er
 3

.1
.3

 
 

3.
2.

3 
D

ee
m

ed
-t

o-
sa

tis
fy

 m
et

ho
d 

Se
e 

C
ha

pt
er

 3
.1

.4
 

 
3.

2.
4 

A
vo

id
an

ce
-o

f-
de

te
ri

or
at

io
n 

m
et

ho
d 

 
 

 

 
 

3.
3 

In
flu

en
ce

 o
f c

ra
ck

s u
po

n 
re

in
fo

rc
em

en
t 

co
rr

os
io

n 
Th

e 
co

rr
os

io
n 

ra
te

s 
in

 th
e 

re
gi

on
 o

f c
ra

ck
s 

cr
os

si
ng

 th
e 

re
in

fo
rc

em
en

t a
re

 
ex

tre
m

el
y 

de
pe

nd
en

t o
n 

th
e 

m
ic

ro
 c

lim
at

ic
 c

on
di

tio
ns

 a
t t

he
 c

on
cr

et
e 

su
rf

ac
e 

an
d 

th
e 

or
ie

nt
at

io
n 

of
 th

e 
co

nc
re

te
 s

ur
fa

ce
. M

os
t s

ev
er

e 
co

nd
iti

on
s 

oc
cu

r 
in

 
ca

se
 o

f h
or

iz
on

ta
l c

on
cr

et
e 

su
rf

ac
es

 a
nd

 b
ot

h 
cr

ac
ks

 a
nd

 c
hl

or
id

e 
at

ta
ck

 fr
om

 
th

e 
to

p.
 F

or
 u

su
al

 s
er

vi
ce

 l
iv

es
 m

or
e 

th
an

 1
0 

ye
ar

s 
an

d 
fr

eq
ue

nt
 c

hl
or

id
e 

at
ta

ck
 (

e.
 g

. p
ar

ki
ng

 d
ec

ks
 i

n 
re

gi
on

s 
w

he
re

 d
e-

ic
in

g 
sa

lts
 a

re
 u

se
d)

 s
pe

ci
al

 
pr

ot
ec

tiv
e 

m
ea

su
re

s 
ar

e 
ne

ce
ss

ar
y 

to
 a

vo
id

 th
e 

ra
pi

d 
pe

ne
tra

tio
n 

of
 c

hl
or

id
es

 
to

 t
he

 r
ei

nf
or

ce
m

en
t 

(e
. 

g.
 l

in
in

gs
 o

r 
cr

ac
k-

br
id

gi
ng

 c
oa

tin
gs

). 
In

 c
as

e 
of

 
ve

rti
ca

l s
ur

fa
ce

s 
an

d 
ho

riz
on

ta
l s

ur
fa

ce
s 

w
ith

 c
hl

or
id

e 
sp

ra
y 

fr
om

 th
e 

bo
tto

m
 

si
de

 a
nd

 c
hl

or
id

e 
co

nt
ai

ni
ng

 w
at

er
 n

ot
 le

ak
in

g 
th

ro
ug

h 
cr

ac
ks

 h
ig

h 
qu

al
ity

 o
f 

co
nc

re
te

 
co

ve
r 

(c
ov

er
 

th
ic

kn
es

s 
≥ 

50
 m

m
, 

lo
w

 
pe

rm
ea

bi
lit

y 
co

nc
re

te
, 

w
/c

 ≤
 0

.5
) 

an
d 

or
di

na
ry

 c
ra

ck
 w

id
th

 l
im

ita
tio

n 
(w

k,
ca

l ≤
 0

.3
 m

m
) 

en
su

re
s 

su
ff

ic
ie

nt
ly

 lo
ng

 se
rv

ic
e 

lif
e 

(≥
 5

0 
ye

ar
s)

 w
ith

ou
t e

xt
ra

 p
ro

te
ct

io
n.

 

In
 c

as
e 

of
 c

ar
bo

na
tio

n 
in

du
ce

d 
co

rr
os

io
n 

ad
eq

ua
te

 q
ua

lit
y 

of
 c

on
cr

et
e 

co
ve

r 
an

d 
or

di
na

ry
 c

ra
ck

 w
id

th
 l

im
ita

tio
n 

en
su

re
s 

su
ff

ic
ie

nt
ly

 l
on

g 
se

rv
ic

e 
lif

e 
(≥

 5
0 

ye
ar

s)
 w

ith
ou

t e
xt

ra
 p

ro
te

ct
io

n.
 

 
(1

) 
Th

e 
m

in
im

um
 s

tru
ct

ur
al

 r
el

ia
bi

lit
y 

of
 a

 c
ra

ck
ed

 r
ei

nf
or

ce
d 

co
nc

re
te

 
st

ru
ct

ur
e 

ha
s 

to
 b

e 
of

 c
om

pa
ra

bl
e 

m
ag

ni
tu

de
 a

s 
th

e 
m

in
im

um
 r

el
ia

bi
lit

y 
of

 a
 

co
m

pa
ra

bl
e 

ex
po

se
d 

un
cr

ac
ke

d 
st

ru
ct

ur
e.
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(2
) 

Si
m

ila
r 

to
 t

he
 p

ro
ce

du
re

 g
iv

en
 i

n 
C

ha
pt

er
s 

3.
1 

an
d 

3.
2,

 u
nw

an
te

d 
ev

en
ts

 w
ith

 re
ga

rd
 to

 s
er

vi
ce

ab
ili

ty
/ f

un
ct

io
na

lit
y 

ha
ve

 to
 b

e 
id

en
tif

ie
d 

(S
LS

). 
In

 a
dd

iti
on

, 
it 

ha
s 

to
 b

e 
ch

ec
ke

d 
w

he
th

er
 u

lti
m

at
e 

lim
its

 a
re

 a
ff

ec
te

d 
by

 
co

nt
in

uo
us

ly
 c

or
ro

di
ng

 re
in

fo
rc

em
en

t w
ith

in
 th

e 
cr

ac
ke

d 
zo

ne
 o

r n
ot

. 

 
 

(3
) 

If
 f

un
ct

io
na

lit
y 

is
 a

ff
ec

te
d,

 a
n 

av
oi

da
nc

e 
of

 d
et

er
io

ra
tio

n 
ap

pr
oa

ch
 is

 
re

co
m

m
en

de
d.

 
 

 
(4

) 
If

 
st

ru
ct

ur
al

 
in

te
gr

ity
 

is
 

af
fe

ct
ed

, 
an

 
av

oi
da

nc
e 

of
 

de
te

rio
ra

tio
n 

ap
pr

oa
ch

 h
av

e 
to

 b
e 

ap
pl

ie
d.

 
 

 
 

 
 

3.
4 

R
is

k 
of

 d
ep

as
si

va
tio

n 
w

ith
 r

es
pe

ct
 to

 p
re

-
st

re
ss

ed
 st

ee
l 

fib
 B

ul
le

tin
 3

3 
“D

ur
ab

ili
ty

 o
f 

po
st

-te
ns

io
ni

ng
 te

nd
on

s”
 (

D
ec

em
be

r 
20

05
) 

de
sc

rib
es

 m
ul

ti-
ba

rr
ie

r 
sy

st
em

s 
fo

r 
th

e 
pr

ot
ec

tio
n 

of
 p

re
-s

tre
ss

in
g 

sy
st

em
s. 

Th
es

e 
sy

st
em

s 
ar

e 
su

pp
os

ed
 to

 s
at

is
fy

 th
e 

de
si

gn
 c

rit
er

ia
 w

ith
 a

m
pl

e 
m

ar
gi

n 
an

d 
m

ig
ht

 b
e 

cl
as

si
fie

d 
ac

co
rd

in
g 

to
 C

ha
pt

er
 2

.4
 a

s 
be

tw
ee

n 
th

e 
“d

ee
m

ed
-to

-
sa

tis
fy

” 
an

d 
th

e 
“a

vo
id

an
ce

-o
f-

de
te

rio
ra

tio
n”

 m
et

ho
d.

 

 
(1

) A
pp

ly
 re

le
va

nt
 a

pp
lic

at
io

n 
ru

le
s 

gi
ve

n 
in

 C
ha

pt
er

s 
3.

1,
 3

.2
 a

nd
 3

.3
 a

nd
 

av
oi

d 
de

pa
ss

iv
at

io
n 

of
 p

re
-s

tre
ss

ed
 s

te
el

 o
n 

an
 U

LS
 r

el
ia

bi
lit

y 
le

ve
l, 

cp
. 

A
nn

ex
 A

, T
ab

le
 A

2-
2.

 

 
 

3.
5 

Fr
ee

ze
/th

aw
 a

tt
ac

k 
–w

ith
ou

t d
e-

ic
in

g 
ag

en
ts

 
 

 
3.

5.
1 

Fu
ll 

pr
ob

ab
ili

st
ic

 m
et

ho
d 

 
 

3.
5.

1.
1 

Li
m

it 
st

at
e:

 fr
ee

ze
/th

aw
 d

am
ag

e 
ca

us
in

g 
lo

ca
l l

os
s o

f 
m

ec
ha

ni
ca

l p
ro

pe
rt

ie
s, 

cr
ac

ki
ng

, s
ca

lin
g 

an
d 

lo
ss

 in
 c

ro
ss

-
se

ct
io

n 
 

 
(1

) T
he

 fo
llo

w
in

g 
lim

it 
st

at
e 

fu
nc

tio
n 

ne
ed

s t
o 

be
 fu

lfi
lle

d:
 

p{
} 

= 
p f

re
ez

e/
th

aw
 d

am
ag

e 
= 

p{
S C

R
 –

 S
A

CT
(t 

< 
t SL

) <
 0

} 
< 

p 0
 

(3
.5

-1
) 

p{
}:

 
pr

ob
ab

ili
ty

 th
at

 fr
ee

ze
/th

aw
 d

am
ag

e 
oc

cu
rs

 
S C

R:
 

cr
iti

ca
l d

eg
re

e 
of

 sa
tu

ra
tio

n 
[-

] 

S A
CT

(t)
: 

ac
tu

al
 d

eg
re

e 
of

 sa
tu

ra
tio

n 
at

 th
e 

tim
e 

t [
-]

 
t SL

: 
de

si
gn

 se
rv

ic
e 

lif
e 

[y
ea

rs
] 

p 0
: 

ta
rg

et
 fa

ilu
re

 p
ro

ba
bi

lit
y,

 c
p.

 A
nn

ex
 A

, T
ab

le
 A

2-
2 
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3 
 V

er
ifi

ca
tio

n 
of

 S
er

vi
ce

 L
ife

 D
es

ig
n 

 
 

(2
) 

Th
e 

va
ria

bl
es

 S
C

R 
an

d 
S A

CT
(t)

 n
ee

d 
to

 b
e 

qu
an

tif
ie

d 
in

 a
 

fu
ll 

pr
ob

ab
ili

st
ic

 a
pp

ro
ac

h.
 

 
 

(3
) 

To
 e

xe
m

pl
ify

 t
he

 d
es

ig
n 

pr
oc

ed
ur

e 
an

d 
th

e 
qu

an
tif

ic
at

io
n 

of
 a

bo
ve

 
gi

ve
n 

qu
an

tit
ie

s, 
an

 a
pp

lic
ab

le
 d

es
ig

n 
m

et
ho

d 
is

 g
iv

en
 in

 C
ha

pt
er

 B
3,

 A
nn

ex
 

B
. O

th
er

 m
et

ho
ds

 m
ay

 b
e 

us
ed

, p
ro

vi
de

d 
th

at
 th

e 
ba

si
c 

pr
in

ci
pl

es
 fo

rm
ul

at
ed

 
in

 C
ha

pt
er

 2
.4

.1
 a

re
 fu

lfi
lle

d.
 

 
 

3.
5.

1.
2 

Li
m

it 
st

at
es

: f
re

ez
e/

th
aw

-in
du

ce
d 

de
fle

ct
io

n 
an

d 
co

lla
ps

e 
 

 
(1

) W
ith

 re
ga

rd
 to

 lo
ad

-c
ar

ry
in

g 
ca

pa
ci

ty
 a

nd
 d

ef
or

m
at

io
ns

, t
he

 tr
ad

iti
on

al
 

de
si

gn
 m

us
t 

in
cl

ud
e 

th
e 

lo
ca

liz
ed

 c
ha

ng
es

 i
n 

m
ec

ha
ni

ca
l 

pr
op

er
tie

s 
du

e 
to

 
fr

os
t d

am
ag

e.
 

 
 

3.
5.

2 
Pa

rt
ia

l f
ac

to
r 

m
et

ho
d 

 
 

(1
) T

he
 fo

llo
w

in
g 

lim
it 

st
at

e 
fu

nc
tio

n 
ne

ed
s t

o 
be

 fu
lfi

lle
d:

 

S C
R

,d
 –

 S
A

CT
,d

 (t
 <

 t S
L)

 ≥
 0

 
(3

.5
-2

) 
S C

R
,d
:  

 
de

si
gn

 v
al

ue
 o

f t
he

 c
rit

ic
al

 d
eg

re
e 

of
 sa

tu
ra

tio
n 

[-
] 

S A
CT

,d
(t 

< 
t SL

): 
de

si
gn

 v
al

ue
 o

f 
th

e 
ac

tu
al

 d
eg

re
e 

of
 s

at
ur

at
io

n 
at

 
tim

e 
t [

-]
 

t SL
: 

de
si

gn
 se

rv
ic

e 
lif

e 
[y

ea
rs

] 
 

 
 

(2
) 

Th
e 

de
si

gn
 v

al
ue

 o
f 

th
e 

cr
iti

ca
l 

de
gr

ee
 o

f 
sa

tu
ra

tio
n 

is
 c

al
cu

la
te

d 
as

 
fo

llo
w

s:
 

S C
R

,d
 =

 S
CR

,m
in

 –
 Δ

S C
R
 

(3
.5

-3
) 

S C
R

, m
in

: 
ch

ar
ac

te
ris

tic
 v

al
ue

 o
f 

th
e 

cr
iti

ca
l 

de
gr

ee
 o

f 
sa

tu
ra

tio
n 

(m
in

im
um

 v
al

ue
) [

-]
 

Δ
S C

R:
 

m
ar

gi
n 

of
 th

e 
cr

iti
ca

l d
eg

re
e 

of
 sa

tu
ra

tio
n 

[-
] 

 

 
 

(3
) T

he
 d

es
ig

n 
va

lu
e 

of
 th

e 
ac

tu
al

 d
eg

re
e 

of
 s

at
ur

at
io

n 
at

 a
 ti

m
e 

t S
A

CT
,d
 (t

) 
is

 c
al

cu
la

te
d 

as
 fo

llo
w

s:
 

S A
CT

,d
(t)

 =
 S

A
CT

(t)
 +

 Δ
S A

CT
 

(3
.5

-4
) 
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S A
CT

,d
: 

ch
ar

ac
te

ris
tic

 v
al

ue
 o

f 
th

e 
ac

tu
al

 d
eg

re
e 

of
 s

at
ur

at
io

n 
at

 a
 

tim
e 

t [
-]

 

Δ
S A

CT
: 

m
ar

gi
n 

of
 th

e 
ac

tu
al

 d
eg

re
e 

of
 s

at
ur

at
io

n 
(lo

ad
) [

-]
 

 
 

 
(4

) 
To

 e
xe

m
pl

ify
 t

he
 d

es
ig

n 
pr

oc
ed

ur
e 

an
 a

pp
lic

ab
le

 d
es

ig
n 

m
et

ho
d 

is
 

gi
ve

n 
in

 A
nn

ex
 C

3.
 O

th
er

 m
et

ho
ds

 m
ay

 b
e 

us
ed

, 
pr

ov
id

ed
 t

ha
t 

th
e 

ba
si

c 
pr

in
ci

pl
es

 fo
rm

ul
at

ed
 in

 C
ha

pt
er

 2
.4

.2
 a

re
 fu

lfi
lle

d.
 

 
 

3.
5.

3 
D

ee
m

ed
-t

o-
sa

tis
fy

 m
et

ho
d 

 
 

(1
) W

ith
in

 th
is

 a
pp

ro
ac

h 
a 

tra
di

ng
-o

ff
 o

f a
va

ila
bl

e 
sp

ac
e 

fo
r e

xp
an

si
on

 (a
ir 

en
tra

in
m

en
t),

 
m

at
er

ia
l 

(n
on

-f
re

ez
ab

le
 

w
at

er
 

ch
ar

ac
te

ris
tic

s)
 

an
d 

ag
in

g 
(c

ar
bo

na
tio

n)
 v

ar
ia

bl
es

 c
an

 b
e 

es
ta

bl
is

he
d.

 

 
 

3.
5.

4 
A

vo
id

an
ce

-o
f-

de
te

ri
or

at
io

n 
m

et
ho

d 
 

 
(1

) 
G

en
er

al
ly

, 
av

oi
da

nc
e 

is
 a

ch
ie

ve
d 

if 
fr

os
t 

de
te

rio
ra

tio
n 

ca
nn

ot
 t

ak
e 

pl
ac

e 
du

e 
to

 in
fin

ite
 m

at
er

ia
l r

es
is

ta
nc

e 
or

 z
er

o 
en

vi
ro

nm
en

ta
l l

oa
d.

 

 
 

3.
6 

Fr
ee

ze
/th

aw
 a

tt
ac

k 
– 

w
ith

 d
e-

ic
in

g 
ag

en
ts

 
 

 
3.

6.
1 

Fu
ll 

pr
ob

ab
ili

st
ic

 m
et

ho
d 

 
 

3.
6.

1.
1 

Li
m

it 
st

at
e 

eq
ua

tio
n 

fo
r 

th
e 

sa
lt-

fr
ee

ze
/th

aw
 in

du
ce

d 
su

rf
ac

e 
sc

al
in

g 
 

 
(1

) T
he

 fo
llo

w
in

g 
lim

it 
st

at
e 

fu
nc

tio
n 

ne
ed

s t
o 

be
 fu

lfi
lle

d:
 

p{
} 

= 
p s

ca
lin

g =
 p

{T
(t 
≤ 

t SL
,C

l- ) –
 T

R(
R

H
(T

),T
(t)

, .
..)

 <
 0

} 
<p

0 
(3

.6
-1

) 
p{

}:
 

pr
ob

ab
ili

ty
 th

at
 sc

al
in

g 
oc

cu
rs

 

T(
t,…

): 
co

nc
re

te
 te

m
pe

ra
tu

re
 in

 [K
] 

T R
(t,

…
): 

cr
iti

ca
l 

fr
ee

zi
ng

 t
em

pe
ra

tu
re

 f
or

 s
ca

lin
g 

to
 o

cc
ur

 a
t 

th
e 

tim
e 

t 

t SL
: 

de
si

gn
 se

rv
ic

e 
lif

e 
[y

ea
rs

] 
p 0

: 
ta

rg
et

 fa
ilu

re
 p

ro
ba

bi
lit

y,
 c

p.
 A

nn
ex

 A
, T

ab
le

 A
2-

2 
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3 
 V

er
ifi

ca
tio

n 
of

 S
er

vi
ce

 L
ife

 D
es

ig
n 

 

 
 

(2
) 

Th
e 

va
ria

bl
es

 T
 a

nd
 T

R 
ne

ed
 t

o 
be

 q
ua

nt
ifi

ed
 i

n 
a 

fu
ll 

pr
ob

ab
ili

st
ic

 
ap

pr
oa

ch
. 

 
 

(3
) 

To
 e

xe
m

pl
ify

 t
he

 d
es

ig
n 

pr
oc

ed
ur

e 
an

d 
th

e 
qu

an
tif

ic
at

io
n 

of
 a

bo
ve

 
gi

ve
n 

qu
an

tit
ie

s, 
an

 a
pp

lic
ab

le
 d

es
ig

n 
m

et
ho

d 
is

 g
iv

en
 in

 C
ha

pt
er

 B
4,

 A
nn

ex
 

B
. O

th
er

 m
et

ho
ds

 m
ay

 b
e 

us
ed

, p
ro

vi
de

d 
th

at
 th

e 
ba

si
c 

pr
in

ci
pl

es
 fo

rm
ul

at
ed

 
in

 C
ha

pt
er

 2
.4

.1
 a

re
 fu

lfi
lle

d.
 

Se
e 

C
ha

pt
er

 3
.5

.2
 a

nd
 C

ha
pt

er
 3

.6
.1

.1
 

 
3.

6.
1.

2 
Li

m
it 

st
at

es
: f

re
ez

e/
th

aw
-in

du
ce

d 
de

fle
ct

io
n 

an
d 

co
lla

ps
e 
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r S
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4 
E

xe
cu

tio
n 

an
d 

its
 q

ua
lit

y 
m

an
ag

em
en

t 
 

 
4.

1 
G

en
er

al
 

“T
ho

se
 q

ua
lit

y 
m

an
ag

em
en

t a
nd

 c
on

tro
l m

ea
su

re
s 

in
 d

es
ig

n,
 d

et
ai

lin
g 

an
d 

ex
ec

ut
io

n 
w

hi
ch

 a
re

 g
iv

en
 in

 C
ha

pt
er

 B
4 

an
d 

B
5 

of
 th

is
 a

nn
ex

 (
R

em
ar

k:
 o

f 
an

ne
x 

B
 o

f 
EN

 1
99

0:
20

02
) a

im
 to

 e
lim

in
at

e 
fa

ilu
re

s 
du

e 
to

 g
ro

ss
 e

rr
or

s,
 a

nd
 

en
su

re
 t

he
 r

es
is

ta
nc

e 
as

su
m

ed
 i

n 
de

si
gn

”.
 F

ro
m

 N
ot

e 
un

de
r 

EN
 1

99
0:

20
02

, 
B

1 
(2

) b
). 

To
 d

ef
in

e 
a 

se
t o

f 
m

in
im

um
 r

eq
ui

re
m

en
ts

 to
 th

e 
ex

ec
ut

io
n,

 a
n 

ex
ec

ut
io

n 
st

an
da

rd
 p

re
pa

re
d 

ac
co

rd
in

g 
to

 t
he

 p
rin

ci
pl

es
 g

iv
en

 i
n 

th
is

 d
oc

um
en

t 
is

 
ne

ed
ed

 a
s 

a 
re

fe
re

nc
e.

 S
in

ce
 E

N
V

 1
36

70
-1

 f
ul

fil
s 

th
is

 r
ol

e,
 a

nd
 s

in
ce

 i
t 

is
 

ch
os

en
 b

y 
IS

O
 T

C
-7

1 
as

 th
e 

ba
si

s 
fo

r t
he

 c
om

in
g 

IS
O

-s
ta

nd
ar

d 
on

 e
xe

cu
tio

n 
of

 c
on

cr
et

e 
st

ru
ct

ur
es

, 
EN

V
 1

36
70

-1
 i

s 
al

so
 c

ho
se

n 
by

 f
ib

 T
G

 5
.6

 a
s 

th
e 

re
fe

re
nc

e.
 

EN
V

 1
36

70
-1

 is
 e

xp
ec

te
d 

to
 b

e 
re

pl
ac

ed
 b

y 
EN

 1
36

70
 in

 2
00

7.
 

 

 
(1

) 
Th

e 
SL

D
 a

cc
or

di
ng

 t
o 

th
is

 d
oc

um
en

t 
as

su
m

es
 t

ha
t 

th
e 

m
in

im
um

 
re

qu
ire

m
en

ts
 fo

r e
xe

cu
tio

n 
an

d 
its

 q
ua

lit
y 

m
an

ag
em

en
t g

iv
en

 in
 E

N
V

 1
36

70
-

1 
“E

xe
cu

tio
n 

of
 c

on
cr

et
e 

st
ru

ct
ur

es
 –

 P
ar

t 
1:

 C
om

m
on

 r
ul

es
”,

 i
nc

lu
de

d 
th

e 
am

en
dm

en
ts

 g
iv

en
 u

nd
er

, a
re

 m
et

. 

 
 

4.
2 

Pr
oj

ec
t s

pe
ci

fic
at

io
n 

 C
EN

 E
N

V
 1

36
70

-1
 fu

rth
er

 re
fe

rs
 to

 p
ro

du
ct

 a
nd

 c
om

po
ne

nt
 s

ta
nd

ar
ds

 fo
r 

co
nc

re
te

, r
ei

nf
or

ce
m

en
t, 

pr
es

tre
ss

in
g 

sy
st

em
s, 

pr
ef

ab
ric

at
ed

 e
le

m
en

ts
 e

tc
. 

Th
e 

sp
ec

ifi
ca

tio
n 

of
 t

he
 p

ro
pe

rti
es

 o
f 

re
le

va
nc

e 
to

 t
he

 d
es

ig
n 

of
 t

he
se

 
m

at
er

ia
ls

 a
nd

 c
om

po
ne

nt
s s

ha
ll 

be
 in

cl
ud

ed
 in

 th
e 

pr
oj

ec
t s

pe
ci

fic
at

io
n.

 
 

 
(1

) 
Th

e 
pr

oj
ec

t 
sp

ec
ifi

ca
tio

n 
sh

al
l 

co
ve

r 
te

ch
ni

ca
l 

da
ta

 a
nd

 r
eq

ui
re

m
en

ts
 

fo
r 

a 
pa

rti
cu

la
r 

pr
oj

ec
t p

re
pa

re
d 

to
 s

up
pl

em
en

t a
nd

 q
ua

lif
y 

th
e 

re
qu

ire
m

en
ts

 
of

 E
N

V
 1

36
70

-1
. 

D
ep

en
di

ng
 o

n 
th

e 
m

et
ho

d 
us

ed
 in

 th
e 

SL
D

, t
he

 p
ro

je
ct

 s
pe

ci
fic

at
io

n 
w

ill
 

gi
ve

 re
qu

ire
m

en
ts

 fo
r t

he
 m

at
er

ia
ls

 s
el

ec
tio

n,
 th

e 
ex

ec
ut

io
n 

an
d 

th
e 

co
nd

iti
on

 
co

nt
ro

l d
ur

in
g 

th
e 

se
rv

ic
e 

lif
e 

of
 th

e 
st

ru
ct

ur
e.

 

 
(2

) 
It 

is
 a

ss
um

ed
 t

ha
t 

th
e 

pr
oj

ec
t 

sp
ec

ifi
ca

tio
n 

in
cl

ud
es

 a
ll 

ne
ce

ss
ar

y 
in

fo
rm

at
io

n 
an

d 
te

ch
ni

ca
l 

re
qu

ire
m

en
ts

 f
or

 e
xe

cu
tio

n 
of

 t
he

 w
or

ks
 a

nd
 

ag
re

em
en

ts
 m

ad
e 

du
rin

g 
th

e 
ex

ec
ut

io
n.

 

Th
e 

pr
oj

ec
t 

sp
ec

ifi
ca

tio
n 

sh
al

l 
th

er
ef

or
e 

co
m

pr
is

e 
al

l 
th

e 
as

su
m

pt
io

ns
 t

o 
m

at
er

ia
ls

, e
xe

cu
tio

n 
an

d 
co

nd
iti

on
 c

on
tro

l m
ad

e 
in

 th
e 

sp
ec

ifi
c 

SL
D

. 
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4 
 E

xe
cu

tio
n 

an
d 

its
 q

ua
lit

y 
m

an
ag

em
en

t 

 
 

4.
3 

Q
ua

lit
y 

m
an

ag
em

en
t 

“Q
ua

lit
y 

Pl
an

” 
an

d 
“I

ns
pe

ct
io

n”
 a

re
 d

ef
in

ed
 in

: 
–

IS
O

 9
00

0/
3.

7.
5 

Q
ua

lit
y 

pl
an

: “
D

oc
um

en
t s

pe
ci

fy
in

g 
w

hi
ch

 p
ro

ce
du

re
s 

an
d 

as
so

ci
at

ed
 r

es
ou

rc
es

 s
ha

ll 
be

 a
pp

lie
d 

by
 w

ho
m

 a
nd

 w
he

n 
to

 a
 

sp
ec

ifi
c 

pr
oj

ec
t, 

pr
od

uc
t o

r p
ro

ce
ss

.”
 

–
IS

O
 9

00
0/

3.
8.

2 
In

sp
ec

tio
n:

 “
C

on
fo

rm
ity

 e
va

lu
at

io
n 

by
 o

bs
er

va
tio

n 
an

d 
ju

dg
m

en
t 

ac
co

m
pa

ni
ed

 a
s 

ap
pr

op
ria

te
 b

y 
m

ea
su

re
m

en
t, 

te
st

in
g 

an
d 

ga
ug

in
g.

” 

 
(1

) T
he

 q
ua

lit
y 

m
an

ag
em

en
t f

or
 th

e 
ex

ec
ut

io
n:

 
– 

m
ig

ht
 in

vo
lv

e 
a 

qu
al

ity
 p

la
n 

– 
sh

al
l i

nc
lu

de
 in

sp
ec

tio
n 

of
 th

e 
co

m
pl

et
ed

 w
or

k 

 
 

4.
3.

1 
Q

ua
lit

y 
pl

an
 

 
 

(1
) 

If
 

th
e 

pr
oj

ec
t 

sp
ec

ifi
ca

tio
n 

re
qu

ire
s 

a 
qu

al
ity

 
pl

an
, 

th
e 

pr
oj

ec
t 

sp
ec

ifi
ca

tio
n 

sh
al

l d
ef

in
e 

w
ha

t e
le

m
en

ts
 it

 sh
al

l c
om

pr
is

e.
 

IS
O

 1
00

05
:2

00
5”

 Q
ua

lit
y 

m
an

ag
em

en
t 

– 
G

ui
de

lin
es

 f
or

 q
ua

lit
y 

pl
an

s”
 

gi
ve

s 
fu

rth
er

 
ad

vi
ce

 
fo

r 
th

e 
de

ve
lo

pm
en

t, 
ac

ce
pt

an
ce

, 
ap

pl
ic

at
io

n 
an

d 
re

vi
si

on
 o

f q
ua

lit
y 

pl
an

s. 

 
(2

) 
A

 
qu

al
ity

 
pl

an
 

m
ig

ht
 

in
cl

ud
e 

el
em

en
ts

 
lik

e 
co

m
pe

te
nc

e 
an

d 
ap

pr
op

ria
te

 
tra

in
in

g 
of

 
pe

rs
on

ne
l, 

th
e 

or
ga

ni
za

tio
n 

of
 

th
e 

pr
oj

ec
t 

an
d 

pr
oc

ed
ur

es
 fo

r t
he

 e
xe

cu
tio

n.
 

 
 

4.
3.

2 
In

sp
ec

tio
n 

 
 

(1
) 

Th
e 

ne
ed

ed
 i

ns
pe

ct
io

n 
to

 p
er

fo
rm

 a
 c

on
fo

rm
ity

 e
va

lu
at

io
n 

of
 t

he
 

co
m

pl
et

ed
 w

or
k 

sh
al

l b
e 

ca
rr

ie
d 

ou
t a

nd
 th

e 
re

su
lts

 d
oc

um
en

te
d.

 

“a
s-

bu
ilt

-d
oc

um
en

ta
tio

n”
 o

f 
th

e 
di

re
ct

 i
np

ut
 p

ar
am

et
er

s 
to

 t
he

 
SL

D
 

m
od

el
s 

m
ig

ht
 c

on
fir

m
 th

e 
de

si
gn

 a
ss

um
pt

io
ns

 a
nd

 p
os

si
bl

e 
gi

ve
 th

e 
ba

si
s 

fo
r 

co
rr

ec
tiv

e 
m

ea
su

re
s.

 It
 m

ig
ht

 a
ls

o 
se

rv
e 

as
 a

 b
as

is
 fo

r t
he

 c
on

di
tio

n 
co

nt
ro

l o
f 

th
e 

st
ru

ct
ur

e 
du

rin
g 

its
 s

er
vi

ce
 l

ife
. 

Su
ch

 a
n 

ex
tra

ct
 o

f 
th

e 
“a

s-
bu

ilt
-

do
cu

m
en

ta
tio

n”
 is

 so
m

et
im

es
 n

am
ed

 th
e 

st
ru

ct
ur

e’
s 

“B
irt

h 
C

er
tif

ic
at

e”
. 

 
(2

) 
Th

e 
pr

oj
ec

t 
sp

ec
ifi

ca
tio

n 
m

ig
ht

 g
iv

e 
re

qu
ire

m
en

ts
 f

or
 t

he
 “

as
-b

ui
lt-

do
cu

m
en

ta
tio

n”
 d

ep
en

di
ng

 o
n 

th
e 

sp
ec

ifi
cs

 o
f t

he
 a

ct
ua

l S
LD

. 
Su

ch
 s

pe
ci

fic
s 

m
ig

ht
 b

e 
th

e 
do

cu
m

en
ta

tio
n 

of
 t

he
 a

ch
ie

ve
d 

di
re

ct
 i

np
ut

 
pa

ra
m

et
er

s 
ap

pl
ie

d 
in

 th
e 

SL
D

 m
od

el
s 

lik
e 

fo
r i

ns
ta

nc
e 

di
ff

us
io

n 
co

ef
fic

ie
nt

s,
 

co
ve

r t
hi

ck
ne

ss
 to

 th
e 

re
in

fo
rc

em
en

t e
tc

. 
 

 
4.

3.
3 

A
ct

io
n 

in
 th

e 
ev

en
t o

f n
on

-c
on

fo
rm

ity
 

(1
) 

If
 t

he
 i

ns
pe

ct
io

n 
re

ve
al

s 
th

at
 t

he
 o

rig
in

al
 S

LD
 a

ss
um

pt
io

ns
 a

re
 n

ot
 m

et
 

du
rin

g 
th

e 
co

ns
tru

ct
io

n,
 a

ct
io

ns
 a

s g
iv

en
 in

 5
.4

 sh
al

l b
e 

ta
ke

n.
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4.
4 

M
at

er
ia

ls
 

 
 

4.
4.

1 
Fo

rm
w

or
k 

 
 

(1
) P

os
si

bl
e 

ot
he

r r
eq

ui
re

m
en

ts
 th

an
 th

os
e 

lis
te

d 
in

 E
N

V
 1

36
70

-1
 s

ha
ll 

be
 

st
at

ed
 in

 th
e 

pr
oj

ec
t s

pe
ci

fic
at

io
n.

  

 
 

4.
4.

2 
R

ei
nf

or
ce

m
en

t 
 

 
(1

) 
R

eq
ui

re
m

en
ts

 t
o 

po
ss

ib
le

 o
th

er
 t

yp
es

 o
f 

re
in

fo
rc

em
en

t 
th

an
 o

rd
in

ar
y 

st
ee

l 
ac

co
rd

in
g 

to
 p

rE
N

 1
00

80
 (

fo
r 

in
st

an
ce

 g
al

va
ni

ze
d,

 s
ta

in
le

ss
, 

co
at

ed
, 

no
n-

m
et

al
lic

, e
tc

.) 
sh

al
l b

e 
st

at
ed

 in
 th

e 
pr

oj
ec

t s
pe

ci
fic

at
io

n.
 

 
 

4.
4.

3 
Pr

e-
st

re
ss

in
g 

 
 

(1
) 

R
eq

ui
re

m
en

ts
 t

o 
po

ss
ib

le
 o

th
er

 p
os

t-t
en

si
on

in
g 

sy
st

em
s 

th
an

 t
ho

se
 

re
fe

rr
ed

 to
 in

 E
N

V
 1

36
70

-1
 (f

or
 in

st
an

ce
 p

la
st

ic
 s

he
at

hs
, n

on
-m

et
al

lic
 s

tra
nd

s 
et

c)
 sh

al
l b

e 
st

at
ed

 in
 th

e 
pr

oj
ec

t s
pe

ci
fic

at
io

n.
 

 
 

4.
4.

4 
C

on
cr

et
e 

To
 d

ef
in

e 
a 

se
t o

f m
in

im
um

 re
qu

ire
m

en
ts

 to
 th

e 
pe

rf
or

m
an

ce
 o

f c
on

cr
et

e,
 

a 
pr

od
uc

t 
st

an
da

rd
 

pr
ep

ar
ed

 
ac

co
rd

in
g 

to
 

th
e 

pr
in

ci
pl

es
 

gi
ve

n 
in

 
th

is
 

do
cu

m
en

t i
s 

ne
ed

ed
 a

s 
a 

re
fe

re
nc

e.
 S

in
ce

 E
N

 2
06

-1
 fu

lfi
ls

 th
is

 ro
le

, a
nd

 s
in

ce
 

it 
is

 c
ho

se
n 

by
 I

SO
 T

C
-7

1 
as

 t
he

 b
as

is
 f

or
 t

he
 c

om
in

g 
IS

O
-s

ta
nd

ar
d 

on
 

co
nc

re
te

 –
 s

pe
ci

fic
at

io
n,

 p
er

fo
rm

an
ce

, p
ro

du
ct

io
n 

an
d 

co
nf

or
m

ity
, E

N
 2

06
-1

 
is

 a
ls

o 
ch

os
en

 b
y 

fib
 T

G
 5

.6
 a

s t
he

 re
fe

re
nc

e.
 

If
 th

e 
SL

D
 is

 b
as

ed
 o

n 
pe

rf
or

m
an

ce
 c

ha
ra

ct
er

is
tic

s 
of

 th
e 

co
nc

re
te

, t
he

se
 

m
ig

ht
 b

e 
re

pl
ac

ed
 b

y 
re

qu
ire

m
en

ts
 t

o 
m

ix
 c

om
po

si
tio

n 
ei

th
er

 i
n 

th
e 

de
si

gn
 

ph
as

e 
ba

se
d 

on
 

pr
ev

io
us

 
ex

pe
rie

nc
e,

 
or

 
by

 
in

iti
al

 
te

st
in

g 
du

rin
g 

th
e 

co
ns

tru
ct

io
n 

ph
as

e.
 I

t s
ha

ll 
be

 s
ta

te
d 

if 
th

e 
op

er
at

io
na

l r
eq

ui
re

m
en

ts
 f

or
 m

ix
 

co
m

po
si

tio
n 

ar
e 

ta
rg

et
 v

al
ue

s 
or

 c
ha

ra
ct

er
is

tic
 v

al
ue

s.
 

 

 
(1

) T
he

 c
on

cr
et

e 
sh

al
l b

e 
sp

ec
ifi

ed
 a

cc
or

di
ng

 to
, a

nd
 c

om
pl

y 
w

ith
 E

N
 2

06
-1

. 
Th

e 
pr

oj
ec

t s
pe

ci
fic

at
io

n 
sh

al
l s

ta
te

 p
os

si
bl

e 
ad

di
tio

na
l r

eq
ui

re
m

en
ts

 to
 b

e 
m

et
 d

ep
en

di
ng

 o
n 

th
e 

sp
ec

ifi
c 

SL
D

 m
od

el
s a

pp
lie

d.
 

If
 th

e 
SL

D
 is

 b
as

ed
 o

n 
ot

he
r m

at
er

ia
l c

ha
ra

ct
er

is
tic

s 
th

an
 th

os
e 

de
al

t w
ith

 
in

 t
ra

di
tio

na
l 

co
nc

re
te

 s
ta

nd
ar

ds
 l

ik
e 

EN
 2

06
-1

 (
i.e

. 
ce

m
en

t 
ty

pe
, 

w
at

er
-

bi
nd

er
 r

at
io

, c
em

en
t 

co
nt

en
t, 

ag
gr

eg
at

e 
pr

op
er

ty
 e

tc
), 

an
d 

th
e 

SL
D

 d
ep

en
ds

 
on

 a
 v

er
ifi

ca
tio

n 
of

 t
he

se
 m

at
er

ia
l 

ch
ar

ac
te

ris
tic

s 
du

rin
g 

co
ns

tru
ct

io
n,

 t
he

 
pr

oj
ec

t s
pe

ci
fic

at
io

n 
sh

al
l r

ef
er

 to
 th

e 
re

le
va

nt
 te

st
 m

et
ho

ds
 a

nd
 th

e 
st

at
is

tic
al

 

 
(2

) 
If

 t
es

t 
m

et
ho

ds
 n

ot
 r

ef
er

re
d 

to
 i

n 
EN

 2
06

-1
 a

re
 t

o 
be

 a
pp

lie
d,

 t
he

 
sa

m
pl

in
g,

 th
es

e 
te

st
 m

et
ho

ds
, a

nd
 th

e 
st

at
is

tic
al

 in
te

rp
re

ta
tio

n 
of

 th
ei

r r
es

ul
ts

, 
sh

al
l b

e 
st

at
ed

 in
 th

e 
pr

oj
ec

t s
pe

ci
fic

at
io

n.
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4 
 E

xe
cu

tio
n 

an
d 

its
 q

ua
lit

y 
m

an
ag

em
en

t 

in
te

rp
re

ta
tio

n 
of

 t
he

 r
es

ul
ts

 (
fo

r 
in

st
an

ce
 c

ha
ra

ct
er

is
tic

 v
al

ue
s 

or
 t

ar
ge

t 
va

lu
es

). 
Su

ch
 a

dd
iti

on
al

 m
at

er
ia

l c
ha

ra
ct

er
is

tic
s 

m
ig

ht
 fo

r i
ns

ta
nc

e 
be

 th
e 

ch
lo

rid
e 

di
ff

us
io

n 
co

ef
fic

ie
nt

 o
r t

he
 in

ve
rs

e 
ca

rb
on

at
io

n 
re

si
st

an
ce

. 

  
 

4.
5 

G
eo

m
et

ry
 

Th
e 

ge
om

et
ric

al
 to

le
ra

nc
es

 g
iv

en
 in

 E
N

V
 1

36
70

-1
, c

la
us

e 
10

 a
ch

ie
ve

s 
th

e 
de

si
gn

 a
ss

um
pt

io
ns

 i
n 

th
e 

Eu
ro

pe
an

 d
es

ig
n 

st
an

da
rd

 E
N

 1
99

2 
an

d 
th

e 
re

qu
ire

d 
le

ve
l o

f 
sa

fe
ty

. T
he

se
 a

re
 r

el
at

ed
 to

 b
ot

h 
SL

D
 a

nd
 th

e 
gi

ve
n 

pa
rti

al
 

fa
ct

or
s f

or
 m

at
er

ia
ls

 u
se

d 
in

 lo
ad

 b
ea

rin
g 

de
si

gn
. 

Th
e 

to
le

ra
nc

es
 g

iv
en

 i
n 

EN
V

 1
36

70
-1

 a
nn

ex
 F

 a
re

 c
on

si
de

re
d 

to
 h

av
e 

sm
al

l s
tru

ct
ur

al
 in

flu
en

ce
. 

 
(1

) 
Th

e 
re

qu
ire

m
en

ts
 t

o 
ge

om
et

ric
al

 t
ol

er
an

ce
s 

gi
ve

n 
in

 c
la

ss
 1

 i
n 

EN
V

 
13

67
0-

1 
cl

au
se

 1
0 

ar
e 

as
su

m
ed

 t
o 

ha
ve

 d
ire

ct
 r

el
ev

an
ce

 t
o 

th
e 

de
si

gn
 

as
su

m
pt

io
ns

, w
hi

le
 th

os
e 

gi
ve

n 
in

 E
N

V
 1

36
70

-1
, A

nn
ex

 F
 d

o 
no

t. 

 
 

(2
) 

Th
e 

te
rm

 “
pe

rm
itt

ed
 d

ev
ia

tio
n”

 i
n 

EN
V

 1
36

70
-1

 o
n 

ge
om

et
ric

al
 

to
le

ra
nc

es
 m

ig
ht

 b
e 

in
te

rp
re

te
d 

as
 th

e 
5 

%
 p

er
ce

nt
ile

. 

 
 

(3
) 

Po
ss

ib
le

 o
th

er
 a

ss
um

pt
io

ns
 o

n 
ge

om
et

ric
al

 t
ol

er
an

ce
s 

ap
pl

ie
d 

in
 t

he
 

SL
D

 t
ha

n 
th

os
e 

gi
ve

n 
in

 E
N

V
 1

36
70

-1
 s

ha
ll 

be
 s

ta
te

d 
in

 t
he

 p
ro

je
ct

 
sp

ec
ifi

ca
tio

n.
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5 
M

ai
nt

en
an

ce
 a

nd
 c

on
di

tio
n 

co
nt

ro
l 

 
 

5.
1 

G
en

er
al

 
 

 
(1

) T
hi

s 
ch

ap
te

r p
ro

vi
de

s 
th

e 
ge

ne
ra

l b
as

is
 fo

r m
ai

nt
en

an
ce

 a
nd

 c
on

di
tio

n 
co

nt
ro

l d
ur

in
g 

th
e 

se
rv

ic
e 

lif
e 

fo
r c

on
cr

et
e 

st
ru

ct
ur

es
. 

 
 

(2
) 

C
ha

pt
er

 A
6,

 A
nn

ex
 A

 g
iv

es
 a

dv
ic

e 
fo

r 
th

e 
ex

te
nt

 o
f 

in
sp

ec
tio

n 
/ 

m
on

ito
rin

g 
of

 th
e 

st
ru

ct
ur

e 
du

rin
g 

its
 se

rv
ic

e 
lif

e.
 

Ta
bl

e 
A

6-
1 

de
fin

es
 4

 “
C

on
di

tio
n 

C
on

tro
l 

Le
ve

ls
” 

as
 a

 g
ui

da
nc

e 
to

 t
he

 
re

lia
bi

lit
y 

di
ff

er
en

tia
tio

n 
to

 b
e 

us
ed

 in
 th

e 
SL

D
. 

 
 

5.
2 

M
ai

nt
en

an
ce

 
B

as
ed

 o
n 

§ 
6.

7 
of

 IS
O

 1
56

86
-1

:2
00

0.
 

 
(1

) I
n 

th
is

 d
oc

um
en

t t
he

 te
rm

 “
m

ai
nt

en
an

ce
” 

is
 u

se
d 

on
 a

ct
iv

iti
es

 th
at

 a
re

 
pl

an
ne

d 
to

 ta
ke

 p
la

ce
 d

ur
in

g 
th

e 
se

rv
ic

e 
lif

e 
of

 th
e 

st
ru

ct
ur

e 
in

 o
rd

er
 to

 e
ns

ur
e 

th
e 

fu
lfi

lm
en

t o
f t

he
 a

ss
um

pt
io

ns
 in

 th
e 

SL
D

. 

 
Th

e 
m

ai
nt

en
an

ce
 p

la
n 

m
ig

ht
 c

om
pr

is
e 

ac
tiv

iti
es

 l
ik

e 
ge

ne
ra

l 
cl

ea
ni

ng
, 

dr
ai

na
ge

, a
dd

iti
on

 o
f s

ea
la

nt
s, 

re
pl

ac
em

en
t o

f c
om

po
ne

nt
s e

tc
. 

 
(2

) 
A

 m
ai

nt
en

an
ce

 p
la

n 
sh

al
l 

st
at

e 
ty

pe
 a

nd
 f

re
qu

en
cy

 o
f 

th
e 

fo
re

se
en

 
ac

tiv
iti

es
. 

 
 

5.
3 

C
on

di
tio

n 
co

nt
ro

l d
ur

in
g 

se
rv

ic
e 

lif
e 

G
ui

da
nc

e 
m

ig
ht

 b
e 

fo
un

d 
in

 I
SO

/D
IS

 1
56

86
-7

:2
00

4 
“B

ui
ld

in
gs

 a
nd

 
co

ns
tru

ct
io

n 
as

se
ts

 –
 S

er
vi

ce
 li

fe
 p

la
nn

in
g 

– 
Pa

rt 
7 

: P
er

fo
rm

an
ce

 e
va

lu
at

io
n 

fo
r f

ee
db

ac
k 

of
 s

er
vi

ce
 li

fe
 d

at
a 

fr
om

 p
ra

ct
ic

e”
. 

C
ha

pt
er

 A
6,

 A
nn

ex
 A

, p
ro

po
se

s 
4 

cl
as

se
s 

fo
r 

“C
on

di
tio

n 
C

on
tro

l”
 g

iv
in

g 
gu

id
an

ce
 f

or
 th

e 
ty

pe
 a

nd
 e

xt
en

t o
f 

in
sp

ec
tio

n/
m

on
ito

rin
g 

du
rin

g 
th

e 
se

rv
ic

e 
lif

e.
 A
cc

or
di

ng
 to

 C
ha

pt
er

 A
6,

 A
nn

ex
 A

, t
he

 lo
w

es
t l

ev
el

 o
f c

on
di

tio
n 

co
nt

ro
l 

is
 “

N
o 

sy
st

em
at

ic
 m

on
ito

rin
g 

no
r i

ns
pe

ct
io

n”
. I

n 
ev

er
y-

da
y 

co
ns

tru
ct

io
n,

 th
is

 
is

 o
fte

n 
th

e 
m

os
t a

pp
ro

pr
ia

te
 le

ve
l, 

an
d 

its
 c

on
se

qu
en

ce
s 

sh
al

l b
e 

ta
ke

n 
in

to
 

ac
co

un
t f

or
 th

e 
re

lia
bi

lit
y 

m
an

ag
em

en
t f

or
 th

e 
SL

D
. 

 

 
 



– 
34

 –
 

5 
 M

ai
nt

en
an

ce
 a

nd
 c

on
di

tio
n 

co
nt

ro
l 

 
 

5.
3.

1 
In

sp
ec

tio
n 

an
d 

m
on

ito
ri

ng
 d

ur
in

g 
se

rv
ic

e 
lif

e 
Th

e 
co

nf
or

m
ity

 e
va

lu
at

io
n 

m
ig

ht
 b

e 
do

ne
 b

y 
vi

su
al

 o
bs

er
va

tio
ns

 a
nd

 
ju

dg
m

en
t a

cc
om

pa
ni

ed
 a

s 
ap

pr
op

ria
te

 b
y 

m
ea

su
re

m
en

ts
, t

es
tin

g 
an

d 
ga

ug
in

g.
 

 
(1

) I
n 

th
is

 d
oc

um
en

t “
in

sp
ec

tio
n”

 m
ea

ns
 a

ct
iv

iti
es

 to
 e

va
lu

at
e 

co
nf

or
m

ity
 

w
ith

 t
he

 d
es

ig
n 

da
ta

 f
or

 a
ct

io
ns

 a
nd

/o
r 

m
at

er
ia

l 
an

d/
or

 p
ro

du
ct

 p
ro

pe
rti

es
 

us
ed

 in
 th

e 
SL

D
 o

n 
a 

pe
rio

di
c 

ba
si

s 
du

rin
g 

th
e 

se
rv

ic
e 

lif
e 

of
 th

e 
st

ru
ct

ur
e,

 
w

hi
le

 “
m

on
ito

rin
g”

 m
ea

ns
 th

e 
sa

m
e 

ac
tiv

iti
es

, b
ut

 o
n 

a 
co

nt
in

uo
us

 b
as

is
. 

 
 

5.
3.

2 
C

on
di

tio
n 

co
nt

ro
l p

la
n 

Th
e 

se
rv

ic
e 

lif
e 

of
 a

 c
om

po
ne

nt
 o

r s
tru

ct
ur

e 
is

 a
lw

ay
s 

re
la

te
d 

to
 o

ne
, o

r a
 

fe
w

 re
qu

ire
d 

fu
nc

tio
ns

 o
f t

ha
t c

om
po

ne
nt

 o
r s

tru
ct

ur
e.

 

Th
e 

pl
an

ne
d 

ac
tiv

iti
es

 o
n 

in
sp

ec
tio

n 
/ m

on
ito

rin
g 

sh
al

l t
he

re
fo

re
 fo

cu
s 

on
 

th
e 

ev
al

ua
tio

n 
of

 th
e 

de
si

gn
 d

at
a 

ap
pl

ie
d 

in
 th

es
e 

de
te

rio
ra

tio
n 

m
od

el
s. 

 
(1

) T
he

 p
la

n 
sh

al
l s

ta
te

: 

– 
W

ha
t t

yp
es

 o
f i

ns
pe

ct
io

n 
/ m

on
ito

rin
g 

th
at

 sh
al

l t
ak

e 
pl

ac
e 

– 
W

ha
t c

om
po

ne
nt

s o
f t

he
 st

ru
ct

ur
e 

to
 b

e 
in

sp
ec

te
d 

/ m
on

ito
re

d 

– 
Th

e 
fr

eq
ue

nc
y 

of
 th

e 
in

sp
ec

tio
ns

 

– 
Th

e 
pe

rf
or

m
an

ce
 c

rit
er

ia
 to

 b
e 

m
et

 
– 

Po
ss

ib
le

 d
oc

um
en

ta
tio

n 
of

 th
e 

re
su

lts
 

– 
A

ct
io

n 
in

 th
e 

ev
en

t o
f n

on
-c

on
fo

rm
ity

 w
ith

 th
e 

pe
rf

or
m

an
ce

 c
rit

er
ia

 
 

 
5.

4 
A

ct
io

n 
in

 th
e 

ev
en

t o
f n

on
-c

on
fo

rm
ity

 
 

 
(1

) I
f t

he
 in

sp
ec

tio
n/

m
on

ito
rin

g 
re

ve
al

s 
th

at
 th

e 
or

ig
in

al
 S

LD
 a

ss
um

pt
io

ns
 

ar
e 

no
t m

et
, o

ne
 o

r m
or

e 
of

 th
e 

fo
llo

w
in

g 
ac

tio
ns

 sh
al

l b
e 

ta
ke

n:
 

–
W

id
en

in
g 

th
e 

sc
op

e 
of

 th
e 

pe
rf

or
m

an
ce

 s
ur

ve
y 

to
 im

pr
ov

e 
th

e 
qu

al
ity

 
an

d 
re

pr
es

en
ta

tiv
en

es
s o

f t
he

 d
at

a.
 

–
Pe

rf
or

m
in

g 
a 

re
ca

lc
ul

at
io

n 
of

 t
he

 o
rig

in
al

 S
LD

 t
o 

as
se

ss
 t

he
 r

es
id

ua
l 

se
rv

ic
e 

lif
e 

of
 th

e 
st

ru
ct

ur
e.

 T
he

 n
ew

 c
al

cu
la

tio
n 

sh
al

l b
e 

su
pp

le
m

en
te

d 
w

ith
 th

e 
da

ta
 fo

r a
ct

io
n,

 m
at

er
ia

ls
 a

nd
 p

ro
du

ct
s 

de
riv

ed
 fr

om
 th

e 
fie

ld
-

ex
po

se
d 

st
ru

ct
ur

e.
 T

he
 r

ed
es

ig
n 

sh
al

l 
co

nf
or

m
 t

o 
th

e 
re

qu
ire

m
en

ts
 

gi
ve

n 
in

 C
ha

pt
er

 2
 o

f t
hi

s d
oc

um
en

t. 
–

Th
e 

st
ru

ct
ur

e 
sh

al
l b

e 
re

pa
ire

d 
or

 s
tre

ng
th

en
ed

 to
 b

rin
g 

its
 p

er
fo

rm
an

ce
 

ba
ck

 to
 th

e 
ag

re
ed

 d
es

ig
n 

as
su

m
pt

io
ns

. T
he

 r
ep

ai
r 

sh
al

l b
e 

ba
se

d 
on

 a
 

pa
rti

al
 o

r f
ul

l r
ec

al
cu

la
tio

n 
of

 th
e 

or
ig

in
al

 S
LD

 a
s s

ta
te

d 
un

de
r 2

. 
–

Th
e 

st
ru

ct
ur

e 
sh

al
l 

be
 p

ro
te

ct
ed

 t
o 

re
du

ce
 t

he
 a

ct
io

n.
 T

he
 p

ro
te

ct
io

n 
sh

al
l b

e 
ba

se
d 

on
 a

 re
ca

lc
ul

at
io

n 
of

 th
e 

or
ig

in
al

 S
LD

 a
s 

st
at

ed
 u

nd
er

 2
. 

–
Th

e 
st

ru
ct

ur
e 

sh
al

l b
ec

om
e 

ob
so

le
te

. 
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Fo
r 

ex
is

tin
g 

st
ru

ct
ur

es
 th

e 
co

st
s 

of
 a

ch
ie

vi
ng

 a
 h

ig
he

r r
el

ia
bi

lit
y 

le
ve

l a
re

 
us

ua
lly

 h
ig

h 
co

m
pa

re
d 

to
 st

ru
ct

ur
es

 u
nd

er
 d

es
ig

n.
 

Fo
r t

hi
s 

re
as

on
 th

e 
ta

rg
et

 le
ve

l o
f r

el
ia

bi
lit

y 
fo

r r
ed

es
ig

n 
of

 s
er

vi
ce

 li
fe

 o
f 

ex
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g 

st
ru

ct
ur

es
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al
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ou
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 b
e 
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w
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n 
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2.
1 

of
 J

C
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M

C
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00
0 

“P
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tic

 M
od

el
 C

od
e”

, 
Jo

in
t 

C
om

m
itt

ee
 o

n 
St

ru
ct

ur
al

 S
af

et
y)

 

 
(2

) 
A

cc
or

di
ng

 t
o 

C
ha

pt
er

 2
.1

.3
 (

4)
 o

f 
th

is
 d

oc
um

en
t, 

th
e 

se
rv

ic
ea

bi
lit

y 
cr

ite
ria

 to
 b

e 
ap

pl
ie

d 
du

rin
g 

th
e 
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se

ss
m

en
t s

ha
ll 

be
 s

pe
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fie
d 
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r 

th
e 

pr
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ec
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d 

ag
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ed
 w
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 th

e 
ow
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ex
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se
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N
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ex
 B
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M

an
ag

em
en

t 
of

 S
tru

ct
ur

al
 

R
el

ia
bi

lit
y 

fo
r C

on
st

ru
ct

io
n 

W
or

ks
” 

 
A

nn
ex

 A
 (i

nf
or

m
at

iv
e)

 
M

an
ag

em
en

t o
f r

el
ia

bi
lit

y 
fo

r 
Se

rv
ic

e 
L

ife
 

D
es

ig
n 

of
 c

on
cr

et
e 

st
ru

ct
ur

es
 

 
 

 
A

1 
Sc

op
e 

an
d 

fie
ld

 o
f a

pp
lic

at
io

n 
 

 
(1

) 
Th

is
 

an
ne

x 
pr

ov
id

es
 

ad
di

tio
na

l 
gu

id
an

ce
 

to
 

2.
1.

2 
(r

el
ia

bi
lit

y 
m

an
ag

em
en

t).
 

 
 

(2
) 

Th
e 

ap
pr

oa
ch

 
gi

ve
n 

in
 

th
is

 
an

ne
x 

re
co

m
m

en
ds

 
th

e 
fo

llo
w

in
g 

pr
oc

ed
ur

es
 fo

r t
he

 m
an

ag
em

en
t o

f r
el

ia
bi

lit
y 

of
 S

LD
 fo

r c
on

cr
et

e 
st

ru
ct

ur
es

: 

– 
In

 r
el

at
io

n 
to

 2
.1

.2
 (

1)
, c

la
ss

es
 a

re
 in

tro
du

ce
d 

an
d 

ar
e 

ba
se

d 
on

 th
e 

as
su

m
ed

 
co

ns
eq

ue
nc

es
 

of
 

fa
ilu

re
 

an
d 

th
e 

ex
po

su
re

 
of

 
th

e 
co

ns
tru

ct
io

n 
w

or
ks

 t
o 

ha
za

rd
. 

A
 p

ro
ce

du
re

 f
or

 a
llo

w
in

g 
m

od
er

at
e 

di
ff

er
en

tia
tio

n 
in

 t
he

 p
ar

tia
l 

fa
ct

or
s 

fo
r 

ac
tio

ns
 a

nd
 r

es
is

ta
nc

e 
co

rr
es

po
nd

in
g 

to
 th

e 
cl

as
se

s i
s g

iv
en

 in
 A

2.
 

N
ot

e:
 R

el
ia

bi
lit

y 
cl

as
si

fic
at

io
n 

ca
n 

be
 r

ep
re

se
nt

ed
 b

y 
β 

in
de

xe
s,

 
w

hi
ch

 ta
ke

 a
cc

ou
nt

 o
f 

ac
ce

pt
ed

 o
r 

as
su

m
ed

 s
ta

tis
tic

al
 v

ar
ia

bi
lit

y 
in

 
ac

tio
n 

ef
fe

ct
s a

nd
 re

si
st

an
ce

 a
nd

 m
od

el
 u

nc
er

ta
in

tie
s. 

– 
In

 r
el

at
io

n 
to

 2
.1

.2
 (

1)
, 

a 
pr

oc
ed

ur
e 

fo
r 

al
lo

w
in

g 
di

ff
er

en
tia

tio
n 

be
tw

ee
n 

va
rio

us
 ty

pe
s 

of
 c

on
st

ru
ct

io
n 

w
or

ks
 in

 th
e 

re
qu

ire
m

en
ts

 fo
r 

qu
al

ity
 le

ve
ls

 o
f d

es
ig

n 
an

d 
ex

ec
ut

io
n 

pr
oc

es
s, 

as
 w

el
l a

s 
th

e 
ex

te
nt

 
of

 c
on

di
tio

n 
co

nt
ro

l d
ur

in
g 

th
e 

se
rv

ic
e 

lif
e,

 a
re

 g
iv

en
 in

 A
3,

 A
4 

an
d 

A
5.

 
N

ot
e:

 T
ho

se
 q

ua
lit

y 
m

an
ag

em
en

t 
an

d 
co

nt
ro

l 
m

ea
su

re
s 

in
 d

es
ig

n,
 

de
ta

ili
ng

 a
nd

 e
xe

cu
tio

n 
w

hi
ch

 a
re

 g
iv

en
 i

n 
A

3 
an

d 
A

4 
ai

m
 t

o 
el

im
in

at
e 

fa
ilu

re
s 

du
e 

to
 g

ro
ss

 e
rr

or
s,

 a
nd

 t
o 

en
su

re
 t

he
 r

es
is

ta
nc

e 
as

su
m

ed
 in

 th
e 

de
si

gn
. 

 
 

(3
) 

Th
e 

pr
oc

ed
ur

e 
ha

s 
be

en
 f

or
m
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at

ed
 i

n 
su

ch
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 w
ay

 s
o 
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 p

ro
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or
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llo
w

 d
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er
en

t r
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y 
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 b
e 
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A
2 

R
el

ia
bi

lit
y 

di
ffe

re
nt

ia
tio

n 
 

 
A

2.
1 

C
on

se
qu

en
ce

s c
la

ss
es

 
  

  

Ta
bl

e 
A

2-
1 

is
 id

en
tic

al
 to

 ta
bl

e 
B

1 
of

 E
N

 1
99

0.
 

 
(1

) 
Fo

r 
th

e 
pu

rp
os

e 
of

 r
el

ia
bi

lit
y 

di
ff

er
en

tia
tio

n,
 c

on
se

qu
en

ce
s 

cl
as

se
s 

(C
C

) 
m

ay
 b

e 
es

ta
bl

is
he

d 
by

 c
on

si
de

rin
g 

th
e 

co
ns

eq
ue

nc
es

 o
f 

fa
ilu

re
 o

r 
m

al
fu

nc
tio

n 
of

 th
e 

st
ru

ct
ur

e 
as

 g
iv

en
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 T
ab

le
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2-
1.

 

 Ta
bl

e 
A2

-1
: 

D
ef

in
iti

on
 o

f c
on

se
qu

en
ce

s 
cl

as
se

s 
C

on
se

qu
en

ce
s 

C
la

ss
es

 
D

es
cr

ip
tio

n 
Ex

am
pl

es
 

of
 

bu
ild

in
g 

an
d 

ci
vi

l e
ng

in
ee

ri
ng

 w
or

ks
 

C
C

3 
H

ig
h 

co
ns

eq
ue

nc
e 

fo
r l

os
s o

f 
hu

m
an

 li
fe

, o
r e

co
no

m
ic

, s
oc

ia
l o

r 
en

vi
ro

nm
en

ta
l c

on
se

qu
en

ce
s v

er
y 

gr
ea

t 

G
ra

nd
st

an
ds

, p
ub

lic
 b

ui
ld

in
gs

 
w

he
re

 c
on

se
qu

en
ce

s 
of

 fa
ilu

re
 

ar
e 

hi
gh

 (e
. g

. a
 c

on
ce

rt 
ha

ll)
 

C
C

2 
N
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m

al
 c

on
se

qu
en

ce
 fo

r l
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s o
r 

hu
m

an
 li

fe
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m
ic

 o
r 

en
vi
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en
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l c
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se
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en
ce

s 
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ns
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er
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R
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id
en

tia
l a
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ff
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e 
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in

gs
, p

ub
lic
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ui
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in

gs
 

w
he
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 c

on
se

qu
en

ce
s 

of
 fa

ilu
re

 
ar

e 
m

ed
iu

m
 (e

. g
. a

n 
of

fic
e 
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ild
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C
C

1 
Lo

w
 c
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se
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r l
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s o
f 
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m

an
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fe
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 e
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m
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l 
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nm
en
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l c
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s 
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A
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ld
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 w
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op
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 d
o 

no
t n
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m
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 e
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(e
.g

. s
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ra
ge

 b
ui

ld
in
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), 

gr
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n 
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es

 

 
 

 
(2
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Th

e 
cr

ite
rio

n 
fo

r 
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fic
at
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n 

of
 c
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se

qu
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ce
s 
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 i

m
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rta
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e,
 i

n 
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e 
te
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s 
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 c
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se

qu
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ce
s 
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 f
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re
, o

f 
th

e 
st

ru
ct

ur
e 

or
 s

tru
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ur
al

 m
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be
r 

co
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er
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d.
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ee
 A

2.
3.

 

 
 

(3
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D
ep
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n 
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e 
st

ru
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ur
al

 f
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m
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 d
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 m
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g 
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, 
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 b
e 
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e 
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e,
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 c
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A
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D

iff
er

en
tia

tio
n 
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 β
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s 

 
 

(1
) 

Th
e 

re
lia

bi
lit

y 
cl

as
se

s 
(R

C
) 

m
ay

 b
e 

de
fin

ed
 b

y 
th

e 
β 

re
lia

bi
lit

y 
in

de
x 

co
nc

ep
t. 

 
 

(2
) 

Th
re

e 
re

lia
bi

lit
y 

cl
as

se
s 

R
C

1,
 R

C
2 

an
d 

R
C

3 
m

ay
 b

e 
as

so
ci

at
ed

 w
ith

 
th

e 
th

re
e 

co
ns

eq
ue

nc
es

 c
la

ss
es

 C
C

1,
 C

C
2 

an
d 

C
C

3.
 

Th
e 

no
rm

al
 c

on
se

qu
en

ce
 b

y 
pa

ss
in

g 
a 

SL
S 

(f
or

 in
st

an
ce

 d
ep

as
si

va
tio

n 
of

 
su

rf
ac

e 
re

in
fo

rc
em

en
t),
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s 

th
at

 p
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si
bl

e 
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ot
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tiv
e 

m
ea

su
re

s 
/ 

re
pa

ir 
be

co
m

e 
m

or
e 

ex
pe

ns
iv

e.
  

In
 a

ny
 c

as
e,

 a
 U

LS
 d

es
ig

n 
ha

s 
to

 b
e 

m
ad

e.
 I

t 
is

 a
ss

um
ed

, t
ha

t 
th

e 
us

ua
l 

de
si

gn
 o

f 
re

in
fo

rc
ed

 a
nd

 p
re

-s
tre

ss
ed

 s
tru

ct
ur

es
 is

 m
ad

e 
in

 th
at

 w
ay

, t
ha

t t
he

 
U

LS
 

re
qu

ire
m

en
ts

 
of

 
Ta

bl
e 

A
2-

2 
ar

e 
fu

lfi
lle

d 
ex

ac
tly

. 
C

or
ro

si
on

 
of

 
re

in
fo

rc
em

en
t 

(p
re

-s
tre

ss
in

g 
st

ee
l) 

an
d/

or
 d

et
er

io
ra

tio
n 
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 c

on
cr

et
e 

(b
on

d 
fa

ilu
re

, 
la

ck
 o

f 
su

ff
ic

ie
nt

 c
om

pr
es

si
ve

 c
ro

ss
 s

ec
tio

n)
 w

ill
 d

ec
re

as
e 

th
e 

re
lia

bi
lit

y.
 I

f 
co

rr
os

io
n 

ca
n 

no
t 

be
 e

xc
lu

de
d 

at
 a

 U
LS
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lia
bi

lit
y 

an
d 

in
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ec
tio

n/
m

ai
nt

en
an
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pa
ir 

th
at

 m
ea

ns
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in
te

rv
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tio
n”

 c
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 n
ot

 b
e 

ex
ec

ut
ed

, 
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 w

ill
 l

ea
d 

to
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he
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ee
d 

of
 e

xt
ra

 r
ei

nf
or

ce
m

en
t 

(s
ac

rif
ic

ia
l 

cr
os

s 
se

ct
io

n)
 

an
d/
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 s

pe
ci

al
 d

et
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lin
g 

in
 o

rd
er

 t
o 
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d 
bo

nd
 f

ai
lu
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 b
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di
ng
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ne
. 

Th
e 

di
m

en
si

on
 o

f 
th

is
 e

xt
ra

 c
ro

ss
 s

ec
tio

n 
hi

gh
ly

 d
ep

en
ds

 o
n 

th
e 

re
lia

bi
lit

y,
 d

ep
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si
va

tio
n 
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 e

xc
lu

de
d.

 T
ha

t 
m

ea
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, t
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 h
ig

he
r 

th
e 

re
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bi
lit

y 
w
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 re
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 d

ep
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si
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tio
n 
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e 
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w
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re
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lia
bi

lit
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nt

en
de

d 
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n 

R
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y 

C
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D
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C
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e 

X
C

3  
C

ar
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n 
R

C
1 

1.
3 
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f ≈
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0-1

) 
3.

7 
(p

f ≈
 1

0-4
) 

 
 

R
C

2 
1.

3 
(p

f ≈
 1

0-1
) 

4.
2 

(p
f ≈

 1
0-5

) 

 
 

R
C

3 
1.

3 
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f ≈
 1

0-1
) 

4.
4 

(p
f ≈

 1
0-6

) 

X
D

3  
D
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t 

R
C

1 
1.

3 
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f ≈
 1

0-1
) 

3.
7 
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f ≈
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R
C
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1.

3 
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f ≈
 1

0-1
) 

4.
2 

(p
f ≈

 1
0-5
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R
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3 
1.
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f ≈
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0-1
) 

4.
4 
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f ≈

 1
0-6

) 

X
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Se
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at
er

 
R

C
1 

1.
3 

(p
f ≈

 1
0-1

) 
3.

7 
(p

f ≈
 1

0-4
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R
C

2 
1.

3 
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f ≈
 1

0-1
) 

4.
2 
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f ≈
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0-5
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R
C

3 
1.

3 
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f ≈
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0-1
) 

4.
4 
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f ≈

 1
0-6
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1  A

 S
LS
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bi
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y 
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 β
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 1
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 in
 c
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se

qu
en

ce
 c

ou
ld

 le
ad

 to
 lo

w
er

 U
LS

 re
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bi
lit

ie
s 

th
an

 u
su

al
ly

 r
eq

ui
re

d 
by
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 c
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, 

cp
. 
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O
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4.
 T
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t 

m
ea
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 f

or
 v

er
y 
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es
si

ve
 c

lim
at
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, h

ig
he

r 
va
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es

 f
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SL

S 
ar

e 
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ire
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 c
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nn
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 R
, i

n 
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m
en

ts
. 

 



fib
 B

ul
le

tin
 3

4:
 M

od
el

 c
od

e 
fo

r S
er

vi
ce

 L
ife

 D
es

ig
n 

 

– 
39

 –
 

2  D
ep

as
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va
tio

n 
of

 t
he

 s
ur

fa
ce

 r
ei

nf
or

ce
m

en
t 

in
 t

he
 a

re
a 

ex
po

se
d 

to
 t

he
 d

es
ig

n 
en

vi
ro

nm
en

ta
l l

oa
d.

 
3  In

 c
as

es
 w

ith
 su

ff
ic

ie
nt

 a
cc

es
s 

of
 o

xy
ge

n 
an

d 
m

oi
st

ur
e 

to
 s

up
po

rt 
co

rr
os

io
n.

 
 

 
A

2.
3 

D
iff

er
en

tia
tio

n 
by

 m
ea

su
re

s 
re

la
tin

g 
to

 th
e 

pa
rt

ia
l f

ac
to

rs
 

 
 

(1
) 

O
ne

 w
ay

 o
f 

ac
hi

ev
in

g 
re

lia
bi

lit
y 

di
ff

er
en

tia
tio

n 
is

 b
y 

di
st

in
gu

is
hi

ng
 

cl
as

se
s 

of
 γ

F 
fa

ct
or

s 
to

 b
e 

us
ed

 i
n 

fu
nd

am
en

ta
l 

co
m

bi
na

tio
ns

 f
or

 p
er

si
st

en
t 

de
si

gn
 s

itu
at

io
ns

. F
or

 e
xa

m
pl

e,
 fo

r t
he

 s
am

e 
de

si
gn

 s
up

er
vi

si
on

 a
nd

 e
xe

cu
tio

n 
in

sp
ec

tio
n 

le
ve

ls
, a

 m
ul

tip
lic

at
io

n 
fa

ct
or

 K
FI

 , 
se

e 
Ta

bl
e 

A
2-

3,
 m

ay
 b

e 
ap

pl
ie

d 
to

 th
e 

pa
rti

al
 fa

ct
or

s. 
 Ta

bl
e 

A2
-3

: 
K

FI
 fa

ct
or

s 
R

el
ia

bi
lit

y 
C

la
ss

 
 

R
C

1 
R

C
2 

R
C

3 

K
FI

 
So

 fa
r n

o 
qu

an
tif

ie
d 

nu
m

be
r 

av
ai

la
bl

e 
(<

 1
) 

1.
0 

So
 fa

r n
o 

qu
an

tif
ie

d 
nu

m
be

r 
av

ai
la

bl
e 

(>
 1

) 

 
N

ot
e:

 I
n 

pa
rti

cu
la

r, 
fo

r 
cl

as
s 

R
C

3,
 o

th
er

 m
ea

su
re

s 
as

 d
es

cr
ib

ed
 i

n 
th

is
 

an
ne

x 
ar

e 
no

rm
al

ly
 p

re
fe

rr
ed

 to
 u

si
ng

 K
FI

 fa
ct

or
s.

 K
FI

 s
ho

ul
d 

be
 a

pp
lie

d 
on

ly
 

to
 u

nf
av

ou
ra

bl
e 

ac
tio

ns
. 

 
 

(2
) 

R
el

ia
bi

lit
y 

di
ff

er
en

tia
tio

n 
m

ay
 a

ls
o 

be
 a

pp
lie

d 
th

ro
ug

h 
th

e 
pa

rti
al

 
fa

ct
or

s o
n 

re
si

st
an

ce
 γ

M
. H

ow
ev

er
, t

hi
s i

s n
ot

 n
or

m
al

ly
 u

se
d.

 

 
 

(3
) 

A
cc

om
pa

ny
in

g 
m

ea
su

re
s,

 f
or

 e
xa

m
pl

e 
th

e 
le

ve
l o

f 
qu

al
ity

 c
on

tro
l f

or
 

th
e 

de
si

gn
 a

nd
 e

xe
cu

tio
n 

of
 th

e 
st

ru
ct

ur
e,

 m
ay

 b
e 

as
so

ci
at

ed
 to

 th
e 

cl
as

se
s 

of
 

γ F
. I

n 
th

is
 a

nn
ex

, a
 th

re
e 

le
ve

l s
ys

te
m

 fo
r c

on
tro

l d
ur

in
g 

de
si

gn
 a

nd
 e

xe
cu

tio
n 

ha
s 

be
en

 a
do

pt
ed

. D
es

ig
n 

su
pe

rv
is

io
n 

le
ve

ls
 a

nd
 in

sp
ec

tio
n 

le
ve

ls
 a

ss
oc

ia
te

d 
w

ith
 th

e 
re

lia
bi

lit
y 

cl
as

se
s a

re
 su

gg
es

te
d.

 

 
 

(4
) 

Th
er

e 
ca

n 
be

 c
la

ss
es

 (
e.

g.
 l

ig
ht

in
g 

po
le

s, 
m

as
ts

, 
et

c.
) 

w
he

re
, 

fo
r 

re
as

on
s 

of
 e

co
no

m
y,

 th
e 

st
ru

ct
ur

e 
m

ig
ht

 b
e 

in
 R

C
1,

 b
ut

 b
e 

su
bj

ec
te

d 
to

 h
ig

he
r 

co
rr

es
po

nd
in

g 
de

si
gn

 su
pe

rv
is

io
n 

an
d 

in
sp

ec
tio

n 
le

ve
ls

. 
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An
ne

x 
A:

  M
an

ag
em

en
t o

f r
el

ia
bi

lit
y 

fo
r S

er
vi

ce
 L

ife
 D

es
ig

n 
of

 c
on

cr
et

e 
st

ru
ct

ur
es

 

 
 

A
3 

R
ob

us
tn

es
s o

f s
ec

tio
ns

 r
el

at
ed

 to
 

co
rr

os
io

n 
St

ru
ct

ur
al

 fa
ilu

re
 c

au
se

d 
by

 c
or

ro
si

on
 o

f r
ei

nf
or

ce
m

en
t m

ay
 b

e 
du

e 
to

 lo
ss

 
of

 c
ro

ss
 s

ec
tio

n 
of

 b
ar

s 
or

 d
ue

 t
o 

sp
al

lin
g 

of
 c

on
cr

et
e 

co
ve

r 
an

d 
lo

ss
 o

f 
an

ch
or

ag
e.

 

Sp
al

lin
g 

of
 c

on
cr

et
e 

co
ve

r 
in

 a
nc

ho
ra

ge
 z

on
es

 w
ith

ou
t c

on
fin

em
en

t m
ay

 
le

ad
 to

 su
dd

en
 fa

ilu
re

.  

R
el

ia
bl

e 
fin

di
ng

s 
fo

r 
lim

it 
va

lu
es

 o
f 

co
rr

os
io

n 
in

te
ns

iti
es

 c
au

si
ng

 s
pa

lli
ng

 
do

 n
ot

 e
xi

st
. L

im
it 

va
lu

es
 w

ill
 d

ep
en

d 
on

 b
ar

 d
ia

m
et

er
 a

nd
 b

ar
 s

pa
ci

ng
 a

nd
 o

n 
en

vi
ro

nm
en

ta
l 

co
nd

iti
on

s 
(v

ol
um

e 
of

 r
us

t 
pr

od
uc

ts
). 

Th
e 

gi
ve

n 
va

lu
es

 i
n 

Ta
bl

e 
A

3-
1 

ar
e 

ro
ug

h 
es

tim
at

es
 a

nd
 n

ee
d 

to
 b

e 
co

nf
irm

ed
 b

y 
fu

rth
er

 re
se

ar
ch

. 
B

ei
ng

 r
ou

gh
 e

st
im

at
es

 th
e 

gi
ve

n 
va

lu
es

 in
 T

ab
le

 A
3-

1 
ca

n 
be

 ta
ke

n 
as

 m
ea

n 
va

lu
es

 p
ro

vi
di

ng
 th

e 
cr

os
s s

ec
tio

n 
co

nt
ai

ns
 m

or
e 

th
an

 th
re

e 
si

ng
le

 b
ar

s. 
  

 
(1

) 
Th

e 
se

rv
ic

e 
lif

e 
of

 a
 s

tru
ct

ur
e 

su
sc

ep
tib

le
 to

 r
eb

ar
 c

or
ro

si
on

 d
ep

en
ds

 
on

 th
e 

le
ng

th
 o

f t
he

 in
iti

at
io

n 
pe

rio
d 

an
d 

th
e 

le
ng

th
 o

f t
he

 p
ro

pa
ga

tio
n 

pe
rio

d.
 

Th
at

 m
ea

ns
 th

e 
st

ru
ct

ur
al

 U
LS

 re
lia

bi
lit

y 
ca

n 
ei

th
er

 b
e 

ac
hi

ev
ed

 b
y 

ex
cl

ud
in

g 
co

rr
os

io
n 

at
 a

 U
LS

 r
el

ia
bi

lit
y,

 o
r 

by
 a

dd
in

g 
ne

ed
ed

 e
xt

ra
 r

ei
nf

or
ce

m
en

t 
(s

ac
rif

ic
ia

l 
cr

os
s 

se
ct

io
n)

. I
n 

m
os

t 
ca

se
s 

bo
th

 d
es

ig
n 

el
em

en
ts

 w
ill

 b
e 

ta
ke

n 
in

to
 a

cc
ou

nt
. T

he
 d

im
en

si
on

 o
f t

hi
s 

ex
tra

 c
ro

ss
 s

ec
tio

n 
hi

gh
ly

 d
ep

en
ds

 o
n 

th
e 

re
lia

bi
lit

y,
 d

ep
as

si
va

tio
n 

is
 e

xc
lu

de
d.

 T
ha

t 
m

ea
ns

, t
he

 h
ig

he
r 

th
e 

re
lia

bi
lit

y 
w

ith
 re

ga
rd

 to
 d

ep
as

si
va

tio
n 

th
e 

lo
w

er
 th

e 
ne

ed
 o

f e
xt

ra
 re

in
fo

rc
em

en
t. 

A
 c

rit
ic

al
 lo

ss
 o

f e
xt

ra
 c

ro
ss

 s
ec

tio
n 

of
 b

ar
s 

ca
us

ed
 b

y 
co

rr
os

io
n 

le
ad

in
g 

to
 

st
ru

ct
ur

al
 fa

ilu
re

 n
ee

d 
to

 b
e 

de
fin

ed
 fo

r U
LS

. T
o 

di
ff

er
en

tia
te

 d
iff

er
en

t f
ai

lu
re

 
m

od
es

, r
ob

us
tn

es
s c

la
ss

es
 m

ay
 b

e 
de

fin
ed

. 

 Ta
bl

e 
A3

-1
: 

Ro
bu

st
ne

ss
 C

la
ss

es
 (R

O
C

) 
R

ob
us

tn
es

s C
la

ss
 

C
ha

ra
ct

er
is

tic
s 

C
ha

ra
ct

er
is

tic
s L

os
s o

f 
C

ro
ss

 se
ct

io
ns

 
(r

ou
gh

 e
st

im
at

es
) 

∆A
s [

%
] 

R
O

C
 3

 
be

nd
in

g 
re

in
fo

rc
em

en
t o

ut
si

de
 

of
 a

nc
ho

ra
ge

 a
nd

 la
ps

 
 25

 

R
O

C
 2

 
sh

ea
r r

ei
nf

or
ce

m
en

t, 
an

ch
or

ag
e 

zo
ne

s w
ith

 c
on

fin
em

en
t 

 15
 

R
O

C
 1

 
an

ch
or

ag
e 

zo
ne

s 
w

ith
ou

t 
co

nf
in

em
en

t 
 5 

 
 

In
 d

ep
en

de
nc

y 
of

 R
O

C
’s

 it
 m

ig
ht

 b
e 

ne
ce

ss
ar

y 
to

 fu
lfi

l U
LS

-r
eq

ui
re

m
en

ts
 

by
 e

xc
lu

di
ng

 d
ep

as
si

va
tio

n 
on

 a
 h

ig
he

r 
re

lia
bi

lit
y 

le
ve

l 
as

 r
ec

om
m

en
de

d 
in

 
Ta

bl
e 

A
2-

2.
 

 
 

 



fib
 B

ul
le

tin
 3

4:
 M

od
el

 c
od

e 
fo

r S
er

vi
ce

 L
ife

 D
es

ig
n 
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A
4 

D
es

ig
n,

 q
ua

lit
y 

m
an

ag
em

en
t 

di
ffe

re
nt

ia
tio

n 
 

 
(1

) 
D

es
ig

n 
su

pe
rv

is
io

n 
di

ff
er

en
tia

tio
n 

co
ns

is
ts

 o
f 

va
rio

us
 o

rg
an

is
at

io
na

l 
qu

al
ity

 c
on

tro
l 

m
ea

su
re

s,
 w

hi
ch

 c
an

 b
e 

us
ed

 t
og

et
he

r. 
Fo

r 
ex

am
pl

e,
 t

he
 

di
ff

er
en

tia
tio

n 
of

 d
es

ig
n 

su
pe

rv
is

io
n 

le
ve

l (
A

4(
2)

) m
ay

 b
e 

us
ed

 to
ge

th
er

 w
ith

 
ot

he
r 

m
ea

su
re

s 
su

ch
 a

s 
cl

as
si

fic
at

io
n 

of
 d

es
ig

ne
rs

 a
nd

 c
he

ck
in

g 
au

th
or

iti
es

 
(A

4(
3)

). 

M
in

im
um

 l
ev

el
s 

fo
r 

th
e 

qu
al

ity
 m

an
ag

em
en

t 
re

gi
m

e 
ar

e 
of

te
n 

gi
ve

n 
in

 
na

tio
na

l l
eg

is
la

tio
n.

 
 

(2
) 

Th
re

e 
po

ss
ib

le
 d

es
ig

n 
su

pe
rv

is
io

n 
le

ve
ls

 (
D

SL
) 

ar
e 

sh
ow

n 
in

 T
ab

le
 

A
4-

1.
 T

he
 d

es
ig

n 
su

pe
rv

is
io

n 
le

ve
ls

 m
ay

 b
e 

lin
ke

d 
to

 t
he

 r
el

ia
bi

lit
y 

cl
as

s 
se

le
ct

ed
 o

r 
ch

os
en

 a
cc

or
di

ng
 t

o 
th

e 
im

po
rta

nc
e 

of
 t

he
 s

tru
ct

ur
e 

an
d 

in
 

ac
co

rd
an

ce
 w

ith
 n

at
io

na
l r

eq
ui

re
m

en
ts

 o
r 

th
e 

de
si

gn
 b

rie
f, 

an
d 

im
pl

em
en

te
d 

th
ro

ug
h 

ap
pr

op
ria

te
 q

ua
lit

y 
m

an
ag

em
en

t m
ea

su
re

s.
 S

ee
 2

.1
.2

 (1
). 

Ta
bl

e 
A4

-1
: 

D
es

ig
n 

su
pe

rv
is

io
n 

le
ve

ls
 (D

SL
) 

D
es

ig
n 

Su
pe

rv
isi

on
 L

ev
el

s 
C

ha
ra

ct
er

is
tic

s 
M

in
im

um
 r

ec
om

m
en

de
d 

re
qu

ir
em

en
ts

 fo
r 

th
e 

ch
ec

ki
ng

 o
f c

al
cu

la
tio

ns
, 

dr
aw

in
gs

 a
nd

 sp
ec

ifi
ca

tio
ns

 

D
SL

3 
R

el
at

in
g 

to
 R

C
3 

Ex
te

nd
ed

 
su

pe
rv

is
io

n 
Th

ird
 p

ar
ty

 c
he

ck
in

g:
 

C
he

ck
in

g 
pe

rf
or

m
ed

 b
y 

an
 

or
ga

ni
sa

tio
n 

di
ff

er
en

t f
ro

m
 

th
at

 w
hi

ch
 h

as
 p

er
fo

rm
ed

 th
e 

de
si

gn
 

D
SL

2 
R

el
at

in
g 

to
 R

C
2 

 
N

or
m

al
  s

up
er

vi
si

on
 

C
he

ck
in

g 
by

 d
iff

er
en

t p
er

so
ns

 
th

an
 th

os
e 

or
ig

in
al

ly
 

re
sp

on
si

bl
e 

an
d 

in
 a

cc
or

da
nc

e 
w

ith
 th

e 
pr

oc
ed

ur
e 

of
 th

e 
or

ga
ni

sa
tio

n 
D

SL
1 

R
el

at
in

g 
to

 R
C

1 
 

N
or

m
al

 su
pe

rv
is

io
n 

Se
lf-

ch
ec

ki
ng

: C
he

ck
in

g 
pe

rf
or

m
ed

 b
y 

th
e 

pe
rs

on
 w

ho
 

ha
s p

re
pa

re
d 

th
e 

de
si

gn
 

 
 

 
(3

) 
D

es
ig

n 
su

pe
rv

is
io

n 
di

ff
er

en
tia

tio
n 

m
ay

 a
ls

o 
in

cl
ud

e 
a 

cl
as

si
fic

at
io

n 
of

 
de

si
gn

er
s 

an
d/

or
 d

es
ig

n 
in

sp
ec

to
rs

 (
ch

ec
ke

rs
, 

co
nt

ro
lli

ng
 a

ut
ho

rit
ie

s, 
et

c.
), 

de
pe

nd
in

g 
on

 th
ei

r c
om

pe
te

nc
e 

an
d 

ex
pe

rie
nc

e,
 th

ei
r i

nt
er

na
l o

rg
an

is
at

io
n 

fo
r 



– 
42

 –
 

An
ne

x 
A:

  M
an

ag
em

en
t o

f r
el

ia
bi

lit
y 

fo
r S

er
vi

ce
 L

ife
 D

es
ig

n 
of

 c
on

cr
et

e 
st

ru
ct

ur
es

 

th
e 

re
le

va
nt

 ty
pe

 o
f c

on
st

ru
ct

io
n 

w
or

ks
 b

ei
ng

 d
es

ig
ne

d.
 

N
ot

e:
 T

he
 ty

pe
 o

f c
on

st
ru

ct
io

n 
w

or
ks

, t
he

 m
at

er
ia

ls
 u

se
d 

an
d 

th
e 

st
ru

ct
ur

al
 

fo
rm

s 
ca

n 
af

fe
ct

 th
is

 c
la

ss
ifi

ca
tio

n.
 

 
 

(4
) 

A
lte

rn
at

iv
el

y,
 d

es
ig

n 
su

pe
rv

is
io

n 
di

ff
er

en
tia

tio
n 

ca
n 

co
ns

is
t 

of
 a

 m
or

e 
re

fin
ed

 d
et

ai
le

d 
as

se
ss

m
en

t 
of

 t
he

 n
at

ur
e 

an
d 

m
ag

ni
tu

de
 o

f 
ac

tio
ns

 t
o 

be
 

re
si

st
ed

 b
y 

th
e 

st
ru

ct
ur

e,
 o

r 
of

 a
 s

ys
te

m
 o

r 
de

si
gn

 l
oa

d 
m

an
ag

em
en

t 
to

 
ac

tiv
el

y 
or

 p
as

si
ve

ly
 c

on
tro

l (
re

st
ric

t) 
th

es
e 

ac
tio

ns
. 

 
 

A
5 

E
xe

cu
tio

n,
 q

ua
lit

y 
m

an
ag

em
en

t 
di

ffe
re

nt
ia

tio
n 

C
EN

 E
N

V
 1

36
70

-1
 re

fe
rs

 to
 “

in
sp

ec
tio

n 
cl

as
se

s”
. 

“I
ns

pe
ct

io
n”

 
is

 
de

fin
ed

 
by

 
IS

O
 

90
00

 
as

 
“C

on
fo

rm
ity

 
ev

al
ua

tio
n 

by
 

ob
se

rv
at

io
n 

an
d 

ju
dg

m
en

t 
ac

co
m

pa
ni

ed
 a

s 
ap

pr
op

ria
te

 b
y 

m
ea

su
re

m
en

t, 
te

st
in

g 
or

 g
au

gi
ng

”.
 

Th
e 

“E
xe

cu
tio

n 
cl

as
se

s”
 m

ig
ht

 a
ls

o 
co

m
pr

is
e 

ot
he

r e
le

m
en

ts
 o

f t
he

 q
ua

lit
y 

m
an

ag
em

en
t r

eg
im

e 
at

 th
e 

co
ns

tru
ct

io
n 

si
te

. 

M
in

im
um

 l
ev

el
s 

fo
r 

th
e 

qu
al

ity
 m

an
ag

em
en

t 
re

gi
m

e 
ar

e 
of

te
n 

gi
ve

n 
in

 
na

tio
na

l l
eg

is
la

tio
n.

 

 
(1

) 
Th

re
e 

ex
ec

ut
io

n 
cl

as
se

s 
(E

X
C

) 
m

ay
 b

e 
in

tro
du

ce
d 

as
 s

ho
w

n 
in

 T
ab

le
 

A
5-

1.
 T

he
 e

xe
cu

tio
n 

cl
as

se
s 

m
ay

 b
e 

lin
ke

d 
to

 th
e 

qu
al

ity
 m

an
ag

em
en

t c
la

ss
es

 
se

le
ct

ed
 a

nd
 im

pl
em

en
te

d 
th

ro
ug

h 
ap

pr
op

ria
te

 q
ua

lit
y 

m
an

ag
em

en
t m

ea
su

re
s.

 
Se

e 
2.

1.
2 

(1
). 

Ta
bl

e 
A5

-1
: 
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R
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R
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l d
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A
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r 

in
sp

ec
tio
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ro
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e 
m
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su
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s 
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 c
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th
e 

ex
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 f
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rv
ic

e 
lif

e 
de
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ce
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 p
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rm

an
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e 

lif
e 
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l o

f 
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pe
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n 
du

rin
g 

th
e 
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e 
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th
e 

st
ru

ct
ur

e 
or

 c
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po
ne

nt
 i

s 
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th
e 
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op
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te
 l
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el

 o
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re
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bi
lit
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 d
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en
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a 
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el
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lit

y 
cl
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an
d 
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at

ed
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lu
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le
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C

on
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tio
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 C
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 L
ev

el
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C
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di
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on
tr

ol
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ev
el
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C

ha
ra

ct
er

is
tic
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eq
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te
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tio
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Sy
st

em
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sp
ec

tio
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d 
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on

ito
rin
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re

le
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nt
 p
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et
er

s 
fo

r t
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 d
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er
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n 
pr

oc
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ha
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s 
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) c
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ic
al
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 th

e 
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D
 

C
C

L2
 

N
or

m
al

 in
sp

ec
tio

n 
R

eg
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ar
 v

is
ua

l i
ns

pe
ct

io
n 
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ua
lif

ie
d 

pe
rs
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ne

l 

C
C
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N
or

m
al

 in
sp

ec
tio

n 
N

o 
sy

st
em
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 m
on

ito
rin

g 
no

r i
ns

pe
ct

io
n 

C
C
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N
o 

in
sp

ec
tio

n 
N

o 
po

ss
ib

le
 in

sp
ec

tio
n,

 fo
r i

ns
ta

nc
e 

du
e 

to
 

la
ck

 o
f a

cc
es

s 

 
 

 
A

7 
R

el
at

iv
e 

co
st

 o
f m

ea
su

re
s 

G
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da
nc

e 
m

ig
ht

 b
e 

fo
un

d 
in
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Pr

ob
ab

ili
st

ic
 M

od
el

 C
od

e”
, J

oi
nt

 C
om

m
itt

ee
 

on
 S

tru
ct

ur
al

 S
af

et
y 

(J
C

SS
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M
C

:2
00

0)
. 

 
(1

) A
s 

se
rv

ic
ea

bi
lit

y 
fa

ilu
re

s 
 b

y 
de

fin
iti

on
 a

re
 n

ot
 a

ss
oc

ia
te

d 
w

ith
 lo

ss
 o

f 
hu

m
an

 li
fe

 o
r 

lim
b,

 th
e 

co
st

 o
f 

m
ea

su
re

s 
to

 a
ch

ie
ve

 a
 h

ig
he

r 
re

lia
bi

lit
y 

le
ve

l 
sh

ou
ld

 i
nf

lu
en

ce
 t

he
 c

ho
ic

e 
of

 c
on

se
qu

en
ce

 c
la

ss
 a

nd
 t

hu
s 

re
lia

bi
lit

y 
in

de
x 

(c
p.

 T
ab

le
 A

2-
1 

an
d 

Ta
bl

e 
A

2-
2)

.  
(2

) 
Fo

r 
ex

is
tin

g 
st

ru
ct

ur
es

 th
e 

co
st

s 
of

 a
ch

ie
vi

ng
 a

 h
ig

he
r 

re
lia

bi
lit

y 
le

ve
l 

ar
e 

us
ua

lly
 h

ig
h 

co
m

pa
re

d 
to

 s
tru

ct
ur

es
 u

nd
er

 d
es

ig
n.
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or

 t
hi

s 
re

as
on

 t
he

 
ta

rg
et

 le
ve

l f
or

 e
xi

st
in

g 
st

ru
ct

ur
es
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su

al
ly

 sh
ou

ld
 b

e 
lo

w
er
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A
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rt

ia
l f
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to

rs
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si
st

an
ce

 p
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pe
rt

ie
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(1

) 
A

 p
ar

tia
l 

fa
ct

or
 f

or
 a

 m
at

er
ia

l 
or

 p
ro

du
ct

 p
ro

pe
rty

 o
r 

a 
m

em
be

r 
re

si
st

an
ce

 m
ay

 b
e 

re
du

ce
d 

if 
an

 i
ns

pe
ct

io
n 
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as

s 
hi

gh
er

 t
ha

n 
th

at
 r

eq
ui

re
d 
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co

rd
in

g 
to
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ab

le
 A

5-
1 

an
d/

or
 m

or
e 

se
ve

re
 re

qu
ire

m
en
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se
d.

 

N
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e:
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uc
h 

a 
re

du
ct

io
n,
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hi

ch
 a

llo
w

s 
fo

r e
xa

m
pl

e 
fo

r m
od

el
 u

nc
er

ta
in

tie
s 

an
d 

di
m

en
si

on
al

 v
ar

ia
tio

ns
, i

s 
no

t 
a 

re
lia

bi
lit

y 
di

ff
er

en
tia

tio
n 

m
ea

su
re

: 
it 

is
 

on
ly

 a
 c

om
pe

ns
at

in
g 

m
ea

su
re

 in
 o

rd
er

 to
 k

ee
p 

th
e 

re
lia

bi
lit

y 
le

ve
l d

ep
en

de
nt
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 th
e 

ef
fic

ie
nc
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 th
e 
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nt

ro
l m

ea
su
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An
ne

x 
B:

  F
ul

l p
ro
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lis
tic

 d
es

ig
n 
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et

ho
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ex
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 (i
nf
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ll 

pr
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ab
ili

st
ic

 d
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et
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B
1 

Fu
ll 

pr
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st
ic

 d
es

ig
n 

m
et

ho
d 
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r 
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rb

on
at

io
n 

in
du

ce
d 

co
rr

os
io

n 
– 

un
cr

ac
ke

d 
co

nc
re

te
 

 
 

B
1.

1 
L

im
it 

st
at

e 
eq

ua
tio

n 
fo

r 
th

e 
de

pa
ss

iv
at

io
n 

of
 th

e 
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in
fo

rc
em

en
t 

Th
e 

or
ig

in
al

 D
ur

aC
re

te
 m

od
el

 i
s 

de
sc

rib
ed

 i
n 

m
or

e 
de

ta
il 

in
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, 

th
e 

D
A

R
TS

 m
od

el
 (r

ev
is

ed
 D

ur
aC

re
te

 m
od

el
) i

s d
es

cr
ib

ed
 in
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], 
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W
hi

le
 a

ss
es

si
ng

 e
xi

st
in

g 
st

ru
ct

ur
es

, 
th

e 
co

ns
ta

nt
s 
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 E

qu
at

io
n 

B
1.

1-
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m
ig

ht
 b

e 
co

m
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ne
d 
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ie

ve
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m

pl
ifi

ed
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xp
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t
k

a
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x
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g
c

!
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w

 o
f f
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G
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, p
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d 

m
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el
s 

of
 [6
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w
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 d
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el

lin
g 
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 c
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tio
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 c
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 f
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 c
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 c
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+
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l f
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k c
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r p
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 p
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5 

R
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C
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at
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 c
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 p
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ra
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f d
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m
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di
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 c
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e 
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m
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l p

ro
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O
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fic
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 c
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e 
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m
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 b
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ar

ia
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 p
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os

en
 d
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th
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ct

io
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et
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r d
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 a
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 c
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w
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g 
di
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 p
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e 
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or
 th

e 
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rip

tio
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e 
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 c
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er
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N
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m
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 d
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bu
tio

n 
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B
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st
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n 
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W
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m
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m
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 d
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bu
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n 
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N

ev
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n 

W
he

n 
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 d
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bu
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n 
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n 
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r 
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e 
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e 
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re
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 b
e 
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ed
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t 
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 c
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ud

in
g 
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e 
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te
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iti
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 d

ef
in
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{a
 <
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} 
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0)

. O
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y 
du

e 
to
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 d
ef

ec
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, i
f f

or
 e

xa
m

pl
e 

th
e 

re
in

fo
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em
en

t i
s 

be
in

g 
pu

sh
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he
 f

or
m

w
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 i

t 
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al
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bl
e 
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 c
on
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r 

m
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ke
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at
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e 
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lu
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A
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co
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er
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 t
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ge
te

d 
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es
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g 
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e 
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 c
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 =

 d
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en
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e 
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m
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 c
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e 

to
 th

e 
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 d
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 d
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w
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e 
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at

 n
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 c
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 d
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bu
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lly
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r c
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 w
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al

l m
ea

n 
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 c
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lis
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, s
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h 
pr

ob
ab

ili
ty

 
of

 n
eg

at
iv

e 
va

lu
es

 f
or

 th
e 

co
nc

re
te

 c
ov

er
 m

ay
 e

xi
st

 f
ro

m
 a

 s
ta

tis
tic

al
 p

oi
nt

 o
f 

vi
ew

. 
W

he
n 

th
e 

m
ea

n 
va

lu
e 

be
co

m
es

 l
ar

ge
r 

(h
er

eb
y 

as
su

m
in

g 
a 

st
ea

dy
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An
ne

x 
B:

  F
ul

l p
ro

ba
bi

lis
tic

 d
es

ig
n 

m
et

ho
ds

 

st
an

da
rd

 d
ev

ia
tio

n)
 t

hi
s 

ef
fe

ct
 b

ec
om

es
 n

eg
le

gi
bl

e.
 F

or
 a

 s
ta

tis
tic

 d
es

cr
ip

tio
n 

of
 l

ow
 c

on
cr

et
e 

co
ve

rs
 (

e.
g.

 n
om

 a
 =

 2
0 

m
m

) 
in

 p
ar

tic
ul

ar
, t

he
 r

ig
ht

-s
ke

w
ed

 
lo

gn
or

m
al

 d
is

tri
bu

tio
n,

 N
ev

ill
e 

di
st

rib
ut

io
n 

an
d 

be
ta

-d
is

tri
bu

tio
n 

(w
ith

 a
 lo

w
er

 
bo

un
d 

of
 a

 =
 0

 m
m

) a
re

 c
on

si
de

re
d 

to
 b

e 
ap

pr
op

ria
te

. 

 
 

 
B1

.2
.1

.2
 

Q
ua

nt
ifi

ca
tio

n 
of

 a
 

 
 

(1
) 

D
is

tri
bu

tio
n 

fu
nc

tio
n:

 F
or

 l
ar

ge
 c

on
cr

et
e 

co
ve

rs
 a

ll 
of

 t
he

 d
is

tri
bu

tio
n 

ty
pe

s 
di

sc
us

se
d 

be
fo

re
 c

an
 b

e 
ap

pl
ie

d.
 In

 th
is

 c
as

e 
a 

no
rm

al
 d

is
tri

bu
tio

n 
is

 v
er

y 
co

m
m

on
. 

If
 a

 r
at

he
r 

sm
al

l 
co

nc
re

te
 c

ov
er

 h
as

 t
o 

be
 d

es
cr

ib
ed

, 
di

st
rib

ut
io

ns
 

ex
cl

ud
in

g 
ne

ga
tiv

e 
va

lu
es

 s
ho

ul
d 

be
 c

ho
se

n,
 a

s 
fo

r 
in

st
an

ce
 t

he
 L

og
no

rm
al

, 
B

et
a-

, 
W

ei
bu

ll(
m

in
)-

 o
r 

th
e 

N
ev

ill
e 

di
st

rib
ut

io
n.

 E
sp

ec
ia

lly
 i

f 
du

e 
to

 t
he

 
ap

pl
ic

at
io

n 
of

 q
ua

lit
y 

co
nt

ro
l a

ct
io

n 
a 

sm
al

l s
ta

nd
ar

d 
de

vi
at

io
n 

is
 e

xp
ec

te
d,

 a
 

N
ev

ill
e 

di
st

rib
ut

io
n 

sh
ow

s g
oo

d 
fit

tin
g 

ch
ar

ac
te

ris
tic

s. 
 

A
s 

th
e 

no
m

in
al

 c
ov

er
 is

 s
ec

ur
ed

 b
y 

sp
ac

er
s 

of
 c

or
re

sp
on

di
ng

 d
im

en
si

on
, 

th
e 

de
si

gn
er

 c
an

 e
xp

ec
t, 

th
at

 th
e 

ac
hi

ev
ed

 m
ea

n 
va

lu
e 

of
 th

e 
co

nc
re

te
 v

al
ue

 
m

ay
 e

qu
al

 to
 th

e 
no

m
in

al
 v

al
ue

. 

 
m

ea
n 

va
lu

e 
of

 a
: 

m
 =

 n
om

 a
 [m

m
] 

 

Fr
om

 
fie

ld
 

in
ve

st
ig

at
io

ns
 

it 
tu

rn
ed

 
ou

t, 
th

at
 

th
e 

ob
se

rv
ed

 
st

an
da

rd
 

de
vi

at
io

ns
 o

f 
th

e 
co

nc
re

te
 c

ov
er

 w
er

e 
in

 th
e 

ra
ng

e 
of

 2
 m

m
 ≤

 s 
≤ 

15
 m

m
. I

n 
m

os
t c

as
es

, t
he

 g
iv

en
 r

ec
om

m
en

da
tio

n 
of

 c
ha

pt
er

 B
1.

2.
1.

2,
 (1

) i
n 

re
ga

rd
 to

 s
 

ca
n 

be
 ta

ke
n.

 

 
st

an
da

rd
 d

ev
ia

tio
n 

of
 a

:  
s =

 8
 - 

10
 m

m
 

w
ith

ou
t p

ar
tic

ul
ar

 e
xe

cu
tio

n 
re

qu
ire

m
en

ts
 

s =
 6

 m
m

 
w

ith
 a

dd
iti

on
al

 e
xe

cu
tio

n 
re

qu
ire

m
en

ts
 ta

rg
et

ed
 

 

 
 

fo
r r

es
tri

ct
ed

 d
is

tri
bu

tio
ns

: 
lo

w
er

 li
m

it:
 0

 m
m

 

up
pe

r l
im

it:
 5

 · 
no

m
 a

 <
 d

, d
: w

id
th

 o
f t

he
 st

ru
ct

ur
al

 e
le

m
en

t [
m

m
] 

 
 

 

 
 

 
 

 
B

1.
2.

2 
D

es
ig

n 
se

rv
ic

e 
lif

e 
t S

L
 

  

 
(1

) I
nd

ic
at

iv
e 

va
lu

es
 fo

r t
he

 d
es

ig
n 

se
rv

ic
e 

lif
e 

t SL
 a

re
 g

iv
en

 in
 T

ab
le

 B
1-

1:
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 C
om

pa
re

 E
N

 1
99

0:
20

02
, T

ab
le

 2
.1

. 

Ta
bl

e 
B1

-1
: 

In
di

ca
tiv

e 
va

lu
es

 fo
r t

he
 d

es
ig

n 
se

rv
ic

e 
lif

e 
t SL

 
de

sig
n 

se
rv

ic
e 

lif
e 

t S
L 

[y
ea

rs
] 

Ex
am

pl
es

 

10
 

Te
m

po
ra

ry
 s

tru
ct

ur
es

 (s
tru

ct
ur

es
 o

r p
ar

ts
 o

f s
tru

ct
ur

es
 th

at
 c

an
 b

e 
di

sm
an

tle
d 

w
ith

 a
 v

ie
w

 to
 b

ei
ng

 re
-u

se
d 

sh
ou

ld
 n

ot
 b

e 
co

ns
id

er
ed

 
as

 te
m

po
ra

ry
) 

10
 - 

25
 

R
ep

la
ce

ab
le

 s
tru

ct
ur

al
 p

ar
ts

, e
. g

. g
an

try
 g

ird
er

s,
 b

ea
rin

gs
 

15
 –

 3
0 

A
gr

ic
ul

tu
ra

l a
nd

 si
m

ila
r s

tru
ct

ur
es

 

50
 

B
ui

ld
in

g 
st

ru
ct

ur
es

 a
nd

 o
th

er
 c

om
m

on
 s

tru
ct

ur
es

 

10
0 

M
on

um
en

ta
l b

ui
ld

in
gs

 s
tru

ct
ur

es
, b

rid
ge

s,
 a

nd
 o

th
er

 c
iv

il 
en

gi
ne

er
in

g 
st

ru
ct

ur
es

 
 

 
 

B
1.

2.
3 

E
nv

ir
on

m
en

ta
l f

un
ct

io
n 

k e
 

 
 

B1
.2

.3
.1

 
G

en
er

al
 

 
 

(1
) 

Th
e 

en
vi

ro
nm

en
ta

l 
fu

nc
tio

n 
k e

 t
ak

es
 a

cc
ou

nt
 o

f 
th

e 
in

flu
en

ce
 o

f 
th

e 
hu

m
id

ity
 l

ev
el

 o
n 

th
e 

di
ff

us
io

n 
co

ef
fic

ie
nt

 a
nd

 h
en

ce
 o

n 
th

e 
ca

rb
on

at
io

n 
re

si
st

an
ce

 o
f t

he
 c

on
cr

et
e.

 T
he

 re
fe

re
nc

e 
cl

im
at

e 
is

 T
= 

+2
0°

C
/ 6

5%
 R

H
. 

C
ar

bo
na

tio
n 

m
ea

su
re

m
en

ts
 o

n 
co

nc
re

te
 a

nd
 m

or
ta

r 
sp

ec
im

en
s 

ex
po

se
d 

to
 

va
rio

us
 v

al
ue

s 
of

 r
el

at
iv

e 
hu

m
id

ity
 s

ho
w

 t
ha

t 
up

 to
 a

pp
ro

x.
 R

H
 =

 6
0 

%
 t

he
 

ca
rb

on
at

io
n 

de
pt

h 
in

cr
ea

se
s, 

w
hi

ch
 i

s 
fo

llo
w

ed
 b

y 
de

cr
ea

si
ng

 c
ar

bo
na

tio
n 

de
pt

hs
 f

or
 a

n 
in

cr
ea

si
ng

 r
el

at
iv

e 
hu

m
id

ity
. 

Si
nc

e 
fo

r 
in

st
an

ce
 i

n 
Eu

ro
pe

an
 

cl
im

at
es

 a
 r

el
at

iv
e 

hu
m

id
ity

 b
el

ow
 6

0 
%

 i
s 

le
ss

 c
om

m
on

, 
Eq

ua
tio

n 
B

1.
2-

1 
ap

pe
ar

s 
to

 b
e 

su
ff

ic
ie

nt
. F

or
 lo

w
er

 v
al

ue
s 

of
 th

e 
re

la
tiv

e 
hu

m
id

ity
 th

e 
m

od
el

 
of

 k
e i

s o
n 

th
e 

sa
fe

 si
de

. 

 
(2

) 
Th

e 
en

vi
ro

nm
en

ta
l f

un
ct

io
n 

k e
 c

an
 b

e 
de

sc
rib

ed
 b

y 
m

ea
ns

 o
f 

Eq
ua

tio
n 

B
1.

2-
1,

 c
p.

 a
ls

o 
[4

]: 
e

e

e

g
f

f
re

fre
al

e

10
0

RH
1

10
0

RH
1

k

!!!!! "#

$$$$$ %&

! "#
$ %&

'

! "#
$ %&

'

=
 

(B
1.

2-
1)

 

 R
H

re
al
: 

re
la

tiv
e 

hu
m

id
ity

 o
f t

he
 c

ar
bo

na
te

d 
la

ye
r [

%
] 

R
H

re
f: 

re
fe

re
nc

e 
re

la
tiv

e 
hu

m
id

ity
 [%

] 
f e:

 
ex

po
ne

nt
 [-

] 

g e
: 

ex
po

ne
nt

 [-
] 
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An
ne

x 
B:

  F
ul

l p
ro

ba
bi

lis
tic

 d
es

ig
n 

m
et

ho
ds

 

 
 

B1
.2

.3
.2

 
R

el
at

iv
e 

hu
m

id
ity

 R
H

re
al

 
 

 
(1

) 
D

at
a 

of
 th

e 
ne

ar
es

t w
ea

th
er

 s
ta

tio
n 

m
ay

 b
e 

us
ed

 a
s 

an
 in

pu
t f

or
 R

H
re

al
. 

Fo
r 

qu
an

tif
ic

at
io

n,
 t

he
 w

ea
th

er
 s

ta
tio

n 
da

ta
 (

da
ily

 m
ea

n 
va

lu
e)

 h
as

 t
o 

be
 

ev
al

ua
te

d.
 

St
ric

tly
 s

pe
ak

in
g,

 th
e 

re
la

tiv
e 

hu
m

id
ity

 o
f 

th
e 

ca
rb

on
at

ed
 la

ye
r 

ha
s 

to
 b

e 
ta

ke
n 

in
to

 a
cc

ou
nt

. S
in

ce
 it

 is
 v

er
y 

di
ff

ic
ul

t t
o 

ob
ta

in
 s

uc
h 

da
ta

 a
nd

 d
ue

 to
 th

e 
fa

ct
 th

at
 th

e 
ca

rb
on

at
io

n 
pr

oc
es

s 
ta

ke
s 

pl
ac

e 
in

 th
e 

ou
te

r p
ar

ts
 o

f t
he

 c
on

cr
et

e 
it 

se
em

s 
ju

st
ifi

ab
le

 t
o 

us
e 

re
la

tiv
e 

hu
m

id
ity

 d
at

a 
(e

.g
. 

m
ea

n 
da

ily
 v

al
ue

s)
 

de
riv

ed
 f

ro
m

 t
he

 a
m

bi
en

t 
ai

r 
of

 t
he

 s
tru

ct
ur

e.
 H

ow
ev

er
 r

es
ul

t 
of

 f
ur

th
er

 
re

se
ar

ch
 o

n 
th

is
 fa

ct
or

 m
ay

 a
ls

o,
 th

at
 m

ea
n 

ye
ar

ly
 v

al
ue

s 
m

ay
 b

e 
su

ff
ic

ie
nt

 a
s 

w
el

l. 
Fo

r 
th

e 
tim

e 
be

in
g 

st
at

is
tic

al
ly

 d
es

cr
ib

ed
 d

at
a 

of
 m

ea
n 

da
ily

 v
al

ue
s 

ar
e 

re
co

m
m

en
de

d.
 

 
(2

) D
ue

 to
 th

e 
fa

ct
 th

at
 th

e 
re

la
tiv

e 
hu

m
id

ity
 v

ar
ie

s 
by

 d
ef

in
iti

on
 u

tm
os

t i
n 

a 
ra

ng
e 

of
 0

 %
 <

 R
H

 <
 1

00
 %

, r
es

tri
ct

ed
 d

is
tri

bu
tio

ns
 w

ith
 a

n 
up

pe
r l

im
it 

sh
ou

ld
 

be
 u

se
d 

to
 d

es
cr

ib
e 

th
is

 v
ar

ia
bl

e.
 F

or
 in

st
an

ce
 in

 E
ur

op
ea

n 
cl

im
at

e 
co

nd
iti

on
s, 

a 
rig

ht
-s

ke
w

ed
 

di
st

rib
ut

io
n 

is
 

in
 

ge
ne

ra
l 

ap
pr

op
ria

te
 

to
 

de
sc

rib
e 

R
H

re
al
. 

D
ep

en
di

ng
 o

n 
th

e 
re

gi
on

 th
e 

lo
w

er
 li

m
it 

of
 R

H
 m

ig
ht

 b
e 

si
gn

ifi
ca

nt
ly

 d
iff

er
en

t 
fr

om
 z

er
o.

 In
 s

uc
h 

a 
ca

se
 it

 s
ee

m
s 

re
as

on
ab

le
 to

 d
es

cr
ib

e 
th

e 
da

ta
 s

et
 b

y 
m

ea
ns

 
of

 a
 d

is
tri

bu
tio

n 
fu

nc
tio

n 
w

ith
 a

n 
up

pe
r a

nd
 a

 lo
w

er
 li

m
it,

 a
s f

or
 e

xa
m

pl
e:

 
– 

B
et

a-
di

st
rib

ut
io

n 

– 
W

ei
bu

ll(
m

ax
)-

di
st

rib
ut

io
n 

 
 

B1
.2

.3
.3

 
R

ef
er

en
ce

 r
el

at
iv

e 
hu

m
id

ity
 R

H
re

f 
 

 
(1

) T
he

 re
fe

re
nc

e 
re

la
tiv

e 
hu

m
id

ity
 h

as
 to

 b
e 

ch
os

en
 in

 a
cc

or
da

nc
e 

w
ith

 th
e 

te
st

 c
on

di
tio

ns
 f

or
 d

et
er

m
in

in
g 

th
e 

ca
rb

on
at

io
n 

re
si

st
an

ce
 o

f 
th

e 
co

nc
re

te
. F

or
 

th
e 

re
co

m
m

en
de

d 
A

C
C

-te
st

 m
et

ho
d,

 w
hi

ch
 i

s 
de

sc
rib

ed
 i

n 
C

ha
pt

er
 B

1.
2.

5.
2,

 
th

e 
re

fe
re

nc
e 

cl
im

at
e 

T=
 +

20
°C

/ 6
5%

 R
H

. 
Th

er
ef

or
e,

 R
H

re
f 

is
 q

ua
nt

ifi
ed

 a
s 

fo
llo

w
s:

 
R

H
re

 f 
[%

]: 
 

co
ns

ta
nt

 p
ar

am
et

er
, v

al
ue

: 6
5 

 
 

B1
.2

.3
.4

 
Ex

po
ne

nt
s g

e, 
f e 

 
 

(1
) 

Th
e 

pa
ra

m
et

er
s 

g e
 a

nd
 f

e 
ha

ve
 b

ee
n 

de
te

rm
in

ed
 b

y 
m

ea
ns

 o
f 

a 
cu

rv
e-

fit
tin

g 
pr

oc
ed

ur
e 

w
ith

 t
he

 a
ct

ua
l 

te
st

 d
at

a.
 T

he
 b

es
t 

re
su

lts
 w

er
e 

ga
in

ed
 w

ith
 

th
e 

fo
llo

w
in

g 
se

t o
f p

ar
am

et
er

s,
 c

p.
 [4

] a
nd

 [5
]: 

g e
 [-

]:  
co

ns
ta

nt
 p

ar
am

et
er

, v
al

ue
: 2

.5
  

f e 
[-

]: 
co

ns
ta

nt
 p

ar
am

et
er

, v
al

ue
: 5

.0
 

Th
e 

ex
po

ne
nt

s 
ar

e 
in

de
pe

nd
en

t 
of

 e
xp

os
ur

e 
co

nd
iti

on
s 

an
d 

m
an

ag
em

en
t 

ph
as

es
. 
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B
1.

2.
4 

E
xe

cu
tio

n 
tr

an
sf

er
 p

ar
am

et
er

 k
c 

 
 

B1
.2

.4
.1

 
G

en
er

al
 

M
ea

su
re

s 
su

ch
 a

s 
w

at
er

 c
ur

ed
, a

ir 
cu

re
d 

bu
t s

ea
le

d 
w

ith
 s

he
et

s 
in

 o
rd

er
 to

 
pr

ev
en

t d
es

ic
ca

tio
n,

 c
as

te
d/

m
ou

ld
ed

 a
re

 b
ei

ng
 c

on
si

de
re

d 
as

 c
ur

in
g 

m
ea

su
re

s. 
 

(1
) T

he
 e

xe
cu

tio
n 

tra
ns

fe
r p

ar
am

et
er

 k
c t

ak
es

 th
e 

in
flu

en
ce

 o
f c

ur
in

g 
on

 th
e 

ef
fe

ct
iv

e 
ca

rb
on

at
io

n 
re

si
st

an
ce

 i
nt

o 
ac

co
un

t. 
In

 t
hi

s 
co

nt
ex

t, 
al

l 
m

ea
su

re
s 

w
hi

ch
 a

re
 t

ar
ge

te
d 

on
 p

re
ve

nt
in

g 
pr

em
at

ur
e 

de
si

cc
at

io
n 

of
 c

on
cr

et
e 

cl
os

e 
to

 
th

e 
su

rf
ac

e 
ar

e 
be

in
g 

co
ns

id
er

ed
 a

s 
cu

rin
g 

m
ea

su
re

s. 

 
 

 
(2

) 
Fi

gu
re

 B
1.

2-
1 

ill
us

tra
te

s 
th

e 
in

flu
en

ce
 o

f 
th

e 
du

ra
tio

n 
of

 c
ur

in
g 

on
 th

e 
cu

rin
g 

ef
fe

ct
. T

he
 s

ta
tis

tic
al

 q
ua

nt
ifi

ca
tio

n 
of

 k
c h

as
 b

ee
n 

ca
rr

ie
d 

ou
t b

y 
m

ea
ns

 
of

 a
 li

ne
ar

 re
gr

es
si

on
 (d

ou
bl

e 
lo

ga
rit

hm
ic

 sc
al

e)
 a

cc
or

di
ng

 to
 B

ay
es

, c
p.

 [5
]. 

 

 
Fi

gu
re

 B
1.

2-
1:

 c
ur

in
g 

va
ri

ab
le

 v
er

su
s c

ur
in

g 
pe

ri
od

 (n
 =

 3
12

), 
[5

] 
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An
ne

x 
B:

  F
ul

l p
ro

ba
bi

lis
tic

 d
es

ig
n 

m
et

ho
ds

 

 
 

(3
) 

B
y 

m
ea

ns
 o

f 
B

ay
es

ia
n 

re
gr

es
si

on
, t

he
 f

ol
lo

w
in

g 
Eq

ua
tio

n 
B

1.
2-

2 
ha

s 
be

en
 d

et
er

m
in

ed
, [

5]
: 

cb
c

c
7t

k
! "#

$ %&
=

 
(B

1.
2-

2)
 

k c
: 

ex
ec

ut
io

n 
tra

ns
fe

r p
ar

am
et

er
 [-

] 

b c
: 

ex
po

ne
nt

 o
f r

eg
re

ss
io

n 
[-

] 
t c:

 
pe

rio
d 

of
 c

ur
in

g 
[d

] 

 
 

 
B1

.2
.4

.2
 

Q
ua

nt
ifi

ca
tio

n 
of

 k
c 

 
 

(1
) T

he
 v

ar
ia

bl
es

 b
c a

nd
 t c

 h
av

e 
be

en
 q

ua
nt

ifi
ed

 a
s 

fo
llo

w
s,

 [5
]: 

b c
  [

-]
: 

no
rm

al
 d

is
tri

bu
tio

n,
  

m
: 

-0
.5

67
  

s:
 

 0
.0

24
  

t c 
 [d

]: 
co

ns
ta

nt
, p

ar
am

et
er

, 
va

lu
e:

 p
er

io
d 

of
 c

ur
in

g 

 
 

 
B

1.
2.

5 
In

ve
rs

e 
C

ar
bo

na
tio

n 
R

es
is

ta
nc

e 
R

A
C

C
,0

-1
 

 
 

B1
.2

.5
.1

 
G

en
er

al
 

 
 

(1
) 

Fo
r 

th
e 

m
od

el
 i

nt
ro

du
ce

d 
ab

ov
e,

 i
t 

ha
s 

be
en

 a
gr

ee
d 

up
on

 t
ha

t 
th

e 
in

ve
rs

e 
ef

fe
ct

iv
e 

ca
rb

on
at

io
n 

re
si

st
an

ce
 i

s 
to

 b
e 

de
te

rm
in

ed
 b

y 
ac

ce
le

ra
te

d 
ca

rb
on

at
io

n 
te

st
s 

(A
C

C
-te

st
 m

et
ho

d)
 i

n 
w

hi
ch

 l
ab

or
at

or
y 

(2
0/

65
) 

pr
e-

st
or

ed
 

co
nc

re
te

 sp
ec

im
en

s a
re

 te
st

ed
 u

nd
er

 d
ef

in
ed

 c
on

di
tio

ns
 a

t a
 re

fe
re

nc
e 

tim
e 

t 0.
 

 
 

(2
) 

Th
e 

re
la

tio
ns

hi
p 

be
tw

ee
n 

th
e 

in
ve

rs
e 

ca
rb

on
at

io
n 

re
si

st
an

ce
s 

ob
ta

in
ed

 
un

de
r n

at
ur

al
 c

on
di

tio
ns

 (N
A

C
) a

nd
 in

 a
n 

ac
ce

le
ra

te
d 

te
st

 (A
C

C
) i

s 
ill

us
tra

te
d 

in
 F

ig
ur

e 
B

1.
2-

2,
 [5

]. 
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Fi

gu
re

 B
1.

2-
2:

 R
el

at
io

ns
hi

p 
of

 t
he

 i
nv

er
se

 c
ar

bo
na

tio
n 

re
si

st
an

ce
s,

 
ob

ta
in

ed
 u

nd
er

 n
at

ur
al

 c
on

di
tio

ns
 (

N
AC

) 
an

d 
in

 a
n 

ac
ce

le
ra

te
d 

te
st

 (A
C

C
, [

5]
) 

 

 
 

(3
) 

In
ve

rs
e 

ca
rb

on
at

io
n 

re
si

st
an

ce
s 

R
N

A
C

,0
-1

 
de

te
rm

in
ed

 
un

de
r 

na
tu

ra
l 

ca
rb

on
at

io
n 

co
nd

iti
on

s 
w

ill
 b

e 
la

rg
er

 b
y 

an
 a

ve
ra

ge
 f

ac
to

r 
of

 A
 =

 1
.2

5.
 T

hi
s 

m
ay

 b
e 

ex
pl

ai
ne

d 
by

 th
e 

fa
ct

 th
at

 in
 a

n 
ac

ce
le

ra
te

d 
te

st
 th

e 
dr

yi
ng

 f
ro

nt
 d

oe
s 

no
t 

pe
ne

tra
te

 a
s 

de
ep

 a
s 

un
de

r 
na

tu
ra

l 
co

nd
iti

on
s 

(th
ou

gh
 t

es
tin

g 
un

de
r 

th
e 

sa
m

e 
cl

im
at

ic
 c

on
di

tio
ns

 b
ei

ng
 2

0°
C

/6
5 

R
H

). 
Th

is
 w

ill
 s

lig
ht

ly
 r

et
ar

d 
th

e 
ca

rb
on

at
io

n 
pr

oc
es

s 
un

de
r 

A
C

C
 

co
nd

iti
on

s. 
Fo

r 
ve

ry
 

dr
y 

co
nc

re
te

 
th

is
 

th
eo

re
tic

al
ly

 
im

pl
ie

s 
va

lu
es

 
of

 
R

A
C

C,
0-1

 =
 0

. 
A

s 
co

nc
re

te
 

ha
s 

no
 

in
fin

ite
 

re
si

st
an

ce
, t

he
 so

-c
al

le
d 

er
ro

r t
er

m
 ε

t >
 0

 (y
-in

te
rc

ep
t) 

ha
s b

ee
n 

in
tro

du
ce

d.
 

 



– 
52

 –
 

An
ne

x 
B:

  F
ul

l p
ro

ba
bi

lis
tic

 d
es

ig
n 

m
et
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ds

 

 
 

B1
.2

.5
.2

 
Pe

rf
or

m
an

ce
 te

st
s f

or
 th

e 
de

te
rm

in
at

io
n 

of
 R

A
C

C
,0

-1
 

    

 
Sh

or
t 

du
ra

tio
n 

is
 im

po
rta

nt
 t

o 
ge

t a
s 

ea
rly

 a
s 

po
ss

ib
le

 i
nf

or
m

at
io

n 
ab

ou
t 

th
e 

m
at

er
ia

l p
er

fo
rm

an
ce

. 
 

 
(1

) 
Fo

r 
m

ea
su

rin
g 

th
e 

ca
rb

on
at

io
n 

re
si

st
an

ce
 d

iff
er

en
t 

di
re

ct
 a

nd
 i

nd
ire

ct
 

te
st

in
g 

m
et

ho
ds

 c
an

 b
e 

us
ed

. T
he

 b
en

ef
its

 o
f t

he
 A

C
C

 te
st

 m
et

ho
d 

ar
e:

 

– 
th

e 
bi

nd
in

g 
ca

pa
ci

ty
 o

f 
th

e 
co

nc
re

te
 d

oe
s 

no
t h

av
e 

to
 b

e 
co

ns
id

er
ed

 
ad

di
tio

na
lly

 

– 
ch

an
ge

s 
of

 th
e 

ca
rb

on
at

io
n 

re
si

st
an

ce
 d

ue
 to

 c
ar

bo
na

tio
n 

do
 n

ot
 h

av
e 

to
 b

e 
co

ns
id

er
ed

 a
dd

iti
on

al
ly

 
– 

go
od

 re
pr

od
uc

ib
ili

ty
 o

f t
he

 te
st

 re
su

lts
 

– 
sh

or
t d

ur
at

io
n 

Th
e 

pr
es

en
te

d 
pr

oc
ed

ur
e 

is
 o

pe
n 

fo
r 

fu
rth

er
 m

or
e 

de
ta

ile
d 

sp
ec

ifi
ca

tio
ns

, 
e.

 g
. t

ol
er

an
ce

s o
n 

R
H

re
f, 

T r
ef

, C
S e

tc
. 

       Te
st

 d
ur

at
io

n 
in

 to
ta

l: 
∆t

 =
 5

6 
da

ys
. ‘

A
C

C
-c

on
di

tio
ns

’ w
ith

 re
ga

rd
 to

 C
O

2-
co

nc
en

tra
tio

n 
w

er
e 

se
t t

o 
a 

m
ax

im
um

 o
f C

S =
 2

.0
 v

ol
.-%

 to
 a

vo
id

 a
s 

m
uc

h 
as

 
po

ss
ib

le
 th

e 
fo

rm
at

io
n 

of
 p

ha
se

s 
w

hi
ch

 n
or

m
al

ly
 a

re
 n

ot
 fo

rm
ed

 u
nd

er
 n

at
ur

al
 

ca
rb

on
at

io
n 

co
nd

iti
on

s, 
e.

 g
. v

at
er

ite
. 

 
(2

) 
Fo

r 
th

es
e 

re
as

on
s 

th
e 

A
C

C
-te

st
 m

et
ho

d 
w

ith
 t

he
 f

ol
lo

w
in

g 
pr

oc
ed

ur
e 

ha
s b

ee
n 

ch
os

en
 a

s t
he

 re
fe

re
nc

e 
te

st
 m

et
ho

d,
 [5

]. 
–

Pr
od

uc
tio

n 
of

 
co

nc
re

te
 

sp
ec

im
en

s 
w

ith
 

th
e 

fo
llo

w
in

g 
di

m
en

si
on

s:
  

he
ig

ht
/w

id
th

/le
ng

th
  =

 1
00

/1
00

/5
00

 [m
m

]. 
–

A
fte

r r
em

ov
in

g 
of

 th
e 

fo
rm

w
or

k 
th

e 
sp

ec
im

en
s 

ha
ve

 to
 b

e 
st

or
ed

 in
 ta

p 
w

at
er

 w
ith

 a
 te

m
pe

ra
tu

re
 o

f T
re

f =
 2

0°
C

 fo
r o

ve
ra

ll 
se

ve
n 

da
ys

 (r
ef

er
en

ce
 

cu
rin

g)
.  

–
Su

bs
eq

ue
nt

 t
o 

th
e 

w
at

er
 s

to
ra

ge
 d

es
cr

ib
ed

 a
bo

ve
, 

th
e 

sp
ec

im
en

s 
ar

e 
re

m
ov

ed
 fr

om
 th

e 
w

at
er

 a
nd

 s
to

re
d 

fo
r 2

1 
fu

rth
er

 d
ay

s 
in

 a
 s

ta
nd

ar
di

se
d 

la
bo

ra
to

ry
 c

lim
at

e 
(T

re
f  

20
°C

, R
H

re
f =

 6
5 

%
). 

–
A

t 
th

e 
ag

e 
of

 2
8 

da
ys

 (
t re

f =
 2

8 
d)

 t
he

 s
pe

ci
m

en
s 

ar
e 

pl
ac

ed
 i

n 
a 

ca
rb

on
at

io
n 

ch
am

be
r 

w
ith

 
th

e 
st

an
da

rd
is

ed
 

la
bo

ra
to

ry
 

cl
im

at
e 

(T
re

f  
20

°C
, R

H
re

f =
 6

5 
%

). 
In

 th
e 

ch
am

be
r t

he
 s

pe
ci

m
en

s 
ar

e 
ex

po
se

d 
to

 
a 

C
O

2 c
on

ce
nt

ra
tio

n 
of

 C
S =

 2
.0

 v
ol

.-%
 d

ur
in

g 
28

 d
ay

s.
 

–
A

fte
r 

re
m

ov
al

 t
he

 c
on

cr
et

e 
sp

ec
im

en
s 

ar
e 

sp
lit

 a
nd

 t
he

 c
ar

bo
na

tio
n 

de
pt

h 
is

 m
ea

su
re

d 
at

 t
he

 p
la

ne
 o

f 
ru

pt
ur

e 
w

ith
 a

n 
in

di
ca

to
r 

so
lu

tio
n 

co
ns

is
tin

g 
of

 1
.0

g 
ph

en
ol

ph
th

al
ei

n 
pe

r l
itr

e.
  

–
B

y 
ev

al
ua

tio
n 

of
 th

e 
m

ea
su

re
d 

ca
rb

on
at

io
n 

de
pt

h 
ac

co
rd

in
g 

to
 E

qu
at

io
n 

B
1.

2-
3,

 t
he

 m
ea

n 
va

lu
e 

of
 t

he
 r

ef
er

en
ce

 i
nv

er
se

 e
ff

ec
tiv

e 
ca

rb
on

at
io

n 
re

si
st

an
ce

 c
an

 b
e 

de
te

rm
in

ed
. 
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2
c

1- A
C

C
,0

x
R

! "#
$ %&

'
=

 
(B

1.
2-

3)
 

R
A

C
C,

0-1
: 

in
ve

rs
e 

ef
fe

ct
iv

e 
ca

rb
on

at
io

n 
re

si
st

an
ce

 
of

 
co

nc
re

te
 

[(
m
²/s

)/(
kg

/m
³)]

 

τ:
 

‘ti
m

e 
co

ns
ta

nt
’ 

in
 [

(s
/k

g/
m
³)0.

5 ], 
fo

r 
de

sc
rib

ed
 te

st
 c

on
di

tio
ns

: 
τ 

= 
42

0 

x c
: 

m
ea

su
re

d 
ca

rb
on

at
io

n 
de

pt
h 

in
 th

e 
co

m
pl

ia
nc

e 
te

st
 [m

] 

 
 

 
B1

.2
.5

.3
 

Q
ua

nt
ifi

ca
tio

n 
of

 R
A

C
C

,0
-1

 
 

 
(1

) 
R

A
CC

,0
-1

 s
ho

w
s 

a 
no

rm
al

 d
is

tri
bu

tio
n 

w
ith

 m
ea

n 
va

lu
es

 w
hi

ch
 c

an
 b

e 
ca

lc
ul

at
ed

 b
y 

m
ea

ns
 o

f E
qu

at
io

n 
B

1.
2-

3.
 T

he
 re

la
tio

ns
hi

p 
be

tw
ee

n 
m

ea
n 

va
lu

e 
an

d 
st

an
da

rd
 d

ev
ia

tio
n 

of
 R

A
CC

,0
-1

 is
 il

lu
st

ra
te

d 
in

 F
ig

ur
e 

B
1.

2-
3,

 c
p.

 [5
]. 

 
Fi

gu
re

 B
1.

2-
3:

 Q
ua

nt
ifi

ca
tio

n 
of

 R
AC

C
,0

-1
; d

et
er

m
in

at
io

n 
of

 th
e 

st
an

da
rd

 
de

vi
at

io
n 

ba
se

d 
on

 th
e 

m
ea

n 
va

lu
e 
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An
ne

x 
B:

  F
ul

l p
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ba
bi

lis
tic

 d
es

ig
n 

m
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ds

 

 
 

(2
) T

he
 in

ve
rs

e 
ca

rb
on

at
io

n 
re

si
st

an
ce

 s
ho

ul
d 

be
 q

ua
nt

ifi
ed

 a
s 

sh
ow

n 
in

 th
is

 
ch

ap
te

r. 
If

 n
o 

te
st

 d
at

a 
is

 a
va

ila
bl

e,
 th

e 
fo

llo
w

in
g 

lit
er

at
ur

e 
da

ta
 c

an
 b

e 
us

ed
 fo

r 
or

ie
nt

at
io

n 
pu

rp
os

es
, c

p.
 T

ab
le

 B
1-

2,
 c

p.
 [5

]. 
 Ta

bl
e 

B1
-2

: 
Q

ua
nt

ifi
ca

tio
n 

of
 R

AC
C,

0-1
 

w
/c

eq
v.

1  
   

   
   

   
 R

A
C

C
,0

-1
 [1

0-1
1  (m

2 /s
)/(

kg
/m

3 )]
 

 ce
m

en
t t

yp
e 

0.
35

 
0.

40
 

0.
45

 
0.

50
 

0.
55

 
0.

60
 

C
EM

 I 
42

.5
 R

 
C

EM
 I 

42
.5

 R
 +

 F
A

 (k
 =

 0
.5

) 
C

EM
 I 

42
.5

 R
 +

 S
F 

(k
 =

 2
.0

) 
C

EM
 II

I/B
 4

2.
5 

n.
d.

2  
n.

d.
2  

3.
5 

n.
d.

2  

3.
1 

0.
3 

5.
5 

8.
3 

5.
2 

1.
9 

n.
d.

2  
16

.9
 

6.
8 

2.
4 

n.
d.

2  
26

.6
 

9.
8 

6.
5 

16
.5

 
44

.3
 

13
.4

 
8.

3 
n.

d.
2  

80
.0

 

1  e
qu

iv
al

en
t w

at
er

 c
em

en
t r

at
io

, c
on

si
de

rin
g 

FA
 (

fly
 a

sh
) 

or
 S

F 
(s

ili
ca

 f
um

e)
 w

ith
 

th
e 

re
sp

ec
tiv

e 
k-

va
lu

e 
(e

ff
ic

ie
nc

y 
fa

ct
or

). 

Th
e 

co
ns

id
er

ed
 c

on
te

nt
s w

er
e:

 F
A

: 2
2 

w
t.-

%
/c

em
en

t; 
SF

: 5
 w

t.-
%

/c
em

en
t. 

² 
n.

d.
 –

 i
nv

er
se

 e
ff

ec
tiv

e 
ca

rb
on

at
io

n 
re

si
st

an
ce

 R
A

C
C

,0
-1

 h
as

 n
ot

 b
ee

n 
de

te
rm

in
ed

 
fo

r t
he

se
 c

on
cr

et
e 

m
ix

es
. 

 

 
 

(3
) 

C
on

si
de

ra
bl

e 
at

te
nt

io
n 

ha
s 

to
 b

e 
pa

id
 to

 th
e 

un
its

, a
s 

R
A

CC
,0

-1
 h

as
 b

ee
n 

de
te

rm
in

ed
 b

y 
no

w
 w

ith
in

 t
he

 u
ni

t 
[1

0-1
1 
· (

m
2 /s

)/(
kg

/m
3 )]

. 
Fo

r 
tra

ns
la

tio
n 

of
 

R
A

C
C,

0-1
 

in
to

 
th

e 
re

sp
ec

tiv
e 

un
it 

fo
r 

th
e 

de
te

rio
ra

tio
n 

m
od

el
 

[(
m

m
2 /y

ea
rs

)/(
kg

/m
3 )]

, a
 m

ul
tip

lic
at

io
n 

fa
ct

or
 h

as
 to

 b
e 

ap
pl

ie
d.

 
 R

A
C

C,
0-1

 [(
m

2 /s
)/(

kg
/m

3 )]
: n

or
m

al
 d

is
tri

bu
tio

n,
 

m
 =

 a
cc

or
di

ng
 to

 E
qu

at
io

n 
B

1.
2-

3 

(v
al

ue
s f

or
 o

rie
nt

at
io

n 
pu

rp
os

e:
 T

ab
le

 B
1-

2)
 

s =
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co

rd
in

g 
to

 F
ig

ur
e 

B
1.

2-
3 
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B1
.2

.5
.4

 
Te

st
 m

et
ho

d 
fa

ct
or

s 
Fa

ct
or

s 
k t

 a
nd

 ε
t w

ill
 c

ov
er

 a
ll 

th
e 

di
ff

er
en

ce
s 

be
tw

ee
n 

sp
ec

im
en

s 
te

st
ed

 a
t 

A
C

C
-c

on
di

tio
ns

 
an

d 
th

e 
‘s

tru
ct

ur
e’

 
te

st
ed

 
un

de
r 

‘n
at

ur
al

 
ca

rb
on

at
io

n’
 

co
nd

iti
on

s 
(c

lim
at

e 
20

/6
5)

. D
iff

er
en

ce
s 

in
 c

om
pa

ct
io

n 
an

d 
w

at
er

-m
ov

em
en

ts
 

du
e 

to
 v

ib
ra

tio
n 

be
tw

ee
n 

te
st

 s
pe

ci
m

en
s 

an
d 

st
ru

ct
ur

e 
ar

e 
no

t q
ua

nt
ifi

ed
 so

 fa
r 

as
 c

om
pa

re
d 

sp
ec

im
en

s 
te

st
ed

 a
t ‘

A
C

C
-c

on
di

tio
ns

’ 
an

d 
‘n

at
ur

al
 c

on
di

tio
ns

’, 
se

e 
Fi

gu
re

 B
1.

2-
2,

 w
er

e 
co

m
pa

ct
ed

 id
en

tic
al

ly
. 

 
(1

) 
Th

e 
fa

ct
or

s 
k t

 a
nd

 ε
t h

av
e 

be
en

 i
nt

ro
du

ce
d 

in
 o

rd
er

 t
o 

tra
ns

fo
rm

 t
he

 
re

su
lts

 g
ai

ne
d 

un
de

r 
“a

cc
el

er
at

ed
 c

ar
bo

na
tio

n”
 c

on
di

tio
ns

 R
A

CC
,0

-1
 i

nt
o 

an
 

in
ve

rs
e 

ca
rb

on
at

io
n 

re
si

st
an

ce
 R

N
A

C
,0

-1
 u

nd
er

 “
na

tu
ra

l c
ar

bo
na

tio
n”

 c
on

di
tio

ns
 

(N
A

C
), 

cp
. E

qu
at

io
n 

B
1.

2-
4,

 c
p 

[5
]. 

t
1

0,
A

C
C

t
1

0,
N

A
C

R
k

R
!

+
"

=
#

#
 

(B
1.

2-
4)

 

R
A

C
C,

0-1
: 

in
ve

rs
e 

ef
fe

ct
iv

e 
ca

rb
on

at
io

n 
re

si
st

an
ce

 
of

 
dr

y 
co

nc
re

te
, 

de
te

rm
in

ed
 a

t a
 c

er
ta

in
 p

oi
nt

 o
f t

im
e 

t 0 
on

 s
pe

ci
m

en
s 

w
ith

 th
e 

ac
ce

le
ra

te
d 

ca
rb

on
at

io
n 

te
st

 A
C

C
 [(

m
m
²/y

ea
rs

)/(
kg

/m
³)]

  
R

N
A

C,
0-1

: 
in

ve
rs

e 
ef

fe
ct

iv
e 

ca
rb

on
at

io
n 

re
si

st
an

ce
 o

f 
dr

y 
co

nc
re

te
 (

65
%

 
R

H
) d

et
er

m
in

ed
 a

t a
 c

er
ta

in
 p

oi
nt

 o
f t

im
e 

t 0 
on

 s
pe

ci
m

en
s 

w
ith

 
th

e 
no

rm
al

 c
ar

bo
na

tio
n 

te
st

 N
A

C
 [(

m
m
²/y

ea
rs

)/(
kg

/m
³)]

 

k t
:  

re
gr

es
si

on
 p

ar
am

et
er

 w
hi

ch
 c

on
si

de
rs

 t
he

 i
nf

lu
en

ce
 o

f 
te

st
 

m
et

ho
d 

on
 th

e 
A

C
C

-te
st

 [-
]  

ε t
:  

er
ro

r 
te

rm
 c

on
si

de
rin

g 
in

ac
cu

ra
ci

es
 w

hi
ch

 o
cc

ur
 c

on
di

tio
na

lly
 

w
he

n 
us

in
g 

th
e 

A
C

C
 te

st
 m

et
ho

d 
 [(

m
m
²/y

ea
rs

)/(
kg

/m
³)]

 
 

 
 

(2
) 

Th
e 

te
st

 m
et

ho
d 

fa
ct

or
s 

fo
r 

th
e 

ac
ce

le
ra

te
d 

ca
rb

on
at

io
n 

te
st

 h
av

e 
be

en
 

qu
an

tif
ie

d 
as

 fo
llo

w
s, 

cp
. [

5]
: 

k t
 [-

]: 
 

 
 

no
rm

al
 d

is
tri

bu
tio

n,
 

m
 =

 1
.2

5 
 

 
 

 
 

 
 

s =
  0

.3
5 

ε t
 [(

m
m

2 /y
ea

rs
)/(

kg
/m

3 )]
: 

no
rm

al
 d

is
tri

bu
tio

n,
  

m
 =

 3
15

.5
 

 
 

 
 

 
 

 
s =

  4
8 

 
 

 
 

 
B

1.
2.

6 
E

nv
ir

on
m

en
ta

l i
m

pa
ct

 C
s 

 
 

B1
.2

.6
.1

 
G

en
er

al
 

 
 

(1
) 

Th
e 

C
O

2 
co

nc
en

tra
tio

n 
of

 t
he

 a
m

bi
en

t 
ai

r 
re

pr
es

en
ts

 t
he

 d
ire

ct
 i

m
pa

ct
 

on
 t

he
 c

on
cr

et
e 

st
ru

ct
ur

e.
 T

he
 i

m
pa

ct
 c

an
 b

e 
de

sc
rib

ed
 b

y 
th

e 
fo

llo
w

in
g 

Eq
ua

tio
n 

B
1.

2-
5,

 c
p.

 [5
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An
ne

x 
B:

  F
ul

l p
ro

ba
bi

lis
tic

 d
es

ig
n 

m
et

ho
ds

 

.
em

i
,S

.
at

m
,S

S
C

C
C

+
=

 
B

(1
.2

-5
) 

C
S:

 
C

O
2 c

on
ce

nt
ra

tio
n 

[k
g/

m
³] 

C
S,

at
m

.: 
C

O
2 c

on
ce

nt
ra

tio
n 

of
 th

e 
at

m
os

ph
er

e 
[k

g/
m
³] 

C
S,

em
i.: 

ad
di

tio
na

l C
O

2 c
on

ce
nt

ra
tio

n 
du

e 
to

 e
m

is
si

on
 so

ur
ce

s 
[k

g/
m
³] 

In
cr

ea
se

d 
C

O
2 

co
nc

en
tra

tio
ns

 c
an

 b
e 

ap
pl

ie
d 

e.
 g

. 
to

 r
oa

d 
tu

nn
el

s 
or

 w
he

n 
co

m
bu

st
io

n 
en

gi
ne

s 
ar

e 
us

ed
. 

Fo
r 

us
ua

l 
st

ru
ct

ur
es

, 
Eq

ua
tio

n 
B

1.
2-

5 
ca

n 
be

 
re

du
ce

d 
to

 E
qu

at
io

n 
B

1.
2-

6:
 

.
at

m
,S

S
C

C
=

 
(B

1.
2-

6)
 

 
 

B1
.2

.6
.2

 
C

O
2 
co

nc
en

tr
at

io
n 

of
 th

e 
at

m
os

ph
er

e 
C

S,
at

m
. 

 
 

(1
) 

Th
e 

ac
tu

al
 C

O
2 

co
nt

en
t i

n 
th

e 
at

m
os

ph
er

e 
ha

s 
be

en
 d

et
ec

te
d 

to
 b

e 
in

 a
 

ra
ng

e 
of

 
35

0-
38

0 
pp

m
 

(p
ar

ts
 

pe
r 

m
ill

io
n)

. 
Th

is
 

co
rr

es
po

nd
s 

w
ith

 
a 

co
nc

en
tra

tio
n 

of
 0

.0
00

57
 u

p 
to

 0
.0

00
62

 k
g/

m
3 . T

he
 s

ta
nd

ar
d 

de
vi

at
io

n 
of

 th
e 

C
O

2 
co

nt
en

t 
is

 a
lm

os
t 

co
ns

ta
nt

 w
ith

 a
 m

ax
im

um
 v

al
ue

 o
f 

10
 p

pm
. 

B
y 

ex
tra

po
la

tin
g 

th
e 

m
ea

n 
C

O
2 

co
nc

en
tra

tio
n 

in
 th

e 
at

m
os

ph
er

e 
ba

se
d 

on
 F

ig
ur

e 
B

1.
2-

4,
 th

e 
C

O
2 c

on
ce

nt
ra

tio
n 

w
ill

 in
cr

ea
se

 b
y 

ab
ou

t 1
.5

 p
pm

 p
er

 y
ea

r. 

 
Fi

gu
re

 B
1.

2-
4:

 P
ro

gr
es

s o
f c

ar
bo

n 
di

ox
id

e 
co

nc
en

tr
at

io
n 

in
 th

e 
at

m
os

ph
er

e,
 [7

] 
 

 
(2

) B
as

ed
 o

n 
th

is
 e

st
im

at
ed

 tr
en

d 
th

e 
at

m
os

ph
er

ic
 c

on
ce

nt
ra

tio
n 

of
 C

O
2 c

an
 

be
 q

ua
nt

ifi
ed

 fo
r s

im
pl

ifi
ca

tio
n 
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as

on
s a

s 
fo

llo
w

s:
 

C
S,

at
m

. [
kg

/m
3 ]: 

 
no

rm
al

 d
is

tri
bu

tio
n,

  
m

 =
 0

.0
00

82
 

s =
  0

.0
00

1 
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B
1.

2.
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W
ea

th
er

 fu
nc

tio
n 

 
 

B1
.2

.7
.1

 
G

en
er

al
 

 
 

(1
) 

Th
e 

w
ea

th
er

 f
un

ct
io

n 
W

 t
ak

es
 t

he
 m

es
o-

cl
im

at
ic

 c
on

di
tio

ns
 d

ue
 t

o 
w

et
tin

g 
ev

en
ts

 o
f 

th
e 

co
nc

re
te

 s
ur

fa
ce

 in
to

 a
cc

ou
nt

, c
p.

 E
qu

at
io

n 
B

1.
2-

7,
 c

p.
 

[5
]. 

w
0

2To
W

)
(p

0

tt
tt

W

wb
SR

! "#
$ %&

=
! "#

$ %&
=

'

 
(B

1.
2-

7)
 

t 0:
 

tim
e 

of
 re

fe
re

nc
e 

[y
ea

rs
] 

w
: 

w
ea

th
er

 e
xp

on
en

t [
-]

 

To
W

 
tim

e 
of

 w
et

ne
ss

 [-
], 

cp
. E

qu
at

io
n 

B
1.

2-
8 

 
da

ys
 w

ith
 ra

in
fa

ll 
h N

d  
≥ 

2.
5 

m
m

 p
er

 y
ea

r 
To

W
 =

  
36

5 
(B

1.
2-

8)
 

 p S
R:

 p
ro

ba
bi

lit
y 

of
 d

riv
in

g 
ra

in
 [-

] 
b w

: 
ex

po
ne

nt
 o

f r
eg

re
ss

io
n 

[-
] 

 
 

 
B1

.2
.7

.2
 

Pa
ra

m
et

er
s d

es
cr

ib
in

g 
ra

in
 e

ve
nt
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(1

) T
he

 e
ff

ec
t o

f r
ai

n 
ev

en
ts

 o
n 

th
e 

co
nc

re
te

 w
ith

 re
sp

ec
t t

o 
its

 c
ar

bo
na

tio
n 

re
si

st
an

ce
 d

ep
en

ds
 o

n 
th

e 
or

ie
nt

at
io

n 
an

d 
th

e 
ge

om
et

ric
al

 c
ha

ra
ct

er
is

tic
s 

of
 th

e 
st

ru
ct

ur
e.

 T
he

 fo
llo

w
in

g 
va

ria
bl

es
 h

av
e 

to
 b

e 
qu

an
tif

ie
d:

 
To

W
 (t

im
e 

of
 w

et
ne

ss
) 

p S
R 

(p
ro

ba
bi

lit
y 

of
 d

riv
in

g 
ra

in
) 

 
 

(2
) 

To
W

 (T
im

e 
of

 W
et

ne
ss

) i
s 

th
e 

av
er

ag
e 

nu
m

be
r o

f 
ra

in
y 

da
ys

 p
er

 y
ea

r. 
A

 r
ai

ny
 d

ay
 i

s 
de

fin
ed

 b
y 

a 
m

in
im

um
 a

m
ou

nt
 o

f 
pr

ec
ip

ita
tio

n 
w

at
er

 o
f 

h N
d =

 2
.5

 m
m

 p
er

 d
ay

. T
he

 d
at

a 
fo

r t
he

 q
ua

nt
ifi

ca
tio

n 
of

 T
oW

 c
an

 b
e 

ob
ta

in
ed

 
by

 e
va

lu
at

io
n 

of
 d
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a 
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 th
e 

ne
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es
t w

ea
th

er
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at
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n 

m
et

ho
ds

 

A
cc

or
di

ng
 to

 th
e 

ex
pl

an
at

io
n 

ab
ov

e 
th

e 
qu

an
tif

ic
at

io
n 

of
 th

e 
va

ria
bl

e 
To

W
 

ca
n 

be
 g

iv
en

 a
s:

 
To

W
 [-

]: 
co

ns
ta

nt
 p

ar
am

et
er

, v
al

ue
:  

to
 

be
 

ev
al

ua
te

d 
fr

om
 

w
ea

th
er

 
st

at
io

n 
da

ta
 

 
 

(3
) 

p S
R
 (

pr
ob

ab
ili

ty
 o

f 
dr

iv
in

g 
ra

in
) 

is
 th

e 
av

er
ag

e 
di

st
rib

ut
io

n 
of

 th
e 

w
in

d 
di

re
ct

io
n 

du
rin

g 
ra

in
 e

ve
nt

s. 
A

n 
ev

al
ua

tio
n 

ca
n 

be
 c

ar
rie

d 
ou

t b
y 

de
te

rm
in

in
g 

th
e 

w
in

d 
di

re
ct

io
n 

du
rin

g 
ra

in
 e

ve
nt

s, 
ba

se
d 

on
 d

at
a 

fr
om

 th
e 

ne
ar

es
t w

ea
th

er
 

st
at

io
n.

 

Th
e 

qu
an

tif
ic

at
io

n 
of

 th
e 

va
ria

bl
e 

p S
R
 c

an
 b

e 
gi

ve
n 

as
: 

p S
R 

[-
]: 

co
ns

ta
nt

 p
ar

am
et

er
, v

al
ue

: 
if 

ve
rti

ca
l e

le
m

en
ts

 a
re

 tr
ea

te
d 

p S
R 

ha
s 

to
 b

e 
ev

al
ua

te
d 

fr
om

 w
ea

th
er

 s
ta

tio
n 

da
ta

 

co
ns

ta
nt

 p
ar

am
et

er
, v

al
ue

: 
if 

ho
riz

on
ta

l e
le

m
en

ts
 a

re
 tr

ea
te

d 
p S

R 
is

 
eq

ua
l t

o 
1 

co
ns

ta
nt

 p
ar

am
et

er
, v

al
ue

: 
if 

in
te

rio
r 

st
ru

ct
ur

al
 

el
em

en
ts

 
ar

e 
tre

at
ed

 p
SR

 is
 e

qu
al

 to
 0

 
 

 
 

B1
.2

.7
.3

 
M

od
el

 v
ar

ia
bl

es
 b

W
 a

nd
 t 0

 
 

 
(1

) T
he

 w
ea

th
er

 fu
nc

tio
n 

co
nt

ai
ns

 tw
o 

m
od

el
 v

ar
ia

bl
es

. O
ne

 is
 th

e 
ex

po
ne

nt
 

of
 re

gr
es

si
on

 b
w
 a

nd
 th

e 
ot

he
r i

s 
th

e 
tim

e 
of

 re
fe

re
nc

e,
 t o

. T
he

se
 v

ar
ia

bl
es

 h
av

e 
be

en
 q

ua
nt

ifi
ed

 a
s f

ol
lo

w
s, 

cp
. [

5]
: 

b w
 [-

]: 
no

rm
al

 d
is

tri
bu

tio
n,

  
m

 =
 

0.
44

6 

s =
 

0.
16

3 
t o 

[y
ea

rs
]: 

co
ns

ta
nt

 p
ar

am
et

er
, v

al
ue

: 
0.

07
67
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B
2 

Fu
ll 

pr
ob

ab
ili

st
ic

 d
es

ig
n 

m
et

ho
d 

fo
r 

ch
lo

ri
de

 in
du

ce
d 

co
rr

os
io

n 
– 

un
cr

ac
ke

d 
co

nc
re

te
 

 
 

B
2.

1 
L

im
it 

st
at

e 
eq

ua
tio

n 
fo

r 
th

e 
de

pa
ss

iv
at

io
n 

of
 th

e 
re

in
fo

rc
em

en
t 

Th
e 

D
ur

aC
re

te
 m

od
el

 i
s 

de
sc

rib
ed

 i
n 

m
or

e 
de

ta
il 

in
 [

3]
, 

th
e 

D
A

R
TS

 
m

od
el

 (r
ev

is
ed

 D
ur

aC
re

te
 m

od
el

) i
s 

de
sc

rib
ed

 in
 [4

], 
[5

]. 
Th

es
e 

m
od

el
s 

ar
e 

in
 

pr
in

ci
pl

e 
ap

pl
ic

ab
le

 b
ot

h 
fo

r 
m

ar
in

e 
en

vi
ro

nm
en

t 
an

d 
fo

r 
de

-ic
in

g 
sa

lts
 o

n 
ro

ad
s/

br
id

ge
s. 

 Fi
ck

’s
 2

nd
 la

w
 fo

r d
iff

us
io

n 
w

as
 fi

rs
t p

ro
po

se
d 

fo
r a

pp
lic

at
io

n 
in

 c
hl

or
id

e 
ex

po
se

d 
st

ru
ct

ur
es

 b
y 

M
. C

ol
le

pa
rd

i [
8]

 in
 1

97
0.

 

 In
 t

he
 e

ar
ly

 1
99

0s
 p

ar
al

le
l 

ef
fo

rts
 i

n 
di

ff
er

en
t 

re
se

ar
ch

 c
om

m
un

iti
es

 d
id

 
ta

ke
 p

la
ce

 to
 im

pr
ov

e 
th

is
 m

od
el

. S
uc

h 
im

pr
ov

ed
 m

od
el

s 
ar

e,
 in

 a
dd

iti
on

 to
 

th
e 

D
ur

aC
re

te
/D

A
R

TS
 m

od
el

 [3
], 

[4
], 

re
sp

ec
tiv

el
y,

 m
od

el
s 

de
ve

lo
pe

d 
by

 [6
] 

an
d 

[9
]. 

B
y 

th
e 

co
m

m
itt

ee
 o

f 
th

is
 d

oc
um

en
t, 

th
es
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2.

1-
4)

 

a:
 

ag
ei

ng
 e

xp
on

en
t [

-]
, c

p.
 C

ha
pt

er
 B

2.
2.

2 
t 0:

 
re

fe
re

nc
e 

po
in

t o
f t

im
e 

[y
ea

rs
], 

cp
. C

ha
pt

er
 B

2.
2.

2 

 

 
 

B
2.

2 
Q

ua
nt

ifi
ca

tio
n 

of
 p

ar
am

et
er

s 
 

 
B

2.
2.

1 
C

hl
or

id
e 

m
ig

ra
tio

n 
co

ef
fic

ie
nt

 D
R

C
M

,0
 

 
 

B2
.2

.1
.1

 
G

en
er

al
 

W
hi

le
 a

ss
es

si
ng

 e
xi

st
in

g 
st

ru
ct

ur
es

 th
e 

D
ap

p m
ig

ht
 b

e 
de

riv
ed

 d
ire

ct
ly

 fr
om

 
ch

lo
rid

e 
pr

of
ile

s t
ak

en
 fr

om
 th

e 
ch

lo
rid

e 
ex

po
se

d 
st

ru
ct

ur
e 

at
 d

iff
er

en
t t

im
es

. 

W
he

n 
th

e 
D

ap
p 

is
 d

er
iv

ed
 f

ro
m

 “
ch

lo
rid

e 
pr

of
ili

ng
 m

et
ho

d”
 (

di
ff

us
io

n 
un

de
r “

na
tu

ra
l c

on
di

tio
ns

”)
, t

he
 le

ng
th

 o
f t

he
 e

xp
os

ur
e 

sh
ou

ld
 b

e 
su

ff
ic

ie
nt

ly
 

lo
ng

 
to

 
ge

t 
re

lia
bl

e 
da

ta
. 

A
 

m
in

im
um

 
du

ra
tio

n 
of

 
se

ve
ra

l 
m

on
th

s 
is

 
re

co
m

m
en

de
d.

 

B
y 

pr
of

ili
ng

 a
t d

iff
er

en
t a

ge
s,

 in
fo

rm
at

io
n 

on
 th

e 
tim

e-
de

pe
nd

en
cy

 (D
ap

p,
C)

 
m

ig
ht

 a
ls

o 
be

 o
bt

ai
ne

d.
 

 
(1

) 
Th

e 
C

hl
or

id
e 

M
ig

ra
tio

n 
C

oe
ff

ic
ie

nt
 is

 o
ne

 o
f t

he
 g

ov
er

ni
ng

 p
ar

am
et

er
s 

fo
r t

he
 d

es
cr

ip
tio

n 
of

 th
e 

m
at

er
ia

l p
ro

pe
rti

es
 in

 th
e 

ch
lo

rid
e 

in
du

ce
d 

co
rr

os
io

n 
m

od
el

. S
ui

ta
bl

e 
da

ta
 fo

r 
D

RC
M

,0
  m

ay
 b

e 
ob

ta
in

ed
 fr

om
 li

te
ra

tu
re

 to
 b

e 
us

ed
 a

s 
st

ar
tin

g 
va

ria
bl

es
 i

n 
a 

se
rv

ic
e 

lif
e 

de
si

gn
 c

al
cu

la
tio

n.
 W

he
n 

w
or

ki
ng

 w
ith

 
sp

ec
ia

l c
on

cr
et

e 
m

ix
es

 w
ith

 v
er

y 
lo

w
 w

at
er

/b
in

de
r r

at
io

s 
an

d 
hi

gh
 c

on
te

nt
s 

of
 

pl
as

tic
is

er
, 

qu
an

tit
at

iv
e 

re
su

lts
 

fr
om

 
lit

er
at

ur
e 

ar
e 

us
ua

lly
 

no
t 

av
ai

la
bl

e.
 

Th
er

ef
or

e,
 it

 is
 e

ss
en

tia
l t

o 
de

te
rm

in
e 

th
e 

ef
fic

ie
nc

y 
of

 th
e 

m
at

er
ia

ls
 to

 b
e 

us
ed

 
th

ro
ug

h 
ba

si
c 

te
st

s, 
e.

g.
 i

n 
or

de
r 

to
 i

de
nt

ify
 t

he
 s

ui
ta

bi
lit

y 
of

 t
he

 d
es

ig
ne

d 
co

nc
re

te
 m

ix
. 
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An
ne

x 
B:

  F
ul

l p
ro

ba
bi

lis
tic

 d
es

ig
n 

m
et

ho
ds

 

V
ar

io
us

 m
et

ho
ds

 to
 a

ss
es

s 
th

e 
di

ff
us

io
n 

ch
ar

ac
te

ris
tic

s 
of

 c
on

cr
et

e 
co

ul
d 

be
 r

ec
om

m
en

de
d,

 c
p.

 [
13

]. 
Th

e 
m

od
el

 d
es

cr
ib

ed
 h

er
e 

ha
s 

be
en

 d
ev

el
op

ed
 

up
on

 th
e 

ba
si

s o
f t

he
 R

ap
id

 C
hl

or
id

e 
M

ig
ra

tio
n 

M
et

ho
d 

(R
C

M
). 

 
(2

) 
A

m
on

g 
di

ff
er

en
t 

ra
pi

d 
te

st
 m

et
ho

ds
, 

th
e 

R
ap

id
 C

hl
or

id
e 

M
ig

ra
tio

n 
m

et
ho

d 
(R

C
M

) 
re

ve
al

ed
 t

o 
be

 t
he

or
et

ic
al

ly
 c

le
ar

, e
xp

er
im

en
ta

lly
 s

im
pl

e 
an

d 
re

la
te

d 
to

 p
re

ci
si

on
 (r

ep
ea

ta
bi

lit
y)

 p
ro

m
is

in
g 

to
ol

.  
 

 
 

B2
.2

.1
.2

 
R

ap
id

 c
hl

or
id

e 
m

ig
ra

tio
n 

m
et

ho
d 

 
 

Se
e 

N
T 

B
ui

ld
 4

92
, [

21
]. 

 
 

B2
.2

.1
.3

 
Q

ua
nt

ifi
ca

tio
n 

of
 th

e 
ch

lo
ri

de
 m

ig
ra

tio
n 

co
ef

fic
ie

nt
 

D
R

C
M

,0
 

 
 

(1
) 

D
RC

M
,0
 i

s 
a 

no
rm

al
ly

 d
is

tri
bu

te
d 

va
ria

bl
e 

w
ith

 a
 m

ea
n 

va
lu

e 
to

 b
e 

ca
lc

ul
at

ed
 a

cc
or

di
ng

 to
 E

qu
at

io
n 

B
2.

2-
3.

 T
he

 s
ta

nd
ar

d 
de

vi
at

io
n 

of
 D

R
CM

,0
 c

an
 

be
 c

al
cu

la
te

d 
ac

co
rd

in
g 

to
 E

qu
at

io
n 

B
2.

2-
6,

 [5
]. 

m
!

=
2.0

s
 

(B
2.

2-
1)

 

s:
 st

an
da

rt 
de

vi
at

io
n 

of
 D

RC
M

,0
 

m
: m

ea
n 

va
lu

e 
of

 D
R

CM
,0
 

 
 

(2
) 

D
R

CM
,0
 s

ho
ul

d 
be

 q
ua

nt
ifi

ed
 a

cc
or

di
ng

 t
o 

C
ha

pt
er

 B
2.

2.
1.

2.
 I

f 
no

 t
es

t 
da

ta
 i

s 
av

ai
la

bl
e,

 t
he

 f
ol

lo
w

in
g 

lit
er

at
ur

e 
da

ta
 c

an
 b

e 
us

ed
 f

or
 o

rie
nt

at
io

n 
pu

rp
os

es
, c

p.
 T

ab
le

 B
2-

1,
 [5

]. 
Ta

bl
e 

B2
-1

: 
Q

ua
nt

ifi
ca

tio
n 

of
 D

RC
M

,0
 fo

r d
iff

er
en

t c
on

cr
et

e 
m

ix
tu

re
s,

 [5
] 

w
/c

eq
v.

1  
   

   
   

   
   

   
   

   
   

   
D

R
CM

,0
 [m

2 /s
] 

 ce
m

en
t t

yp
e 

0.
35

 
0.

40
 

0.
45

 
0.

50
 

0.
55

 
0.

60
 

C
EM

 I 
42

.5
 R

 
C

EM
 I 

42
.5

 R
 +

 F
A

 (k
 =

 0
.5

) 
C

EM
 I 

42
.5

 R
 +

 S
F 

(k
 =

 2
.0

) 
C

EM
 II

I/B
 4

2.
5 

n.
d.

2  
n.

d.
2  

4.
4·

10
-1

2  
n.

d.
2  

8.
9·

10
-1

2  
5.

6·
10

-1
2  

4.
8·

10
-1

2  
1.

4·
10

-1
2  

10
.0

·1
0-1

2  
6.

9·
10

-1
2  

n.
d.

2  
1.

9·
10

-1
2  

15
.8

·1
0-1

2  
9.

0·
10

-1
2  

n.
d.

2  
2.

8·
10

-1
2  

19
.7

·1
0-1

2  
10

.9
·1

0-1
2  

5.
3·

10
-1

2  
3.

0·
10

-1
2  

25
.0

·1
0-1

2  
14

.9
·1

0-1
2  

n.
d.

2  
3.

4·
10

-1
2  

1  e
qu

iv
al

en
t 

w
at

er
 c

em
en

t 
ra

tio
, 

he
re

by
 c

on
si

de
rin

g 
FA

 (
fly

 a
sh

) 
or

 S
F 

(s
ili

ca
 

fu
m

e)
 w

ith
 t

he
 r

es
pe

ct
iv

e 
k-

va
lu

e 
(e

ff
ic

ie
nc

y 
fa

ct
or

). 
Th

e 
co

ns
id

er
ed

 c
on

te
nt

s 
w

er
e:

 2
2 

w
t.-

%
/c

em
en

t; 
SF

: 5
 w

t.-
%

/c
em

en
t. 

² 
n.

d.
 –

 c
hl

or
id

e 
m

ig
ra

tio
n 

co
ef

fic
ie

nt
 D

R
C

M
,0

 h
as

 n
ot

 b
ee

n 
de

te
rm

in
ed

 f
or

 t
he

se
 

co
nc

re
te

 m
ix

es
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od
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e 
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 D
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B2
.2

.1
.4

 
Q

ua
nt

ifi
ca

tio
n 

of
 D

R
C

M
,0
 fo

r 
or

ie
nt

at
io

n 
pu

rp
os

es
 

 
 

(1
) 

Th
e 

qu
an

tif
ic

at
io

n 
of

 D
R

CM
,0
 c

an
 b

e 
su

m
m

ar
is

ed
 a

s 
gi

ve
n 

be
lo

w
. 

C
on

si
de

ra
bl

e 
at

te
nt

io
n 

ha
s 

to
 b

e 
pa

id
 to

 th
e 

un
its

, a
s 

un
til

 n
ow

 D
R

CM
,0
 h

as
 b

ee
n 

de
te

rm
in

ed
 u

si
ng

 th
e 

un
it 

[m
2 /s

]. 
W

he
n 

tra
ns

la
tin

g 
D

R
CM

,0
 in

to
 th

e 
ap

pr
op

ria
te

 
un

it 
fo

r 
th

e 
de

te
rio

ra
tio

n 
m

od
el

 [
m

m
2 /y

ea
rs

], 
a 

m
ul

tip
lic

at
io

n 
fa

ct
or

 h
as

 to
 b

e 
ap

pl
ie

d.
 

D
RC

M
,0
 [m
²/s

]: 
no

rm
al

 d
is

tri
bu

tio
n,

 m
 =

  
va

lu
es

 f
or

 o
rie

nt
at

io
n 

pu
rp

os
e:

 
Ta

bl
e 

B
2-

1 

 
s =

 m
 · 

0.
2 

(c
p.

 E
qu

at
io

n 
B

2.
2-

1)
 

 
 

B
2.

2.
2 

T
ra

ns
fe

r 
pa

ra
m

et
er

 k
t a

nd
 a

ge
in

g 
ex

po
ne

nt
 a

 
 

 
B2

.2
.2

.1
 

G
en

er
al

 
 

 
(1

) 
Th

e 
ap

pa
re

nt
 d

iff
us

io
n 

co
ef

fic
ie

nt
 D

ap
p,

C 
is

 s
ub

je
ct

 t
o 

co
ns

id
er

ab
le

 
sc

at
te

r a
nd

 te
nd

s t
o 

re
du

ce
 w

ith
 in

cr
ea

si
ng

 e
xp

os
ur

e 
tim

e.
 

 
 

(2
) 

Ta
ki

ng
 t

hi
s 

in
to

 a
cc

ou
nt

 w
he

n 
m

od
el

lin
g 

th
e 

in
iti

at
io

n 
pr

oc
es

s, 
a 

tra
ns

fe
r 

pa
ra

m
et

er
 k

t 
in

 c
om

bi
na

tio
n 

w
ith

 a
 s

o-
ca

lle
d 

ag
ei

ng
 e

xp
on

en
t 

a 
ha

s 
be

en
 in

tro
du

ce
d.

 

 
 

B2
.2

.2
.2

 
Q

ua
nt

ifi
ca

tio
n 

of
 a

, k
t a

nd
 t 0

 
Th

e 
st

at
is

tic
al

 q
ua

nt
iti

es
 o

f 
th

e 
ag

ei
ng

 e
xp

on
en

t 
w

er
e 

de
te

rm
in

ed
 a

s 
fo

llo
w

s, 
fo

r e
xa

m
pl

e 
fo

r P
or

tla
nd

 c
em

en
t c

on
cr

et
es

:  

1.
 P

ub
lis

he
d 

ch
lo

rid
e 

pr
of

ili
ng

 d
at

a 
(D

ap
p,

C(
t i)

) o
f e

xi
st

in
g 

Po
rtl

an
d 

ce
m

en
t 

co
nc

re
te

 s
tru

ct
ur

es
 (c

om
pa

ra
bl

e 
w

/c
 ra

tio
, e

. g
. 0

.4
0 
≤

 w
/c

 ≤
 0

.6
0)

 e
xp

os
ed

 in
 

co
nd

iti
on

s 
su

bm
er

ge
d/

sp
la

sh
/ti

da
l w

er
e 

co
lle

ct
ed

 (
am

on
g 

ot
he

rs
 a

ls
o 

da
ta

 o
f 

[6
])

 
an

d 
pl

ot
te

d 
vs

. 
ex

po
su

re
 

tim
e 

(te
m

pe
ra

tu
re

 
ad

ju
st

ed
 

to
 

re
fe

re
nc

e 
te

m
pe

ra
tu

re
: T

 =
 2

0 
°C

) 

2.
 N

ew
 c

on
cr

et
e 

m
ix

es
 (

Po
rtl

an
d 

ce
m

en
t, 

0.
40

 ≤
 w

/c
 ≤

 0
.6

0)
 o

f 
co

m
-

pa
ra

bl
e 

qu
al

ity
 w

er
e 

te
st

ed
 w

ith
 th

e 
R

C
M

-m
et

ho
d 

at
 th

e 
re

fe
re

nc
e 

tim
e 

t 0.
  

3.
 T

he
 s

pr
ea

d 
of

 th
e 

R
C

M
-te

st
-r

es
ul

ts
 a

t t
he

 a
ge

 t 0
 w

as
 d

et
er

m
in

ed
, R

C
M

-
re

su
lts

 w
er

e 
pl

ot
te

d 
in

to
 th

e 
di

ag
ra

m
m

e 
of

 p
ub

lis
he

d 
re

su
lts

.  
4.

 A
 r

eg
re

ss
io

n 
an

al
ys

is
 w

as
 p

er
fo

rm
ed

. 
Th

e 
re

gr
es

si
on

 l
in

e 
w

as
 f

or
ce

d 
(b

ou
nd

ar
y)

 th
ro

ug
h 

th
e 

da
ta

 o
f n

ew
 c

on
cr

et
es

, d
et

er
m

in
ed

 a
t t

im
e 

t 0.
 

 
(1

) 
Th

e 
fu

nc
tio

na
l r

el
at

io
ns

hi
p 

be
tw

ee
n 

ex
po

su
re

 p
er

io
d 

t a
nd

 d
iff

us
io

n 
co

ef
fic

ie
nt

 D
ap

p,
C 

fo
r t

hr
ee

 d
iff

er
en

t t
yp

es
 o

f c
em

en
t i

s 
ill

us
tra

te
d 

in
 

Ta
bl

e 
B

2-
2.

 T
ab

le
 B

2-
2 

w
as

 d
er

iv
ed

 f
or

 t
he

 e
xp

os
ur

e 
co

nd
iti

on
s 

”s
pl

as
h 

zo
ne

”,
 ”

tid
al

 z
on

e”
 a

nd
 ”

su
bm

er
ge

d 
zo

ne
”,

 b
ut

 a
s 

an
 

as
su

m
pt

io
n 

on
 th

e 
sa

fe
 s

id
e 

it 
ca

n 
al

so
 b

e 
ap

pl
ie

d 
fo

r “
sp

ra
y 

zo
ne

” 
an

d 
“a

tm
os

ph
er

ic
 z

on
e”

 e
xp

os
ur

e,
 [5

]. 
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An
ne

x 
B:

  F
ul

l p
ro

ba
bi

lis
tic

 d
es

ig
n 

m
et

ho
ds

 

 Th
e 

ag
ei

ng
 e

xp
on

en
t a

 c
or

re
sp

on
di

ng
 to

 E
qu

at
io

n 
B

2.
1-

4 
an

d 
Ta

bl
e 

B
2-

4 
ca

nn
ot

 b
e 

m
ea

su
re

d 
by

 th
e 

ra
pi

d 
te

st
 m

et
ho

d 
R

C
M

. R
C

M
 re

su
lts

 o
f c

on
cr

et
es

 
te

st
ed

 a
t 

di
ff

er
en

t 
ag

es
 w

ill
 g

iv
e 

an
 a

ge
in

g 
ex

po
ne

nt
 w

hi
ch

 d
o 

no
t 

fit
 t

o 
Eq

ua
tio

n 
2.

1-
4 

an
d 

Ta
bl

e 
B

2-
4,

 c
p.

 [
11

]. 
A

ge
in

g 
de

te
rm

in
ed

 w
ith

 th
e 

R
C

M
 

m
et

ho
d 

re
pr

es
en

ts
 o

nl
y 

a 
ce

rta
in

 p
or

tio
n 

of
 t

he
 t

ot
al

 e
ff

ec
t 

(in
cr

ea
se

 o
f 

ch
lo

rid
e 

pe
ne

tra
tio

n 
re

si
st

an
ce

 d
ue

 to
 o

ng
oi

ng
 h

yd
ra

tio
n 

of
 c

on
cr

et
e)

 

Ta
bl

e 
B2

-2
: 

Re
su

lt 
of

 th
e 

st
at

is
tic

al
 q

ua
nt

ifi
ca

tio
n 

of
 th

e 
va

ri
ab

le
 a

 
co

nc
re

te
 

ag
ei

ng
 e

xp
on

en
t a

5  [-
] 

Po
rt

la
nd

 c
em

en
t c

on
cr

et
e 

C
EM

 I;
 0

.4
0 
≤ 

w
/c

 ≤
 0

.6
0 

B
et

a 
(m

1 =0
.3

0;
 s2 = 

0.
12

; a
3 = 

0.
0;

 b
4 = 

1.
0)

 

Po
rt

la
nd

 fl
y 

as
h 

ce
m

en
t c

on
cr

et
e 

f ≥
 0

.2
0 

· z
; k

 =
 0

.5
0;

  0
.4

0 
≤ 

w
/c

eq
v.
 ≤

 0
.6

2 
B

et
a 

(m
1 =0

.6
0;

 s2 = 
0.

15
; a

3 = 
0.

0;
 b

4 = 
1.

0)
 

Bl
as

t f
ur

na
ce

 sl
ag

 c
em

en
t c

on
cr

et
e 

C
EM

 II
I/B

; 0
.4

0 
≤ 

w
/c

 ≤
 0

.6
0 

B
et

a 
(m

1 =0
.4

5;
 s2 = 

0.
20

; a
3 = 

0.
0;

 b
4 = 

1.
0)

 

1  m
: m

ea
n 

va
lu

e 
2  s

: s
ta

nd
ar

d 
de

vi
at

io
n 

3  a
: l

ow
er

 b
ou

nd
 

4  b
: u

pp
er

 b
ou

nd
 

5  q
ua

nt
ifi

ca
tio

n 
ca

n 
be

 a
pp

lie
d 

fo
r t

he
 e

xp
os

ur
e 

cl
as

se
s:

 s
pl

as
h 

zo
ne

, t
id

al
 z

on
e 

an
d 

su
bm

er
ge

d 
zo

ne
 

 
 

(2
) 

To
 c

ar
ry

 o
ut

 th
e 

qu
an

tif
ic

at
io

n 
of

 a
, t

he
 tr

an
sf

er
 v

ar
ia

bl
e 

k t
 w

as
 s

et
 to

 
k t

 =
 1

: 

k t
  [-

]: 
co

ns
ta

nt
, v

al
ue

: 1
 

 

M
at

er
ia

l 
pe

rf
or

m
an

ce
 c

an
 a

dd
iti

on
at

el
y 

be
 t

es
te

d 
at

 a
 h

ig
he

r 
de

gr
ee

 o
f 

m
at

ur
ity

 (
i.e

. 
t 0 

= 
56

 d
 o

r 
t 0 

= 
90

 d
) 

to
 v

er
ify

 t
he

 p
os

iti
ve

 a
ge

 e
ff

ec
t 

of
 

pu
zz

ol
an

ic
 a

dd
iti

on
s 

on
 t

he
 p

en
et

ra
tio

n 
re

si
st

an
ce

 o
f 

co
nc

re
te

. O
ne

 h
av

e 
to

 
ke

ep
 in

 m
in

d,
 th

at
 th

e 
tim

e 
de

pe
nd

en
t d

ec
re

as
e 

of
 D

R
C

M
 w

ill
 o

nl
y 

re
pr

es
en

t a
 

ce
rta

in
 p

or
tio

n 
(h

yd
ra

tio
n)

 o
f t

he
 to

ta
l a

ge
in

g 
ef

fe
ct

. 

 
(3

) 
Th

e 
re

fe
re

nc
e 

po
in

t 
of

 t
im

e 
w

as
 c

ho
se

n 
to

 b
e 

t 0 
= 

0.
07

67
 y

ea
rs

 
 (t

0 =
 2

8 
d)

. 
t 0 

 [y
ea

rs
]: 

co
ns

ta
nt

, v
al

ue
: 0

.0
76

7 

 
 

B
2.

2.
3 

E
nv

ir
on

m
en

ta
l t

ra
ns

fe
r 

va
ri

ab
le

 k
e 

 
 

B2
.2

.3
.1

 
G

en
er

al
 

 
 

(1
) 

Th
e 

en
vi

ro
nm

en
ta

l t
ra

ns
fe

r 
va

ria
bl

e 
k e

 h
as

 b
ee

n 
in

tro
du

ce
d 

in
 o

rd
er

 to
 

ta
ke

 th
e 

in
flu

en
ce

 o
f 

T r
ea

l o
n 

th
e 

di
ff

us
io

n 
co

ef
fic

ie
nt

 D
Ef

f,C
 in

to
 a

cc
ou

nt
. T

he
 

in
flu

en
ce

 o
f 

T r
ea

l 
on

 t
he

 c
hl

or
id

e 
di

ff
us

io
n 

co
ef

fic
ie

nt
 i

s 
de

sc
rib

ed
 b

y 
th

e 
A

rr
he

ni
us

-e
qu

at
io

n 
(E

qu
at

io
n 

B
2.

2-
7)

, c
p.

 [5
] 
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)
T1

T1
(

b
ex

p(
k

re
al

re
f

e
e

!
=

 
(2

.2
-2

) 

k e
: 

en
vi

ro
nm

en
ta

l t
ra

ns
fe

r v
ar

ia
bl

e 
[-

] 
b e

: 
re

gr
es

si
on

 v
ar

ia
bl

e 
[K

] 
T r

ef
: 

re
fe

re
nc

e 
te

m
pe

ra
tu

re
 [K

] 
T r

ea
l: 

te
m

pe
ra

tu
re

 o
f t

he
 st

ru
ct

ur
al

 e
le

m
en

t o
r t

he
 a

m
bi

en
t a

ir 
[K

] 

 
 

(2
) 

In
 

or
de

r 
to

 
de

te
rm

in
e 

th
e 

en
vi

ro
nm

en
ta

l 
tra

ns
fe

r 
va

ria
bl

e 
k e

 
m

at
he

m
at

ic
al

ly
 

ac
co

rd
in

g 
to

 
Eq

ua
tio

n 
B

2.
2-

7,
 

T r
ea

l, 
T r

ef
 

(s
ta

nd
ar

d 
te

st
 

te
m

pe
ra

tu
re

, T
re

f =
 2

93
 K

 (2
0°

C
))

 a
nd

 th
e 

pa
ra

m
et

er
 b

e 
ha

ve
 to

 b
e 

de
te

rm
in

ed
. 

 
 

B2
.2

.3
.2

 
R

eg
re

ss
io

n 
va

ri
ab

le
 b

e 
D

at
a 

w
as

 ta
ke

n 
fr

om
 P

ag
e 

[1
4]

 to
 q

ua
nt

ify
 th

e 
re

gr
es

si
on

 v
ar

ia
bl

e 
b e

. 
 

(1
) 

Th
e 

va
lu

es
 o

f 
th

e 
re

gr
es

si
on

 v
ar

ib
le

 b
e 

va
ry

 b
et

w
ee

n 
b e

 =
 3

50
0 

K
 a

nd
 

b e
 =

 5
50

0 
K

. b
e 
 c

an
 b

e 
de

sc
rib

ed
 a

s 
fo

llo
w

s,
 c

p.
 [5

]: 
b e

  [
K

]: 
no

rm
al

 d
is

tri
bu

tio
n,

 
m

 =
 4

80
0 

s =
   

 7
00

 
 

 
B2

.2
.3

.3
 

Te
m

pe
ra

tu
re

 T
re

al
 

 
 

(1
) T

he
 te

m
pe

ra
tu

re
 o

f t
he

 s
tru

ct
ur

al
 e

le
m

en
t o

r t
he

 a
m

bi
en

t a
ir 

is
 d

es
cr

ib
ed

 
by

 m
ea

ns
 o

f 
th

e 
va

ria
bl

e 
T r

ea
l. 

T r
ea

l c
an

 b
e 

de
te

rm
in

ed
 b

y 
us

in
g 

av
ai

la
bl

e 
da

ta
 

fr
om

 a
 w

ea
th

er
 st

at
io

n 
ne

ar
by

. 

T r
ea

l [
K

]: 
no

rm
al

 d
is

tri
bu

tio
n,

 
m

 =
   

ev
al

ua
te

d 
w

ea
th

er
 st

at
io

n 
da

ta
 

s =
   

ev
al

ua
te

d 
w

ea
th

er
 st

at
io

n 
da

ta
 

 
 

B2
.2

.3
.4

 
St

an
da

rd
 te

st
 te

m
pe

ra
tu

re
 T

re
f 

 
 

(1
) 

Th
e 

st
an

da
rd

 te
st

 te
m

pe
ra

tu
re

 T
re

f h
as

 b
ee

n 
de

fin
ed

 a
s 

29
3 

K
 (

= 
20

°C
) 

an
d 

ca
n 

be
 c

on
si

de
re

d 
as

 c
on

st
an

t. 
T r

ef
 [K

]: 
co

ns
ta

nt
 p

ar
am

et
er

, v
al

ue
: 

29
3 

 
 

B
2.

2.
4 

In
iti

al
 c

hl
or

id
e 

co
nt

en
t o

f t
he

 c
on

cr
et

e 
C

0 
 

 
(1

) 
Th

e 
ch

lo
rid

e 
co

nt
en

t 
in

 t
he

 c
on

cr
et

e 
is

 n
ot

 o
nl

y 
ca

us
ed

 b
y 

ch
lo

rid
e 

in
gr

es
s 

fr
om

 t
he

 s
ur

fa
ce

, 
bu

t 
ca

n 
al

so
 b

e 
du

e 
to

 c
hl

or
id

e 
co

nt
am

in
at

ed
 

ag
gr

eg
at

es
, 

ce
m

en
ts

 o
r 

w
at

er
 u

se
d 

fo
r 

th
e 

co
nc

re
te

 p
ro

du
ct

io
n.

 E
sp

ec
ia

lly
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An
ne

x 
B:

  F
ul

l p
ro

ba
bi

lis
tic

 d
es

ig
n 

m
et

ho
ds

 

w
he

n 
bu

ild
in

g 
in

 m
ar

in
e 

en
vi

ro
nm

en
t, 

th
e 

ch
lo

rid
e 

co
nt

en
t o

f 
fin

e 
an

d 
co

ar
se

 
ag

gr
eg

at
es

 a
nd

 w
at

er
 c

an
 b

e 
co

ns
id

er
ab

le
. 

 
 

(2
) I

n 
co

nt
ra

st
 to

 th
e 

ch
lo

rid
e 

pr
of

ile
s 

re
su

lti
ng

 fr
om

 c
hl

or
id

e 
in

gr
es

s 
fr

om
 

th
e 

su
rf

ac
e,

 th
e 

di
st

rib
ut

io
n 

of
 th

e 
in

iti
al

 c
hl

or
id

e 
co

nt
en

t c
an

 b
e 

as
su

m
ed

 to
 b

e 
un

ifo
rm

 o
ve

r t
he

 w
ho

le
 c

ro
ss

 se
ct

io
n 

 
 

B
2.

2.
5 

C
on

te
nt

 o
f c

hl
or

id
es

 a
t t

he
 su

bs
tit

ut
e 

su
rf

ac
e 

C
s, Δ

x 
 

 
B2

.2
.5

.1
 

G
en

er
al

 
W

he
n 

as
se

ss
in

g 
ex

is
tin

g 
st

ru
ct

ur
es

 
ex

po
se

d 
to

 
a 

ch
lo

rid
e 

ric
h 

en
vi

ro
nm

en
t, 

th
e 

ch
lo

rid
e 

co
nc

en
tra

tio
n 

on
 t

he
 s

ur
fa

ce
 (

or
 t

he
 s

ub
st

itu
te

 
su

rf
ac

e)
 m

ig
ht

 b
e 

de
riv

ed
 d

ire
ct

ly
 fr

om
 c

hl
or

id
e 

pr
of

ile
s f

ro
m

 th
e 

st
ru

ct
ur

e.
 

 
(1

) T
he

 c
hl

or
id

e 
co

nt
en

t C
S 

at
 th

e 
co

nc
re

te
 s

ur
fa

ce
 a

s 
w

el
l a

s 
th

e 
su

bs
tit

ut
e 

su
rf

ac
e 

co
nt

en
t 

C
S,
Δ

x 
at

 a
 d

ep
th

 Δ
x 

ar
e 

va
ria

bl
es

 t
ha

t 
de

pe
nd

 o
n 

m
at

er
ia

l 
pr

op
er

tie
s a

nd
 o

n 
ge

om
et

ric
al

 a
nd

 e
nv

iro
nm

en
ta

l c
on

di
tio

ns
. 

 
 

(2
) 

M
at

er
ia

l p
ro

pe
rti

es
 th

at
 n

ee
d 

to
 b

e 
ta

ke
n 

in
to

 a
cc

ou
nt

 a
re

 p
rim

ar
ily

 th
e 

ty
pe

 o
f b

in
de

r a
nd

 th
e 

co
nc

re
te

 c
om

po
si

tio
n 

its
el

f. 
In

 c
on

se
qu

en
ce

 th
e 

ch
lo

rid
e 

co
nt

en
t C

S 
at

 th
e 

co
nc

re
te

 s
ur

fa
ce

 a
s 

w
el

l a
s 

th
e 

su
bs

tit
ut

e 
su

rf
ac

e 
ch

lo
rid

e 
co

nt
en

t 
C

S,
Δ

x 
ar

e 
tim

e 
de

pe
nd

en
t 

as
 w

el
l. 

H
ow

ev
er

 th
er

e 
ar

e 
in

di
ca

tio
ns

 th
at

 th
es

e 
bu

ilt
-u

p 
pe

rio
ds

 a
re

 o
fte

n 
re

la
tiv

el
y 

sh
or

t. 
Fo

r l
on

g 
te

rm
 p

re
di

ct
io

ns
 th

is
 ti

m
e 

de
pe

nd
en

cy
 is

 fo
r p

ra
ct

ic
al

 re
as

on
s 

no
t i

nc
lu

de
d.

 

 
(3

) T
he

 m
os

t i
m

po
rta

nt
 v

ar
ia

bl
e 

de
sc

rib
in

g 
th

e 
en

vi
ro

nm
en

ta
l i

m
pa

ct
 is

 th
e 

eq
ui

va
le

nt
 

ch
lo

rid
e 

co
nc

en
tra

tio
n 

of
 

th
e 

am
bi

en
t 

so
lu

tio
n.

 
B

es
id

es
, 

th
e 

ge
om

et
ry

 o
f t

he
 s

tru
ct

ur
al

 e
le

m
en

t a
nd

 th
e 

di
st

an
ce

 to
 th

e 
ch

lo
rid

e 
so

ur
ce

 c
an

 
be

 o
f s

ig
ni

fic
an

ce
. 

 
 

(4
) 

A
ll 

th
e 

va
ria

bl
es

 m
en

tio
ne

d 
ab

ov
e 

ha
ve

 a
 d

ire
ct

 im
pa

ct
 o

n 
th

e 
ch

lo
rid

e 
co

nt
en

t a
t t

he
 c

on
cr

et
e 

su
rf

ac
e 

an
d 

on
 th

e 
su

bs
tit

ut
e 

su
rf

ac
e 

co
nt

en
t C

S,
Δ

x. 
Th

e 
in

fo
rm

at
io

n 
ne

ed
ed

 t
o 

de
te

rm
in

e 
C

S 
an

d 
C

S,
Δ

x 
is

 i
llu

st
ra

te
d 

in
 t

he
 f

lo
w

 c
ha

rt 
gi

ve
n 

in
 F

ig
ur

e 
B

2.
2-

1,
 c

p.
 [5

]. 
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En
vi

ro
nm

en
ta

l p
ar

am
et

er
(E

P)
-C

eq
v

M
at

er
ia

l p
ar

am
et

er
s

(M
P)

-C
on

cr
et

e 
C

om
po

si
tio

n
-c

hl
or

id
e

-a
ds

or
pt

io
n

-is
ot

he
rm

es

Fu
nc

tio
na

l c
or

re
la

tio
n 

be
tw

ee
n 

EP
 a

nd
 M

P

C
hl

or
id

e 
sa

tu
ra

tio
n 

co
nc

en
tra

tio
n 

C
S,

0

Tr
an

sf
er

fu
nc

tio
ns

 c
on

si
de

rin
g 

th
e 

el
em

en
t

‘s
ge

om
et

ry
an

d
ex

po
su

re
 c

on
di

tio
ns

-
C

hl
or

id
e 

co
nc

en
tra

tio
n 

at
 th

e 
co

nc
re

te
 s

ur
fa

ce
 C

S
-

su
bs

tit
ut

e 
ch

lo
rid

e 
su

rfa
ce

 c
on

ce
nt

ra
tio

n 
C

S,
Äx

431
2

  
Fi

gu
re

 B
2.

2-
1:

 I
nf

or
m

at
io

n 
ne

ed
ed

 t
o 

de
te

rm
in

e 
th

e 
va

ri
ab

le
s 

C
S 

an
d 

C
S,
Δ

x 

 
 

B2
.2

.5
.2

 
Po

te
nt

ia
l c

hl
or

id
e 

im
pa

ct
 C

eq
v 

 
 

(1
) 

Th
e 

po
te

nt
ia

l 
ch

lo
rid

e 
im

pa
ct

 d
ep

en
ds

 o
n 

th
e 

ch
lo

rid
e 

co
nt

en
t 

of
 t

he
 

ch
lo

rid
e 

so
ur

ce
. 

Fo
r 

m
ar

in
e 

or
 c

oa
st

al
 s

tr
uc

tu
re

s 
th

e 
po

te
nt

ia
l 

ch
lo

rid
e 

im
pa

ct
 C

eq
v i

s 
id

en
tic

al
 w

ith
 th

e 
na

tu
ra

l c
hl

or
id

e 
co

nt
en

t o
f s

ea
 w

at
er

 C
0,

M
, c

p.
 

Eq
ua

tio
n 

B
2.

2-
3.

 
C

eq
v =

 C
0,

M
 

(B
2.

2-
3)

 

C
eq

v: 
po

te
nt

ia
l c

hl
or

id
e 

im
pa

ct
 [g

/l]
 

C
0,

M
: 

na
tu

ra
l c

hl
or

id
e 

co
nt

en
t o

f s
ea

 w
at

er
 [g

/l]
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An
ne

x 
B:

  F
ul

l p
ro

ba
bi

lis
tic

 d
es

ig
n 

m
et

ho
ds

 

 
 

(2
) 

Th
e 

ch
lo

rid
e 

co
nc

en
tra

tio
n 

of
 c

hl
or

id
e 

co
nt

am
in

at
ed

 w
at

er
 d

ue
 t

o 
de

-
ic

in
g 

sa
lt 

C
0,

R 
pr

es
en

ts
 a

 s
ig

ni
fic

an
tly

 l
ar

ge
r 

va
ria

tio
n 

th
an

 s
ea

 w
at

er
 w

ith
 a

 
co

m
pa

ra
bl

e 
na

tu
ra

l 
ch

lo
rid

e 
co

nt
en

t 
C

0,
M

. A
n 

ad
eq

ua
te

 q
ua

nt
ifi

ca
tio

n 
of

 C
eq

v 
tu

rn
s 

ou
t 

to
 b

e 
ve

ry
 c

om
pl

ex
, a

s 
fo

r 
st

ru
ct

ur
es

 t
ha

t 
ar

e 
su

bj
ec

te
d 

to
 c

hl
or

id
e 

im
pa

ct
 d

ue
 to

 d
e-

ic
in

g 
sa

lt,
 th

e 
va

ria
bl

es
 d

es
cr

ib
in

g 
th

e 
am

ou
nt

 o
f d

e-
ic

in
g 

sa
lt 

ap
pl

ie
d 

ar
e 

ha
rd

 to
 q

ua
nt

ify
, c

p.
 E

qu
at

io
n 

B
2.

2-
4.

 

i,S

i,
R

R,0
eq

v
hc

n
C

C
!

=
=

 
(B

2.
2-

4)
 

C
0,

R:
 

av
er

ag
e 

ch
lo

rid
e 

co
nt

en
t o

f t
he

 c
hl

or
id

e 
co

nt
am

in
at

ed
 w

at
er

 [g
/l]

 
n:

 
av

er
ag

e 
nu

m
be

r o
f s

al
tin

g 
ev

en
ts

 p
er

 y
ea

r [
-]

 

c R
,i: 

av
er

ag
e 

am
ou

nt
 o

f c
hl

or
id

e 
sp

re
ad

 w
ith

in
 o

ne
 sp

re
ad

in
g 

ev
en

t [
g/

m
²] 

h S
,i: 

am
ou

nt
 o

f 
w

at
er

 f
ro

m
 r

ai
n 

an
d 

m
el

te
d 

sn
ow

 p
er

 s
pr

ea
di

ng
 p

er
io

d 
[l/

m
²] 

 
 

B2
.2

.5
.3

 
M

at
er

ia
l p

ar
am

et
er

s 
 

 
(1

) T
he

 fo
llo

w
in

g 
m

at
er

ia
l c

ha
ra

ct
er

is
tic

s 
ha

ve
 to

 b
e 

de
te

rm
in

ed
  i

n 
or

de
r t

o 
ca

lc
ul

at
e 

th
e 

ch
lo

rid
e 

sa
tu

ra
tio

n 
co

nt
en

t C
S,

0: 
– 

ch
lo

rid
e 

ad
so

rp
tio

n 
is

ot
he

rm
s f

or
 th

e 
ty

pe
 o

f c
em

en
t t

o 
be

 u
se

d 

– 
co

nc
re

te
 c

om
po

si
tio

n 
 

 
(2

) T
he

se
 c

ha
ra

ct
er

is
tic

s 
ha

ve
 a

 p
ro

no
un

ce
d 

in
flu

en
ce

 o
n 

bo
th

 th
e 

ph
ys

ic
al

 
an

d 
th

e 
ch

em
ic

al
 b

in
di

ng
 c

ap
ac

ity
 o

f t
he

 m
at

er
ia

l a
nd

 th
e 

po
re

 v
ol

um
e 

th
at

 h
as

 
to

 b
e 

sa
tu

ra
te

d 
to

 t
he

 p
oi

nt
 w

he
re

 t
he

 c
hl

or
id

e 
co

nc
en

tra
tio

n 
in

 t
he

 p
or

e 
so

lu
tio

n 
is

 b
al

an
ce

d 
w

ith
 th

e 
ex

po
su

re
 e

nv
iro

nm
en

t. 

 
 

B2
.2

.5
.4

 
C

hl
or

id
e 

sa
tu

ra
tio

n 
co

nc
en

tr
at

io
n 

C
S,

0 
C

al
cu

la
tio

n 
is

 a
cc

or
di

ng
 T

an
g 

[1
0]

. 
 

(1
) 

O
nc

e 
th

e 
bi

nd
er

-s
pe

ci
fic

 c
hl

or
id

e-
ad

so
rp

tio
n-

is
ot

he
rm

s,
 t

he
 c

on
cr

et
e 

co
m

po
si

tio
n 

an
d 

th
e 

or
de

r o
f m

ag
ni

tu
de

 o
f t

he
 im

pa
ct

 le
ve

l (
po

te
nt

ia
l c

hl
or

id
e 

im
pa

ct
 C

eq
v.
 [g

/l]
) a

re
 k

no
w

n,
 th

e 
ch

lo
rid

e 
sa

tu
ra

tio
n 

co
nc

en
tra

tio
n 

C
S,

0 c
an

 b
e 

ca
lc

ul
at

ed
. 

 
 

(2
) F

ig
ur

e 
B

2.
2-

2 
sh

ow
s 

th
e 

co
rr

el
at

io
n 

be
tw

ee
n 

C
S,

0 a
nd

 C
eq

v f
or

 a
 P

or
tla

nd
 

ce
m

en
t 

co
nc

re
te

 (
c 

= 
30

0 
kg

/m
³, 

w
/c

 =
 0

.5
0)

. 
Fo

r 
C

eq
v =

 3
0 

g/
l, 

th
e 

ch
lo

rid
e 

sa
tu

ra
tio

n 
co

nc
en

tra
tio

n 
C

S,
0 w

as
 d

et
er

m
in

ed
 to

 b
e 

C
S,

0 =
 2

.7
8 

w
t.-

%
/c

em
en

t. 



fib
 B

ul
le

tin
 3

4:
 M

od
el

 C
od

e 
fo

r S
er

vi
ce

 L
ife

 D
es

ig
n 

– 
69

 –
 

 
Fi

gu
re

 B
2.

2-
2:

 S
ur

fa
ce

 c
hl

or
id

e 
co

nc
en

tr
at

io
n 

C
S,

0 
 in

 d
ep

en
de

nc
y 

on
 

C
eq

v f
or

 a
 P

or
tla

nd
 c

em
en

t c
on

cr
et

e 
Es

pe
ci

al
ly

 i
n 

ex
po

su
re

 e
nv

iro
nm

en
ts

 w
he

re
 c

hl
or

id
es

 a
re

 n
ot

 c
on

tin
uo

us
ly

 
af

fe
ct

in
g 

th
e 

st
ru

ct
ur

e 
tim

e 
de

pe
nd

en
ci

es
 o

f 
C

S 
ar

e 
ob

se
rv

ed
. T

o 
ge

t 
a 

no
n 

re
al

is
tic

 v
ie

w
, 

a 
co

ns
id

er
at

io
n 

of
 a

 t
im

e 
de

pe
nd

en
t 

va
ria

bl
e 

C
S 

m
ay

 b
e 

ap
pr

op
ria

te
 a

s 
so

on
 a

s 
th

e 
co

rr
es

po
nd

in
g 

m
od

el
lin

g 
an

d 
qu

an
tif

ic
at

io
n 

is 
va

lid
at

ed
. 

 
(3

) 
U

nd
er

 a
 c

on
tin

uo
us

 c
hl

or
id

e 
im

pa
ct

 o
f 

co
ns

ta
nt

 c
on

ce
nt

ra
tio

n,
 t

he
 

ch
lo

rid
e 

sa
tu

ra
tio

n 
co

nc
en

tra
tio

n 
C

S,
0 

on
 th

e 
co

nc
re

te
 s

ur
fa

ce
 is

 r
ea

ch
ed

 o
fte

n 
in

 r
el

at
iv

e 
sh

or
t 

tim
e 

pe
rio

ds
 c

om
pa

re
d 

to
 t

he
 d

es
ig

n 
se

rv
ic

e 
lif

e 
(C

S,
0 =

 C
S)

 
se

e 
fo

r 
ex

am
pl

e 
[2

2]
. 

B
as

ed
 o

n 
th

es
e 

re
su

lts
, 

th
e 

si
m

pl
ifi

ca
tio

n 
th

at
 t

he
 

va
ria

bl
e 

C
S i

s 
fr

om
 th

e 
be

gi
nn

in
g 

co
ns

ta
nt

 w
ith

 ti
m

e 
ca

n 
be

 c
on

cl
ud

ed
 e

. g
. f

or
 

co
nc

re
te

 c
on

tin
uo

us
ly

 e
xp

os
ed

 to
 s

ea
 w

at
er

. T
hi

s 
si

m
pl

ifi
ca

tio
n 

is
 o

n 
th

e 
sa

fe
 

si
de

. 
 

 
B2

.2
.5

.5
 

Tr
an

sf
er

 fu
nc

tio
n 
Δ

x 
 

 
(1

) 
If

 s
tru

ct
ur

al
 e

le
m

en
ts

 a
re

 i
nt

er
m

itt
en

tly
 e

xp
os

ed
 t

o 
a 

so
lu

tio
n 

of
 

co
ns

ta
nt

 o
r 

va
ry

in
g 

ch
lo

rid
e 

co
nc

en
tra

tio
n,

 t
ra

ns
fe

r 
fu

nc
tio

ns
 h

av
e 

to
 b

e 
fo

rm
ul

at
ed

. 
A

 
st

ru
ct

ur
al

 
el

em
en

t 
w

hi
ch

 
is

 
in

te
rm

itt
en

tly
 

lo
ad

ed
 

w
ith

 
a 

ch
lo

rid
e-

co
nt

am
in

at
ed

 s
ol

ut
io

n,
 i

nt
er

ru
pt

ed
 b

y 
dr

y 
pe

rio
ds

 o
f 

ai
r 

st
or

ag
e 

du
rin

g 
w

hi
ch

 t
he

 w
at

er
 i

n 
th

e 
co

nc
re

te
 c

lo
se

 t
o 

th
e 

su
rf

ac
e 

ev
ap

or
at

es
, 

an
y 
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An
ne

x 
B:

  F
ul

l p
ro

ba
bi

lis
tic

 d
es

ig
n 

m
et

ho
ds

 

su
bs

eq
ue

nt
 r

e-
w

et
tin

g 
pr

ov
ok

es
 a

 p
ro

ce
ss

 o
f 

ca
pi

lla
ry

 s
uc

tio
n.

 C
om

pa
re

d 
to

 
di

ff
us

io
n 

pr
oc

es
se

s, 
ca

pi
lla

ry
 a

ct
io

n 
le

ad
s 

to
 a

 ra
pi

d 
tra

ns
po

rt 
of

 c
hl

or
id

es
 in

to
 

th
e 

co
nc

re
te

 u
p 

to
 a

 d
ep

th
 Δ

x 
w

he
re

 t
he

 c
hl

or
id

es
 c

an
 a

cc
um

ul
at

e 
w

ith
 t

im
e 

un
til

 th
ey

 c
re

at
e 

a 
sa

tu
ra

tio
n 

co
nc

en
tra

tio
n 

C
S,
Δ

x =
 C

S,
0. 

 
 

(2
) 

Th
e 

va
ria

bl
e 
Δ

x 
ca

n 
be

 d
es

cr
ib

ed
 b

y 
a 

be
ta

-d
is

tri
bu

tio
n.

 U
nd

er
 s

pl
as

h-
co

nd
iti

on
s, 

th
e 

av
er

ag
e 

de
pt

h 
Δ

x 
up

 to
 w

hi
ch

 c
hl

or
id

es
 c

an
 r

ap
id

ly
 p

en
et

ra
te

 
ca

n 
be

 li
m

ite
d 

to
 6

.0
 m

m
 ≤

 Δ
x 
≤ 

11
.0

 m
m

. 

 
 

(3
) 

In
 a

 d
is

ta
nc

e 
to

 t
he

 r
oa

d 
su

rf
ac

e 
la

rg
er

 t
ha

n 
1.

5 
m

 (
sp

ra
y 

zo
ne

) 
th

e 
fo

rm
at

io
n 

of
 a

 c
on

ve
ct

io
n 

zo
ne

 c
an

no
t b

e 
de

te
ct

ed
 a

ny
 m

or
e,

 Δ
x 

= 
0.

 

 
 

(4
) 

Fo
r 

pa
rts

 o
f 

a 
st

ru
ct

ur
e 

w
hi

ch
 a

re
 c

on
st

an
tly

 s
ub

m
er

ge
d 

th
e 

ch
lo

rid
e 

su
rf

ac
e 

co
nc

en
tra

tio
n 

C
S 

 i
s 

eq
ua

l 
to

 t
he

 c
hl

or
id

e 
sa

tu
ra

tio
n 

co
nc

en
tra

tio
n 

w
hi

ch
 is

 d
ev

el
op

ed
 ra

th
er

 s
po

nt
an

eo
us

ly
. T

hu
s, 

fo
r t

hi
s 

sp
ec

ia
l c

as
e 

no
 tr

an
sf

er
 

fu
nc

tio
n 

or
 t

ra
ns

fe
r 

pa
ra

m
et

er
 i

s 
ne

ed
ed

. I
n 

ca
se

 t
he

 s
tru

ct
ur

e 
is

 e
xp

os
ed

 t
o 

tid
al

 c
on

di
tio

ns
, 

th
e 

de
pt

h 
Δ

x 
up

 t
o 

w
hi

ch
 a

 d
ev

ia
tio

n 
fr

om
 t

he
 d

iff
us

io
n 

be
ha

vi
ou

r a
cc

or
di

ng
 to

 F
ic

k’
s s

ol
ut

io
n 

ex
is

ts
 h

as
 to

 b
e 

qu
an

tif
ie

d.
 

 
 

(5
) T

o 
su

m
m

ar
is

e,
 fo

r t
he

 d
iff

er
en

t t
yp

es
 o

f e
xp

os
ur

e 
co

nd
iti

on
s 
Δ

x 
ca

n 
be

 
qu

an
tif

ie
d 

as
 fo

llo
w

s:
 

Δ
x 

[m
m

]: 
 

be
ta

 d
is

tri
bu

te
d 

s =
 5

.6
 

- f
or

 sp
la

sh
 c

on
di

tio
ns

 
m

 =
 8

.9
 

(s
pl

as
h 

ro
ad

 e
nv

iro
nm

en
t, 

a 
= 

0.
0 

sp
la

sh
 m

ar
in

e 
en

vi
ro

nm
en

t) 
b 

= 
50

.0
 

Δ
x 

[m
m

]: 
co

ns
ta

nt
 p

ar
am

et
er

, v
al

ue
: 0

 
- f

or
 su

bm
er

ge
d 

m
ar

in
e 

st
ru

ct
ur

es
 

- f
or

 le
ak

ag
e 

du
e 

to
 se

aw
at

er
 

an
d 

co
ns

ta
nt

 g
ro

un
d 

w
at

er
 le

ve
l 

- f
or

 sp
ra

y 
co

nd
iti

on
s 

(s
pr

ay
 r

oa
d 

en
vi

ro
nm

en
t, 

sp
ra

y 
m

ar
in

e 
en

vi
ro

nm
en

t) 

Δ
x 

[m
m

]: 
 

be
ta

 d
is

tri
bu

te
d,

 m
, s

, a
 a

nd
 

- f
or

 le
ak

ag
e 

du
e 

to
 

b 
to

 b
e 

de
te

rm
in

ed
 

va
ry

in
g 

gr
ou

nd
w

at
er

 le
ve

l 
 

- f
or

 ti
da

l c
on

di
tio

ns
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B2
.2

.5
.6

 
C

hl
or

id
e 

su
rf

ac
e 

co
nt

en
t C

S r
es

p.
 su

bs
tit

ut
e 

ch
lo

ri
de

 
su

rf
ac

e 
co

nt
en

t C
S,
Δ

x 
 

 
(1

) T
he

 c
hl

or
id

e 
co

nt
am

in
at

io
n 

of
 a

 s
tru

ct
ur

al
 e

le
m

en
t i

n 
th

e 
sp

la
sh

 z
on

e 
or

 
in

 t
he

 s
pr

ay
 z

on
e 

in
cr

ea
se

s 
w

ith
 d

ec
re

as
in

g 
di

st
an

ce
 t

o 
th

e 
ch

lo
rid

e 
so

ur
ce

. 
Th

is
 h

as
 b

ee
n 

ve
rif

ie
d 

fo
r b

ot
h 

ho
riz

on
ta

l a
nd

 v
er

tic
al

 d
is

ta
nc

es
. 

 
 

(2
) 

A
lth

ou
gh

 
C

S,
Δ

x(
t) 

th
eo

re
tic

al
ly

 
is

 
a 

tim
e-

de
pe

nd
en

t 
va

ria
bl

e,
 

fo
r 

si
m

pl
ifi

ca
tio

n 
pu

rp
os

es
 it

 is
 g

oi
ng

 to
 b

e 
co

ns
id

er
ed

 a
s 

tim
e 

in
de

pe
nd

en
t. 

 
 

(3
) F

or
 a

 st
ru

ct
ur

e 
of

 th
e 

fo
llo

w
in

g 
ch

ar
ac

te
ris

tic
s, 

– 
lo

ca
tio

n:
 u

rb
an

 a
nd

 ru
ra

l a
re

as
 in

 G
er

m
an

y 
 

– 
tim

e 
of

 e
xp

os
ur

e 
of

 th
e 

co
ns

id
er

ed
 st

ru
ct

ur
e:

 5
-4

0 
ye

ar
s 

– 
co

nc
re

te
: C

EM
 I,

 w
/c

 =
 0

.4
5 

up
 to

 w
/c

 =
 0

.6
0,

 
th

e 
m

ax
im

um
 c

hl
or

id
e 

co
nt

en
t 

in
 t

he
 c

on
cr

et
e 

C
m

ax
 c

an
 b

e 
de

te
rm

in
ed

 
ac

co
rd

in
g 

to
 E

qu
at

io
n 

B
2.

2-
5,

 c
p.

 [1
5]

: 

(
)

h
18

7
.0

a
a

h
a

m
ax

x
)1

x(
00

06
5

.0
)1

x
ln

(
05

1
.0

46
5

.0
)

x,
x(

C
!

+
!

"
+

!
"

=
"

 
(B

2.
2-

5)
 

C
m

ax
: 

m
ax

im
um

 c
on

te
nt

 o
f 

ch
lo

rid
es

 
w

ith
in

 t
he

 c
hl

or
id

e 
pr

of
ile

, 
[w

t.-
%

/c
on

cr
et

e]
 

x a
: 

ho
riz

on
ta

l d
is

ta
nc

e 
fr

om
 th

e 
ro

ad
si

de
 [c

m
] 

x h
: 

he
ig

ht
 a

bo
ve

 ro
ad

 su
rf

ac
e 

[c
m

] 

 
 

(4
) 

Eq
ua

tio
n 

B
2.

2-
5 

w
as

 d
er

iv
ed

 e
m

pi
ric

al
ly

 f
or

 t
he

 c
on

di
tio

ns
 g

iv
en

 
ab

ov
e.

 F
or

 s
tru

ct
ur

es
 o

f 
di

ff
er

en
t 

ex
po

su
re

 o
r 

co
nc

re
te

 m
ix

es
, 

an
 e

qu
iv

al
en

t 
eq

ua
tio

n 
ha

s t
o 

be
 d

et
er

m
in

ed
. 

 
 

(5
) F

or
 s

tru
ct

ur
es

 u
nd

er
 s

pl
as

h 
co

nd
iti

on
s, 

C
S,
Δ

x i
s 

de
fin

ed
 a

s 
th

e 
m

ax
im

um
 

ch
lo

rid
e 

co
nt

en
t 

C
m

ax
. A

s 
te

st
s 

yi
el

de
d 

th
at

 f
or

 c
on

cr
et

e 
at

 a
 h

ei
gh

t 
of

 m
or

e 
th

an
 1

.5
0 

m
 a

bo
ve

 t
he

 r
oa

d 
(s

pr
ay

 z
on

e)
 n

o 
Δ

x 
de

ve
lo

ps
, 

C
m

ax
 e

qu
al

s 
th

e 
ch

lo
rid

e 
co

nt
en

t a
t t

he
 c

on
cr

et
e 

su
rf

ac
e 

C
S. 

Fo
r t

he
se

 e
xp

os
ur

es
 C

S,
Δ

x r
es

p.
 C

S 
ca

n 
be

 q
ua

nt
ifi

ed
 a

s 
fo

llo
w

s:
 

C
S,
Δ

x r
es

p.
 C

S [
w

t.-
%

/c
em

en
t]:

  
no

rm
al

 d
is

tri
bu

tio
n,

 

m
 =

 c
p.

 E
qu

at
io

n 
B

2.
2-

10
 o

r e
qu

iv
al

en
t 

s =
 0

.7
5 

m
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An
ne

x 
B:

  F
ul

l p
ro

ba
bi

lis
tic

 d
es

ig
n 

m
et

ho
ds

 

 
 

Fo
r 

su
bm

er
ge

d 
st

ru
ct

ur
es

, t
he

 s
ur

fa
ce

 c
on

te
nt

 C
S 

is
 e

qu
al

 t
o 

th
e 

ch
lo

rid
e 

sa
tu

ra
tio

n 
co

nt
en

t C
S,

0 
 

 
B

2.
2.

6 
C

ri
tic

al
 c

hl
or

id
e 

co
nt

en
t C

cr
it 

 
 

(1
) I

n 
th

is
 c

on
te

xt
, t

he
 c

rit
ic

al
 c

hl
or

id
e 

co
nt

en
t C

cr
it i

s d
ef

in
ed

 a
s 

fo
llo

w
s:

 

“T
he

 
to

ta
l 

ch
lo

rid
e 

co
nt

en
t 

w
hi

ch
 

le
ad

s 
to

 t
he

 
de

pa
ss

iv
at

io
n 

of
 

th
e 

re
in

fo
rc

em
en

t s
ur

fa
ce

 a
nd

 in
iti

at
io

n 
of

 ir
on

 d
is

so
lu

tio
n,

 ir
re

sp
ec

tiv
e 

of
 w

he
th

er
 

it 
le

ad
s t

o 
vi

si
bl

e 
co

rr
os

io
n 

da
m

ag
e 

on
 th

e 
co

nc
re

te
 su

rf
ac

e.
” 

Th
is

 v
al

ue
 is

 re
co

m
m

en
de

d 
fo

r o
rd

in
ar

y 
m

ild
 s

te
el

. I
f a

no
th

er
 s

te
el

 q
ua

lit
y 

is
 u

se
d 

(e
. g

. s
ta

in
le

ss
 s

te
el

), 
m

ea
n 

va
lu

e,
 s

ta
nd

ar
d 

de
vi

at
io

n,
 lo

w
er

 a
nd

 u
pp

er
 

bo
un

da
ry

 o
f C

cr
it u

su
al

ly
 a

re
 o

n 
a 

hi
gh

er
 le

ve
l. 

 
(2

) T
he

 lo
w

er
 b

ou
nd

ar
y 

of
 th

e 
va

ria
bl

e 
C

cr
it 

ha
s 

be
en

 s
pe

ci
fie

d 
as

 C
Cr

it,
m

in
 =

 
0.

20
 w

t.-
%

/c
em

en
t. 

A
s 

th
e 

lo
w

er
 b

ou
nd

ar
y 

is
 k

no
w

n 
an

d 
di

ff
er

s 
fro

m
 0

, 
it 

se
em

s 
ad

vi
sa

bl
e 

to
 u

se
 a

 re
st

ric
te

d 
di

st
rib

ut
io

n 
fo

r t
he

 d
es

cr
ip

tio
n 

of
 th

e 
cr

iti
ca

l 
ch

lo
rid

e 
co

nt
en

t c
au

si
ng

 c
or

ro
sio

n.
 A

 b
et

a-
di

st
rib

ut
io

n 
w

ith
 a

 lo
w

er
 b

ou
nd

ar
y 

of
 

C
Cr

it,
m

in
 =

 0
.2

0 
w

t.-
%

/c
em

en
t 

yi
el

ds
 a

 s
uf

fic
ie

nt
ly

 g
oo

d 
de

sc
rip

tio
n 

of
 t

he
 t

es
t 

re
su

lts
, c

p.
 [1

6]
. T

he
 m

ea
n 

va
lu

e 
of

 C
cr

it.
 w

as
 s

et
 to

 C
Cr

it,
m

 =
 0

.6
0 

w
t.-

%
/c

. 

 
 

(3
) T

he
 c

rit
ic

al
 c

hl
or

id
e 

co
nt

en
t C

Cr
it.

 c
an

 b
e 

qu
an

tif
ie

d 
as

 fo
llo

w
s:

 
C

Cr
it  

[w
t.-

%
/c

em
en

t]:
  

be
ta

 d
is

tri
bu

te
d,

 
m

 =
 

0.
6 

s =
 

0.
15

 
a 

= 
0.

2 
b 

= 
2.

0 
 

 
 

B
3 

Fu
ll 

pr
ob

ab
ili

st
ic

 d
es

ig
n 

m
et

ho
d 

fo
r 

fr
os

t i
nd

uc
ed

 in
te

rn
al

 d
am

ag
e 

– 
un

cr
ac

ke
d 

co
nc

re
te

 
 

 
B

3.
1 

L
im

it 
st

at
e 

eq
ua

tio
n 

fo
r 

th
e 

fr
os

t d
am

ag
e 

of
 a

 u
ni

t c
el

l 
 

 
(1

) 
A

 f
ul

l p
ro

ba
bi

lis
tic

 d
es

ig
n 

ap
pr

oa
ch

 f
or

 th
e 

m
od

el
lin

g 
of

 f
ro

st
 in

du
ce

d 
in

te
rn

al
 d

am
ag

e 
of

 u
nc

ra
ck

ed
 c

on
cr

et
e 

ha
s 

be
en

 d
ev

el
op

ed
 w

ith
in

 a
 s

er
ie

s 
of

 
re

se
ar

ch
 p

ro
je

ct
. I

t 
is

 b
as

ed
 o

n 
th

e 
lim

it-
st

at
e 

Eq
ua

tio
n 

B
3.

1-
1,

 i
n 

w
hi

ch
 t

he
 

cr
iti

ca
l d

eg
re

e 
of

 s
at

ur
at

io
n 

S C
R 

is
 c

om
pa

re
d 

to
 th

e 
ac

tu
al

 d
eg

re
e 

of
 s

at
ur

at
io

n 
S A

CT
(t)

 a
t a

 c
er

ta
in

 p
oi

nt
 o

f t
im

e 
t, 

du
rin

g 
a 

ce
rta

in
 ta

rg
et

 se
rv

ic
e 

lif
e 

t SL
. 
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(
)

)
t

(t
S

S
)

t
(t

S,
S

g
SL

A
C

T
C

R
SL

A
C

T
C

R
<

!
=

<
 

(B
3.

1-
1)

 

 S C
R:

 
cr

iti
ca

l d
eg

re
e 

of
 sa

tu
ra

tio
n 

[-
], 

cp
. B

3.
2.

1 
t SL

: 
de

si
gn

 se
rv

ic
e 

lif
e 

[y
ea

rs
], 

cp
. B

3.
2.

2 

S A
CT

(t)
: 

ac
tu

al
 d

eg
re

e 
of

 sa
tu

ra
tio

n 
at

 th
e 

tim
e 

t [
-]

, c
p.

 B
3.

2.
3 

t: 
tim

e 
[y

ea
rs

] 

 
 

(2
) 

Eq
ua

tio
n 

B
3.

1-
1 

is
 b

as
ed

 o
n 

w
at

er
 a

bs
or

pt
io

n 
in

to
 th

e 
ai

r-
vo

id
 s

ys
te

m
 

as
 th

e 
pr

ev
ai

lin
g 

tra
ns

po
rt 

m
ec

ha
ni

sm
 w

ith
in

 th
e 

co
nc

re
te

. I
t i

s 
as

su
m

ed
 th

at
 

th
e 

cr
iti

ca
l 

de
gr

ee
 o

f 
sa

tu
ra

tio
n 

th
ro

ug
h 

th
e 

m
at

er
ia

l 
is

 a
 c

on
st

an
t 

m
at

er
ia

l 
pr

op
er

ty
, 

al
th

ou
gh

 t
he

 c
rit

ic
al

 d
eg

re
e 

of
 s

at
ur

at
io

n 
fo

r 
a 

co
nc

re
te

 d
ur

in
g 

se
rv

ic
e 

lif
e 

m
ay

 b
e 

a 
fu

nc
tio

n 
of

 n
um

er
ou

s v
ar

ia
bl

es
. 

 
 

B
3.

2 
Q

ua
nt

ifi
ca

tio
n 

of
 p

ar
am

et
er

s 
 

 
B

3.
2.

1 
C

ri
tic

al
 d

eg
re

e 
of

 sa
tu

ra
tio

n 
S C

R
 

 
 

B3
.2

.1
.1

 
G

en
er

al
 

Th
e 

cr
iti

ca
l 

de
gr

ee
 o

f 
sa

tu
ra

tio
n 

S C
R 

fo
r 

a 
pa

rti
cu

la
r 

co
nc

re
te

 c
an

no
t 

be
 

es
tim

at
ed

 f
ro

m
 S

CR
 f

or
 a

no
th

er
 c

on
cr

et
e.

 T
he

 a
bs

ol
ut

e 
le

ve
ls

 o
f 

S C
R 

fo
r 

di
ff

er
en

t 
co

nc
re

te
 c

an
no

t 
be

 c
om

pa
re

d.
 S

CR
 c

an
 o

nl
y 

be
 c

om
pa

re
d 

to
 t

he
 

ac
tu

al
 d

eg
re

e 
of

 sa
tu

ra
tio

n 
S A

CT
 fo

r t
he

 sa
m

e 
co

nc
re

te
. 

 
(1

) T
he

 c
rit

ic
al

 d
eg

re
e 

of
 s

at
ur

at
io

n 
S C

R 
is

 d
et

er
m

in
ed

 fr
om

 a
 la

bo
ra

to
ry

 te
st

 
fo

r t
he

 a
ct

ua
l c

on
cr

et
e 

In
 th

e 
te

st
 a

 s
er

ie
s 

of
 s

pe
ci

m
en

s 
ar

e 
va

cu
um

 s
at

ur
at

ed
 a

nd
 d

rie
d 

to
 v

ar
io

us
 

de
gr

ee
s 

of
 s

at
ur

at
io

n 
be

tw
ee

n 
0.

7 
an

d 
1.

0.
 T

he
 s

pe
ci

m
en

s 
ar

e 
se

al
ed

 a
nd

 
fr

oz
en

, 
on

ce
 o

r 
w

ith
 s

ev
er

al
 f

re
ez

e-
th

aw
 c

yc
le

s.
 T

he
 d

yn
am

ic
 E

-m
od

ul
us

 i
s 

de
te

rm
in

ed
 

fo
r 

ea
ch

 
sp

ec
im

en
 

be
fo

re
 

an
d 

af
te

r 
th

e 
fr

ee
ze

-th
aw

 
cy

cl
es

. 
A

lte
rn

at
iv

el
y,

 th
e 

di
la

ta
tio

n 
du

rin
g 

on
e 

fr
ee

ze
-th

aw
 c

yc
le

 is
 m

ea
su

re
d 

fo
r 

th
e 

se
rie

s 
of

 s
pe

ci
m

en
s 

w
ith

 d
iff

er
en

t d
eg

re
es

 o
f 

sa
tu

ra
tio

n.
 F

ro
m

 th
e 

ch
an

ge
s 

in
 

E-
m

od
ul

us
 o

r 
di

la
ta

tio
n 

as
 a

 f
un

ct
io

n 
of

 d
eg

re
e 

of
 s

at
ur

at
io

n,
 t

he
 c

rit
ic

al
 

de
gr

ee
 o

f 
sa

tu
ra

tio
n 

is
 d

et
er

m
in

ed
, w

he
re

 th
e 

fr
os

t d
am

ag
e 

st
ar

ts
 to

 o
cc

ur
, c

p.
 

Fi
gu

re
 B

3.
2-

1.
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An
ne

x 
B:

  F
ul

l p
ro

ba
bi

lis
tic

 d
es

ig
n 

m
et

ho
ds

 

 
Fi

gu
re

 B
3.

2-
1:

 E
xa

m
pl

e 
of

 d
et

er
m

in
at

io
n 

of
 t

he
 c

ri
tic

al
 d

eg
re

e 
of

 
sa

tu
ra

tio
n 

by
 

m
ea

su
ri

ng
 

th
e 

ch
an

ge
 

in
 

dy
na

m
ic

 
E-

m
od

ul
us

 a
fte

r 7
 o

r 
76

 fr
ee

ze
-th

aw
 c

yc
le

s,
[1

7]
 

 
 

(2
) 

Th
e 

co
nc

re
te

 c
om

po
si

tio
n,

 i
nc

lu
di

ng
 t

he
 a

ir-
vo

id
 s

ys
te

m
, 

is
 c

ho
se

n 
du

rin
g 

th
e 

de
si

gn
 p

ha
se

. 
D

ue
 t

o 
co

ns
tru

ct
io

n 
pr

ac
tic

es
 t

he
 a

ct
ua

l 
co

nc
re

te
 

co
m

po
si

tio
n 

do
es

 v
ar

y 
an

d 
th

er
ef

or
e  

ha
s 

to
 b

e 
co

ns
id

er
ed

 a
s 

a 
st

oc
ha

st
ic

 
va

ria
bl

e 
ra

th
er

 t
ha

n 
a 

co
ns

ta
nt

 v
al

ue
. T

he
 f

ol
lo

w
in

g 
di

st
rib

ut
io

n 
ty

pe
s 

ar
e 

in
 

pr
in

ci
pl

e 
ap

pr
op

ria
te

 fo
r t

he
 d

es
cr

ip
tio

n 
of

  t
he

 c
rit

ic
al

 d
eg

re
e 

of
 s

at
ur

at
io

n 
an

d 
its

 v
ar

ia
bi

lit
y:

 
– 

N
or

m
al

 d
is

tri
bu

tio
n 

– 
B

et
a-

di
st

rib
ut

io
n 

– 
W

ei
bu

ll(
m

in
)-

di
st

rib
ut

io
n 

– 
Lo

gn
or

m
al

 d
is

tri
bu

tio
n 

– 
N

ev
ill

e 
di

st
rib

ut
io

n 
 

 
 

B3
.2

.1
.2

 
Q

ua
nt

ifi
ca

tio
n 

of
 S

C
R
 

 
 

(1
) d

is
tri

bu
tio

n 
fu

nc
tio

n:
  

N
or

m
al

 d
is

tri
bu

tio
n 



fib
 B

ul
le

tin
 3

4:
 M

od
el

 C
od

e 
fo

r S
er

vi
ce

 L
ife

 D
es

ig
n 

– 
75

 –
 

Se
e 

C
ha

pt
er

 B
1.

2.
2.

 
 

B
3.

2.
2 

D
es

ig
n 

se
rv

ic
e 

lif
e 

t S
L
 

 
 

B
3.

2.
3 

A
ct

ua
l d

eg
re

e 
of

 sa
tu

ra
tio

n 
S A

C
T
 

 
 

B3
.2

.3
.1

 
G

en
er

al
 

 
 

(1
) 

Th
e 

en
vi

ro
nm

en
ta

l 
ac

tio
n 

S A
CT

 c
on

si
de

rs
 t

he
 w

at
er

 a
bs

or
pt

io
n 

of
 t

he
 

co
nc

re
te

, i
nc

lu
di

ng
 th

e 
w

at
er

 a
bs

or
pt

io
n 

in
 th

e 
ai

r-
vo

id
 s

ys
te

m
. 

 
 

(2
) T

he
 e

nv
iro

nm
en

ta
l a

ct
io

n 
S A

CT
  c

an
 b

e 
de

sc
rib

ed
 b

y 
m

ea
ns

 o
f E

qu
at

io
n 

B
3.

2-
1:

 
d eq

n
SL

A
CT

t
e

S
)

t
(t

S
!

+
=

<
 

(B
3.

2-
1)

 

 t eq
: 

eq
ui

va
le

nt
 ti

m
e 

of
 w

et
ne

ss
 [d

ay
s]

, c
f. 

B
3.

2.
3.

2 

S n
, e

, d
: 

m
at

er
ia

l p
ar

am
et

er
s, 

ex
po

ne
nt

s, 
re

sp
ec

tiv
el

y,
 c

p.
 B

3.
2.

3.
3 

 

 
 

B3
.2

.3
.2

 
Eq

ui
va

le
nt

 ti
m

e 
of

 su
ct

io
n 

t eq
 

 
 

(1
) 

Th
e 

eq
ui

va
le

nt
 t

im
e 

of
 s

uc
tio

n 
is

 c
om

pl
et

el
y 

de
pe

nd
en

t 
on

 t
he

 m
ic

ro
 

cl
im

at
e 

at
 th

e 
co

nc
re

te
 s

ur
fa

ce
, s

ee
 F

ig
ur

e 
3.

2-
2.

 D
ec

is
iv

e 
pa

ra
m

et
er

s 
ar

e 
ho

w
 

th
e 

su
rf

ac
e 

is
 e

xp
os

ed
 t

o 
ra

in
 o

r 
sp

la
sh

, t
he

 f
re

qu
en

cy
 a

nd
 d

ur
at

io
n 

an
d 

th
e 

co
nd

iti
on

s 
fo

r d
ry

in
g.

 T
ab

le
 B

3-
1 

gi
ve

s 
pr

ov
is

io
na

l t
im

es
 o

f 
w

et
ne

ss
 fo

r s
om

e 
im

po
rta

nt
 c

as
es

. 
 Ta

bl
e 

B3
-1

: 
Pr

ov
is

io
na

l e
qu

iv
al

en
t t

im
es

 o
f w

et
ne

ss
, [

17
] 

Ex
po

su
re

 
Eq

ui
va

le
nt

 ti
m

e 
of

 w
et

ne
ss

 
C

om
m

en
ts

 

Su
bm

er
ge

d 
su

rf
ac

e 
t SL

 
 

H
or

iz
on

ta
l s

ur
fa

ce
 

4 
m

on
th

s 
Su

rf
ac

es
, w

et
 d

ur
in

g 
a 

w
in

te
r 

V
er

tic
al

 su
rf

ac
e1  

1 
w

ee
k 

R
ai

n 
ex

po
se

d 
su

rf
ac

es
 th

at
 c

an
 d

ry
 o

ut
 

1  O
rie

nt
at

io
n 

ag
ai

ns
t p

re
va

ili
ng

 d
riv

in
g 

ra
in

 d
ire

ct
io

n 
an

d 
su

ns
hi

ne
 m

us
t b

e 
co

ns
id

er
ed

. 
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An
ne

x 
B:

  F
ul

l p
ro

ba
bi

lis
tic

 d
es

ig
n 

m
et

ho
ds

 

 
 

(2
) 

 
Fi

gu
re

 B
3.

2-
2:

 T
he

 
ac

tu
al

 
m

oi
st

ur
e 

le
ve

l 
in

 
un

it 
ce

lls
 

w
ith

in
 

th
e 

st
ru

ct
ur

e 
is

 d
iff

er
en

t 
in

 d
iff

er
en

t 
ce

lls
 d

ep
en

di
ng

 o
n 

th
ei

r 
lo

ca
tio

n 
an

d 
it 

va
ri

es
 o

ve
r 

tim
e.

 (
a)

 H
yd

ra
ul

ic
 

st
ru

ct
ur

e 
co

ns
ta

nt
ly

 s
uc

ki
ng

 w
at

er
. (

b)
 F

aç
ad

e 
el

em
en

t 
pe

ri
od

ic
al

ly
 e

xp
os

ed
 to

 ra
in

, [
17

] 
 

 
 

B3
.2

.3
.3

 
M

at
er

ia
l p

ar
am

et
er

s S
n, 

e 
an

d 
d 

 
 

(1
) 

Th
e 

m
at

er
ia

l 
pa

ra
m

et
er

s 
S n

, 
e 

an
d 

d 
de

sc
rib

es
 t

he
 w

at
er

 a
bs

or
pt

io
n 

ch
ar

ac
te

ris
tic

s 
of

 t
he

 c
on

cr
et

e 
w

he
n 

ex
po

se
d 

to
 w

at
er

. 
Th

e 
pa

ra
m

et
er

s 
ar

e 
de

te
rm

in
ed

 fo
r t

he
 a

ct
ua

l c
on

cr
et

e 
w

ith
 a

 lo
ng

 te
rm

 c
ap

ill
ar

y 
su

ct
io

n 
te

st
 

S n
 is

 th
e 

de
gr

ee
 o

f s
at

ur
at

io
n 

at
 th

e 
kn

ic
k 

po
in

t i
n 

a 
√t

-s
ca

le
 d

ia
gr

am
. 

Pa
ra

m
et

er
s 

e 
an

d 
d 

de
sc

rib
es

 t
he

 s
lo

pe
 o

f 
th

e 
w

at
er

 a
bs

or
pt

io
n 

af
te

r 
th

e 
kn

ic
k 

po
in

t, 
in

 a
 lo

g-
sc

al
e 

di
ag

ra
m

. 
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Fi

gu
re

 B
3.

2-
3:

 R
es

ul
ts

 
fr

om
 

a 
te

st
 

of
 

sh
or

t 
an

d 
lo

ng
 

te
rm

 
w

at
er

 
ab

so
rp

tio
n,

 [1
7]

 
 

 
 

B
3.

2.
4 

L
os

s o
f m

ec
ha

ni
ca

l p
ro

pe
rt

ie
s d

ue
 to

 in
te

rn
al

 
fr

os
t d

am
ag

e 
 

 
B3

.2
.4

.1
 

G
en

er
al

 
 

 
(1

) 
Fo

r 
th

e 
m

od
el

 in
tro

du
ce

d 
ab

ov
e,

 th
e 

co
ns

eq
ue

nc
es

 o
f 

in
te

rn
al

 f
ro

st
 

da
m

ag
e 

is
 i

nc
lu

de
d 

in
 th

e 
tra

di
tio

na
l 

de
si

gn
 p

ro
ce

ss
, w

ith
 c

ha
ng

es
 

of
 m

ec
ha

ni
ca

l m
at

er
ia

l p
ro

pe
rti

es
, s

uc
h 

as
 e

la
st

ic
 m

od
ul

us
, s

tre
ng

th
 

an
d 

bo
nd

 st
re

ng
th

 b
et

w
ee

n 
co

nc
re

te
 a

nd
 re

in
fo

rc
em

en
t. 
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An
ne

x 
B:

  F
ul

l p
ro

ba
bi

lis
tic

 d
es

ig
n 

m
et

ho
ds

 

 
 

B
4 

Fu
ll 

pr
ob

ab
ili

st
ic

 d
es

ig
n 

m
et

ho
d 

fo
r 

sa
lt-

fr
os

t i
nd

uc
ed

 su
rf

ac
e 

sc
al

in
g 

– 
un

cr
ac

ke
d 

co
nc

re
te

 
 

 
B

4.
1 

L
im

it 
st

at
e 

eq
ua

tio
n 

fo
r 

th
e 

sa
lt-

fr
os

t 
in

du
ce

d 
su

rf
ac

e 
sc

al
in

g 
 

 
(1

) 
A

 f
ul

l 
pr

ob
ab

ili
st

ic
 d

es
ig

n 
ap

pr
oa

ch
 f

or
 t

he
 m

od
el

lin
g 

of
 s

al
t-f

ro
st

 
in

du
ce

d 
su

rf
ac

e 
sc

al
in

g 
of

 u
nc

ra
ck

ed
 c

on
cr

et
e 

is
 b

as
ed

 o
n 

th
e 

lim
it-

st
at

e 
Eq

ua
tio

n 
B

4.
1-

1,
 i

n 
w

hi
ch

 t
he

 c
on

cr
et

e 
te

m
pe

ra
tu

re
 T

(t)
 i

s 
co

m
pa

re
d 

to
 t

he
 

sc
al

in
g 

re
si

st
an

ce
 T

R(
t) 

at
 a

 c
er

ta
in

 p
oi

nt
 o

f 
tim

e 
t, 

du
rin

g 
a 

ce
rta

in
 d

es
ig

n 
se

rv
ic

e 
lif

e 
t SL

. 

(
)

),.
.)

t(T
),T(

R
H

(
T

)
C

l
,

t
t(T

)
t

(t
T,T

g
R

SL
SL

R
!

"
=

<
 

(B
4.

1-
1)

 

T(
t):

 
co

nc
re

te
 te

m
pe

ra
tu

re
 [K

], 
cp

. B
4.

2.
1 

t SL
: 

de
si

gn
 se

rv
ic

e 
lif

e 
[y

ea
rs

], 
cp

. B
4.

2.
2 

T R
(t)

: 
cr

iti
ca

l f
re

ez
in

g 
te

m
pe

ra
tu

re
 f

or
 s

ca
lin

g 
to

 o
cc

ur
 a

t t
he

 ti
m

e 
t [

-]
, 

cp
. B

4.
2.

3 

t 
tim

e 
[y

ea
rs

] 
 

 
 (2

) 
Eq

ua
tio

n 
B

4.
1-

1 
is

 b
as

ed
 o

n 
th

e 
as

su
m

pt
io

n 
th

at
 s

ca
lin

g 
oc

cu
rs

 in
 th

e 
sa

m
e 

m
om

en
t a

s 
th

e 
co

nc
re

te
 s

ur
fa

ce
 te

m
pe

ra
tu

re
 fa

lls
 b

el
ow

 a
 c

er
ta

in
, c

rit
ic

al
 

le
ve

l, 
th

e 
sc

al
in

g 
re

si
st

an
ce

 T
R.

 I
t i

s 
as

su
m

ed
 th

at
 th

is
 c

rit
ic

al
 le

ve
l o

f 
sc

al
in

g 
re

si
st

an
ce

 c
ha

ng
es

 w
ith

 a
ge

, d
ep

en
di

ng
 o

n 
ex

po
su

re
 a

nd
 ty

pe
 o

f c
on

cr
et

e.
 

 
 

 
B

4.
2 

Q
ua

nt
ifi

ca
tio

n 
of

 p
ar

am
et

er
s 

 
 

B
4.

2.
1 

Sc
al

in
g 

re
si

st
an

ce
 T

R
 (T

he
 c

ri
tic

al
 fr

ee
zi

ng
 

te
m

pe
ra

tu
re

 fo
r 

sc
al

in
g 

to
 o

cc
ur

) 
Th

e 
sc

al
in

g 
te

st
 is

 p
er

fo
rm

ed
 a

t t
hr

ee
 te

m
pe

ra
tu

re
 le

ve
ls

. 
 

(1
) 

Th
e 

cr
iti

ca
l 

fr
ee

zi
ng

 t
em

pe
ra

tu
re

 f
or

 s
ca

lin
g 

to
 o

cc
ur

, 
th

e 
sc

al
in

g 
re

si
st

an
ce

 T
R,

 is
 d

et
er

m
in

ed
 fr

om
 a

 la
bo

ra
to

ry
 te

st
 fo

r t
he

 a
ct

ua
l c

on
cr

et
e,

 a
t a

n 
ag

e 
of

 2
8 

da
ys

. T
he

 a
cc

ep
te

d 
de

gr
ee

 o
f s

ca
lin

g 
m

us
t b

e 
de

fin
ed

 b
ef

or
e 

th
e 

te
st

. 
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(2
) 

Th
e 

co
nc

re
te

 c
om

po
si

tio
n,

 i
nc

lu
di

ng
 t

he
 a

ir-
vo

id
 s

ys
te

m
, 

 i
s 

ch
os

en
 

du
rin

g 
th

e 
de

si
gn

 p
ha

se
. 

D
ue

 t
o 

co
ns

tru
ct

io
n 

pr
ac

tic
es

 t
he

 a
ct

ua
l 

co
nc

re
te

 
co

m
po

si
tio

n 
do

es
 v

ar
y 

an
d 

th
er

ef
or

e  
ha

s 
to

 b
e 

co
ns

id
er

ed
 a

s 
a 

st
oc

ha
st

ic
 

va
ria

bl
e 

ra
th

er
 t

ha
n 

a 
co

ns
ta

nt
 v

al
ue

. T
he

 f
ol

lo
w

in
g 

di
st

rib
ut

io
n 

ty
pe

s 
ar

e 
in

 
pr

in
ci

pl
e 

ap
pr

op
ria

te
 f

or
 t

he
 d

es
cr

ip
tio

n 
of

  
th

e 
sc

al
in

g 
re

si
st

an
ce

 a
nd

 i
ts

 
va

ria
bi

lit
y:

 
– 

N
or

m
al

 d
is

tri
bu

tio
n 

– 
B

et
a-

di
st

rib
ut

io
n 

– 
W

ei
bu

ll(
m

in
)-

di
st

rib
ut

io
n 

– 
Lo

gn
or

m
al

 d
is

tri
bu

tio
n 

– 
N

ev
ill

e 
di

st
rib

ut
io

n 

 
 

Th
e 

sc
al

in
g 

re
si

st
an

ce
 T

R 
w

ill
 c

ha
ng

e 
w

ith
 a

ge
 a

nd
 e

xp
os

ur
e.

 T
hi

s 
ch

an
ge

 
w

ith
 ti

m
e 

w
ill

 b
e 

di
ff

er
en

t f
or

 d
iff

er
en

t t
yp

es
 o

f c
on

cr
et

e,
 c

p.
 F

ig
ur

e 
B

4.
2-

1.
 

 
Fi

gu
re

 B
4.

2-
1:

 P
ri

nc
ip

le
 s

ke
tc

h 
of

 t
he

 c
on

cr
et

e 
te

m
pe

ra
tu

re
 (

“l
oa

d”
), 

ve
rt

ic
al

 
sc

al
e 

w
ith

 
ne

ga
tiv

e 
te

m
pe

ra
tu

re
s 

up
w

ar
ds

, 
du

ri
ng

 t
hr

ee
 w

in
te

rs
, 

co
m

pa
re

d 
to

 t
he

 t
ru

e 
sc

al
in

g 
re

si
st

an
ce

 (“
re

si
st

an
ce

”)
 a

s 
a 

fu
nc

tio
n 

of
 ti

m
e 

fo
r 

th
re

e 
di

ffe
re

nt
 c

on
cr

et
es

, [
18

] 
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An
ne

x 
B:

  F
ul

l p
ro

ba
bi

lis
tic

 d
es

ig
n 

m
et

ho
ds

 

Se
e 

C
ha

pt
er

 B
1.

2.
2.

 
 

B
4.

2.
2 

D
es

ig
n 

se
rv

ic
e 

lif
e 

t S
L
 

 
 

B
4.

2.
3 

A
ct

ua
l c

on
cr

et
e 

te
m

pe
ra

tu
re

 T
(t

) 
 

 
B4

.2
.3

.1
 

G
en

er
al

 
 

 
(1

) 
Th

e 
en

vi
ro

nm
en

ta
l a

ct
io

n 
T(

t),
 th

e 
ac

tu
al

 c
on

cr
et

e 
te

m
pe

ra
tu

re
 m

ai
nl

y 
du

rin
g 

cl
ea

r 
w

in
te

r 
ni

gh
ts

, 
co

ns
id

er
s 

th
e 

ai
r 

te
m

pe
ra

tu
re

, 
co

nv
ec

tio
n 

du
e 

to
 

w
in

d 
an

d 
th

e 
lo

ng
 w

av
e 

ra
di

at
io

n 
du

rin
g 

cl
ea

r 
ni

gh
ts

. T
he

 d
ec

is
iv

e 
co

nc
re

te
 

te
m

pe
ra

tu
re

 is
 fo

r n
ig

ht
s o

nl
y 

w
he

n 
sa

lt 
is

 p
re

se
nt

 a
t t

he
 c

on
cr

et
e 

su
rf

ac
e.

 

 
 

(2
) 

Th
e 

en
vi

ro
nm

en
ta

l a
ct

io
n,

 th
e 

co
nc

re
te

 s
ur

fa
ce

 te
m

pe
ra

tu
re

 T
(t)

 c
an

 b
e 

de
sc

rib
ed

 b
y 

m
ea

ns
 o

f E
qu

at
io

n 
B

4.
2-

1:
 

(
)

ai
r

sk
y

cv
r

r
ai

r
SL

T
T

T
)

t
T(

t
!

"
+

"

"
+

=
<

 
(B

4.
2-

1)
 

 T a
ir:

 
ai

r t
em

pe
ra

tu
re

 [K
], 

cp
. B

4.
2.

3.
2 

α
r: 

su
rf

ac
e 

he
at

 
co

nd
uc

ta
nc

e 
du

e 
to

 
ra

di
at

io
n 

[W
/(m

2 K
)]

, 
cp

. 
B

4.
2.

3.
3 

α
cv

: 
su

rf
ac

e 
he

at
 

co
nd

uc
ta

nc
e 

du
e 

to
 

co
nv

ec
tio

n[
W

/(m
2 K

)]
, 

cp
. 

B
4.

2.
3.

3 

T s
ky

: 
co

rr
es

po
nd

in
g 

te
m

pe
ra

tu
re

 o
f s

pa
ce

 [K
], 

cp
. B

4.
2.

3.
4 

 
 

B4
.2

.3
.2

 
A

ir
 te

m
pe

ra
tu

re
 T

ai
r 

 
 

(1
) D

at
a 

of
 th

e 
ne

ar
es

t w
ea

th
er

 s
ta

tio
n 

m
ay

 b
e 

us
ed

 a
s 

an
 in

pu
t f

or
 T

ai
r. 

Fo
r 

qu
an

tif
ic

at
io

n,
 th

e 
ex

tre
m

e 
w

ea
th

er
 s

ta
tio

n 
da

ta
 (c

ol
d,

 c
le

ar
 w

in
te

r n
ig

ht
s)

 h
as

 
to

 b
e 

ev
al

ua
te

d.
 

 
 

(2
) 

Fo
r 

Eu
ro

pe
an

 c
lim

at
e 

co
nd

iti
on

s, 
a 

no
rm

al
 d

is
tri

bu
tio

n 
is

 i
n 

ge
ne

ra
l 

ap
pr

op
ria

te
 to

 d
es

cr
ib

e 
T a

ir.
 

 
 

B4
.2

.3
.3

 
Su

rf
ac

e 
he

at
 c

on
du

ct
an

ce
 α

r a
nd

 α
cv

 
 

 
(1

) 
Th

e 
su

rf
ac

e 
he

at
 c

on
du

ct
an

ce
 α

r f
or

 r
ad

ia
tio

n 
de

pe
nd

s 
on

 th
e 

co
nc

re
te

 
su

rf
ac

e 
te

m
pe

ra
tu

re
 a

nd
 t

he
 c

or
re

sp
on

di
ng

 t
em

pe
ra

tu
re

 o
f 

sp
ac

e 
an

d 
th

e 
em

is
si

vi
ty

 ε
 o

f t
he

 c
on

cr
et

e 
su

rf
ac

e.
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(
)

2T
T

4
3

ai
r

sk
y

r

!
"#

$#
=

%
   

   
   

   
  [

W
/(m

2 K
)]

 
(B

4.
2-

2)
 

 w
he

re
 
σ

 
= 

5.
67

·1
0-8

[W
/(m

2 K
4 )]

 
(th

e 
St

ef
an

-B
ol

zm
an

n 
nu

m
be

r)
. 

Fo
r 

co
nc

re
te

 th
e 

em
is

si
vi

ty
 ε

 =
 0

.9
 

 
 

(2
) 

Th
e 

su
rf

ac
e 

he
at

 c
on

du
ct

an
ce

 α
cv

 f
or

 c
on

ve
ct

io
n 

de
pe

nd
s 

on
 th

e 
w

in
d 

ve
lo

ci
ty

 c
lo

se
 t

o 
th

e 
co

nc
re

te
 s

ur
fa

ce
. F

or
 c

as
es

 w
ith

 w
in

d 
sp

ee
d 

u 
be

lo
w

 5
 

m
/s

, a
 v

al
ue

 c
an

 b
e 

 α
cv

 =
 6

 +
 4

·u
   

   
   

   
   

   
   

   
   

  [
W

/(m
2 K

)]
 

(B
4.

2-
3)

 

 
 

 
B4

.2
.3

.4
 

C
or

re
sp

on
di

ng
 sk

y 
te

m
pe

ra
tu

re
 T

sk
y 

 
 

(1
) 

Th
e 

co
rr

es
po

nd
in

g 
te

m
pe

ra
tu

re
 o

f 
th

e 
sk

y 
fo

r 
th

e 
lo

ng
-w

av
e 

ra
di

at
io

n 
fr

om
 a

 c
on

cr
et

e 
su

rf
ac

e 
de

pe
nd

s 
on

 th
e 

or
ie

nt
at

io
n 

of
 th

e 
su

rf
ac

e,
 c

lo
ud

in
es

s 
an

d 
“s

ha
do

w
s”

 fr
om

 o
th

er
 b

ui
ld

in
gs

, c
p.

 F
ig

ur
e 

B
4.

2-
2.
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An
ne

x 
B:

  F
ul

l p
ro

ba
bi

lis
tic

 d
es

ig
n 

m
et

ho
ds

 

 

 
Fi

gu
re

 B
4.

2-
2:

  T
he

 c
or

re
sp

on
di

ng
 sk

y 
te

m
pe

ra
tu

re
 fo

r d
iff

er
en

t 
su

rf
ac

es
, d

ep
en

di
ng

 o
n 

th
e 

ai
r t

em
pe

ra
tu

re
. 

 
 

 
(2

) 
Th

e 
co

rr
es

po
nd

in
g 

te
m

pe
ra

tu
re

 o
f 

th
e 

sk
y 

fo
r 

th
e 

lo
ng

-w
av

e 
ra

di
at

io
n 

fr
om

 
a 

co
nc

re
te

 
su

rf
ac

e 
in

 
Fi

gu
re

 
B

4.
2-

2 
ca

n 
be

 
es

tim
at

ed
 

fr
om

 
Eq

ua
tio

n 
B

4.
2-

4.
 

 

! "! #$

%
%

&

%
%

&

=

sk
y

cl
ou

dy
a

fo
r

T
sk

y
cl

ea
r

su
rf

ac
es

ve
rti

ca
l

fo
r

5
T

1.1
sk

y
cl

ea
r

su
rf

ac
es

ho
riz

on
ta

l
fo

r
14

T
2.1

T

ai
r

ai
rai
r

sk
y

 
(B

4.
2-

4)
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A
nn

ex
 C

 (i
nf

or
m

at
iv

e)
 

Pa
rt

ia
l f

ac
to

r 
m

et
ho

ds
 

 
 

  
 

 
C

1 
Pa

rt
ia

l f
ac

to
r 

m
et

ho
d 

fo
r 

ca
rb

on
at

io
n 

in
du

ce
d 

co
rr

os
io

n 
- u

nc
ra

ck
ed

 c
on

cr
et

e 
 

 

C
1.

1 
L

im
it 

st
at

e 
eq

ua
tio

n 
in

cl
ud

in
g 

pa
rt

ia
l f

ac
to

rs
 

fo
r 

th
e 

de
pa

ss
iv

at
io

n 
of

 th
e 

re
in

fo
rc

em
en

t  
sy

m
bo

ls
 u

se
d

fo
r

pa
rt

ia
l f

ac
to

r m
et

ho
d 

de
si

gn
sy

m
bo

ls
 u

se
d 

in
 

cu
rr

en
t p

ra
ct

ic
e

m
in

 c

!
c

no
m

c
ca

rb
on

at
io

n 
de

pt
h

x c
,m

(t)
x c

,d
(t)

, a
d

!
a

no
m

a

re
in

fo
rc

em
en

t s
te

elco
nc

re
te

 s
ur

fa
ce

5%
 fr

ac
til

e

 
Fi

gu
re

 C
1.

1-
1:

 S
ym

bo
ls

 u
se

d 
in

 c
ur

re
nt

 p
ra

ct
ic

e 
(le

ft 
ha

nd
 si

de
) a

nd
 

us
ed

 w
ith

in
 th

e 
pa

rt
ia

l f
ac

to
r m

et
ho

d 
de

si
gn

 (r
ig

ht
 

ha
nd

 si
de

) 

m
in

 c
:  

m
in

im
um

 c
on

cr
et

e 
co

ve
r [

m
m

] 
no

m
 c

:  
no

m
in

al
 c

on
cr

et
e 

co
ve

r [
m

m
] 

Δ
c:

 
m

ar
gi

n 
be

tw
ee

n 
m

in
im

um
 a

nd
 n

om
in

al
 c

on
cr

et
e 

co
ve

r [
m

m
] 

x c
,m

(t)
  

m
ea

n 
va

lu
e 

of
 th

e 
ca

rb
on

at
io

n 
de

pt
h 

at
 th

e 
tim

e 
t [

m
m

] 
x c

,d
(t)

  
de

si
gn

 v
al

ue
 o

f t
he

 c
ar

bo
na

tio
n 

de
pt

h 
at

 th
e 

tim
e 

t [
m

m
] 

 
(1

) 
Th

e 
pa

rti
al

 f
ac

to
r 

m
et

ho
d 

fo
r 

ca
rb

on
at

io
n 

in
du

ce
d 

co
rr

os
io

n 
in

 
un

cr
ac

ke
d 

co
nc

re
te

 
in

tro
du

ce
d 

in
 

th
is

 
ch

ap
te

r 
is

 
ba

se
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 b
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 d
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at
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9]

 t
he

 p
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Th
e 
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at
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n 
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d 
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 d

ef
in

ed
 a
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e 
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e 
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 d
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d 
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 c
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m
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 c
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e 
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s 
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 d
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 c
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 c
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at
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 d
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 c
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t c

ra
ck
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e 

pr
ov

ok
ed

 w
hi

ch
 s

ub
se

qu
en

tly
 l

ea
ds

 t
o 

sp
al

lin
g 

of
 t

he
 c
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f c
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 re
du

ct
io

n 
of

 
th

e 
lo

ad
 b

ea
rin

g 
ca

pa
ci

ty
. U

LS
 is

 d
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 c
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f c
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 c
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 c
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 o
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 d
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 c
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, d
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at
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it 
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 c
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lia
bi

lit
y 

of
 A

nn
ex

 A
, T

ab
le

 A
2-

2 
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Technical report (180 pages, ISBN 2-88394-057-6, April 2002) 

18 Recycling of offshore concrete structures 
State-of-art report (33 pages, ISBN 2-88394-058-4, April 2002) 

19 Precast concrete in mixed construction 
State-of-art report (68 pages, ISBN 2-88394-059-2, April 2002) 

20 Grouting of tendons in prestressed concrete 
Guide to good practice (52 pages, ISBN 2-88394-060-6, July 2002) 

21 Environmental issues in prefabrication 
State-of-art report (56 pages, ISBN 2-88394-061-4, March 2003) 

22 Monitoring and safety evaluation of existing concrete structures 
State-of-art report (304 pages, ISBN 2-88394-062-2, May 2003) 

23 Environmental effects of concrete 
State-of-art report (68 pages, ISBN 2-88394-063-0, June 2003) 

24 Seismic assessment and retrofit of reinforced concrete buildings 
State-of-art report (312 pages, ISBN 2-88394-064-9, August 2003) 

25 Displacement-based seismic design of reinforced concrete buildings 
State-of-art report (196 pages, ISBN 2-88394-065-7, August 2003) 

26 Influence of material and processing on stress corrosion cracking of prestressing steel - 
case studies 
Technical report (44 pages, ISBN 2-88394-066-5, October 2003) 

27 Seismic design of precast concrete building structures 
State-of-art report (262 pages, ISBN 2-88394-067-3, January 2004) 

28 Environmental design 
State-of-art report (86 pages, ISBN 2-88394-068-1, February 2004) 

 Directory 2004 
(132 pages, July 2004) 

29 Precast concrete bridges 
State-of-art report (83 pages, ISBN 2-88394-069-X, November 2004) 

30 Acceptance of stay cable systems using prestressing steels 
Recommendation (80 pages, ISBN 2-88394-070-3, January 2005) 

31 Post-tensioning in buildings 
Technical report (116 pages, ISBN 2-88394-071-1, February 2005) 

32 Guidelines for the design of footbridges 
Guide to good practice (160 pages, ISBN 2-88394-072-X, November 2005) 

33 Durability of post-tensioning tendons 
Recommendation (74 pages, ISBN 2-88394-073-8, December 2005) 

34 Model Code for Service Life Design 
Model Code (116 pages, ISBN 2-88394-074-6, February 2006) 
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