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STANDARDS

more for these cements to react as much
under standard curing as a Portland cement 
(CEM I) does in 28 days. Figure 1 shows
a set of idealised relationships between 
28-day strength and cement or combination
content. Without testing, it is not possible 
to assess what the ceiling strength will be, 
but it is evident that the ceiling strength
is approached where the cement or 
combination content is around 380kg/m3. 
The highest minimum cement content in
all the BS 8500-1 durability tables is set at 
380kg/m3.

Compressive strength class
For concrete design, the designer selects a
compressive strength class and for the most 
economic design it is ideal if the strength
class is just achieved at the maximum w/c and 
minimum cement content specified. 

Due to the inherent differences in 
performance of the range of cements, 
additions and use of chemical admixtures
across the UK, it will never be possible to
define these relationships. 

Notwithstanding this, there is some
confidence that from a maximum w/c ratio
and minimum cement content it is possible
to identify an indicative strength class that 
should be achievable in most locations 

around the UK where local natural aggregates
for concrete are used.

On this basis, a relationship is incorporated 
into BS 8500-1 within a combination of the 
carbonation tables and a table linking the 
maximum w/c ratio to a minimum cement 
content, for a range of maximum aggregate
sizes. For designated GEN and RC concretes,
and XC exposures classes to BS 8500-1 Tables 
A.4 and A.5, the incorporated relationships
are summarised in Table 3 (page 52).

The ‘associated strength classes’ within
Table 3 are largely indicative and the
intention is to simply indicate a strength class 
that a designer could be reasonably confident
of achieving at the maximum w/c ratio and
minimum cement content.Where designated
concretes are specified or where a strength
class is specified then the strength class is 
a requirement and the producer may need
to use a lower w/c ratio and higher cement
content than that indicated to achieve the
required strength class.

For XC exposure classes, the BS 8500-1
durability requirements are based on strength 
class, where the higher the strength the
higher the resistance to carbonation. This 
comes from the established BRE view that 
for CEM I concretes, or concretes containing 
combinations of CEM I with either up to

around 30% fly ash or up to around 50%
GGBS, then the rate of carbonation just 
depends on strength class.

Chloride ingress
Resistance to chloride ingress is mainly 
dependent upon the cement type and the 
w/c ratio, with aggregate quality being a 
secondary factor. The 2002 version of BS8
500-1 introduced the concept that where 
higher proportions of fly ash or GGBS are
incorporated as part of the cement in concrete
then a lower strength class is to be expected. 
In the realisation that reinforced concrete 
exposed to chloride ingress is particularly 
vulnerable to corrosion, there is an increase 
in the standard minimum cement contents 
at each w/c from 0.35 to 0.60 by 20kg/m3

relative to the recommendation for other
exposure classes. A maximum w/c ratio for 
concrete exposed to chloride ingress was set
at 0.60, but the 0.60 maximum only applied 
to the XD1 exposure class where carbonation 
is considered the dominate deterioration 
mechanism. These relationships that set the
pattern for the current BS 8500-1 Tables A.4
and A.5 are summarised in Table 4 (page 52).

The strength classes for XS and XD 
exposures were developed on an indicative
basis although BS 8500-1 does not describe 

Summary of reinforced concreteA) durability requirements for exposure class XS3B) for an intended working life of not less than 50 years

Code of Practice, 
British Standard

Concrete made with: 
Portland cement, CEM I

Concrete made with:
Blast-furnace cement, CEM III/AC)
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CP 110-1: 1972 330 0.45 50 50 330 0.45 50 50

BS 6349-1: 1984 400 0.42 40 50 400 0.42 40 50

BS 8110-1: 1985 400 0.45 50 50 400 0.45 50 50

BS 8110-1: 1997 400 0.45 50 50 400 0.45 50 50

BS 6349-1: 2000 400 0.40 50 60 360 0.50 37 50

BS 8500-1: 2002 360 0.40 50 60 360 0.40 45 50

BS 8500-1: 2006 380 0.40 50 60 380 0.40 45 50

BS 6349-1-4: 2013 360 0.35 50 90 380 0.35 50 60

BS 8500-1: 2015 380 0.35 55 90 380 0.35 50 60

A) Maximum aggregate size 20mm

B) Assuming XS3 is equivalent to exposure classes previously described as severe, very severe or extreme 
C) Assuming a nominal GGBS content of 40%, representative of UK Portland blast-furnace cements 1925–1990

D) Minimum cement or combination content

E) Maximum free water:cement ratio

F) Nominal cover assuming required minimum cover plus an allowance of 10mm. 
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