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Types of Specification for Concrete

• Prescribed
• Constrained
• Performance based



Prescribed Concrete Specification

• Mix proportions including cementitious content, composition of
cementitious materials, water/cementitious content, etc., are
basically prescribed.

• There is normally not any room for alteration to the prescribed
mix proportions irrespective to different source/class/grade of
materials used.

• No mix design is required/allowed.



Concrete Specifications with constraints 
to mix design
• Mix design parameters including cementitious content,

composition of cementitious materials, water/cementitious
content, etc., are constrained with upper and/or lower limits.

• Concrete designers can have some freedom to design the
concrete mix proportions within limitations of the constrained
parameters.

• Sometimes there are also some other performance requirements
in addition to the design parameter limitations.



Performance Based Specification

• One or more performance requirements governing the design
mix proportions

• Little or no constraint for design parameters of concrete

• Much freedom for concrete designers to employ the best
approach of choice of materials, combination of cementitious
materials, latest admixture technologies, etc. to meet the
performance requirements of concrete



Comparison among the specification approaches
Type of

Specification
Prescribed Constrained Performance based

Advantages • Predictable performance
• Competence and experience 

of concrete 
designer/supplier is less 
important

• Controlled quality level of 
both strength and durability

• Suitable for specifying both 
high strength & durable 
concrete

• Predictable performance 
with limits of design 
parameters 

• Flexibility in concrete mix 
design

• Freedom to introduce latest 
concrete technologies

• Specified performance 
becomes the minimum 
requirement

Disadvantages • Normally only for low to 
medium strength concrete

• Cannot cope with specific 
application of the concrete 
mix

• Hindering deployment of 
new concrete technologies

• Cannot catch up the pace of 
latest concrete technologies

• Lower limits of the 
constraints are often used 
(e.g. 5 – 10% silica fume in 
marine concrete specification)

• Intensive initial type testing  
is demanded to confirm the 
concrete performance

• Expensive and risky routine 
tests may be needed

• Dependent on competence 
and experience of concrete 
designers/suppliers



Comparison among various 
concrete specifications



• Classification of exposure conditions:
• BS EN 206-1: 2013

Mix Design 
Requirements -
General



• Classification of 
exposure 
conditions:

• BS EN 206-1: 2013

Mix Design 
Requirements -
General



• Classification of 
exposure 
conditions:

• BS 8500-1: 
2015+A1: 2016

Mix Design 
Requirements -
General



• Classification of 
exposure 
conditions:

• BS 8500-1: 
2015+A1: 2016

Mix Design 
Requirements -
General



• Classification of 
exposure 
conditions:

• BS 8500-1: 
2015+A1: 2016

Mix Design 
Requirements -
General



• Classification of exposure conditions:  BS 8500-1: 2015+A1: 2016



• Classification of exposure conditions:  BS 8500-1: 2015+A1: 2016



• Classification of exposure conditions:  BS 8500-1: 2015+A1: 2016



• Classification of 
exposure 
conditions:

• CoP 2013

Mix Design 
Requirements -
General



• Classification of 
exposure 
conditions:

• ACI-318-14

Mix Design 
Requirements -
General



• Classification of 
exposure 
conditions:

• GB50476: 2008

Mix Design 
Requirements -
General



Comparison among the Standards –
Classification of exposure conditions
• BS EN 206 includes the most types of exposure conditions covering a

wide range of climatic and locality situations . Very intensive
requirements for concrete cover, water cementitious ratio and minimum
cementitious contents are given for various exposure conditions

• ACI 318 has simpler classification for exposure conditions including
“exposure to sulfate” and “in contact with water”. Its classification for
exposure conditions is closer to that in CoP 2013.

• GB 50476 covers more exposure conditions to chemical attack.

• In general, the classification for exposure conditions in CoP 2013 is
deemed appropriate to local environment.



Mix Design Requirements – Min. Cementitious Content 
for Reinforced Concrete with 20 mm Max. Aggregate Size 

Strength 
Class 

(Standard 
Cube)

CoP 2013
(kg/m3)

G.S. for CE Works 
2006 

(kg/m3)

BS EN 206-1: 2013 
& BS 8500-1: 
2015+A1:2016

(kg/m3)

ACI 301-05
(kg/m3)

JGJ 55－2011
(kg/m3)

C30

C40

C45

C50

≥ C55

310

350

375

400

400

310

350

375

400

400

280 Note 1

280/300 (C37) Note 2

320/340 Note 3

--

--

341 kg/m3 

for all mixes 

(564 ld/yd3)

W/C         Min. Ct.

0.60            280

0.55            300

0.50            320

≤ 0.45         330



Mix Design Requirements – Max. Water to Cementitious 
Content Ratio

Strength 
Class 

(Standard 
Cube)

CoP 2013
(kg/m3)

G.S. for CE Works 
2006 

(kg/m3)

BS EN 206-1: 2013 & 
BS 8500-1: 

2015+A1:2016
(kg/m3)

ACI 301-05
(kg/m3)

JGJ 55－2011
(kg/m3)

C30

C40

C45

C50

≥ C55

0.65

0.55

0.45

0.40

0.35

0.50

(for water 
retaining 

structures)
Refer to tables below -

W/C         Min. Ct.

0.60            280

0.55            300

0.50            320

≤ 0.45         330



• Limited values 
for concrete mix 
designs for DC 
Class Concrete 
in BS 8500-1: 
2015+A1: 2016

• Note: DC-Class means 
“design chemical class 
used to classify the 
resistance to concrete 
to chemical attack (e.g. 
foundation works)



• Limited values for 
concrete mix designs for 
Housing and other 
applications in BS 8500-
1: 2015+A1: 2016

Note:
• GEN: Housing or other 

applications
• RC: reinforced or prestressed 

concrete
• PAV: pavement applications
• FND: foundation applications



Comparison among the Standards –
Min. Cementitious Content & Max. Water Cementitious 
Ratio

• All specifications give requirements for minimum cementitious
contents for specified concrete grades except that ACI 301-05 only
gives a specified minimum cementitious content for all concrete
grades

• BS 8500 gives very intensive specifications for Min. Cementitious
Contents & Max. W/C Ratios w.r.t. to various exposure conditions,
applications of concrete and concrete grades

• Instead of referring to specified concrete grades, JGJ 55-2011
stipulates minimum cementitious contents with respect to the
maximum water to binder ratios



Comparison among the Standards –
Min. Cementitious Content & Max. Water Cementitious 
Ratio

• Basically, the min. cementitious content and max. W/C ratios given
in local specifications are similar to those given in other national
standards

• In view of concrete mixes with various grades adopted in the
industry, the normal cementitious contents used in various
concrete grades exceed in general in excess of the specified
minimum quantities



Other design parameters constrained in specifications

• % of supplementary cementitious materials (e.g. PFA, GGBS, Silica 
Fume)

• Water cementitious ratio (e.g. 0.42) and maximum cementitious 
materials (450 kg/m3) for water retaining structures

• Performance requirements such as Rapid Chloride Permeability Test 
(RCPT) Value, Fresh Concrete Temperature (e.g. 25oC, 30oC), Peak 
Temperature in concrete during hydration period (e.g. 70oC, 80oC)

• Other performance requirements related to durability under special 
exposure conditions or application



Compliance Criteria for Concrete Strength 
(focused on Grade 20 or above)



Specimen & Curing Condition

Compliance 
Criteria

CoP 2013 G.S. for CE 
Works 2006

BS EN 12390 as 
referred by BS EN 
206-1: 2013 & BS 

8500-1: 2015+A1:2016

ACI 318-14 JGJ 55－2011

Specimen & Curing Condition
Test 

Specimen
100 or 150 
mm cube

100 mm 
cube

100, 150, 200, 250 or 
300 mm cube 

(depending on agg. size)

100 or 150 mm φ
cylinder

100, 150 or 200 mm 
(depending on agg. size)

Test Standard CS1: 2010 CS1: 2010 BS EN 12390-3: 2009 ASTM C39/39M-18 GB/T 50081-2002
Curing Temp. 27 ± 3 oC 27 ± 3 oC 20 ± 2 oC 23 ± 2 oC 20 ± 2 oC



Compliance 
Criteria

CoP 2013 G.S. for CE 
Works 2006

BS EN 12390 as referred by 
BS EN 206-1: 2013 & BS 8500-

1: 2015+A1:2016

ACI 318-14 GB/T 50107－2010
(Statistical Assessment 

method for concrete with 
continuous production)

Individual 
cube test 

result

100 mm cube: ≥ fcu – 2 MPa
150 mm cube: ≥ fcu – 3 MPa

(fcu = concrete grade strength)

≥ fck − 4 MPa

(fck = conc. characteristic 
strength)

If fc’ ≤ 5000 psi (~35MPa):
Individual Cylinder str. ≥ 

fc’ – 500 psi (3.5 MPa) 

If fc’ > 5000 psi (~35MPa):
Individual Cylinder str. ≥ 0.9 fc’

(fc’ = concrete cylinder strength)

(a) Grade ≤  C20: 
fcu.min ≥ 0.85 fcu.k

(b) Grade >  C20: 
fcu.min ≥ 0.9 fcu.k

(fcu.min = min. cube strength  
fcu.k= characteristic strength)

Running 
Average

Av. of 4 consecutive results:

(a) 100 mm cube:
C1 (S.D. > 5.5): 

≥ grade strength + 7 MPa
C2: (S.D. ≤  5.5):

≥ grade strength + 5 MPa

(b) 150 mm cube:
C1: (S.D. > 5)

≥ grade strength + 5 MPa
C2: (S.D. ≤  5): 

≥ grade strength + 3 Mpa

Av. of 3 overlapping or 
non-overlapping results:

(a) For initial production:
≥ fck + 4 MPa

(b) For continuous   
production: (No. of   
results ≥15 but ≤ 35)
≥ fck + 1.48σ

fck: Characteristic strength
σ: standard deviation

Av. of 3 consecutive results ≥ fc’

(fc’ = concrete cylinder strength)

Av. of 3 consecutive 
results :

Mean ≥ fcu.k + 0.7σ

Min. ≥ fcu.k - 0.7σ

fcu.k= characteristic strength

σ = standard deviation of 
the 3 consecutive results 
but not less than 2.5 MPa



• The criteria extracted from local specifications, BS EN and GB are based on
cube strengths while that from ACI 318 is based on cylinder strength

• The curing temperature in CS1: 2010 is the highest (27 ± 3oC). Specified
curing temperatures in other specifications are much lower (20 ± 2oC and
23 ± 2oC). However, there should not be too much effect on 28-day cube
strength.

• The requirements in local specifications seem to be the most stringent one
giving the highest safety margin for concrete strength.

• The criteria given in ACI 318 seem to be the simplest.

• Compliance criteria given in BS EN & GB standards are more statistically
based (noted that the criteria given in the previous table were simplified).

Comparison among the Standards –
Compliance criteria for compressive strength



Conclusions
• Local specifications can be viewed as “Constrained Specification” type

supplemented with some performance requirements

• Other specifications deem to give less constraints and more rooms are provided
for concrete mix designs to achieve the designated performance (e.g. different
durability classes). However, higher competence may be required for all parties
involved.

• In BS EN 206 & BS 8500, requirements for concrete and its raw materials cover a
wide range of classifications and quality grades. If these standards are to be
referred, it cannot be simply stated to be “………in accordance with BS EN 206.”

• In case local specifications are to be amended to cope in line with any of these
national standard(s), care shall be taken when choosing clauses to adopt (full
adopted is highly not recommended). Unavoidably, concrete professionals and
the industry shall be consulted.



• Before adopting any other overseas specification, study its suitability
under local conditions and practices

• Where practically viable, consider replacing some of the design
constraints by performance requirements

• Remove unnecessary barriers to innovations and new technologies

• Promote product assessment and reliability by:

• Upstream control of certifications

• Establishing professionalism for interested parties: concrete producers,
specifiers, engineers, supervisors, etc. through professional and training
requirements

Recommendations for Future Development of local 
specifications
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