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Construction Standard CS2:2012 – 
Steel Reinforcing Bars for the 
Reinforcement of Concrete.  It is an 
updated version of CS2:1995.  

Construction Standard CS3:2013 – 
Aggregates for Concrete.  It is the 
first local standard on aggregates. 

1. Background 

4 



1. Background 

 CS2 and CS3 were prepared by Working Groups 
under the SCCT, Development Bureau. 

 

 Public works contracts tendered on or after 1 
January 2015 should adopt CS2:2012 and 
CS3:2013. 

 

 The General Specification for Civil Engineering 
Works and the Code of Practice for Structural Use 
of Concrete 2013 have been updated to include the 
above standards. 
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CS2:2012 – Steel Reinforcing Bars for the 
Reinforcement of Concrete 

Specifies the requirements for: 

 

• Hot rolled weldable steel reinforcing bars 

 

• Ribbed bars, grade 500 

 

• Plain bars, grade 250, diameter up to 12 mm 

1. Background of CS2 
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 Main references of CS2:1995 

 

BS 4449:1988 for ribbed steel reinforcing bars and plain steel 
reinforcing bars 

 

 Main references of CS2:2012 

 

BS 4449:2005+A2:2009 for ribbed steel reinforcing bars; and  

BS 4482:2005 for plain steel reinforcing bars up to 12 mm 
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1. Background of CS2 



1. Background of CS2 – major changes 

Yield strength of ribbed steel reinforcing bars 
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Purchaser testing on chemical composition 
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1. Background of CS2 – major changes 



Specifies the requirements of: 

 

 Properties of coarse or fine natural aggregates 

 

 Properties of coarse recycled aggregates 

 

 Quality control and methods for testing. 

1. Background of CS3 
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Geometrical Requirements 

1. Background of CS3  



 

 

 

 

 

 

Physical Requirements 
 
 
 
 
 
 

1. Background of CS3 



Chemical Requirements 
 
 
 
 
 
 

1. Background of CS3 



2. New Physical Tests in CS3 

Tests for Geometrical Properties 
  
Section 13 – Method for determination of methylene blue 

value 

 
 
Tests for Physical and Chemical Properties 
  
 Section 20 – Method for determination of drying shrinkage 

 Section 22 – Method for determination of effect of organic 
substances by mortar method 
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2.1 Determination of methylene blue value (MBV) 

Principle – 
 
Adding dye (methylene blue) successively to a suspension of test 

portion of fine aggregate in water.  The adsorption of dye 
solution by the test is checked after each addition of the dye 
by conducting a stain test on filter paper to detect the 
presence of free dye. 

 
When the presence of free dye is detected, the MBV value is 

calculated and expressed as grams of dye adsorbed per 
kilogram of the fine aggregate tested. 
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2.1 Determination of methylene blue value 
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Apparatus 

Impeller agitator 



Main Steps:  

- Prepare 400g of sample passing 2.36mm sieve 

- Prepare 10g/L methylene blue solution 

- Prepare suspension 

- Perform stain test: 

2.1 Determination of methylene blue value 
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Central deposit: 

8-12 mm diameter 

Blue halo 1 mm 

width in the wet zone 

Colorless wet zone 
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2.1 Determination of methylene blue value 

- Methylene blue value (MBV) is calculated and expressed as 
grams of dye adsorbed per kilogram of the size fraction tested 
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MBV ≦ 1.4.  The MBV is an indication of the amount and 
characteristics of clay materials in the fine aggregate.  A high 
MBV indicate high potential for diminished fine aggregate 
performance in concrete.  



2.2 Determination of drying shrinkage 

Some aggregates change volume considerably from the 
wet state to the dry state and this may affect the 
concrete in which they are incorporated.  The drying 
shrinkage of a concrete containing this aggregate can 
be as much as 4 times greater than that of concrete 
made with non-shrinkage aggregate. 

 

To determine the dry shrinkage of the aggregate, it is 
mixed with cement & water and cast into prisms of 
certain dimensions.  The  prisms are subjected to 
wetting followed by drying at certain temperature and 
the change in length from the wet stage to the dry 
stage determined. 
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Principle - 



Major Equipment: 

2.2 Determination of drying shrinkage 
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Length comparator Vibrating table 

Gang mould 200 ±  2 mm ×  50 ±  2 mm 
×  50 ±  2 mm with steel balls 



2.2 Determination of drying shrinkage 

1. Prepare three prisms with a standard mix described in CS3. 

2. Around 48 h, the prisms immersed in water at a temperature of 
20 ±  2°C for 5 days± 4 h. 

3. Initial wet length measurement (w) 

4. Oven dried at 105 ±  5°C for 72± 4 h then cooled down to 20 ±  
2°C in a desiccator 

5. Dry length measurement (d) 

6. Dry length of the prism adjacent to the balls (I) 

 

Shrinkage = (w-d)/I*100 
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Main Steps 
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Principle – 
 
Natural aggregates may be strong but not good for concrete-

making if they contain organic substances which  interfere with 
the chemical reactions of hydration. 

 

To quantify the effect of organic substances in aggregates, two 
identical mortar samples are prepared with: 

* Original aggregate; 

* Heated aggregate to destroy any organic matter as a control. 

 

and tested for changes in the setting of the mortar and 28-
days compressive strength. 

2.3 Determination of effect of organic substance by mortar method 
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Major Equipment: 
 

-  Furnace : for at least 2 kg of aggregates,  480 ±  25°C for 4h 

- Mixer : ~ 5L capacity 

- Plunger test apparatus 

- Stiffening test apparatus 

- Compression machine 

- Moulds : 40mm x 40mm x 160mm 

2.3 Determination of effect of organic substance by mortar method 
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Main Steps 
 
 1: Trial mixes to determine the required water content using unheated 

sample to determine a value of standard consistence with plunger 
penetration of  23 ±  5 mm 

 
 

2.3 Determination of effect of organic substance by mortar method 

2: Prepare test mortar using unheated aggregates with w/c/ration 
obtained in Step 1. 

- 2.1: Determine the stiffening time 

- 2.2: Prepare three prisms and determine the compressive strength 
at 28 days. 

 
 
3: Prepare control mortar using heated aggregates with w/c/ration 

obtained in Step 1. 

- 3.1: Determine the stiffening time 

- 3.2: Prepare three prisms and determine the compressive strength 
at 28 days. 
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Effect on stiffening time = unheated – heated 

 

 

Effect on strength = (heated – unheated)/heated 

2.3 Determination of effect of organic substance by mortar method 



3. Concluding Remarks 
 
- CS2:2012 and CS3:2013 shall be referred to as the 
standards for public works contracts to be tendered on 
or after 1 January 2015. 
 
- For Class II fine aggregate, the methylene blue value 
shall be 1.4 or below. 
 
- The drying shrinkage of natural aggregates, if 
required, shall not exceed 0.075%. 
 

- Aggregates shall be free of organic substances, or 
their presence shall not affect the stiffening or 
hardening of mortar. 
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To be continued by Dr Tran … 
 

Thank You! 
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Chemical Tests in the 
CS2:2012 & CS3:2013

Jeff C H Tran

Public Works Central Laboratory 
Standard & Testing Division

Geotechnical Engineering Office
Civil Engineering and Development Department 



CS2:2012 Steel Reinforcing Bars for the 
Reinforcement of Concrete

1. Analysis of carbon, sulphur, phosphorus, nitrogen and 
copper content of steel reinforcing bars. 

2. Determine the carbon equivalent value.

Grade C S P N Cu Carbon Grade C S P N Cu Carbon 

equivalent value

500B & 

500C

0.24 0.055 0.055 0.014 0.85 0.52

Chemical composition (maximum % by mass)



Chemical Analysis

CS2:2012, Section 6.3

“The chemical composition shall be determined by 
spectrometric methods or an appropriate method 
specified in the International Standards listed in the 
bibliography of BS EN ISO 15630-1: 2010. ”

60 Test methods with different analytical techniques 
are listed in the bibliography.

For example, flame atomic absorption spectrometric 
method for copper in steel, infrared absorption 
method after combustion in an induction furnace for 
sulphur in steel.  



Spark Optical Emission Spectrometric Technique

1. Commonly used for metals and alloys analysis.

2. Quick and reproducible analytical technique.

3. Capable of analysing a wide range of elements, 3. Capable of analysing a wide range of elements, 
including non-metallic elements, e.g, nitrogen, 
sulphur.  



Flame Test

1. When element is burnt, 
it burns with a distinct 
colour.

2. The colour is due to 
emission spectrum of 

2. The colour is due to 
emission spectrum of 
the element.

Potassium Sodium



Basic Theory
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Spark Optical Emission Spectrometer

Spark Optical Emission

Spectrometer of 

Public Works Central Laboratory



Spark Optical Emission Spectrometer

Sample preparation

(cutting, grinding)

Analyse sample Sample ‘sparked’ to 

produce a ‘burn’

Emit lightSample preparation

(cutting, grinding)
Emit light

CCD measures

light intensity

Comparison to 

standards

Data output



Analysis

1. Run standards to set up a calibration curve.

2. ‘Spark’ the sample.

3. Intensity of emission line is proportional to element 
concentration.  

4. Spectrometer collects the intensity of light at a 
particular wavelength and compares this to the value 
from the calibration standard.

5. Computer then works out the element present in the 
sample.



CS3:2013 Aggregates for Concrete

Section 21 Methods for determination of chemical 
properties 

21.3 Determination of water-soluble chloride ion.

21.4 Determination of acid-soluble chloride ion.21.4 Determination of acid-soluble chloride ion.

21.5 Determination of acid-soluble sulphate content.

21.6 Determination of total sulphur content.

21.7 Determination of presence of humus.



21.3 Water-soluble chloride ion

1. Extract chloride from aggregate with water.

2. Add excess silver nitrate to the extract.

3. Titrate the un-reacted silver nitrate with thiocyanate.

4. Calculate the chloride content from the volume of 
silver nitrate, volume of thiocyanate, silver nitrate 
concentration, thiocyanate concentration and mass of 
filtrate used.



21.3 Water-soluble chloride ion

Filter the extract and 

transfer to a conical 

flask

Water 

+

Aggregate

Cl
-

Cl
-

Plastic bottle

5 L capacity

Filtrate containing Cl- ions
Extract chloride from 

aggregate with water



21.3 Water-soluble chloride ion

Add excess silver 

nitrate

Cl
-

Cl
-

Silver nitrate solution Filtrate containing Cl- ions

Ag+



21.3 Water-soluble chloride ion

Add excess silver 

nitrate

Silver nitrate solution Filtrate containing Cl- ions

Ag+

Excess silver 

ions

AgCl AgCl

Silver chloride 

precipitate



21.3 Water-soluble chloride ion

Titrate the excess Ag+

with thiocyanate (SCN-)

S
C

N
-

Silver nitrate solution Filtrate containing Cl- ions

Ag+

Excess silver 

ions

AgCl AgCl

Silver chloride 

precipitate

S
C

N



21.4 Acid-soluble chloride ion

1. Extract chloride from aggregate using diluted nitric 
acid.

2. Add excess silver nitrate to the extract.

3. Titrate the un-reacted silver nitrate with thiocyanate.

4. Calculate the chloride content from the volume of 
silver nitrate, volume of thiocyanate, silver nitrate 
concentration, thiocyanate concentration and mass of 
sample used.



21.4 Acid-soluble chloride ion

Filter the extract

Cl
-

Cl
-

Filtrate containing Cl- ions

Conical flask

500 mL capacity

Extract chloride from 

aggregate with acid

Acid 

+

Aggregate



21.4 Acid-soluble chloride ion

Add excess silver 

nitrate

Cl
-

Cl
-

Silver nitrate solution Filtrate containing Cl- ions

Ag+



21.4 Acid-soluble chloride ion

Add silver nitrate

Silver nitrate solution Filtrate containing Cl- ions

Ag+

Excess silver 

ions

AgCl AgCl

Silver chloride 

precipitate



21.4 Acid-soluble chloride ion

Titrate the excess Ag+

with thiocyanate (SCN-)

S
C

N
-

Silver nitrate solution Filtrate containing Cl- ions

Ag+

Excess silver 

ions

AgCl AgCl

Silver chloride 

precipitate

S
C

N



21.5 Acid-soluble sulphate ion

1. Extract sulphate ions from aggregate using diluted 
hydrochloric acid.

2. Use barium chloride to precipitate the sulphate ions 
as barium sulphate.as barium sulphate.

3. Collect the barium sulphate by filtration.

4. Heat to 800 oC and weigh.  

5. Calculate the mass of the precipitate and sample.



21.5 Acid-soluble sulphate ion

Acid  +

Aggregate

Acid + 

Aggregate

Filtrate 

SO4
2-



21.5 Acid-soluble sulphate ion

BaCl2

Filtrate

SO4
2- BaSO4

BaSO4 

precipitate



21.5 Acid-soluble sulphate ion

BaSO4

BaSO4
1. Transfer filter paper and 

residue to crucible
BaSO4

residue to crucible

2. Dry and then ash
BaSO4 

precipitate

Weigh the residue

(BaSO4)



21.6 Total sulphur

1. Convert sulphur compounds to sulphates using 
hydrogen peroxide and hydrochloric acid.

2. Use barium chloride to precipitate the sulphates as 
barium sulphate.barium sulphate.

3. Collect the barium sulphate by filtration.

4. Heat to 925 oC and weigh.  

5. Calculate the mass of the precipitate and sample.



21.6 Total sulphur

H2O2 + 

Acid +

Aggregate

Filtrate 

SO4
2-

Aggregate

H2O2 + 

Acid +

Aggregate



21.6 Total sulphur

BaCl2

Filtrate

SO4
2- BaSO4

BaSO4 

precipitate



21.6 Total sulphur

BaSO4

BaSO4
1. Transfer filter paper and 

residue to crucible
BaSO4

BaSO4 

precipitate

residue to crucible

2. Dry and ash 

Weigh the residue

(BaSO4)



21.7 Presence of humus

1. Organic substance formed by decomposition of 
animal and plant residue.  

2. Extract sample with sodium hydroxide solution.

3. Compare the colour of the extract with that of a 
standard colour solution to determine the presence of 
humus.   



21.7 Presence of humus

Transfer extract to a 

test tube

Water 

+

Aggregate



21.7 Presence of humus 

Standard colour solution

Positive result

Negative result

Compare colour of extract with that of a standard colour solution



Thank YouThank You


