
   

   

  

   

 

    

  

   

 
        

   
     

      

 

   

      
 

      
 

    
     

     
 

   

      
 

      
 

   

      
 

      
 

       
       

 

   

      
 

      
 

    
    

  

 
 
 

   

Annual Concrete Seminar 2005 
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Use of Special 

Chemicals to Enhance 

Concrete Durability 

This section includes two parts. 

Part 1: 
Introduction 
(Delivered by Alan Wu) 

Part 2: 
Use of Special Chemicals to 
Enhance Concrete Durability 
(Delivered by Jaime S K Yeung) 

Use of Special Chemicals to Enhance 

Concrete Durability 
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Use of Special Chemicals to Enhance
Concrete Durability

Use of Special Chemicals to Enhance 
Concrete Durability 

Using the title of 
“Practical Aspects of Durable Concrete 

from the Perspectives of Concrete 
Designer” as an 

“Introduction” 
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Use of Special Chemicals to Enhance 
Concrete Durability 
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CONCRETE 
DURABILITY 

Use of Special Chemicals to Enhance
Concrete Durability

Use of Special Chemicals to Enhance 
Concrete Durability 

In appearance, concrete is made simply by 
mixing cement, aggregate (coarse & fine) and 
water. 

Cement Aggregate Water 
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Use of Special Chemicals to Enhance 
Concrete Durability 

Consumption: 

In the world, “concrete” is 
the most heavily utilized 
material after water. 

1st : Water 
2nd : Concrete 
3rd : ……… 
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Concrete (man­
made stone) can be 
very durable. 

i.e.:- Pantheon in 
Rome is always a 
good example.It 
was erected about 
2000 years ago and 
still in good 
condition. 

Pantheon, Italy, Rome; 
118-35 A.D. 

CCConconconcrrreeetttee e PPPrrroducoducoduceeerrrsss’’ ’ AAAssssssococociiiaaatttiiionon on

UUsse e of of SSpepecciiaal l CChehemmiiccaalls s tto Eo Enhanhancnce e
CConconcrreette e DDururaabibilliitty y

EXTERNAL CAUSES: 
i.e. 
- Weathering 
- Chemical action 
- Wear 

INTERNAL CAUSES: 
i.e. 
- Alkali-aggregate reaction 
- Volume changes 
- Permeability & absorption 

In general, the factors adversely affecting durability can be classified 
into two aspects, which are ‘External causes’ and ‘Internal causes’. 

It can be: 
•Physical 

•Mechanical 

•Chemical 

CCConconconcrrreeetttee e PPPrrroducoducoduceeerrrsss’’ ’ AAAssssssococociiiaaatttiiionon on

      
 

      
 

 
   

     

    

  
 

 
 

 

   
 

     

  

  
   

 
 

 

   
  

  
 

 
  

   

   
   

 

      
 

      
 

   

Use of Special Chemicals to Enhance
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Use of Special Chemicals to Enhance 
Concrete Durability 

M
ultiple 

C
em

entitious 
M

aterials 

Multiple 
Aggregates 

Water 

and / or 

Admixtures 

Additives 

Materials Selection + Design + Performance Trials 

CCConcrete Producersoncrete Producersoncrete Producers’’’ AssociationAssociationAssociation 

Forward Control Immediate Control Retrospective Control 

Concrete in service is not as good as it 
should be or could be; 

It is NOT a Durable Concrete. 
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Use of Special Chemicals to Enhance 
Concrete Durability 

Appropriate cementitious 
materials Low C3A, MgO 
free lime, low Na2O & K2O 

Resistance to weathering & 
chemical 
•Low W/C ratio 
•Low permeability 
•Alkali-resistant aggregate 
•Suitable admixture 
•Others … 

Economy 
•Large maximum aggregate size 
•Appropriate slump 
•Minimum cement content – low W/C ratio 
•Admixtures 
•QA & QC 

Strength 
•Low W/C ratio 
•Good quality of paste 
•Optimal Cementitious content 
•Sound aggregate 
•Low air-content 

Resistance to wear deterioration 
•Low W/C ratio 
•Dense, homogenous concrete 
•High Strength 
•Wear-resisting aggregate 
•Good surface texture 

Concrete ProducersConcrete ProducersConcrete Producers’’’ AssociationAssociationAssociation 

Factors to be 
considered by a 

concrete designer 

Use of Special Chemicals to Enhance
Concrete Durability

Use of Special Chemicals to Enhance 
Concrete Durability 

Specifications: 
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Use of Special Chemicals to Enhance 
Concrete Durability 

In the specifications of Hong Kong, they 
generally involve factors such as: 

Standards for raw materials 
fl Minimum and/or maximum cementitious content 
fl Initial chloride content 
fl Placing temperature 
fl Limit on reactive alkali – i.e. Alkali-aggregate reaction 

(AAR) control 
fl Water to cementitious ratios 
fl …… 
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Use of Special Chemicals to Enhance 
Concrete Durability 

Tasks of the concrete producers/designers 
are : 

fl To decide the most economical and practical 
combination of readily available materials. 

fl To produce a concrete that will meet requirements 
as stated in the specifications. 
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Use of Special Chemical to Enhance 
Concrete Durability 
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CEMENTITIOUSCONTENTTOSTRENGTH 
RELATIONSHIPFOR75mmSLUMPCONCRETE 

FreeWaterContentperm3=190kg 
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Both strength (55.0 MPa vs 41.5 MPa) & 
cement content (345 kg vs 311 kg) are 

more than they should be. 

Grade 30 MPa 

Use of Special Chemicals to Enhance
Concrete Durability

Use of Special Chemicals to Enhance 
Concrete Durability 

DURABLE CONCRETE 

It should use: 
-Low cement content 
-Low free water content 

-Reduce shrinkage 

-Reduce heat development 

-Reduce potentially cost 
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Use of Special Chemicals to Enhance 
Concrete Durability 

Concrete ProducersConcrete ProducersConcrete Producers’’’ AssociationAssociationAssociation 

• Air Entraining Admixture; 

• Water-reducing Admixture; 

• Accelerating Admixture; 

• Waterproofing Admixture; 

• High-range Water Reducing Admixture; 

• Water-reducing and Retarding Admixture; 

• Shrinkage-reducing Admixture; 

• Corrosion Inhibitor Admixture; and 

• etc …………. 

Use of Special Chemicals to Enhance
Concrete Durability

Use of Special Chemicals to Enhance 
Concrete Durability 
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Polycarboxylate based admixture 

During the last few years, 
polycarboxylate based 

chemicals have become very 
popular to be used in concrete. 
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Use of Special Chemicals to Enhance 
Concrete Durability 

fl For example: 
Water reducer 

Lower W/C ratio 

Reduce permeability & reduce shrinkage cracking 

•Protect the concrete from aggressive chemical elements 

•Reduce the rate of carbonation; and 

•Extend the life of concrete 
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Use of Special Chemicals to Enhance 
Concrete Durability 

Lastly, I would like to say that: 

fl Concrete can be very durable, if it is correctly composed. 

fl Most likely, specifiers have governed the aspects of mix 
design process. 

fl Chemical admixtures help us: 
- to enhance concrete durability; and 
- to allow concrete to be used in challenging 
applications never before possible. 
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Use of Special Chemicals to Enhance 
Concrete Durability 

Following is the presentation of 
the CPA’s recent study 

on the 
“Use of Special Chemical to Enhance 

Concrete Durability” 
Delivered by Mr. Jaime Yeung 

Thank you 
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