
     
  

 

  

 

   

      
 

   

   

   
   

      
 

   

   

      
 

      
 

   

      

    
    

  
       
 
       
 

     
     

  
 

    

      
 

   

      
 

   

     

   
     

    
  
    

USE OF SPECIAL CHEMICALS TO 
ENHANCE CONCRETE DURABILITY: 

PART II 

PRESENTED BY: 

JAIME YEUNG 
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Use of Special Chemical to Enhance 
Concrete Durability 
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SPECIFICATION FOR CONCRETE 
DURABILITY: 

fl Specification by Design Limitations 
fl Specification by Performance Requirements 

Use of Special Chemical to Enhance 
Concrete Durability 
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SPECIFICATION BY DESIGN 
LIMITATIONS: 

fl E.g.: Specification for Concrete Exposed to 
Marine Environment 

Use of Special Chemical to Enhance 
Concrete Durability 
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Specification for Reinforced Concrete in Marine 
Environment: 

• W/C shall not exceed 0.38 
• Cementitous Content shall be within 
380 – 450 kg/m3 

• PFA Replacement: 25 – 40% by mass of 
total Cementitious Centent 

• CSF Replacement: 5 – 10% by mass of 
total Cementitious Content 

• Minimum Characteristic Strength of the 
Concrete Mix shall be 45 MPa 

SPECIFICATION BY 
PERFORMANCE REQUIREMENTS: 

fl E.g.: MTRC Projects & Others 

Use of Special Chemical to Enhance 
Concrete Durability 

Concrete ProducersConcrete ProducersConcrete Producers’’’ AssociationAssociationAssociation 

Use of Special Chemical to Enhance 
Concrete Durability 

Concrete ProducersConcrete ProducersConcrete Producers’’’ AssociationAssociationAssociation 

Examples of Requirements for Local Projects: 

Rapid Chloride Permeability Test 
• MTRC: <1500 coulombs at 35 days 
• Tai O Development – Sheltered 
Boat Anchorage (CV/2002/09): 
1000 coulombs at 28 days 
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Use of Special Chemical to Enhance 
Concrete Durability 
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Foreign Experience in Using Minerals & Special Chemicals to 
Enhance Concrete Durability: 

• Silica Fume 
• PFA 
• Ground-granulated blast-furnace slag 
• Corrosion Inhibiting admixtures 
(e.g. Sodium benzoate, sodium 
nitrite, carboxylic acids, etc.) 

• AAR inhibitors (e.g. Lithium based 
admixtures) 

• Recycled latex paint to achieve higher 
flexural strength (improved ductility) 

• MANY MANY OTHERS 

How do these chemicals perform 
with local materials? 

Use of Special Chemical to Enhance 
Concrete Durability 
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Use of Special Chemical to Enhance 

Concrete Durability 

Alkali-Aggregate Reaction in 
Concrete 

° Total alkali in concrete 

° Potential Alkali 

Reactivity of Aggregates 

Concrete ProducersConcrete ProducersConcrete Producers’’’ AssociationAssociationAssociation 

Use of Special Chemical to Enhance 

Concrete Durability 

Potential Alkali Reactivity of Aggregates 
° Accelerated Mortar Bar Test (AMBT) – 

RILEM A – TC 106-2 

Concrete ProducersConcrete ProducersConcrete Producers’’’ AssociationAssociationAssociation 

° 14 days expansion in NaOH: 
(i) < 0.1%: Indicative of innocuous 

behaviour in most cases 
(ii) 0.1% - 0.2%: Inconclusive 
(iii) > 0.2%: Indicative of Potentially 

Deleterious expansion 

Use of Special Chemical to Enhance 

Concrete Durability 

ACI Research Results of Using Lithium-based 
Admixture in Concrete: 

° LiNO3 is able to mitigate AAR in 
concrete with reactive aggregates 

° No significant effect on other 
concrete properties 

° Permit the use of local, 
cost-effective aggregates 

° Increase the life span of 
concrete structures 

Concrete ProducersConcrete ProducersConcrete Producers’’’ AssociationAssociationAssociation 

Use of Special Chemical to Enhance 

Concrete Durability 

Investigation in the effect of LiNO3 on Local 
Materials: 

• Locally Available LiNO3 
chemical 

• Highly reactive aggregates 
from local source “A” & “B” 

Concrete ProducersConcrete ProducersConcrete Producers’’’ AssociationAssociationAssociation 
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Use of Special Chemical to Enhance 

Concrete Durability 

Concrete ProducersConcrete ProducersConcrete Producers’’’ AssociationAssociationAssociation 

Examples of Current Local Specification for 
AMBT 

• MTRC: <0.15% (modified 
Method of RILEM AAR-2) 

• Deep Bay Link: <0.15% 
(Test Method not Specified) 

Use of Special Chemical to Enhance 

Concrete Durability 
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75 %-­25 %-­
% Reduction in 

expansion 

InnocuousPotentially 
Reactive 

Potentially 
Reactive 

Potentially 
Reactive 

Classification 

0.069 %0.271 %0.295 %0.394 %14 days expansion 
in NaOH 

3%Nil2%Nil% of LiNO3
(Note) 

by Wt. of Ct. 

Reactive Agg. BReactive Agg. AAggregates for 
Test 

Note: Fully Crystallized LiNO3 is used 

The Ultra-accelerated Mortar Bar Test 
(Tested to RILEM A - TC 106-2) 

0.00 
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Control Mix 2% Lithium Nitrate 

Use of Special Chemical to Enhance 

Concrete Durability 
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The Ultra-accelerated Mortar Bar Test 
(Tested to RILEM A-TC 106-2) 

0.00 
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0.15 

0.20 
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Control Mix 3% Lithium Nitrate 

Use of Special Chemical to Enhance 

Concrete Durability 
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Use of Special Chemical to Enhance 

Concrete Durability 

Concrete ProducersConcrete ProducersConcrete Producers’’’ AssociationAssociationAssociation 

Findings: 

(i) LiNO3 is effective to 

combat AAR 

Findings: 

(ii) 2% of LiNO3 crystal is only 
able to lower down the 14-day 
expansion in NaOH of Reactive 
Aggregate from a local source 
“A” by 25%, Effect is obvious 
but a higher dosage should be 
tried. 

Use of Special Chemical to Enhance 

Concrete Durability 

Concrete ProducersConcrete ProducersConcrete Producers’’’ AssociationAssociationAssociation 
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Use of Special Chemical to Enhance 

Concrete Durability 
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Findings: 
(iii) When the % of LiNO3 crystal 

added reaches 3%, its 
capability of bringing down the 
14-day expansion in NaOH 
(reduction by 75%) becomes 
more significant. Test result for 
Reactive aggregates “B” shifted 
from “Reactive Zone” to 
“Innocuous Zone” 

Use of Special Chemical to Enhance 

Concrete Durability 

Concrete ProducersConcrete ProducersConcrete Producers’’’ AssociationAssociationAssociation 

Findings: 

(iv) The effective dosage of 
LiNO3 should be further 
evaluated by using LiNO3 
solution. 

Findings: 

(v) The commercial viability 
and environmental benefit 
of using LiNO3 admixture to 
mitigate AAR in concrete with 
local reactive aggregates 
should be studied 

Use of Special Chemical to Enhance 

Concrete Durability 

Concrete ProducersConcrete ProducersConcrete Producers’’’ AssociationAssociationAssociation 

Use of Special Chemical to Enhance
Concrete Durability

Concrete ProducersConcrete ProducersConcrete Producers’’’ AssociationAssociationAssociation

Use of Special Chemical to Enhance
Concrete Durability

Concrete ProducersConcrete ProducersConcrete Producers’’’ AssociationAssociationAssociation

Use of Special Chemical to Enhance 
Concrete Durability 

Concrete ProducersConcrete ProducersConcrete Producers’’’ AssociationAssociationAssociation 

Findings: 

(vi) Possibility of changing the 
specification to allow the 
addition of AAR inhibitors 
when assessing the alkali 
reactivity of aggregates? 

Use of Special Chemical to Enhance 

Concrete Durability 
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Resistivity of Concrete to Chloride Ingress 

Use of Special Chemical to Enhance 

Concrete Durability 

Concrete ProducersConcrete ProducersConcrete Producers’’’ AssociationAssociationAssociation 

Examples of Requirements for Local Projects: 

Rapid Chloride Permeability Test 
• MTRC: <1500 coulombs at 35 days 
• Tai O Development – Sheltered 
Boat Anchorage (CV/2002/09): 
1000 coulombs at 28 days 
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Use of Special Chemical to Enhance 

Concrete Durability 

Specification for Reinforced Concrete in Marine 
Environment: 

• W/C shall not exceed 0.38 
• Cementitous Content shall be within 
380 – 450 kg/m3 

• PFA Replacement: 25 – 40% by mass of 
total Cementitious Centent 

• CSF Replacement: 5 – 10% by mass of 
total Cementitious Content 

• Minimum Characteristic Strength of the 
Concrete Mix shall be 45 MPa 

Concrete ProducersConcrete ProducersConcrete Producers’’’ AssociationAssociationAssociation 

Use of Special Chemical to Enhance 

Concrete Durability 

Concrete ProducersConcrete ProducersConcrete Producers’’’ AssociationAssociationAssociation 

Some Advantages of Using CSF in Concrete 

• Denser Concrete 
• Better Resistance to Chloride 

Ingress 
• Strength Enhancement 

Use of Special Chemical to Enhance 

Concrete Durability 

Concrete ProducersConcrete ProducersConcrete Producers’’’ AssociationAssociationAssociation 

Some Practical Disadvantages of Using CSF in 
Concrete 

• Concrete becomes more sticky with 
low to medium slump (< 150 mm) 

• Faster Slump Loss with low to medium 
slump (< 150 mm) 

• Difficult to handle 
(production & environmental 
issues) 

Concrete ProducersConcrete ProducersConcrete Producers’’’ AssociationAssociationAssociation 

Use of Special Chemical to Enhance 

Concrete Durability 

Use of Latex Emulsion to Enhance 
the Resistivity of Concrete to 

Chloride Ingress 

Use of Special Chemical to Enhance

Concrete Durability

Concrete ProducersConcrete ProducersConcrete Producers’’’ AssociationAssociationAssociation

Use of Special Chemical to Enhance 

Concrete Durability 

Concrete ProducersConcrete ProducersConcrete Producers’’’ AssociationAssociationAssociation 

Latex Emulsion used: 

36% Methyl Styrene: 

C CH2 

CH3 

& 

64% Methyl Acrylate: 

CH2=CHCOOCH3 

Note: Diluted in Liquid form with 55% Solid Content 

Use of Special Chemical to Enhance 

Concrete Durability 

Concrete ProducersConcrete ProducersConcrete Producers’’’ AssociationAssociationAssociation 

Latex Emulsion has air entraining 
effect, therefore defoamer is also used 
in the concrete mix to reduce the air 
content back to a similar level as the 

control mix 
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Use of Special Chemical to Enhance 

Concrete Durability 
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Test adopted: 

Rapid Chloride Permeability Test 

(RCPT) 

Use of Special Chemical to Enhance 

Concrete Durability 

Concrete ProducersConcrete ProducersConcrete Producers’’’ AssociationAssociationAssociation 

570 
Coulombs 

66.5 MPa 

0.38 

0 

113 

337 

Test Mix with 15 lit. 
Latex 

308 
Coulombs 

RCPT Result 

70 MPaComp. Strength 

0.38W/C 

25CSF 

113PFA 

312OPC 

Marine EnvironmentConcrete Mix 

Concrete ProducersConcrete ProducersConcrete Producers’’’ AssociationAssociationAssociation 

Use of Special Chemical to Enhance 

Concrete Durability 

Findings: 

(i) Latex Emulsion is effective to achieve 
similar performance in the resistance to 
Chloride Ingress as that of CSF 

Concrete ProducersConcrete ProducersConcrete Producers’’’ AssociationAssociationAssociation 

Use of Special Chemical to Enhance 

Concrete Durability 

Findings: 

(ii) The compressive strength of concrete using 
latex emulsion has slightly dropped comparing 
with the control mix using CSF. However, the 
resulted concrete strength is still far above that 
required 

Findings: 

(iii) The concrete using Latex Emulsion in lieu of 
CSF is found to be more workable in terms of 
fluidity even at the same slump level 

Concrete ProducersConcrete ProducersConcrete Producers’’’ AssociationAssociationAssociation 

Use of Special Chemical to Enhance 

Concrete Durability 

Concrete ProducersConcrete ProducersConcrete Producers’’’ AssociationAssociationAssociation 

Use of Special Chemical to Enhance 

Concrete Durability 

Findings: 

(iv) A higher design slump is also required for 
concrete mix using latex emulsion for a 
better slump retention 
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Use of Special Chemical to Enhance 

Concrete Durability 

Findings: 

(v) The handling of latex emulsion (liquid form) 
in mass production is found to be much easier 
than CSF (powder or slurry form) 

Findings: 

(vi) Latex emulsion has less risk to induce impact 
on workers’ health when compared with CSF 
(powder form) 

Concrete ProducersConcrete ProducersConcrete Producers’’’ AssociationAssociationAssociation 

Use of Special Chemical to Enhance 

Concrete Durability 

Findings: 

(vii) The commercial viability of using latex 
emulsion has to be studied on the whole 
(material, handling & environmental costs, 
etc.) when compared with CSF 

Concrete ProducersConcrete ProducersConcrete Producers’’’ AssociationAssociationAssociation 

Use of Special Chemical to Enhance 

Concrete Durability 
Members of CPA wishes you all a prosperous 

Year of Chicken 
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