
       
    

  
  

  

 

 

  

   
 

      

   

     
 

   

 
 
 

  
  

  

  
    

 
     

 
 

    

  

 

        
       

        
       

   

The Effect of Marine Environment on the 
Durability of CEDD’s Pier Structures 

Miki Funahashi, PE 
Corrpro Companies, Inc. 

West Chester, Pennsylvania 
USA 

Durability 

‹ Structural 

‹ Materials 

‹ Corrosion of Reinforcement 

Primary Factors Controlling 
Corrosion Process 

‹ Availability of oxygen in the corrosion 
process 

‹ Availability of water 

‹ Chloride ion concentration at the steel-
concrete interface 

Migration of Chloride Ions 

‹ W/C ratio 
‹ Concrete Resistivity 
‹ Concrete cover 
‹ Surface finishing 
‹ Degree of consolidation 
‹ Cracking of concrete 

Non-controlling Factors 
Migration Mechanism of Chloride Ions 

‹ Temperature 
‹ The chloride concentration on the 

concrete surface 
‹ Oxygen diffusion 
‹ Type of cation associated with

chloride. 
‹ Degree of curing 

W/C Ratio 

‹ Chloride diffusion rare is increased 4 to 5 
times with increasing w/c from 0.4 to 0.6. 

‹ From the concrete surface to 20 mm in 
depth, the w/c ratio is little impact because 
chloride penetrated by adsorption. 
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Chloride Diffusion by Temperature Effect 

7
"" "" 

C ‚‚‚‚ 44
"" "" 

C: 

Approx. eight times at w/c=0.4 

Approx. six times at w/c=0.6 

Chloride Diffusion by Associated Cation 

Na+ > K+ > Li+ > Ca++ > Mg++ 

Threshold for Corrosion 

‹ 0.025 - 0.03% (250 to 300 ppm) of chloride 
ion by weight of concrete. 

‹ 0.05% (500 ppm) in Hong Kong 

(CSI: 1990: Section 21) 

Diffusion of Chloride Ions 

‹ Migration of chloride ions in concrete can 
be reasonably represented by Fick’s 
diffusion law. 

‹ Fick’s law is that the diffusion flux is in 
proportion to the concentration gradient 
with distance. 

Fick’s Diffusion Second Law

 C/ t = D ·  22C/ x2 

C: Concentration 

t: Time elapsed 

x: Distance of chloride ion diffused 
from the surface 

Hung Hum Piers (Built in 1990) 

‹ Piers were constructed built by the 
conventional CED concrete 
specification. 

‹ The first repair was made after 
approx 8 years of the construction. 
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Hung Hom Pier (Deck) 
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Hung Hom Pier (Deck Soffit) at 12 years old 

Note: +3.8 m CD 

Avg. concrete 
cover 

Hung Hom Pier (Beam) 
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Hung Hom Pier (Beam) at 12 years old 

Note: +3.54 m CD 

Avg. concrete cover 

Hung Hom Pier (Pile Cap) 
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Hung Hom Pier (Pile Cap) at 12 years old 

Note: +2.25 m CD 

Avg. concrete cover 
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Pile Cap (+2.25 CD) 
Beam (+3.54 CD) 
Deck Soffit (+3.8 CD) 

Hong Hum Pier at 12 years old 
China Ferry Terminal (Built in 1988) 

‹ Piers were constructed built by the 
special provision of the CED concrete 
specification. 

‹ The design consulting claimed that the 
pier should be corrosion free for 100 
years. Therefore, there was no 
consideration for the maintenance or 
repair. 

Diffusion Coefficient 
Deck > Beam > Pile Cap 

China Ferry Terminal CFT (Beam) 
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CFT (Beam) at 15 years old 

Note: +3.3 m CD 

China Ferry Terminal, CFT (Pile Cap) 
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CFT (Pile Cap) at 15 years old 

Note: +2.3 m CD 
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Estimated Chloride Profiles with Time 
CFT (Pile Cap) 
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CFT (Beam) at 15 years old 

Pile Cap ( +2.3 m CD) 

Beam ( +3.3 m CD) 

CFT  vs  Hung  Hom  Pier  (Pile  Caps) CFT  vs.  HH  (Beams) 
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Diffusion Coefficient 
CFT > HH 

CFT ( +2.3 m CD) 

HH ( +2.25 m CD) 
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Diffusion Coefficient 
CFT > HH 

HH ( +3.5 m CD) 

CFT ( +3.3 m CD) 
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Cathodic Protection (CP) 

Cathodic Protection (CP) is the application 
of an small amount of direct electrical 
current (DC) to reinforcing steel embedded 
in concrete to control the corrosion. 

‹ When cathodic protection is applied to a 
corroding structure with conventional 
concrete repair, the structure is restored not 
only to the as-built condition, but also the 
cause of the deterioration (corrosion) is 
eliminated. 

‹ “Rehabilitation” with cathodic protection is 
considered as a long-term and cost effective 
(minimum life-cycle cost) solution to the 
corroding structure. 
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Types of CP Systems 

‹ Impressed Current (ICCP) 

‹ Sacrificial (Galvanic) 

TITANIUM RIBBON MESH 
SLOTTED CP SYSTEMS 

Slot System for Pile Cap Slot System for Deck Soffit 

Discrete Titanium Anode CP Systems 

Discrete anode using two 
titanium ribbon mesh anode 

Discrete titanium tubular 
mesh anode 

Discrete Anode System for Beams 
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Rectifier (Hong Kong) 

Galvanic Arc-Sprayed Al-Zn-In 
CORRSPRAYTM 

¢ Developed under a 
FHWA research 
contract 

¢ Al-20Zn-0.2In 
¢ Indium (In) used as 

activating agent 
¢ Installed over 30,000 m2 

during last 5 years. 

Arc spray gun 

Arc spray wire feed unit 

San Luis Pass Bridge 
CORRSPRAY installation 

San Luis Pass Bridge 
CORRSPRAY installation 
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San Luis Pass Bridge 
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Summary 

‹ Chloride migration mechanism of chloride ions 
into concrete is extremely complicated. 

‹ Many CEDD concrete structures have been 
prematurely corroding at much earlier ages 
than the design engineers expected. 

‹ To determine the actual performance of the 
concrete on chloride penetration, a field study is 
essential. 

Summary 

‹ CEDD identified that CP is the long-term cost 
effective rehabilitation method for corroding 
structures in Hong Kong. 

‹ The CP systems were successfully designed and 
installed on CEDD’s 5 ferry terminal piers in 
Hong Kong, and has been installing CFT and 
MFT. 
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