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Protection of reinforcement bars in concrete 

 
 
The problem of concrete cracking  
 
In the second half of the 21st century, the construction and building sector was characterised 
by a concrete-craze that assumed vast proportions in all continents. At the same time the 
technique of reinforcing the concrete with steel bars or rebars was developed. In the 
beginning people did not realise that these steel bars would cause such major problems after 
only a short period of time. Due to the formation of rust, the steel bars began to expand and 
the concrete began to crack, which led to gigantic safety problems.  
 
During the last decennia the rebars have been protected by means of traditional anti-corrosion 
systems, such as hot-dip galvanisation. Indeed, if a rebar is protected against corrosion, then 
the concrete will remain safe and sound for 30 years before inspection is necessary. But a new 
and better solution is now on the market : the ZINGA film galvanising system will prolong 
the initial lifetime of the concrete to at least 100 years.  
 
The mechanism of concrete cracking due to corrosion 
 
The highly alkaline conditions inside concrete provide a passivating environment for the 
reinforcement bars. A thin layer of oxides forms on the steel surface. This oxide layer is 
stable in the alkali rich solution and protects the steel against further corrosion. The steel is 
unlikely to rust as long as the passivating conditions remain at a pH of 10.  
 
Well compacted concrete and an adequate protection of the rebars also provide a physical 
barrier against corrosion by reducing the penetration of atmospheric carbon dioxide (CO2), 
oxygen and moisture. (These 3 elements initiate and sustain corrosion reactions.) 
 
Passivation can be destroyed due to a reduction in alkalinity. This can have various causes :  
- infiltration of atmospheric carbon dioxide (CO2) (carbonation)  
- infiltration of sulphur dioxide (SO2) in industrial climates 
- infiltration of aggressive chloride ions in marine environments 
- infiltration of de-icing salts sprayed on the concrete surface of roads in winter 
 
The rust can form up to 2 times the volume of the initial steel and can cause cracking of the 
concrete or even the complete destruction of it. 
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Developments in anti-corrosion protection of rebars 
 
Over the years, people have tried to protect concrete from cracking in several ways :  
- by making a better compacted concrete 
- by adding corrosion inhibitors to the concrete 
- by active and passive protection of the rebars 
 
The first type of protection that was used on rebars was paint. But coating rebars with an 
ordinary paint is of course no solution for the corrosion of the rebars. Very few paints sustain 
the high pH of fresh concrete (approx. pH 13). Moreover, a paint coating is porous. 
Penetration of moisture and oxygen can not be prohibited.  
 
The second solution was hot-dip galvanisation, but this is still far from perfect. Cracks caused 
by the bending of the rebars, can easily destroy the galvanising layer. Another problem is that 
hot-dip galvanised rebars do not provide enough adhesion for the concrete. Moreover, the 
rebars need to be galvanised in a specialised workshop, equipped with a galvanising bath, 
which means that the rebars have to be restricted in size. This will cost time and money due to 
the distance and the transport to this galvanising workshop, which can be very expensive in 
some parts of the world. 
 
The latest developments in the attempts to protect rebars against corrosion, prove to be 
ineffective as well. In North America, reinforcing concrete can be done with rebars made out 
of polypropylene, which is very expensive. This is still not a good solution because 
polypropylene does not provide an adequate adhesion for the concrete. In Germany a steel 
laminating plant will offer you stainless reinforcing steel (at a very high price of course). Here 
also there is a problem of adhesion with the concrete. Moreover, bending a stainless steel 
rebar is practically impossible without cracking. 
 
The protection of rebars with ZINGA 
 
In comparison with all other methods of protection that have been tried out on reinforcing 
steel, a thin layer of ZINGA (approx. 40 µm) provides the best protection at a very low and 
cost effective price. 
 
ZINGA is a single-pack zinc coating that is easy to apply by brush, roller, spraying or dipping 
under any atmospheric condition. It offers a better cathodic protection than hot-dip 
galvanisation. This was proven in Europe, in the USA and in Asia, both in laboratory and in 
field testing. A dry ZINGA layer consists of 96% zinc, pure to 99.995% and homogeneously 
dispersed throughout the layer. 
 
The surface preparation of new rebars should be done by blasting to cleanliness degree SA 
2.5 and roughness degree Ra 12.5 µm. For repair of already rusted rebars, the rust should be 
removed by means of a steel brush, a needle hammer or high pressure water jetting (100 bars 
to 200 bars). 
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A ZINGA layer is flexible and compressible and will not crack or be damaged by bending the 
rebars. This is surely an important aspect in view of the fact that rebars are generally very 
roughly manipulated. Moreover, ZINGA offers a good adhesion to the concrete. 
 
The drying time of ZINGA before the contact with the concrete is very short (approx. 15 
min.). As soon as ZINGA is touch dry, the concrete can be cast. From the moment that the 
fresh concrete encapsulates the reinforcing steel protected by a ZINGA layer, some oxidation 
of the ZINGA layer will occur (due to the pH of the fresh concrete), which will have the 
following consequences : 
- Zinc salts are formed on the surface of the coating. They will seal off the ZINGA layer 

completely, thus providing an additional barrier protection. 
- The zinc salts will roughen the ZINGA surface. This will provide an even better adhesion 

for the concrete. 
 
Extensive testing at the University of Gent (Belgium) has confirmed these unique qualities of 
ZINGA to protect rebars in concrete.  
 
Resumed advantages of ZINGA 
 
- ZINGA will offer an active cathodic protection to the rebars, equally effective as hot-dip 

galvanisation. 
- ZINGA will provide an additional barrier protection to the rebars, due to the zinc salts on 

the surface.  
- ZINGA is flexible and will not be damaged when the rebars are bended or handled 

roughly.  
- ZINGA is easy to apply by brush, roll, dipping  or spraying.  
- ZINGA has a quick drying time.  
- ZINGA can be applied in humid circumstances. 
- Welding is possible on top of ZINGA.  
- ZINGA can be used for the protection of new rebars as well as for the repair of old rebars.  
- ZINGA can be touched up easily. A new layer will reliquify the old layer and the 2 layers 

will blend together to one homogeneous ZINGA layer. 
- ZINGA offers a good adhesion to concrete. ZINGA passed the pull-out test according to 

the standard RILEM/CEB/FIP Rec. RC6-1978. 
 
 
Conclusion 

ZINGA will protect the rebars, and consequently the concrete, 
for a period of 100 years. 
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National Iranian Gas Company - Rebars - Iran  
 
Chongqing Water Turbine Works - Rebars - China  
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Building with Rebars - Russia

System : 
ZINGA 1 x 40 µm

In March 2002 ZINGA 
was applied on rebars
to reinforce the walls of
a large building in 
Russia. 

These pictures were
taken during the
ZINGA application in 
the work shop and
during the construction 
of the building.

www.zinga.be
Ref. RU-RE-Building-EN-07/02/03 p. 1/1



National Iranian Gas Company - Rebars - Iran

In December 2001 the National Iranian Gas 
Company has used ZINGA for the protection 
on rebars to reinforce the concrete walls of 
large round containers, during the 
construction of a sulphur export port in the 
special industry zone in Assaluyeh. 

For the application of ZINGA they used a 
specially designed spraying machine for 
rebars. 

System : 
ZINGA 1 x 40 µm

www.zinga.be
Ref. IR-RE-PE-NIGC-EN-07/02/03 p. 1/2
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Chongqing Water Turbine Works Company
Contractor - Rebars - China

System : 

Rebars : 
ZINGA 1 x 40 µm

Other structures :
ZINGA 2 x 50 µm

The company Chongqing Water Turbine Works (CWTW) is one of the main 
contractors for the construction of the Chongqing Monorail. The CWTW has applied
ZINGA with satisfactory results on the rebars of the beam supports, directing splitter 
tracks and connecting plates. These pictures were taken on 16/04/02.

www.zinga.be
Ref. CN-RE-RW-CWTW-EN-22/05/03 p. 1/1
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Reports of laboratory tests 
 
Pull-out test on rebars - Belgium  
University of Gent, 09/09/99 
Report concerning the pull-out tests on rebars in concrete : comparison between uncoated 
rebars and rebars protected with ZINGA. 
 
Test on rebars - Russia  
National Research and Scientific Laboratory for Modified Concrete, 28/06/02 
Report concerning the different tests on rebars in concrete protected with ZINGA. (Report in 
Russian with English translation).  
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National Research and Scientific Laboratory for  
Modified Concrete 

Zinga on reinforcing structures in concrete 
Report nr. 378/02 dated 28/06/02 

 
Concerning the application of Zinga on reinforcing structures in concrete, we are glad to 
inform you that all testing results are positive and correspond to the required national 
standards. 

 
 
 

№ Quality specification Testing procedure 
regulations  

Actual test 
results 

1 One layer thickness of the coating applied by 
brush, µm 

GOST 51694 21 µm 

2 Impact resistance, cm GOST 4765 50 cm 
3 Film hardness measured with pendulum 

device M-3, conv. units 
GOST 5233 0.41 units 

4 Adhesion test per cross-cut between coating 
and steel surface, pts 

GOST 15140 1 pts 

5 Bond strength between concrete and steel, 
kN: 

Testing procedure of 
the National Research 

 

 1. After steaming and Scientific   
 1.1 samples with Zinga coated bars: Laboratory for  
  - plain bars Modified Concrete 40.5 kN 
  - knurled bars  94.6 kN 
 1.2 testing samples with uncoated bars:   
  - plain bars  42.1 kN 
  - knurled bars  96.2 kN 
 2. After 28 days of concrete maturing under 

normal humidity conditions 
  

 2.1 samples with Zinga coated bars:   
  - plain bars  50.2 kN 
  - knurled bars  117.6 kN 
 2.2 testing samples with uncoated bars:   
  - plain bars  52.2 kN 
  - knurled bars  122.3 kN 
 3. Reduction of bond strength between 

concrete and steel due to the coating and 
after steaming, % 

  

  - plain bars  3.9 % 
  - knurled bars  1.7 % 
 4. Reduction of bond strength between 

concrete and steel after concrete maturing 
under normal humidity, % 

  

  - plain bars  4.0 % 
  - knurled bars  4.0 % 
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6 Protective features of the coating (solution 
index – 37, endurance time – 0.5 min, for 
zinc solution the colour of the drop should 
not be changed to black) 

GOST 9.302 p.6 table 
12 

the drop 
colour is blue 

7 Coating stability under weathering factors 
(from +70°C to -30°C), cycles 

GOST 9/401 75 cycles 

8 1. The resistance of coated and concrete 
embedded reinforcement to temperature 
(+95°C) and high humidity (90-96%) 
(hydrothermal treatment of reinforced 
concrete) 

 No steel 
corrosion, 
homogeneity 
or continuity 
disturbances 
are observed 

 2. Adhesion between the coating and 
reinforcement after hydrothermal treatment, 
pts 

Testing procedure of 
the National research 
and Scientific 
laboratory for 
Modified Concrete 

1 pts 

9 Coating resistance to highly corrosive 
environment, hrs 

GOST 9.403 p.2.4.6  

 - 3% solution of NaCl (pH = 6.95)  48 hrs 
 - 1% solution of NaOH (pH = 9.88)  48 hrs 
 - 5% solution of Na2SO4 (pH = 7.44)  48 hrs 
 - petroleum oil  48 hrs 
 - petroleum  48 hrs 
 - sulphuric acid solution with pH=6.0; 

pH=5.5; pH=4.5; pH=3.5 
 48 hrs 

 
Notice:  
 
Anti-corrosive product Zinga was applied by brush on a degreased and treated surface. The 
coating thickness was 40-50 µm. The testing procedure for temperature and humidity 
resistance of the coating and for the adhesion with the reinforcing bars was conducted on 
concrete sampling cubes. The diameter of a reinforcing bar was 16 mm. The composition of 
the concrete used for testing the bond strength as well as temperature and humidity resistance 
was the following: cement M500 DО : 350 kg, crushed stone : 1130 kg, sand : 820 kg, 
water : 170 l, heat treatment condition : 2+3+16+3. Exothermal heating temperature was 
95°C, humidity : 95%. The bond strength between concrete and bars was tested after steaming 
and 28 days of concrete maturing under normal humidity. 
 
Conclusions:  
 
Impact resistance is over 50 cm. Hardness measured with pendulum device M-3 is 0.41 units. 
Adhesion corresponds to 1. Coating stability under weathering conditions was checked 
through 75 freezing/thawing cycles without reduction in adhesion or changing in appearance 
and protection properties. The testing results of protection properties of the coating meet the 
requirements of GOST 9.302p.6 (national standard). Anticorrosive coating is stable under the 
temperature and humidity conditions while being tested in concrete. The reduction of bond 
strength between concrete and Zinga-coated bars by 4% is not big and within the measuring 
allowances. 
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