&INGA

APPLICATIONS
ON REBARS

FILM GALVANISATION — ZINGANISATION — FILM GALVANISATION — ZINGANISATION — FILM GALVANISATION — ZINGANISATION

&INGAMETALL Tel :+32/9/385.68.81  www.zinga.be
Rozenstraat 4, 9810 Eke, Belgium Fax : +32/9/385.58.69 zingametall@zinga.be



Ref. : ZINGA algemeen/Rebars/Rebars/SD-21/02/03, p. 1/3

Protection of reinforcement bars in concrete

The problem of concrete cracking

In the second half of the 21% 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 (CO,),
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 (CO;) (carbonation)

- infiltration of sulphur dioxide (SO;) 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 um) 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 pm. 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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Protection of rebars in concrete

References
Building with Rebars - Russia
National Iranian Gas Company - Rebars - Iran

Chongqing Water Turbine Works - Rebars - China
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Building with Rebars - Russia

System :
ZINGA

1 x40 ym

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

2002/ 3/ 4

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.

p. 11 ZINGA



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 x40 uym

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

———

Rebars :
ZINGA 1 x40 um

Other structures :
ZINGA 2 x50 um

The company Chongqging Water Turbine Works (CWTW) is one of the main
contractors for the construction of the Chongqging 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 ZINGA
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Protection of rebars in concrete

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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FACULTEIT TOEGEPASTE WETENSCHAPPEN

UNIVERSITEIT

GENT MECHANISCHE CONSTRUCTIE EN PRODUCTIE
CEL CORROSIE
Prof. dr. ir. J. Defrancq

Datum
25 augustus 1999

Report concerning the pull-out test performed on uncoated and Zinga coated rebars for

Our File nr: LS/154/180899/Z.M.W

1. Problem:

At the request of Mr. G. WILLEMOT, Zingametall, Eke, Belgium, the Laboratory Soete for Strength
of Materials, Corrosion Department, applied for a pull-out test on non coated and Zinga coated
rebars.

- St. Pietersnieuwstraat 41, B-9000 Gent Belgium UNIVERSITEIT
tel. + 32 (0)9 2643264 » fax + 32 (0)9 2237326 * e-mail : Jacques.Defrancq@rug.ac.be GENT



2. Materials:

Three rebars with enhanced adherence 1=1000 mm ¢ =18 mm

One rebar is embedded in concrete in the uncoated condition.

Two rebars were first coated with a Zinga coating of 25 pm over a length of 500 mm and
subsequently, after 72 hours of drying time, embedded in concrete.

3. Procedure:

The pull out test was performed in accordance with the specifications of the RILEM/CEB/FIP
Recommendation RC6-1978 “ Bond test reinforcing steel - 2. Pull-out test ©

The rebars were embedded in the centre of concrete cubes with side equal to 10 times the
diameter of the rebar. A plastic tube is slipped over the rebar in such a way that only 90 mm of
the rebar is in contact with the concrete. The rebar protrudes for about 100 mm on the side where
it is in contact with the concrete. The displacement transmitter is also mounted on this side. On
the other side of the cube, the rebar protrudes for about 700 mm and the traction force is applied
to this side of the rebar.

Together with the three rebar test specimens, five concrete cylinders were manufactured ( ¢ =
150 mm h = 300 mm ). These cylinders are needed for the evaluation of the concrete strength,
which should approximate 30 N / mm® as close as possible.

The specimens were kept for three days in an air conditioned room at 20 + 2°C and minimum

90% relative humidity. After removal of the shuttering, they were kept in an air conditioned
room at 20 + 2°C and 60 = 5 % relative humidity.

After 28 days cure, the pull-out test was performed.
4. Results

4.1. Compression of the cylinders:

The results of the compression test are given in the following table:



Specimen Compressive strength
N/ mm®

1 30,81

2 305

3 31,03

4 30,13
________“__ES ________ 30,02 |
__Mean B ) 3_0_,5 ________

Standard deviation 0,43

4.2. Pull-out test

The results of the pull-out test are given in figure 1. The measurement was stopped at the moment
the maximum force was applied and the displacement increases with decreasing force, this in
order to protect the transmitter.

The adhesion force is calculated by the means of the following formula:

e B3 N
5w d* L, mm?
Whereby:
F: maximum force ( N )
d: diameter of the rebar ( 18 mm )
9 mean compressive strength of the cylinders ( N/mm?)
The mean values are summarised in the table below:
Specimen F T
(N) ( N/mm? )
Reference 97.800 18,90
Zinga Average 88.115 17,03




5. Conclusion:

The results indicate that, within a reasonable variation on the results of the measurements, the

adhesion to concrete of rebars coated with Zinga is not adversely affected compared to the
adhesion of non coated rebars.

Ghent, August 25 ™ 1999
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PE3VIILTATHI UCTIBLIT AHHUIA

Tadbmma 3
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Ne | HamMenoBanue obhekTa Howmep Howmep rr};:»n(’ra_'F .H_OPMITPOEH axTIdecKoe sHaYeHIe
n/n WCTILITAHMEL, TIOKA3aTellH, nyrkTa HT, HIL HHOE 3Ha- roKasaTeneH A Kamioro
TeXHHYEeCKHe TpeOOBaHNA M | YCTAHABNHBA | YCTAHABIHBAIO | YCHHE T1O- odpasiia
T.IL IOIIero ero MeTol | KkasareneH,
TpeGOBAHMS | WCTIMTAHWH | VCTAHOBIL. B |
| | xmponys | HIL _

8 | VCTOIUMBOCTS MOKPHITHS K Meropxa Koppo3sun meraiia, l
BO3ZCHCTBHIO TeMITEpa- OHHJII Mb HApYIICHHS OJHOPOJHOCTH, |
TYpHI (+95 0C) H [OBBITIEH- CTUIOTITHOCTH TIOKPBITHSA
HOiT BAaxHOCTH 90-96%. He 0DHapyKeHO

| AZresHs MOKPBITHA MOCTC -.
HCITBITAHEIL, OaJjul | 1 1 1 1
9 | VcToHuMBOCTH K . roct |
arpecCHBHBIM CPE/laM: r 9.403 '
3% p-p NaCl (pH-6,93) : | 1m.2.4.6 Alll A3l
1% p-p NaOH (pH-9,88) i AJl1 A3l
5% p-p Na;SO, (pH-7.44) A1l A3l
- MMHEPAJIbHOS Macio | '_ AHl A3l ,
- HedTH AJll A31 |
- p-p CepHOIl KHCIOTHI ¢ ‘
pH6,0; 5.5; 45; 3,5 | Al A3l |

TIpumeuarie: AHTHKOPPO3HOHHOE TOKPBITHE «Zinga» HAHOCHIACh KHCTHIO HA 3a4HITICHHYIO 1
00EKUPEHHYIO pacTBopHTeIeM «Zingasolv» nosepxtocth. TommHa caos MOKpeITHA coctapimna 40-50
MKM. OnpeeeHHe YCTOIMHBOCTH TOKPBITHA K BO3/ACHCTBHIO TEMIIEPATYPbl H IMOBBIINCHHON BJIAKHOCTH
M MPOYHOCTH CUCIUICHHS ¢ apMaTypoil MPOH3BOMINCH Ha OCTOHHBIX 00pa3lax-TPH3MAX COTIACHO
pucyHka 1ip.1. Jlmamerp apmaryphoro crepikus 16 MM, Cocra OeToHa UIs ONPEACICHHA MMPOMHOCTH
CLICIUICHHSA M VCTOMYHBOCTH K BO3/ICHCTBHIO TEMIIEPATYPBI M BJIaKHOCTH: HieMeHT M 500 J1 0 — 350 kr,
niebeHs — 1130 kr, niecok 820 kr, soma — 170 1. Pexkum Tteruiooit obpabotku  — 2+3+16+3.
Temmneparypa 3K30TepMHYecKoro mporpesa 95 °C, saaxHocth 95 %. IlpouHocTs clieTuleHHS OeTOHA ©
apMaTypoil onpejie/isiachk [0cae NPOMApHBaHHs W B BO3pacte 28 CYTOK HOPMaJbHO-BABKHOCTHOTO
TBepeHis. [locie onpe/ie/eHHs NPOYHOCTH CIETUIEHHS apMaTYPHBIC CTEPKHH M3BICKAICH H3 DCTOHA H
ocMaTpuBaIHch. OIEHHBAIOCH COCTOSHIE AaHTHKOPPO3HOHHOIO ITOKPBITHI H NOBCPXHOCTH METaILIA.

ZAKJIIOYEHHWE: TomnuHa rUleHKH aAHTHKOPPO3HOHHOTO TIOKPBLITHSI  «Zingay»
HAHECEHHOro B ojiuH ¢Jiod cocrapisier 21 Mku. [Ipounocts nokpeiTusi 1ipu yaape 6Gojee
50 cm. TBepaocth 1o MasTHHKOBOMY npubopy M-3 — 0.41 en. Aaresusi cooTBeTCTBYET
G6amty 1. YeToMurBOCTH MOKPHITHS K BO3IEHCTBHIO KIIMMAaTUUIECKUX (DaKTOPOB COCTaBIIsIeT
Hojee 75 MAKIOB MONEPEMEHHOTO 3aMOpaXMBAHUs U OTTaWBaHus 0e3 CHHUKEHHS are3HH
M M3MEHEHHsI JIEKOPATHBHBIX M 3allUTHBIX CBOWCTB. KOHTpOJIb 3alllUTHBIX CBOWCTB
nokpeIThs viaoBaeTBopsier TpeSoBanusm ['OCT 9.302 1n1.6. AHTHKOPPO3HOHHOE MOKPBITHE
VCTOWYMBO K BO3ICHCTBHIO TEMIIEpATYphl M BJAAXKHOCTH NIPU Ucnibitanuu B Getone. [loreps
NPOUHOCTH CIEIIEHHsE 00paboTAHHOM aHTMKOPPO3MOHHBIM TOKPBITHEM  «Zinga»
apmatypst coctasiset 1.7 % u 4.0 % a1 apmaTypsl nepyodeckoro npoduis, 3.9 % u
4.0 % nns rnagkol apMaTypbl Mocje MPONapHBaHUs K M1OC/E HOPMaIbHO-BJIAXHOCTHOTO
TBep/ieHust B TeueHnH 28 cyTok. CHMKeHUe NPOYHOCTH cuenienus Ha 4.0 % sBasercs
HE3HAUUTEILHBIM, B HAXOAUTCS B TIpesienax j NOTPEHIHOCTH U3MEPEHHH.
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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.

Ne Quality specification Testing procedure | Actual test
regulations results

1 | One layer thickness of the coating applied by | GOST 51694 21 pm
brush, um

2 | Impact resistance, cm GOST 4765 50 cm

3 | Film hardness measured with pendulum | GOST 5233 0.41 units
device M-3, conv. units

4 | Adhesion test per cross-cut between coating | GOST 15140 1 pts

and steel surface, pts

5 | Bond strength between concrete and steel, | Testing procedure of

kN: 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 kKN
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 39%

- 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 | GOST 9.302 p.6 table | the drop

index — 37, endurance time — 0.5 min, for | 12 colour is blue
zinc solution the colour of the drop should
not be changed to black)

7 | Coating stability under weathering factors | GOST 9/401 75 cycles
(from +70°C to -30°C), cycles

8 | 1. The resistance of coated and concrete No steel
embedded reinforcement to temperature corrosion,
(+95°C) and high humidity (90-96%) homogeneity
(hydrothermal treatment of reinforced or continuity
concrete) disturbances

are observed

2. Adhesion between the coating and | Testing procedure of | 1 pts
reinforcement after hydrothermal treatment, | the National research
pts and Scientific
laboratory for
Modified Concrete

9 | Coating resistance to highly corrosive | GOST 9.403 p.2.4.6
environment, hrs

- 3% solution of NaCl (pH = 6.95) 48 hrs
- 1% solution of NaOH (pH = 9.88) 48 hrs
- 5% solution of Na,SO4 (pH = 7.44) 48 hrs
- petroleum oil 48 hrs
- petroleum 48 hrs
- sulphuric acid solution with pH=6.0; 48 hrs

pH=5.5; pH=4.5; pH=3.5

Notice:

Anti-corrosive product Zinga was applied by brush on a degreased and treated surface. The
coating thickness was 40-50 pum. 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 DO : 350 kg, crushed stone : 1130 kg, sand : 820 kg,
water : 170 1, 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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