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EXAMINATION OF THE INFLUENCE OF TENSILE STRESS
ON CORROSION RATE OF REINFORCING STEEL COVERED
WITH POLYMERIC SULPHURIC COATING

In paper presents investigation results of corrosio rate for steel reinforcement bars that have beerovered with poly-
mer coating and have been exposed to tensile stressn a solution simulating pore-liquid of concreteExperimental investi-
gation of tendencies that occur during corrosion pocess of reinforcing steel covered with polymer andxposed to tensile
stress has been attempted. To determine an effedt tensile stress on corrosion rate for St3S-b steéhat has been covered
with sulphuric coating and exposed to aqueous enwinment that was to simulate pore-liquid of concreteontaminated with
chloride ions was an aim of the investigation. Theamples underwent loading in an one-axial state dhe stress including
varied values of tensile stress, at the same timercosion rate was determined potentiostaticaly. P@ntiostatic investigation
has been carried out in order to determine paramets describing corrosion rate of samples tested. Carsion rate for the
steel has decreased by orders of magnitude when eogd with protective coating even though this latesbecame unseal at
load exceeding. A small decrease of corrosion rakes been found for the steel that has not been coed with polymer coat-
ing when placed in model pore-liquid of concrete ath exposed to tensile stress increasing. The aim iofestigation that has
been led was to evaluate tendencies of the corrosiprocess for St3S-b reinforcing steel when coveredith polymer sul-
phuric coating and exposed to tensile stress. Stesdmples were loaded in a way that their yield pots were much exceeded;
in the same time these samples were exposed to ai@n of the solution the composition of which isimilar to that of pore-
liquid of concrete is and additionally contaminatedwith chloride ions (pH = 9.14). The composition 3d was as follows:
-0.015M NaHCQO; + 0.005M NaCOs3 + 0.001M NaCl. Corrosion rate for the steel has deeased by 2-3 orders of magnitude
when covered with protective coating even though th latest became unseal at load exceeding 88.5 MPa.
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BADANIE WPLYWU NAPREZEN ROZCIAGAJACYCH NA INTENSYWNOSC PROCESOW
KOROZJI STALI ZBROJENIOWEJ POKRYTEJ POLIMEROWYM
KOMPOZYTEM SIARKOWYM

Przedstawiono rezultaty bada polaryzacyjnych pretéw zbrojeniowych rozciaganych, pokrytych warstwa polimerowego
kompozytu siarkowego, umieszczonych w modelowym rtveorze odwzorowujacym ciecz porov betonu skarbonatyzowane-
go, skazonego jonami chlorkowymi. Dazac do okreSlenia tendencji wysepujacej w procesie korozji stali zbrojeniowej pokry-
tej powloka polimerowa wskutek dziatania naprezen rozciagajacych, przeprowadzono badania eksperymentalne. Celeba-
dan byto okreslenie wptywu naprezen rozciggajacych na szybkdéé korozji stali zbrojeniowej gatunku St3S-b pokrytej poli-
merowa powloka siarkowa w srodowisku wodnym odwzorowujacym ciecz porova betonu skazonego jonami chlorku. Probki
obcigzano w jednoosiowym stanie napgzenia, uwzgkdniajac zmienne wartgci sity rozciggajacej, natomiast szybkéé¢ proce-
su korozyjnego okrélono na podstawie badé potencjostatycznych. Podczas badaokreslono szybkaé korozji stali zbroje-
niowej niepokrytej warstwa polimerowego kompozytu siarkowego, znajdujcej sie w modelowej cieczy porowej betonu pod
wplywem wzrastajacych naprezen rozciagajacych, a nasgpnie stwierdzono kilka rzgdéw mniejsze szybkéci korozji po za-
bezpieczeniu stali warstw polimerowego kompozytu siarkowego. Przeprowadzoneadania miaty na celu oszacowanie ten-
dencji przebiegu proceséw korozyjnych stali zbrojefowej gatunku St3S-b pokrytej polimerowymi powtokam siarkowymi
pod wplywem dziatania naprzen rozciagajacych. Probki stalowe obcizono sitami powoducymi znaczne przekroczenie ich
granicy sprezystosci oraz poddano dziataniu modelowego roztworu zhtonego sktadem do cieczy porowej betonu skarbona-
tyzowanego i skaonego dodatkowo jonami chlorku (pH = 9,14), o skiade: 0,015 M NaHCQ + 0,005 M NaCO; + 0,001 M
NaCl. W niniejszych badaniach zaobserwowano niewikke zmniejszenie s szybkasci korozji stali zbrojeniowej niepokrytej
powtoka polimerowa,\ w modelowej cieczy porowej betonu pod wplywem wastajacych naprezen rozciggajacych, a o 2 do 3
rzedow mniejsze szybkéci korozji po naniesieniu na stal powtoki ochronnej pomimo jej rozszczelnienia, przy obejzeniu
powyzej 88,5 MPa.

Stowa kluczowe: korozja, stal zbrojeniowa, naprezenia rozciagajace, polimerowy kompozyt siarkowy, badania polaryzagjne
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INTRODUCTION

Some specific environments with varied corrosivitypeen carried out in order to determine parameters d
occur in agriculture and in food- and beveragescribing corrosion rate of samples tested. Corrosibe
industries. Soil with varied composition, structumed for the steel has decreased by orders of magnithea
corrosivity, fertilizers, organic environment ofvéi covered with protective coating even though thisdt
stock buildings, and the atmosphere of chemicaisad became unseal at load exceeding. A small decrefase o
tries manufacturing plant protectives and fertitizare corrosion rate has been found for the steel thatrioa
among the most significant. As far as constructimtle been covered with polymer coating when placed in
of reinforced concrete is concerned the corrosivity model pore-liquid of concrete and exposed to tensil
live-stock building environment is much higher tharstress increasing. The aim of investigation thateen
that typical for rural one and it may be compaeethtt led was to evaluate tendencies of the corrosionga®
of atmosphere of chemical industry [1-3]. It depeod for St3S-b reinforcing steel when covered with pugy
humidity [4, 5] and on concentration of compound§ulphuric coating and exposed to tensile stressel St
which make electrical conductivity of the condersat Samples were loaded in a way that their yield point
increase and react chemically with after that thaye Were much exceeded; in the same time these samples
dissolved in it. were exposed to an action of the solution the c@irpo

There are several ways possible of protecting ferr§on of which is similar to that of pore-liquid obncrete
concrete constructions: pre-galvanizing steel, ngm's and additionally contaminated with chloride ions
alloy steel, cathodic protection, electrochemiodtae- Samples of St3S-b reinforcing steel covered with
tion of chlorides, re-alkalizing carbonated conergg- Sulfuric coating of 0.5 and 1.5 mm of thickness éav
10]. Protective coating, if needed, can be usedrée Undergone investigation. The samples have beem take
vent corrosion of reinforcing steel, e.g. when cete  from rods with 10 mm of diameter. A measurement
lagging may not to be tight, too thin or none, amc POSItion that had been specially prepared for mﬂt
necting parts of precast concrete units. Sulfuntyp POS€ was used. It enabled to load axially sampléshw
meric coating may be an example. were in contact with agueous solution.

Experimental investigation of tendencies that occur Samples of St3S-b reinforcing steel with diamefer o
during corrosion process of reinforcing steel ceder 10 mm were used for investigation. The surfaceaai-s
with polymeric sulphuric coating and exposed tcstien Pl€S was in natural state, i.e. it has not beersiped
stress has been attempted. nor degreased (non-polished rods with tarnish).

To determine an effect of tensile stress on caprosi !N order to simulate the environment of the pore-
rate for St3S-b steel that has been covered withriy  1Quid of carbonized concrete a model solution was

coating and exposed to aqueous environment that viEed, and namely that with composition as follows:
to simulate pore-liquid of concrete contaminatethwi 0-015M NaHCQ + 0.005M NaCG; + 0.001M NaCl,

chloride ions was an aim of the investigation. Saen- PH Of which was 9.14. The solution was prepared at

ples underwent loading in an one-axial state ofsthess 20°C M 2°C_ac_;cordir_19 to [1, 4-6, 9, 1%] and in \had
including varied values of tensile stress, at timestime POtentiostatic investigation was carried out.

corrosion rate was determined potentiostaticaly. Invest!gatlon was led with a 3-electrode circuit to
gether with a computer operated set from Zahner de-

signed for polarization measurement. Steel sample c
SAMPLES AND METHODS ered with polymer sulfuric coating was a specimen,
saturated calomel electrode as a reference elecivad
In paper presents investigation results of corrosiaised, and platinum wire was an auxiliary electrdde.
rate for steel reinforcement bars that have begared each case measuring electrode was polarized wéthin
with polymer coating and have been exposed toleensrange+100 mV off the stationary potential. A potential
stresses in a solution simulating pore-liquid afiaete. of a measuring electrode that became stable &feitt
Experimental investigation of tendencies that occurad been immersed in the solution and had not @thng
during corrosion process of reinforcing steel ceder within 30 min was considered as a stationary p@kent
with polymer and exposed to tensile stress has beleasurements were made without any loads and then
attempted. To determine an effect of tensile stmss each sample was loaded with 88.5 MPa (2.5 kN) and
corrosion rate for St3S-b steel that has been edverl94.5 MPa (5.0 kN), each time after that it hadhea
with sulphuric coating and exposed to agueous enw-stationary potential.
ronment that was to simulate pore-liquid of coreret
contaminated with chloride ions was an aim of the i
vestigation. The samples underwent loading in a& onlNVESTIGATION RESULTS AND CONCLUSION
axial state of the stress including varied valueten-
sile stress, at the same time corrosion rate wes-de
mined potentiostaticaly. Potentiostatic investigathas

Investigation results have been obtained as stdndar
computer diagrams with stationary potentials d&nd
corrosion currentk, indicated.
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And overview of all corrosion current densitigs ¢
stationary potential&,, at loadsP, tensile stressesgp
and corrosion rateld, is presented in Figures 1-8. Cor-
rosion rateH; has been calculated basing on currer
densitiesg measured prior and with using a formula

< ¢
g
5

H, =1.1230k [, I
10 15 20 25 5
where k = 1.042 g/Ah means the electrochemica , | Time,t[h)
eqUIvalent for Iron " ’ NTl'«,:nsil«: stress, o, [MPa]
The a'm Of |nVest|gat|On that haS been Ied was 1 o= Composite coating thickness 0,5 mm

= © = Composite coating thickness 1,5 mm

evaluate tendencies of the corrosion process ®B-8t Fi0 1. Polarization | e s for saes of SES-b reint
H . . . _|g. . Polarization investigation results for of St3S-b reinforc-
remf(_)rcmg _Steel when  covered W_Ith polymerlc sul ing steel covered with polymer sulphuric coatingl @xposed to
phuric coating and exposed to tensile stress. Stent tensile stresses
ples were loaded in a way that their yield poiney@v Rys. 1. zalenos¢ natzenia padu korozyjnegodia prtéw zbrojenio-
much exceeded; in the same time these samples were wych gladkich csrednicy 10 mm, pokrytych warsgwpolimero-
exposed to an action of the solution the compasitib wego kompozytu siarkowego, w funkcji czasu | aszgo nape-

. . L. . ) zenia rozcigajacego
which is similar to that of pore-liquid of concreseand
additionally contaminated with chloride ions (pH =
9.14). The composition said was as follows: ¢

0.015M NaHCQ + 0.005M NaCO; + 0.001M NacCl

It was found that a stress increased resulted es {l
stationary potential for the reference sample #iigh
decreased, i.e. by some tens of milivolts only carag
to that potential for a sample without loads. Hoerev
for samples, which had been covered with polymerii

Corrosion current, I, [uA]
'S

sulphuric coating, fluctuating potential was fourygt o 2 4 e B oomla e w W
the results measured match those reported by oth o
authors. e - Compoiecoutin hickness 15

Even though stationary potentiab Bvas lowered Fg 2 polarization investigation results for ses of St3S-b reinforc-
tensile stresses did not cause corrosion procegs to ing steel covered with polymer sulphuric coatingl @xposed to

crease that was expected when a sample without coat  tensile stresses = 194.5 MPa

ing was exposed. Comparing a value for corrosian cuRys: 2 Zac';’”ofg dEiacEZ;TrE drﬂ%dulg%%mggo dc'";‘] @;"r"s" Z%flf’rf:r'g
rent densityip (Fig. 5) makes evident that within all aﬁgo ﬁompozytu sia,koywego, W'fﬁnkgit)ézasu i Sﬁegpm_
over the range of loads applied corrosion rate afdise nia rozchgajacegooa = 194,5 MPa

same order of magnitude as that value of corrositan
was when the sample was without any load; also it
tended to decrease when tensile stress grew.

Together with an increase of the tensile stressoeor
sion current density decreasing was observed whic
was followed by corrosion rate reduced if comparec
with that calculated from polarization measuremen
results. Any significant differences between cdowns

]

5020

005

Corrosion current density, i, [LA/cm

O v @aie el @ - OF e R T R R °
rates at particular levels of loading have not lfeend. e " pi " B oh
It is to assume that these rates have always bettre o | Time, t [h]
same order of magnitude for the reference sampl .
. . . . . ensile stress, o, [MPa]
(means, without polymeric sulphuric coating), inde- Composite coating thickness 0.5 mm
pendently on the value of tensile stress. Covesag- E2%)s Composite coating thidkness 1,5 min

ples tested with protective polymeric sulphuric towg Fig. 3. Polarization investigation results for gées of St3S-b reinforc-

L . . . ing steel covered with polymer sulphuric coatingl @xposed to
caused significant reduction of corrosion rate, i.e tensile stresses

by 2-3 orders of magthde (Flg' 7) which means thst. 3. Zalenos¢ gestdsci pradu korozyjnego dla ptow zbrojeniowych

coating ensures good corrosion prevention in thé-en gtadkich oérednicy 10 mm, pokrytych warsiwpolimerowego
ronment investigated. kompozytu siarkowego, w funkcji czasu i rasego napgzenia
rozciagajacego

Kompozyty 8:4 (2008) All rights reserved



352 M. Ksiazek

g :

< 018 i R = 0,999

=5 S -200 t

! ]

z = -300 }

z uof

5 ~- -400 | I

E 0,10 8 | - 2

] = .500 } ! E, =-18,15t“ + 13, 45¢ - 306,90
g , -

g 2 E, = 19,60t - 88,10t - 657,90 R =0,999

2 - B R =0,997

%CO,) b | —T—n e —_————

= -800

5

3 B L T TS R S

°o " & - =0 -900
0.00 | | 1,0 15 20 25 30 35
0 20 40 60 80 100 120 140 160 180 Time, t [h]
Time, t [h] 0.0 885 1945

Tensile stress, o, [MPa]
=== Composite coating thickness 0,5 mm Composite coating thickness 0,5 mm
= © = Composite coating thickness 1,5 mm gl :?{3?‘:3:#&;0::::3::[& coz\linl; min,
Fig. 7. Polarization investigation results for ghes of St3S-b reinforc-
ing steel covered with polymer sulphuric coatingl @xposed to
tensile stresses

Rys. 7. Zalgnos¢ potencjatu stacjonarnego dlagi@w zbrojeniowych
gtadkich osérednicy 10 mm, pokrytych warstwpolimerowego
kompozytu siarkowego, oraz dlagmw niepokrytych warstw
tego kompozytu, w funkcji czasu i regrego napgzenia rozci-

Fig. 4. Polarization investigation results for séspof St3S-b reinforc-
ing steel covered with polymer sulphuric coating @axposed to
tensile stresses, = 194.5 MPa

Rys. 4. Zalenos¢ gestasci pradu korozyjnego dla ptéw zbrojeniowych
gtadkich osrednicy 10 mm, pokrytych warsiwpolimerowego
kompozytu siarkowego, w funkcji czasu i stategomzgnia roz-
ciagajacegooa = 194,5 MPa
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Fig. 5. Polarization investigation results for s#espof St3S-b reinforc- ——Composite coating thickness 0,5 mm
ing steel covered with polymer sulphuric coatingl @xposed to === Red yithout composie conting
tensile stresses Fig. 8. Polarization investigation results for ghes of St3S-b reinforc-
Rys. 5. Zalgnos¢ szybkaci korozji dla petéw zbrojeniowych gtadkich ing steel covered with polymer sulphuric coatingl @posed to
oérednicy 10 mm, pokrytych warsivpolimerowego kompozytu tensile stresses, = 194.5 MPa
siarkowego, oraz dla gidw niepokrytych warstwtego kompo- Rys. 8. Zalenoi¢ potencjatu stacjonarnego dlagfw zbrojeniowych
zytu, w funkcji czasu i rosicego napgzenia rozcigajacego gtadkich osérednicy 10 mm, pokrytych warstwpolimerowego

kompozytu siarkowego, oraz dlagmw niepokrytych warstw
tego kompozytu, w funkcji czasu i statego rgpnia rozcigaja-
0,1000 cegooa = 194,5 MPa
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