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ABSTRACT

Light steel thin-walled structures (LSTS), in particular with thermoprofiles, are widely used in construction of
buildings and structures of various applications. These structures possess high heat-saving parameters, at the
same time, durability of these structures may be limited by low corrosion resistance of steel. According to the
latest amendments in the documentary standards, zinc coated thermoprofiles without additional paint coating may
be used as load-bearing structures only in non-aggressive conditions. In this investigation we have established
that the use of zinc coated steel with additional paint coating is much more effective measure of protection of
steel articles against corrosion than separate zinc and paint coating. As a result of methods for corrosion testing,
it was established, that the most effective measure of protection of steel articles against corrosion in aggressive
conditions is the use of zinc coated steel with additional paint coating. These samples have been just slightly
corroded during the test period (230 days).
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1. Introduction

So-called thermoprofiles (Fig. 1-2) are currently put into application in light steel thin-walled structures
(LSTS). Their characteristic property involves longitudinal slit-like ports staggered in the profile wall. This
perforation is designed to enhance resistance to heat flow when the profiles serve as part of walling. Along with
the slot thermoprofiles, there are also the mesh ones available. Their technology makes it possible to obtain
articles from initial part (stock) of smaller thickness while maintaining geometric dimensions of the profile and
resistance to heat transfer [1, 2].

Figure 1.§|Dt thermoprofile. Fi 2. Mesh
; gure 2. Mesh thermoprofile.
URL: http:/lekaterinburg.fis.ru/Termoprofil?good : ; :
 id=10081099.termoprofils toechnyj.tps URL: hitp://averssistem.ru/termoprofil

LSTS with thermoprofiles are widely used in various areas of construction: in both low- rise and high-rise
civil construction [3], in construction of industrial buildings and structures, as part of load-bearing elements in
smaller bridge structures, etc. [4]. Popularity of these structures is caused by their light weight, ease and
despatch of installation, possibility to carry out installation at any season, ecological cleanness and higher heat-
saving parameters [5-8]. Mechanical properties of thin-walled profiles make it possible to build fairly robust
constructions of frame buildings and other structures [9-11]. At the same time, durability of these structures may
be limited by low corrosion resistance of steel. Due to the profiles small thickness (0.8-2 mm), even slight depth of
corrosion penetration may lead to significant loss of load-bearing capacity and stability of the structure. The
perforation applied for thermoprofiles intensifies corrosion processes as it increases the area of contact with
environment. Operating conditions in walling are particularly severe for LSTS since they involve excessive
humidity and prevent drying out of construction materials [12,13]. These conditions are also complicated by
condensate formation and the risk of moisture accumulation by porous materials [14]. Analysis of humidity of the
exterior walls, where mineral wool boards are used as heat insulant, has shown it is necessary to take measures
to reduce humidity [15]. In investigation [16], it has been established that operating conditions of thermoprofiles in
walling involve the risk of intensive metal corrosion. The main factors causing corrosion processes, as stated in
the investigation, are excessive humidity of materials and atmospheric oxygen. The rate of atmospheric corrosion
is growing with increase of relative humidity. Furthermore, in most practical cases, the rate of metals corrosion is
growing in a chemically polluted atmosphere, with the following gases: SO,, SO;, H,S, NH3, Cl,, HCI, and the
following solid particles: NaCl, Na,SQ,, present in the air [17,18]. Another important factor affecting the rate of
corrosion processes is temperature. At lower temperatures, corrosion processes are slowing down and may
progress long enough. In investigation [19], it is also shown that metal corrosion is affected by mechanical
stresses and forms of the structure.

Investigation of the structure operation, which is a combination of LSTS and foam concrete, has shown [20]
that contact of steel profiles with the porous medium containing moisture increases the rate of metal corrosion.

Based on investigations [21], we conclude that the medium formed inside walling with
thermoprofiles is corrosive.

Comparison of corrosion processes under contact of LSTS with various insulating materials, that has been
carried out in domestic buildings for 10 years [22,23], has shown that mineral wool produces less effect on
corrosion than fibered glass and cellulose fiber does.

Thus, in cases where thermoprofiles are used in external walling it is necessary to solve the problem of
steel corrosion. This becomes especially important with contact areas of thermoprofiles and heat insulating
material containing sorption and capillary moisture with the gases dissolved therein, products of decomposition of
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the heat insulant and other materials. This moisture, which is ionic conductive, becomes an ideal medium for
electrochemical corrosion processes.

Air environment in most regions of Russia is characterized by significant pollution and high humidity.
According to Code of Practice (SP) 28.13330-2012, this is an aggressive environment for metal structures. For
example, the city of St. Petersburg is an industrial metropolis with a developed network of highways. Therefore,
its atmosphere contains a large number of pollutants, such as nitrogen dioxide, carbon monoxide and solid
particles of salts [24]. There are also high values of relative air humidity observed in the city. Therefore, the
conditions of St. Petersburg make it necessary to take measures to prevent corrosion of thermoprofiles in LSTS.

In order to protect steel profiles against corrosion, they are exposed to hot dip galvanizing in the process of
manufacturing. This is regarded to provide protection of steel profiles against corrosion for at least 30 years in
case their operating conditions are observed [25]. According to Code of Practice (SP) 28.13330.2012 and
Recommendations on engineering, fabrication and erection of structures made of cold-formed zinc coated steel
profiles, given by Research and Design Institute of Construction Metal Structures (TsNIIPSK) named after
Melnikov, the elements used as the load-bearing ones shall be protected by additional paint coating. LSTS
without this coating may be used only in non-aggressive air environment with relative humidity of less than 65%.
In St. Petersburg, with its average annual relative humidity of about 75% [26], it is not allowed to use LSTS
without additional paint coating.

The use of paint coating in addition to the zinc one involves considerable additional costs and elongation of
construction period, while efficiency of this measure may not correspond to the costs.

Resolving this issue requires special researches.

The purpose of our investigation is to assess efficiency of paint coating as an extra protection of zinc
coated metal profiles against corrosion in terms of their service in walling. In order to achieve this purpose we
have developed methods for corrosion testing of steel samples of thermoprofiles that are in contact with
heat insulating material.

2. Methods

In our investigations, we have used the corrosion test pattern, as shown in Figure 3.

[ |
arous
steel /pllnT
sample | ! , 1 % CaClz + 1 % NaCl + 0,1 % HzS0s
I
_______________________________ ¥ (by weight)

Figure 3. The pattern for corrosion testing of thin-walled steel articles in contact with porous
material (heat insulant)

The samples of thin sheet steel are laid on the lining of flexible polyurethane (foam rubber), imitating heat
insulating material. The samples are placed in a hermetically sealed tub with aggressive solution. The surface
area of the sample is larger than the area of the porous lining (insulant) it is resting on. Thus, the peripheral area
of the sample is exposed to vaporous agents. In the sealed tub, the limit value of equilibrium moisture is set, with
the possibility of condensation and subsequent evaporation of moisture under temperature fluctuations. The
solution of the following composition is used as an aggressive environment: 1 % CaCl, + 1 % NaCl + 0.1 %
H.SO, (by weight). The solution level does not reach the bottom sample surface by 1/3 of the porous lining
height. The foam rubber used as a porous lining absorbs and retains water fairly well. The liquid rises to the
sample by the porous lining capillaries, wets the metal surface and partially evaporates. This pattern makes it
possible to carry out alternating impact on metal (humidification — drying out) under natural day and night
temperature fluctuations.

An indicator of corrosion degree is the weight loss of the dry sample determined after removal of reaction
products and salt residues. The sample surface condition is also assessed based on the results of visual
inspection. The corrosion process kinetics is monitored by periodic weighing of the metal samples (once per
week), with an accuracy of 0.01 g. The corrosion rate is determined by the formula (1):
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where v — is the rate of corrosion, g/(mz-weeks);

my — is the initial weight of the sample, g;

m, — is the weight of the sample after corrosion, g;

F —is the area of corrosion surface of the sample, m?;
t — is the time of corrosion, weeks.

We have tested four kinds of thin-walled steel samples, two samples of each type (Fig. 4-a):

1 and 2 — zinc coated steel 08PS-HP, GOST R52146-2003, with polymer coating;

3 and 4 — zinc coated steel 08PS-HP, GOST R52246-2004, GOST 14918-80, without protective coating;
5 and 6 — hot-rolled steel 08U-Z, GOST 9045-93, GOST 19904-90, without any coating;

7 and 8 — steel 08U-Z, GOST 9045-93, GOST 19904-90, with nitrocellulose paint coating.

The weight of zinc coating of steel 08PS-HP is not less than 275 g/m2, which corresponds to the zinc layer
thickness of 20 micron on both sides of the sheet (Grade 1 of the zinc coating thickness according to GOST

14918-80).
The dimensions of samples are 10x10x0.1 cm.
The dimensions of the porous lining are (9x6x2.5) cm.
The area of contact of the sample and the porous lining is 54 cm?.
The temperature in the laboratory is maintained within 18-22 °C.

All types of samples have been tested simultaneously in the same tub (Fig. 4-a).

3. Results and discussion

The test results are shown in Fig. 4-6. Fig. 4-b,c shows the samples appearance in 7 months after the

testing initiation.

Figure 4. The corrosion testing of the steel samples:
a) corrosion tub with the samples; b) view of the samples from the side adjacent to the porous lining; c)
view of the samples from the opposite side.
Types of coatings of the steel samples: 1,2 - zinc coating with additional paint coating;
3,4 - zinc coating; 5,6 - no coating; 7,8 - paint coating

Barabanshchikov Yu.G., Kuznetsova V.Yu., Khakimova V. A. Protective properties of anticorrosive coatings of steel thin-walled profiles for
walling / BapabaHwukos O.I"., KysHeuoBa B.1O., XakumoBa B. A. 3alwuTHble cBOCTBA @aHTMKOPPO3MOHHBIX MOKPbITUIA CTanbHbIX
TOHKOCTEHHbIX Npocunen Ans orpaxgatoLLumx KOHCTPYKUMA ©

74



CTponTenbCTBO YHUKaNbHbIX 34aHUM U coopyxkeHun, 2017, Ne3 (54)
Construction of Unique Buildings and Structures, 2017, Ne3 (54)

Based upon the samples appearance, the control samples without protective coating (samples 5 and 6),
and samples 3 and 4 of zinc coated steel suffer the largest area of corrosion. However, the latter samples are
mainly corroded on the lower side and their upper side is affected only in small areas (sample 3 in Fig. 4-d), while
the control samples with no protective coating were affected by corrosion process on both surfaces. The highest
resistance to corrosion was shown by the galvanized samples with additional paint coating (samples 1 and 2),
where the aggressive environment caused only minor blistering of paint on both sides (sample 1 in Fig. 4-d).

Among monolayer coatings (samples 3 and 4), zinc coating proved less resistant than paint coating
(samples 7 and 8). It is probably caused by electrochemical corrosion. Corrosion on the upper surface of zinc
coated steel sample 3 (Fig. 4-d) "took away" a layer of zinc coating. While on the upper surface of sample 7 with
paint coating there is only shallow pitting metal corrosion.

weight los, g/m=
800

10 ¥ % 4 0 & M & 9 wo 1m0 120 130 w0 B0 W0 0 180 W0 w0 M0 20 MW

fimee, day
4 without costing ¢ zincooating X paint costing ® 7inc costing + paint coating
~ without coating "~ zine coating "~ paint coating = zinccoating + paint costing

Figure 5. The samples weight loss over time

The results (Fig. 5 and 6) show that the metal weight loss due to corrosion is increasing over time almost
linearly, that is explained by removal of corrosion products and insignificant changes of the reaction surface area.
The spike of corrosion speed of samples 3-8 (Fig. 6), observed at day 33, is caused by sulfuric acid H2SO4
added to the aggressive solution. Thereafter, almost constant average rate of corrosion is established for all the
samples. This rate is the highest for the control samples without any coating and amounts to about 20
g/(m2-week). The rate of corrosion, established after 60 days for the samples with zinc and paint coating,
amounts to about 14 and 13 g/(m2-weeks) respectively. Corrosion of the samples with double protection (zinc
coating and paint coating) becomes visible after 150-160 days. The values of the samples weight loss for the
period of 230 days are as follows: for the control samples without any coating (samples 5 and 6) - 720
g/(m2-weeks); for zinc coated steel samples (examples 3 and 4) - 460; for pained samples (samples 7 and 8) -
400; for samples of zinc coated steel with additional paint coating (samples 1 and 2) - 0.5 g/(m2-week).

Thus, the results of both visual inspection and measuring of the samples weight loss and corrosion rate
over time have shown that the most effective measure of protection of steel articles against corrosion in
aggressive conditions is the use of zinc coated steel with additional paint coating.
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Figure 6. The steel corrosion rate over time

4. Conclusions

1. Method of corrosion testing, corresponding to operating conditions of thin-walled profiles in walling, was
developed.

2. It was established that the most effective measure of protection of steel articles against corrosion in
aggressive conditions is the use of zinc coated steel with additional paint coating. These samples have been just
slightly corroded during the test period (230 days). In other cases, we have obtained the foIIowing average values
of the weight loss during the same period: for steel samples without any coating - 720 g/(m”-week); for zinc
coated steel - 460; for steel with paint coating - 400 g/(m*-week).
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3awmTHbIe CBOMCTBA aHTUKOPPO3UOHHbIX NOKPbITUM CTallbHbIX
TOHKOCTEHHbIX Npodounen Ana orpaxxaarolmx KOHCTPYKLMNA

10.I. Bapa6aHwukos', B.10. KysHeuoBa®, B.A. XakumoBa®
1'3CaHKm-I'Iemep6ypaCKuU rnonumexHuyeckul yHusepcumem [lempa Bernukozo, 195251, Poccus, 2. CaHkm-

lMemepbype, MNonumexHuyeckas yn., 29.

MHOPOPMALNUA O CTATbE NCTOPUA KIKOYEBBIE CJTIOBA

doi: 10.18720/CUBS.54.6 MopaHa B pegakumio: 16.01.2017 TOHKOCTEHHblE OLIMHKOBaHHbIE
cTanbHble Npodunu;
TepMonpoguneb;
Koppo3usi;

UCMbITaHNS Ha KOPPO3WIO;
N1aKOKPaCco4HOEe 3alMUTHOE NOKPbLITUE.

AHHOTALINA

Jlerkue ctanbHble TOHKOCTEHHbIE KOHCTPYKUMK (JICTK), B 4aCTHOCTM C UCNONb30BaHNEM TepMOnpodunen,
LUMPOKO MPUMMEHSIOTCS NPU BO3BEAEHMU 34aHWMN U COOPYXEHWUN Pa3fUYHOIO Ha3HayeHus. Takme KOHCTPYKUMM
obrnagatT BbICOKMMM Tennocbeperawwmmn nokasartensamMu, B TO BPEMsS KaK UX OONrOBEYHOCTb MOXET ObiTb
orpaHM4yeHa HEeBbLICOKON KOPPO3MOHHOW CTOMKOCTbIO cTanu. CornacHo nocnegHMM BHECEHHbIM B HOPMAaTUBHYHO
OOKYMEHTaUM0 U3MEHEHUAM OLMHKOBaHHbIe Tepmonpodunm 6e3 onOoMHUTENbHOro NakoKpaco4yHOro MOKPbITUS
OOMyckaeTCca MPUMEHSITb B KavyecTBEe HECYLLMX KOHCTPYKLMIM TOMbKO B YCNOBMSAX HearpeccuMBHoOW cpefdbl. B
AaHHoN paboTe yCTaHOBNEHO, YTO MPUMEHEHME OUMHKOBAHHOW CTanmu C [OMNOSfHUTENbHO HaHECEHHbIM
NaKkoKpaco4HbIM NOKPbITUEM ABNAETCHA 3Ha4YnTENbHO bonee adhheKTUBHOM MepPON 3aLUnTbl CTanbHbIX U3AEeNUA OT
KOppo3uu, 4YemM MO OTAENbHOCTM UMHKOBOE W JlaKoKpacoyHoe nokpbiTue. B pesynbtaTe nposegeHus
KOPPO3MOHHBIX UCMbITaHUI BbINO YCTaHOBMEHO, YTO Hanbonee ahPEKTMBHON MEPOW 3aLUUThl CTaNbHbIX N3AENUN
OT KOppO3uM SIBMSETCA MPUMEHEHME OLMHKOBAHHOW CTanu C LOMNOSHWMTENbHO HAHECEHHbIM JTaKOKPaCOYHbIM
nokpbITueM. Takve obpasLbl NPakTUYECKM He NOABEPITIMChE KOPPO3nK B TEYEHME BCEro BpeMeEHM mucnbiTanns (230
CYTOK).
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