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Abstract

In this paper we consider the use of composite metal sprayed coatings for the improvement of the
abrasion resistance levels in the working surfaces of friction couples. It is noted that pre-surface
preparation, which provides the proper surface roughness that improves the adhesion of the
coating to the base, is an important processing step prior to applying such coatings. As a method
which enhances the adhesion strength of the sprayed coating, we consider the jet-abrasive (shot-
blasting) treatment to be ideal. The object of our research was the compression piston rings the
internal combustion engine with a composite steel-molybdenum coating. Such coatings provide
high abrasion resistance for the rings of a good many large-sized engines. The research that has
been carried out allowed the conclusion to be reached that the surface roughness depends on
abrasive blasting modes, and that it impacts upon the strength of adhesion between the coating
and the base. We proposed the jet-abrasive processing modes, which provide the required
roughness to the working surface of the piston ring before spraying.

Keywords: composite coatings, wear resistant sprayed coating, surface roughness, adhesive
strength, abrasive jet machining, piston rings.

Kulcsszavak: kompozit bevontok, kopasallé szort bevonat, fellileti érdesség, tapaddszilardsag,
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1. Introduction

Improving the reliability of modern machinery, reducing
maintenance costs, ensuring competitiveness, extending
useful life, and also carrying out machinery refurbishment
by restoring units to like-new operating condition with the
help of state-of-the-art technology are the priority trends in
technology development.

The utilisation of protective and wear-resistant-coating
application technologies, of which gas-thermal and plasma
flame processes are preferred choices, is one of the radical
methods available when it comes to solving this problem.
Current coating equipment, materials, and technologies permit
us to significantly reduce or exclude the effect of such factors as
erosion, corrosion (including hot corrosion), cavitation, etc on
the wear and tear of parts [1].

Fig. 1. Gas-thermal (a) and plasma (b) spraying
1. dbra  Gdzléngos (a) és plazma (b) szords

Gas-thermal and plasma flame composite coatings (Figs.
l.a and 1.b) are used for equipment repair and hardening the
working faces of new parts. Depending on the purpose of a
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coating and its operating conditions, the requirements can
change for strict adherence to the principal parameters of a
coating (ie. in terms of its composition, thickness, density, and
adhesion) [2, 3].

Gas-thermal coatings are used extensively in the manufacture
and repair of a number of essential combustion engine
components, primarily in terms of cylinder-piston group parts
(pistons and piston rings), crankshaft main and rod journals,
and a number of other parts.

Abrasive jet machining of the base surface is used extensively
as a preparatory operation before applying the spray coating.
Such preparation work cleans the surface and upsets its
thermodynamic equilibrium with the environment, breaking
the chemical bonds of the base surface atoms: i.e. it is activated
chemically. However, base surface activity reduces rapidly due
to the chemical absorption of gases from the atmosphere and
also thanks to oxidation. Besides this, machining roughens the
surface, causing a temperature increase in the contact surfaces
of deposited particles and roughness peaks, and serving to
increase the total area of the applicable welded surfaces. A
rough surface has a larger area than a smooth one; this fact also
contributes to increasing adhesion strength. Another factor
which helps to determine the adhesion efficiency of roughness
in the target surface is the volume of roughness cavities which
ensures the necessary value of deposited layer shrinkage during
cooling [2, 4].

The objective of this work is to study the relationship between
the adhesion strength of the piston rings’ gas-thermal wear-
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resistant composite coating on the working surface’s roughness
following abrasive jet machining which, in turn, depends upon
its prevailing conditions (the distance between the working
surface and the nozzle exit, the number of passes, the operating
air pressure, and the shot changing frequency).

In industrially advanced countries, the replacement of ‘dirty’
electrodepositing gas-thermal spraying is viewed as a solution
to environmental problems. Many Russian and foreign authors
propose various methods of applying protective and wear-
resistant coatings, including the development and improvement
of methods which involve spraying on various vital parts. The
thermal spraying process diagram is shown in Fig. 2.

Enegy Dhepesited maserial Termal costmy
Y +
Bz Spraying torch Machined susface
—_—
z +

G thes workmg Sud
ks Relative motien

Fig. 2. Schematic diagram gas-thermal coating deposition
2. dbra  Gdzldngos szérds sémdja

The process of applying coatings includes the following
operations: preliminary preparation of the target surface in
order to obtaining the firm adhesion of the material to be
deposited; material preparation; coating application; and
machining the coating after its application [1, 2].

When coatings more than 1.0 mm thick are deposited
on load-bearing parts, special machining is also used. Such
machining can be grouped into types as follows: knurling,
notching, grooving, and ‘ragged’ thread cutting. Threads and
grooves should not be deep. Excessive depth leads to excessive
porosity and the blistering of fused coatings.

The target surface must be roughened in order to improve
coating adhesion. Abrasive jet machining, etching, and
electrosparking methods are all used for that purpose.
Depositing an intermediate layer which consists of materials
which have good levels of adhesion to the base metal is a
method that has been used increasingly in recent years.

Abrasive jet machining is the most versatile method. Its
advantages are connected with the capabilities involved even in
the machining of large areas and oxide film removal from the
target surface. Roughness levels depend upon the abrasive type,
air pressure, the equipment used, and the surface hardness.

Primary machining of base surface is an important factor
in ensuring firm adhesion of the deposited coating to the
target surface, because in most cases the deposited coating
has bonded with the base surface as a result of mechanical
adhesion. Therefore the base surface must be rough enough so
that the deposited particles that strike the base surface and are
distorted are be bound rigidly to the surface asperities.

The increase in terms of mechanical adhesion strength
is connected with the increase of the base surface area and
making the base surface more active. This is also important for
other types of adhesion. Therefore the intense roughening of
the base surface is an important requirement.

Another method of machining the surface before applying
the coating is shot blasting.

Shot blasting roughens the target surface. Fig. 3 shows
surfaces after shot blasting (a) and after applying the coating

(b).

Fig. 3. 'The surface after shot peening (a) and after deposition (b)
3. dbra  El6készitett feliilet feliiletdurvitdst kovetden (a) és bevonat felhorddst
kovetben (b)

2. Piston ring surface machining for applying a wear-
resistant coating

Operational experience regarding combustion engines
demonstrates that their reliability depends to a large extent
on the wear rate of the top piston rings as determined by
their vibration and stress-strain behaviour, as well as on the
composition and technology of the application of a wear-
resistant coating which permits their structural composition
to be controlled.

Coatings are deposited onto the working surfaces of piston
rings in order to improve their terminological behaviour. This
is an area in which improving wear resistance and ensuring
lubrication and sealing under extreme operating conditions
are to the foreground. The composite coating material must
match the materials used in the construction of the piston
ring and the cylinder wall, and also the engine oil. Coating the
working surfaces of the piston rings has become widely used.
Piston rings in mass produced engines are often coated with
chrome, molybdenum, and ferric oxide.

One of the principal reliability factors is the limit to the service
life which depends upon the wear resistance of friction couples.
It is well known that the friction in piston rings amounts to
as much as 50% of overall engine friction, with the work put
in by the top compression ring providing the highest figure
within this percentage. This is connected to the ring having to
work under great temperatures (up to 200°C) and in a semi-
suspended condition. However, the actual service life so far of
the top piston rings has been much lower than the service life
of other combustion engine cylinder-piston group parts. For
example, the extensively used galvanic method of coating the
working surfaces of piston rings with chrome reduces the wear
rate by only 30% when compared to the figures exhibited by
uncoated rings. This is manifestly insufficient, especially under

Vol. 70, No. 2 = 2018/2 = . 35
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great combustion pressures in cylinders which are typical for
high-power combustion engines. As the compression intensity
increases in combustion engines, previously used technologies
which involved depositing porous chrome coatings onto the
piston rings meet increasingly stringent requirements for
coatings under higher temperatures and pressures to a lesser
extent.

In coatings which are based on the use of deposited
molybdenum and its compounds, these are often deposited
on the top compression rings in the manufacture of piston
rings for larger-sized engines used in haulage lorries, diesel
locomotives, etc. (Figs. 4.a and 4.b). Molybdenum ensures high
thermal resistance thanks to its high melting point (2,620°C).
Besides, by using this method of applying the coating it is
possible to obtain a porous structure in the material. Motor
oil can remain in microcavities on the working surfaces of the
rings (Fig. 4.b), thereby preventing scouring under extreme
operating conditions. Under these circumstances the coating
thickness reaches between 0.5-1 mm and even more.

b)
Fig. 4. Design types of top compression piston ring (a) and molybdenum coating ring (b)
4. dbra Dugattyligyfiriik tervezési formdi (a) és molibdén bevonatos gyiirti (b)

Coating to base bonding strength is doubtlessly a condition
of the normal operation of rings that are coated with wear-
resistant coatings. As a piston ring operates in an engine,
tensions linked to external forces are being applied to the
rings and high temperatures arise in the adhesion contact area.
Therefore the adhesive strength of the wear-resistant coating
is a very important operational characteristic of piston rings
in combustion engines. To a large extent, this characteristic
depends upon the base surface pre-machining method. Shot
blasting is used prior to the application of gas-spray coatings (in
particular, the molybdenum coatings) on piston rings of large-
sized combustion engines. The task of ensuring the necessary
surface micro-relief and shot-blasting conditions prior to the
application of the wear-resistant gas-thermal coating is critical.

36 . = 2018/2 = Vol. 70, No. 2

3. A discussion of the research findings

Our work considered a composite steel-molybdenum
coating which was obtained from molybdenum wire and steel
wire and deposited by using the gas-thermal method on the
working surface of piston rings of a 210 mm diameter.

Prior to applying the coating, a total of twenty rings were
placed on a mandrel, and a trapezoid groove was turned on the
working surface of each of them. Afterwards, the rings were
shot-blasted and coated with a gas-thermal coating on the
same mandrel.

Adhesion strength was determined by the twist angle a at
which the coating on finished rings sagged. The relationship
between twist angle a and roughness parameter R was
determined by the use of the indirect method. At first, the
relationship between R and a and the shot change frequency
n was discovered, and then their mutual dependence was
assessed.

Abrasive jet machining was carried out under the following
conditions:

= distance between the working surface and nozzle exit:

130 mm;

= operating air pressure: 0.4 MPa;

= number of passages: 2;

= mandrel rotation frequency: 17 min’;

= nozzle’s angle of attack: 80°.

The shot was changed after the machining of 35, 40, and 43
mandrels with rings. The roughness of the ring specimens was
measured on a model 201 profilograph/profilometer.

At first, we determined the relationship between the ring
specimens’ roughness R and the shot change frequency n as
represented in Fig. 5.a. It is evident that the roughness ensured
by the newer shot is higher than it is in the older version.

Reon . deg

a,deg

Fig5
Relationship between roughness Rz (a) and twisting angle a (b) and shot
changing frequency and between and twisting angle o and surface roughness
R_after abrasive jet machining (c)
Osszefiiggés a feliileti érdesség Rz (a) és az elforduldsi szog a (b) kozitt
valamint a l6vési frekvencia és az elforduldsi szog o és a feliileti érdesség R
kozott abraziv vizsugaras megmunkdldst kovetden (c)

Fig. 5.

5. dbra

The results of tests aimed at determining the twist angle a
at which the coating would delaminate depending on the shot
change frequency are shown in Fig. 5.b. The twist angle varied
from 57° at n = 35 to 39° at n = 43.

A study of the results presented in Figs. 5.a and 5.b means that
the relationship between twist angle a and roughness R_(Fig.
5.¢) can be obtained. It can be seen that, within the roughness
variation range being studied, the aforementioned relationship
is approximated as a virtually linear one, i.e. adhesion strength
increases as surface roughness increases.

Therefore, when taking into account the fact that as
operational experience shows, the piston rings operate
normally when the coating separates at twist angles exceeding
35° so that one can conclude that shot must be changed after
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machining a maximum of forty mandrels. The minimum
roughness in this case would be limited to R > 22 pm.

In the second series of tests which were aimed at ensuring the
required surface roughness following abrasive jet machining,
various conditions for such machining were studied and their
relationship with roughness parameters were uncovered. In
each set of experiments, one of the machining parameters
varied: the distance between the working surface and the
nozzle exit, the number of passages, or the operational air
pressure, while two other characteristics remained unchanged.

In the first set of experiments, the distance between the
working surface and the nozzle exit varied (70 mm, 90 mm,
110 mm, 130 mm, and 150 mm). Machining was carried out
in two passes at a 0.4 MPa operational air pressure. Fig. 6.a
demonstrates that 110 mm should be used as the optimum
distance between the working surface and the nozzle exit both
for the new shot method and for shots after machining a total
of forty mandrels.

In the second set of experiments, the number of passages
varied (k = 1, 2, 3). The distance between the working surface
and the nozzle exit was set at 110 mm and the operational air
pressure was at 0.4 MPa. As illustrated in Fig. 6.b, k = 2 should
be considered as being the optimum value.

In the third series, the operation air pressure varied (P =
0.35 MPa, 0.40 MPa, and 0.45 MPa). The number of passes was
set at two and the distance between the working surface and
the nozzle exit was 110 mm. P = 0.4 MPa should be considered
as being the optimum figure with regard to obtaining the
necessary roughness (Fig. 6.c).

R, p—erer——r

LT3

30 30
"
Y I B n_ SN i)
£
# ~- ol L__L__ 1 __ wl_ |
B %010 130 Lwsm ) 035 040 095 P MPa <) T 2 & K
Fig. 6. Relationship between surface roughness and abrasive jet machining

conditions: distance between Workpiece and Nozzle Exit (a), number of
passages (b), operation air pressure (c): 1 — new shot; 2 - shot after machining
20 mandrels; 3 - shot after machining 40 mandrels

Osszefiiggés a feliileti érdesség és az abraziv vizsugaras megmunkdlds
koriilményei kozott: tdvolsdg a munkadarab és a fivéka kozott (a),
ismétlésszdm (b), miikodési levegényomds (c): 1 - els6 lovés; 2 - l6vés 20 tiiske
megmunkdlds utdn; 3 - 16vés 40 tiiske megmunkdlds utdn

6. dbra

It can be seen that our studies resulted in the discovery of the
relationship between the adhesion strength of the gas-thermal
wear-resistant coating on the piston rings and the roughness
of the working surface following abrasive jet machining and
establishing machining conditions which ensure the optimum
levels of roughness: operational air pressure - 0.4 MPa; number
of passages - two; distance between the working surface and
the nozzle exit - 110 mm. The shot must be changed following
the abrasive jet machining of a maximum of forty mandrels
with rings.

4. Conclusions

1. Surface roughness obtained as a result of abrasive jet
machining exerts a considerable level of impact upon the
adhesion strength of coating as obtained by gas-thermal and
plasma flame spraying.

2. Spray coatings based on molybdenum and its compound

are extensively used in the manufacture of piston rings for
large-size combustion engines. Coating adhesion to the base
surface is closely associated with obtaining the necessary levels
of roughness and abrasive jet machining conditions.

3. We have proposed the use of abrasive jet machining
conditions (operation air pressure: 0.4 MPa, distance between
working surface and nozzle exit - 110 mm, number of passages
- two, shot change needed after machining forty mandrels),
which ensure the required roughness levels in the piston ring’s
working surface (Rz > 22 um) prior to applying the coating.
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Abstract

The effect of soil organic matter (SOM) on formation of inter-particle bonds was studied in soils
with high organic and no mineral carbon content in the top (A1, Ap) layers of different origin
and under various land uses. The first set of soil samples was collected in the Alekhin Central
Chernozem Reserve (Kursk region, Russia): under native steppe vegetation and under 67-year-
old bare fallow. The second set of samples was sourced from the Midlands of Kwa-Zulu Natal,
South Africa: under pine plantation and under long-term maize monoculture. Soil organic matter
was removed by of 30% hydrogen peroxide (H,0,) treatment for 20-40 days. The rheological
behaviour of the capillary-wetted soil pastes was characterized by amplitude sweep test with
the modular compact rheometer MCR-302 (Anton-Paar, Austria). The storage modulus in linear
viscous-elasticity range (LVE-range) and crossover of storage modulus and loss modulus were
determined. The samples treated with H,O,, in all cases except the Ferralsol under pine plantation,
increased the storage modulus in the LVE-range. It shows more rigid particle interaction due to
loss of SOM. The peculiarity of soil under pine plantation is very high resistance to stress in native
state and loss of this resistance upon SOM oxidation or removal. We connect this with significant
change in particle size distribution upon the H,O, treatment. In contrast to other samples, this
soil shows significant reduction in coarse silt fraction (from 44.5 to 23.2%) and an increase in clay
content (from 10.8 to 36.5). We connect the observed differences to the type of organic matter
inputs. Unlike the herbaceous vegetation, pine plantations lead to significant accumulation of
plant litter on the soil surface. The dissolved organic matter (DOM) is leached out of the litter
layer by percolating water. The sorption of DOM (ligand exchange, cation bridges, hydrophobic
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1. Introduction

Study of rheological properties of soils are very important
for the assessment of soil structure, its resistance to slaking
in water and to mechanical stress. The soil structure in turn
determines: 1) the structure of the soil pore space as the
condition for the optimal development of the plant root
system; 2) the soil reaction to compaction under the influence
of heavy agricultural machinery; 3) the preservation of organic
carbon in occluded form and prevention of its emission into
the atmosphere. The soil organic matter represents one of the
largest carbon pools in terrestrial ecosystems and affects all
soil functions. The formation and stability of soil aggregates
is largely due to the presence of the humic substances as
“adhesive” [1,4]. Hence, the soil organic carbon (SOC) content
strongly affects the soil aggregate stability [10].

Rheological approach to study of the soil structure in recent
years has become actively used by researchers as a promising
method of quantifying the inter-particle interactions
[2,3,5,6,7,8]. Baumgarten and Horn [5] were the first to apply
the method of amplitude sweep on a rheometer MCR to study
soil structure.
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In this work we attempt to identify the role of soil organic
matter derived from different plant communities on the
rheological behaviour of soils of different genesis. The
dependence of soil organic matter (SOM) in the top soil
horizons of different genesis and under different land use on
formation of interpartial structural bonds is analyzed.

2. Materials

The first set of soil samples is from the Alekhin Central
Chernozemic Reserve (Kursk region, Russia): 1a — Chernozem
under native steppe vegetation (51°34°19.6”N 36°05’37.3”E) and
1b - Chernozem under bare fallow since 1947 (51°34’12.6”N
36°05'22.3”E). According to the WRB (2006) both soils are
Chernozem pachic voronic (Fig.1).

The second set of samples is from the Midlands of Kwa-
Zulu Natal, South Africa [11]: 2a - Umbric Ferralsol under
pine plantation (Location GPS coordinates $29.23062°
E030.32897°), 2b - cultivated Plinthic Ferralsol under long-
term maize (Location GPS coordinates monocultureS29.19399°
E030.50589° (Fig. 1). The texture of voronic chernozem pachic
can be characterized as silt loam, Humic Haplustox under
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forestry plantation - as silt loam and Plinthic Haplustox of
farming - as silty clay loam. The studied examples of soil do
not contain carbonate salts or lime.

2a) 2b)
Fig. 1. Objects of research; 1a) - chernozem under native steppe vegetation;
1b) - chernozem old (since 1947) bare fallow; 2a) - Umbric Ferralsol under
pine plantation; 2b) - cultivated Plinthic Ferralsol under long-term maize
1. dbra A kutatds témdi; 1a) - Csernozjom természetes sztyeppe vegetdcio alatt;
1b) - Oreg csernozjom (1947 6ta) parlagon fekvd ugar; 2a) - Umbric Ferralsol
fenyd novényzet alatt; 2b) - Miivelt Plinthic Ferralsol kukorica alatt

3. Methods of research

Particle size distribution was determined by laser diffraction
(Analysette 22 Comfort, Fritsch, Germany) after the dispersion
of soil suspension in water by ultrasound for 5 min. Content
of total carbon was determined with a CHN analyzer (Vario
EL, Elementar). Organic matter was removed by sample
treatment with 30% hydrogen peroxide (H,0,) for 20-40 days.
Rheological properties of capillary-moistened soil pastes were
determined by amplitude sweep test on a modular compact
rheometer MCR-302 (Anton-Paar, Austria) [3,5,9]. The
following parameters of rheological behavior were obtained:
Storage Modulus in the range of linear viscoelasticity (LVE
range), the range of linear viscoelasticity, the point of crossover
of Storage Modulus and Loss Modulus, which describes the
destruction of the elastic structure of the substance (Fig. 2).
The studies were conducted in three replicates, average values
are presented in this work
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Fig.2. Amplitude sweep test
2. dbra. Viltozo frekvencidjii nyirdsvizsgdlat

4. The obtained results

The soil organic matter (SOM) content before and after
H,0, treatment is presented in Table 1. The SOM content after
oxidation significantly decreased.

The content of organic matter (%) before and after oxidation

Content of
organic matter
after oxidation,%

Content of
organic matter in
initial samples,%

Sample Name

Chernozem under native 6.7

0.52

steppe vegetation
Chernozem old (since

3.14 0.08
1947) bare fallow
U_mbric Ferra_alsol under 12.5 255
pine plantation
Cultivated Plinthic Ferralsol 29 0.42

under long-term maize

Table 1. Organic matter content of samples
1. tdbldzat. Mintdk szervesanyag tartalma

In Chernozem under steppe vegetation after treatment with
hydrogen peroxide the content of coarse silt slightly decreased
and fine silt and medium silt increased. In Chernozem under
long term bare fallow after treatment the content of fine silt
increased, but that of coarse silt decreased. In Plintic Ferrasol
under long-term maize after treatment the contents of coarse
silt decreased and that of medium silt increased slightly.

In contrast to other samples, the soil from pine plantation
shows significant reduction in coarse silt fraction (from 44.5
to 23.2%) and an increase in clay content (from 10.8 to 36.5).
In the latter case the coarse silt fraction (50-10pm fraction) of
untreated sample consists to a large extent of clay-SOM-clay
micro-aggregates resistant to 400 ] ml" of ultrasonic dispersion
energy (Branson Ultrasonics, USA). SOM oxidation leads to
disaggregation and changes in particle size distribution (Fig.
3.c). We see that in all cases (Fig. 3) there was a decrease in
the content of coarse silt, which shows the removal of organic
matter caused the destruction of microaggregates and the
increase in the proportion of the finer fractions.

In all samples after removal of OM the storage modulus in
the LVE-range increased, except for the ferralitic soil from the
pine forest (Fig. 4).
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Fig. 3. Particles size distributions before and after oxidation of organic matter;

a) in Chernozem under steppe vegetation; b) in Chernozem under long term
bare fallow; c) in Ubric ferralsol under pine plantation; d) in Plinthic ferralsol
under long term miaze.

3. dbra Szemcseméret eloszlds a szervesanyag oxiddldsa el6tt és utdn;
a) - Csernozjom természetes sztyeppe vegetdcié alatt; b) - Oreg csernozjom
(1947 6ta) parlagon fekvé ugar; c) - Umbric Ferralsol fenyd novényzet alatt;
d) - Miivelt Plinthic Ferralsol kukorica alatt
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Fig. 4. Storage modulus before and after H,0, treatment in Chernozems and Ferralsols
4. abra  Storage modulus H,0, kezelés el6tt és utdn Csernozjom és Ferralsol mintdkban
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Possible strengthening of inter-particle contacts in all the
samples, except the soil from pine forest occurred due to the
development of direct contacts between the rigid particles in
the absence of SOM. The decrease of storage modulus in the soil
from the pine plantation may be due to a significant increase
in the content of the fine silt and clay fractions after removal
of SOM. It accordingly absorbs more water and reduces
strength of inter-particle contacts. A significant increase in the
modulus of elasticity in the arable soils likely associated with a
significant decrease in the content of SOM after oxidation or
removal. The increase in the strength of bonds between soil
particles probably causes block-like soil structure.

a)
0,025
0,02
# 0,015
-
z 001
0,005
0
steppe bare fallow pine forest arable
chernozem chernozem ferralsol ferralsol
M steppe chernozem B after H202 B bare fallow chernozem
after H202 @ pine forest ferralsol @ after H202
@ arable ferralsol @ after H202
b)

steppe bare fallow pine forest arable
chernozem chemozem ferralsol ferralsol
@ steppe chernozem B after H202 M bare fallow chernozem
after H202 @ pine forest ferralsol @ after H202
@ arable ferralsol @ after H202

Fig. 5. Linear viscoelastic (LVE) range — a) and crossover - b) of soils before and
after treatment H,0,
5.dbra Linedrisan viszkoelasztikus (LVE) tartomdny - a) és crossover - b) H,0,
kezelés eldtt és utdn

The values of LVE-range in all variances of soils after removal
OM went down, also as well as crossover. This means that the
soil structure after the SOM removal became less resistant to
stress.

The soil under pine forests is characterized by high values for
all measured rheological parameters.

We connect the observed differences to the type of organic
matter inputs. Unlike the herbaceous vegetation, pine
plantations lead to significant accumulation of plant litter on
the soil surface. The dissolved organic matter (DOM) is leached
out of the litter layer by percolating water. The sorption of DOM
(ligand exchange, cation bridges, hydrophobic interactions) on
the mineral surfaces contributes to particle aggregation.
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5. Conclusions

The increase in the strength of bonds between soil particles
probably causes block-like soil structure. In the absence of SOM
in interaction between soil particles is more rigid, samples of
soil types become less plastic, destruction of structural bonds
happens at smaller loadings.

The distinct rheological behavior of soil from pine plantations
is manifested as very high resistance to loadings in its initial
state and significant loss of stability after SOM oxidation.

The quality of organic matter due to different plant origin
has an effect on the processes of micro-aggregation and
consequently on the rheological behaviour of soils. The
established differences in the rheological behavior of the
studied soils from different locations and land uses may be
associated with the type of organic inputs.
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Abstract

Polymer nanocomposites exhibit complex rheological behaviour due to physical and also possibly
chemical interactions between individual phases. Up to now, rheology of polymer nanocomposites
has been usually described by evaluation of viscosity curve (shear thinning phenomenon), storage
modulus curve (formation of secondary plateau) or plotting information about damping behaviour
(e.g. Van Gurp-Palmen-plot, Cole-Cole plot). On the contrary to evaluation of damping behaviour,
new approach - based on evaluation of rigidity behaviour - was tested, where the values of
cot & were calculated and called as ,storage factor”, analogically to loss factor. Afterwards,
values of storage factor were integrated over specific frequency range and called as “cumulative
storage factor”. In this contribution, LDPE-ZnO-clay nanocomposites with different polyethylene
matrices and dispersion grades (physical networks) have been prepared and characterized by
both conventional as well as novel analysis approach. Next to cumulative storage factor, further
cumulative rheological parameters like cumulative complex viscosity, cumulative complex

modulus or cumulative storage modulus have been introduced.

28

Prof. Dr. Milan KRACALIK

is assistant professor at the Institute of

Polymer Science, Johannes Kepler University
Linz. His field of expertise covers in particular
polymer rheology, polymer composites and
nanocomposites, polymer recycling, study of
structure-properties relationship in polymer
materials and management associated with
technological processes and products. He
studied Technology & Management at the

Brno University of Technology, Czech Republic
(MSc.: 2000), at Tomas Bata University in Zlin
and Institute of Macromolecular Chemistry,
Academy of Sciences of the Czech Republic
(Ph.D.: 2006) associated with praxis in marketing
department of Podravka-Lagris Inc., Czech
Republic. Between 2006 and 2012 he was
post-doc researcher & project leader at the
Department of Polymer Engineering and Science
of the University of Leoben, Austria. Between
2012 and 2014 he was research manager at the
Department Research and Development of the
ISOVOLTAIC AG, Austria. He has also lectured on
Technology & Management at several European
universities such as Albert Ludwigs University
Freiburg, Budapest University of Technology

and Economics, Chemical Research Centre /
Hungarian Academy of Sciences, University of
Zagreb and Department of Technical Sciences /
Croatian Academy of Sciences and Art.

Keywords: shear flow, oscillatory shear, polymer, clay, nanocomposites
Kulcsszavak: nyirasi folyas, valtozé amplitidéja nyiras, polimer, agyag, nanokompozitok

1. Introduction

Nanocomposites using organically modified clays have been
intensively investigated due to enhancement of processing
as well as application properties of polymer matrix. Using
nanoparticles is an interesting way for preparation of
tailored materials, possibly also with recycled polymers. The
enhancement of material properties because of nanoparticles
addition has usually been analyzed using a combination
of morphological (X-ray diffraction (XRD), transmission
electron microscopy (TEM)), mechanical (tensile testing) and
rheological (rotational rheometry) measurements. Using 2-5%
of organoclay, significant enhancement of material properties
has been reported: higher elastic modulus, tensile strength,
thermal resistivity, lower gas and liquid permeability, reduced
flammability and improved rheological properties (increased
melt strength) compared to the unfilled polymer matrix. High
reinforcement due to addition of the layered silicates results
from their large surface area (in the case of montmorillonite
700-800 m2/g) [31, 33, 38]. In the case of highly dispersed
systems, a three dimensional physical network is achieved,
formed due to interactions between silicate platelets and the
polymer chains. This phenomenon can be investigated by
analysis of the melt elasticity using rotational rheometry [1-47].
These studies are mainly based on evaluation of viscosity curve
shape (shear thinning phenomenon), storage modulus curve
at low frequencies (formation of secondary plateau), phase
homogeneity (Cole-Cole plot) or plotting information about
damping behaviour (e.g. Van Gurp-Palmen-plot, comparison
of loss factor tan §). In order to enable simple comparison of
nanocomposites reinforcement in the shear flow, new way to
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analyze data of the shear flow has been tested [18]. The storage
modulus G’ reflects the elastic part while the loss modulus
gives information about the viscous part of the dynamic shear
flow. The relation of G"'/G” is defined as tan § and describes
damping behaviour of the polymer system. On the contrary, to
our knowledge, the G'/G"" ratio (cot §) has not been used for
rheological evaluation of nanocomposites up to now. Compared
to tan 8 (loss factor), cot § (named as storage factor, SF) reflects
melt rigidity, which can be associated with reinforcement effect
of nanostructured filler (combination of chain elasticity with
silicate layers rigidity in the polymer melt). In order to reduce
the values of storage factor to one representative magnitude for
one nanocomposite sample, G” as well as G"* curves have been
integrated over the measured frequency range as following:

628rad /s  628rad /s
csF= |G/ [a” (1)
0.1rad/s  0.1rad/s

In this way, cumulative storage factor (CSF) and some further
cumulative rheological parameters (e.g. cumulative complex
viscosity CCV, cumulative complex modulus CCM, cumulative
storage modulus CSM) were introduced [16]. It was proven that
values of CSF can be correlated with values of melt strength, i.e. the
reinforcement in polymer nanocomposites can be assessed and
compared in both, shear as well in elongational flow [18]. In this
paper, LDPE-ZnO-clay nanocomposites with different dispersion
grades (physical networks) are reported. It is shown that nano-
scaled ZnO can be used not only as UV stabilizer but also as
reinforcement and dispersion agent, respectively. The obtained
data is analysed in this paper using typical rheological approaches
as well as cumulative rheological parameters like CSF or CCV.
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2. Materials

Two low-density polyethylene grades: low melt viscosity
CA9150 (MFR (190°C/2.16 kg): 15 g/10 min, Borealis Inc.,
Linz, Austria) and high melt viscosity Lupolen 2420 D (MFR
(190°C/2.16 kg): 0.25 g/10 min, LyondellBasell Industries Inc.,
Rotterdam, Netherlands) have been used for the preparation of
nanocomposites. The used nanoclay Cloisite20 (CI20) as well
as masterbatch with nano-scaled ZnO (Nanobyk, dispersion
of 30% zinc oxide nanoparticles in low-molecular weight
polyethylene) were supplied by BYK-Chemie Ltd, Wesel,
Germany / POLYchem Ltd, Markt Allhau, Austria, respectively.

3. Experimental

Nanocomposites have been prepared using laboratory
compounder MiniLab II Haake Rheomex CTWS5 (Thermo
Fisher Scientific, Germany). Performance of 8 different
compositions (pure PE matrices, 5wt.% of CI20, 5wt.% of ZnO,
2.5/2.5 wt.% of CI20/Zn0O) have been compared. Rheological
properties in the shear flow were analyzed using a Physica MCR
502 rheometer (Anton Paar Ltd., Graz, Austria) with the cone-
plate geometry of 25 mm diameter and measuring gap of 43 pum.

4. Results and discussion

The nanocomposites structure has been usually assessed
by analysis of viscosity curve (shear-thinning effect) in
combination with evaluation of the storage modulus curve (G’
secondary plateau). In Fig. I.a and 1.b, magnitudes of complex
viscosity for nanocomposites based on both LDPE matrices in
dependency on angular frequency have been plotted. Addition
of nanoparticles to CA9150 resulted to significant differences
in the viscosity of mixtures. On the other hand, no substantial
differences between viscosity values of systems filled in
Lupolen (Fig. 1.b) can be seen. This is because dispersion
process of polymer nanocomposites based on layered silicates
(delamination) requires enough chain mobility so that molten
polymer chains are able to penetrate into interlayer space of
silicate. In high viscosity / high melt strength polymers, chain
mobility is rather reduced and, consequently, it is difficult to
achieve high dispersion grade. This is confirmed in Figs. 1.4,
1.b, 2.a, 2.b, where mixtures based on Lupolen showed typical
pseudoplastic behaviour (Fig. 1.b) with viscoelastic feature
(Fig. 2.b), while 2 nanocomposites based on CA9150 (5% CI20,
2.5% Cl20/2.5% ZnO) revealed pronounced shear-thinning
behaviour (Fig. 1.a) concomitant with rubber-like behaviour
at low frequencies (Fig. 2.a), indicating high dispersion grade.
Lower viscosity values of nanocomposites with 5% ZnO and
2.5% Cl20/2.5% ZnO comparing with pure LDPE matrices
(Fig. 1a, 1b) can be explained by significantly lower viscosity
of PE matrix used for preparation of ZnO masterbatch. It was
not possible to measure MFR value of ZnO masterbatch at
190°C/2.16 kg, but the value 404 g/10 min measured by 100
°C/2,16 kg confirms a significant “dilution” effect in used LDPE
matrices. The higher admixture of ZnO masterbatch to CA9150
or Lupolen matrix results to higher “dilution” of CA9150 or
Lupolen matrix, respectively, i.e. the average molecular weight
in such polymer blends will be lowered.
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The van Gurp-Palmen (vGP) plot as a dependency of loss
angle 8 on complex modulus |G*| has been usually used in
order to evaluate the topological structures of polymers. The
vGP plot is temperature invariant and can be used to check
for the time temperature superposition principle [48-52].
In Figs. 3.a and 3.b, this kind of dependency is plotted for
prepared samples. For the polymers with rather linear chain
structure, a continuous shaped curve has been published. On
the contrary, long chain branched (LCB) polymers revealed
a developed bump between the |G*| minimum and the 90°
plateau [50, 51]. As can be seen in Fig. 3.a, systems prepared
with CI20 and CI20/ZnO in CA9150 show topological
structure similar to mentioned LCB polymers with even
two bumps or peaks (CI20), indicating 3D physical network
made of silicate layers and polymer chains. The pure CA9150
matrix and nanocomposite with 5% ZnO showed behaviour
associated with linear chain structure. It can be seen in Fig.
3.b that Lupolen matrix as well as nanocomposites based on
it exhibited continuous shaped curve, i.e. the physical network
formed in nanocomposites using Lupolen matrix was rather
weak and could not be characterized from vGP plot.
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3. dbra Nanokompozitok Van Gurp-Palmen diagramja

In order to provide additional information about viscoelastic
damping behaviour of the prepared samples, phase angle § in
dependency on angular frequency has been plotted (Figs. 4.a
and 4.b). The curves for nanocomposites with CA9150 as well
as Lupolen matrix are similar to those of vGP plot. Mixtures
using CA9150 polymer matrix (Fig. 4.a) confirm formation

44 . = 2018/2 = Vol. 70, No. 2

of differently organized structures (specific combination
of agglomerated, delaminated and exfoliated structure in
nanocomposites) depending on 3D microstructure. Samples
using Lupolen matrix (Fig. 4.b) exhibit similar damping
behaviour.
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4. dbra Faziseltolédds a korfrekvencia fliggvényében

Other approach for description of viscoelastic damping
behaviour is “Cole-Cole” figure, where imaginary part of
complex viscosity is plotted over the real part. This plot
has been usually used to assess miscibility/homogeneity of
polymer blends and composites in the way that a smooth, semi-
circular shape can be interpreted by better compatibility and
homogeneity [53, 54]. As shown in Fig. 5.a, the CA9150 matrix
and nanocomposite with 5% ZnO showed semi-circle shapes,
reflecting high homogeneity of the system. However, for the
analysis of polymer nanocomposites performance, not only
homogeneity but also mechanical reinforcement should be
addressed. Using Cole-Cole plot, it seems that systems prepared
with CI20 and CI20/ZnO revealed deviation from semi-circle
shape and, therefore, are rather not homogeneous. However,
no information about reinforcement level can be obtained
from this figure. The Cole-Cole plot for nanocomposites using
Lupolen matrix showed semi-circle shapes for all samples and,
therefore, it cannot be used for analysis of differencies between
pure polymer matrix and filled systems.

Using previously introduced analysis based on “melt rigidity”
behaviour [16, 18], there is possibility to analyse reinforcement
level as result of 3D physical network between polymer
chains and filler particles and, consequently, to obtain some
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information hidden in analysis based on damping behaviour
(vGP, Cole-Cole plot) or typical evaluation of viscosity or
storage modulus curves. The cumulative storage factor plotted
over cumulative complex viscosity in Figs. 6.a and 6.b show
clearly other trend as trends obtained from figures analysed
previously in this paper.
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5. dbra  Cole-Cole diagram

For CA9150 matrix (Fig. 6.a) it can be seen that viscosity
value is high, but reinforcement level (comparing to
all nanocomposites) is low. Comparing to CA9150, the
nanocomposite with 5% of ZnO revealed lower value of
viscosity (due to admixture of low-viscous PE masterbatch
carrier), but higher value of reinforcement, followed by
nanocomposite with 2.5/2.5 wt.% of ClI20/ZnO and finally
followed by nanocomposite with 5wt.% of CI20 showing
the highest reinforcement and approximately same level
of viscosity as CA9150 (as in this case, no “dilution” effect
was caused). In this way, it was possible to recognize effect
of “internal reinforcement” coming from internal friction
(change in viscosity coming from mixture of two polyethylenes
with different MFR values) - described by CCV - and “external
reinforcement” coming from 3D physical network between
polymer chains and nanofiller particles - described by CSE
These two effects were not possible to be separated using
evaluation methods based on damping behaviour.

Itisalso interesting to compare the values of CCV of CA9150/
Lupolen matrices and corresponding nanocomposites filled
with 5% of ZnO. It can be clearly seen that dilution effect in
low-viscosity matrix (CCV of mixture with 5% ZnO is about
two-times lower than CCV of CA9150) is much higher than

that in high-viscosity matrix (CCV of mixture with 5% ZnO is
about 25% lower than CCV of Lupolen).
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Comparing to Fig. 6.a, coeflicient of linear regression in
Fig. 7.a (without polymer matrix) is very high. It means, if
only polymer nanocomposites are compared, there is high
correlation between CSF and CCV values, giving possibility
to compare previously described “external reinforcement” not
only in cases of nanocomposites using one polymer matrix, but
also in cases of nanocomposites based on polymer blends. This
is proved in Fig. 8, where all nanocomposites using low-viscous
CA9150 as well as high-viscous Lupolen are compared in one
data set with high correlation coefficient.
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8. dbra LDPE dgyazéanyagii nanokompozitok dsszegzett tdroldsi tényezdje

5. Conclusions

Polymer nanocomposite blends with different melt viscosity
polyethylenes and clay/ZnO nanoparticles were prepared
and analysed by conventional as well by new rheological
approach. Using novel approach based on melt rigidity analysis
(cumulative storage factor) the reinforcement caused by 3D
physical network between polymer chains and nanofiller
particles could be separated from that coming from internal
friction (associated with polymer melt viscosity). In this way,
new insight into structure/property relation description of
polymer nanocomposites has been introduced.
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Abstract

The applicability of a new organic inhibitor extracted from a cheap organic waste of orange peel
(so-called ,green” inhibitor) was studied in a laboratory system where the steel rebar samples
obtained from a steel mill operating in Hungary were investigated in several sets of experiments
to reveal their major corrosion properties in aqueous solutions containing sodium chloride salt.
The initial corrosion rates were determined by a standard electrochemical polarisation technique
on active (scale and rust free) steel specimen while being immersed in 3.5% NaCl aqueous
solutions containing the methanol extract of the chosen green inhibitor in a preliminary test run
of 24 hours. Due to the inhibitor’s active groups identified by FTIR spectroscopy, this new green
inhibitor (with concentrations tested at 1 and 3%) showed promising surface adsorptive and
corrosion mitigating effects examined also by scanning electron microscopy (SEM) combined
with EDS surface analysis. These SEM-EDS surface analyses were performed on the given rebar
samples after an immersion (i.e. corroding) period of one month.

Tamas I. TOROK

Professor of Chemical Metallurgy and Surface
Technologies at University of Miskolc, Hungary.
First Secretary of HUNKOR, the Hungarian
Corrosion Society, and former President of ASM
International Hungary Chapter.

Recent Research Interests: Corrosion
Phenomena, Protective Coatings, Metals Surface
Treatments and Surface Engineering.

Eva FAZAKAS

Head of Department in Bay Zoltan Nonprofit Ltd.
for Applied Research, Budapest.

As the head of the department | am in charge
of arranging and realizing the professional
development works of the department, as well
as organizing and co-ordinating the industrial
and R&D projects related to their fields of
competence.

Research interest: Corrosion Engineering,
Material Science, Structural analysis of
metals, Heat treatment of Metals, Casting and
mechanical alloying of metals.

Keywords:, Steel reinforcement, orange peels, corrosion properties, SEM EDS analysis.

1. Introduction

As it is stated in many relevant publications, the corrosion of
steel reinforcement is a major problem influencing the long-
term performance of reinforced concrete structures. It typically
occurs due to onslaught of aggressive agents such as chloride
ions from marine environment, deicing salt or chloride
contaminated aggregate. In the subsistence of chloride, the
protective passive stratum of steel is locally destroyed and
the unprotected steel areas starts dissolve. The formation
of corroding products (rust) involves a substantial volume
increase, i.e. the volume of corrosion products is greater than
that of original steel bar. Therefore expansive stresses are
induced around corroded steel bars causing possible cracking,
spalling of concrete cover and loss of bond between steel/
concrete, and thus reducing the serviceability of concrete
structures [1-6].

Cracking of the concrete cover is a critical limit state and
this is often modelled as a two-stage process that consists of
a) an initiation phase, defined as the time taken for corrosion
to commence, and b) propagation phase (Fig. 1), where the
accumulation of corrosion products induces expansive stresses
and damage. Until recently, most research has focused on the
time up to corrosion initiation, while the propagation phase
leading to failure remains poorly understood as it is stated in a
recent report of Wong et al. [7].

Anyhow, as a preventive measure against steel rebar
corrosion, it is highly recommended by many corrosion
experts [e.g. 8-11] studying the mechanism of the reinforcing
steel corrosion in concretes, that inhibitors added to the fresh
concrete mixtures can effectively defer the initiation phase of
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corrosion as well as decrease its rate during the propagation
phase.

As it is well known, the corrosion inhibitors are chemical
substances that when added in small amount to concrete mix
decrease or slow down corrosion rate by changing the surface
condition of the reinforced steel [12]. Most of the corrosion
inhibitors are classified as organic and inorganic ones
according to their chemical nature as well as anodic, cathodic
or mixed inhibitors according to the electrochemical reaction
on the steel surface with its environment [13]. Considering
their material sources and varieties, recently the popularity
and use of synthetic chemical compounds as corrosion
inhibitors is diminishing due to the strict environmental
regulations and toxic effects of many synthetic compounds on
human and animal life. Consequently, there exists the need to
develop a new class of corrosion inhibitors with low toxicity,
eco-friendliness and good efficiency. Throughout the ages,
plants have been used by human beings for their basic needs
such as production of food-stuffs, shelters, clothing, fertilizers,
flavors and fragrances, medicines and last but not least, as
corrosion inhibitors. The use of natural products as corrosion
inhibitors can be traced back to the 1930’s when plant extracts
of Chelidonium majus (Celandine) and other plants were used
for the first time in H,SO, pickling baths [14,15].

Extracts of plants materials contain a wide variety of organic
compounds [16]. The natural constituents of these extracts
contain N, O, and S containing heterocyclic macromolecules,
which when reaching the steel surface by diffusion and
got adsorbed at the steel concrete interface by secondary
molecular interaction with the metal and metal oxide they
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a) Corrosion = 0.98%
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Fig. 1. BSE images of samples with different degrees of corrosion, showing rust accumulating at the steel-concrete interface and migrating into the cement paste, cracks and air voids
(S: Steel, MS: Millscale, RL: Rust layer, RP: Rust-filled paste, P: Unaffected Paste) [7]
1. dbra  Elektronmikroszképos (BSE) felvételek kiilonbozd mértékii korrozids kdrosoddsokrdl vasbetonban: az acélbetét és a beton hatdrfeliiletén keletkezett és felszaporodott rozsda

beprésel6dott a cemetpépbe, a repedésekbe és a légiiregekbe (Jelolések az dbrin:

kdrosodott cementkd (megkdtott cementpép). [7]

can form protective layers to repeal water molecules and
inhibit ingression of destructive species like CI', SO O and CO,
which are responsible for the depassivation of steel during the
initiation phase of corrosion [17].

Getting motivated by the above described new tendencies
and continued need of further research in this field, the main
purpose of this study was to perform experimental laboratory
tests to reveal the major corrosion related properties of steel
rebar samples immersed in sodium chloride solution in contact
with air. This approach is well justified as such or similar
situations might also arise during the real and long service life
of steel reinforced concrete structures and must be addressed
in order to mitigate the risk of their degradation in such harsh
(e.g. close to the see) environmental conditions. And, towards
that aim, testing the potential of a new green inhibitor can be
an important step forward in this respect.

2. Materials and methods

The steel rebar samples were obtained from a secondary
steel making factory (Ozd Steelworks Ltd.), which produces
different hot rolled rod and wire products. The hot rolled and
ribbed reinforcing steel bar samples with diameter of about 8
mm were cut to 10 cm long pieces. The steel quality was in
compliance with the standard EN 10080 [18] and contained
about 0.2 wt.% C, somewhat over 1% Mn, and about 0.3 % Si
as the main alloying elements. The as-received rod samples
surface was covered with a thin layer of mill scale (iron oxide)
which for some further corrosion testing experimental sets was
removed by standard acid pickling in HCl solution.

In order to detect the active compounds of the powder of the
ground dry orange peel, their FTIR spectra were also recorded.
This test provides information about the chemical bonding
or molecular structure of materials; determines the chemical
types of components in the mixture, and whether they are

S:acél, MS: reve, RL: rozsdaréteg, RP: rozsddval penetrdlodott cementkd, P: nem

organic or inorganic. The BRUKER type FTIR spectroscope
(IRAffinity-1S) was equipped with a diamond crystal, and
always a clean, empty diamond crystal was used for the
collection of background spectrum.

The inhibitor tested in these experiments was a methanol
extract of fine ground dry orange peel. The Soxhlet-extraction
was made for 6 hours, then the methanol was evaporated
under reduced pressure (60 mbar) at 40°C and the extract was
dispersed/dissolved in distilled water. This aqueous suspension
of the orange peel extract was then used as an inhibitor stock
solution/suspension and was added in different percentages to
the corrosion test electrolyte solutions of NaCl.

To estimate the initial corrosion rates, the properly prepared
steel samples were put in the NaCl test solutions both without
and with added orange peel extract as the inhibitor. During
the polarization measurements the (steady-state open circuit)
corrosion potentials (E/V) were recorded referenced to a
saturated calomel electrode (SCE), then the electrode potential
was scanned with a constant rate of 10 mV/min ,,down” to
more negative (i.e. so-called cathodic) polarisation potentials
of -2.5 V... Then the potential was reversed and scanned
with the same rate through the E/V corrosion potential up to
about +2.0 V., more positive value than that of the corrosion
potential. In this way a total potential range of almost 4.5 V
were scanned. This procedure was then repeated in the same
manner after longer periods of immersion times of 1 h, 3h, 5h,
7h, and 24 hours.

In the other sets of experiments both the initial surface state
(i.e. mill-scale covered / as-received one) and the corroded
surface conditions were characterized by scanning electron
microscopy (SEM) coupled with energy-dispersive X-ray
spectroscopic micro-analyser (EDS). Before the SEM-EDS
testing the samples were left corrode for one month in NaCl
solutions in contact with air both without and with green
inhibitors of only 1 % and 3%, respectively.
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Fig. 2. Fourier transform infrared spectrum (FTIR) of the dry orange peel powder depicting its IR absorbance peaks in the function of wavenumber with the most significant values
indicated above the peaks
2. dbra  Szdritott narancshéj por Fourier-transzformdcids infravords (FTIR) spektruma; a legjellemzébb abszorpcids csiicsokhoz rendelhetd hulldmszdm értékekkel is jellemezve

3. Results and discussion

Active Group Positive Number

3.1 Analysis of the Powdered Orange Peel

The dry and ground orange peel sample was first studied
by recording its FTIR spectrum (Fig. 2) in order to detect its
most probable IR active functional groups. In accordance
with the relevant literature [19] our chosen natural organic
material should also contain chemical constituents like organic
fats, pectins, lignin, reducing and non-reducing sugars all of
which have many active functional groups (carboxyl, hydroxyl,
aldehyde, etc.) which make it a good candidate to show surface
modifying properties if its water soluble components are
properly extracted from it and used afterwards as an adsorptive
type bio-based inhibitor.

The typical functional /active/ groups and the corresponding
IR signals are also summed up in Table 1.

The above presented FTIR data have confirmed our
supposition that the extract of orange peel should be an
effective green inhibitor to be used in steel reinforced concrete
structures.

A somewhat similar approach was considered and taken
by Zapata, Balmaseda, Fregoso-Israel and Torres-Garcia [20]
when they studied the chemical structure of orange peel by
FTIR technique as shown in Fig.3. Where we found most of
the groups that appeared in our examination are similar to the
groups that appeared in their analysis, for example, in the high
energy region at (3280.93)cm™ is due to a large amount of OH
groups of the carbohydrates and those of lignin. Also at (1045)
cm™ corresponds to the link C-O-H or C-O-R (alcohols or
esters) while the distinctive band at (2925)cm! is related to the
presence of C-H stretching vibration together with bending
vibrations around (1428)cm™ of aliphatic chains (-CH,- and
-CH-) forming the basic structure of this lignocellulosic
materials.

50 . = 2018/2 = Vol. 70, No. 2

OH (3280.93) cm*
CH (2920.79) cm™
P-H (2349.26) cm*
C=0 (1739.69) cm*
c=C (1606.04 ) cm*
-CH, (1416.56) cm*
-CH, (1367.84) cm*
CH-OH (1236.60) cm™*
C-0-Hor C-OR (1012.75) cm*
=CH (670.85) cm™
C-Br (664.41) cm™
0-N=0 (586.22) cm?
S-S (533.05) cm™

Table 1. 'The IR active groups and positive numbers of the FTIR tested orange peel powder
1. tdbldzat A vizsgdlt narancshéj por mintdban detektdlt IR aktiv csoportok és a hozzdjuk
rendelt hulldmszdmok

c=0

(stretching)

Transmittance/%
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' c=c | & %
& - 3
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Fig. 3. FTIR spectrum of the dried orange peel sample [20]
3. dbra Szdritott narancshéj minta [20] FTIR spektruma
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E (V) for samples E (V) for samples in
Time in 3.5%NacCl solution
3.5%NaCl solution + green inhibitor

i (uA/ecm?) for

1
corr

samples in

Oh -0,942 -0,857 3,116
1h -0,895 -0,808 2,588
3h -0,895 -0,837 2,542
5h 0,914 -0,895 2,572
7h -0,972 -0,885 2,429
24h -0,867 -0,875 2,572

Table 2. Initial corrosion properties of the steel specimen measured in the first 24 hours
2. tdbldzat A vizsgdlt betonacél mintikon az elsé 24 érdban mért korrozids jellemzdk
3.2 Corrosion Properties Obtained from Electrochemical
Polarization Experiments

The adsorptive properties of the chosen green inhibitor can
be indirectly sized up relatively easily from the polarization
curves which technique is widely used by electrochemists
working in the field of corrosion studies. In our case a
computer controlled (ZAHNER type potentiostat was used to
record the current — potential data which were then converted
to corrosion rates according to standard procedures described
in ASTM STP 908 [21]. The so obtained corrosion properties
(E/V,i_ ,and CR values) are all summarised in Table 2 and the
corrosion rates (CR) are depicted also in Fig. 4.

| BWithout Green Inhibitor  B'With Green Inhibitor

0,04

0,035

0,03 -
0,025
0,02
0,015
001
0,005

Cr. Rate (mm/year)

0 1 3 5 T : 24
Time (hour)

Fig. 4. Calculated initial corrosion rates of the given steel specimen being immersed

in 3.5%NaCl solution in contact with air in the first 24 hours
4. dbra  Levegdvel érintkezd és 3,5 % NaCl tartalmii vizes oldatban tesztelt acélmintdk
szdmitott korrézidsebesség adatai az elsé 24 6rdban

As it is seen in Figure 4, the tendency of the corrosion rates is
diminishing with time of immersion during the tested first short
period of 24 hours, and the rates are always somewhat lower in
cases when the NaCl solution contained the extract of the orange
peel inhibitor. As the start of chemical attack (i.e. initiation of
surface rusting) on the surface of such freshly prepared (cleaned
and mechanical polished) steel specimen is always rather slow in
such neutral and stagnant aqueous salt solutions in contact with
air, the observed tendency should be evaluated accordingly. It
means that the inhibitive effect of the chosen and so tested green
inhibitor is really plausible and promising.

3.3 Results of SEM and EDS Analysis

In addition to testing the initial corrosion behaviour of the
given steel material by the above described electrochemical
testing techniques, several sets of the steel rods of about 10 cm

3.5%NacCl solution

CR
(mm/year)
for samples in
3.5%NaCl solution +
green inhibitor

CR
(mm/year)
for samples in
3.5%NacCl solution

corr
(uA/cm?) for samples in

3.5%NaCl solution +
green inhibitor

2,681 0,0362 0,0312
2,511 0,0300 0,0292
2,371 0,0300 0,0276
2,411 0,0300 0,0280
2,402 0,0282 0,0279
2,208 0,0299 0,0257

long (half having their as-received original surface condition
and half acid pickled) were put and kept in three different NaCl
solutions for 30 days. One set was the blank (without inhibitor)
and the two other sets contained 1 or 3% inhibitors as well.

After 30 days the corroded samples surfaces were examined
by scanning electron microscopy (SEM) and the scanned
surface areas were also EDS analysed to detect the observable
chemical elements in the close to surface zones in depth of
about 1 pm.

The first SEM image (Fig. 5) shows the as-received surface
condition of the reinforcing steel rebar sample obtained from a
steel works (OAM Ltd., Ozd). Its oxide cover was identified as
some kind of mill-scale with an average chemical composition
close to that of FeO (wiistite). This surface product is due to
the high temperature metal forming technology (hot rolling in
air), and it seems to be well adhered, but shows several cracks
and distorted areas at higher magnification (Fig. 5).

Mags ZS0KX SgiiA=CZBSD Dute:17 May2017
WO=t4Dmm  EHT=2000KV  Tenw 85203

Counts.
1550
30K
25K
10K

1.5K

T 400 500 600 7.00 800 Kev
Fig. 5. SEM image and EDS analysis of the steel rebar as recieved from the steel mill
5. dbra Az acélgydrtél kapott betonacél minta feliiletének elektronmikroszképos
(SEM) képe és kémiai elemi Gsszetétele EDS (elektronmikroszondds)
elemzéssel meghatdrozva
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After 30 days immersion in the testing NaCl solutions,
the corroded surfaces of the steel rebar samples showed
quite varied surface morphologies as it is demonstrated in a
randomly selected SEM image shown in Figure 6.

«&w

W
Iy {101

Signal A = CZ BSD Date 27 Jul 201
EHT = 26,00 kv/ Time :11:07:11

Mag= 200KX
WD = 13.0 mm

Fig. 6. SEM image of a small rusted surface region of a steel rebar sample first HCI
acid pickled to remove the mill-scale then kept in 3.5 % NaCl solution with
3% inhibitor in air for one month. EDS spot analysis showed approximate Fe
and O atomic percentages at Point 1: Fe ~89 at%, O ~9 at%; at Point 2: Fe
~54 at%, O ~44 at%; and at Point 3: Fe ~49 at%, O ~50 at%.

6. dbra  Sésavas pdcoldssal revétlenitett, majd egy hénapig 3,5 % NaCl-ot és 3%
inhibitort is tartalmazo, s levegdvel is érintkezd vizes oldatban korroddlédott
betonacél minta rozsdds feliiletének kicsiny részlete (SEM felvétel), és a jelolt
hédrom pontban elvégzett EDS mikroszondds elemzések eredménye (kozelité
Fe és O atomszdzalékos értékek): az 1 pontban: Fe ~89 at%, O ~9 at%; a 2
pontban: Fe ~54 at%, O ~44 at%; és a 3 pontban: Fe ~49 at%, O ~50 at%.

Although the exact identification of the most probable
corrosion products was not aiming at in this research, but
their approximate average surface coverage was estimated
based on the EDS area analysis taking into consideration the
limitations of this technique while trying to analyse such rather
thin and heterogeneous surface layers of various and loose
corrosion products. Therefore, for the correct interpretation of
the EDS analysis one should always remember the important
fact that the EDS microanalysis (using the given apparatus
type ZEISS) provides information only from the outermost
surface zone with a maximum depth of about 1 pm. Moreover,
the elementary composition obtainable from such a close to
surface volume does not contain the amount of hydrogen,
which element is not detectable by this technique. Hence, the
atomic percentages given below the SEM images (i.e. in Figures
6-7) do provide only some approximate average ratios of Fe
and O present in the surface oxide-hydroxide layers plus that
of mostly Fe in the zone (i.e. in the bulk steel) underneath the
oxide-hydroxide cover.

Knowing that the oxide-hydroxide corrosion products
formed in such circumstances on such type of steels are
different iron oxide-hydroxides like Lepidocrocite (y-FeOOH),
Akaganeit (B-FeOOH), and Goethite (a-FeOOH), it follows
that in all these phases the atomic ratios of Fe to O is 1:2 (i.e.
~33 at.% to ~66 at.%), disregarding the presence of H. Based
on such a comprehension, and evaluating the EDS detected Fe
to O atomic percentages given in Figure 7, it can be concluded
with high certainty, that the oxide-hydroxide corrosion layer
formed on the surfaces of the steel rebar samples exposed for
one month to the corrosion attack of inhibited stagnant NaCl
aqueous test solutions in contact with air, could not develop/
grow as thick as in the case without inhibitor.
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Fig. 7.

7. dbra

Signal A=CZBSD Date 27 Jul 2017

WD =13.0mm EHT = 26.00 KV Time :11:17:43

SEM images with the results of EDS area analysis of the as received steel rebar
samples kept in stagnant NaCl solutions without (a-), with 1% (b-), and 3%
(c-) inhibitor for one month. Approximate Fe and O concentrations detected
in the close to surface thin corroded zones were as follows: a) Fe ~52.6 at.%,
0~44.3 at.%; b) Fe ~61.2 at.%, O~35.7 at.%; and c) Fe ~66 at.%, O~18
at.%. (Other minor detected elements are not listed.)

Egy hénapig stagndlé (nem kevert) NaCl-os vizes oldatban egy honapig
korroddlodott betonacél mintdk feliiletének SEM felvételei és ezeken a
korroddlddott feliiletrészeken EDS mikroszondds elemzéssel meghatdrozott
Fe és O atomszdzalékos koncentrdciok (a kis mennyiségben detektdlt

egyéb elemek nélkiil). Jelolések: (a-) inhibitor nélkiil; (b-) 1% inhibitorral;

és (c-) 3% inhibitorral. Fe és O tartalmak a vizsgdlt mintdk feliiletkozeli
tartomdnyaiban: a) Fe ~52.6 at.%, O~44.3 at.%; b) Fe ~61.2 at.%, O~35.7
at.%; and c) Fe ~66 at.%, O~18 at.%.
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4. Concluding remarks

During our laboratory experiments the tested orange peel
extract has shown promising positive effect on inhibiting
the corrosion rate of iron in close to neutral aqueous NaCl
solutions in contact with air.

In the future the new orange peel extract inhibitor will also be
tested as an admixture of freshly prepared concrete laboratory
specimens reinforced with steel rebars in order to explore its
potential applicability in the building industry.
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Acélbetétek korrozids vizsgalata 3,5% NaCl oldatban
zold inhibitor alkalmazasaval és anélkiil

Olcs6 szerves hulladéknak mindsild narancshéjbdl Gj
inhibitor anyagot (Un. ,zéld” inhibitort) vontunk ki, melynek
acélbetétek korréziovédelmicélra torténd alkalmazhatosagat
tobbféle kisérleti modszerrel laboratériumi  koriilmények
kozott vizsgaltuk. Az egyik magyarorszagi acélgyartol
kapott betonacél mintak tobb sorozatat (eredeti revés és
revétlenitett allapotukban egyarant) vizes 3,5 %-0s natrium-
klorid oldatokba meritettik és a szokasos elektrokémiai
polarizaciés méréstechnikat alkalmazva meghataroztuk
a metanolos extrakcioval kinyert inhibitort is esetenként
(1, illetve 3 %-ban) tartalmaz6 vizes kozegben kialakuld
kezdeti korréziés sebességeket az elsé 24 éraban. Az Uj
,Z0ld” inhibitor aktiv csoportjait FTIR spektrometridasan
identifikaltuk, mely aktiv csoportoknak kdszonhetden
ezen (] inhibitor fellletszorpciés hatasa altal képes volt
jol érzékelhetden csOkkenteni a vizsgalt acél mintak
korroziosebességét. Az egy honapos korréziés hatasnak
kitett mintakat pasztazo elektronmikroszkoépos (SEM) és EDS
mikroszondas felliletanalitikai modszerekkel is elemeztik.
Kulcsszavak: acélbetét vasbetonhoz, narancshéj, korrézios
tulajdonsagok, SEM EDS elemzés
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Effects of tunnel-fire on load bearing capacity of tunnel-lining and surrounding rock mass
The effect of tunnel-fire can causes significant changes in strength of the tunnel-lining and the
rock environment. Different concrete specimens which modelled the closer and further part of
the lining from the fire were tested after different heating and cooling treatments. Diagrams
and reducing factors recommended by the standard MSZ EN 1991-1-2:2005 were investigated
by different conditions according to hydrocarbon fire curve. The reason of differences between
the test results and standard curve were investigated. The reasons of failures were analysed
due to the breaking surfaces and failure shape of specimens and processes during heating and
cooling. The resulted differences were investigated to apply particular numerical model which
can handle the temperature changes. The change of compressive strength and Young’s modulus
were measured and compared with the standard values. The Young’s modulus which was
calculated from measured compressive strength was also compared with the measured values.
Temperature has been determined where the measured and calculated curves fit correctly and
the required reducing factors also.

The test results showed that in case of tunnel fires the reducing factors depends on heating
and cooling rates. The calculated Young's modulus values are accurate until a certain limit and
beyond this limit Young-modulus can be considered as zero. Starting from the test results, the
possibility of creating a fast and efficient routine method was investigated. This method is able to
predict the conditions of load-bearing structure of fire-loaded tunnels, after fire.

Keywords: Tunnel-fire, standard fire curve, high temperature, concrete, compressive strength,
modulus of elasticity
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rugalmassagi modulus

1. Bevezetés

Cikkiink a Szilikatipari Tudomanyos Egyesiilet 4ltal 2016-
ban meghirdetett diplomapélyazaton II. helyet elnyert
diplomamunka témajat mutatja be.

Az alaguttiizekb6l szarmazé héhatas jelentds valtozasokat
eredményezhet az alagutfalazat és a kézetkornyezet szilardsagi
és merevségi tulajdonsagaiban, esetlegesen teljesen tonkre
is teheti a szerkezeti elemeket (Sarma, Ramana, 1979,
Rideg, 2014). Kilon-kilon mar szdmos vizsgalat késziilt a
kdzetkornyezet (Gorog 2007a, Gorog 2007b) és az alagutfalazat
vizsgdlatarol (Parkinson, Ekes 2008). E mellett tobb szerz§
foglalkozott a falazat és kézetkdrnyezet egymadsra hatasaval
is (Gal, Gorog 2013, Oreste 2003). A hé hatasara torténd
szilardsagvéltozas mind a koézetkdrnyezet, mind a falazat
szempontjabol fontos. Granitos kdzetek esetén a hé hatasara
torténd szilardsagvaltozasrdl Torok et al (2015) irt, alagutfalazat
betonjanak vizsgalatat téiz hatdsara példaul Hertz (2003)
végezte. A tlizbdl és tonkrement szerkezetbdl valé mentés és
a helyreallitas soran az életvédelem a legfontosabb szempont.
Az anyagi kar nyilvdnvaléan annal nagyobb minél tovabb
van lizemen kivill egy alagut. Az emlitett veszélyek és karok
minimalizéldsa érdekében vizsgaltuk azt, hogy a szabvanyban
megadott szilardsagcsokkent$ tényezSk alaguttiizek esetén
val6 alkalmazasa megfelel6en pontos eredményeket adnak-e a
tervezéshez.
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Kft. 2007), alagutak és foldmegtamaszto
szerkezetek tervezésével foglalkozo geotechnikus
mémok.

2. Célkitazések

Munkank soran alapvetden a tliz anyagjellemzdékre gyako-
rolt hatasaval foglalkoztunk, kiemelve a vasbeton alagutfala-
zatban a beton anyagjellemzdinek valtozasat visszahlt llapot-
ban. A diplomamunkdban, a kdzetkornyezetben hé hatasara
bekovetkezd valtozasokra is kitértiink, de ez nem képezi jelen
cikk témajat. Egy gyors és egyszer(i eszkozokkel végrehajthato,
héterhelés utani maradé szilardsdg/merevség becslési modszer
megalkotdsanak lehet&ségét is vizsgaltuk. Alaguttliz esetén, ha
atlizidétartama, maximalis hémérséklete ismert és azonos ma-
ximalis hémérsékletig, azonos id6tartamig tarté héterheléssel
el6allithatdk a sériilt beton tulajdonségaival kozel azonos tulaj-
donsagu prdbatestek, megéllapithatd, hogy koriilbeliil milyen
mértékid karosodast szenvedett az alagutfalazat. Eltéro felftitési
sebességgel a tizfészekhez kozeli vagy tavolabbi falazatrészek
modellezhet6k és az eltérd htitési médokkal szimulalhaté a kii-
16nbség a falazat oltdsakor hirtelen, vizzel lehtitétt, illetve oltast
kovetden a levegdn lehilt részei kozott. A probatestek csdkkent
szilardsagabol kovetkeztetni tudunk arra, hogy a falazat kiilon-
boz6 atmelegedésti zonaiban mekkora a szilardsagcsokkenés.
A héterhelt és az etalon (héterhelés nélkiili) probakockak szi-
lardsagi értékeinek viszonyszamabdl kovetkeztetni lehet a ru-

galmassagi modulus valtozasara is.
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3. Tiiz hatasa beton/vasbeton falazatra

A hémérséklet emelkedésével a beton szilardsagi jellemz6i
romlanak (1. dbra). A beton a lehtilés sordn részlegesen sem
nyeri vissza eredeti tulajdonsagait, jellemzdit, mivel a héterhelés
hatdsdra a beton szerkezetében irreverzibilis folyamatok
mennek végbe, a beton anyagszerkezete megbomlik, és
végezetiil tonkremegy (Lubldy, 2008).

Feszilltség [Nimm?]

0,000 0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.040 0.045

Alakvaltozas [-]

1dbra A beton nyomészildrdsdganak viltozdsa a hémérséklet fiiggvényében (fib
bulletin 38, 2007.)
Fig. 1. Compressive strength of concrete on different temperatures

2 dbra  Szdladagolds nélkiil késziilt alagiitelem 1200°C-os héterhelés utdn (fent) és 2
kg/m? polipropilén szdladagoldssal késziilt alagiitelem 1200°C-os héterhelés
utdn (lent) (Mérth, et al., 2005)

Tunnel element made without fibres after fire loading on 1200 °C (above) and
tunnel element made with 2 kg/m’* of polypropylene fibres after fire loading on
1200 °C (below)

Fig 2.

Alagutak esetén fontos, hogy a betonfeliiletek réteges
levalasa tliz esetén ne kovetkezzen be. Szamos kisérlet igazolta,
hogy ennek veszélye muanyagszalak alkalmazdsa esetén
lényegesen kisebb, mivel a szalvaz kiégése soran létrejovod
pOrusszerkezet a szétrepedés veszélyét csokkenti. (Morth,
et al, 2005). Alagutelemekkel végzett kisérlek igazoltak,
hogy a polipropilén szélerésitésti betonok feliiletének réteges
levaldsa a tliz hatdsiara (1200 °C) nem kovetkezett be (2.
abra). Ausztridban egy kutatdcsoport (Walter, et al., 2005)
vasbeton fodémeket tesztelt, melyeket gépekkel terheltek, majd
kétdras tiizterhelésnek vetettek ala. A betontakaras rétegesen
levalt a szalerdsités nélkiili fodémeknél, azonban az 1-3 V%
polipropilén szallal késziilt tablakndl réteges levélas nem
volt tapasztalhaté. Altaldnossagban kijelenthets, hogy a kis
atmérdjd, kis hosszusagu polipropilén szalak kedvezé hatassal
vannak a betonra tlizteher esetén, mivel a réteges levalast
akadalyozzdk (Horiguchi, Suhaendi, 2005, Lubléy, 2016).

A réteges levalds egyik kivaltd oka a megnéovekedett
porusgdéz-nyomds. A gbz és gazok dltal kifejtett nyomads a
keresztmetszet mentén valtozik, de nem a tiizzel terhelt feliilet
kornyezetében a legnagyobb. A feliiletkozeli rétegekben a nyilt
porusrendszer a nyomast hatékonyan csokkenti. Ugyanakkor
kis mélységben, ahol mar a pdérusok kiegyenlité hatdsa nem
érvényesill, 1étrejon egy ,vizgdz-gat”(3. abra).

i | . hbéanmlika =~
kozel vizzel ne[ite__t_( S porézus betonba
pordzus beton -
dramlisa az + - L 5
ﬁ:mabb A2 7 para dramlisaa -
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felé - =
a folyékony pémsvizﬁ/
g0zzé alakulasa 7
frontja
atelitett frontbag 0 s
nagy géznyomas 5
alakul ki

3. dbra A betonfeliilet réteges levildsa géznyomds hatdsdra (Winterberg, Dietze,
2004)
Fig. 3. Spalling of concrete surface due to vapour pressure

A betonacélok szilardsdga 400 °C-os hdémérséklet felett
kezd rohamosan cs6kkeni. 1000 °C koérnyezetében a vasalds
teherbirdsa gyakorlatilag nullara csokken. Kiilonbséget kell
tenni a melegen hengerelt és a hidegen huzott betonacélok
héhatdsra vald méretezése kozott (MSZ EN-1992-1-2).

4. Kozetkornyezet viselkedése magas
homérsékleten

Granitoknal a kezdeti hémérséklettartomanyban (~300 °C-
ig) a nyomoszildrdsag 80%-kal megnd, majd magasabb, 600°C-
os hémérsékleten 15%-os szilardsagcsokkenés tapasztalhat6 a
22 °C-os allapothoz képest (Torok, Torok, 2013).

A huzdszilardsag értéke a magas hdmérséklet hatasara csok-
ken, 550 °C -nal a huzdszilardsag értékében hirtelen esés ész-
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lelhet6 (Sarma, Ramana, 1979). A vizsgalati tapasztalatok sze-
rint a huzoszilardsag a nyomoszilardsag értekének 10%-a koriil
van. A pillanatnyi rugalmassagi modulus értéke a hémérséklet
és a nyomas fiiggvénye. A hémérséklet emelkedésével a gra-
nit mintak rendre veszitenek a rugalmassagukbdl, 300 °C-nal
pedig a rugalmassagi modulus (kdzettomb) a felére csokken
(Sarma, Ramana, 1979). Ezeket az eredményeket Torok, Torok
(2013) ausztriai granitokon végzett vizsgalatai is alatdmasztot-
tak. Rideg (2014) szamitdssal igazolta, hogy alagutakban mar
csekély hdmérsékletvaltozas is okozhat elmozdulésokat.

5. Laboratdériumi vizsgalatok

A vizsgélatok soran két betonosszetételt alkalmaztunk
(1. téblazat). A betonok mindkét esetben kvarckavics és
kvarchomok adalékanyaggal és CEM I 42,5 N tipusu cementel
késziiltek,szilardsagiosztalyuk C55/67. Akétbetondsszetételnek
a viz-cement tényezdje tért el (és ebbdl adoddan a folydsitd
adalékszer mennyisége). Meg kell jegyezniink, hogy a CEM
III heterogén cementek kedvezdbben viselkednek a tlizzel
szemben, de jelen esetben nem a teljesitmény maximalizalasa
hanem a teljesitmény valtozasanak vizsgdlata volt a cél
Mindkét Gsszetétel esetén két fajta probatest késziilt, 150 mm
élhosszuisagu, szabvanyos probakocka és 70 mm x 70 mm x 250
mm-es kisméret(i hasab.

Minden probatest tomoritése vibroasztalon tortént,
(beton lovells gép nem alt rendelkezésiinkre) kizsaluzds
utan a probatesteket az MSZ EN 1992-1-1:2010 szabvanynak
megfelelGen taroltuk. A probakockakat 8 darab részre vagtuk,
igy atlagosan 75 mm élhosszusagu, kisméretl kockakat
kaptunk (kés6bb ,kisméretli kocka”). A kisméretli kockak
alkalmazasatindokolta, hogy ezekbdl egyszerre tobb helyezhetd
a kemencébe és gyorsabban érik el teljes térfogatukban a kivant
hémeérsékletet, igy a vizsgalat gyorsabb. A kisméretii kockakon
mért értékek atszamithatok szabvanyos nyomoszildrdsagi
értékekre, a hoterhelt kisméretd kockdkon mért szilardsagi
értékeket, azonos méret(i, 20°C-on mért szilardsagi értékekhez
viszonyitottuk, igy kiejthetd a prébatest méretének hatdsa.
A kapott hanyadossal beszorozva a szabvanyos probatestek
20 °C-on mért szilardsagi értékét megkapjuk a szabvanyos
(MSZ EN 1992-1-1:2010) szilardsagot. A kisérleteket a BME
Epitéanyagok és Magasépités Tanszékének anyagvizsgald
laboratériumaban végeztiik.

4. dbra  Prébatestek hiterhelés (fent) és nyomészildrdsdg vizsgdlat utin (lent)
Fig 4. Specimens after heat (without naked flame) load (above) and compressive
strength test (below)

A kemencét szabadon flit6ttiik fel (megel6z6 hémérsékleti

1épcs6k nélkiil) és a benne 1év6 probatesteket hon tartottuk 1
oran keresztiil, a probatesteket langhatds nem érte, kizardlag a

C 55/67

Fajta vagy frakcio

Tomeg [kg/m3] Térfogat [I/m3]

Keverés 50 | [kg] Viztartalom [kg] Korrekcio

0/4 mm frakcié  45% 833,40 315,09 41,67 1,67 43,34

) 4/8 mm frakcid  25% 463,00 175,05 23,15 - ]
Adalekanyag 8/16 mm frakci6  30% 555,60 210,03 27,78 0,41 28,19
Osszesen 100% 1852,00 700,19 92,60 - -

Cement CEM 42,5 N 390,00 125,80 19,50 - ]
Viz m/mc= 0,41 160,00 160,00 8,00 - 5,92
Adalékszer cem m % Glenium 323 1,00% 3,90 3,90 0,20 - -
Levego - 10,00 - - -
Osszesen 2406 1000 - - -

1. tdblazat Az elsé betondsszetétel
Table 1. 'The first concrete mixture
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kemencében 1év6 magas légh6mérséklet hatasara melegedtek
fel (4. dbra).

A kisméretti kockdkat és a hasdbokat négy hémérsékleten
terheltiik, 300 °C, 500 °C, 800 °C, 1000 °C -on. Az elsd
keverékbél szarmazd hasdbok és probakockak héterhelése
négy fajtara bonthatd:

= LLjelii: 20 °C-os hasab és kisméretii kocka 20 °C-os

kemencébe helyezve, T °C-ra felfiitve, 1 éran 4t hén
tartva, majd laborlevegdn lehfitve. Ezen prébatestek
a falazat tizfészektol tévolabb 1év6, lassabban
felmelegedd és oltas kozben vizzel nem érintkezve,
lassan lehiil6 részeit modellezik.

=  HSjelti: 20 °C-os hasab és kisméret(i kocka 20
°C-os kemencébe helyezve, T °C-ra felftitve, 1 éran
at hén tartva, majd vizbe lehtitve. Szintén a lassabban
felmelegedo falazatrészeket modellezi, amelyek oltas
kozben vizzel érintkezve gyorsan hilnek le.

= LL+jelti: 20°C-os hasab és kisméretii kocka T °C-
os kemencébe helyezve, 1 6ran at hén tartva, majd
laborlevegén lehtitve. Ezek a probatestek a ttizfészek
kozelében 1év6, szénhidrogének égése esetén fellépd,
nagyon gyors légh6mérséklet emelkedésnek kitett
és oltas kozben vizzel nem érintkezve, lassan lehiilé
falazatrészeket modellezik.

= HS+jelli: 20 °C-os hasab és prébakocka T °C-os
kemencébe helyezve, 1 6ran 4t hén tartva, majd vizbe
lehtitve. Ezek a probatestek a tlizfészek kozelében 16v6,
szénhidrogének égése esetén fellépd nagyon gyors
léghdmérséklet emelkedésnek kitett és oltas kozben
vizzel érintkezve, hirtelen lehiil6 falazatrészeket
modellezik.

Az els§ keverésbol késziilt probatesteket az Gsszes emlitett
héterhelési mddon vizsgaltuk, majd kivalasztottuk azt a
két esetet, melyeknél a legnagyobb szilardsagcsokkenést
tapasztaltuk, és ami a valdsaghoz legkozelebb all. Ez a két
eset az LL+ és a HS+ jelti héterhelési méd volt, ahogy az 5.
dbrdn is lathatd, ez a két héterhelési méd roncsolja legjobban
a probatesteket. A mdsodik kisérleti sorozatbol szdrmazo
probatesteket mar csak a két valasztott moédon héterheltiik.

5. dbra  Prébakockdk 1000°C-os héterhelés utdn (jel szerint balrdl jobbra: fels sor:
LL, HS, alsé sor: LL+, HS+)

Fig. 5. Specimens after heat load on 1000 °C (signs from left to right: top row: LL,
HS, bottom row: LL+, HS+)

Az alagutfalazat modellezésének és er6tani méretezésének
sziikséges, de nem feltétleniil elégséges bemend adata a beton
héterhelés utani maradé nyomo, hajlitd-hizé szilardsagara és
rugalmassagi modulusa.

Hémeérsékleti 1épcsénként, minden héterhelés tipusbol
kapott eredményt harom proébatest vizsgalataval hataroztunk
meg. A nyomoszilardsagi vizsgalatokat a prdobatest kis mérete
miatt 2,7 kN/s terhelési sebességgel végeztilk Form+Test
Alpha4 tipust hidraulikus torégép hasznalataval.

A Dbeton rugalmassagi modulusanak valtozasa aranyos a
nyomoszilardsag megvéltozasaval, igy a rugalmassagi modulus
szamithat6. Az MSZ EN 206-1:2002 az

Eepm =22 % [(fcm)/lo]z

képlettel adja meg ezt az Osszefliggést. A képlet 150 mm-es
probakockara vonatkozik és jelen esetben a kovetkez6képpen
modosul,

femr
Eem = 22 % [(fom X 7—)/10]*
fcmZO
ahol:
fem abeton 20 °C-on meghatarozott nyomoészilardsaganak

atlagértéke 20 °C-on tarolt, 150 mm élhosszusagu probakocka
esetén, (N/mm?)

abeton 20 °C-on meghatarozott nyomoszilardsaganak
atlagérteke azonos sebességt felftitésnek és ez utan 1 éras T
°C-os héterhelésnek alévetett, majd lehtilt 75 mm élhosszusagu
probakocka esetén (N/mm?)

fem20  abeton 20 °C-on meghatarozott nyomészilardsdgénak
atlagértéke 20 °C-on tarolt 75 mm élhosszisagu prébakocka
esetén (N/mm?).

A masodik kisérletsorozatb6l szarmazé kockakon meért
nyomoszilardsagokbdl atszamitott értékeket ellendrzésként
osszehasonlitottuk az azonos keverésbdl szarmazo, hoterhelt
hasabokon mért rugalmassagi modulussal. Ha az eltérés
megfeleléen kismértékli, akkor feltételezhetGen elegendd az
egyszerlibb és kevésbé iddigényes vizsgalatokat elvégezni (ez
egyértelmlien még nem jelentheté ki jelen kisérletsorozat
alapjan, ehhez tovabbi nagyszdmu vizsgdlatra van sziikség,
mely meghaladja egy diplomamunka terjedelmét). A mért
és szamitott értékek adott hémérsékleti hatarig megfelelGen
kozelitették egymast, illetve konstans csokkenté tényezd
bevezetésével az emlitett hataron tdl is biztosithaté a jé kozelités.

A réteges levalas oka alapvetden a beton htizészilardsaganak
lokalis kimertilése. A hajlito-hazészilardag vizsgalatokat
kozpontos hajlitassal végeztilk. A kapott huzdszilardsagi
értékek Osszevethet6k az alaguttiz numerikus modelljébél
kapott huzodfesziiltség értékekkel, igy lehet kovetkeztetni a
réteges levdlds bekovetkezéséhez sziikséges fesziiltségekre.
Emellett a kevésbé roncsolddott probatestek torési feliiletének
szemrevételezésével informacid szerezhet6 a beton hé hatasara
megvaltozott strukturajarél, ilyen példaul az atkristalyosodott
kvarc, a kontaktzona tonkremenetele, a beton elszinez6dése a
keresztmetszet mentén.

A rugalmassagi modulus méréseket, 70*70*250 mm-es
hasabokon végeztiik videoextenzométeres technoldgiaval
Instron 5989 tipust univerzalis torégépen (6. dbra). Minden
eredményt harom probatest mérési atlagaként hatdroztunk
meg.

f cmT
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6 dbra  Rugalmassdgi modulus mérése videoextenzométerrel (mérési pontok a kék
korokben)

Fig. 6. Testing of modulus of elasticity by video-extensometer (measuring points in
blue circles)

6. Kisérleti eredmények

A probatestek és torési feliletik szemrevételezésébdl
koévetkeztetnileheta tonkremenetel médjara, anem tonkrement
beton kdrosodasanak mértékére, illetve a végbement kémiai és
fizikai véltozasokra. Az 1000 °C-on héterhelt hasabok (Gsszes
tipus) teljes szilardsagukat elvesztették, a cementkd kézzel
morzsolhatdvd valt, a cementkd és az adalékanyag vaz kozti
kapcsolat megsziint, a kvarc adalékanyag szemek eltortek. Az
1000 °C-on héterhelt probakockdk erésen megrepedeztek,
sarkaik lepattantak, a feliileten 1év8 adalékszemek kiperegtek.
Ezek oka, hogy 1000 °C-ig tobb szilardsagcsokkentd folyamat
lejatszodik, a maradé szilardsag zérusnak tekinthetd. A 800 °C-
on héterhelt LL és HS jelii probatesteknél nyomo illetve hajlito-
huaz6 szilardsagi vizsgélatok utdn az adalékszemek kifordultak
a cementkobdl. Ennek oka a kontaktzéna tonkremenetele,
ami az adalékanyag és a cementké magas homérsékleteken
eltéré hétagulasa és a kvarckavics a-bol p mddosulatba valo
kristalyatalakuldsa miatt kévetkezik be. A kristalyatalakulas
5,7%-os térfogat-novekedéssel jar (Koch, Sztrokay , 1994).
A hasabok torési felilletén majdnem a teljes keresztmetszet
mentén elszinezddott a cementkd, tehdt a hé hatdsdra atalakult
a kristalyszerkezet.

A 800 °C-os LL+ és HS+ jelt probatesteknél vegyesen
talaltunk cementkdbdl kifordult és eltort adalékszemeket a
szilardsagi vizsgalatok utan. Ezek a probatestek 800 °C-os
héterhelés utan nagyobb maradd szilardsiggal rendelkeztek
mit az LL és HS jelt prébatestek. A 20 °C-rdl felmelegitett
probatesteknél a kémiai atalakuldsok jobban végbe tudtak
menni, mivel a prébatest adott hdmérsékleti intervallumok
kozt tobb idét toltott. Az a jelenség hogy az LL+ és HS+ jeldl
héterhelési moédon terhelt probatestek nagyobb maradé
szilardsaggal rendelkeznek mint a masik két terhelési mod
esetén, csak 800°C-os héterhelésnél volt tapasztalhato,
alacsonyabb és magasabb hémérsékleteken nem. A 800 °C-on
terhelt LL és HS probakockak enyhén megrepedeztek, a sarkok
és élek kis mértékben sériiltek, néhany feliileti adalékszem
kipergett a probatestekbdl, a felillet elszinez6do6tt. Ennek
oka a kvarc atalakuldsa, az adalékanyag és cementkd eltérd
hétagulasa és a cementkében 800 °C-ig lejatszodo folyamatok
Osszessége.
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Az 500 és a 300 °C-on héterhelt LL és HS jelti hasabok
torésekor az adalékszemek kifordultak a cementkébdl,
ennek oka az lehet, hogy egyenletes felftités soran az
adalékszemek nem repedtek el, igy az eltéré6 hétdgulasbdl
szarmaz6 fesziiltségek a cementkd és az adalékanyag hataran
Osszpontosultak, tonkretéve a tapadast. Az LL+ és HS+
hasdboknal szintén lathatéak a hirtelen hémérsékletemelkedés
hatdsdra elpattant adalékszemek, ami csokkenti a beton
probatest integritasat. A hasabok torési feliiletén latszik, hogy
a keresztmetszet kisebb része szinez$dott el, mint magasabb
hémérsékleteken, tehat csak a feliilethez kozeli részeken
alakult at a cementkd kristalyszerkezete. A probakockdk
feliiletén nem lathaté nagyobb mértékid elvaltozas, néhany, a
kontaktzéna kornyezetében 1év6, kisebb repedésen és kisebb
feliileti elszinez6désen kiviil.

A mérési eredmények igazoltak, hogy a négy hémérsékleti
1épcs6bdl harom esetén a legkedvezdtlenebb hatdst a betonra
a gyors lehtités gyakorolja egy esetben azonban, a 800°C-on
elvégzett terhelések esetén az LL és HS héterhelési modokbdl
szarmaztak a legkisebb mért értékek (7. dbra). A hoéterhelési
1épcs6kon a maradé szilardsag értékeket osszehasonlitottuk az
MSZ EN 1991-1-2:2005 éltal javasolt csokkentd tényezdkkel
(7. 4bra), alacsonyabb hémérsékleti tartomanyban (300 °C) a
szabvany szerinti csokkentd tényezd tulbecsli a valds értéket,
igy szabvany szerinti szilardsagcsokkenés mellett, akar még
a fellileten hagyhat6 a sériilt beton. Ezt a nagyobb, valds
szilardsagcsokkenés miatt nem érdemes a feliileten hagyni,
mert csokkenti a megerdsité beton vastagsagat, és nagy
valdszintiséggel a sériilt beton tapadészilardsdga is nagyobb
mértékben csokken, ezzel rontva a megerGsités mindségét.
Az eltérés oka az lehet, hogy ezek a csokkenté tényez6k
szabvanyos tlizgorbére (nem szénhidrogén tlizgorbére) lettek
maghatarozva, jelen esetben viszont a felfiités sebessége
gyorsabb volt mindketté fajta felfitési modnal. Ezen feliil
eltérést okozhat az, hogy az EC felheviilt dllapotban vizsgalja a
szilardsagcsokkenést, esetemben viszont lehiilt probatestekrol
van sz6, amelyeknek dltalaban nagyobb a szildrdsagcsokkenése,
mint a még nem visszahtlt probatesteké, amit a lehtilés soran
kialakuld repedések magyaraznak. 300 °C felett a szabvany altal
megadott csokkentd tényezdk a biztonsag javara kozelitenek.
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7. dbra Az elsé betondsszetételbdl szdrmazo prébakockdk relativ nyomoszildrdsdga a
hémérséklet fiiggvényében

Fig. 7. Relative residual compressive strength of specimens from the first concrete
mixture as a function of temperature of heat loading



épitoanyag - Journal of Silicate Based and Composite Materials

A miésodik betonosszetételbdl kapott relativ szilardsagi
értékeket szintén Osszehasonlitottuk a szabvany altal
javasolt csokkentd tényezékkel. Itt a mért és javasolt maradd
szilardsagok valamivel jobban kozelitették egymast, mint az
elsé betonkeverék esetén. Az el6bbiekben emlitett okok mellett
a szabvany és a kisérleti gorbék eltérése abbol is adodik, hogy a
beton struktardja erésen roncsolodik a hésokk miatt. Az 1000
°C-on héterhelt probatestek méar a kemencében felrobbantak,
erdsen megrepedeztek vagy a lehiités soran veszitették el
teljesen a szilardsagukat, igy ezeknél a probatesteknél 0-nak
tekinthetjiik a szildrdsagot (8. dbra).
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8. dbra A mdsodik betondsszetételbdl szdrmazo prébakockdk relativ
nyomészildrdsdga a h6mérséklet fiiggvényében

Fig. 8. Relative residual compressive strength of specimens from the second concrete
mixture as a function of temperature of heat loading

Az els6 betonkeverék rugalmassigi modulusanak
valtozasat mind a négy fajta probatesten vizsgaltuk (9. dbra).
A miésodik keverékbdl szarmazoknak csak az LL+HS+
valtozatain mértiink rugalmassagi modulust. A hasdbokon
mért rugalmassagi modulus eredmények 300 °C és 500 °C
estében az LL+ jelti probatesteknél 94-96%-ban megegyeztek a
probakockak nyomoszilardsagabol szamitott értékekkel, a HS+
jelti probatesteknél ez az arany csak 85-87%-os. Itt a hésokk
soran a hirtelen térfogatvaltozasok miatt sériil a cementkévaz
és a kontaktzona szerkezete, amit a szabvany képlete jelenlegi
formdjaban nem tud figyelembe venni. Az LL+ jelti testeknél igy
az eltérés 10%-on beliil marad, ez megengedhet6 pontatlansag,
viszont a HS+ jelli probatestek szamitott eredményeire
érdemes bevezetni egy 0,85-0s korrekcios tényezdt (az altalunk
modellezett h6terhelés esetén).

800°C-on héterhelt prébatesteknél a nyomoszilardsagbodl
szamitott rugalmassdgi modulus és a mért értékek kozott
nagysagrendi eltérések voltak. Mire a probatestek elérik a 800
°C-ot addigra a cementkdben végbemend kémiai atalakuldsok
teljesen lezajlanak, ami jelent8sen gyengiti azt, ezenfelil a
kvarckavics adalékanyag térfogatvaltozason megy keresztiil,
ami nagymértékben roncsolja a kontaktzonat. A rugalmassagi
modulus 800°C-on a kezdeti értékhez képest (20 °C) 10% ala
esik vissza, ezeket az értékeket érdemes (a biztonsag javara)
zérusnak tekinteni. A rugalmassdgi modulusokat a kezdeti
értékhez viszonyitottuk (relativ rugalmassagi modulus), igy
jobban érzékelhet6 a beton folyamatos tonkremenetelének
mértéke (10. és 11. dbra).
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9. dbra Az els6 keverésbdl szdrmazo prébatestek mért relativ rugalmassdgi
modulusdnak viltozdsa a hémérséklet fiiggvényében
Fig. 9 Relative residual Young’s modulus of specimens from the first concrete mixture
as a function of temperature of heat loading
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10. dbra A mdsodik keverésbél szdrmazé HS+ jelii prébatestek relativ rugalmassdgi
modulusdnak vdltozdsa a hémérséklet fiiggvényében, szamitott, korrigdlt és
mért értékek

Fig. 10 Relative residual Young’s modulus of HS+ specimens from the second mixture
as a function of temperature, calculated, corrected and measured values
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11. dbra A mdsodik keverésbél szdrmazoé LL+ jelii probatestek relativ rugalmassdgi
modulusdnak viltozdsa a hémérséklet fiiggvényében, a szdmitott, korrigalt és
mért értékek

Fig. 11. Relative residual Young’s modulus of LL+ specimens from the second mixture
as a function of temperature, calculated, corrected and measured values
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A laborvizsgélatokbdl kapott eredményeket késébb
felhasznaltuk erdtani szamitdsokhoz alagutfalazat numerikus
2D és 3D modelljeihez. Ezek alkalmazasat és eredményeit
cikkiink 2. részében targyaljuk.

7. Megallapitasok

Vasbeton alagutfalazatot modellez6 beton prébatestek
anyagtulajdonsagainak valtozdsat mértiik héteher hatasara,
visszahiilt allapotban. Két, CEM I 42,5 N tipusti cementbdl és
kvarckavics adalékanyaggal késziilt, C55/67 szilardsagi osztalyu
betonkeveréket vizsgaltunk. Felftités és lehtités szempontjabdl
négy eltéré héterhelési médot alkalmaztunk. A prébatestek
nyomoszilardsagat, hajlito-hizé szilardsagat és rugalmassagi
modulusat mértilk. A kapott relativ nyomoszildrdsagi
értékeket Osszehasonlitottuk a MSZ EN 1991-1-2:2005 altal
javasolt kiilonb6z6 hémérsékleti 1épcs6khoz tartozé csokkentd
tényezdkkel. Majd azt vizsgaltuk, hogy a héterhelt, kisméretti
probakockdkon mért nyomoszilardsagi értékekbdl (relativ
nyomoszilardsag hasznélataval) az MSZ EN 206-1:2002 éltal
megadott képlettel szamitott rugalmassagi modulusok milyen
mértékben kozelitik meg a héterhelt hasdbokon mért, valos
rugalmassagi modulus értékét. Mind a szilardsagi, mind a
rugalmassagi modulus gorbék kozti eltéréseknél elemeztiik
azok lehetséges okait. Megfigyeléseink és a kisérleti eredmények
alapjan a kovetkezé megallapitasok tehetdk:

= anégy hémérsékleti lépcsdbdl harom esetén

nyomoszilardsag és rugalmassagi modulus csokkenés
szempontjabol is a gyors felmelegitésti és lehtitést
probatestekbdl szarmaztak a legkisebb értékek.

= Ezaldl a 800 °C-os hélépcsé kivétel, itt a lassabban,
20°C-rol felmelegitett probatesteknél nagyobb
szildrdsag és rugalmassagi modulus csokkenést
tapasztaltunk, mint a gyors felmelegitésti és lehtitést
probatesteknél. Ezek a probatestek adott hémérsékleti
intervallumok kozt tobb id6t toltéttek, igy a kémiai
atalakulasok és az ezzel jard térfogatvaltozasok jobban
végbe tudtak menni és kifejteni kérosité hatdsukat.

= Az MSZ EN 1991-1-2:2005 szabvanyban megadott
diagramok és csokkent6 tényezdék csak korlatozottan
alkalmasak a szilardsagcsokkenés becslésére az altalunk
modellezett alaguttiiz esetén. Ennek oka, hogy tobb
tényez6t nem vesznek figyelembe (lehtilés sordn
keletkez6 repedések, hésokk (oltas) kozben sériils
kontaktzona, stb.) és, hogy szabvanyos tlizgorbére lettek
meghatarozva.

= Vizsgalataink alapjan nem elég egyfajta csdkkentd
tényez6-hOmérséklet gorbét alkalmazni tlizesetek
utdni modellezéshez, hanem tobb eltéré gérbe
hasznalata indokolt, felmelegitési és lehtitési sebességek
kombinaciéjatdl fiiggbden, vagy Osszetettebb,
a hémérsékletvéltozasra és annak sebességére
érzékenyebben reagalo tapasztalati osszefliggések
szitkségesek. Ezek megfelel6 mindségili elkészitéséhez
nagy volument vizsgéalatokra van sziikség.

= A laborlevegén lehiilt probatestek nyomoészilardsagaibol
szamitott rugalmassagi modulus értékek 500 °C-os
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héterhelésig kozel esnek (az eltérés 10%-on beliili) a mért
értékekhez. A hdsokkolt probatesteknél egy 0,85 értéki
csokkentd tényezdvel szintén hasonld egyezés érhetd el.

= 800 °C eléréséig az altalunk vizsgalt beton mar olyan
atalakuldsokon és roncsolodason megy keresztiil,
amit a képlet nem tud figyelembe venni, ezért a mért
és szamitott értékek eltavolodnak egymastol. Tobb
hémeérsékleti Iépcsé esetén pontosabban megallapithato
az a pont, ahol a szamitott és mért gérbék kiilonbsége
mar tdl nagy lesz.

= 800 °C feletti h6terhelés esetén a marado rugalmassagi
modulus 0-nak tekinthetd, ezért a szamitott és mért
rugalmassagi modulus eltérése nincs hatdssal a késGbbi
erétani szamitasokra.

Megemlitendd, hogy a kis mintaszam miatt a jelen kutatdsi
eredményeket, nagyobb probatestszam mellett ellendrizni kell
a megfelel pontossag elérése érdekében.
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Abstract

The initial imperfection of the structural elements must be taken into account in case of the
modern building designing. These imperfections are local or overall defects of the glass elements.
These defects are able to reduce significantly the load bearing capacity and the stability limits
as well. The initial curvature and the imperfections of the elements are taken into account at
the stability designing in case of the general building materials. The applied limits depended
on the cross-section of the structural elements. Glass designing for load bearing elements has
been applied since a few decades, however there are limits for initial imperfections. More than
240 small scaled I-shaped glass columns were loaded until fracture under laboratory conditions.
The lateral buckling was investigated based on the individual experimental procedure. One of
the most important properties of the glass columns are the initial imperfections. The higher
overall bow and roller wave values can cause disadvantages at the load bearing capacity of the
glass columns; however, the roller waves also can increase the critical buckling force according
to Euler. These specific factors of the glass specimens were measured by a new measurement
method to analyse the effects of the imperfections on the load bearing capacity in case of a
small amount of the specimens. The new method contains a Reference Point System and it is
able to detect these imperfections in high accuracy. The new measurement method is also able
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1. Introduction

Despite the fact that there are a lot of negative criticism
about the glass materials as load bearing material, the number
of the enthusiastic researchers increases every year. Therefore,
the material develops at high speed from many aspects. The
stability issues of the glass structures are very popular topics
nowadays. In the present paper the stability of the plate glass
columns and their designing parameters are investigated.

The ideal central loading, the buckling phenomenon and
the classical critical load have been known since Euler (Fig. 1,
Eq. I). The calculation method was just developed for different
materials. In the last few years the researchers started to develop
and modify the formulas for glasses as well. The imperfection of
the glass can highly influence the buckling resistance. Therefore,
it is preferred to take into account an initial “w ” displacement.
Jan Belis et al. [1] already investigated the initial imperfections.
Mean values were determined based on numerous large-scaled
specimens and different measurement method. Products of
different glass factories were tested, where differences were
found, however measured values complied with the values of
standards. The European standards set requirements [2,3]. The
question is, which parameters are necessary or useless in the
real formulas? Chiara Bedon and Claudio Amadio investigated
along time ago the possibility of design of glass structures with
application of VEM models and laboratory experiments [4,5].
Roman Kalamar [6] investigated the load bearing capacity of
glass hollow box columns. These researches demonstrate that
the designing of glass columns - rather the designing of glass
materials - became one of the most investigated topics.
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Fig. 1. Basic model for buckling of imperfect glass columns in case of pinned, fixed
and flexible support
1. dbra  Alap kihajldsi modellek imperfect iivegoszlopk esetén csukls, fix és rugalmas
megtdmasztdssal
n2EIl
cr — 2 (1)

where:

N_ - critical buckling force

EI - bending stiffness

L - the freely rotated length of the columns

The stability issues of plate glass columns are investigated by
the authors since 2012 on small-scaled specimens. In former
researches the load bearing capacity, the typical crack patterns,
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the buckling phenomenon were determined [5,6,7]. The
influence factors of w, initial imperfection are investigated in
the present paper. The design buckling curves formulas contain
thea ~anda, factorsin the Eq. 2 [8]. The initial imperfections
are decisive point of the calculations the a, factor contains it
(w,).

® = 0,5[1 + iy (A — @) + 4% ©)
where:

« @ - buckling parameter of the buckling reduction factor ()
« a,and a, - shape factors

« \ - slenderness

2. Experimental test set-up and parameters

Laboratory experiments were carried out in order to study
the buckling behaviour of single and laminated glass columns.
Specimens were examined with the application of Instron
5989 testing machine. The scales of the geometry of specimens
(height, thickness, width) were selected based on existing
glass columns from international and Hungarian realized
projects. Test parameters of glass specimens were selected as
the following:

Constants: test arrangement; support type; interlayer
material (EVA foil with thickness of 0.38 mm); edgework with
polished edges; temperature (+23 + 5 °C). Support: Height of
fixing: 95 mm; rubber plate (Shore A 80) was used between the
steel supports and the glass.

Variables: type of glass layers: heat strengthened glass
(HSG) / non heat-treated float glass (annealed glass); height of
specimens: 1000 mm, 920 mm, 840 mm; number of glass layers
and the thickness of specimens: single layer: 8 mm, 12 mm,
19 mm; laminated glasses consisted of the following layers:
4.4 mm, 6.6 mm, 8.4 mm, 8.8 mm, 10.10 mm, 4.4.4 mm; glass
width: 80 mm, 100 mm, 120 mm; The rate of loading: 0.5 mm/
min; 1 mm/min.

Fig. 2. The laboratory test set-up
2. dbra A kisérleti elrendezés

Simplified designations are used to distinguish between the
studied specimens, these are e.g. H_2(4.4)_2_920_0.5: ~ H, F:
Type of glass: H - HSG; F - non heat-treated float glass; 2(4.4):
Number of glass layers ex.: 4.4 mm laminated glass; 2: The
number of specimen; 920: Nominate height of specimen [mm];
0.5: Rate of loading [mm/min]. Abbreviations were used for the
float laminated glass VG and for heat-strengthened laminated
glass VSG. Although laminated glass with PVB interlayer foil
and fully tempered glass (FT'G) were not the part of the test
parameters, a few pieces of these were tested as well.

Theload and vertical displacement of the upper cross-head of
the Instron 5989 universal testing machine were continuously
measured. At three different heights the buckling displacement
(horizontal displacement) of all specimens were continuously
measured with HBM displacement transducers during the
tests. Strains at center point on the surface of the glass panels
were measured with HBM LY11-10/120 strain gauges. At
least three specimens were tested at each testing combination.
Laminated specimens were loaded until all glass layers were
fractured (Fig. 2).

Until this moment more than 240 specimens were loaded
until fracture, and more than 300 tests were carried out
on these glasses including every type of tests: the axial
vertical compressive tests until fracture or until the buckling
phenomenon, compressive tests where the glasses were
installed askew, specimens were loaded in horizontal direction
at two different heights etc. The initial imperfections or
own shape were measured in case of both sides of 22 glass
specimens. These glasses were compressed twice. The ends
of the glasses were not fixed in the steel shoes at the first test,
when the specimen lost its stability, the test stopped. Both of
the ends were fixed, so the area was filled out between the glass
and the steel, at the second loading by the same specimen.
At the second time the specimens were loaded until their
fracture. The effects of the type of fixing can be studied on the
buckling phenomenon without varying of the own shape of
the specimen. Tin side detector was applied to determinate the
types of sides in case of 102 specimens.

3.Previous results

3.1. Determined stages in the loading behaviour

Characteristic curves are presented in Fig. 3. as loading
force vs. displacement (vertical, horizontal and deformations)
diagrams to study the laboratory experimental results. Curves
are categorized in three separate groups according to the
numerous experimental results. Variation can be noticed in
case of loading force vs. horizontal displacement diagrams. The
characterization of the specimens depends on the stages of the
loading history of the specimens. The name of stages are [7]:

= First stable stage

= Unstable stage

= Second stable stage
3.2. Grouping of the glass specimens

The first group contains all of the previously mentioned
stages and in this group were experienced the highest bucking
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forces when compared to the other groups results. Force
reduction can be observed on the vertical displacement
diagrams in the buckling moment. Specific buckling point
cannot be determined in case of the second group, the unstable
stage disappears and after a stable section, the buckling is
gradual. Only one stable stage can be observed in case of the
third group, so the ultimate force (that is equal with the critical
buckling force according to Euler) can be determined, but the
force cannot be determined which belongs to the starting of
the buckling (it is called buckling force) [9].

The results of the specimens had to be distinguished
depending on the groups of buckling at the comparison of
the influence of the variables. All of three types of buckling
can easily occur at one testing combination (one type of glass
specimen). Despite the fact that different buckling types
and different buckling forces are experienced at one testing
combination, ultimate forces are equal as shown in Fig. 3.
The HSG can reach higher horizontal displacements and
higher ultimate forces than the annealed glasses. However,
the buckling forces of annealed and HSG scatter in the same
range. The ranges are different for each testing combination. It
also demonstrates that the ultimate limit state depends rather
on the glass surface defects and on the glass strength, which
can be increased by the heat strengthening. Furthermore, the
buckling force depends rather on the imperfections. These
experimental results mean that the type of buckling does not
influence significantly the value of the ultimate force. These
statements are demonstrated at the modelled small-scaled
specimens. Probably the first group does not occur in case of
real sized glass fins, the second group and most of all the third
group occur more frequently.
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Fig. 3. 'The loading histories of glasses which belong to one testing combination
3. dbra Egy tivegcsoporthoz tartozd prébatestek kiillonbozé terhelési torténete

3.3. Standards and previous measurements of distortions

The distortion of glass influences heavily the stability
and load bearing capacity of the load bearing elements.
The influencing distortions are the overall bow, roller wave
distortion, edge lift or twisted initial imperfection according to
the standard EN 1863-1 [2]. The sinus wave (roller), the overall
bow and the loading process are presented until buckling in
Fig. 4. This standard does not recommend definitely adequate
measurement methodology. For instance, the measurement
of roller wave is the following: use a straight edge and place
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it at right angles to the roller wave and bridging from peak to
peak of the wave. However, this measurement does not provide
continuous information about the shape of the specimen.
This methodology seems simple and inaccurate to measure
distortion below 1 mm. The own shape initial imperfections
need more information about the shape to take into account
at the calculation of buckling. The shape of glass surface was
measured by international researchers as well [1]. They applied
the previous method and a continuous lineside methodology.
The linear error meant the own shape of the auxiliary line
structure, hence a displacement transducer was applied
perpendicular to the surface, and it was moved along the glass.
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Fig. 4. Magnified roller wave and overall bow distortions of specimen. a) Unloaded
specimen with sinus wave distortions b) unloaded specimen with sinus wave
and overall bow distortions c-e) phenomenon of a compressed specimen before
buckling f) buckled specimen w =w +w,

4. dbra  Nagyitott szinusz hulldmok és kezdeti kihajldsok a) Tehermentes prébatest
szinusz hulldmai b) tehermentes prébatest szinusz hullédmokkal és kezdeti
kihajldssal c-e) kihajlds elétti alakviltozds nyomévizsgalat esetén f) kihajlott
prébatest w =w +w,

3.4. New measurement methodology

In our measurement methodology, the glass was fixed and
the Wenzel LH 108 3D Coordinate Measuring Machine was
moving above of the glass (Fig. 5). The glass lied one of its side
on the machine. The Metrosoft CM software was applied and
micrometer was measured in high accuracy. Reference Point
System was the most accurate method for the measurement.

The measurement methodology was the following: Three
points were chosen from the four corner points on the
surface area of the glass [10]. These points were base points
of the measurement and they determine a plane. The different
distance between the determined plane and the fourth point
was divided between the 4 corner points, so a new plane was
determined, in which is an average plane according to the
four corner points it is called bestfit method. Three additional
different base points were added in the two other axis: two
points were perpendicular to the longitudinal axis and one
parallel to the longitudinal axis. These points were needed to
place the glass in three dimensions. The machine measured
the glass waves perpendicular to the surface. The own shape,
twisting and the other distortions were determined with the
application of this measurement. The measured points were
placed in three different lines, two lines were placed 15 mm
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from the edges in longitudinal direction. The third line was in
the middle of the specimen. The measured points were placed
15 mm from each other in one line. The application of closer
measuring point system does not increase the accuracy of the
measuring only the measuring time. Three measured lines
were applied in case of the 80 mm wide specimens.

Fig. 5. Distortion measuring of glass specimen by the Wenzel LH 108 3D Coordinate
Measuring Machine
5. dbra A Wenzel LH 108 3D Koordindta mérg miiszerrel mért iivegek sajét alak
mérése

4. The results of the distortion measurement

4.1. Prediction of the buckling direction

The statements are drawn based on the distortion
measurement results of 22 specimens. The measured points of
the surface were integrated into different diagrams to show the
own shape of the glasses. In general, the buckling direction of
the specimens is occurred on the side where the higher values
of sinus waves or overall bow were measured from the two
sides. The statement proved to be true 8 and 6 times in case
of the annealed glass and HSG. 3 and 5 times (annealed glass
and HSG) the specimens buckled the other side where smaller
measurement values were determined. The direction depends
on the loading conditions and on the damping in the fixing
area. In our laboratory test set-up, the last two conditions were
constant, however the own shape of the specimens varied
significantly at the tested specimens.

The reliability of the prediction of the buckling direction
increased if the own shape is also taken into account next to
the maximal overall bow and the mean sinus wave values.
After the loading, the predicted direction was appropriate in
case of 19 specimens from 22. These results indicate that the
buckling direction is not predictable only based on the overall
bow or sinus wave values. The whole shape of the glass should
be known for the prediction of buckling direction.

4.2. Results of the sinus wave values

The applied sensitive measurement method enabled the
authors to measure the smaller curves on the glass surfaces. It
is already standardized that the heat strengthening procedure
causes smaller curvatures which are called sinus waves
(Figs. 6 and 7). The waves are formed when the heated glass
plate — which was melted until the melting point - started to
congeal and slightly formed on the ceramic rollers. The effect
of the sinus wave can increase the buckling resistance in
case of load bearing glass columns based on the basic Euler
theory. Therefore, it is not easy to decide that altogether heat
strengthened glasses are suitable materials for load bearing
glass columns or not. Smaller curvatures can be observed in

case of annealed glasses which cannot call sinus waves, because
their distribution is unequal and their depth varied in larger
range. The incidence of the smaller curvatures depends highly
on the shape of the original glass plate (from where it was cut
out) and the lamination procedure. Two glass plates, which
had different own shapes, take on a new common shape after
the lamination process, and this new common own shape will
be independent. In Figs. 6 and 7 the measured own shapes
are drawn by blue sign, however it is needed to magnify to be
evaluable that is sign by red colour.

A led glass
: ~— g
. A side
E ; — 26,60 3 1000 120 A side
. — 26,61 3_I000_120_A side
£o + " — et | magnified IS times
2 P L PP PP E PRI D PSS PP D P P F NI 00N e
Ea |
= —F 3660 3 1000 120 Bside
magnified 15 times
4
‘ 3
\_ == B side

The length of specimen [mm]

Fig. 6. Distortion measurement results in case of annealed laminated glass
6. dbra  Egyrétegii float iiveg sajdt alakja
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Fig. 7. Distortion measurement results in case of heat strengthened laminated glass
7. dbra Hokezelt iiveg sajdt alakja

In Fig. 8 the absolute mean sinus wave values of the 120 mm
width specimens can be observed. There were a few 80 mm
width measured specimens as well. The values were measured
on both sides of the glasses. Only 9 mean sinus wave values
can be observed from 22 measurements in case of annealed
glasses (the sinus wave of the annealed glass is not the typical
wave phenomenon as in case of the HSG rather a similar
surface property which is caused by the basic glass producing
- floating - method). The mean sinus wave can be determined
in all cases of the HSG. The depths of the sinus waves depend
on the thickness (bending stiffness), heat strengthening and
lamination process. The first conspicuous result is that the
sinus wave values of the HSG are at least 3 times larger than
the results of annealed glass. The maximal difference measured
in case of the 80 mm width laminated glass consisted of two 6
mm layers where the sinus wave values of HSG were 17 times
larger than the annealed glass. The number of the analysed
specimens are not enough to determine accurate tendencies
and correlations between the lamination, heat strengthening
and the thickness. The conclusions need statistical evaluation
as well due to the higher standard deviation of glass material. In
former articles it was determined that the lamination process
(also different lamination method) and heat strengthening
increase the measured values, however that results cannot be
seen due to the high standard deviation [10].

Vol. 70, No. 2 = 2018/2 = . 65



épitoanyag - Journal of Silicate Based and Composite Materials

0.06
0.05
- 0.04
E
Il
H 0.03
H
F]
[ 0.02
0.01 J
i 8 14 12 66 5.4 1.4.4 19 83 10.10
® Annealed glass  0.0035 00000  0.0000 0.0050  0.0067 00000 00030 00000  0.0024
B HSG 0.0345  0.0367 0.0557 0.0221 0.0236  0.0233 0.0402 0.0343  0.0205

Nominal thicknesses of the layers [mm]

Fig. 8. Roller wave results in function of the nominal thicknesses of the layers
8. dbra Szinusz hulldmok értékei a névleges vastagsdg fiiggvényében

4.3. Own shape results

Between the specimens, there were similar and different
figures based on the own shape results. Each own shape was
compared to each other in the basic curvature. The own shapes
of the annealed glasses were similar in 5 cases and different in
6 cases, while this ratio was 9 to 2 in case of the HSG. The effect
of the heat strengthening procedure is that the own shape of
glasses can be unified to a certain extent, however the overall
bow and sinus wave values remain different, they cannot be
unified due to the basic glass material differences (Figs. 6 and
7).

4.4. Closing of the end of laminated annealed glass plates

The two measured surfaces of a specimen were installed
into one diagram, where it can be seen that the ends of the
laminated glasses are closed in case of most of the annealed
glasses, this phenomenon does not appear in case of HSG (Figs.
6 and 7). It can be observed in case of 6 annealed specimens
and 1 HSG and it does not appear in case of 1 annealed and
6 HSG. The closing of the end of glass plates can be deduced
to the lamination process. In the autoclave lamination system
with EVA foil the pressure is generated by the air aspiration.
It is interesting that the closing appears in case of annealed
glasses but it cannot observe in case of HSG. Causes to be
sought at the effect of the heat strengthening. The theoretical
causes can be found at the unification glass plate by the heat
strengthening which can fit better on each other and this fitting
can be observed along the glass length while the own shape
of annealed glass cannot fit on this low temperature and the
applied pressure is only enough for the ending. The highest
vacuum effect is at the glass edges, where the fitted HSG did
not close in contrast to the annealed glass. The thickness of
the specimens was measured by a calibrated calliper and a
Bohle apparat (GlassBuddy Plus). The measured values did not
show relevant differences between the devices, and differences
cannot be observed between the HSG and annealed glass
regarding the thicknesses.

66 . = 2018/2 = Vol. 70, No. 2

4.5. Overall bow

The overall bow values can be seen in Fig. 9. These values
are created from the average value of the maximal of the
three measured lines. This average was necessary because the
glass specimens had twisted own shape. The former wrote
statements of the sinus wave are also true for the overall bow.
Tendencies and correlations in function of the thickness and
lamination cannot state that they are only predictable due
to the high standard deviation of the glass material. It is also
true that the overall bow values of the HSG glasses are general
10 times larger than the annealed glass values. The smallest
difference was measured on laminated glasses which consisted
two 4 mm thick glass layers, the value of the HSG specimen
was 27% larger than the annealed specimen. The maximum
overall bow of the HSG was 38 times larger than the annealed
glass. The overall bow is influenced more by the own stresses
of the specimens, the cutting out from the basic glass plate, the
lamination process and the basic glass producing process. The
overall bow is the highest if the specimen contains more HSG
layers. It can be seen obviously that the lamination process
increases the overall bow of the annealed glass, however this
tendency cannot be observed in case of HSG due to the effect
heat strengthening procedure. The effect of the lamination
process caused at least 89% increasing based on the comparison
of the measured overall bow values. The maximum difference
was more than 6 times larger between the laminated and the
single layered glass.

16

il

Owverall bow [mm]
=
oo

=

=

14 12 6.6 54 144 19 10.10
® Annealed glass  0.028 0.205 0.024 0.085 0.156 0.258 0.023 0.163 0.065
B HSG 0.628 0.281 1.040 0.496 1.060 1498 0.603 0.658 1.338

Nominal thicknesses of the layers [mm]

Fig. 9. Overall bow results in function of the nominal thicknesses of the layers
9. dbra  Kezdeti kihajldsok értékei a névleges vastagsag fiiggvényében

The overall bow and sinus wave values are given directly in
mm/m unit as in the standards, because the common height of
the measured specimens was 1000 mm [2,3]. Andreas Luible
[11] provides in his thesis limits for initial deformation for
annealed glass it was less 1/2500 while sinusoidal distortion
of HSG can be 1/300 of the edge length L [11,12]. The size
effect can also be caused by differences in the values if we
compare the sinus wave and overall bow values which were
measured by J. Belis et al. [1]. They determined L/400 initial
imperfection when they analyzed different sized glasses with
maximum length of 3000 mm for annealed glass and HSG. The
limits of horizontally HSG are 3.0 mm/m for overall bow and
0.3 mm roller wave according the standard EN 1863-1:2012
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[2]. However, our results reached only the half or less of these
limits. The design parameters need sufficient safety factor, but
the cost-effectiveness is also one of the most important goals in
the building designing.

The maximal determined limits can be seen in Table 1 based

on the laboratory measurements. The experienced values are
less than the measured values of the other researchers.

Type of Type of  Single layer Laminated Laminated
distortions glasses consisted consisted
of two of three
glass layers glass layers
Overall bow A";::'Se‘j ~1/35000  ~L/4800  ~L/3800
Overall bow HSG ~L/960 ~L/740 ~L/660
Sinus wave Angnlzzfd ~L/285000 ~L/149000  no data
Sinus wave HSG “L/17900  “L/27200  TL/42900

Table 1. Maximal determined limits for overall bow and sinus wave distortions in
function of the number of the layers without statistical analyzing

1. tdblazat A kezdeti kihajlds és a szinusz hullimok legnagyobb mért hatdrértékei a
hékezelés és a rétegszdm fiiggvényében statisztikai analizis nélkiil

5. Influence of the initial imperfection on the
load bearing capacity

5.1. The basic influence factors of buckling

The glass specimens were loaded by axial compression after
their distortions have been measured. Thereby interesting
conclusions can be drawn about the basic correlation between
the measured own shape and the loading history including the
buckling phenomenon. First of all, the key issue was: can the
glass specimen be characterized by the sinus wave or by the
overall bow for the buckling resistance design? If the answer is
yes it means that few parameters are enough about the initial
imperfection to design load bearing glass columns similarly as
in case of the main construction materials (w, - limit). However,
the answer is not based on the experimental results. The sinus
wave and the overall bow are important data of the specimen,
but the own shape provides relevant information about the glass
specimen and for instance the buckling behaviour. The glasses
consist of different waves, some are smaller and some are larger
which seriously influence the buckling behaviour (Fig. 4). The
buckling behaviour is also influenced by the stiffness of the
fixing area, the bending stiffness of the glass and the skewness
of the glass specimens. The human workers can also cause
the reduction of the buckling resistance with mistakes at the
adjusting. Therefore, the influencing factors are complex.

5.2. Numbers of analysed specimens

The buckling forces were determined in case of the first
and second group based on the applied load vs. horizontal
displacement diagrams. The maximal forces were easily
determined if the specimens were loaded until fracture in
case of all specimens. Further 44 specimens were tested next
to the mentioned 22 specimens. Each type of specimen had
two new pieces which were only compressed until fracture.
The distortion measurement was done only on one specimen
per groups and the most curved glasses were chosen with

visual inspection from the groups. It means that the measured
specimens are the most curved specimen with high probability.
The selection was not random so the properties of rather curved
glasses were investigated. The correlation can be nominated
from this special aspect and newer conclusions can be drawn.

5.3. Maximal forces and buckling forces

The maximal forces were compared to each other in each
type of groups. The maximal forces were close to each other
in percentage, they varied between 82 - 125 %. It included the
annealed glasses and HSG. However, the limit of these range is
serviced by the annealed glass. The range is between 86 — 108
% for HSG. These ranges are very close to each other compared
to the buckling force ranges. The range of buckling forces were
between 45 — 302 % for annealed glass, and 28 — 217 % for HSG.
The annealed glass values move in wider range, the minimal
percentage is greater, than the HSG minimal value therefore,
the annealed glass can be a better choice for glass columns
material from the approach of reliability of the buckling
force. The annealed glasses bear the design load with higher
probability without stability losing than the HSG columns in
case of buckling resistance design of the plate glass columns.
This designing theory is slightly confused because the HSG has
higher energy dissipation, toughness that is an advantage over
the annealed glass.

5.4. Distortion effects on the maximal and the buckling
forces

The maximal forces were independent from the overall bow
and sinus wave values. These results are represented with the
small range and despite the fact that the chosen glasses were
the most curved specimens from each group the maximal
forces were close to each other. The similar groups, where
the difference was only the heat strengthening, have similar
maximal forces. A ratio was calculated from the annealed glass
and HSG maximal forces, where 9 groups results were between
97 - 104 % so in 7 % and about 12 % difference was determined
at the further two groups. In case of the buckling forces the
annealed glass results proved to be reliable. The range of the
higher ratios is between 109 - 199 % this range included 9
groups results the mean percentage was 160 %. In two cases the
HSG had higher buckling forces than the annealed with 75 and
91 %. The annealed glass has higher buckling force based on the
experimental results, this statement verifies that the resistance
of the annealed glass is better for plate glass columns.

From the basic theory of buckling the buckling force is less in
case of a curved glass. Lower buckling force can be measured
where higher overall bow was measured, which characterizes
theoretically the initial imperfection. After all that the maximal
forces did not present high differences between annealed and
HSG therefore the effects of the overall bow and sinus wave
values can be analysed on these specimens. As it has been
introduced in Figs. 8 to 9 the two types of distortions were about
10 times lower in case of annealed glass, where only the heat
strengthening is the difference between the two types of glasses.
It can be stated that the buckling force can be increased in case
of lower overall bow and sinus wave values based on these
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results. The rate of reduction cannot be determined because
more data is needed about similar specimens which belong to
one group. However, it is already stated that the own shape of
the specimens (smaller - larger waves) has greater influence on
the buckling behaviour. There were a few annealed specimens as
exceptions where the measured buckling force was less despite
of the less overall bow and sinus wave values in comparison of
their HSG pairs. Theoretically the sinus waves can increase the
critical buckling force but the unloaded axis of the glasses are
not necessary linear shaped as it can be seen in Fig. 4. In these
cases, the sinus wave does not influence the buckling force. If
the overall bow could be kept on a low value for instance on
the values of the annealed glass, and the glass has sinus waves
it is imaginable that the specimen belongs to the first class of
buckling phenomenon and has higher buckling force.

6. Experimental results and tin-air side
correlations

6.1. Literature about tin-air side effects

Before the compression tests the tin side was detected on
numerous glass specimens by LED technology. The applied
measuring device is the Bohle TinCheck apparat. The
properties of the glass surface are different depending on the
tin side or atmospheric (air) side. The authors are interested
that are there any influence of the types of sides on the buckling
phenomenon as well? Are there any correlations between the
buckling direction, the surface distortion and the types of
sides? The question is justified because in most of the cases the
type of sides can change the efficiency of the glass processing
works. For instance, the adhesion on the atmospheric side is
more efficient than on the tin side [13]. Higher compressive
surface stress develops on the atmospheric side than on the tin
side in case of the chemically strengthening [14].

6.2. Tin-air side effect on the buckling direction

In the research the tin-air side effect was also investigated.
Clear correlation cannot be detected between the type of glass
side and the buckling direction based on the experimental
results of 119 specimens. The main curves of the specimens were
determined visually before the compression test. The specimens
were inserted into the testing machine so that the proved
buckling direction carries left to protect the sensitive devices
on the right side viewed from the front (Fig. 2). Therefore, it
formed more left buckled results than right. The glass sides
were also laminated randomly. There are not clear results and
tendencies. The distribution of the specimens formed similar in
case of the left and right buckling direction in Table 2.

Left 12 10 10 11

Right 5 6 3 5

Table 2. The number of left and right buckling direction of tested specimens depending
on the tin and air side of the laminated glass specimens consisted of two layers
(Annealed glass and HSG together).
2. tablézat A jobbra és balra kihajlott probatestek darabszdma az 6nos és a levegds oldal
fiiggvényében
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6.3. Tin-air side effect on the distortions

The effects of the tin and air side were analysed based on
the distortion measurement results. The number of the
analysed specimens were low because only the 22 specimens
were proper to analyse the distortion measurement results.
Only those specimens could be analysed which had different
sides - the single layer glasses and some laminated glasses -
and where sinus wave or overall bow results were measurable.
Table 3 introduces the number of specimens which had higher
distortion results depending on the heat strengthening effect
and the proper side. An example: the overall bow data of the tin
side were larger than the results of air side in case of 2 annealed
specimens. It can be seen that there is no clear result to decide
the standard phenomenon. Probably, these effects are not
enough to change significantly the overall bow and sinus wave
values of glasses, despite the fact that differences of the surface
properties can be detected between the tin or atmospherically
side. The results vary randomly.

Type of Overall bow Overall bow Sinus wave Sinus wave

glass and tin-side and air-side and tin-side and air-side
Annealed 2 3 1 1
HSG 4 4 6 2

Table 3. The number of the higher distortion values on the tin and air side in case of
annealed glass and HSG.
3. tdbldzat A nagyobb feliileti deformdcidkkal rendelkezd probatestek darabszdma az
6nos vagy levegds oldalon az iivegek fajtdjdnak fiiggvényében

6.4. Tin-air side effect on the own shape

The own shapes of the right specimens - single layer or
laminated glass with different type of sides - were analysed
in function of the effects of the tin or air side. There were
tendencies between the own shapes and the surfaces however
the tendencies were caused rather by the heat strengthening
and the lamination process. There was no phenomenon which
is attributable to the tin-air effect, however it is possible that
there are some effects at lower sizes which can influence the
distortions of the specimens, but the extent of the effect is not
measurable in the investigated range. It means that the role of
tin-air effect is more important on the efficiency of lamination,
adhesion and the surface strength of the glass structure
designing than at the stability issues of glass columns.

7. Conclusions

Engineers have to calculate with the application of safe
designing formulas and parameters which are serviced by the
researchers in case of glass structures. The applied formulas and
parameters have to be further developed to reduce the building
costs. This approach helps the glass structures, designing
and constructions to evolve unabated. New distortion
measurement methodology was introduced to analyse the
own shape, the sinus wave and overall bow values of plate glass
columns. Both surfaces of 22 specimens were measured by the
distortion measurement methodology which were also loaded
by central compression until fracture. The measured results do
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not reach the limits of the overall bow and sinus wave based on
the standards. Moreover, most of the results were less than the
half of limits in the standards and in the literature. The overall
bow depends on the one hand on the glass producing method
and on the other hand on the size effect. The increasing of
the length of glass causes the larger overall bow values. The
results of HSG were about 10 times larger than the values of
annealed glass. The maximal load of plate glass columns can
be estimated more safely over the buckling force, where the
annealed glass had larger and more reliable results than the
HSG. Therefore, it can be stated that annealed glasses are more
suitable for plate glass columns than HSG. The influence of
the sinus wave and overall bow on the buckling force is less
than the own shape of the specimen which can influence the
buckling resistance of glasses to a great extent. The maximal
load is totally independent of the distortion results. Therefore,
it is recommended to introduce other parameters (for example
the individual own shape of glasses) at the critical buckling
force designing instead of the overall bow. Despite that the tin-
air effect causes differences on the properties of the glass sides
it does not influence the buckling direction, the sinus wave,
overall bow and the own shape results. Considering these
statements, it can be concluded that the effect of the tin and air
side is negligible at the load bearing capacity of glass columns
and at the buckling force as well compared to the other factors
which are more relevant: heat strengthening, the own shape
of glass, gravity, the fixing area and the human impacts. The
benefits of these results that engineers do not have to pay
attention to the type of sides of glass plates during the designing
and construction processes on the buckling point of view.
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Sik lapokbdl allé livegoszlopok teherbirasat
befolyasolo6 tényez6k

A statikai szamitasokban figyelembe vesszik a tervezés
sordn a szerkezeti elemek kezdeti imperfekcidjat. Az
Uvegszerkezetek esetében kezdeti imperfeckiok lehetnek
lokalis vagy globéalis hibak, amik jelentésen tudjak
csOkkenteni a teherbirasi kapacitast és a hasznalhatésagi
hatarallapotot. Az altalanos épitdbanyagok esetében a
stabilitasi tervezés tartalmazza a kezdeti gorblletet és
imperfekciot, amiknek a figyelembe vett értéke fligg az elem
keresztmetszetétol. A teherbird lvegszerezetek tervezése
még mindig Ujdonsagnak szamit, azonban alkalmazandd
hatarértékeket mar megfogalmaztak. Tébb mint 240
kisméretl ,1” keresztmetszetl lvegprébatest vizsgalatan
alapulé kisérletben vizsgédljuk a rugalmas kihajlas
tulajdonsagait. A kisérletek soran az egyik legfontosabb
tényezd volt a kezdeti imperfekcid. A kezdeti kihajlas és a
szinusz hullamok alapvetéen kedvezdtlenil befolyasoljak
az Uvegoszlopok teherbirasat, azonban a szinusz hullamok
hatasa akar novelheti is az Euler-i kihajlasi ellenallast a
rddban talalhaté szinusz hulldmok szamanak novelésével.
A kezdeti imperfekciokat és a vizsgalt probatestek sajat
alakjat egy () mérési moddszerrel vizsgaltuk, amiben
referencia pontrendszert alkalmaztunk a lehet6 legnagyobb
mérési pontossag érdekében. A méréssorozatban az
Uvegfeldolgozasi munkak a probatesteken végzett hatasait
is vizsgaltuk.

Kulcsszavak: liveg, kihajlast befolyasolé tényezok, kezdeti alak,
onnal és levegbvel érintkezo felllet, referencia pontrendszer
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Conference ic-rmm3
- where science met five continents

Emese KUROVICS = BronisLav KANEV = Sergey SITKEVICH

The 3rd International Conference on Rheology and Modeling of Materials (ic-rmm3)
was held in the marvelous historical palas Hotel PALOTA in the wonderful environment of
Mountain Bukk (Hungary) in October 2-6, 2017.

In the conference have participated and made oral, short
oral or poster presentation 122 scientists from 36 different
countries of Asia, Europe, North- and South America, Africa
and Australia. The largest delegations of scientists have arrived
to Central Europe from Russian Federation, Czech Republic,
China and Austria. The conference was opened by Prof. Sergey
N Kulkov from Tomsk State University at 2:00 pm in Monday
afternoon and after was continued in two different sections. In
his opening speech Prof. Kulkov has welcomed the conference
participants and mentioned by name Miss Siti Nadjiha from
New Zeeland and Diego Genovese from Argentina, from the
countries that are most distant from Hungary. He has specially
greeted Prof. Laszl6 A Gomze with the jubilee of 40 years
teaching and research experiments in the University of Miskolc
in September 2™, 2017.

In the afternoon of October 3™ a part of participants had
visited the monuments of city Miskolc including the old Castle
of King Louis the Great, University of Miskolc and Thermal
Cave Bath.

In October 4™ the other part of the conference attendees
have participated in a castle tour excursion in the Tokaj Wine
Region including wine tastes in one of the cellars at Hercegkat
which belong to the world heritage.

During the all 5 days of ic-rmm3 conference the participants
had opportunity to vote on the best posters and the best short
oral presentation. The results of the votes were evaluated by
the members of the International Scientific Advisory Board in
each days. Finally in the poster session 2 posters were awarded
as “Best Poster”, one of them Prof. Amirullah Mamedov from
the Bilket University, Turkey and the group of young authors M
Cvek, T Plachy, J Osicka, E Kutalkova, M Mrlik, M Sedlacik
from Tomas Bata University, Czech Republic. The “Best Short
Oral” was awarded to Sara Lairah Mugabo from Swansea
University, United Kingdom. The awards were handed by Prof.
Anil Saigal Tufts University from USA, Prof. Laszl6 A Gomze
University of Miskolc, Hungary and Academician Prof. Valerii
Kulichikhin the president of Vinogradov Society of Rheology
from Russia.

Book of abstract and more information about conference
you can find: www.ic-rmm3.eu.

Conference program you can download by
http://www.ic-rmm3.eu/icrmm3_program0928.pdf.
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GUIDELINE FOR AUTHORS

The manuscript must contain the followings: title; author's name, workplace, e-mail address; abstract, keywords; main text;
acknowledgement (optional); references; figures, photos with notes; tables with notes; short biography (information on the scientific works
of the authors).

The full manuscript should not be more than 6 pages including figures, photos and tables. Settings of the word document are: 3 cm margin
up and down, 2,5 cm margin left and right. Paper size: A4. Letter size 10 pt, type: Times New Roman. Lines: simple, justified.

TITLE, AUTHOR

The title of the article should be short and objective.

Under the title the name of the author(s), workplace, e-mail address.

If the text originally was a presentation or poster at a conference, it should be marked.

ABSTRACT, KEYWORDS
The abstract is a short summary of the manuscript, about a half page size. The author should give keywords to the text, which are the most important
elements of the article.

MAIN TEXT
Contains: materials and experimental procedure (or something similar), results and discussion (or something similar), conclusions.

REFERENCES
References are marked with numbers, e.g. [6], and a bibliography is made by the reference’s order. References should be provided together with the
DOI if available.
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Journals:
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Books:
[6] Mehta, P. K. - Monteiro, P. J. M.: Concrete. Microstructure, properties, and materials. McGraw-Hill, 2006, 659 p.

FIGURES, TABLES

All drawings, diagrams and photos are figures. The text should contain references to all figures and tables. This shows the place of the figure
in the text. Please send all the figures in attached files, and not as a part of the text. All figures and tables should have a title.

Authors are asked to submit color figures by submission. Black and white figures are suggested to be avoided, however, acceptable.

The figures should be: tiff, jpg or eps files, 300 dpi at least, photos are 600 dpi at least.

BIOGRAPHY
Max. 500 character size professional biography of the author(s).

CHECKING
The editing board checks the articles and informs the authors about suggested modifications. Since the author is responsible for the content of the
article, the author is not liable to accept them.

CONTACT
Please send the manuscript in electronic format to the following e-mail address: femgomze@uni-miskolc.hu and epitoanyag@szte.org.hu or by post:
Scientific Society of the Silicate Industry, Budapest, Bécsi Gt 122-124., H-1034, HUNGARY

We kindly ask the authors to give their e-mail address and phone number on behalf of the quick conciliation.

Copyright

Authors must sign the Copyright Transfer Agreement before the paper is published. The Copyright Transfer Agreement enables SZTE
to protect the copyrighted material for the authors, but does not relinquish the author’s proprietary rights. Authors are responsible for
obtaining permission to reproduce any figure for which copyright exists from the copyright holder.
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About EGU

EGU, the European Geosciences Union, is Europe’s premier geosciences union, dedicated
to the pursuit of excellence in the Earth, planetary, and space sciences for the benefit of
humanity, worldwide. It was established in September 2002 as a merger of the European
Geophysical Society (EGS) and the European Union of Geosciences (EUG), and has
headquarters in Munich, Germany.

It is a non-profit international union of scientists with about 15,000 members from all
over the world. Membership is open to individuals who are professionally engaged in or
associated with geosciences and planetary and space sciences and related studies, including
students and retired seniors.

The EGU publishes a number of diverse scientific journals, which use an innovative open
access format, and organises a number of topical meetings, and education and outreach
activities. It also honours scientists with a number of awards and medals. The annual EGU
General Assemblyis the largestand most prominent European geosciences event, attracting
over 14,000 scientists from all over the world in recent years. The meeting's sessions cover
a wide range of topics, including volcanology, planetary exploration, the Earth's internal
structure and atmosphere, climate, as well as energy and resources.

www.egu.eu



Association Européenne pour la Protection Passive contre I'lncendie
Europaischer Verband fiir Passiven Brandschutz

European Association for Passive Fire Protection

EAPFP was formed in 1988 to act as a “European” voice on behalf of national associations
representing manufacturers, contractors and other institutions involved in fire protection to
steelwork, timber, and other passive fire protection applications, including penetration seals and
ductwork.

EAPFP has representation on CEN TC 127, the Technical Committee dealing with the harmonisation
of standards for fire safety buildings. Close liaison is maintained with EGOLF the European
Organisation for Fire Testing Laboratories. Joint Conferences have been held down the years.
The last event was held at Jean Monnet Building Luxembourg entitled “Revising the Construction
Products Directive - The impact on construction products with a fire performance”

Meetings of the Association are held on a regular basis at venues throughout Europe to update
members on technical issues and to develop closer commercial contacts.

EAPFP, Kingsley House, Ganders Business Park, Kingsley, Bordon, Hampshire GU11 2LL
www.eapfp.com





