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Influence of electric arc furnace slag
on characterisation of the produced
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Abstract

Effect of various doses of electric arc furnace slag (EAFS) - a by-product of steelmaking recovered
after the oxidizing process - along with water cooled slag and cement kiln dust for the evaluation
of optimum ratio of the added EAFS was studied. Results showed that the compressive strength
of geopolymer specimens increases with EAFS up to 50% then decreases with further slag
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increase, giving an increased mechanical strength than the control by 7.94%, 23.9%, 80.8% and
17.8% at ages of 90 days and 9.49, 32.03, 89.68 and 37.6% at 120 days for replacement by 10,
25, 50 and 75% of EAFS, respectively. It is noticed that the enhancement in strength increases
with EAFS and with curing time; even the full replacement by EAFS leads to further strength gain

more than 10% replacement.
Keywords: geopolymer, GGBFS, EAFS, alkali, activator.

1. Introduction

In 1978, Davidovits [1] introduced the word geopolymer
to describe an alternative cementitious material which has
ceramic-like properties. As opposed to OPC, the manufacture
of aluminosilicate-based geopolymer does not consume
high levels of energy. This geopolymer technology has the
potential to reduce emissions by 80% [2] since high calcining
temperature is not required. It also exhibits ceramic-like
properties with superior resistance to elevated temperatures at
fire. Geopolymer can be produced by combining a pozzolanic
compound or aluminosilicate source material with highly
alkaline solutions [3]. Geopolymer can be thought of as a
new generation binder as a substitute for the calcium silicate
hydrate which are essential component of Portland cement,
whereas cement plants are reported to emit up to 1.5 billion
tons of CO2 into the atmosphere annually [4, 5]. Hence,
environmental preservation has become a driving force behind
the search for new sustainable and environmentally friendly
composites to replace conventional concrete produced from
ordinary Portland cement (OPC).

Geopolymer binders exhibit technological and ecological
advantages in comparison with OPC, and the industrial use of
geopolymer concretes in the production of high performance
building materials is expanding [6]. Different alkaline solutions
based on alkali metal hydroxides, carbonates and silicates have
been used over the past decades for the production of alkali-
activated binders [7]. A strong dependence on the nature
of the alkaline activator in the structural and mechanical
development of these binders has been identified throughout
the literature.

Ferrous slags may be divided into two broad classes: those
arising from the smelting of ores and those formed during
refining of iron into steel. The former is mainly blast furnace
slag, which is produced in very large amounts in many
developed countries as a by-product of the manufacture of iron
in blast furnace. It results from the fusion of limestone flux with
ash from coke, the siliceous and aluminous residue remaining
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after the reduction and separation of the iron from the ore.
The production of iron and slag in a blast furnace involves a
continuous, rather than batch process, with both materials being
produced in molten, homogeneous states. Much of the iron and
steel slag produced around the world are air-cooled slowly,
leading to the formation of a crystalline product. However, if
the molten slag is cooled rapidly, for example by quenching with
water, a granular glassy material is produced. This material, if
collected, dried and ground to sufficient fineness is known to
have latent hydraulic properties [8].

It has been established that the main products of slag
hydration are essentially the same as the principal product
formed when OPC is hydrated [9, 10] that is, calcium silicate
hydrate (C-S-H). The main factors known to influence
the hydraulic activity of slag cement include chemical
composition, glass content, and fineness, activator content,
curing temperature and water/cementitious material ratio
[11]. Ground granulated blast furnace slag (GGBS) has been
used for decades as partial replacement material in concrete
and has well established standards describing their use [11-14]

A moremodern processinvolves the use of electric arc furnace
such as that used by the Libyan Iron and Steel Company. The
electric arc furnace is able to produce very precise alloys when
compared to the older Bessemer and open-heart techniques.
According to the technical bulletin produced by the Libyan
Iron and Steel Company [15], the company produces sponge
iron by the direct reduction of iron ore with locally produced
natural gas. This sponge iron is subsequently converted into
steel in an electric arc furnace, which uses an electric arc to
heat the raw materials. In addition to the sponge iron, several
other materials are added which includes; steel scrap, fluorspar,
limestone and dolomite. The end product of the oxidation
process is steel plus large quantities of slag. This type of steel
slag is known to have similar composition to Portland cement
clinker; having significant quantity of C2S and C3S [16]. This
waste material is traditionally utilized for road bases and as
aggregates in concrete production in many countries [17]. Its
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use as cement replacement material has also been established;
however this is limited by a general lack of understanding of
its hydration process and by its heterogeneity, coarseness and
higher particle density [18, 19].

Cement kiln dust (CKD) on the other hand, is a by-pass
of cement plant production that contains partially calcined
materials with some hydraulic and cementitious properties.
Due to the presence of certain chemical constituents (high
alkali, chloride, and sulphate content), which may cause
problems in kiln operation and cement performance, CKD
usually cannot be returned into the feedstock and has to be
discarded. Alkalis from CKD may activate the hydration of
slag constituents creating a cementitious material in which the
waste material deficiencies will be converted into benefits.

Khater [20] studied the effect of cement kiln dust on alkali
activated slag and studied their resistance against sulphate
attack; results indicates that use of 25% cement kiln dust to slag
materials leads to good enhancement in geopolymer structure.
Effect of cement kiln dust on activation of geopolymer composite
containing phosphogypsum and fly ash results in very good
enhancement in thermal stability up to 1200 °C by using 10 and
20% phosphogypsum was also studied by Khater and Zedane [21].

Khater [22] also studied thermal and acid resistance
of alkali activated slag geopolymer, the results illustrate
that geopolymer materials prepared using alkali activated
slag exhibit considerable changes in compressive strength
with increasing firing temperature from 300-1000°C and
possessing an enhancement in thermal stability as compared to
concrete specimens. Replacement of GGBEFS by 15% air cooled
slag (ACS) resists thermal deterioration up to 1000 °C. It was
suggested to be suitably applied in the refractory insulation
applications as well as for production of concrete nuclear
reactors. On the other hand, geopolymer mixes exhibit low
stability upon subjecting to different concentration from the
mix of nitric and hydrochloric acid in equal ratio (1:1).

The main target of this paper is to study the effect of addition
of various doses of electric arc furnace slag on the expense of
the added water cooled one at constant ratio of cement kiln dust
(25 %) as elucidated from Khater [20], for getting the optimum
ratio of electric arc furnace slag along with water cooled slag
and study their effect on the mechanical and microstructural
characteristics.

2. Experimental procedures

2.1. Materials

The materials, which used in this investigation, are ground
granulated water cooled blast furnace slag (GGBFS), air cooled

Oxide content (%) SiO, Al,03 Fe;03

Ca0 Mgo

electric arc furnace slag sourced from Iron and Steel Factory-
Helwan, Egypt, and cement kiln by-pass dust from Beni-Suef
Cement Factory, Egypt. The chemical compositions of the
starting raw materials are tabulated in Table 1. Slag is formed
from the dominant content of SiO2 and MnO, Fe304, CaO,
and AlpO3. This way the coefficient of basicity, defining the
ratio of base to acid oxides in the slag, is a suitable indicator
for the definition of the oxidative capacity of the slag [23, 24]:

Basicity Coefticient=[CaO+MgO+MnO+...]/[SiO2+A1203] (1)

The use of the term acid and base are of course not those
employed in aqueous solutions: in the present context, bases
are oxygen donors, e.g. Ca, Na and K, while acids, e.g. S and
Cr, both in their (VI) oxidation state, are oxygen acceptors. By
following the above equation, the basicity of water cooled slag
will be equal to 1.0 and basicity of electric arc furnace slag is
0.96; this indicates the increased oxidative capacity of EAFS
than that of water cooled one.

The hydraulic modulus (HM) also is defined as [25]:

M=(CaO + MgO +Al1203)/Si02 (2)

It is suggested that the HM of the slag materials should
exceed 1.40 to ensure sound hydration property, where the
HM of water cooled slag is equal to 1.39 and that of electric
arc furnace slag is equal to 5.02, where the last value reflects
the better hydration properties of electric arc furnace slag and
confirms the latent hydraulic properties of water cooled slag.

The mineralogical composition is represented in Fig. 1; where
ground granulated blast furnace slag materials composed of
amorphous materials and EAFS composed of hematite, mullite
and calcite and minor content of quartz. Cement dust pattern
depicts that it is composed of calcite and a minor content from
halite and sylvite.
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Fig. 1. Mineralogical composition of starting raw materials [Q: Quartz (SiO5), CC:
Calcite (CaCO3), Sy: Sylvite (KCl), Ha: Halite (NaCl), He: Hematite (Fe;O3),
M: Mullite (aluminum silicate)]

1. dbra  Kiinduldsi alapanyagok dsvdnyos dsszetétele [Q: Kvarc (SiO,), CC: Kalcit
(CaCOs3), Sy: Szilvit (KCI), Ha: Halit (NaCl), He: Hematit (Fe;03), M: Mullit
(alumino-szilikdt)]

TiO, MnO Cl-

SrO BaO L.O.l.

Water —Cooled 36.67 1031 050 3882 170 217 1.03 048 057 4.04 004 005 018 328 012 99.96
Slag (GGBFS)
Electric arc furnace 820 0.73 38.89 3952 088 024 034 025 022 814 220 002 003 013 041 99.90
slag (EAFS)
By-Pass Cement 829 284 207 5190 057 209 342 263 014 013 013 6120 - - 19.59 99.90

Kiln Dust (CKD)

Table 1. Chemical composition of starting materials (m %)
1. tablazat A kiinduldsi anyagok kémiai osszetétele (m%)
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2.2. Experimental regime

Geopolymer mixes were made by hand-mixing raw materials
of each mixture passing a sieve of 90 um with the cement kiln
dust for 10 min and a further 5 min with an electronic mixer
as represented in Table 2. The water-binder ratio (w/b) was
0.34 by mass. The paste mixture was cast into 25x25x25 mm
cubic-shaped moulds, vibrated for compaction and sealed with
plastic sheet to minimize any loss of evaporable water.

Mix Water Electric Cement Total Si0,/
no. cooled arc furnace kiln M0/ Al;03
slag slag dust Al;03
(GGBFS)  (EAFS) (CKD)
Al 90 10 25 0.45 3.57 0.08
A2 50 25 25 0.53 3.71 0.09
A3 25 50 25 0.80 4.20 0.12
Ad 75 - 25 0.41 3.50 0.08
A5 - 75 25 2.08 6.54 0.20

Table 2. Composition of the geopolymer mixes (m %)
2. tdblazat Geopolimer keverékek Osszetétele (m%)

All mixes were left to cure undisturbed under ambient
temperature for 24 hour then subjected to curing temperature
of 40 °C with a 100% relative humidity. At the end of the curing
regime, the specimens were subjected to the compressive
strength measurements and then the resulted crushed specimens
were exposed to stopping of the hydration process using
stopping solution of alcohol/acetone (1:1) followed by washing
with acetone as recommended by different investigators [26-28]
to prevent further hydration and for further analysis followed
by drying of the crushed specimens for 24 hr at 80°C, then
preserved in a well tight container until the time of testing.

2.3. Methods of investigation

Chemical analysis was carried out using Axios, WD-XRF
Sequential Spectrometer (Panalytical, Netherlands, 2009).
Compressive strength tests were carried out using five tons
German Briif pressing machine with aloading rate of 100 kg/min
determined according to the ASTM [29]. The microstructure
of the hardened alkali activated water cooled slag was studied
using SEM Inspect S (FEI Company, Netherlands) equipped
with an energy dispersive X-ray analyzer (EDX). The stopping
of the progressed hydration was accomplished by subjecting the
crushed samples to alcohol/acetone mix as recommended by
different investigators [26, 27]. Bonding characteristics of the
alkali activated specimens were analyzed using a Nicolet-6700
Fourier transformed infrared spectrometer FTIR. Test sample
was ground and uniformly mixed with KBr at a weight ratio
KBr: specimen=200:1.The mixture, 0.20 g was pressed to a disk
of 13 mm in diameter for analysis at 8 t/cm?. The wave number
was ranging from 400 to 4000 cm~! [20, 30].

3. Results and discussion
3.1. Effect of electric arc furnace slag on characteristics of
the produced geopolymer

FTIR spectra of 28 days cured (40°C and 100% RH)
geopolymer specimens having various cement dust content
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are shown in Fig. 2. Bands description are as follow: Stretching
vibration of O-H bond at about 3430, 1600 cm-!, stretching
vibration of CO2 located at about 1410 cm!, asymmetric
stretching vibration (T-O-Si) at about 975 cm-! where T=Si or
Al, symmetric stretching vibration of CO2 at about 870cm-,
symmetric stretching vibration (Si-O-Si) in the region 676-
700 cm™! and bending vibration (Si-O-Si and O-Si-O) in the
region of 430-445 cm-1.

A3-50%

Transmittance, %

3900 3400 2900 2400 1900 1400 200 400
Wave number, cm

Fig. 2. FTIR spectra of 28days geopolymer specimens having various ratios of EAFS

[1: Stretching vibration of O-H bond, 2: Bending vibrations of (HOH),
3: Stretching vibration of CO,, 4: Asymmetric stretching vibration (T-O-Si),
5: Symmetric stretching vibration of CO,, 6: Symmetric stretching vibration
(Si-O-Si), 7: Bending vibration (Si-O-Si and O-Si-O)]

2. dbra  Kiilonboz6 mennyiségben EAFS adalékot tartalmazé geopolimer probatestek
FTIR spektrumai 28 napos korban [1: Vegyértékrezgés O-H kotés,
2: Deformdcids rezgés (HOH), 3: Vegyértékrezgés CO,, 4: Aszimmetrikus
vegyértékrezgés (T-O-Si), 5: Szimmetrikus vegyértékrezgés CO,,
6: Szimmetrikus vegyértékrezgés (Si-O-Si),
7: Deformdciés rezgés (Si-O-Si és O-Si-O)]

The pattern indicates the growth and the broadness of the
main asymmetric band at about 975 cm-! with EAFS increase
up to 50% and shifted to a lower wave number values reflecting
the increase in the vitreous content with EAFS addition, the
increased intensity with EAFS indicates the growth of the
amorphous content of N-A-S-H gel which has a positive effect
on enhancement in the mechanical properties of the resulting
structure, where the aluminosilicate polycondensation
reactions promoted and increased with EAFS addition up
to 50%, resulting in growth of N-A-S-H gel and the binding
gels (C-(A)-S-H for slag. This is coherent with the increased
intensity of hydration band at about 3400 and 1600 cm-!, where
inclusion of EAFS, with its high hydraulic modulus as indicated
from Eq. (2) and most specifically its role in supplying soluble
Ca?* ions, forming additional CSH phases in addition to N-A-
S-H as well as N-(C)-A-S-H leads extra strengthening of the
matrix structure [31].

The increase in intensity of the Si-O-(Si, Al) asymmetric
band in addition to the shift to higher wavenumber (from 690 to
779 cm!) with increased contents of EAFS up to 50% suggests
the modification of the aluminosilicate framework compared
with solely GGBFS based geopolymers as a consequence
of cation substitution in the non-framework sites [24]. The
bending vibration band at about 430-445 cm! increases also
with EAFS increase.

The appearance of bands in the regions of 1430 cm-1(v C-0),
and 867cm-1(8 C-0O) are typical of CO3?- vibrational groups,
present in inorganic carbonates [32], the increased intensity
of carbonate is mainly due to the carbonate in CKD and
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carbonation of the free alkalis lies within CKD, in addition to
growth of carbonate with EAFS where the carbonates identified
in this raw material do not react significantly under alkaline
activation conditions [24].

The SEM microstructure of 90 days cured geopolymer
specimens having 10 and 50% EAF slag using 25% CKD as
an activator for geopolymerization reaction is shown in Fig. 4.
The micrograph of 10% EAF slag (Fig. 3.a) indicates that the
heterogeneity of the matrix with the dispersing of geopolymer
plates within the structure in addition to calcium silicate
hydrate that formed by the interaction of hydrated lime in CKD
and free calcium ions in slag with dissolved silica forming CSH
which increase the binding characteristics of three dimensional
geopolymer structure. Further increase in the EAFS results
in the increase of CSH and offers more nucleation sites for
geopolymer formation leading to a homogeneous and hard
structure [33], also the increased iron content with EAFS offers
additional balancing cations for the three dimensional network
forming more stable and homogeneous network [3, 34].

Fig. 3. SEM micrograph of 90 days alkali activated geopolymer specimens having (a)
Al containing 10% ACS, (b) A3 containing 50% ACS
3. dbra  Alkdli aktivalt geopolimer mintdk elektronmikroszkdpos képe 90 napos
korban (a) A1 minta, 10% ACS tartalom, (b) A3 minta, 50% ACS tartalom

Fig. 4 shows the compressive strength of geopolymer mixes
that were cured at 40 °C and 100% RH, up to 120 days using
25% CKD as an activator for the reaction. It is known that
the compressive strength of geopolymers is related to the
degree of polymerization, which is strongly affected by the
soluble silicates and aluminates of the geopolymeric system.
The higher the degree of polymerization in the geopolymeric
structure, the higher the obtained compressive strength.

——7 days —=—28§ days

——90 days ——120 days

3 &
8 8

Compreesive strength , MPa
1]
8
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Fig. 4. Compressive strength of alkali activated slag geopolymer specimens using
various ratios of EAFS

Kiilonboz6 mennyiségben EAFS adalékot tartalmazo geopolimer prébatestek
nyomészildrdsdga

4. dbra

It is found that the compressive strength of geopolymer
specimens increase with EAFS up to 50% then decrease with
further slag increase, giving an increased mechanical strength
than the control by 7.94%, 23.9%, 80.8% and 17.8% at ages
of 90 days and 9.49, 32.03, 89.68 and 37.6% at 120 days for
replacement by 10, 25, 50 and 75% of EAFS, respectively. It is
noticed that the enhancement in strength increases with EAFS
with curing time; even the full replacement by EAFS leads to
further strength gain more than 10% replacement.
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Fig. 5. Schematic structure of geopolymer skeleton charge balanced with calcium and
iron cations
Geopolimer viz sematikus szerkezete, kalcium és vas kationok

toltésegyensillyal

5. dbra

This can be explained by the high alkali content that lie
within CKD and leads to the increase of pH of the medium
and so the degree of polymerization of the resulting product,
also EAFS is much harder than water cooled grains due to the
high iron content as represented clearly in Table 1. The effect of
combination of 50% EAFS in addition to 25% GGBFS in a mix
likely causes a higher strength since the anhydrous part of the
EAFS contributes strongly to strength as compared to water
cooled grains [35]. It is also likely that this is attributed to the
fact that Ca?+, Fe3* are capable of acting as charge-balancing
cations within the geopolymeric binder structure [3,34].

The efficiency of the EAFS geopolymer pastes were
computed based on the equation proposed by Atis [36] for fly
ash concrete. The equation was based on the normalization
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of the compressive strength of concrete with the quantity of
cementitious materials. The equation for the same curing
conditions and for the same water to binder ratio at specific
curing age, is as follows:

(foe )

r[a

k= +1

Where, k is the efficiency factor of EAFS, ¢ is the quantity of
total cementitious binder (s), fa is the quantity of EAFS, r is
the replacement ratio of EAFS (i.e., 0.3 for 30%, 0.5 for 50%
replacement), f.(t),, is the compressive strength of geopolymer
mix containing any EAFS at time t, fis compressive strength of
EAFS at time t.

From Fig. 6, the efficiency factor of the geopolymer pastes
increases gradually with the increase of the EAFS content
up to 50% giving an efficiency value of 2.88% after 120 days,
while decreases with 75% EAFS reaching the value of 2.36%.
This is coherent with the increased hydraulic modulus of
EAFS (HM=5.02) than water cooled slag (HM=1.39) which
positively increases the efficiency factor ratios as represented
in Fig. 6, which in turn reflects the better hydration properties
of electric arc furnace slag while confirms the latent hydraulic
properties of water cooled slag. However, the basicity of water
cooled slag which is equal to 1.0 and basicity of electric arc
furnace slag is equal to 0.96; indicating the increased oxidative
capacity of EAFS than that of water cooled slag.

-_

1

= 7days m 28days

90days = 120days
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Efficiency factor of EAFS, %
0
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Fig. 6. Efficiency factor of alkali activated slag geopolymer specimens using various
ratios of EAFS.
6. dbra  Kiilonbozé mennyiségben EAFS adalékot tartalmazo geopolimer prébatestek
hatékonysdgi faktorai

A series of five Na (K)-PSS polymer compositions were
determined statistically from the oxide ratios of the five mixing
geopolymer specimens as indicated in Table 2, where using
50% EAFS gives higher values of total M,O/AL O3, total M,0/
SiO, and Si0,/ALO; equal to 0.80, 0.12 and 4.20, respectively,
which ascribed to the strength increase with EAFS up to 50%.
It was suggested that the optimum range of oxide molar ratios
[37, 38]: 0.2<M,0/Si0,<0.48, 3.3<Si0,/Al,03<4.5 resulting in
three dimensional networks with a more branched structure
and so homogeneous and compact structure formed.

A higher strength geopolymer is associated with a more
desirable internal microstructure [39]. Mechanism of
geopolymers involves the polycondensation reaction of
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geopolymeric precursors i.e. alumino-silicate oxide with alkali
polysilicates yielding polymeric Si-O-Al bond [40-43].

Mn [-(Si - O,), -Al - O]n .wH,O

where M is the alkaline element, z is 1, 2 or 3 and n is the
degree of polycondensation [41]. Davidovits suggested that
certain synthesis limits existed for the formation of strong
products; satisfactory compositions lay in the range M,0/SiO,
0.2 to 0.48; SiO,/AL0s, 3.3 to 4.5; H,O/M,0, 10-25; and
M,0/AL,03, 0.8 to 1.6 [40, 42, 43]. The geopolymeric alumino-
silicate has been grouped in three families depending on the
atomic ratio Si/Al that may be 1, 2 or 3 [43]. Amorphous to
semi-crystalline three dimensional alumino-silicate structures
are of the poly(sialate) type (Si-O-Al-O-), the poly(sialate-
siloxo) type (Si- O-Al-O-Si-O-), and the poly(sialate-
disiloxo) type(Si-O-Al-O-Si-O-Si-O-) [40].

On the contrary, using 75% EAFS gives total M,O/ALOs3,
total M,0/SiO, and SiO,/AL,O3 equal to 2.08, 0.20 and 6.54,
respectively, the increased previous ratios results in lowering
in strength where the formed geopolymer structure is of two
dimensional chains from poly-sialate disilioxy rather than the
three dimensional network formed by using 50% EAFS, in
addition to the pessimum effect of the increased iron content as
stated by Daux et al. [44] where, dissolution of aluminosilicate
precursors containing significant levels of network-forming
Fe3+ under slightly alkaline conditions, reprecipitation of
dissolved Fe was much faster than the reprecipitation of Si and
Al It is therefore most likely that any reactive Fe present during
geopolymerization behaves similarly, and reprecipitates very
rapidly as hydroxide or oxyhydroxide phases and so lowers the
alkali activator content necessary for the activation.

4. Conclusions

1. In the presence of Ca contained ingredients (slag) as a
result of geopolymer coexistence and C-S-H phase and
maximal geopolymer strength was reached.

2. Cement kiln dust has high alkalis content and free lime
that can efficiently be utilized in the activation of industrial
slag wastes results in the production of environmentally
friendly cementing materials that can be applied in various
building purposes.

3. Uses of electric arc furnace slag can be effectively used up
to 50%, while further increase leads to increase in the iron
content that will precipitate as hydroxide and lower the
medium alkalinity.

4. Using 50% EAFS results in the growth of the amorphous
content of N-A-S-H gel and the binding gels (C-(A)-
S-H which has a positive effect on enhancement in the
mechanical properties of the resulting structure.

5. The effect of combination of 50% EAFs in addition to 25%
GGBFS in a mix as is likely to cause a higher strength values,
also the Ca2*, Fe3+ are capable of acting as charge-balancing
cations within the geopolymeric binder structure.

6. The compressive strength of geopolymer specimens
increase with EAF slag up to 50% then decrease with
further slag increase, giving an increased mechanical
strength than the control by 7.94%, 23.9%, 80.8% and
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17.8% at ages of 90 days and 9.49, 32.03, 89.68 and 37, 6%
at 120 days for replacement by 10, 25, 50 and 75% of EAFS,
respectively.

7. It is noticed the enhancement in strength increase with
EAFS with curing time; even the full replacement by
EAF slag leads to further strength gain more than 10%
replacement.

8. The efliciency factor of the geopolymer pastes increases
gradually with the increase of the EAF slag content up to
50% giving an efficiency value of 2.88% after 120 days, while
decreases with 75% EAFS reaching the value of 2.36%.
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Elektrokemence salak hatasa geopolimer kompozitok
tulajdonsagaira

A cikk bemutatja olyan geopolimerek tulajdonsagainak vizs-
galatait, amelyekben elektrokemence salak, vizzel hiit6tt ko-
hésalak és cement kemencehamu optimalis aranyat keresik.
Az eredmények szerint a geopolimer nyomészilardsaga no az
elektrokemence salak 50%-0s adagolasaig. Megfigyelhetd,
hogy az utdkezelési idd novelésével az elektrokemence
salakot tartalmazé geopolimerek nyomészilardsaga né. A
cement kemencehamu nagy alkali-oxid és szabad mész tar-
talma hatékonyan segiti eld a geopolimerek hidrataciojat.
Kulcsszavak: geopolimer, kohdsalak, kemencesalak, alkali
aktivalas
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Abstract

High-strength concrete elements exhibiting low system weight and great slenderness can be
created with a large degree of lightweight structure using textile-reinforced concrete (TRC) slab
and a shell with very high level of sound absorption. The system was developed with the objective
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of lowering system weight, and then implemented operationally in construction. Arising from the

specifications placed on the load-bearing concrete slab, the followings were developed: an adapted
fine-grain concrete matrix was assembled, a carbon warp-knit fabric was modified and integrated
into the fine concrete matrix, a formwork system at prototype scale was designed enabling
noise barriers to be produced with an application-oriented approach and examined in practically
investigations within the context of the project. Substantial decrease in weight of the load-bearing
concrete slab’s system was possible, which led to a decrease in transport and assembly costs.
Keywords: textile-reinforced concrete, noise barrier, high-performance concrete, durability

1. Introduction

Noise is a consequence of increasing mobility and has a negative
effect on both human beings and the environment. The continuous
rise in traffic density, which grew by more than 70 percent on
motorways between 1980 and 2012 [1], has led to greater noise
emissions. Today, this makes sound protection measures more
important than ever. It does not matter whether these noise
barriers are for major roads, motorways or high-speed sections.
Such systems are very complex and contain restrictions with
regards to load-bearing capacity, serviceability and functionality.
Alongside acoustic and mechanical specifications including
durability, economic and ecological aspects additionally come to
the fore. The objective is savings on resources not just based on
optimizing weight and minimizing manufacturing costs but also
leading to decreasing expenditure for transport and assembly.

In Germany, about 50 percent of noise barriers are made of
concrete. They are mostly composed of a load-bearing layer
made from steel reinforced concrete and a noise-absorbing
facing concrete shell set up on one or both sides and made from
lightweight concrete. The usual material thickness with the load-
bearing concrete layer is about 12 to 15 cm due to the concrete
coverage needed in terms of passive protection against corrosion.
Utilising textile reinforced concrete in this case offers great
potential in reducing weight and constructing in a resource-
efficient and sustainable manner. Textile reinforced concrete is
an innovative high-performance composite material consisting
of fine concrete matrix and textile reinforcement [2, 3]. The
development of this new type of composite material has made a
construction method available which utilizes reinforcement that
is generally not susceptible to corrosion due to environmental
influences (e.g. air humidity and chloride) [4, 5]. The concrete
cover needed in steel reinforced concrete construction can
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thus be substantially reduced by employing textile reinforced
concrete [6, 7]. Just a few millimeters minimum concrete cover
is necessary to safeguard the transfer of bonding forces between
the fine concrete matrix and the textile reinforcement [8]. This
means that thin-walled, free-formed surfaces can be created
with a great degree of lightweight structure that feature low
system weight and great slenderness.

This paper reports the development of a noise barrier,
which consists of a load-bearing component made of textile
reinforced concrete and a noise-absorbent component made
of a lightweight concrete. An important part of this work is
durability and so the lifespan of the noise barrier.

2. Materials and methods

2.1 Components for load- bearing and
noise-absorbent concretes

Table I illustrates the qualitative and quantitative composition
of the load-bearing concrete and the noise-absorbent concrete.
The load-bearing concrete contains, besides type CEM 1 52.5 R
Portland cement according to EN 206, pozzolanic fly ash and
silica fume as binding agents (Table I), which have a positive
action on both fresh and hardened concrete characteristics in
respect of sedimentation stability, durability and mechanical
strength. Two quartz sands and dolomite powder were utilized
as aggregate or filler. The alkali resistant (AR) glass fibres,
which lower the propensity to shrinkage cracking and can
enhance first crack tensile strength in the concrete, are 12 mm
long and have a length mass of 45 tex. The high-performance
superplasticiser employed hasa 30 percent by weight proportion
of polycarboxylate ether (PCE). The noise-absorbent concrete
has a monodisperse (single particle) aggregate made of round
expanded clay in a fraction of 0 to 2 mm.
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Component Load-bearing Absorber
(kg/m?3) (kg/m3)
White cement 52.5 R 495 250
Amorphous alumosilicate 150 -
Quartz sand 0/2 310 -
Quartz sand 0/1 900 -
Expanded clay 970
Dolomite powder (xsg= 70 um) 190 -
Water 210 150
AR-glass fibres (12 mm, integral) 14 -
superplasticizers 15 -
Water-binder-ratio 0.38 0.60

Table 1. Composition of the fine grained concrete mix
1. tabldzat A vizsgdlt finomszemii betonok dsszetétele

2.2 Textile for textile reinforced concrete

Two layers of a two-dimensional bidirectional warp-knit
fabric of carbon were used for the reinforcement of TRC (Fig.
I). The warp and weft yarn had a length weight of 3300 g/km
(£ 3300 tex) and a tensile strength of 1576 MPa. The mesh
size of the 15 mass percent impregnated warp-knit fabric
(measured by thermogravimetry) was 10.8x18.0 mm?2. The
warp and weft yarn consisted of 50000 carbon filaments with a
diameter of 7 um. The degree of reinforcement in concrete was
approximately 1.1% by volume.
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Fig. 1. Schematic of the bidirectional warp-knit fabric of carbon fibres
1. dbra. A kétirdnyban teherhordé szénszdlas szovet sémdja

component mixing mixing mixing time
technology power in % ins
1st binders + concurrent 15 60
aggregates
2nd 75% of water sequence 35 90
3rd super plasticizer sequence 35 60
4th residual water sequence 40 30
5th AR-glass fibres sequence 40 30

Table 2. Mixing parameters for fine grained concrete
2. tabldzat A finomszemii betonok keverési paraméterei

2.3 Test Specimens

Several plates (50x50 cm?®) were prepared for the test
specimens. In a first step, the absorber concrete was mixed.
Thereafter, the fresh absorber concrete was poured into the
mold. After this, the fine grained concrete was mixed with the
intensive mixer RO5T by Erich. The mixing parameters are

shown in Table 2. Subsequently, the fresh fine grained concrete
was applied on the absorber concrete (Fig. 2.a). Finally, the test
plates were demolded after 24h (Fig. 2.b).

Absorber

Fine grained concrete
Carbon reinforcement

Fig. 2. Application of fine grained concrete (a) and demolded test plate (b)
2. dbra. A finomszemii beton alkalmazdsa (a) és a kizsaluzott elem képe (b)

Fig. 3. Determination of 3-point bending tensile strength (a) and compressive strength (b)
3. dbra. Harmadpontos hajlitévizsgdlat elrendezése (a) és nyomoszildrdsdg vizsgdlat (b)

2.3 Test Specimens Test set-up for TRC and absorber

The samples for the tests to be performed on the hardened
concrete were stored dry, according to EN 12390-2. The 3-point
bending tensile strength (Fig. 3.a) was determined by means
of the Toni Technik ToniNorm with samples which measured
225x50x15 mm? (length x width x height), based on EN
12390-5. The span width set was 200 mm and the load speed
100 N/s constant. The compressive strength was determined
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by means of the Toni Technik ToniNorm (load frame 3000 kN)
following EN 12390-3, with cubes having an edge length of
150 mm (Fig. 3.b). The pre-load was 18 kN.

To validate the durability of the fine grained concrete,
the capillary suction of de-icing solution and freeze thaw
test (CDF-Test) was measured by the Schleibinger Freeze-
Thaw-Tester with standard agent solution according to the
recommendations of RILEM TC 117-FDC (Fig. 4).

Fig. 4. Determination of the capillary suction of de-icing solution and freeze thaw test
4. dbra. Kapilldris séoldat felszivds és fagyhdmlds vizsgdlata

3. Results
3.1 Properties of fresh and hardened TRC

Table 3 shows the fresh and hardened concrete characteristics
after 28 days. The fresh fine grained concrete possessed
great flowability (flow spread 640 mm) and corresponded to
flow class F6 according to EN 12350-5. Using an air content
tester, air content of 2.7 volume percent and a gross geometric
density of 2.31 g/cm3 were determined in the fresh concrete. A
shrinkage channel was utilized to determine the total shrinkage
deformation at 0.68 mm/m. The reason for this high total
shrinkage was the high binding agent content and the great
chemical and autogenic strength of the hardened concrete
at 28 days (gross density: 2.31 g/cm?) was 83.7 MPa; it was
25 MPa after 24 hours. The 3-point bending tensile strength of
the unreinforced concrete was 11.73 MPa after 28 days.

characteristic fresh hardened
concrete concrete

geometric bulk density 2.37g/cm3  2.31g/cm3
flow spread 640 mm -
air content 2.7 Vol.-% -
linear shrinkage 0.91 mm/m
compressive strength 83.7 MPa
3-point bending tensile strength 11.73 MPa

Table 3. Properties of fresh and hardened fine grained concrete
3. tabldzat  Frissbeton és szildrd beton jellemzdk (finomszemii beton)

In addition, the fine concrete exhibited great durability,
which was verified through a successful CDF test with an
average scaling of 912 g/m? and a relative dynamic modulus of
elasticity of 100 percent after 28 freeze-thaw cycles (Table 4).

test method test value

CDF test Mog = 113 g/m3
Ruygg =100%
11 mm

water penetration depth

Table 4. Examinations of the durability of fine grained concrete
4. tabldzat Tartéssagi vizsgdlatok a finomszemii betonon
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Building in 2 layers of carbon meshes in with the flow of
forces enabled the 3 point flexural strength to be enhanced to
24.51 MPa (Fig. 5). In this case, the first crack tensile strength
was 11.21 MPa (Fig. 5). By utilizing short fibres with a critical
fibre volume content (fibres have a strengthening effect on the
matrix) and prestressing the textile reinforcement, an increase
in tension without slippage was observed in the concrete after
macro-crack formation (see blue shading in Fig. 5), i.e. the
bending tensile stress was transferred without loss of force
from the concrete into the textile reinforcement. Integrating
short fibres in the concrete generated a fine crack pattern with
a positive action on durability.
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Fig. 5. Stress-deflection diagram
5. dbra. Fesziiltség-lehajlds diagram

3.2 Noise-absorbent concrete

The noise-absorbent concrete had a gross density of
1.31 g/cm? and a compressive strength of 16.0 MPa (Table 5).
Dynamic modulus of elasticity of 17 GPa was determined from
the speed of sound using an ultrasonic measurement device.
The degree of sound absorption was ascertained by means
of the reverberation time procedure according to EN ISO
354:2003 with structured test specimens (Fig. 6.b). The results
of this test showed that the degree of sound absorption is more
than 0.7 at a frequency of 160 Hz (Fig. 6.a). The first local
maximum sound absorption (a = 1) was found at a frequency
of 350 Hz. The decrease in sound absorption between 600 and
1000 Hz after 800 Hz means that great sound particle velocity
prevails in this area. These types of curve progressions occur
comparatively often with mono-modular and porous aggregate
materials. They are indicative of insufficient flow resistance
adaptation. The result is that the noise absorber acts like a
resonator. Based on these measurements, the noise absorbent
shell met the conditions for sound group 4 (highly absorbent).

characteristic fresh hardened
concrete concrete
geometric bulk density 1.53 g/cm3 1.43 g/cm3
flow spread 650 mm -
air content 11.5 Vol.-% 10.4
compressive strength 16.9 MPa
3-point bending tensile strength 2.0 MPa

Table 5. Properties of fresh and hardened noise-absorbent concrete
5. tablazat  Frissbeton és szildrd beton jellemzdk (hangelnyeld beton)



épitéanyag - Journal of Silicate Based and Composite Materials

Degree of sound absorption
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Fig. 6. Degree of sound absorption according to EN ISO 354
(a) Degree of sound absorption
(b) Measurement in echo chamber
6. dbra. Hangelnyelés vizsgdlata az EN ISO 354 szabvdny szerint
(a) Hangelnyelés mértéke
(b) Mérés visszhang kamrdban

4. Conclusions

At the completion of this project, a noise barrier was able to be
implemented using textile-reinforced lightweight construction
method under construction conditions. In the context of the
present research and development project, a scientific basis
was created for developing the materials: it was technically
implemented in production, tested in numerous test series,
adopted and practically investigated in the form of a prototype.

Integrating short fibres in the concrete generated a fine
crack pattern with a positive action on durability, amongst
other things. Taking the first crack computations into account,
proof was furnished in mechanical investigations that the
thickness of the textile-reinforced, load-bearing concrete slab
can be reduced from 12 cm (steel reinforced concrete) to 5 cm
(carbon reinforced concrete). Proof was also given of good
post-cracking strength, low creep and shrinkage deformation,
low susceptibility to cracking and excellent resistance to frost/
de-icing salt (exposure class XF4).

This new type of textile-reinforced noise barrier meets
requirements as regards resource efficiency, cost reduction,
sustainability, minimization of the system slab weight and
a decrease in transport and assembly expenses in practice
under construction conditions. The marginal conditions for
manufacturing such noise barriers on an industrial scale in
large quantities with high demands on equality are currently
being created in preparation for its mass production and

market launch. Beyond this, a key priority is obtaining general
building authority approval or product approval.
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Nagy teljesitoképességii konnyiibeton zajvédo fal
szénszal erdsitésii betonbal

Nagy szilardsagu, kis 6nsullyal rendelkezd, nagy karcslsagu
textil-erositést kdonnylibeton lemez és nagy hangelnyeld-
képességl konnylibeton héj kombinacidjat vizsgéalja a cikk.
A kutatas soran kifejlesztésre kerllt a finomszemi beton
Osszetétele, a szénszal-erdsitésl szbvet, a hangelnyeld héj
zsaluzata. A fejlesztés eredményeként jelentds onsuly csok-
kenést lehetett elérni, amely gazdasagos beépitést tesz
lehetove.

Kulcsszavak: textil-erositésl beton, konnyilbeton, zajvédd
fal, tartéssag
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Combined fire protection covers
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Fire protection became more and more vital in the construction industry. One of the most

efficient methods is the passive fire protection. Different kinds of passive fire protection covers
and building materials were combined and tested in the present study. Steel, wood and concrete
specimens were coated by cover made from fireproof plasterboard, gypsum fibreboard or mineral
board and rock wool filling. Test covers were heated up to 800 °C and the temperature was
measured both inside and outside the covers. The behaviour of the fibreboards was different
during the tests. When choosing the proper fire protection cover, we need to consider how

CZOBOLY Olivér

Okl. épitdmérmdk, PhD hallgato a BME
Epitdanyagok és Magasépités Tanszéken. F6
érdeklodési teriiletei: szalerdsités betonok
(FRC), nagy teljesitoképességii betonok (HPC),
szerkezetek allapotvizsgalata, rekonstrukcios
lehetdségek, tlizkarok mérndki tanulsagai.

the protected structural material reacts to high temperature. In case of combustible building
materials, it is essential to keep the temperature low inside the cover, because if the temperature
reaches ignition temperature, the combustible structural material ignites, regardless if the cover

is intact.

Keywords: tlizvédelem, gipszkarton, gipszrost, kdzetgyapot, kombinalt burkolat
Kulcsszavak: fire protection, plasterboard, gypsum fibreboard, rock wool, combined cover

1. Bevezetés

Az elmult évtizedekben az el6fordul6 sok tiizeset miatt egyre
nagyobb hangsulyt kap a szerkezetek ttizvédelme. Elég csak a
New York-i World Trade Center 2001. szeptember 11-i kataszt-
réféjara, vagy a 2013-as év elején Brazilidban (Santa Maria va-
rosaban) tortént tlzesetre gondolni. A braziliai diszké tiizben
Osszesen 245 ember vesztette életét. ,Renddrségi és tlizoltosagi
szakérték elmondtak, hogy a Kiss klubban bekévetkezett tiz az
elmalt 13 év legtobb aldozatot koveteld tiize volt, mikozben a
szorakozohelyen nem volt sprinkler (olté berendezés), burko-
latként égheté hangszigetelé habot hasznaltak, és csak egy ki-
jarat volt” [1]. A kozelmultban Dubaiban titott ki tliz a Kikot6i
taklya nevti 79 emeletes lakohdazban (1. dbra) [2].

1. dbra  Kikotdi faklya nevii 79 emeletes lakohdz tiizesete Dubaiban [2]
Fig. 1. The 79 floor Torch residential tower in Dubai after fire [2]
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A braziliai diszk¢ tliz esetén lathatéva valt, hogy mennyire
fontos a tlizvédelmi el6irasok betartasa. Feltehet6en a tliz nem
tott volna ki, ha megfelelé burkolatot, illetve ha nem szabad-
téri tlzijatékot hasznaltak volna beltérben.

Megdobbenté adat, hogy Magyarorszagon 2000 és 2005
kozott évi atlagban 24000-nél is tobb tlizesetet regisztraltak,
melybd&l 6300-n4l tobb a lakéingatlanokban bekovetkezett tiz
[3]. Ezek koziil azonban csak néhany valt kézismertté. Ilyen
volt példaul a Budapest Sportcsarnok tilizesete [4], vagy Mis-
kolcon a Kozépszer u. 20 sz. alatti lakoépiilet ttizesete [5].

Ezeken a példakon okulva a tlizvédelem egyre nagyobb sze-
rephez jut az épitéiparban. Ennek egyik hatékony mddja lehet
a passziv tlizvédelem.

Jelen kutatasban arra kerestiik a valaszt, hogy a kiilonb6z6
tlizvédelmi burkolatok viselkedése miben tér el egymastol,
illetve a kiillonb6z6 szerkezeti anyagok védelmére ugyanazt a
tzvédelmi burkolati anyagot érdemes-e felhasznalni, vagy a
védend6 anyagtdl fiiggden mas burkolat alkalmazdsa javasolt?

Sokszor a tlizvédelmi anyagok nem mennek tonkre drasz-
tikusan tlizterhelést kovetden. Ennek ellenére a gyakorlatban
a burkolatokban lejatszodé fizikai és kémiai folyamatok miatt
kicserélik ket akkor is, ha latszolag a szerkezet karosodasa ezt
nem indokolna. Lényegesnek tartottuk kisérletekkel megvizs-
galni, hogy milyen mértéki tlizvédelmet biztositandnak azok
a burkolatok, amelyeknek esetleg mégsem torténik meg a cse-
réje.

2. Szakirodalmi attekintés

Napjainkban a szerkezetek ttizvédelmére tobb megoldas is
létezik. Beszélhetiink aktiv és passziv tiizvédelmi megoldasok-
rél. Aktiv tlizvédelem alatt zOmében azokat a gépészeti esz-
kozoket értjitk, melyek megfékezik a tiz tovabbterjedését (pl.
sprinklerek), illetve a fiistgazok elterjedését az épiiletben. Pasz-
sziv tlizvédelem alatt pedig a kiilonb6z6 tlizvédelmi burkola-
tokat, tlizteherre megfeleléen méretezett szerkezeteket értjiik.
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A tlizvédelmi burkolatok egy része gipszkotést, mig masik ré-
sziik cementkotést.

A gipszkd hémérséklet hatdsara harom lépcsében bomlik [6]:

Az els6 1épcs6ben (110-180 °C-on) a gipsz kristalyvizébél
3/2 mol tavozik, és hemihidrat gipsz keletkezik.

A misodik 1épcs6ben (180-300 °C-on) tavozik a maradék
1/2 mol kristalyviz is. Vizmentes kalcium-szulfat, anhidrit ke-
letkezik. Az anhidrit a kristalyviz hianydban nem képes meg-
Orizni szilardsagat. A kristalyrdcs és vele egylitt maga az anyag
is szétesik.

A harmadik 1épcsében (300-600 °C-on) a gipsz kalcium-szul-
fat kristalyszerkezete alakul at, és agyonégetett gipsz keletkezik.

A fent részletezett harom 1épcsés bomlassal jaré endoterm
folyamatok azok, amelyek hitik a koérnyezetiiket, ezaltal a
gipsztartalmu lemezek kémiai védelmét adjak. Ennek a ké-
miai védelemnek a kimeriilésével keriil el6térbe az anyagok
hétehetetlensége. Szalerdsités alkalmazasa esetén a gipszkoté-
st tizvédelmi lemezek a gipsz atalakuldsa utan is egyben ma-
radnak. Az anhidrit nem tud szétesni, igy az épitélemez ttjat
allja a hének. A gipszkotési épitélapokbol elsdsorban a ttizallo
gipszkartont és a gipszrost lapot hasznaljak téizvédelemre. A
ttzallo gipszkarton a normal gipszkartonhoz hasonlé szaraz-
épitési lemez. Két réteg papir kozott taldlhatd egy gipsz réteg,
ami tivegszal erdsitéssel van ellatva. A gipszrost lapndl nincs a
kétoldali papir boritas, illetve tivegszal helyett 15-20% celluldz
szalat tartalmaz.

A cementkotésti  lapok esetében is kémiai, illetve
hétehetetlenségbdl fakadd védelemrdl beszélhetiink. A hé-
mérséklet emelkedésével a kiilonb6z6 szilikatasvanyok leadjak
a kotott kristalyviziiket ezzel az endoterm folyamattal pedig
energiat vonnak el a kdrnyezetiikbdl, igy htitve azt, ezzel meg-
akadalyozva a szerkezeti anyag felmelegedését, tonkremene-
telét, teherbirasanak kimertilését. A cementkotésnek koszon-
hetden tlizteherre hasonldan viselkedik, mint a beton. 700 °C
koril a kalcium-szilikat-hidratok bomlasaval szilardsagesok-
kenés tapasztalhatd. Azonban ez nem olyan jelentds, mint a
gipsz anyagu lapok estében, itt nem sziikséges szalerdsités a
lapok egyben tartasahoz.

3. Vizsgalt anyagok

Tobb szakirodalmi adat is rendelkezésre all a téizvédelmi la-
pok miikodési mechanizmusardl és azok hatékonysagarol [6,
7]. Azonban jelenleg kevés ismeretanyagunk van a kombinalt
tzvédelmi megolddsokrdl. Ezért megvizsgaltuk a kézetgya-
pottal kombinalt tizallé gipszkarton, gipszrost lemez és ce-
mentkotésti lap altal biztositott védelmet. A vizsgalt anyagok
legfontosabb tulajdonsagait az 1. tdbldzat tartalmazza.

Vizsgélataink soran védendd anyagként fa, acél, beton illet-
ve polimerbeton probatesteket vizsgaltunk. A kisérletekhez
200x200x400 mm méret(i dobozokat készitettiink. A dobozok
belsejébe 50 mm vastag kézetgyapot hészigetelés keriilt, majd
ebben helyeztiik el a tartoszerkezeti anyagot (2. dbra). A burko-
laton beliili probatest (tartoszerkezeti anyag) feliiletén, illetve a
kemencetérben kialakulé hémérsékletet hdelemek segitségével
mértiik. Az elsé 30 percben 5 percenként, majd ezt kovetd-
en 10 percenként rogzitettitk a hdmérsékletet. A vizsgalathoz
hasznalt elektromos kemence felftitési gorbéje eltért az ISO 384

szabvany [7] gorbéjétdl (3. dbra). Tekintettel arra, hogy a ke-
mence felfiitési gorbéje azonos volt minden vizsgalati esetben,
igy a mérési eredmények 6sszehasonlithatéak egymassal.

Alkalmazott  Siirliség Hovezetési Nedvesség- Lemez-
anyag [kg/m3] tényezo6 tartalom vastagsag

[W/mK] [%] [mm]

Tizallo 870 0,25 16 12,5

gipszkarton

Gipszrost 1200 0,2 1 15

lemez

Cementkotésii 900 0,242 6 15

lap

Kézetgyapot 35 0,035 - 50

1. tdblazat A vizsgdlt anyagok f6bb jellemzbi

Table 1. 'The main properties of the tested materials
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2. dbra A vizsgdlati elem hosszmetszete a probatesttel és a helemmel
Fig. 2. Cross section of the specimens and the thermocouple

1S0834 és a vizsgalati kemence tiizgorbéje

1400
=w—
---------- Vizsgdlati kemence
mooy b et tiizgbrbéje
-
- zF "
= i Prs - = —I50834
L ’
s ’
’

2 60

400

0 100 200 300
1D [PERC]

3dbra Az ISO 384 szabviny és a vizsgdlati kemence felfiitési gorbéjének dsszehasonlitdsa
Fig. 3. Comparison of the fire curves of ISO 384 standard and the testing furnace

A vizsgalatok soran a probadobozok hémérsékletét egysége-
sen addig noveltiik, mig a kemencetérben ki nem alakult 800 °C
léghémeérséklet. A tiizallo gipszkarton probadobozokat acél, fa,
beton, illetve polimer beton prébatestekkel vizsgaltuk. A gipsz-
rost lap, illetve a cementkotésti lap esetében pedig beton és acél
probatestekkel tortént vizsgalat. A gipszrost lapokbdl, illetve a
cementkotésti lapokbol késziilt burkolatokat egymas utdn két-
szer megvizsgaltuk. A tlizallé gipszkarton lapokat két rétegben
alkalmaztuk, mert ez az elterjedt kialakitdsuk, mig a gipszrost
és cementkotést lapokat egy rétegben. A burkoldlapok rogzi-
tése beliilrdl tortént, a rogzitéshez L profilokat illetve 6nmetszd
gipszkarton csavarokat hasznaltunk.
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4. Kisérleti eredmények

A tlizall6 gipszkarton burkolattal és kézetgyapot hészigete-
léssel védett probatestek vizsgalati eredmeényeit a 4. dbrdn fog-
laltuk Ossze. A felftités kezdeti szakaszandl (hozzavetSlegesen
az els 45 perc) a védett anyag tulajdonsagai kimutathatéan be-
folyasoltak a felmelegedés sebességét. Killonbség alakult ki az
acél és a polimerbeton, illetve a fa és a beton probatestek felme-
legedési titemében. A hémérséklet allanddsuldsa utan a bur-
kolat hozzavetSlegesen 100 percig biztosit hatékony védelmet
(a vizsgalat sordn alkalmazott felfiités esetén) a probatestnek.
A kémiai védelem megszintével a burkolat hétehetetlensége
tovabbra sem engedi, hogy a védett anyag hdmérséklete hirte-
len megemelkedjen, de a burkolat mechanikai sériilései miatt a
homérséklet emelkedése jelent8s (4. dbra). Kisérleteink sordn a
ttizallo gipszkarton burkolatok az elsé vizsgalat alatt jelentGsen
karosodtak (5. abra), ezért azok kés6bbi tlizvédelemben torté-
né felhasznaldsa nem elképzelhetd.
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4. dbra A tiizdll6 gipszkarton burkolattal végzett vizsgalatokndl rogzitett
hémérséklet-ido gorbék
Fig. 4. Temperature increase in time during the tests of the fireproof plasterboards

A CAERTR.
LGN

- N

5. dbra A tlizdll6 gipszkarton probadoboz 144 perc utdn
Fig. 5. Fireproof plasterboard test box after 144 minutes

A gipszrost burkolat az elsé és a méasodik felftitési vizsgalat
esetében is kozel 30 percig allt ellen a héhatasnak és a probatest
feliiletén a hémérséklet nem emelkedett jelentésen (6. dbra).
Az els6 vizsgalatot koveten a kihdlt, burkolt probatestet né-
hdny nappal késébb ismételten vizsgaltuk.

A 6. abrdn lathato, hogy az elsé felftitési vizsgalat soran sem
a beton, sem az acél esetében nincs hosszan elnyuilé platd a
probatest feltiletén mért hémérséklet-idé gorbén. Mindkét
esetben 500-550 °C kiilsé hémérséklet mellett a 70. perc ko-
ril megsziinik a kémiai védelem. Ez a gyors leépiilés azzal in-
dokolhaté, hogy a 25 mm vastag burkolélap atmelegszik, és a
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gipsz dtalakul. Az atalakulas gyors lefutasat feltehetGen a felszin
kozelében kiégé celluldz szdlak is erdsitik. A 15-20 % celluldz
szal, a celluloz kiégésével megndoveli a burkolat porozitasat, igy
a kristalyviz konnyen tud tavozni a lap mélyebb rétegeibél is.

A masodik felftitési vizsgalat esetében teljesen el is marad a
konstans szakasz a probatest felilletén mért hémérséklet-id6
gorbén, hiszen az elsé vizsgalat sordn a gipsz mar atalakult.

A kémiai védelem megszitintével a burkolat tovabbra is haté-
konyan allja a hé utjat, jelentds mechanikai sériilések hianya-
ban (7. dbra) a lapok hétehetetlensége tovabbra is jol kihasz-
nalhato.
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6. dbra A gipszrost burkolattal végzett vizsgdlatokndl tapasztalt hémérséklet-ids
gorbék
Fig. 6. Temperature increase in time during the tests of the gypsum fibreboards

7. dbra A gipszrost probadoboz 132 perc utin
Fig. 7. Gypsum fireboard test box after 132 minutes

Lo

A cementkotésti lapok esetében az elsé 20 percben nem
emelkedik jelent6sen a belsé hdmérséklet (8. dbra). Ezt a jelen-
séget a masodik vizsgalatnal is megfigyelhetjiik. Ez feltehetéen
azzal magyarazhatd, hogy ennyi id6 sziikséges a burkolat és a
kézetgyapot atmelegedéséhez.

Az els6 vizsgalat soran mind az acél, mind a beton proéba-
testnél kozel 80 perces platét figyelhetiink meg a probatest
feltiletén mért hémérséklet-id6 gorbén, a kémiai védelemnek
koszonhet6en. Az elsé vizsgalat utdn a tzvédelmi burkolat
egyben maradt, azonban a feliilete 6sszerepedezett (9. dbra).

A 8. dbrdn megfigyelhetd, hogy a masodik vizsgalat soran
sem jelenik meg a platd a probatest feliiletén mért hdmérsék-
let-id6 grafikonon. A kémiai védelem ebben az esetben nem
tapasztalhatd, de a cementkétésti lapok hétehetetlensége haté-
konyabb védelmet biztosit, mint a gipszkotésii lapoké. Fontos
megfigyelésiink, hogy a masodik vizsgalat utan a cementkotésti
burkolatokat egy hétig laborlevegén taroltuk, és ekozben a le-
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veg6bdl felvett nedvesség hatdsara a probadobozok szildrdsaga
jelentdsen lecsokkent és id6vel szétestek. Tehat a cement koté-
st lapok tlizesetet kovetd tovabbi felhasznalasa nem lehetséges.
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8. dbra  Acementkotéstilap burkolattalvégzettvizsgdlatokndl tapasztalt hémérsékleti gorbék
Fig. 8. Temperature increase in time during the examination of the mineral board

9. dbra A cementkotésii lap prébadoboz a vizsgdlat utin
Fig. 9. Gypsum fibreboard test box after testing

5. Osszefoglalas

Jelen kutatasban arra kerestiik a valaszt, hogy a kilénb6z6
tzvédelmi burkolatok viselkedése miben tér el egymastdl,
illetve a kiillonb6z6 szerkezeti anyagok védelmére ugyanazt a
tlizvédelmi burkolati anyagokat érdemes-e felhaszndlni, vagy a
védendd anyagtdl fiiggden mds burkolat alkalmazasa javasolt?

Meérési eredményeink azt bizonyitjak, hogy a kiillonb6z6 bur-
kolatok védelmének hatékonysaga leginkabb a kristalyviz tartal-
muktdl figg. A kémiai védelem szempontjabol leghatékonyabb
a cementkotésti lap volt, melyben a szilikat asvanyok sok kotott
vizet tartalmaznak. Vizsgélataink alapjan a t(izallé gipszkarton
lapok kémiai védelme hatékonyabb volt a gipszrost lapokénal,
azonban a gipszkarton lapok a vizsgalat kozben jelentdsen ka-
rosodtak. Az illesztéseknél a t(izallé gipszkarton burkolédoboz
megnyilt, a burkol6lapokon nagyobb repedések keletkeztek.
Valds szerkezetek esetén elképzelhetd, hogy a tliz soran a ttizall6
gipszkarton burkolélapok jelentésen megnyilnak.

Vizsgélataink alapjan ttzvédelmi burkolatok valasztasakor
mérlegelni lehet, hogy az adott szerkezeti anyagnak milyen ho-
mérsékleti viselkedés kedvez. Eghetd anyagok esetében jobb,
ha hosszu ideig alacsony a hémérséklet a védelmen beliil, hi-
szen amennyiben eléri a bels¢ hémérséklet a gyulladaspon-

tot akkor, annak ellenére, hogy a burkolat egyben maradt, az
éghet6 szerkezeti anyag (pl.: fa) meggyulladhat. Acél és beton
szerkezeteknél elényosebb lehet a hossza ideig tart6 védelem
biztositasa, még ha ez a védelem nem is jelent akkora kiils6 és
belsé hémérséklet kiilonbséget.

Mérési eredményeink alapjan a tlizvédelmi burkolatok kémi-
ai védelmének kimeriilésével fontos szerephez jut a kézetgya-
pot, mely szigetel6képességének koszonhetden, lassabb atme-
legedést eredményez.

Lényegesnek tartottuk kisérletekkel megvizsgalni, hogy le-
het-e a tlizvédelmi burkolatokat tiz utan ujbdl felhasznalni.
Kisérleteink sordn a tlizalld gipszkarton burkolatok az elsé
vizsgalat alatt jelentésen karosodtak. Ezért azok késobbi tiiz-
védelemi felhasznaldsat nem tartjuk elképzelhetének. A gipsz-
rost burkolélapot és a cementkotésti burkoldlapot vizsgilva
azt tapasztaltuk, hogy a cementkétésti lapok altal biztositott
tlizvédelem jelentésebb volt a masodik (4jboli) vizsgalat soran,
mint a gipszrost lapé. A masodik vizsgalatot kovetGen a cement
kotésti burkolatokat egy hétig laborlevegén tarolva azt tapasz-
taltuk, hogy a leveg6ébdl felvett nedvesség hatdsdra a probado-
bozok szilardsaga jelentdsen lecsokkent és idGvel szétestek,
mig a gipszrost lapok, szilardak maradtak a vizsgalat utan tobb
héttel is. Ezek alapjan tliz utdni ujboli felhaszndlasa legfeljebb a
gipszrost lapoknak lehetséges. Azonban gipszrost lapok esetén
is megfontolando, hogy tiiz utdn a tartdszerkezet védelmére
elegendd védelmet tud-e nyujtani a gipszrost lap a mar elveszi-
tett kémiai védelem nélkiil.
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Abstract

The effect of MgO powder on the water demand, bulk density, water absorption and compressive
strength of magnesium oxysulfate cement paste as a function of MgO grain sizes has been
investigated. In this study three mixes were used. They are composed from an Egyptian MgO
powder of a grain size < 90 um with different contents of MgS0,4 (16.66, 21.10 and 28.60 m%).
The results of compressive strength of cement pastes cured in air at room temperature for 7
days noted that the mix containing 16.66 m% of MgS0,4 gives the best compressive strength.
The other three mixes (M1, M2 and M3) were prepared with a constant percentage of MgS0,4
(16.66 m%) and three different grain sizes of Mg0; normal (as received), < 300 um and < 150
um. The water demand, bulk density, water absorption and compressive strength of hardened
magnesium oxysulfate cement pastes cured in air at room temperature for 3, 7, and 28 days
were studied. Compressive strength retention coefficient was calculated. The result showed that
as the grain size decreases the compressive strength of hardened magnesium oxysulfate cement
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1. Introduction

Magnesium oxide, or calcined magnesia, is normally obtained
by calcination of magnesite (MgCO3) at a temperature around
750 °C. The quality or reactivity of the formed magnesium oxide
powder is largely affected by its thermal history (calcination
temperature and firing duration) and particle size [1].

Cements made from magnesia have been developed many
years ago, such as magnesia oxychloride cement (MOC),
magnesia oxysulphate cement (MOS), and magnesia phosphate
cement (MPC) [2].

A number of cements based on magnesia have been previously
studied. If a salt such as magnesium chloride or sulfate is added
to reactive magnesia and the mixture is allowed to react,
hydrated magnesium oxychlorides and magnesium oxysulfates
are formed. These hydrates can be very strong but are not
sufficiently weatherproof as well as corrosive. Magnesium
oxysulfates were discovered by Olmer and Delyon in 1934 [2].

Zing, calcium, copper and other elements also form similar
compounds. Magnesium oxychlorides (Sorel cements) achieve
higher compressive strengths than magnesium oxysulfates.
The main problem with Sorel cements is that both magnesium
oxychlorides and magnesium oxysulfates tend to break
down in water and particularly in acids. Corrosion of steel
reinforcement also occurs [3].

Magnesia (MgO) is mostly produced by calcination of
magnesite (MgCO3). Depending on the thermal conditions,
caustic magnesia or dead-burned magnesia is obtained.
Caustic magnesia, a comparatively more porous and reactive
material obtained at relatively low temperatures, has many
industrial applications, such as in agriculture, cattle feed,
environmental control, manufacture of special cements and in
other special uses. Dead-burned magnesia (MgO), produced at
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high temperatures, is mainly utilized in the refractory industry.
The rate and extent of hydration are factors that affect the
functional performance of both types of magnesia [4].

This work aims to study the effect of grain sizes of MgO
powder on the physico-mechanical properties such as bulk
density, water absorption and compressive strength of
hardened magnesium oxysulfate cement pastes as a function of
curing time up to 28 days.

2. Materials and methods

Magnesite as a raw material is extracted from the southern
Eastern Desert of Egypt. The calcination was done by a traditional
method of firing in a mazut furnace at the industrial area at
Helwan Governate. The raw material was fired for about 24 h
and left inside the furnace until reaching ambient temperature
then ground to a certain grain size. In this work it was considered
that the produced grain size of MgO powder after grinding and
collected in special sacks is the normal grain size. The MgO was
characterized with respect to the mineralogical composition by
using X-ray diffraction technique, see Fig. I. The MgO sample
composes mainly of 56% periclase, 40% magnesite and traces
of CaCO; and Ca(OH), each 2%. Particle size analysis of the
MgO was carried out by using dry sieve analysis following the
Egyptian standards (ESS) [5] as illustrated in Fig. 2.

Three mixes (M-I, M-II and M-III) were prepared by
mixing MgO powder with grain size less than 90 um and three
percentages of MgSO, 16.66,21.10 and 28.60 m%. Compressive
strength results of the hardened pastes of the three mixes cured
in air for 7 days are plotted in Fig. 3. The results indicated that
the mix which containing 16.66 m% MgSO,4 (M-I) gives higher
value of compressive strength than the other two mixes (M-II
and M-III). This means that the ratio of 16.66 m% for MgSQOy is
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Fig. 1. X-ray diffraction pattern of MgO powder
1. dbra  MgO por rontgendiffraktogramja
the most practical one. As the amount of MgSOj increases the Continuing the work processing, another three mixes

residual or un-reacted MgSOy, increases which decreases the (M1, M2 and M3) were prepared using MgSOy, at the above
compressive strength. Therefore, the amount of magnesium recommended value (16.66 m%) and MgO powder (83.34 m%)
oxysulfate decreases due to the increase of MgSO, or the  with three different grain sizes: 1) grain size less than 3 mm
cement paste content decreases which affects the mechanical — and larger than 500 um, 2) grain size less than 300 um and 3)
properties or compressive strength. grain size less than 150 pm. The two latter grain sizes of MgO
powder were prepared by using sieve diameters of 300 and 150
pm to produce two samples of MgO powder with grain size less

100 — ——

° than 300 um and less than 150 um, respectively. The suggested
/ T three mixes are presented in Table 1.
xR 60 T ’,‘
& oo Mixture Grain size of MgO powder Composition (m%)
i No.
» / MgO powder MgSO0,
0 AN M1 Less than 3 mm and larger 83.34 16.66
- Sieve Diameter,mm than 500 ”m
M2 less than 300 pym 83.34 16.66

Fig. 2. Grain size distribution (dry sieve analysis) of normal MgO powder
2. dbra  Szemcseméret-eloszlds (szdraz szitavizsgdlat) eredménye normdl MgO porra

M3 less than 150 pm 83.34 16.66

vonatkozoan

30 —  [16.66% 21.10% 028.60% Table 1. Suggested mixtures of the material used
1. tdbldzat  Vizsgdlt keverékek dsszetétele

300 |
The grain size analysis of the normal MgO powder is

graphically represented in Fig. 2. It is noted that the MgO
powder has grain size larger than 500 um and less than 3 mm.
Cubic specimens of 5 cm side length were cast in steel moulds
using vibration compaction. The physical and mechanical
properties were determined after curing of hardened
magnesium oxysulfate cement pastes at room temperature in
air for 3, 7 and 28 days. The water demand of each cement paste
was determined according to ASTM [6] and bulk density [7] as

' ' 4 o well as dry compressive strength and wet compressive strength
i3 Do T e under tap water for 24 hours [8] of blended cement

térténd 7 napos tdrolds utdn pastes up to 28 days were investigated.

250

200

Compressive strength (kg/cm?)
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3. Results and discussion

3.1 Water demand

The water demands for the three mixes (M1, M2, and M3)
are 25, 26, and 27.5 m%, respectively. The results show that
as the grain size decreases the water demand increases. This
may be related to that the grain size of MgO powder decreases
the specific surface area of MgO powder and consequently the
water demand increases. Each mix was mixed with the water
demand for studying the physico-mechanical properties such
as compressive strength, water absorption and bulk density of
cement pastes up to 28 days.

3.2 Bulk density

The bulk density of hardened magnesium oxysulfate cement
pastes (M1, M2, and M3) cured in air at room temperature
for 28 days was found to be 1.8, 1.86 and 2.0, respectively. The
results show that as the grain size decreases the bulk density
increases. This may be due the decrease of grain size of MgO
powder leads to more compact structure with lower porosity
and increase the rate of hydration. The larger specific surface
area of any material accelerates the rate of reaction.

3.3 Water absorption

The water absorption of the magnesium oxysulfate cement
pastes (M1, M2, and M3) cured in air at room temperature for
28 days was 6.8, 6.6 and 3.96 m%, respectively. The results show
that as the grain size decreases the water absorption decreases.
This may be due to that as grain size of MgO powder decreases
a more compact structure with low porosity is produced due to
the increase of the reaction forming hydration products which
deposit in the open pores of the cement pastes.

3.4 Dry compressive strength

The results of dry compressive strength of the cured
specimens of the different mixes (M1, M2, and M3) after 3, 7
and 28 days at room temperature in fresh air are plotted in Fig.
4.1t is clear to observe that the hardened magnesium oxysulfate
cement paste (M1) possesses the lowest compressive strength
value. The mix M3 which contains the MgO powder with grain
size less than 150 um has compressive strength values higher
than Mixes M1 (normal grain size of MgO) and M2 (MgO
powder of grain size less than 300 um) at all curing times. As
the grain size decreases the compressive strength increases.
This is in a good agreement with the results of bulk density
as well as water absorption. Also, the decrease of grain size of
MgO powder tends to increase the rate of hydration as well
as the formation of magnesium oxysulfate. This is the cement
matrix which gives the physico-mechanical properties. Also,
the results show that a gradual increase of compressive strength
values with curing time is visible for all samples. This is due to
the higher degree of formation of hydration products which are
the main binding agent of the cement paste. In other words, the
reaction goes as a function of curing time. The results indicated
that the compressive strength increases as grain size decreases.
This may be due to the increase in specific surface area as grain
size of MgO powder decreases, which leads to an increase of

100 . = 2015/3 = Vol. 67, No. 3

the amount of active crystalline products, consequently their
accumulation closes the available pores and forms a more
compact structure that results an increase in the compressive
strength of hardened magnesium oxysulfate cement pastes.

400

|=—M1 -=M2 ~M3 |

200

Compressive strength (kg/cmz)

100 )
curing time (days)

Fig. 4. Dry compressive strength of mixes M1, M2, and M3 after curing in air at
room temperature for 3, 7 and 28 days
4. dbra Szdraz nyomészildrdsdg értékek az M1, M2 és M3 keverékekre, levegén,
szobahdmérsékleten torténd 3, 7 és 28 napos tdrolds utdn

3.5 Wet compressive strength

The results of wet compressive strength of cured specimens of
the different mixes (M1, M2,and M3) immersed in tap water for
24 hours after 3, 7 and 28 days at room temperature are plotted
in Fig. 5. It is clear that the mix M1 which contains the MgO
powder of the control grain size has the lowest wet compressive
strength. The Mix M3 with the MgO powder of grain size less
than 150 um has higher wet compressive strength values than
mixes M1 (normal grain size of MgO) and M2 (MgO powder
with grain size less than 300 pm) at all curing times. This is due
to the increase of water absorption as the grain size decreases.
As it was indicated above, the water absorption was 6.8, 6.6 and
3.96 m% for mixes M1, M2, and M3, respectively. This result
shows that as the grain size of MgO powder decreases the water
absorption decreases and consequently the wet compressive
strength increases. Generally, the dry compressive strength is
higher than the wet compressive strength.

250

=M1 =M2
230 M3

210

190

130
110

90 "
70 /

50

Compressive strength (kg/cm?)

3 30
curing time (days)

Fig. 5. Wet compressive strength of mixes M1, M2 and M3 after curing in air at
room temperature for 3, 7 and 28 days
5. dbra Nedves nyomoszildrdsdg értékek az M1, M2 és M3 keverékekre, levegon,
szobahdmérsékleten torténd 3, 7 és 28 napos tdrolds utdn

From the result of dry and wet compressive strength of the
three mixes M1, M2, and M3, the strength retention coefficients
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Fig. 6. Strength retention coefficients (%) of mixes M1, M2 and M3 at 3, 7, 28 days
6. dbra  Vizlagyuldsi tényezék (%) az M1, M2 és M3 keverékekhez 3, 7, 28 napos
korban

MgO por szemcseméretének hatasa oxiszulfat
cement pépek fizikai, mechanikai jellemzdire

A MgO szemnagysaganak a hatasat mutatja be a cikk az
oxiszulfat cementek vizigényére, halmazsirlségére, vizfelvé-
telére és nyomoszilardsagara, kilonb6zd mennyiségli mag-
néziumszulfat adagolas mellett. A nyomészilardsag vizs-
galatok eredményei szerint a 7 napig nedves utokezeléssel
tarolt cementhabarcs mintak kozil a 16.66 m% magnézium-
szulfatot tartalmazonak a legkedvez6bbek a tulajdonsagai.
A vizsgalatok eredményei szerint a Mg0 szemnagysaganak
csokkentésével a megszilardult cementpépek nyomészilard-

4. Conclusions

The main conclusions of this work can be drawn as follows:

1. As the grain size of MgO decreases the water demand
increases.

2. Asgrainsize of MgO decreases the dry and wet compressive
strength of hardened magnesium oxysulfate cement paste
increases by curing time.

3. The decrease of grain size of MgO powder produces high
values of strength retention coefficients and improves the
water resistance of magnesium oxysulfate cement paste.

INTERNATIONAL CEMENT CONFERENCE
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Kulcsszavak: szemcseméret, oxiszulfat cement, magnézia
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Cemtech invites all cement industry professionals to attend the forthcoming Cemtech Europe 2015 conference and exhibition, taking place at the InterContinental

Vienna, Austria, on 20-23 September.

Organised by International Cement Review, this three-day meeting will offer delegates a wide-ranging technical programme where leading industry experts will present the latest advances
in cement manufacturing technology. The agenda will cover key themes such as alternative fuels utilisation, energy efficiency and process optimisation, and plant management. It will also
draw inspiration from Austria’s long tradition in cement manufacturing and as an innovative cement industry, whose collaboration with European equipment suppliers over generations has
produced leading-edge technologies that continue to serve cement producers worldwide. Beyond technology, the programme will focus on the global impact of the forthcoming Lafarge and
Holcim merger, together with worldwide cement industry trends and forecasts, as well as in-depth country reports.
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Review of the GPD2015 international glass conference in Finland

The conference Glass Performance Days is organised every year in China, South America and
India, however it is organised only in every second year in Tampere, Finland. The first GPD
started in Tampere, Finland in 1992. The 15t conference was organised this year. Several
foreign participants visited the GPD this year to share their knowledge, to make new contacts
and participate in business meetings with their acquaintances. The week-long conference has
numerous curiosities and programs, thus every researcher, business man, manufacturer, engineer
is able to find their own field of interest. This year the authors also visited the conference, where
they represented Hungary with their research topics, and the present report was prepared based

on their experiences at the conference.

Ujabban évente rendezik meg a vilig legnagyobb iiveges konfe-
rencigjat a Glass Performance Days-t Kinaban, Dél-Amerikaban
és Indidban, azonban csak minden masodik évben szervezik a
konferenciat Tamperében (Finnorszagban), ahonnan eredetileg
1992-ben kiindult. Finnorszag masodik legnagyobb varosa idén
2015-ben, 15. alkalommal vérta vissza a konferencia résztvevdit,
hogy ismét megosszak tudasukat egymassal, apoljak, illetve tj
viragz6 kapcsolatokra tegyenek szert. Az egy hetes konferen-
cia sok érdekességet tartogat kutatdk, lizletemberek, gyartok,
mérnokok, szakemberek szamara és csupan csak az anyag irdnt
érdeklédé is konnyedén megtaldlja szamitasat. A szerzoknek
lehetdségiik adddott, hogy idén - csekély szamban magyar
résztvevoként - ellatogassanak és szerepeljenek el6adoként e mél-
tan hires konferencian, amely alapjan e beszamol6 késziilt.

1. Bevezetés

Tampere a masodik legnagyobb varos Helsinki utan
Finnorszagban, magyar vonatkozasat tekintve, Miskolc testvér-
varosa, melyet a kozpontjaban elhelyezett irany és égtdj jelz6
totemoszlop is jelez (tavolsag 1499 km). A Tammerkoski folyo
partjan a XVIII. szazadban alapitott, egykor iparardl (acélipar
és textilipar) hires varosban (1. dbra) kertilt megrendezésre a
2015. évi Glass Performance Days tivegipari konferencia, 2015.
junius 24-26 kozott. A konferencia helyszine, Tampere egyik
hiressége az 1990-ben épiilt Tampere-talo épiiletegyiittesben
volt (épitészet: Sakari Aartelo és Esa Piironen, 2. dbra). Tam-
pere ipari jellegét megérizte, de egyben fiatalos varossa valt, és
az egykori voros-téglas homlokzatt ipari épiiletekben pl. Tam-
pella, Finlayson, ma mar kulturalis és szérakoztaté kozpontok,
éttermek, iroda komplexumok muikodnek.

A varos ,.¢északi Velence” hangulatat kelti, mivel a két nagy to,
Nasijarvi és Pyhdjarvi kozott, a Tammerkoski foly6 partjan fekvo
épiiletek homlokzatai, kézvetleniil a varost atszeld folyoagakra,
duzzasztomivekre tekintenek (3.,4. dbrdk). A varos azonban
massziv granit kdzetlemezen fekszik, amelyre a granit minden
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szindrnyalatanak esztétikus felhasznaldsa is utal, a kozlekedési
utvonalak, burkolati-, labazati anyagok hasznalatat tekintve.
Tampere északi elhelyezkedését jelzi, hogy érkezésiinkkor
(2015. junius 21-én), a hosszt északi naplemente és viragzo
orgonabokrok drasztotta illat csabitottak esti varosnézé sétara,
ahol éjjel egy oraig még vakut nélkiilozve tudtunk fotdzni.

2. A GPD konferencia bemutatasa

2.1. A GPD konferencia torténete

A GPD konferenciat elészor 1992-ben Tamperében, Finnor-
szdgban rendezték meg Glass Processing Days néven. A szervezok
szandéka elsésorban az volt, hogy lehetdséget biztositsanak a
vilag tiveges szakembereinek, gyartéinak, hogy meg tudjik osz-
tani egymassal az iiveg anyagrol szerzett tudasukat és tapaszta-
lataikat, valamint a felmeriilé problémakra kozdsen j, hatékony
megoldasokat talaljanak. Az elsé konferencidn kozel 30-an vettek
részt, azonban az ezt kovetd években ez a szam megsokszorozo-
dott. 2007-ben a GPD tdrténetében legtobben latogattak el Tam-
perébe, ekkor tobb mint 1000 résztvevd volt jelen. A konferencia
megujuldsat szem el6tt tartva 1995-t6l mar csak minden maso-
dik évben tartottak GPD-t Tamperében. A szervez6knek azon-
ban nem allt szdndékaban kizardlag Eurdpara korlatozni ezt a
rendezvényt, ezért 1994-ben Kindban is szerveztek konferencidt.
2004-ben ismét megszervezték a konferenciat Kindban, az utobbi
években Sanghai adott otthont a rendezvénynek, valamint 2008-
tol Indidban, 2010-t61 pedig Dél-Amerikdban (Sao Paulo) is részt
lehetett venni a GPD-n. A rendezvény neve 2005-ben megvalto-
zott és Glass Processing Days-r6l Glass Performance Days lett az Gj
elnevezése. Az idei, 2015. évi GPD jelentds volt a konferencia tor-
ténetében, hiszen 15. alkalommal rendezték meg Tamperében [1].
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1. dbra  Tampere, Tammerkoski folyo, egykori Tampella nehézipari vallalat épiiletei
Fig. 1. Tampere, Tammerkoski river, buildings of Tampella former heavy industrial company

2. dbra  a) Tampere-talo épiiletegyiittese és b) a GPD2015 konferencidn résztvevd
nemzetek zdszloi, koztiik a magyar zdszl6; képviseldi jelen cikk szerzéi voltak
Fig. 2. a) Tampere-talo building complex and b) the flags of the participating
nations at the conference GPD2015, including the Hungarian national flag;
representatives were the authors of this report

3. dbra a) Tammerkoski folyon épiilt duzzasztomii és b) az ,északi Velence” éjszakai
ldtképe
Fig. 3. a) Dam built on the Tammerkoski river and b) night view of the “Northern
Venice”

4. dbra Tampere, Ratinan Suvanto, visszaduzzaszto
Fig. 4. Tampere, Ratinan Suvanto, backwater

2.2. A GPD célkitlizései

A GPD f6 célkitlizése, hogy Osszehozza az {vegipar
résztvevéit, pl. a kutatokat, tervezdket, a gyartokat a vég-
felhasznélokkal egyetemben, valamint segitse az {ivegipari
szereplok egyiitt dolgozasat és uj kapcsolatok kialakulasat. A
konferencidkon mindig fontos az iivegrél, mint anyagrol szer-
zett tapasztalatok, informacidk megosztasa, Osszegyljtése,

valamint aktualis és jovébeli felhasznalasok, alkalmazasok
konkretizalasa, hogy e vilagszerte alkalmazott anyag tovdbbra
is versenyképes maradjon. E célok mellett a GPD szervez6i
igyekeznek az iizleti kapcsolatok apolasardra is hangsulyt fek-
tetni, ezért kiilonbo6z6 kotetlen kozosségi programokban vald
részvételre is lehetdséget biztositanak [1].
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3. 2015. évi GPD konferencia és programok

3.1. Konferencia programok

A megnyitén végzett interaktiv felmérés alapjan a résztvevok
fele els6 alkalommal vett részt a konferencidn. A szervezdk a
»first timer”-eket segitve a konferencia honlapjan tandcsot ad-
nak, hogyan érdemes utazni, milyen programokon és esemé-
nyeken célszerd jelen lenni. A konferencia elsé napjan a meg-
nyité el6tt kiilon készontotték az elsé alkalommal résztvevoket
a konferencia szervezdk.

A szervez6k azonban nem csak a kezd$ konferencia
résztvevékre gondoltak, hanem azokra is, akik mar sokadik
alkalommal latogattak meg Tamperét. Szamukra exkluzivabb
programokat és lehetGségeket is biztositottak a kapcsolatok
épitésére pl: golfozassal. A finn szokasok, izek, titkok, jellegze-
tességek, épitészet megismerése céljabol valtozatos programo-
kat kinaltak. Tobbek kozott egy épitészeti kirandulast Helsin-
kibe, ahol a varos 1j, modern épiileteit lehetett megismerni.
Kisebb kirdandulasokat szerveztek a kornyéken is a kovetkezd
cimekkel: Mesterszakacs az erdében; Miivészet, kézmiivesség
és inycsiklandoz6 finomsagok Tampere szivében; Kenutura a
csapatépitésért a Nasijarvi tavon; A Finlayson torténete [1].

A GPD konferencia megnyité ceremonidja elétt mar egy
nappal un.: workshop-okat szerveztek. A workshop-ok tobb,
akar 8 dras oktatdst jelentenek, ahol az iparag kiilonb6z6 rész-
folyamatait, titkait sajatithatjuk el. A teljesség igénye nélkiil
pér példat emlitiink: Homlokzat tervezés (Koltay Agnes, Koltay
Facades), Vagas és csiszolas (Michael Emonds, Bohle AG),
Kémiai edzés (Guglielmo Macrelli, Isoclima SpA), Uveglamina-
las és hatékonysag (Jan Scheers, Kuraray), Anizotrépia (Saverio
Pasetto, Skanska).

A 15. GPD konferencia hivatalos megnyit6ja junius 24-én
délutdn kezd6dott, melyet Jorma Vitkala, a konferencia elnoke
nyitott meg. A hivatalos megnyit6 beszéd utdn a konferenciat
és résztvevlit koszontotte Anna-Kaisa Ikonen, Tampere pol-
garmester-asszonya. A megnyito tinnepségen harom eléadas
is elhangzott, amivel az tiveg iparag helyzetét mutattak be. Az
eléaddk Arto Metsanen (CEO & President, Glaston Corporati-
on), Kai Uwe Bergmann (Partner, BIG Architects) és Dale Sands
(SVEB Enviromental Business, AECOM) voltak. A megnyitd
beszédek utan négy vezetd liveges cég képvisel6jének interak-
tiv beszélgetését hallhattuk, bemutattak helyzetiiket és szub-
jektiv véleményiiket az tiveg jovojérdl. Résztvevok: Jonathan
Cohen (Global Business Director, Kuraray Glass), Jean-Paul
Hautekeer (Global Marketing Director, Dow Corning Corpora-
tion), Arto Metsanen (CEO & President, Glaston Corporation),
Johann Sischka (SVB, Waagner-Biro Stahlbau AG) (5. dbra). Az
iranyitott beszélgetés soran az tinnepség moderatora André
Noel Chaker kérdéseket intézett a kozonség felé is, majd eldre
megfogalmazott valaszokra voksolhatott a hallgatdsag, ezt
kovetden pedig kivetitésre keriilt a szavazatok eredményének
szazalékos megoszlasa.

A konferencia mindhdrom napjan esti vacsorakkal, ze-
nés mulatsagokkal szolgaltak a szervezék: nyitd vacsora (6.
abra), konferencia diszvacsora és bucsuvacsora. Ahogy a
Glasstec tivegipari kiallitasnal is [2] hagyomannya valt, min-
den este nyitva volt az in. GPD Pub, egy a varos kozpontjaban
elhelyezkedd lokalban.
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5.dbra A GPD 2015 megnyitéja
Fig. 5. Opening ceremony of GPD 2015

6. dbra A nyité vacsora
Fig. 6. Welcome dinner of GPD 2015

3.2. Szekciok

Tobb szekeid indult parhuzamosan: Uvegek és fenntarthatd-
sdg; IGU és ablak technolégiak; Bevonati technoldgidk és alkal-
mazdsuk; Uvegek a szerkezeti alkalmazdsban; Lamindlt iivegek
gydrtdsa és tervezése; Epitészeti Gjitasok, megolddsok és homlok-
zatok; Hajlitott iiveg; Uvegragasztds és pontmegfogds; Uj termé-
kek és alkalmazdsuk; Hokezelés és el6feldolgozds; Piaci trendek
berendezésben; Poszter eléaddsok.

A konferencian egyszerre 6 szekcid zajlott parhuzamo-
san, ezért a részvevoknek javasolt volt el6zetesen atgondolva
kivélasztani a meghallgatni kivant el6addsokat. Epitémérnok-
ként a cikk szerz6i is érdeklddési koritknek megfeleléen valo-
gattak a szekcid témakorokben, igy f6képp harom szekciot la-
togattak: Uvegek a szerkezeti alkalmazdsban; Lamindlt iivegek,
gydrtds és tervezés; Hokezelés és eldfeldolgozds. Jelen cikkben a
latogatott szekcidbol kiemelten, réviden ismertetiink érdekes
el6adasokat.
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4. Poszter és termékbemutato kiallitas a GPD-n

A konferencia helyet biztositott poszter, cég és termék bemu-
taté kiallitasoknak is. A poszter kiallitas f6 témaja a kiilonleges
tiveg-kompozit anyagok alkalmazasa (pl. Uveg és ké kompozit
panelek vizsgdlata, Y. Misawa és S. Matsunobu; Arup), tiveg-
hibak és vizsgalataik (pl. Gorgé oldali karcoldsok érzékelése
és felbontdsa, G. Mauer; Window Cleaning Network) valamint
lamindlé- és ragasztéanyagok tartdssagi kérdései voltak.

A kiallité cégek koziil f6képp az tivegek roncsoldsmentes vizs-
galataval foglalkoz6é miiszeres bemutatot tartd, fejleszté cégek
szamithattak a legnagyobb érdeklédésre. Ez nemis csoda, hiszen
ahogy egyre merészebb az tivegek felhasznalasa — gondoljunk
itt tartdszerkezeti anyagként val6 elterjedésére -, gy egyre
fontosabb tényezé a biztonsagos tervezés is, amelyhez elenged-
hetetlen a végtermék jellemzdinek, mindségegyenletességének
pontos ismerete. A gydrts soran a szamos vizualis vizsgalaton
kiviil manapsag lehetdség nyilik akar muszeres, roncsolasmen-
tes modszerrel torténd ellendrzésekre is pl. hokezelt, kémiailag
edzett tivegek fesziiltség mérése, hszigetel§ iivegek rétegrend-
jének meghatarozasa (7. abra).

7. dbra Sparklike cég hészigeteld iiveg rétegrendjének utdlagos meghatdrozdsdra
alkalmas késziiléke

Fig. 7. Device of Sparklike Company is suitable for posterior determination of order
of thermal insulating glass layers

g2 GlasStress

8. dbra Uvegek vastagsdg menti fesziiltség eloszldsdnak mérésére alkalmas SCALP-04
késziilék
Fig. 8. SCALP-04 device is suitable for measuring the stress distribution along the
thickness of glasses

Stress distribution (isotropic).

3
Depth, mm

L

9. dbra  Software a SCALP-04 késziilékhez
Fig. 9. Software for SCALP-04 device

A Softeco finn cég - eurdpai és amerikai szabvanyok szerinti
tiveg vizsgalatokra alkalmas eszkozoket forgalmaz — az Ayrox
nevli belga céggel kozosen pl. lézerfény segitségével az iiveg
fesziiltségi trajektoridinak kimutatdsara alkalmas eszkozt és

10. dbra  Dow Corning cég mechanikai rogzités nélkiili, ragasztdsos tivegrogzitése
Fig. 10. Adhesive glass fixing of Dow Corning Company which does not use mechanical fastening
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11. dbra Laverstoke papiriizem iiveghdzai

(forrds: http://www.hughbonneville.uk/project/laverstoke-mill 2015.07.29) [3]
Fig. 11. Laverstoke Mill glasshouses

(retrieved: http://www.hughbonneville.uk/project/laverstoke-mill 07. 29. 2015.) [3]

elemzd programot mutattak be. A GlasStress Ltd. észtorszagi cég
Polariscope AP mérémiiszerét 6blosiivegek fesziiltségmérésére
fejlesztette ki, amely fotoelasztikus elven, transzmissziés modon
mikodik, és jellemzbéen a gyartaskozi mindségellendrzésben
(palack, lampa, optikai szalak, autdiivegek gyartdsa) loka-
lis fesziiltség koncentraciok detektdldsira alkalmazzak. Az
észtorszagi cég egy masik, iivegek vastagsag menti fesziiltség
eloszlasanak mérésére alkalmas, SCALP-04 nevi késziilékét is
bemutatta. A késziilék mérési tartomanya 3-19 mm iiveg vas-
tagsagig terjed. A késziilékhez fejlesztett software segitségével
valés idében konnyen kimutathaté az eléfeszitett iivegekben
1év6 sajatfesziiltségek vastagsag menti eloszlasa. Az eszkozbe-
mutatén kémiailag edzett tivegen is demonstréaltdk az eszkoz
mikodését és az elemzd programot, amely az alsé mérési tar-
tomdny kozelében volt mar (8.-9. dbrdk).

Az j fejlesztéseket bemutato kidllitok koziil a Dow Corning
cég mechanikai rogzitést nélkiil6z6, az iiveg feliiletére ragasz-
tott pontmegfogasos homlokzati tiveget mutatott be (10. dbra).
A Sedak cég pedig a 2014. évi diisseldorfi kiallitdson ismertetett
[2] nagyméretli (15 m x 3.2 m) hészigeteld iivegének poszterét
allitotta ki, tovabba kiilonleges kovetelményd, ill. rétegrendt
laminalt Giveg termékeit mutatta be, pl. teljesen transzparens
biztonsagi laminalt iveg, amelyben 4 tivegrétegbdl felépiil kis
vasoxid tartalmt Optiwhite biztonsagi {ivegeket, és Gj gene-
racids 0.89 mm vastag SentryGlas foliat alkalmaztak.
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5. Szerkezeti iivegek fejlodési iranyai

5.1. Homlokzatok fejl6dése

A konferencian tobb eléadas keretében is esettanulma-
nyokat mutattak be tiveghomlokzatokrol, amelyeket mas-mads
szemszOgbdl (killonleges alak, forma, volumen, hétechnikai
tulajdonsag stb.) kozelitettek meg.

Az egyik legkiilonlegesebb eléadds az angliai Hampshire-ben
taldlhatd Laverstoke papiriizemr6l hangzott el Carles Teixidor
(Bellapart S.A.U.) eléadasaban [3]. A papiriizemhez hasonld
két meglehetésen kiilonleges tiveghazat épitettek, amelyek
méreteikben eltéréek (11. dbra). A Heatherwick Stidié az
Arup céggel kozosen tervezte e kiillonleges épitményeket. A
nagyobb méreti tiveghdz 15 m magas és 11 m atmér6jt. A £6
tartoszerkezete karcsu, kétszer gorbiilt rozsdamentes acélbor-
da, amelyekre szintén kétszer gorbiilt iiveg héjakat illesztettek.
Az iivegek a szerkezeti kialakitas alapjan csak nyomofesziiltsé-
get tudnak felvenni a 45°-ban lesarkitott éleken keresztiil (12.
abra). Az acél bordak kozé a vizszintes tivegillesztéseknél acél
rudakat helyeztek el, amelyek huizé- és tovabbi nyomofesziilt-
séget tudnak kozvetiteni a bordak kozott. A bordékra alumini-
um fiileket (papucsokat) helyeztek el az tivegtablak sarkaindl.
Tovabbi 100 x 200 mm-es U-alaku fiileket (papucsokat) al-
kalmaztak az tivegtablak éleinél hosszanti iranyban, ezekbe hi-
degen hajlitottak az tivegeket a helyszinen. Az iiveg és alumini-
um fiilek csatakozdsanal lagy aluminiumot alkalmaztak. A két
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tiveghazndl Osszesen 785 db eltéré méretli, kétszer hajlitott
tiveghéjat szereltek fel. Egy tivegtabla két 6 mm-es hékezelt
tivegbdl 4ll, melyeket 1,52 mm vastag Sentryglas folidval
laminaltak. A vizszintes illesztéseket az tvegtablak kozott
rugalmas szilikonnal tomitették. A fiiggbleges illesztéseknél
(tiveg-tiveg talalkozasanal, tehat a bordakndl) rozsdamen-
tes burkolat alatt, rugalmas kapcsolatot alakitottak ki, hogy a
hémeérsékletvaltozas okozta mozgasokra ne reagaljon karosan
a szerkezet (13. dbra). Az iivegtablakat hékezelés és melegen
hajlitds utan a helyszinen hidegen is hajlitottdk, igy nyerték el
végs6 formajukat. Az Gsszes darabszamhoz viszonyitva csak
kis mennyiségben (53 db) volt sziikség helyszini hékezelést
(melegitést) alkalmazni, hogy az tivegben 1évé nagyobb karos
fesziiltségeket csokkentsék.

12. dbra  Laverstoke papiriizem iiveghéjazatinak megtdmasztdsa [3]
Fig. 12. Supporting structure for glass shell of Laverstoke Mill glasshouses [3]

CROSS SECTION
VALLEY MULLION

Laminated glass 6 + 1.52 SGP NUV + 6
Stainless steel 316 powder coated (bronze)

P
Black expanding foam
Black EPDM 50 Shore-A

Waterproof silicone seal
Backing rod

CROSS SECTION
RIDGE MULLION

Aluminium t=6mm powder coated (bronze)
Waterproof membrane

Aluminium grade 6082 T6

13. dbra  Laverstoke papiriizem csomdpontja [3].
Fig. 13.  Detail of glass shell of Laverstoke Mill glasshouses [3].

5.2. Laminalt iivegek fejlesztései

A latogatott szekciok mindegyikében kozds volt, hogy
barmely aspektusbdl is kozelitették meg az eléadok az iivegek
teherhord¢ szerkezetekben torténé alkalmazhatdsagat, szamos
megoldando feladat elé néz az tiveges szakma, melyek a gyartok
részérél tovabbi fejlesztéseket igényelnek. Az tiveg anyaganak
Osszetétele alapjan az alumino-szilikat tivegek mechanikai
igénybevételekkel szembeni kedvezébb ellendllasdra, mar a
2014. évi Glasstec kiallitds is rdmutatott [2]. A laminalt tivegek
szivossaganak kérdését tobb el6adas is érintette, amelyek koziil
a Kuraray Europe részérél Bjorn Sandén ismertette a laminalo
anyagok sokoldalu funkcidjat. A laminalé anyagok fejlesz-
tésekor igyekeznek szem el6tt tartani a féliak termomechani-
kai viselkedését, hogy a gazdasagos tervezés érdekében az tiveg
rétegek kozotti egytittdolgozast figyelembe lehessen venni. A
latogatott eléadasok alapjan megéllapithatd, hogy a laminal6
folia anyagok koziil az EVA jelenleg ,fénykorat éli”, a gaz-
dasdgos és sokoldalt laminalt iiveg el6allitasnak koszonhetéen.
A laminalt tivegek marado teherbirdsa (tonkremenetelt kovetd
viselkedése) fontos szempont az iivegek tartoszerkezetek-
ben torténd alkalmazasakor, igy az 4j generacios folidk pl.
SentryGlas™ Ionoplast laminal6 anyagok felhasznalasa novekvé
tendenciat mutat. Kiilonleges megoldast mutatott be a
Glaslabor.de GmbH, ahol pl. nagyméret, ill. dekoracids céla
szines tivegeknél sziikségessé valé laminald folidk hegesztési
technoldgiajat szemléltették eléadasukban (14. dbra).

14. dbra  Lamindlo folidk hegesztése [4]
Fig. 14. Welding of interlayer foils [4]
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5.3. RendKkiviili terhek és hatasok

A konferencia bévelkedett a kiilonleges hatasoknak kitett
tvegszerkezetek laboratoriumi, illetve 1:1 1épték(i kisérletek
bemutatasaban is. A Kuraray America cég részérdl az iiveges
szakma neves képviselSje Valerie L. Block tornadonak ellenallo
homlokzati hészigetel6 tivegek kisérleti eredményeirdl szamolt
be. Ilyen rendkiviili terhek esetén nem ritka a minimum 4 tiveg
rétegbdl felépiild, Ionoplast laminald foliat tartalmazo tiveg sem.
Rendkiviili, robbantdsnak ellenall6 tivegszerkezet 1:1 1éptékii ki-
sérletét mutatta be Thomas Henriksen a Wagner Biro cégtol.

A szerzok két el6adassal szerepeltek a konferencian, iiveg
oszlopok [5] és tiveg mellvédek témakorokben [6]. A téma-
valasztasok aktualitasat jelezte, hogy a konferencian szamos
eléadd képviselte egyetemét, cégét e témakorokben. Mind a
mellvédek, mind pedig az oszlopok esetében szamitani kell nagy
kinetikus energiaval becsapddé testek hatasara pl. iitkozésbél,
elesésbdl szarmazo6 terhekre, amely hatasok szabvanyositasa
még a jovobeni feladatok kozé tartozik, igy kisérlettel segitett
tervezés valhat sziikségessé. Az el6addk igyekeztek kozos
konszenzusra jutni bizonyos kérdésekben, igy pl. a maradd
teherbiras érdekében, biztonsagi okokbdl az tiveg mellvédek
esetében, az iiveg éle mentén végigvezetett fogddzé a nagy
igénybevételt mellvédek (lelatok, tomeggytilekezésre alkalmas
létesitmények, magas épiiletek erkélyei stb. esetén) varhatéan
kotelezd érvénnyel bevezetésre keriil. Uveg oszlopok témakor-
ben szintén fontos kérdésre sikeriilt ravilagitanunk, melyre a
konferencidn tobben is reflektaltak: a stabilitasi kérdéseknél a
kritikus kihajlasi eré meghatérozasa jelenleg problémat jelent,
amelyre Jakab Andrds laboratoriumi kisérleti eredményei alap-
jan javaslatot tett [5] és ismertette a hallgatosagnak.

6. Elofeszitett iivegek jellemzoi

Az tivegerGsitési eljarasok kozil a kémiai edzéssel eléallitott
termékek jellemzdinek vizsgalataval tobb el6ado is foglalkozott,
hiszen névekvd tendenciat mutat a vékony tivegek felhasznalasa az
épitészetben. Az el6feszitési eljarasok koziil jelenleg a hokezeléses

=

edzés kivitelezhetd gazdasigosan. A hdvel torténd erdsités azonban
az tivegekben az anizotrdpia jelenségét eredményezi, amelynek ki-
mutatésirol és vizsgalatarol szamos eléadast hallhattunk. Igy, e két
aktudlis témakorbol emeltiink ki és ismertetiink néhany gondolatot.

6.1. Uvegek és anizotrépia

Az anizotrépia jelensége elsésorban vizualis problémat okoz
az edzett iivegek homlokzatokban térténd alkalmazdsakor.
Az uvegfeliiletek méretének novekedésével e vizualis hibara
egyre tobben forditanak figyelmet. Maga a hékezelési eljaras,
az edzékemence héaramlasi viszonyai, a lehitési fazisban a
fuvokak kiosztasa és az eltérd lehiilési gradiensii lokalis pon-
tok stb. un. leopard foltokat, szines savokat okoznak a készter-
méken, amelyek bizonyos fénytorési viszonyoknal, ill. polari-
zalt fényben optikailag megjelennek (15. dbra).

Saverio Pasetto a Skanska cégtdl az anizotrdpia kérdéskorét
oly médon kozelitette meg, hogy felmérést végzett épitészek,
iveg beszallitok, homlokzat szakkonzulensek és vallalkozok
korében. Kérdés volt, hogy egyaltalan hibanak tekinthet6-e az
anizotrdpia és ez alapjan elutasithaté-e az tivegek atvétele? A
valaszadok 83%-a egyetértett abban, hogy a jelenséghez nin-
csenek megfelelé mdédon szabalyozva az elfogadasi vagy vissza-
utasitasi kritériumok, ezért igy nem nevezhet6 hibanak jelenleg
az anizotropia, azonban sok vitds kérdés targyat képezheti. Az
anizotropidra megoldds lehet a tévlatiakban az edzékemencék
hé aramoltatasi viszonyainak tovabbfejlesztése, valamint ha-
tékony gyartaskozi vizsgald miuszerek fejlesztése, amelyek
az anizotropia gyors és egyszer(l kimutatasat lehetévé teszik.
Amig e feltételek nem allnak rendelkezésre és nem kezd6édnek
meg az uveg feldolgozas ilyen iranyu fejlesztései, addig nem
lehet visszautasitasi alapot talalni e jelenség alapjan.

6.2. Kémiai edzés elretorése

A GPD konferencian tobb eléadas is elhangzott a kémiai
edzés hatterérdl, tulajdonsagairol. Ezek koziil Ennio Mognato
eléadasat emeljiik ki, aki a feliileti fesziiltséget és a mechanikai

15. dbra  Anizotrépia megjelenése, Zenei kozpont iiveg homlokzata, Helsinki
Fig. 15.  Appearance of anisotropy in glass facade of Music Centre in Helsinki
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szilardsagot befolyasold paraméterek kapcsolatait tanulma-
nyozta kémiailag edzett tivegeknél [8].

A kémiai edzés lényege, hogy kélium-nitrat fiirdében
(KNO3) ioncserét hajtanak végre és ezaltal nyomofesziiltséget
indukalnak az iiveg feliilethez kozeli tartomdnyaban (t6bb-
szOrosét, a hével erdsitett tivegekéhez képest). A kémiai edzés
hatékonysaga nagyban fiigg a fiirdetés id6tartamatdl, a kozeg
homérsékletétdl és a behatolasi mélységtél. A nagyszamu ki-
sérletben — szam szerint 391 db — 2001-t6l 2014-ig vizsgaltak
egy észak-olaszorszagi iiveggyar termékeit, ahol kémiailag
edzett 4 mm vastagsagd, 100 x 100 mm-es feliiletd tiszta float
tiveg tulajdonsdgait mérték. Vizsgaltak a feliilet kozeli nyo-
mofesziiltséget és a behatolasi mélységet az tiveg levegével
érintkezd (szabad) és Onfirdds oldaldn, valamint az id6 és
hémérséklet hatdsat. A kisérletben négy fiird6 hémérsékletet
alkalmaztak 395°C-t61 430°C-ig, illetve 1,5 6ratol 128 draig tar-
tottak séfiirddben a probatesteket.

Nagyszamu probatest alapjan kimutattak, hogy a feliilet
kozeli nyomofesziiltség értéke, valamint a behatolasi mélység
is nagyobb a levegével érintkez6 oldalon az dnfiirdés oldal-
hoz képest. A 16. dbrdn lathaté mérési eredményekre linedris
trendvonalat fektettek, amelynek a szérasnégyzete a feliileti
nyomds esetében 12 %, mig a behatolasi mélységnél 3 % volt.
A behatolasi mélységgel linearisan csokkent a feliileti nyo-
mofesziiltség, amely Osszefiiggést azonban csak meglehetdsen
sziik tartomanyban vizsgaltak kb. 45 um-ig. A vizsgalt h6mér-
sékletek alapjan, alacsonyabb hémérsékleten nagyobb nyomo-
fesziiltséget lehet elérni, azonban hosszabb fiirdetés soran
ezek a fesziiltségek csokkennek, ezért célszer(i rovidebb ideig
firddben tartani az tivegeket. A behatoldsi mélység ezzel fordi-
tottan aranyos, mivel mélyebben edzédik az tiveg, ha nagyobb
hémérsékleten hosszabb ideig tartjak fiirdében (17. abra).
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16. dbra  Feliilet kozeli fesziiltség (SC) dsszehasonlitdsa a levegbvel érintkezd (air side)
és Gnfiirdds (tinside) iiveg oldalon [8]

Fig. 16. Comparison of surface stresses (SC) in air side and tin bath side of the glass [8]
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17. dbra  Feliilet kozeli fesziiltség csokkenése a hémérséklet és az id6 (Time)
fiiggvényében (SC - Air side: levegvel érintkezd oldal) [8]
Fig. 17. Decrease of surface stresses (SC) related to the temperature and time
(in air side of the glass) [8]

7. Kitekintés

A szerz6k (18. dbra) szaméra nagyon tanulsagos volt a GPD
2015 konferencia. Nagyon szinvonalas, témakban gazdag és
tartalmas el6adasokat hallhattunk. 2014-ben a Glasstec kialli-
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Abstract

The effect of individual or combined use of silica based and alumino-silicate based supplementary
cementing materials on the development of the compressive strength of concretes were
studied. Most important aim was to reveal if there is any advantage of the combined use of
two supplementary cementing materials. Laboratory tests were carried out on standard cube
specimens at the age up to 300 days. Results revealed that the two SCMs could not necessarily
contribute to a more effective performance in compressive strength, in the studied mixing ratios.
Keywords: supplementary cementing material, concrete, compressive strength

1. Introduction

Durability, recycling potential, large range of performance
and low material cost makes concrete to be one of the most
widely used construction materials [1-5]. Environmental
influences may, however, result the electrochemical corrosion
of steel reinforcement and the physical or chemical degradation
of concrete. Hydraulic and pozzolanic supplementary
cementing materials (SCM) are widely used for a long time to
enhance the durability of concrete and hinder reinforcement
corrosion [6-16]. Development of SCMs is still continuous
today. In the variety of silica and/or alumina based SCMs
available for concrete, silica fume (>99% silica) and different
purity metakaolins (alumino-silicate minerals) are considered
to be the most effective in improving the durability of concrete.

Silica fume (SF) is a by-product of the smelting process in the
silicon and ferrosilicon industry [9-10]. Silica fume particles are
very small; usually more than 95% of the particles have lower
diameter than 1 pm. Silica fume is a reactive pozzolanic material
due to the small particle size and the very high content of
amorphous silica. Silica fume forms CSH gel with the Ca(OH),
content of concrete and develops similar hydrate products
to that of Portland cement but results much smaller crystal
products. Mechanical properties of concrete are improved by
the use of silica fume; if superplasticizer admixtures are utilized,
high compressive strength of 100 to 150 MPa can be reached.
However, due to the different rate of the chemical reactions, the
development of the compressive strength in time is different
from that of realized for Portland cement.

It is demonstrated in the technical literature that alumino-
silicate and calcium-alumino-silicate materials can be used
as supplementary cementing materials almost as successfully
as silica fume. Typical materials are: ground granulated
blastfurnace slag (GGBS), fly ash (FA), metakaolin (MK),
natural pozzolans, waste glass powder (WGP), cement kiln dust
(CKD), rice husk ash (RHA), paper sludge ash (PSA), volcanic
ash, solid waste ash, wood ash, foundry sand and red mud [6-
14]. The most effective alumino-silicate SCM is the metakaolin
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(MK) with considerable pozzolanic activity [8,14]. Metakaolin
is manufactured by dehydroxilization (calcination) of kaolinitic
clay at a temperature between 500°C and 800°C. Kaolinite
is formed into a two dimensional crystal structure during
dehydroxilization by breaking down or partial breaking down
of the original crystal lattice structure and forming a transition
phase that is named metakaolin. Successful dehydroxilization
of kaolinitic clay results in a disordered, amorphous condition
of metakaolin, which has high pozzolanic activity. Increasing
the temperature beyond 500°C to 800°C results in sintering
and the formation of mullite, which is not a reactive form.
Major constituents of metakaolin are SiO, and Al,Os. This
alumino-silicate composition of metakaolin allows chemical
reaction with Ca(OH), in concrete that forms calcium-silicate-
hydrate gel as well as calcium-aluminate-hydrate and alumino-
silicate-hydrate crystalline phases. Recently, different purity
metakaolins are available on the market.

2. Scope of the study

In the present experimental research, the effect of both
the individual and the combined use of silica based (S)
and alumino-silicate based (A) supplementary cementing
materials on the development of the compressive strength of
concretes were studied. Most important aim of the study was
to reveal if there is any advantage of the combined use of two
supplementary cementing materials. Laboratory tests were
carried out on standard cube specimens at the age up to 300
days and the influences of the SCMs were analyzed.

3. Materials

Quartz sand and gravel was used for the preparation of
concretes (maximum aggregate size 16 mm) with CEM I 42.5
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N Portland cement. The water/binder ratio was selected to
be w/b = 0.40 with CEM + SCM amount of 325 kg/m3. The
targeted consistence of the fresh concrete mixes was 600 mm
flow which was set by polycarboxylate based superplasticizer
admixture. Twelve mixes were prepared with different amount
of SCMs. For the silica based SCM (that was silica fume slurry)
the cement substitution ratio was 3 m%, 5 m%, 10 m% and
15 m%. For the alumino-silicate based SCM (of which main
oxide content is: SiO, 52.96%; Al,O3 41.74%; CaO 2.98%;
Fe, 03 0.52%) the cement substitution ratio was 10 m%, 17 m%,
25 m% and 33 m%. For the combined use of the SCMs the
following cement substitution ratios were applied: alumino-
silicate/silica (A/S) ratio of 7/3 (m%/m%), 12/5, 17/8 and 25/8
to reach a total cement substitution ratio of 10 m%, 17 m%,
25 m% and 33 m%, respectively. Specimens were stored under
water for 7 days and under laboratory atmosphere afterwards.

4. Experiments

The laboratory testing of the specimens has been started at
the age of 28 days. Compressive strength tests were performed
by a Form+Test universal closed-loop hydraulic testing
machine according to EN 12390-3 at a constant loading rate of
11.25 kN/s on the standard cube specimens (150 mm of size).
The tests were repeated at the age of 180 days and 300 days as
well. Compressive strength of the specimens were calculated
and analysed.

5. Test results

Table 1 summarizes the results of compressive strength (f;)
at 28, 180 and 300 days of age. The test results are represented
graphically in Fig. I to Fig. 3 at 28, 180 and 300 days of age,
respectively. It can be seen that the SCMs influence the
compressive strength in different magnitudes and the
additional development of the compressive strength at later
ages is considerably different, too. At 28 days of age, mixes
containing silica based SCM (labelled with S in Fig. I to Fig.
3) showed the largest increase in the compressive strength for
3 m% cement substitution ratio and the lowest increase in the
compressive strength for 15 m% cement substitution ratio. On
the contrary, at later ages due to the considerable additional
development of the compressive strength, the largest increase
in the compressive strength was found for 15 m% cement
substitution ratio and the lowest increase in the compressive
strength was found for 3 m% cement substitution ratio. Later
age strength development for 15 m% cement substitution
ratio is fom300d/fem,28d = 123.39 MPa/104.09 MPa = 1.18 while
the same for 3 m% cement substitution ratio is fom 300d/fem,28d
= 113.54 MPa/108.02 MPa = 1.05. At 28 days of age, mixes
containing alumino-silicate based SCM (labelled with A in
Fig. 1 to Fig. 3) showed the largest increase in the compressive
strength for 10 m% cement substitution ratio and the lowest
increase in the compressive strength for 33 m% cement
substitution ratio. This difference did not change at later ages.
Later age strength development for 10 m% cement substitution
ratio is fem300d/fem2sd = 121.07 MPa/110.42 MPa = 1.10 while
the same for 33 m% cement substitution ratio is fcm 300d/fem,28d

Compressive strength, f; (N/mm?2)

pH value

28 days 180 days 300 days

Reference mix

CEM 81.71 89.51 92.45 12.09
S3 108.02 110.76 113.54 12.01
S5 107.00 111.96 115.53 11.96
S10 109.27 119.96 122.46 11.89
S15 104.09 117.36 123.39 11.81
A10 110.42 119.53 121.07 12.0
A17 105.13 110.47 113.33 11.92
A25 102.76 108.27 109.25 11.9
A33 100.80 103.16 106.12 11.87
7/3 89.64 106.20 115.87 12.04
12/5 90.60 101.62 104.08 11.98
17/8 91.29 98.78 101.44 11.87
25/8 84.73 93.56 98.77 11.84

Table 1.  Experimental results
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Fig. 1. Mean compressive strength of concrete specimens at 28 days of age
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=106.12 MPa/100.80 MPa = 1.05. It can be found for the mixes
containing both silica based (S) and alumino-silicate based (A)
supplementary cementing materials that the alumino-silicate
SCM governs the overall behaviour: the more the amount of
SCM, theless the increase in the compressive strength. The most
pronounced later age strength development corresponds to the
mixes with alumino-silicate/silica (A/S) ratio of 7/3 (m%/m%),
with fcm,300d/fcm,28d = 115.87 MPa/89.64 MPa = 1.29 while the
same for A/S = 25/8 1S fom 300d/fem,28d = 98.77 MPa/84.73 MPa =
1.17. For comparison, the later age strength development for
the reference mix is fim 300d/fem28d = 92.45 MPa/81.71 MPa =
1.13.

Time development of fon(t)/fom 284 ratios are indicated in Fig.
4 to Fig. 7 and values of fim 300d/fem 284 ratios are indicated in
Fig. 8 for the concrete mixes studied in the present research.

6. Discussion

The compressive strength of concrete at an age t depends on
the type and strength class of the cement, the type and amount
of admixtures and additions, the water/cement ratio and
environmental conditions, such as temperature and humidity
[17]. For a mean temperature of 20°C and curing in accordance
with ISO 1920-3 the relevant compressive strength of concrete
at various ages fom(t) may be estimated from Eq. (1) and (2):

fcm(t) = ﬁcc(t)'fcm,ZSd (1)
TG
B..(t) =exp s-|:1—( tg) ] )
where:
fem(t) is the mean compressive strength in MPa at an age t in
days;

fem,284 is the mean compressive strength in MPa at an age of 28 days;
Bec(t) is a function to describe the strength development with

time;

t is the concrete age in days (taking into account the
temperature during curing);

s is a coeflicient which depends on the strength class of
cement.

Eq. (1) was developed based on results obtained from
experiments on structural concrete primarily made with CEM
I and CEM III cements [17]. If other cement types are used or
if high amounts of pozzolans are used as partial replacement of
CEM I, then the development of the compressive strength with
time should be determined experimentally. Concretes with a
high content of fly ash, natural pozzolans or fine granulated
blast furnace slag show a reduced compressive strength at early
age and a considerable further strength gain at higher ages [17].
This effect may be more pronounced than considered in Eq. (1)
for a low strength, normal hardening cement. Generally, the
value for the coefficient s is suggested to be s = 0.38 for CEM
32.5 N; s = 0.25 for CEM 32.5 R, CEM 42.5 N; s = 0.20 for
CEM 42.5R, CEM 52.5N, CEM 52.5 R (in accordance with the
nomenclature of EN 197-1 European Standard).
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Fig. 6. Development of compressive strength in time; mixes with alumino-silicate
based SCM
6. dbra Keverékek nyomészildrdsdganak idbeli fejlédése alumino-szilikdt bazisti
kiegészitbanyaggal

The value of coeflicient s was determined for the concrete
mixes studied in the present research (see Fig. 9). It can be
realized that the value of coeflicient s for the cement used in
this study (s = 0.18) is very close to the value suggested by [17]
for CEM 42.5 R (s = 0.20), therefore the comparative analysis
of coefficient s is reasonable.

It can be realized at the independent use of the silica based
SCM that it does not develop full potential by the age of 28
days since the compressive strength of the specimens is almost
the same at the age of 28 days, independently of the amount of
silica based SCM applied (Fig. 1). It can be seen that the later
age strength development needs the availability of calcium-
hydroxide for the further reactions. Fig. 10 summarizes the
pH values (in percents as well) of the specimens at the age of
300 days. One can see that the pH of mix S15 specimens is the
lowest that indicates high amount of fixed calcium-hydroxide
during the hydration process.
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Fig. 7. Development of compressive strength in time; mixes with combined use of
SCMs

7.dbra  Keverékek nyomdszildrdsigdnak idébeli fejlédése a kiegészitéanyagok
kombindldsa esetén

The alumino-silicate based SCM was applied at large doses
during this research. It seems that the effectiveness of the
alumino-silicate based SCM is decreasing by increasing its
amount throughout the studied range. The more the amount
of the alumino-silicate based SCM, the more the fixed calcium-
hydroxide during the hydration process, however, loss in gain
of strength is realized (see Figs. I to 3 and Fig. 10). It is also
observable that the more the amount of the alumino-silicate
based SCM, the less the later age strength development (see
decreasing tendency of coefficient s in Fig. 9).

Combined use of the two SCMs is resulted in a complex,
rather contradictory behaviour. It can be observed in Fig. 10
that the fixed calcium-hydroxide content is generally less in
the cases of mixed use of the two SCMs than that would be
expected from the individual use of them, especially when
the total amount of the SCM is 10% or 17% (mixes 7/3 and
12/5). In these two cases the later age strength development
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is unexpectedly large (see values of coefficient s in Fig. 9). At
doses of 25% or 33% total SCM (mixes 17/8 and 25/8) the
fixed calcium-hydroxide content is observed at an expected
level. It can be seen that mixed use of the two SCMs is resulted
in more drop in pH than that was resulted by the individual
application of the alumino-silicate based SCM in the same
amount. It seems, however, that the influence of the alumino-
silicate based SCM dominates over the influence of the silica
based SCM (see Figs. I to 3). No clear tendency is seen in the
coeflicient s (Fig. 9). Further studies are needed to explain the
observed behaviour.
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Fig. 8. Values of fun300d / fom 284 for the studied concrete mixes
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Fig. 10. pH-values of studied concrete mixes at the age of 300 days (non carbonated)
10. dbra A vizsgdlt beton dsszetételek pH értéke 300 napos korban (nem
karbondtosodott részek)

7. Conclusions

The present paper has summarized the experimental
observations of compressive strength of concretes with large
doses of supplementary cementing materials (SCM). During
the research, both individual and mixed use of silica based and
alumino-silicate based supplementary cementing materials
were studied. Most important aim of the study was to reveal if
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there is any advantage of the mixed use of two supplementary
cementing materials. For the silica based SCM (that was silica
fume slurry) the cement substitution ratio was 3 m%, 5 m%,
10 m% and 15 m%. For the alumino-silicate based SCM (of
which main oxide content is: SiO, 52.96%; Al,O3 41.74%; CaO
2.98%; Fe;03 0.52%) the cement substitution ratio was 10 m%,
17 m%, 25 m% and 33 m%. For the mixed use of the SCMs the
following cement substitution ratios were applied: alumino-
silicate/silica (A/S) ratio of 7/3 (m%/m%), 12/5, 17/8 and 25/8
to reach a total cement substitution ratio of 10 m%, 17 m%,
25 m% and 33 m%, respectively.
The following conclusions can be drawn by the experimental
observations:
= Mixes containing silica based SCM showed the largest
increase in the compressive strength for 3 m% cement
substitution ratio and the lowest increase in the
compressive strength for 15 m% cement substitution
ratio. On the contrary, at later ages due to the
considerable additional development of the compressive
strength, the largest increase in the compressive strength
was found for 15 m% cement substitution ratio and the
lowest increase in the compressive strength was found
for 3 m% cement substitution ratio.

=  Mixes containing alumino-silicate based SCM showed
the largest increase in the compressive strength for 10
mY% cement substitution ratio and the lowest increase in
the compressive strength for 33 m% cement substitution
ratio. This difference did not change at later ages.

= For mixes containing both silica based and alumino-
silicate based supplementary cementing materials the
alumino-silicate SCM governs the overall behaviour:
the more the amount of SCM, the less the increase in the
compressive strength.

= The results for the combined use of silica based and
alumino-silicate based supplementary cementing
materials revealed that the two SCMs could not
necessarily contribute to a more effective performance
in compressive strength, in the studied mixing ratios.
Further research is needed in this field.
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Nagy teljesitoképességii betonok nyomoszilardsaga
cement kiegészit6é anyagok kombinalt alkalmazasa
esetén

A cikk azt vizsgélja, hogy nagy mennyiségben adagolt szi-
lika-bazisq, illetve aluminoszilikat-bazisi cement kiegészitd
anyagok hogyan befolydsoljdk a nagy teljesitbképességi
betonok nyomészilardsagat, és a nyomészilardsag iddbeli
fejlodését. A kutatas a cement kiegészitd anyagokat onal-
|6an is, és egymassal kombinaltan is vizsgélja. Az ered-
mények ravilagitanak a cement kiegészitdé anyagok haté-
konyan alkalmazhaté mennyiségére és az altaluk elérhetd
teljesitbképesség-ndvekedés iddbeli alakulasara. Az ered-
mények szerint a cement kiegészitd anyagok nem minden
kombinacidja vezet kedvezdbb eredményre, mint a cement
kiegészitd anyagok onalla alkalmazasa.

Kulcsszavak: cement kiegészitd anyagok, beton, nyomészi-
lardsag
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