=

‘» A Szilikatipari Tudomanyos Egyesiilet lapja

epitoanyag

Journal of Silicate Based and Composite Materials

7,
s

o

A TARTALOMBOL:

= Characterization of alkali
activated geopolymer mortar
doped with MWCNT

= Value analysis of waterproof
membranes

= Effect of saturation degree

of recycled aggregates on
concrete properties

= Laboratory experiments of
point fixed glasses

= Opportunities in recycling
AAC waste as aggregate
for lightweight concrete

= [nfluence of supplementary
cementing materials on
conventional and self
compacting concretes
Part. 2. Laboratory tests

,/ i
é ‘
?
7
7
4
2
»

2N

S

o

N

ey
N
NN

NN

7

NN

\ \\\\\

2015/2



.

o= f‘f

2" INTERNATIONAL CONFERENCE ON RHEOLOGY
AND MODELING OF MATERIALS

Welcome to ic-rmm2

We are pleased to announce the organization of the
2" INTERNATIONAL CONFERENCE ON RHEOLOGY AND
MODELING OF MATERIALS to be held near city Miskolc
in mountain Bukk in one of the most beautiful places of
Hungary in Hunguest Hotel Palota Lillafiired, October
5-10, 2015.

The idea to organize in Hungary the 2" International
Conference on Rheology and Modeling of Materials we
have received from prospective scientists, physicists,
chemists, mathematicians and engineers from Asia,
Europe, North and South America including China,
India, Japan, Korea, Russia, Turkey, Estonia, France,
Italy, United Kingdom, Chile, Mexico, USA. As organizers
we hope that you will attend on ic-rmm2 and we are
looking forward to welcome you on this international
conference in Miskolc-Lillafired, Hungary. Event
ic-rmm?2 is sponsored by several universities, scientific
journals, societies and organizations around the World.

The objectives

The aims of the 2" International Conference on Rheology and Modeling of Materials are the fostering of
interdisciplinary collaboration and interaction among scientists, researchers, PhD students as well as product
and technology developer engineers. The international conference ic-rmm2 provides a platform among leading
international scientists, physicists, chemists, mathematicians, researchers, PhD students and engineers for discussing
recent achievements in measurement, modeling and application of rheology in materials technology and materials
science of liquids, melts, solids, powders, crystals and amorphous structures.

Among the major fields of interest are the influences of temperature, mechanical stresses, deformation speeds and
times on rheological properties, material structures and phase transformation of foams, emulsions, suspensions, liquids,
powders, crystals, foods, cosmetics, polymers, plastics, petrochemicals, melted metals, glass and competitive materials
like nanomaterials, pharmaceuticals, medical- and biomaterials, ceramics, films and coatings, advanced metal alloys,
composites, hetero-modulus, hetero-plastic and hetero-viscous complex material systems, hybrid materials, ... etc.
Multidisciplinary applications of rheology as well as mechanical and rheological modeling in material science and
technology encountered in sectors like food, bio- and medical materials, ceramics, glass, thin films, polymers,
clays, construction materials, energy, aerospace, automotive and marine industry. Rheology in physics, chemistry,
medicine, biosciences, cosmetics, environmental and earth sciences and in engineering and industries are of particular
interests.

Lillafiired

Miskolcl Egyetem
University of Miskolc

Autébuszvonal
P N ! Bus Route (No. 12, 20, 22)
Miskoletapolea iejesaba X Villamosvonal
5 Tram Route (No. 1, 2)

Budapest fel6|
Coming from the direction of Budapest

Further information can be obtained from Prof. Dr. Laszl6 A. Gémze by e-mail femgomze@uni-miskolc.hu
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Characterization of
alkali activated geopolymer
mortar doped with MWCNT

Hisnam M. M. KHATER = Housing and Building National Research Centre (HBNRC)
= hkhater4@yahoo.com

Hampy A. ABpEL GAWWAD = Housing and Building National Research Centre (HBNRC))
= hamdyabdelgawwad@yahoo.com
Erkezett: 2015. 03. 28. = Received: 28. 03. 2015. = http://dx.doi.org/10.14382/epitoanyagjsbcm.2015.7

Abstract

This paper aimed to investigate the effect of multi-walled carbon nanotubes (MWCNT) on
properties of slag geopolymeric mortar. Geopolymeric matrices containing different MWCNTs
concentrations (0.0, 0.1, 0.2, 0.3 and 0.4 % by weight of the used binder) were synthesized. The
geopolymer mortar composed of aluminosilicate slag to sand (1:2), while the aluminosilicate
source binder composed of 50% air cooled slag and 50% water cooled slag both passing a sieve
of 90 pm, while the sand passing a sieve of 1 mm. The materials prepared at water/binder
ratios in a range of 0.34-0.39% depending on the added MWCNT, whereas the Glenium Ace-30
superplasticizer used in the ratio of 1.4-2.2% from the total dry weight for better dispersion of
MWCNT under sonication for 15 min. Alkaline activation of the geopolymer mortar was carried
by using of 6% NaOH. Curing was performed under temperature of 40°C and 100% relative
humidity. Results showed that the addition of MWCNTs enhanced the resulting amorphous
geopolymer structure with marked decrease in the drying shrinkage as well as water absorption
specially when using 0.1% MWCNT, while further increase in MWCNTs results in agglomeration
in MWCNT within the matrix and so hinder the propagation of geopolymerization reaction and
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negatively affect the formed geopolymer structure.
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1. Introduction

Nanoparticles have proven to be an effective reinforcement
in a variety of cement composites [1-3]. When fine aggregate
particles are dispersed in the cement paste, they generate
large number of nucleation sites causing the paste more
homogeneous and dense as for the distribution of the fine
pores. In addition, the physical effect of the fine grains allows
denser packing within the cement and reduces the wall effect
in the transition zone between the paste and aggregate. This
weaker zone is strengthened due to the higher bond developed
between these two phases, improving the microstructure and
properties. Therefore, the addition of nanoparticles to cement
composite increases its mechanical strength and durability
when compared to the blank paste.

Recently, carbon nanotubes (CNT) have shown a high
potential to improve the properties of materials. Since discovery
of CNT by Iijima in 1991 [4], it has been widely used for a
variety of applications due to their excellent physical properties:
high strength, and Young’s modulus of individual CNT is
about 1.8 TPa [5]. CNT exhibits great mechanical properties
along with extremely high aspect ratios (length-to-diameter
ratio) ranging from 30 to more than many thousands. They are
expected to produce significantly stronger and tougher cement
composites than traditional reinforcing materials (e.g. glass
fibers or carbon fibers). In fact, because of their size (ranging
from 1 nm to 10 nm) and aspect ratios, CNT can be distributed
in a much finer scale, resulting more efficient crack bridging
at the very preliminary stage of crack propagation within
cement composites. However, properties and dimensions of

38 . = 2015/2 = Vol. 67, No. 2

CNT strongly depend on the deposition parameters and the
nature of the synthesis method, i.e., arc-discharge [6], laser
ablation [7], or chemical vapor deposition (CVD) [8]. In view
of a commercial application, the arc-discharge technique is the
only one that can offer a path towards low-cost and large scale
production [9, 10].

In fact, CNT obtained with a complete graphitization process
achieved by heat-treatment at high temperature [11], either in
vacuum or inert environment, show outstanding mechanical
properties [12]. When fine aggregate particles are dispersed
in the cement paste, they generate large number of nucleation
sites causing the paste more homogeneous and dense as for the
distribution of the fine pores. In addition, the physical effect of
the fine grains allows denser packing within the cement and
reduces the wall effect in the transition zone between the paste
and aggregate. This weaker zone is strengthened due to the
higher bond developed between these two phases, improving
the microstructure and properties. Therefore, the addition of
nanoparticles to cement composite increases its mechanical
strength and durability when compared to the neat paste.

Geopolymer-based composites are a novel class of low-
embodied carbon binders formed by a combination of low-
calcium fly ash (FA) and alkaline solution. The curing process
of geopolymer known as polymerization where the alumino-
silicate oxides react with the alkali polysilicates to form a
3-dimensional polymeric Si-O-Al amorphous microstructure
[13, 14]. Geopolymers are currently being considered as a
replacement to ordinary Portland cement (OPC) and has
received considerable attention for their cost efliciency,
chemical stability, corrosion resistance, rapid strength gain rate,
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low shrinkage and freeze-thaw resistance [15,16]. However,
due to their cross-linked structure, geopolymer tend to be
more brittle than OPC and therefore, they are unsuitable for
structural applications when safety-based structural design is
considered. Geopolymers were found to be more brittle than the
OPC, and their fracture energy was about 40% of that of OPC
[17]. Thus, improvement in fracture properties of geopolymer
is deemed necessary. Previous research investigated the
mechanical properties of geopolymer reinforced with different
macro-fibers such as steel, polypropylene (PP), polyvinyl
chloride (PVC) and basalt fibers [18].

The addition of these fibers increased the flexural strength,
fracture energy and controlled the crack propagation [18].
Carbon nanotubes are being considered as a potential
reinforcement in composites because they have mechanical,
electrical, chemical and thermal properties superior to
traditional fibers [19]. Nanoscale reinforcement of OPC with
CNTs has been the focus of intense study recently. Chen et
al. [20] provided complete literature review of CNT-cement
nanocomposites. Their review focused on the effect of CNTs
on the properties of OPC including fabrication, hydration,
mechanical properties, porosity and transport, conductivity
and piezoresistivity. It was found that the dispersion of CNTs
in cement remains one of the main challenges in improving
the fabrication of CNT-OPC mixtures. Adequate dispersion of
CNTs in cement is challenging since van der Waals forces are
responsible for their bundling and agglomeration even at very
low concentrations, thereby limiting their potential benefits
[20-22].

The enhancement of mechanical and electrical properties
depends on how well the CNTs are dispersed within the cement
matrix. The literature review highlighted many inconsistent
results on the effect of CNTs on the mechanical properties
of OPC. However, it is well established that the current
mechanical properties of CNT-OPC are not satisfactory for
structural applications indicating further research is needed to
find ways to uniformly disperse CNTs in cement [20]. In terms
of durability, previous studies on the effect of CNTs on the pore
structure of CNT-OPC composites suggested that CNTs can
act as nucleating sites for the cement hydration and as a result,
the overall porosity and pore continuity are reduced [20]. The
addition of CNTs improves the multifunctional properties
of OPC. Well dispersed CNTs increase the conductivity
and piezoresistivity sensitivity of CNT-OPC composites.
This is attributed to the formation of conductive network in
the cement matrix. In this case, the CNT-OPC exhibits an
enhanced ability to sense its own damage based on the change
in the electrical change upon loading [20]. A few studies
have focused on the fabrication of CNT-OPC composites in
relation to dispersion of CNTs and workability of mixtures.
Collins et al. [23] conducted a comprehensive study aimed
at investigating the effect of different types of dispersion
agents on the dispersion of CNTs and workability of CNT-
OPC composites. Polycarboxylate-based superplasticizer and
lignosulfonate dispersant agents provided adequate dispersion
of CNTs (up to 0.5 m% CNTs) whereas styrene butadiene
rubber and calcium naphthalene sulfonate dispersant agents
promoted the agglomeration of CNTs. The addition of CNTs

reduced the consistency and strength of CNT-OPC mixtures.
This reduction was significant for mixtures with CNT contents
of 1 and 2 m%. This is consistent with the results from previous
studies [24,25] where in order to achieve adequate dispersion
of CNTs within the cement paste, a maximum content of 0.1
m% was recommended [24].

The mechanical and electrical properties of FA-based
geopolymers containing carbon nanotubes have not been
reported apart from similar potassium-based aluminosilicate
(clay) geopolymer reinforced with single walled carbon
nanotubes (SWCNTs) [26].Their investigation showed that
the conductivity increased with increasing SWNCT content,
whereas the tensile strength results were inconsistent. The
tensile strength slightly decreased at 0.2 m% SWCNTs and
increased at 0.25 m% SWCNTS, and then sharply decreased
at 0.35 m% SWCNTs. Although it has not previously been
investigated, the alkaline solution used to process geopolymer
has the potential to enhance the interaction of MWCNTs with
the geopolymeric matrix by two positive effects, leading to
improved mechanical and electrical properties. The first one
is the effect of sodium hydroxide (NaOH) on the dispersion
of MWCNTs within the geopolymeric matrix. Previous studies
have shown that NaOH acts as a surfactant and removes the
oxidation debris from the surface of CNTs and consequently
allowing them to de-bundle and form well-dispersed nanotubes
within the matrix [27]. The other is the effect of NaOH on the
electrical conductivity of the geopolymer. The pores solution of
NaOH in the form of electrolytes allow the electrons to easily
move within the matrix, resulting in an improved conductivity
which could be enhanced further by integrating CNTs into the
matrix to develop self-sensing structural materials. With an
electrical conductivity between 0.05 and 0.1 S/m, fly ash-based
geopolymers are considered as semiconductor materials [28].

The object of this study is to examine the mechanical,
mineralogical, geopolymer functionality using FTIR, water
absorption and drying shrinkage of the resulted geopolymeric
nanocomposites mortars reinforced with various ratios
of MWCNTs as new multifunctional structural materials,
also, the dispersion quality of MWCNT was evaluated and
the improvement in mechanical properties of geopolymer
nanocomposites was quantified.

2. Experimental procedures
2.1. Materials

The materials, which were used in this investigation, are
ground granulated water cooled blast furnace slag (WCS),
air cooled slag sourced from Iron and Steel Factory- Helwan,
Egypt. The used sand dunes for mortar preparation sourced
from fine sand (< 1 mm) from Oases (Wahat)-Road, Egypt. The
chemical compositions of the starting raw materials are given
in Table 1. Sodium hydroxide was used as alkali activators.
Sodium hydroxide (NaOH) produced by Fisher scientific
company with 99% purity. The mineralogical composition
represented in Fig. I; where ground granulated blast furnace
slag materials composed of amorphous materials and air cooled
slag composed of crystalline minerals of quartz and gehlenite.

Vol. 67, No. 2 = 2015/2 = . 39
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Oxide content Si0, ALO, Fe,0, CaO
(%)
a{g‘;‘;wed Slag 3811 9.31 406 3523 222 200 066 045 045 329 009 007 014 375 013 99.94
‘(’:I’jées;°°°'ed Slag 3567 1031 050 3882 1.70 247 103 048 057 404 004 005 018 328 012 99.96
Fine Sand 89.91 200 145 156 191 087 037 006 003 004 003 012 - . 165 99.98

(Sand dunes)

Table 1. Chemical composition of starting materials (m%)
1. tdbldazat A kiinduldsi anyagok kémiai osszetétele (m%)

_l wCs
1]

’l

ACS

Intensity
1

Fig. 1. Mineralogical composition of starting raw materials
[Q: Quartz (SiO,), Ge: Gehlenite 'C,ASH,)]

1. dbra A kiinduldsi alapanyagok dsvinyi osszetétele
[Q: Kvare (SiO,), Ge: Gelenit "C,ASH,)]

Carbon nanotubes which used for enhancing of geopolymeric
mortar are of multiwall type consisting of many nested
cylinders whose successive radii differ by roughly the interlayer
spacing of graphite. The morphologies and microstructures of
the as-synthesized carbon nanomaterials were characterized
by transmission microscope (TEM), as shown in Fig. 2, which
depicts the representative TEM image of as-synthesized
carbon nanotubes deposited on 50% Co/MgO by acetylene gas
decomposition at 700 °C reaction temperature and ~ 4h time-
on-stream. These images show that the morphologies have
tubular structures, i.e. they are multi-walled carbon nanotubes
(MWCNTs) and the boundaries between MWCNT tubes are
clear. The diameters of the MWCNTSs are mostly in the range
of 14-24 nm. It is obvious in Fig. 2.a and 2.b the dark object in
the pictures is related to the Co - metal particles of the catalyst.

Raman spectroscopy was employed to analyze the degree of
graphitization of the produced CNTs as represented in Fig. 2.¢;
where the two major bands were observed, representing D- and
G-bands. The D-band, observed at 1250-1350 cm™}, is known
as either the disorder induced due to the wall disorder or the
presence of amorphous carbon deposited on the outer surface
of nanotubes. The G-band (observed at 1550-1600 cm™) can
be attributed to the degree of graphitization of CNTs. The ratio
of ID/IG of the D and G-band can be regarded as an index
for the crystalline order of CNTs; the high ID/IG value (> 1)
indicates that there is high structural disorder in the carbon
nanotubes obtained on the catalysts. However the lower ID/
IG value (< 1) suggests the enhancement in graphitization of
deposited carbon. The high intensity of the G-band (417 cm-1)
relative to D-band (270.7 cm™) (ID/IG ratio = 0.65) suggests
that the CNTs synthesized under the optimum conditions were
highly graphitized [29].

40 | épitdanyag = JSECM = 2015/2 = Vol. 67, No. 2
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Fig. 2. Characterization of synthesized multiwall carbon nanotube

a, b) TEM pictures of catalysts after growth of CNTs using 50% Co/MgO

catalyst, with high magnification
¢) Raman spectroscopy of CNTs over 50% Co/MgO catalyst

d) Thermal gravimetric analysis after growth of CNTs using Co/MgO catalyst

2. dbra A szintetizdlt tobbfalii szén nanocsd jellemzdi

a, b) TEM felvételek nagy nagyitdsban, az 50% Co/MgO katalizdtor mellet

novelt nanocsovekrol

¢) Raman spektroszkdpia az 50% Co/MgO katalizdtor mellet novelt
nanocsovekrol

d) Termogravimetria az 50% Co/MgO katalizitor mellet novelt
nanocsovekrol
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Thermo-gravimetric analysis (TGA) is very important
tool for clarifying the yield, stability and quality of the as-
grown MWCNTs, as indicated in Fig. 2.d where the catalyst
presented a single oxidation inflection, which indicates that
the amorphous carbon is extremely low and high purity
MWCNTs are produced, also, TGA data determine the onset,
and offset (end) temperatures represent the temperature at the
initial weight loss, (496 °C) and the final weight loss, (692 °C)
respectively. The large difference between the onset and end
temperature (192 °C) is attained on the catalyst. This can be
attributed to the formation of large diameters of CN'Ts, which
are proved by TEM photos (Fig. 2.a and 2.b). Based on these
results, the formation of ideal graphitized carbon nanomaterials
and the highest carbon yield are gained on it. The properties of
the produced MWCNT are summarized in Table 2.

Item Property Results
| Outer diameter (nm) 20-30
2 Inner diameter (nm) 4

3 Purity wt. (%) 97

4 Length (mm) 15

5 Ash (%) 3

6 Amorphous (%) 0

7 Field (%) 800

Table 2. Properties of CN'Ts synthesized by using CVD apparatus
2. tdblazat CVD késziilékkel szintetizdlt nanocsovek tulajdonsdgai

2.2. Dispersion of MWCNTs

Since the strong Van der Waals forces cause the agglomeration
of the nanoparticles, a key issue in fabricating high-quality
nanotubes composite is to homogeneous the nano carbon
materials in cementitious materials. Poor dispersion will lead
to the formation of defects in the matrix and limit the nano-
enhancement/modification effect [30]. A lot of research work
has been done to improve the dispersion of Nano carbon
materials (NCM) in the cementitious composites. Commonly,
there are two types of methods used to disperse NCMs.
Mechanical separation of the NCMs by adopting ultrasonic
is one of the effective methods for CNT dispersion [31-33].
Recently, researchers have proposed some novel approaches to
solve the dispersion issue of NCMs. The primary approach is to
adopt commonly used water reducing admixtures (including
plasticizers and superplasticizer) as surfactants. The research
at the National Research Council Canada has shown that a
small amount of CNTs can be dispersed by ultrasonication in
the water containing 5% superplasticizer [34]. Shah et al. also
achieved an effective dispersion of MWCNTs with different
lengths and concentrations in cementitious materials by
applying polycarboxylate-based superplasticizer [35].

In the current work, MWCNTs were first mixed with Glenium
Ace 30-polycarboxylate-based superplasticizer and 50% of
the added water. This Polycarboxylate-based superplasticizer
has been proven to be effective for CNTs dispersion [36]. The
solution was sonicated using a Fritish 450 Sonifier Analog Cell
Distributor for 15 min [37]. Solutions with concentration of

0.1, 0.2, 0.3, and 0.4 m% of the total weight of the matrix were
used to identify the MWCNT concentrations for the evaluation
of the threshold ratio of MWCNT.

2.3. Geopolymerization and curing

The alkaline activator was composed of 6 m% NaOH,
which prepared 24 hrs prior to casting. Geopolymer mortar
reinforced with MWCNT concentrations: 0.0 (control), 0.1,
0.2, 0.3, and 0.4 m% of the total weight.

Accordingly, mixing was performed by hand-mixing of
raw materials for each mixture passing a sieve of 90 yum as
represented in Table 2 according to the following sequence:

1. The previously prepared MWCNT particles sonicated
for 15 min with 50 % of the added water and the
specified quantity of the superplasticizer for better
dispersion of nanotubes materials under a temperature
of 40 °C.

2. The geopolymer materials passing a sieve of 90 um
as represented in Table 2 were hand mixed with the
alkaline activator solution which dissolved in the
remaining water content for 10 minute followed by
a further 5 minute using rotary mixer and mixed at
medium speed (80 rpm) for another 30 s.

3. The MWCNT and superplasticizer were added and
stirred with mixture at high speed for additional 30 s.

4. The mixture was allowed to rest for 90 s and then
mixed for 1 min at high speed.

The paste mixture was cast into 25x25x25 mm cubic-
shaped moulds, vibrated for compaction and sealed with a
lid to minimize any loss of evaporable water. All mixes were
left to cure undisturbed under ambient temperature for 24
hrs, demolded and then subjected to curing at 40 °C with
100% relative humidity [38]. 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 [39, 40]
to prevent further hydration and for further analysis followed
by drying of the crushed specimens for 24 hrs at 80 °C, then
preserved in a well tight container until the time of testing.

Mix Water Air Sand MWCNT Super-
no. cooled cooled dunes, addition plasticizer
slag, slag, % from the of the
added total wt.,
binder, % %
R 16.7 16.7 66.6 0.0 0.34 1.4
1 16.7 16.7 66.6 0.1 0.34 1.6
2 16.7 16.7 66.6 0.2 0.34 1.8
3 16.7 16.7 66.6 03 0.39 2.0
4 16.7 16.7 66.6 0.4 0.39 2.2

Table 3. Composition of the geopolymer mixes (m%)
3. tabldzat A geopolimer keverékek osszetétele (m%)
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2.4. Methods of investigation

Chemical analysis was carried out using Axios (PW4400)
WD-XRF Sequential Spectrometer (Panalytical, Netherland).
Compressive strength tests were carried out using five tones
German Briif pressing machine with a loading rate of 100 kg/
min determined according to [41]. XRD analysis was recorded
on a Philips PW 1050/70 Diftractometer using a Cu-Ka source
with a post sample Ka filter. XRD patterns were collected
from 0° to 50° 2O (step size 0.02° 26 and speed 0.4°/min).
Silica was used as an internal standard. Data were identified
according to the XRD software (pdf-2: database on CD-
Release 2005). Removal of free water was accomplished by
using alcohol/acetone method as recommended by different
investigators [39-40]. Drying shrinkage test was carried out on
dried at 110 °C for 24 hours to ensure total water loss. The test
specimens were then measured (in terms of dimension) and
their values were noted as dry lengths and calculated for each
test specimen using the following formula [42, 43]:

% Average Drying Shrinkage = (OL-DL)/OL*100
where: OL means original length; DL stands for dry length

Water absorption measurements of the bricks were carried
out according to ASTM C140-01 [44]. The percentage
absorption was calculated using the equation:

Absorption (%) = [(W2 - W1)/ W1] x100
where W1 =weight of specimen after complete drying at 105 °C,
W2 = final weight of surface dry sample after immersion in
water for at least 24 hours.

Bonding characteristics of the alkali activated specimens
were analyzed using a Jasco-6100 Fourier transformed infrared
spectrometer FTIR. Test sample was ground and uniformly
mixed with KBr at a weight ratio KBr: specimen=200:1. The
mixture, 0.2 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™! [45, 46].

3. Results and discussion

XRD pattern of alkali-activated geopolymer mortar mixes
without MWCNT at different hydration ages is shown in Fig.
3. The patterns illustrate a hump in the region of 17° to 35° 26
characterizing glassy phase of the geopolymer constituents, this
region considered as vital key in geopolymer characterization,
where any increase in this hump will be reflected on the
performance and efficiency of the resulting geopolymer gel as
the amorphous constituents increase with this hump. It can be
noticed an increase in the broadness and intensity of CSH band
up to 90 days, as indicated from the increased broadness at 29.4°
where the identification of C-S-H type phases is consistent
with the observations presented in other studies [47].

The formation of C-(N)-S-H type gels has been observed
at about 33° (20) in NaOH-activated slags [48] as an inner
binding product formed around partially reacted slag particles,
and in silicate-activated slags after longer times of curing [48].
The formation of this gel might be associated with the increased
availability of Na* in the pores of the young C-S-H type gel
formed at early age immediately surrounding the unreacted
slag particles. Formation of Ca-containing-S-H type gels has
also been identified during the addition of NaOH to fresh
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synthetic C-S-H type gels [49] and in blends of synthetic
N-A-S-H and C-S-H type gels [50].
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Fig. 3. XRD pattern of geopolymer mortar mix without MWCNT at different curing

ages
[Q: Quartz, F: Feldspar, C: Calcite, CSH: Calcium-silicate-hydrate, NCSH:
Sodium-calcium-silicate-hydrate, FJ: Faujasite of Zeolite NAS, H, ]

3. dbra  Geopolimer habarcsok rontgendiffraktogramjai kiilonbozé korokban, szén
nanocsé adagolds nélkiil
[Q: Kvarc, F: Foldpdt, C: Kalcit, CSH: Kalcium-szilikdt-hidrdt, NCSH:
Natrium-kalcium-szilikdt-hidrdt, FJ: Faujazit — Zeolit médosulat NAS, H_ |

24 6.7

However, the C-S-H structure formed in the presence
of high concentrations of NaOH was less dense than the
normal C-S-H structure resulting from hydration of Portland
cement as reported Bakharev et al. [51]. It is also possible to
form structures in which the sodium is incorporated into the
structure of the hydrated silicate gel (N-C-S-H), as has been
described by Malolepszy [52].

Crystalline Faujasite of zeolite was also observed at later ages
of curing where the amorphous geopolymer transferred into
crystalline one with little evident of increased reactivity. It is
likely that a significant proportion of the Na* is consumed in
the activation of slag mortar constituents to form a sodium
aluminosilicate-type gel, reducing the availability of Na* species
in the pore solution [53]and therefore reducing the alkalinity
from the high levels which would favor zeolite growth, even
with the higher alkali dosage added to these samples, also the
increased intensity of N-C-S-H results in the decrease in the
available balancing cations for geopolymer structure and so
favour the Faujasite formation. It can also be noticed a slight
increase in calcite content with time which may be probably
resulting from reactions involving atmospheric CO, [54].

On the other hand, XRD of 90 days nanocomposites with
MWCNT concentrations of 0.1 and 0.4 m% (Fig. 4) displayed
a good dispersion up to 0.1%, as the individual MWCNTs
along with Polycarboxylate based superplasticizer are known
to decrease the hydration speed in cementitious systems. The
incorporated MWCNTs increase the hydration speed after
addition to the same system, so the MWCNTs inhibit the
retardation by the superplasticizer. This can also be explained
by their ability to work as a nucleation-site in the system. The
functionalized MWCNTs provide different reaction sites for the
crystal growth. As known from literature hydration products
grow on the surface of carbon nanotubes [55]. CSH-phases
bind to the MWCNTs at the Carboxyl-sites by interaction
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of the Ca*-ions of the pore solution. Therefore the carboxyl
group-density on the surface of the MWCNTs can influence
chain lengths of the grown CSH-phases. With this reaction the
MWCNTs work as a kind of template during hydration. The
increase in CSH-phases attributed to the effect of the NaOH
alkaline solution during processing as discussed in [27].

The carboxylate based superplasticizer was ineffective in
dispersing MWCNTs at 0.3 m% and more, where most of
MWCNT were agglomerated in the alumino-silicate gel and
hinder the propagation of the three dimensional network.
This confirmed well by the increased Faujasite formation
with the increased MWCNT, as the geopolymer network
was terminated forming the crystalline Faujasite structure
with lower reactive characteristics. A noticeable increase
in carbonate with MWCNT addition beyond 0.1%, which
related to the increased agglomeration of nanomaterials with
increased MWCNT and so many points of defects are available
for carbonation, however lower doses acts as a nucleating
agents and accelerate geopolymer formation and accumulation
which in turn reflects on decreasing the medium porosity.
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Fig. 4. XRD pattern of 90 days geopolymer mortar mixes having various MWCNT
doses
[Q: Quartz, F: Feldspar, C: Calcite, CSH: Calcium-silicate-hydrate, NCSH:
Sodium-calcium-silicate-hydrate, FJ: Faujasite of Zeolite NAS, H_ ]

2.4 76.7
4. dbra  Geopolimer habarcsok rontgendiffraktogramjai 90 napos korban, kiilonbozé

szén nanocsé adagoldsok esetén
[Q: Kvarc, F: Foldpdt, C: Kalcit, CSH: Kalcium-szilikdt-hidrdt, NCSH:

Ntrium-kalcium-szilikdt-hidrdt, FJ: Faujazit - Zeolit médosulat NAS, H ]

FTIR spectra of alkali-activated geopolymer mixes have
a bands description as follow: Stretching vibration of O-H
bond at about 3430, 1600 cm”, stretching vibration of CO,
located at about1410 cm™, asymmetric stretching vibration
(Si-O-Si) related to non-solubilized particles at about 1100
cm’, asymmetric stretching vibration (T-O-Si) at about 975
cm™ where T=Si or Al, symmetric stretching vibration of CO,
at about 870 cm™, symmetric stretching vibration of (Si-O-Si)
attributed to a-quartz at about 797 cm™', symmetric vibration
at about 778 cm™ for (Al-O-Si), symmetric stretching vibration
(Si-O-S§i) in the region 676-700 cm™ and bending vibration
(Si-O-Si and O-Si-0) in the region of 430-445 cm™ [46].

For FTIR spectra of alkali-activated geopolymer mortar
mix without MWCNT cured at various ages Fig. 5 indicates
broadness increase of the asymmetric band at 975 cm™ up to 90

days, which accompanied with the decrease in the asymmetric
band at about 1100 cm™ for nonsolubilized slag particles giving
an indication about increased dissolution of the unreacted
materials with time and increased amorphous constituents.
This is in coherent with the decrease in the symmetric
vibration of a- quartz at about 797 cm'with time. An increased
broadness and intensity of the hydration CSH band at about
3400 cm™ is in agreement with the XRD data interpretation
(Fig. 3).

An increase in the carbonation bands in the regions of
1430 cm™! (v C-0) as well as 867 cm™ (8§ C-0) [57] observed
with MWCNT ratio more than 0.1%, where the carbonate
constituents in slag materialslead to the growth of the carbonate
band as discussed above, showing that the carbonates identified
in this raw material do not react significantly under alkaline
activation conditions [58].
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Fig. 5. FTIR spectra of geopolymer mortar mix without MWCNT at different curing

ages, cured at 40 °C and 100% RH
[1: Stretching vibration of O-H bond, 2: Bending vibrations of (HOH), 3:
Stretching vibration of CO,, 4: Asymmetric stretching vibration (Si-O-Si), 5:
Asymmetric stretching vibration (T-O-Si), 6: Symmetric stretching vibration
(Si-O-Si) attributed to a-quartz, 7: Symmetric stretching vibration (Al-O-Si),
8: Symmetric stretching vibration (Si-O-Si), 9: Bending vibration (Si-O-Si and
0-Si-0)]

5. dbra  Geopolimer habarcsok FTIR spektruma kiilonbozd korokban, szén nanocsé
adagolds nélkiil, utékezelés 40 °C and 100% RH
[1: Vegyértékrezgés O-H kotés, 2: Deformdcios rezgés (HOH), 3:
Vegyértékrezgés CO,, 4: Aszimmetrikus vegyértékrezgés (Si-O-Si), 5:
Aszimmetrikus vegyértékrezgés (T-O-Si), 6: Szimmetrikus vegyértékrezgés
(Si-O-8i) a-kvarc miatt, 7: Szimmetrikus vegyértékrezgés (Al-O-Si), 8:
Szimmetrikus vegyértékrezgés (Si-O-Si), 9: Deformdciés rezgés (Si-O-Si and
0-Si-0)]

For FTIR spectra of 90 days alkali-activated geopolymer
mortar mixes with various doses of MWCNT Fig. 6 illustrate
increased dissolution of unreacted slag materials with
MWCNT up to 0.1% as illustrated from the asymmetric band
atabout 1100 cm™ for non-solubilized slag particles in addition
to the symmetric vibration of a-quartz at about 797 cm, this
reflect nucleating efficiency increase of MWCNT up to 0.1 [59]
and so increased the formation and propagation of the three
dimensional structure. This is in addition to the increased
broadness of the asymmetric band at 975 cm™ for T-O-Si for
the amorphous geopolymer structure.

The CO,* vibration band decreases with MWCNT up to 0.1%
and then increased with further increase, this attributed to the
fact that the increased nucleation of MWCNT increase the
formation of geopolymer structure and decrease the availability
of free Na* which will subjected to carbonation, however the
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increased content of MWCNT leads to agglomeration and so
more sodium cations are available for carbonation as illustrated
clearly.
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Fig. 6. FTIR spectra of 90 days cured (40 °C and 100% RH) geopolymer mortar
specimens having various MWCNT doses

[1: Stretching vibration of O-H bond, 2: Bending vibrations of (HOH),

3: Stretching vibration of CO,, 4: Asymmetric stretching vibration (Si-O-Si),
5: Asymmetric stretching vibration (T-O-Si), 6: Symmetric stretching
vibration of CO,, 7: Symmetric stretching vibration (Si-O-Si) attributed to
a-quartz, 8: Symmetric stretching vibration (Al-O-Si), 9: Symmetric stretching
vibration (Si-O-Si), 10: Bending vibration (Si-O-Si and O-Si-O)]
Geopolimer habarcsok FTIR spektruma 90 napos korokban (utékezelés 40 °C
and 100% RH), kiilonboz6 szén nanocsé adagoldsok esetén

[1: Vegyértékrezgés O-H kités, 2: Deformdciés rezgés (HOH),

3: Vegyértekrezgés CO,, 4: Aszimmetrikus vegyértékrezgés (Si-O-Si),

5: Aszimmetrikus vegyértékrezgés (T-O-Si), 6: Szimmetrikus vegyértékrezgés
CO,, 7: Szimmetrikus vegyértékrezgés (Si-O-Si) a-kvarc miatt,

8: Szimmetrikus vegyértékrezgés (Al-O-Si), 9: Szimmetrikus vegyértékrezgés
(Si-O-8i), 10: Deformdciés rezgés (Si-O-Si and O-Si-O)]

6. dbra

The water absorption pattern of the geopolymer mortar
specimens with various MWCNT ratios cured at 7, 28 and
90 days is shown in Fig. 7, where noticeable decrease in
absorption with time specially at later ages as a results of
formation and precipitation of three dimensional geopolymer
structure in the open pores and decrease the matrix porosity.
However, the lower absorption values upon using MWCNT
up to 0.1%, attributed to the enhanced geopolymer formation
and accumulation by carbon Nanomaterials as confirmed
well by XRD and FTIR evaluations; whilst further increase
in MWCNT with its agglomeration upon using higher ratios
hinder the propagation and precipitation of the geopolymer
network and so increase the absorption values.
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Fig. 7. Water adsorption of alkali activated geopolymer mortar specimens doped

with various doses of MWCNT
7. dbra  Alkdli aktivdlt geopolimer habarcsok vizfelvétele kiilonbozé szén nanocsé
adagoldsok esetén
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The drying shrinkage pattern of the geopolymer mortar
specimens with various MWCNT ratios cured at 28 and 90
days is shown in Fig. 8, where a decrease in shrinkage with
time as well as with MWCNT up to 0.1%. The drying shrinkage
indicates to some degree the plasticity of the mixture, as a large
drying shrinkage means that mixture could absorb much
water, which in turn indicates fine mixture particles [42, 43].

Most of the total drying and autogenous shrinkage take
place during the early ages as illustrated from higher shrinkage
values especially in the control mix, which attributed to the
lower degree of geopolymerization and formation of zeolite
structures with higher water content as emphasized by XRD
data, this zeolite structures absorbs much water content and
increase the shrinkage values. On the other hand, doping with
MWCNT results in decreasing the shrinkage greatly up to
0.1% [59], where MWCNTs achieve the enhancement effect by
nucleation site increase, increasing the amount of C-S-H gel of
high hardness, improving pore structures, controlling nanoscale
cracks and reducing autogenous shrinkage of the geopolymer
composites [34, 60]. Also, the acceleration effect of nanotubes
results in the formation of more compact geopolymer structure
which possess low shrinkage values, however, increased
content of MWCNT results in the agglomeration and bundling
in spite of sonicated dispersion [20, 60], which can share in
an increase in the shrinkage data but still a wide gap between
control mix and MWCNTSs geopolymer mixes.

Drying shrinkage in composites with 0.1, 0.2 and
0.4 % MWCNTs reduced to about 92, 88, 74% after 28 days,
respectively, compared with composites without CNTs (as
shown in Fig. 8). Furthermore, the addition of CNTs fines
the pore size distribution and decreases the porosity (or
nanoporosity) of composites by filling the gaps (or pores)
between the hydration products such as C-S-H gel geopolymer
composite. Therefore, the composites become much more
compacted [20, 60]. It can be observed an increase in the
drying shrinkage values with MWCNT at later ages except the
lower dose of CNT (0.1%), where the agglomeration participate
greatly in the increase of the shrinkage values as stated before.
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Fig. 8. Drying shrinkage of geopolymer mortars with various ratios of MWCNT at
different curing ages

8. dbra Geopolimer habarcsok szdraddsi zsugoroddsa eltérd érlelési korokban,
kiilonboz6 szén nanocsé adagoldsok esetén

Fig. 9 shows the compressive strength of geopolymer mortar
mixes enhanced with various ratios of MWCNT cured at 40 °C
and 100% relative humidity up to 90 days. The results illustrate
the increase in the compressive strength with curing time as a
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result of increased hydration and propagation of geopolymer
chains, also, the strength enhanced with MWCNT up to 0.1%
and decrease up to 0.4%.

The increase related to individual MWCNTs which spread
throughout the geopolymer matrix with a uniform density. The
good dispersion of MWCNTs was also attributed to the effect
of the NaOH alkaline solution during processing as discussed
[27] and hydrophilic groups (-COOH) in carboxylate based
superplasticizer forming covalence-modified CNTs to improve
interfacial interactions in composites, in which the -COOH
groups form strong coordinate bonds with Ca** ions in
matrix, thus enhancing the formation of three dimensional
geopolymer in addition to CSH [56, 59]. Furthermore, the
addition of CNTs fines pore size distribution and decreases
the porosity (or nanoporosity) of composites by filling the
gaps (or pores) between the hydration products such as C-S-H
gel geopolymer composite. Therefore, the composites become
much more compacted [20, 60]. However, the carboxylate
based superplasticizer however, was ineffective in dispersing
MWCNTs at 0.2 m% and more, where most of MWCNT
were agglomerated in the alumino-silicate gel and hinder the
propagation of the three dimensional network.
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Fig. 9. Compressive strength of alkali activated geopolymer mortar specimens doped
with various doses of MWCNT
9. dbra  Alkdli aktivdlt geopolimer habarcsok nyomészildrdsdga kiilonbozé szén
nanocsd adagoldsok esetén

The results illustrate the enhancement in mechanical strength
giving an increased mechanical strength than the control mix
that has not MWCNT by 24.6%, and 12.97%, upon 7 days
curing, however, these ratios decrease with further increase in
curing time giving 8.46 and 0.91% after 90 curing time when
using 0.1 and 0.2 m% MWCNT, respectively. On the other
hand, the strength decreases up on using 0.4 m% MWCNT
by 14.53% and 12.45% after, 7 and 90 days, respectively. The
compressive strength data confirmed well by the previously
discussed XRD and FTIR patterns (Figs. 3 to 6).

4. Conclusions

1. Adding MWCNT to alkali activated geopolymer mortar
specimens increases and offers an extra nucleation sites
for geopolymer formation and accumulation.

2. The NaOH solution appeared to have a positive effect on
the dispersion quality of MWCNTSs up to 0.4 m%.

3. XRD of mortar nanocomposites with MWCNT
concentrations of 0.1 and 0.4 m% showed an increase
in amorphous geopolymer as well as CSH up to 0.1%
where the individual MWCNTs spread throughout the
geopolymer matrix with uniform density.

4. FTIR of mortar nanocomposites with MWCNT concent-
rations of 0.1 and 0.4 m% confirms an increased broadness
of amorphous geopolymer band as well as CSH up to 0.1%.

5. MWCNT addition decreasing the water absorption
values up to 0.1% and then increases with further CNT
increase.

6. Drying shrinkage in mortar composites with 0.1, 0.2 and
0.4% MWCNTs reduced to about 92, 88, 74% after 28
days, respectively, compared with composites without
CNTs, however an increase in the drying shrinkage
values with MWCNT at later ages except the lower dose
of CNT (0.1%), where the agglomeration participate
greatly in the increase of the shrinkage values.

7. 'The enhancement in mechanical strength with MWCNT
giving an increased mechanical strength than the control
mix which has not MWCNT by 24.6% and 12.97%
upon 7 days curing, however, these ratios decrease with
further increase in curing time giving 8.46 and 0.91after
90 curing time when using 0.1and 0.2 m% MWCNT,
respectively. On the other hand, the strength decreases
up on using 0.4 m% MWCNT by 14.53% and 12.45%
after, 7 and 90 days, respectively.
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MWCNT adalékos alkali aktivalt geopolimer
habarcsok tulajdonsagai

A cikkben a szerzék azt tanulmanyozzak, hogy milyen ha-
tassal van a szén nanocs® adagolas az alkali-aktivalt
geopolimer habarcsokra. Bizonyitjak, hogy a szén nanocsé
adagolas kedvezoen hat a geopolimer kristalyképzodésére,
mert a szén nanocsovek kristalyinditd csirakként tudnak
mikodni. A NaOH pozitiv hatast gyakorol a szén nanocsdvek
diszpergalhatésagara 0,4 m% adagolasig. Rontgendiffrak-
cioés és FTIR vizsgalatokkal igazoljak, hogy a szén nanocsé
adagolas 0,1 és 0,4 m% mennyiségben noveli a geopolimer
amorf fazisanak és CSH fazisanak mennyiségét és egyen-
letes eloszlast biztosit. A szén nanocs6 adagolas hatasara
a geopolimer habarcsok vizfelvétele megno. A szaradasi zsu-
gorodas, kilondsen késbdi korokban, megnd a szén nanocsé
adagolas hatasara. A szén nanocsd adagolas hatasara az
alkali-aktivalt geopolimer habarcsok nyomoszilardsaga
megno.

Kulcsszavak: MWCNT, geopolimer, habarcs, vizzel lehitétt
salak, levegovel lehltott salak.
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Value analysis of waterproof membranes

At the end of the 20™ and the beginning of the 215t century new foundation waterproofing methods
have been emerged. Good quality materials alone do not necessarily ensure good performance
of structures, which led waterproofing manufacturers to develop new systems. As a result of the
need of simplicity of installation, the decrease of special additives, the reduction of damage
caused by structural components, the increase in safety requirements and the reduction of space
demand during construction, manufacturers have developed such waterproofing systems that
establish mechanical or chemical bond with load-bearing structures - in the studied case, with
monolithic reinforced concrete. They differ significantly from the usual waterproofing systems,
since they are not an independent layer of waterproofing, but perform as a fundamental part of
the reinforced concrete foundation to exclude water.

In the present experiments these new kind of materials have been tested under laboratory
conditions, to explore the new performance and provide a value analysis of them.

Keywords: waterproof membrane, bonded membrane, damage of membrane, lateral water
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las, értékelemzés

1. Bevezeto

Az épiiletszerkezettan egy folyamatosan valtozd tudomanyag,
igy az alapelvek, iranyelvek is allandéan véltoznak. Az elmult
évtizedek soran felgyorsult a technoldgiai fejlddés és sokkal jobb
anyagmindségek, egyszerisod6 alkalmazastechnikak érhet6k
el, valamint egyre magasabb igény(i kovetelmények Iéptek fel a
szerkezetekkel szemben. A rendelkezésre allé variaciok szama és
azok véltozatossaga megkérddjelezi a megszokott konstrukeids
alapelvek hitelességét. A szakmaban a mai napig vitak vannak
egyes szerkezetek megoldasdra iranyul6 kérdésekben, a megfele-
16 anyag kivalasztdsaban és a helyes szerkezetek kialakitasaban.

2. Témafelvetés

2.1. Kiindulasi helyzet

A beépités egyszertsitése, a specidlis segédanyagok meny-
nyiségének csokkentése, a sériilésekbdl adodé karosodasok
elkertilése, a biztonsag novelése és a kivitelezés helyigényének
csokkentése kovetkeztében az anyaggyartok olyan vizszigete-
16 rendszereket hoztak létre, amelyek a tartdszerkezettel - je-
len esetben a monolit vasbetonnal — mechanikai, vagy kémiai
egyiittdolgozast alakitanak ki. Technologiajuk jelentésen eltér
a megszokott vizszigetel§ rendszerekétdl, hiszen nem 6nall6
rétegként, hanem a mélyépitési vasbeton szerkezettel egyiitt
vesznek részt a viz tavoltartasaban. Amig a szerkezeti kialaki-
tasok tokéletesen miikodnek, minden szigetelés kifogastalan. A
kiilonbség akkor valhat jelentéssé, amikor sériilés kovetkezik
be, vagy a kivitelezés koriilményei nem teszik lehetévé tetszo-
leges szerkezet alkalmazasat.
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2.2. A lateralis vizvandorlasi ellenallas

A szerkezethez visszatapado szigetelések esetén a mechani-
kai egytittdolgozas modja felveteti a lateralis vizvandorlassal
szembeni ellenallas vizsgalatanak igényét. Bizonyos esetekben
el6fordulhat, hogy a vizszigetel lemezek és a szerkezet kozott
elvalasok jonnek létre. Ezen szlik hézagok azt eredményezhetik,
hogy az épiileten beliil a viz mashol tor be, mint ahol a szigetelés
ténylegesen megsériilt. A szigetelés sériilése esetén a vizréteg
szétterill, majd a hatszerkezet leggyengébb pontjan keresztiil
jelenik meg a védett térben, igy a beazas helye nem mindig
azonos a szigetelés sériilésének helyével (1. dbra). Ezt a jelensé-
get nevezziik lateralis — oldaliranyt - vizvandorlasnak. Erre a
vizvandorlasi ellendllasra a gyartoi adatlapok nem hataroznak
meg értékeket, az alkalmazastechnikak nem hasznaljak ki az
ebben rejl lehetdségeket. A vizvandorlas jelensége szabvanyos
meérési eljarasokkal még nem vizsgalt tulajdonsag. Kutatéomun-
kank kiemelt célja volt a jelenség kisérleti bizonyitdsa és az ezt
befolyasol6 paraméterek meghatarozasa.

2.3. Célok

A kozelmultban kifejlesztett 4j anyagokat még nem ha-
sonlitottak Ossze az oldaliranyu vizvandorlassal szembeni el-
lenallasuk alapjan, illetve az ezekbdl adodo Uj felhasznalasi
lehetségeket sem elemezték. Tanulmanyunk a holisztikus
teljesitményelvili tervezési szemlélet alapjan [2] a hatasokbdl
szarmazo igénybevételeket és a hasznalatbol kovetkezd kove-
telményeket szamszerUsitett paraméterekké bontja le és ezeket
stlyozza egy konkrét példa bemutatasan keresztiil. Ezen feliil

ismertetjiik a mélyépitési szigetelések kivalasztasat befolyasold
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lehetdségeit a tervezék késébbi munkajat segitve.

1. dbra  Laterdlis vizvdndorlds kialakuldsa a szigetelés sériilése sordn [1]
Fig. 1. Lateral water movement at local damage of membrane [1]

3. Szerkezettel egyiittdolgoz6 vizszigetelések
lateralis vizvandorlasi ellenallasanak kisérleti
bizonyitasa

3.1. Szerkezettel egyiittdolgozo vizszigetelések

Kisérletiink el6készitése a mechanikai egytittdolgozassal
rendelkez6 anyagok felkutatdsaval kezd6dott. Jelenleg a pia-
con harom, szerkezettel egyiittdolgozé vizszigetelés kaphato:
Grace Preprufe, Sikaproof-A és Voltex bentonit paplanszigete-
1és. Ezen kiviil alkalmunk volt kisérleteket folytatni egy fejlesz-
tés alatt all6 Gj anyaggal is, az Expert Proof eco visszatapadd
bevonatszigeteléssel. A négy anyag rendszertanilag kiillonboz6
kategoriakba sorolhatd, mégis a szerkezethez valé visszatapa-
dasuk éltal 6nall6 csoportot alkotnak.

3.1.1. Grace Preprufe [3]

A Preprufe vizszigetel6 lemezek hidegen felhelyezhetd, le-
mezszélein Ontapadd vizszigetel6 membranok, melyek tobb
rétegbdl allnak: tartalmaznak egy robusztus HDPE réteget, egy
konnyen aktivalodé nyomadsérzékeny ragasztoréteget, és egy
id6jarasi artalmak ellen védelmet nyujté jarhato réteget, me-
lyet betonozas el6tt eltavolitanak. A mtianyag lemezen talalha-
t6 reagens anyag adott nyomas, a viz és a beton pH értékének
egyiittes hatdsara aktivalédik. A membran a raontétt betonnal
folyamatos kétést alkot molekuldris szinten, és visszatapad a
vasbeton szerkezetre (2.,3. és 4. dbra), ezzel - a gyarto6i adat-
lapok szerint - megakadalyozza a viz vandorlasat a beton és a
szigetelés kozott, és nem engedi a nedvesség és viz beszivarga-
sat a védett térbe.

2. dbra A Preprufe 300R vizszigetel§ lemez tapaddsa
Fig. 2. Bond of the Preprufe 300R membrane

3. dbra A Preprufe 300R vizszigetel6 lemez felépitése [4]
Fig. 3. Structure of the Preprufe 300R membrane [4]

4. dbra A Preprufe 300R vizszigetel$ lemez alkalmazdsa [4]
Fig. 4. Application of the Preprufe 300R membrane [4]

3.1.2. Sikaproof-A [5]

A Sikaproof-A teljes feliileten agyazott mélyépitési vizszigete-
16 anyagrendszer, egy 4j innovacio a lemezes szigetelések terii-
letén. Teljes feliileten tapado, osszetett vizszigetel$ lemez, mely
tomitdéracsbol és nem szovott filecel rétegelt dombornyomott
FPO - rugalmas poliolefin — rétegbdl ll, specialis laminadlt t6-
mitéanyag hald és polipropilén agyazo szovet kasirozassal. Az
agyazo szovet Osszeragad a friss betonnal, igy erés mechanikus
kapcsolat alakul ki (5., 6. és 7. dbra), amely tartos gatat bizto-
sit a szivargassal szemben. A szigetel$ lemez megakadalyozza
a viz behatoldsat, csokkenti a szerkezet vegyi terhelését és e
mellett gdzzarast is biztosit. A lemez esetleges sériilése soran
a viz bejut a szigetelés rétegei kozé, ennek hatasara a kereszt-
racsokban 1év4 anyag duzzadasnak indul, és eltomiti, elzarja a
viz atjat. Ennek koszonhetSen a sériilés és a viz helye lokalis,
igy konnyen megtalalhato és javithatd. Ebbél kovetkezik, hogy
a szigetelés és a beton- vasbeton szerkezet kozott nincs lateralis
vizvandorlds, vizszivargas.
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5. dbra A Sikaproof-A szigetel6lemez tapaddsa
Fig. 5. Bond of the Sikaproof-A membrane

6. dbra A Sikaproof-A szigetelSlemez felépitése [6]
Fig. 6. Structure of the Sikaproof-A membrane [6]

7. dbra A Sikaproof-A szigetel6lemez alkalmazdsa [6]
Fig. 7. Application of the Sikaproof-A membrane [6]

3.1.3. Voltex [7]

A Voltex egy 6ninjektalé bentonit alapt szigetelérendszer
talajnedvesség és talajviznyomas ellen. Szerkezete két réte-
gl geotextilia kozé tlinemezeléssel feliilet-folytonosan bezart
natriumbentonit réteg (8. dbra), amely nedvesség hatdsara
azonnal duzzadasnak indul, ezdltal rendkiviil tomor szigete-
16 réteget alkot. A paplan kornyezetbarat anyagokbol és kor-
nyezetbarat technoldgiaval késziil. A bentonit agyagasvanyai
réteglemezeket képeznek, mely rétegek a nedvességet és a vi-
zet az agyagasvanyok kozé felveszik és megkotik, ezaltal vizzel
torténd érintkezéskor a lemezek azonnal duzzadni kezdenek,
és a rendelkezésre allo teret kitoltve tomorré, vizzarova valnak.
A duzzadas kovetkeztében a kristalyrétegek az eredeti mére-
titknek 8-szorosara is képesek megndvekedni és a lemezekben
1évé bentonit a térfogatdnak 15-szorosére (1500%) is képes
megduzzadni. A bentonit anyagu szigetelések, fugaképzések a
duzzadd nyomas jelenségét hasznositjak.
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8. dbra Voltex bentonitos paplanszigetelés szerkezete [8]
Fig. 8. Structure of the Voltex bentonite sheet [8]

3.1.4. Expert Proof eco

Az Expert Proof eco egy gyors kotésti, rugalmas, bitumen-
mentes, kétkomponensii reaktiv bevonatszigetelés. A folyadék-
komponenst és porkomponenst alacsony fordulatszamu keve-
rével osszekeverve minden tipusu asvanyi alapfeliiletre fel lehet
szorni és kenni. A raéntétt betonnal képes egytittdolgozni, a
visszatapadast a lemez feliiletén talalhatd szilikatkristalyok biz-
tositjak (9. és 10. dbra). Feliileti struktiraja és vegyi Osszetevoi
altal feliilet-folytonosan tud dsszetapadni a betonnal. A rend-
szer tovabbi részeivel még folynak a kisérletek, ilyen példaul egy
megfelelé mechanikai tulajdonsagokkal rendelkez6 hordozoré-
teg meghatdrozasa. Mivel az anyag visszatapad a betonhoz, ezél-
tal besorolhato a szerkezettel egytittdolgozd vizszigetelések kozé.

9. dbra  Expert Proof eco szigetelé anyag a prébakockdn
Fig. 9. Expert Proof eco waterproofing layer on a concrete specimen

10. dbra  Expert Proof eco szigetelé anyag elkészitése
Fig. 10.  Preparation of the Expert Proof eco waterproofing layer

3.2. Tudomanyos kornyezet

A szerkezettel egytittdolgozd vizszigetelések témajaban a
szakirodalom minimalis. A legtobb publikacié féként egy-egy
anyaggal foglalkozik, amely annak koszonhet6, hogy még ke-
vés hasonlo épitési termék van a piacon és a szerkezettel tor-
ténd egyiittdolgozason kiviil tobbféleképpen is csoportositha-
toak a termékek. A kiilfoldi és magyar folyoiratok kozott sok
kiilonbség lelhetd fel, hiszen Magyarorszagon ezek az anyagok
— korabbi kifejlesztésiik ellenére — csak az elmult évtizedben
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jelentek meg. Igy atfogd mi ebben a témaban, ezekkel az anya-
gokkal nincs, ezért valasztottuk ezt kutatasi témdnak.

A szabvéanyok és iranyelvek nem adnak tampontot a lateralis
vizvandorlasi ellenallds mérésére; az anyagokat hidrosztatikai
nyomasra (pl. ASTM D 5385), valamint kiilénb6z6 mechani-
kai igénybevételekre (huzo- ill. szakitészilardsag, nyulas, stb.)
vizsgaljak. Ezeket az értékeket tiintetik fel a teljesitmény nyi-
latkozatokon. Felkutattuk a témahoz kapcsolédé szabvanyokat
(pl. ASTM D 5295), de a tapadasra és a betonnal valé kotésre
nem talaltunk hasznalhato szabvanyositott eljarast. Fontos még
megjegyezni, hogy a Voltex bentonit paplanszigetelés a tobbi

Lo

lemezszigetelés szabvanyaihoz képest sok tekintetben eltéré.

3.3. Kisérletek

Miel6tt a vizvandorlasi ellendllds mérése megkezdédott,
kiilonboz6, azt befolyasold peremfeltételeket és paramétereket
hatdroztunk meg. Legfobb kérdésiink az volt, hogy a laterdlis
vizvandorlasi ellenallast mely tényezék befolyasoljak.
Lehetséges paraméterek: betonmindség, leterhelés modja,
mértéke, hidrosztatikai nyomds mértéke, iddtartama, stb.
Tovabba kérdéses a vizvandorlas sikja, mely a betonban vagy
a két anyag kozott jon létre. Tovabbi kérdés, hogy tonkremen-
nek-e az anyagok, és ha igen, hogyan. Lehetséges-e az anyagok
szakaszos, foltszert alkalmazasa?

3.3.1. Mérés modszere

A mérést hosszas tervezés eldzte meg, mert szerettiik volna a
vizvandorlas jelenségét befolyasol6 valamennyi tényez6t mér-
ni. A BME Epitéanyagok és Magasépités Tanszék laboratériu-
maban rendelkezésiinkre llt a beton vizzarésaganak (MSZ EN
12390-8) vizsgalatahoz hasznalhatd eszkoz, melyhez adaptalni
tudtuk a kisérletiinket (I11. dbra).

/7, A
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11. dbra A szabvinyos eszkozzel végzett kisérlet vizlata
Fig. 11.  Sketch of the standard test

Az eredeti szabvanyos vizsgalat lényege, hogy legalabb 28
napos koru beton probatestet, 75 mm atméréjii korfeliileten
72 oran keresztiil 5 bar allandé viznyomason kell vizsgalni
(12. dbra). Mivel a szerkezet nyomasmérd berendezéssel és
nyomasszabalyozo szeleppel van ellatva, igy szabadon valtoz-
tathatd a probatestre haté hidrosztatikai nyomdas mértéke. Ez
a vizsgalat a beton anyaganak vizzarosagat vizsgalja. Ha a be-
ton feliiletére vizszigetelést helyeziink, az mar vizhatlansdgot
biztosit. Viszont mi a kisérleteink sordan mesterségesen sériilést
alakitottunk ki a szigetelés feliiletén és igy helyeztiik a préoba-
testeket a vizzardsagot vizsgald berendezésbe.

A kisérletet a mind a négy visszatapadd szigetelésen elvégez-
tiik, és kontroll anyagnak egy elasztomer tivegszévet hordo-
z6rétegl bitumenes lemezt valasztottunk. A bitumenes lemez
a tekndszigeteléseknél alkalmazando; ennek langolvasztott
feliiletén feltételeztiik a vizvandorlasi ellenallast.

Fig. 12. Standard water penetration test

3.3.2. Probatestek

Az azonos betonmindségt probatesteket egy betonkeverés-
bél ontottiik ki, elészor C 16/20 majd C30/37 nyomoszilardsa-
gi jellel. Szigetel6anyagonként 2-2 probatest késziilt. Mindkét
sorozatban 4 szigeteletlen kockat ontottiink, 2-2-t az utdlag
késziilé bitumenes szigetelések szamara, 2-2 beton kockét pe-
dig a 28 napos nyomoszilardsag vizsgalat céljabol. Mivel 5 féle
szigeteld anyagunk volt: Voltex, Sikaproof A, Preprufe 300 R,
bitumenes lemezszigetelés és MC Expert Proof eco, és minden
anyagot mind a két minGségii betonnal 2 sorozatban vizsgal-
tuk, emellett mindkét mindségbdl 2-2 szigetelés nélkiili koc-
kat is ontottink, igy Osszesen 24 darab prdbatest késziilt. A
probatesteket 1 nap utdn zsaluztuk ki. Mindegyik vizszigetelés
megfelel6en visszatapadt a betonhoz, igy a kisérleteket az el§-
zetesen megtervezett modon el tudtuk végezni.

3.4. A kisérletek eredménye

A visszatapadé szigetelések mindegyikérél megallapithato,
hogy a Magyarorszagon altalaban el6fordulo, ill. azt joval meg-
halad¢ viznyomdsok hatasara sem Iép fel a lateralis vizvandor-
las. A helyi sériilések kizardlag helyi nedvességbehatolast okoz-
nak, a beton vizzarosagatol fiiggden.

A betonmindség nem befolydsolja az egyiittdolgozas mér-
tékét, a vizvandorldsi ellendllast, illetve a viz vandorldsanak
helyét. A beton atnedvesedését elsésorban a betonmindség be-
folyasolja.

A vizbehatolas tobb eltér6 modon jelentkezett a kiillonb6z6
szigeteléseknél. Egyes esetekben egyaltalan nem indult meg a
viz oldalirany mozgasa (13. dbra), ahol pedig megindult, ott a
betonba is mélyen behatolt a nedvesség (14. dbra). A nedvese-
dés kiillonboz6 alakzatokban jelentkezett, melyek a probatestek
torése utan szemmel lathatoéak voltak. Ezeket az adatokat grafi-
kusan dokumentaltunk [9].

A Kkisérletek soran bizonyitast nyert, hogy a lateralis
vizvandorlds jelensége létezik, és a visszatapad¢ szigetel6anya-
gok ténylegesen ellendllnak a viz oldalirdnyt mozgasanak. Igy
azokban az esetekben, ahol nem indult meg a viz mozgasa, a
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jellegabrabol adododan a betonban sem talaltunk vizet az atszu-
ras ellenére sem. A bitumenes kontrollanyag esetében a viz be-
szivargott, majd a szigetelés és a beton kozott szétteriilt a teljes
feliileten. Ezaltal tapasztalhattuk, hogy mekkora kart tud okoz-
ni a széttertil6 és a betonban felszivddo viz.

A Voltex bentonitos paplanszigetelés esetében a gélesedéshez
bizonyos id¢ eltelte sziikséges, igy kis mennyiségben viz keriilt
a beton és a szigetelés kozé. Miutan a bentonit megduzzadt,
a szerkezet elérte a vizzarosag kovetelményét és ellendllt a viz
oldaliranyt mozgasanak. A 15 cm élhosszisagu probatesteken
5 bar viznyomds mellett sem tortént vizvandorlas. Ez a jelen-
ség felveti, és egyben bizonyitja a lemezek foltszert alkalma-
zasanak lehetGségét. Az ilyen jellegli alkalmazas eldnye, hogy
a lemezek kiilonboz6 segédszerkezetei (toldasokban, élekben,
hajlatokbanelhelyezett részletképzé elemek) is elhagyhatoak.

13. dbra A sériilt szigetelésen dtjutd viz képe a hasitott prébatesten
amikor nincs vizvandorlds

Water penetration in concrete through damaged membrane
- no lateral water movement

Fig. 13.

14. dbra A sériilt szigetelésen dtjutd viz képe a hasitott prébatesten
laterdlis vizvdndorlds esetén

Water penetration in concrete through damaged membrane
- presence of lateral water movement

Fig. 14.

4. Eredmények alkalmazasa a tervezoi
gyakorlatban
Kutatasunk és kisérleteink eredményei alapjan érdemes a

szerkezettel egyiittdolgozo, laterdlis vizvandorlasi ellenallassal
rendelkezd szigeteléseket, hagyomanyos lemezszigetelések és
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vizzaro vasbeton szigetelés mellett 6nallé csoportként kezelni.
Kutatasunk felveti az anyagok foltszer(i alkalmazasanak lehe-
tdségét a munkahézagokban és részletek kialakitasaban. Ez
valoszindsiti az j rétegrendek illetve részletek széles kort al-
kalmazasanak a lehet8ségét. Ahhoz, hogy megfeleld rétegrendi
javaslatokat tudjunk adni, az Gsszes variaciot figyelembe kell
venniink. A mélyépitési szerkezetek és a rendszerezési lehe-
t6ségek szakirodalma jelentésen kiterjedt, igy ahhoz, hogy el
tudjuk helyezni a legujabb kialakitasi lehetdségeket, ssze kell
hasonlitanunk a mar gyakorlatban hasznalt variaciokkal, majd
értékelniink kell azokat.

4.1. Mélyépitési szigetelések
4.1.1. Szigeteloanyagok csoportositasa

Jelenleg a szigetel6anyagok tobbféleképpen csoportositha-
tok: anyag, felhasznélas helye, nedvesség jellege, stb. A nem-
zetkozi gyakorlat a szigetel6anyagokat elsdsorban két csoport-
ba sorolja: vizzar6 - csak annyi nedvesség hatol at, amennyi a
belsé feliileteken, elvaltozast nem okozva elparologni képes -,
és vizhatlan, azaz nem engedi at a vizet. Ezen fogalmak meg-
hatdrozdsa nem pontos, hiszen a vizzarosag jelentésen fiigg
a védett oldal levegéjének pératartalmatdl, homérsékletétdl,
légmozgasatol. Német teriileteken a szigetelés viselkedésé-
nek jellege alapjan kiilonboztetnek meg tomegszigeteléseket
(WeileWanne; pl. vizzard betonbdl késziilt szerkezetek), har-
tyaszertien viselkedd szigeteléseket (SchwarzeWanne; pl. bitu-
menes vagy muanyag lemezes és szort/kent rendszerek) és a
ketté vegyitése, mely tomegszigetelés, azonban hartyaszertien
felhelyezhet6 (BrauneWanne; pl. a bentonitos lemezek) [10].

4.1.2. Vizzaro vasbeton tomegszigetelés

A beton a hasznalati élettartama alatt akkor tekinthetd tar-
tosnak, ha a kornyezeti hatasokbol szarmazé leromlés ellenére
megfelel6 szerkezeti biztonsaggal rendelkezik. A betonkeveré-
kek rendeltetésiik szerint akkor illeszkednek a kdrnyezeti hata-
sokat leir6 kornyezeti osztalyokhoz, ha dsszetételilk megfelel az
x_ megengedett legnagyobb viz-cement tényezd, a c_ eldirt
legkisebb cementtartalom, a legkisebb Cf, _/f,  eldirt beton
nyomoszildrdsagi osztly, V, = megengedett legnagyobb friss-
beton levegStartalom hatarértéknek. A vizzard vasbeton szer-
kezetek teljesitménye elsdsorban két tényez6tdl fiigg: a beton
anyaganak (feliileti) vizzarésagatdl és a munkahézagoknak a

A felilleti vizzarésag fiigg az adott szerkezeti vastagsagtol,
a méretezett vasaldstol (repedéstdgassag korlatozasa), a beton
Osszetételétd], illetve a megfelelé bedolgozastol és utdkezelés-
t6l. A munkahézagok és a kiilonboz8 részletképzések vizza-
résaga fligg a munkahézag profilok meglététél, azok folyto-
nossagatol, a megfelelé bedolgozastol, illetve hogy a részletek
minden pontjaban azonos mindség és teljesitményti legyen a
kialakitds.

A javitasi lehet6ségek lehetnek kiilsé oldaliak a pinceszint
kiasasaval, hagyomdnyos technologiakkal (pl.: lemezes- vagy
bevonat szigetelések). A belsé oldal javitdsa utélagos szigetelési
technoldgiakkal lehetséges, mint példaul az injektdlas, krista-
lyos tomitéhabarcsok, szigetelé iszap bevonatok vagy ragasz-
tott fugaszalagok [12].
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4.1.2.1 Elényok

A vizzaré vasbetonszerkezet 6nmagaban éltalanos eset-
ben jol mikodik. Viszonylag kevés technologiai 1épés, kevés
élémunka igény. A tomegbeton szigetelés a kivitelezés kdzbeni
sériilésekre csaknem érzéketlen. A hiba, beazas helye jol loka-
lizalhatd. Maga a szerkezet homogén - ha eltekintiink az el6re
betervezett munkahézagok szigeteléseitdl - és a vizzarosagnak
koszonhetéen nincs vizvandorlas.

4.1.2.2 Hatranyok

A szerkezet gyenge pontjat elsésorban a munkahézagok és
dilataciok jelentik. A dilataciods szalagok elhelyezése, térbeli foly-
tonossaga sokszor pontatlan. A szerkezet ezen részei a betono-
zas kozben és utdn nem hozzaférhet6k. Mivel a vizzaré vasbe-
tonszerkezet nem egy énmagaban megvasarolhat6 termék, igy
tulajdonsagait mindig befolyasolja az Osszetevék mindGsége, a
kivitelezés. A szerkezet csak vizzar¢ teljesitményigényt elégit ki.

4.1.3. Lemez-, és bevonatszigetelés tekndszigetelés esetén

A hagyomanyos szigetelések lehetnek mtianyag lemez szi-
getelések, bitumenes lemez szigetelések vagy szort, illetve kent
bevonat szigetelések.

A bevonat és a lemezes szigetelés 6nmagaban a talajviz hid-
rosztatikai nyomasat nem képes felvenni, igy a szigetelés szaraz,
belsé oldaldn ellenszerkezeteket alakitanak ki. A szigetelés igy egy
hartya jellegii réteg, amely teknészertien helyezkedik el. A szige-
telés aljzata vizszintes feliileteken szerel6beton, fiiggéleges hely-
zetben szigetelést tarto fal. A védelem érdekében 5-10 cm vastag
védGbeton késziil. Fiigg6leges feliileteken az utolag elkészitett tar-
toszerkezet és a szigetelést tartd fal kozé habarcs hattamaszt ké-
peznek pl. bitumenes lemezszigetelések esetében, vagy kiilonallo
védoréteggel boritjak pl. miianyaglemez szigetelések esetében.

A bevonat- és lemez szigetelések meghibasodasainak 6
oka, a vékony, hartyaszert jelleg és az a tény, hogy a szigete-
1és aljzata az épiilettdl kiilonallé szerkezet. A szigetelést tartd
fal és a szigetelést véd6 beton elkészitése iddigényes, koltséges,
koriilményes. Szomszéd épiilet melletti épitkezés esetén, épii-
letb&vitéskor a segédszerkezetek helyigénye, a szigetelés aljza-
tanak elkészitése problémakat okozhat. Az aljzatnak egyenle-
tes feliiletinek, szennyezddés- és pormentesnek kell lennie.
Amennyiben a szigeteldanyag megsériil és nincs tovabbi gatja
a bedzdsnak, a vizréteg a hatszerkezet és a szigeteld réteg kozott
szétteriil, igy a beazas helye nem lokalizalhato.

A hagyomanyos technoldgidk esetében a talajviz ellen egy
éptilettd] fuggetlen tekndszerkezet oldja meg a szigetelést, vi-
szont e rendszerek alkalmazdsa esetén a szigetelés az épiilet-
burok szerves része. A vizszigetel hartya és az épiilet kiilon-
valasztasa silyos logikai hiba, amely a gyakorlatban szamos
kérdést vet fel, példaul a két szerkezet elmozdulasat egymashoz
képest vagy a szigetelés folytonossaganak kérdését.

4.1.3.1 Elonyok

Hagyomanyos technologia. A kivitelez6k jol ismerik. A szerkezet
kiilon, még a tartdszerkezet betonozasa eldtt ellendrizhetd. Vizhat-
lan, igy porszarazsagi igényt is kielégit. Rendelkezésre allnak kii-
16nboz6 szabvanyok és iranyelvek. A szigetelés teljesitménye nem
figg mas technologiatol (pl. a beton tartoszerkezet mindségétol).

4.1.3.2 Hatranyok

Sok technoldgiai lépés (aljzat, szigetelés, védébeton, vassze-
relés, betonozas stb.), kiillonboz6 brigadok végzik a kiilonboz6
szerkezetek elkészitését. A szigetelés egy kiilonalld szerkezeten
helyezkedik el, nem magan a védendd szerkezeteken. A rétegek
elmozduldsa (elsdsorban a szigetelés aljzata), mechanikai sérii-
lése kockazatot hordoz. A szigetelés pontszer( sériilése a teljes
szerkezet tonkremenetelét, beazasat okozza. A vizvandorlds
miatt a sériilés helye nem lokalizalhato, igy utdlagos javitasa
rendkiviil koltséges, esetenként kivitelezhetetlen.

4.1.4. Szerkezettel egyiittdolgozo szigetelések

Ebben az esetben a szigetelés nem 6nmagaban, hanem a vas-
beton tartoszerkezettel kdzosen vesz részt a nedvesség kiszorita-
saban. Az anyagok kézvetleniil szerel6betonra fektetve vagy fiig-
gbleges sikok esetében a zsaluzatban elhelyezve elkészithetdk,
ez jelentésen csokkenti a szerkezet kivitelezéséhez sziikséges
id6tartamot, helyigényt és a segédszerkezetek koltségét. A be-
tonozas soran a szigetel6anyagok kotést létesitenek a beton hat-
szerkezettel. Mivel a szigetelés aljzatat a vasbeton tartoszerkezet
képzi, igy a szigetelést tartd fal, illetve a véd6beton elhagyhatd.

4.1.4.1 Elényok

A védendd szerkezet a szigetelés aljzata. Egyszerd, rendszerben
elkészithetd részletképzések. Mivel nincsenek kiegészit$ szerke-
zetek (szigetelést tartd fal, véddbeton) a kivitelezés id6tartama
jelentsen rovidiil. Nagy ellenallé képesség a mechanikai igény-
bevételeknek (a vasszerelés a szigetelé anyag feliiletén torténik).

4.1.4.2 Hatranyok

Hasznalatukra nincsenek elterjedt szabvanyok, iranyelvek.
Nincs megfelel§ mennyiségu gyakorlati tapasztalat. A szerke-
zetek fajlagos koltsége nagyon nagy.

4.2. Rendszerezési lehetéségek

Idézziik Dr. Petr6 Balintot Az épiiletszerkezettan és az épiile-
tek tervezése [13] cimii mivébol: ,Napjaink szerkezettervezése
nem algoritmizdlt, csupdn intuitiv folyamat... Csupdn algo-
ritmusok alkalmazdsdra felépitett szerkezettervezési folyamat
teszi lehetévé a funkcio igényelte Osszes hatdtényezd egyiittes,
egyidejii figyelembe vételét, mind miiszaki, mind gazdasdgos-
sdgi vonatkozdsban” Mivel az épitési gyakorlatban szamos
kiilonbo6z6 kovetelmény, igénybevétel fordul eld, ezért ezek
osszehasonlitdsa és egymashoz viszonyitésa rendkiviil sokrétt
lehet. A problémakra igy 6nmagaban nem lehet egyértelmii
valaszt adni, emiatt a felsorolt rendszereket jol bevalt algorit-
musok alapjan vizsgalhatjuk meg:

= holisztikus szemlélet (a jelenségeket, mint az egész és ré-

szei kozotti kapcsolatokat, ezek kolcsonds Osszefiiggéseit
vizsgalo, atfogd szemlélet),

= morfoldgiai szekrény (lényege az Osszes lehetséges meg-

valdsulds figyelembe vétele a munkavégzés sordn; min-
den hat6 tényez6t és azok peremfeltételeit felsorolja, eze-
ket rendszerezi és funkciondlisan vizsgalja),

= teljesitményelvii tervezés (a modszer alapja a szerkezet-

kialakitas miiszaki tényez6inek pl. hatasok, igénybevéte-
lek, kévetelmények, teljesitmények elemzése).
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A vizsgalati modszer alkalmazasat egy tényleges példan ke-
resztil mutatjuk be.

4.3. Rétegrendek

Ahhoz, hogy egy példat ki tudjunk emelni a mélyépitési
szigetelések témakorébél, a kilonbozd peremfeltételeket mar
a feladat elején le kellett hatarolnunk. A legkényesebb szerke-
zetek kivitelezése altaldban magas mértékadé talajvizszint és
nagy hidrosztatikai nyomas jelenléte mellett folyik. A példa
bemutatdsahoz a mélyépités soran leggyakrabbanel6fordulo
funkcidt, egy mélygarazst vettiink alapul, amely magas talajviz-
szint mellett, hdszigetelés és porszarazsagi igény nélkiil késziil
el. Ennek a szerkezetnek kiemeltiik egy koztes fodém-oldalfal
csatlakozasat és egy altalanos helyen felvett lemezalap részletét.

A leggyakrabban alkalmazott, legegyszertibb, legolcsobb
technoldgia a hézagos colopfal, amellyel a munkagodor oldal-
falat megtamasztjak. Az épiilet pincéje egy monolit vasbeton
fallal hatarolt pillérvazas szerkezet, amelynek alapozasa lemez-
alap. Ez egy olyan val6s mintafeladat, ahol a rétegrendet, mint
szigetelési alrendszert onmagaban vizsgalhatjuk (pl. akusztika,
energetika, specialis hasznaldi kovetelmények nélkiil). Fontos
szempont, hogy a minta épiiletet valamennyi mélyépitésben
alkalmazott szigetel rendszerrel meg lehessen valdsitani.

4.3.1. Munkahézag megoldasa vizzaré beton esetén

A - a részletképzések, munkahézagok labirint (kiilsé/belso),
duzzadé vagy fugaszalagokkal késziilnek (I15. dbra). A réteg-
rend a tomegszigetelés elvén mikédik, tehat valamennyi vas-
beton tartoszerkezet vizzaré mindségben épiil meg (lemezalap,
pincefal, kozbens6 fodém).
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15. dbra Munkahézag duzzado vagy fugaszalagokkal
Fig. 15.  Working joint with swellable waterstop profile

B - visszatapado szigetelések keriilnek a szerkezetre foltsze-
rd alkalmazasban (16. dbra). Ebben az esetben a munkahéza-
gok védelmét nem a dilatacios szalagok, hanem a foltszertien
elhelyezett visszatapad¢ szigetelések oldjak meg.

16. dbra  Visszatapadé szigetelések foltszerti haszndlata
Fig. 16.  Application of bonded sealing in patch

4.3.2. Vizzaro betonhoz csatlakozo nem vizzaro szerkezet

A - az athidalas egy kiilsé specialis labirintszalaggal torténik
(17. dbra). A labirintszalag akadédlyozza meg a fodémen keresz-
till a nedvesség bejutasat a védett térbe. Nincs szitkség plusz
hatszerkezetek kialakitasara.
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17. dbra Labirintszalagos dthidalds
17. dbra  Bridging with labyrinth profile

B - foltszertien alkalmazott visszatapado szigetelés (18. dbra).
A foltszer(ien elhelyezett szerkezettel egytittdolgozo szigetelés
hatdsara a fodémnél elhagyhaté a vizzard kialakitds, amely
koltségesokkenést eredményez. A colopfal a munkateriilet
lehatarolasa mellett a szigetelés ideiglenes felfektetésére szolgal.

18. dbra Visszatapado szigetelések foltszerii haszndlata vizzdré
és nem vizzdrd beton hatdrdn

18. dbra  Patch application of bonded sealing at the boundary of watertight
and non-watertight concrete

4.3.3. Nem vizzaro beton és szigetelés kapcsolata

A/1 - Hagyomanyos fal csatlakozas (19. dbra). A lemez a szi-
getelést tarto falra fekszik, a tartdszerkezet és a szigetelés kozé
habarcskitoltést helyeznek.

19. dbra  Szigetelést tarté fal alkalmazdsa
19. dbra  Application of membrane supporting wall
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A/2- Hagyomanyos vizszintes csatlakozas (20. dbra). A szi-
getelést felhordjak az aljzatbetonra, majd erre keriil egy védo-
beton réteg. A vasszerelési munkalatok csak a védébeton meg-
szilarduldsa utdn kezdédhetnek el.
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20. dbra Hagyomdnyos vizszintes csatlakozds
Fig. 20. Conventional horizontal splicing

B/1 - Fuggoéleges falcsatlakozds visszatapado szigeteléssel
(21. dbra). A visszatapad¢ szigetelések lehet6vé teszik a szigete-
1ést tartd fal elhagyasat, a colopfal a munkatertilet lehatarolasa
mellett csak a lemez ideiglenes felfektetésére szolgal a betono-
zas el6tt.

NN

)

MY

AN

21. dbra  Fiiggbleges csatlakozds visszatapado szigeteléssel
Fig. 21. Vertical splicing of bonded sealing

B/2- Vizszintes lemezalap-csatlakozas visszatapado szigete-
léssel (22. dbra). A szigetelést védd beton elhagyhatd, a vassze-
relési munkalatok elvégezhetéek a lemez feliiletén is. Az aljzat-
beton a szigetelés fektetése miatt sziikséges.

22. dbra Vizszintes alaplemez visszatapado szigeteléssel
Fig. 22.  Horizontal foundation floor with bonded sealing

5. Ertékelemzés

Az alkalmazott értékelemzés [13] a technikai megoldasok és
koltségtényezok egyiittes figyelembevételével — a funkcid igé-
nyeinek megfelel6 — optimalis szerkezeti megoldasokat szolgal-
tatja. A modszer [13] kidolgozasa tobb mint hisz éve tortént,
igy a szempontrendszer mar sok helyen elavultnak mondhatoé.
A hasznaldi, gazdasagi, muszaki és kivitelezési kovetelmények

nem valaszthatok el élesen, minden paraméter hatassal van egy
masikra. Igy a szempontokhoz csak egy skaldn val6 értékelést
vezetiink be. Minden szemponthoz stlyozasi szam keriil, me-
lyet a véltozé igényekre a tervezd szabhat meg, ezéltal is segitve
a legjobb megoldads megkeresését egy adott problémara, kér-
désre.

5.1. Az elemzés szempontjai
= Erték
= Koltségteljesités
= Fajlagos bekeriilési koltség
= Felyjitas - karbantartas
= Egyszert kivitelezhetéség
= Meghibasodés gyors lokalizalasa
= Idodllosag - tartossag
= Szakmak/szakipar egyiittdolgozasa
= Munkakozi ellenérzés lehetsége
= Kivitelezés id6tartama
= Egyszerliség, kevés éldmunka igény
= Szerkezet anyagainak vizsgalhatosaga
= beépithet6ség
= anyagcsere, szabatossag
= Szigetelés aljzata
= Fiiggetlenség
= Anyagigény
= Felhaszndlt anyagigény
= Mennyiség
= Rétegszam
= Segédanyagok szama
= Porszdrazsagi igény
= Egyéb talajban talalhat6 szennyezéanyagokkal
szembeni ellenallas
= Mechanikai egyiittdolgozas
= Vizelvezetés, vizvandorlas
= Hiba esélye, valdsziniiség
= Kockazati elemek
= Szdma
= Silya
= Idé6jaras figgsség

6. Osszegzés

Kutatdsaink eredménye, hogy a vizsgilt anyagok sok szem-
pontbol eltérdk és csak egyes kiragadott tulajdonsagaik alapjan
sorolhatok csoportokba. A hatdsokbdl generalt igénybevételek
és a funkciobdl adddé kévetelmények felsoroldsa, szambavé-
tele a tervezés legalapvetdbb folyamata. Az ebbdl kialakitott
osszehasonlitasi szempontok stlyozasa a tervezdi dontés-els-
készitésnek az egyik legfontosabb lépése. A sulyszamok fela-
datfiiggok, igy akar egy-egy tulajdonsag megléte is meghata-
rozhatja a szerkezetvalasztast. A kiemelt paraméterek mellett
meégis lényegesek az aprobb, a késébbiekben esetleg jelentds
problémava valé szempontok is.

Tanulmanyunk azt emeli ki, hogy a piacon jelen 1évé ter-
mékek, rendszerek kategorizdlasa szélmalomharc, mivel a
technoldgiai fejlddés jelentdsen felgyorsult és eltéré felépitésii
anyagok mutatnak hasonlé tulajdonsagokat. A tervezési algo-
ritmust a probléma és a megoldas fogalmai koré kell szervez-
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ni. Kutatdsunk a 2013-ban bevezetett Epitési Termék Rendelt
CPR rendszer alkalmazasahoz illusztral egy dontés-elokészitési
és értékelési modszert. A sulyszamok feladatfiiggék, minden
egyes esetben barmelyik felsorolt tényez6 lehet a legfontosabb
egy adott problémadra. A témafelvetés, mint jelenség azért fon-
tos, mert bizonyos anyagoknak, amelyek nem esnek egy ka-
tegoriaba, mégis Osszehasonlithatok valamilyen tulajdonsag
alapjan, amely adott esetben lehet annyira fontos, hogy felilirja
a jelenlegi rendszert.
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Megkoszonjilk név szerint az 6sszes gyartd vagy forgalmazo
cég képviseldinek, akik valaszoltak megkeresésiinkre és a t6lik
kapott anyagokon kiviil tapasztalataikkal, tudasukkal valamint
kérdéseikkel elorevitték kisérletiinket. Eztton koszonjikk
Keszler Andrasnak, Szabd-Turak Davidnak, Vig Csabanak
(Bau-haus Kft. - Voltex), Baksy Léaszlonak, Bors Léaszlonak,
Pethd Csabanak (MC-Bauchemie - Expert Proof eco), Piri
Antalnak, Vajnané Zonda Jalidanak (Isoprof — Grace Preprufe),
Mihalyi Istvannak, Toéth Laszlonak (Sika - Sikaproof A) és
Mariass Laszlonak (Icopal-Villas - Elastovill SBS mod. bitume-
nes lemez).
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Abstract

Concrete imposes a significant effect on the environment due to the production of its
components. Hence the direction today is targeted towards construction demolition waste
and the methodology of enhancing the quality and quantity of recycled aggregates. This paper
evaluates the implementation of crushed brick as coarse and fine aggregate for the replacement
of natural aggregate in two separate water absorption conditions (7% air-dry and fully moist
aggregates). The waste of crushed bricks was sieved and re-mixed in order to obtain the required
gradation fractions (0-4; 4-8; 8-16; 16-32 mm). In different percentages, natural coarse and fine
aggregates were substituted by crushed bricks aggregates (0, 55 and 75%). Laboratory tests
were performed at the BME, Department of Construction Materials and Technologies. Aim of
the study is to examine some concrete properties (compressive strength, surface hardness and
watertightness) for both natural and recycled aggregates implementation. Results indicate a
maximum reduction in compressive strength for fully saturated cases, higher reliability in case of
7% saturation for rebound values and a higher level of water penetration for maximum recycled
aggregate application for fully saturated cases.

Keywords: concrete, compressive strength, recycled aggregate, degree of saturation, surface
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hardness.

1. Introduction

Nowadays the evolution of the construction industry demands
higher amount of raw materials and results more demolition
waste. According to Eurostat, the construction demolition
waste produced in Europe is estimated to be app. 970 million
tons/year (Sonigo et al, 2010). Hence, the building demolition
market is increasing gradually to meet mainly economic
requirements. Waste contamination and density is the starting
point of the estimation of cost for waste operators. For instance,
the delivered price to the waste operators for clean aggregate
starts from 5.5 euro/ton up to 129 euro/ton for contaminated
aggregate based on bulk loose densities of 200 kg/m®. Thus,
the cost stimulates more the recycling industry and challenges
more the deconstruction techniques (Lourengo, 2007).
Concrete is the most common material used in construction
industry, but it is not considered environmentally friendly due
to the use of naturally produced aggregates and high volume
of primary energy by producing of cement as binder material.
Since aggregates cover almost 75 V% of concrete constituents
(Pekar, 2013a; 2013b; 2013c), the focus today is to standardize
and provide reliable recommendations for the application of
recycled aggregates (RA). Also, limitations and reliability of
crushed bricks must be considered in terms of impurities, water
absorption and other properties (Nemes, Torok, 2014; Nemes,
2015). An investigation regarding physical and mechanical
properties of concrete made with and without RA and natural
aggregate (NA) is the target of this paper. Compressive strength,
surface hardness and watertightness were studied during the
experiments.
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2. Experimental procedure

2.1. Materials

Danube aggregates, crushed bricks aggregates, natural sand,
slag cement, tap water and polycarboxylate-based high range
water reducing admixtures were applied as raw materials to
produce concrete mixtures. Local natural sand and recycled
bricks powder is used as fine aggregates with a fraction between
(0-4 mm). A fixed proportion of particle size distribution is
divided as 45% (0-4 mm), 12% (4-8 mm), 30% (8-16 mm),
and 13% (16-32 mm) by weight, respectively. Crushed bricks
were used as coarse aggregates with a maximum particle size of
D_, =32 mm. Regarding physical properties, specific gravity of
NA and RA are 2.65 and 1.95 g/cm’, respectively.
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Fig. 1. Grading of natural and recycled aggregates.
1. dbra  Természetes és tijrahasznositott adalékanyagok szemeloszldsa.
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Lafarge CEM III/B 32,5 N — LH/SR was used in the concrete
mixtures. It has a special characteristic of low heat of hydration
and sulphate resistance. New generation high range water
reducing admixture (Sika ViscoCrete) was applied. It is an
aqueous solution of modified polycarboxylates. In this study,
a total of ten concrete mixtures were prepared with various
conditions. Grading curves are represented by Fig. I and
the water-to-cement ratio was constant (w/c = 0.5). For the
aggregate types the following nomenclature is used: natural
gravel (NG), recycled gravel (RG), natural sand (NS), recycled
sand (RS). The aggregate content and saturation degree were
variable parameters. For more details, mixture proportions are
shown in Table 1.

Mix NG (%) RG (%) NS (%) RS (%) Agg. volume (I/m?)
C1A* 0 100 100 72.2
C2A* 0 100 100 68.2
C3A* 0 100 55.55 44.44 72.2
C4A* 0 100 55.55 4444 68.2
C1B** 0 100 100 72.2
C2B** 0 100 100 68.2
C3B** 0 100 55.55 44.44 72.2
C4B** 0 100 55.55 44.44 68.2
c1 100 0 100 72.2
c2 100 0 100 0 68.2

*: 7% water saturation
**:100% water saturation

Table 1. Concrete mixture composition
1. tabldzat. Betondsszetételek

2.2. Testing procedure

Several techniques of evaluation were executed in order
to understand the behavior of the material properties.
Nondestructive tests assessment in which N-type Schmidt
rebound hammer was applied to record the rebound value. The
rebound hammer test was carried out in horizontal direction
on 11 different points located at the tested area while surfaces
perpendicular to the direction of the test were fixed from both
sides. It was directly followed by the compressive strength test
using Form-Test Alpha 3000 universal testing machine with a
load capacity of 3000 kN. The rate of loading was fixed to 11.25
kN/s. According to referred protocol (EN 12504-2), specimens
corresponding to 150 mm size cubes were evaluated at the
ages 7 and 28 days. Watertightness test was performed based
on EN 12390-8 standard. At 28 days, 150 mm size cubes were
tested under water pressure (5 bar) for 72 hours. After the test,
specimens were split in half and the maximum depth of water
penetration was recorded to the nearest mm.

2.3. Fresh concrete properties

In overall, almost all the tested mixes show an eflicient
workability, no segregation or bleeding were noticed while
performing the slump test. The slump of the fresh concrete
was measured according to EN 12350-2 standard. Based on
the results recorded in Fig. 2, a variety of 52-59 cm slump
values are obtained where it has been planned earlier to keep

a range of (50-60 cm). However, regarding C2B mixture
which is considered fully saturated, a peak of 70 cm slump
was observed. Concrete mixtures where RA was applied, a
moderate reduction in weight of 11% was found for the fresh
wet density with respect to the NA concrete mixtures. For
more observation, Fig. 2 illustrates all the cases.
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Fig. 2. Fresh wet density and slump measurements for different mixtures
2. dbra. Frissbeton teststirtiség és roskadds erdmények

2.4. Hardened state
2.4.1. Compressive strength

The compressive strength values with respect to recycled
aggregate content of all concrete mixtures are presented in Fig.
3. Obviously, the higher the amount of recycled aggregate used,
the lower the compressive strength of concrete.
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3. dbra

Concrete compressive strength variation with recycled aggregate substitution
Ujrahasznositott adalékanyaggal készitett betonok nyomészildrdsdga

At the age of 7 days, concrete mixtures with RA exhibit an
average decrease of 22% in compressive strength with respect
to normal concrete mixtures. On the other hand, an average
decrease of 35% in compressive strength is corresponding
to the age of 28 days. In order to understand the behavior for
each case, partially and fully saturated cases were separated as
shown in Fig. 4. At the age of 7 days, fully saturated mixtures
indicate a significant descending branch to reach 122% drop in
compressive strength at the maximum rate of RA substitution.
However, in case of 7% degree of saturation, a slight increase of
14.2% in compressive strength is reached at maximum rate of
RA substitution. The explanation of the latter behavior is mainly
related to hydration and effect of the water content to the curing
process and water-to-cement ratio. Yet, due to the excess amount
of water in fully saturated case, the bond between the recycled
aggregate and cement matrix is weakened, creating a high local
w/c in the vicinity of the particles (Poon et al, 2004). At the age
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of 28 days, fully saturated mixtures show a noticeable variation
in strength, reaching 107% drop in compressive strength at
the maximum rate of RA substitution. In case of 7% degree of
saturation, insignificant decrease of 13% in compressive strength
is reached at maximum rate of RA substitution. To justify the
behavior of 7% partially saturated condition, the cement content
from mortar residue of crushed bricks already applied as sand
material played an important role in increasing the cement
content. The absorption of RA enhances the decrease in the
water-to-cement ratios yet obtaining a relatively high strength
with high amount of RA substitution.
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Fig. 4 Concrete compressive strength variation with recycled aggregate substitution
for separate saturation conditions
Beton nyomészildrdsdg vdltozdsa az tijrahasznositott adalékanyag
mennyiségének és telitettségének fiiggvényében
*: 7% water saturation
**: 100% water saturation

4. dbra

2.4.2. Surface hardness

Many factors directly affect the rebound hardness such as
mixtures components (aggregate type and content, cement
type), or the member characteristics (density, surface texture,
age, mass and others). In this study mainly the aggregate type
and condition is taken into consideration (Bungey, 1982;
Szilagyi, Borosnydi, 2009; Szildgyi et al, 2011). Fig. 5 shows
that 7% saturated mixtures are more reliable toward the linear
function by Hobbs and Kebir (proposed for NA concretes with
w/c = 0.5 and 350 kg/m* CEM 42.5 N cement content) with
respect to fully saturated cases (Hobbs, Kebir, 2006). This is due
to water reduction in concrete mix that results an improvement
of the resistance of concrete surface.
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Fig. 5. Rebound value vs. compressive strength of all concrete mixtures
5. dbra  Schmidt kalapdcsos visszapattandsi értékek és nyomoszildrdsag osszefiiggések
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2.4.3. Water penetration under pressure

Compared to those of the control mixture C1 and C2, depth
of water penetration under pressure of RA mixtures increased
with increasing replacement level of RA up to 136% in average.
This effect is due to the higher porosity of the RA than that
of the NA (Pankhardt, 2001; Pankhardt, Nehme, 2002; Jani et
al 2010). However, in the comparison between fully saturated
and 7% saturated concrete mixtures, le latter perform a higher
average penetration depth by 108%. For more information, Fig.
6 illustrates average penetration depth of each case separately.
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Fig. 6. Penetration of water under pressure for all concrete mixtures
6. dbra Nyomds alatti vizbehatolds mértéke a vizsgdlt betonokon

Penetrationdepth (mm)

3. Conclusions

Based on the present investigation concerning the effect of
coarse and fine crushed bricks as aggregate in concrete mixtures
in different levels of saturation, the following conclusions can
be drawn:

= In comparison with natural aggregates, recycled brick

aggregates hold a lower bulk density value and a higher
water absorption.

= Fresh wet densities of crushed bricks concretes show

lower value of an average of 11 % with respect to
natural aggregate concrete.

= Compressive strength of crushed bricks concretes in

case of fully saturated aggregates exhibits a noticeable
decrease of 107% with respect to natural aggregate
mixtures at 28 days.

= Relationship between compressive strength and

rebound value for both fully saturated and 7% saturated
aggregates was found to be linear in the tested range.

= Watertightness test confirms that higher penetration

depth occurs due to the higher porosity, mainly in fully
saturated case.
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Ujrahasznositott adalékanyagok telitettségi fokanak
hatasa a betontulajdonsagokra

A cikkben a szerzok azt vizsgaljak, hogy milyen hatast gya-
korol az Ujrahasznositott, tort tégla adalékanyag a betonok
jellemzoire, illetve, hogy az Ujrahasznositott adalékanyag
viztartalma hogyan befolyasolja az alkalmazhatésagot. Két
eltérd viztartalmi allapotot tanulmanyoznak: a Iégszaraz al-
lapotot (amely 7 m% viztartalmat jelent), illetve a viztelitett
allapotot. Az Ujrahasznositott adalékanyag szitalassal sziik
frakciokban kerllt adagolasra: 0/4 mm, 4/8 mm, 8/16 mm és
16/32 mm frakciok késziiltek. A természetes finom és durva
adalékanyag 55 és 75 V%-at helyettesitették Gjrahasznositott
adalékanyaggal. Vizsgalt betontulajdonsagok: nyomészilard-
sag, fellleti keménység, vizzardésag. A vizsgalatok eredmé-
nyei szerint a legnagyobb szilardsagcsokkenést a viztelitett
adalékanyag alkalmazasa eredményezi. A Schmidt-kala-
pacsos visszapattanasi érték és a nyomészilardsag kozott
linearis 0sszefliggés kaphato a vizsgalt tartomanyokban. Az
Ujrahasznositott adalékanyag nagyobb porozitdsa miatt a nyo-
mas alatti vizbehatolas mértéke nd, a vizzarésag ezzel romlik.
Kulcsszavak: beton, nyomoészilardsag, UGjrahasznositott
adalékanyag, telitettségi fok, fellleti keménység.
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Abstract

The appearing of modern point fixed glass fagade system was a big step in the development of the
facade planning industry. However the application of steel surfaces has been constantly reducing
in the last decades. Nowadays the fagades consist of fast glass material including a small part
of steel material. Safety is a primary requirement in every building material especially for glass
materials. Laboratory experiments were carried out in the BME, Department of Construction
Materials and Technologies to analyse the behaviour of point fixed glasses with pull-out test under
quasi-static load. Strain, applied force and vertical displacement of the specimens were recorded.
Single and laminated glasses were analysed with two different lengths. Based on the laboratory
results, the authors recommend the most appropriate glass type for the point fixed glass facades.

Keywords: glass, point fixing, pull-out test, glass facade

1. Glass facades

Glass is considered not only a household material but it is also
applied in facades or in load bearing elements like columns,
floors or even bridges. The application of this material started
to be more popular in design, however, there is no Hungarian
standards for design. Only examples, technical directives and
unofficial methods are available. Engineers have to take into
account the specific properties of glass during the design [1,2].

This article focuses on the glass facades, especially on
the mechanical connection between the glass and point fix
connectors. The point fixed glass behaviour was studied
under quasi-static load which characterises the wind pressure.
Authors aim to develop an accurate and safe calculation
method for the point fixed glass fagade structures.

2. Experimental procedure

Laboratory experiments were carried out on point fixed
glasses at the BME Department of Construction Materials and
Technologies. Glass types and sizes are introduced in Table 1.
Point fix connector was pulled out from the glass hence in the
middle of the glass was located a bore hole with 20 mm diameter.
The load bearing capacity (displacements, strain, loading force)
was recorded during the loading. Strain gauges were applied
near to the bore hole on the tensile side of the specimen in two
different directions which were perpendicular to each other.

The test parameters of glass specimens were the followings:
=  Constant parameters

= Rate of loading: 0.5 mm/min

= Width of the glasses 360 mm

= Point fix connector: R50SSS

= Interlayer material: EVA, 0.38 mm

= Test arrangement.
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= Variable parameters

= Type of the glasses: Float, TVG (heat
strengthened), ESG (tempered)
= Nominal thickness: single layer: 6 mm, 12 mm,

laminated: 2x6 mm

= Length of the glasses: 460 mm, 860 mm.

Float VG ESG
360x460 6 2 3 2
12 2 - 5
6.6 1 2 2
360x860 6 2 2
12 1 - 5
6.6 2 4 2

Table 1 Amount and type of the glass specimens

1. tablazat Uveg probatestek tulajdonsdgai

Fig. 1 Experimental test set-up
1. dbra  Kisérleti elrendezés
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Fig. 2. Experimental test set-up. 1- Steel plate; 2- Glass specimen; 3- Steel cylinder supports; 4- Instron bottom cross-head,
5- Threaded rod; 6- Angle steelbar; 7. Point fix connector; 8- Threaded cylinder steel, 9- Rubber, 12- Displacement transducer
2. dbra  Kisérleti elrendezés: 1- Acéllemez; 2- Uveglap; 3- Acélhenger megtdmasztds; 4- Instron alsé keresztfej, 5- Menetes szdr;
6- Szogacél; 7. Pontmegfogo szerelvény; 8- Menetes acélhenger, 9- Gumi, 12- Utadé

2.1. The experimental test set-up

The specimens were loaded with the use of Instron 5989
universal testing machine until fracture. In case of laminated
glasses, the loading was sustained after the first fracture
until the fracture of the second layer. The loading force and
the displacement of the bore hole / point fix connector
were recorded by Bluehill software. Vertical displacement
transducer is shown in the right side of Fig. I which measured
the edge deflections. It is located 10 mm offset from the edge
of the specimen.

Fig. I and Fig. 2 show the experimental test set-up. Obviously
the test set-up is a simply supported structure. A 5 cm thick
steel plate was screwed to the bottom cross-head which had
enough bending resistance. The cylinder steel supports were
fixed to the steel plate in which they were adjustable into two
different distances (360 and 720 mm). The point fix connector
was fixed into a stiff steel plate which was pulled by the Instron
upper cross-head. The bore hole was positioned in the middle
of the specimens. Hardness of Shore A 80 rubber was used for
damping between the glass and steel. Beside this test set-up,
the upper surface of a single layer glass was tensioned and the
bottom surface was compressed.

Angle steel bar was applied in longitudinal direction to
avoid the horizontal displacement of the supports. The ends of
specimens are consoles (without loading) and the supports are
perfectly hinged, hence the glass has free angular displacement
around of the supports. The rate of loading was 0.5 mm/min
and the pull force was directed vertically and upwards.

Silicone rings separated the glasses from steel at the point
fix connector, and plastic ring was applied around the screw
in the bore hole, hence the glass was protected everywhere in
the test set-up from the direct contact with the steel (Fig. 3).
Displacements were recorded during the loading including the

displacement due to the elastic rubber. Before starting test, a
calibration measurement was performed and a stiff steel plate
was applied instead of the glass specimen. After the loading
of the glass specimens, the difference was extracted from
the measured displacements. This method resulted the real
displacements.

950

M10x50 9%

Fig. 3 Pont fix connector head - R50SSS, CDA [3]
3. dbra Pontmegfogé szerelvény - R50SSS, CDA [3]

3. Experimental results and calculation

3.1. Edge work defects

Cracks are formed in glass where the volume of edge defects
and the level of tensile stress are higher [4]. Fig. 4 illustrates
microscopic observations of 50x magnified regions in which
the edge works and defects were analysed. Glass defects were
obtained by the digital software of DinoCapture at the bore
holes and edges.

The cracks were propagated from the defects of the bore
holes until the glass edges. The load bearing capacity depends
significantly from the type of glass failures (the depth of
scratch, the amount, the density) [4]. It results even hundreds
of Newton differences between the tested glass specimens.
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Fig. 4 Bore holes and edge defects at 50x magnification.
4. dbra  Furatlyuk és él megmunkdldsi hiba 50 szeres nagyitdsban

3.2. Results of load - displacement relationship

The measured vertical displacements (at the bore
holes and at the edge) are quite similar in case of
360x860 mm single layer fully tempered glasses (large ones)
with 6 mm thickness. There is no significant variation of that
and even it is 0.26 mm at the fracture moment. However, this
difference is significantly higher (74 %) in case of 360x460
mm single layer fully tempered glasses (smaller ones). This
decrease can be obtained in case of 12 mm and laminated
glasses consisted of 2x6 mm fully tempered glass layers. This
difference of the examined glasses is similar. In conclusion,
the edge displacements of glasses decreased if the length of
glass specimen are reduced comparing it to the displacements
measured in bore hole regions (Fig. 5).
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Fig. 5 Bore holes and edge displacements in case of 360x860 (left), 360x460 (right)
sized fully tempered glasses, 12 mm
5. dbra Pontmegfogé szerelvény (furatlyuk) és él menti elmozduldsok dsszehasonlitdsa
Edzett 12 mm vastag iivegek esetén bal: 360x860, jobb: 360x460

Fig. 6 introduces force and vertical displacements in case
of fully tempered glasses with respect to different thicknesses
and sizes of specimens. The highest displacements occurred
in case of 6 mm thick single layer fully tempered glasses (5.59
mm). In case of float glasses the maximal displacement was
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1.64 mm and it is 4.58 mm at TVG. The heat strengthening
procedure can improve the load bearing capacity of the glass.
The slope of the curve of 360x460 mm laminated glasses after
the fracture of the first glass layer is similar to that of same
sized single layer glass consisted 6 mm glass. That of can be
obtained in case of larger sized glasses as well. It means that the
fractured glass layer has no significant load bearing function in
the laminated glass.
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Fig. 6 Load and vertical displacements in case of fully tempered glasses
6. dbra Edzett iiveglapok terheld erd és fiiggdleges elmozdulds diagramon

3.3. Finite element model

A finite element model was created to analyse the laboratory
results. In the future studies, the authors plan to formulate a
more accurate model where the influence of damping materials
(rubbers, silicon) is going to be taken into account as well.

The vertical displacements of the bore hole and the edge
point were different based on the finite element results of small
specimen (360x460 mm). However, this difference was not
obtained in case of the larger size specimens (360x860 mm)
(Fig. 7). The mean displacement differences of the model and
experimental values are introduced in the Table 2.

Fig. 7 Left: 6 mm, 360x860 mm glass table deformation. Right: 6 mm, 360x460 mm
glass table deformation
7. dbra Bal kép: 6 mm-es nagyméretii tabla elmozduldsa, jobb kép: 6 mm-es
kisméretii tdbla elmozduldsa

360%x460 mm, 6 mm thick ESG

Model values Experimental

[mm] values [mm]
Deflection at bore hole 5.64 5.6
Edge deflection 4.54 4.6

360x860 mm, 6 mm thick ESG

Model values
[mm]
20.33

Experimental
values [mm]

20.34

Deflection at bore hole

20.27

20.29

Edge deflection

Table 2 Comparing the model and the laboratory results
2. tabldzat FEM és laboratdriumi eredmények Gsszehasonlitdsa
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4. Conclusions

Laboratory experiments were carried out on point fixed
glasses. The behaviour of glasses was examined by pull-out test.
Cracks are formed from the bore holes based on the laboratory
experiments. The edge deflection of the glass depends on the
length of specimen based on the force - vertical displacement
diagrams. The difference between the edge and bore holes
displacements were influenced by the sizes of the glass
specimen.

In conclusion, if the glass plates were loaded in a larger area
(of 360x860 mm), than two or three times higher displacements
occurred and the load bearing capacity decreased by 50 %
like in the case of smaller 360x460 mm glass plates. The load
bearing capacity of the tested glasses depends on the level of
heat strengthening (TVG/ESG).

A finite element model was created to analyse the laboratory
results. The differences between displacements measured in
edge and bore holes regions decreased with the increase of size
of glasses from 360x460 mm up to size of 360x860 mm.

The fully tempered and heat strengthened glasses are the
most applicable glasses for use in glass fagade according to
the results in aspect of the safety and load bearing capacity.
It should be mentioned that in case of using only tempered
glass layers the glass panes do not have residual load bearing
capacity. The Young’s modulus of glasses is not affected by heat
treatment based on the laboratory results.
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Pontmegfogasu livegek laboratoriumi vizsgalata

A modern pontmegfogasi Uveghomlokzati rendszerek
megjelenése nagy Ujitas volt a korabbi strukturalis hom-
lokzatképzésekhez képest. A homlokzati szerkezetekhez
felhasznalt acél felliletek mennyisége jelentésen lecsdkkent
az elmllt évtizedekben. A BME Epitdanyagok és Magasépi-
tés Tanszék laboratériumaban kisérleteket végeztiink, ahol
pontmegfogasu Uveghomlokzatok pontmegfogd szerelvény
kiszakitasat vizsgaltuk a felliletre merblegesen, reprezen-
talva egy pontmegfogd kdrnyezetében az lveg viselkedé-
sét. Kisérleteinkben mértiik az Uveglapok elmozdulasat,
alakvaltozasat és a felvett erdt. A kisérleti eredményeket
monolitikus és tobbrétegli Uvegek esetében is kiértékeltlk.
Az eredmények alapjan megallapitasokat tettlink, milyen ti-
pusuy Uvegek alkalmazasa a legmegfelel6bb a homlokzatot
érd igénybevételek elviselésére.

Kulcsszavak: Uveg, pontmegfogas, kihlGzd vizsgélat, Uveg
homlokzat
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Opportunities in recycling AAC waste
as aggregate for lightweight concrete
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Abstract

The conscious waste handling is getting more important world-wide. In the past fifteen years
several detailed decrees and regulations were issued, dealing with this topic. The independent
category of industrial waste of the construction industry is about 15-years old as well. In
our research, the opportunities in recycling autoclaved aerated concrete (AAC) waste were
investigated. AAC is a rather young building material, compared to the ancient ones, e.g.
concrete, wood, or natural stone. The first factory, producing this material, was founded in 1929,
in Sweden, and the first one in Hungary in 1963 (at Kazincbarcika). The following question has
been raised: What is going to happen with the large amount of AAC building elements (mainly
in family houses) when they reach their design lifetime, and are to be demolished, creating AAC
waste? In our research, different ways for recycling this material were investigated. Our theories
were confirmed by laboratory tests. Our ultimate task was to develop some new, useful concrete
products, made from AAC waste. In the past 3 years, two research phases were finalized, both
for different purposes of use. In the first phase, load bearing and insulating lightweight concrete
mixtures with crushed AAC aggregate have been made. In the second phase, the mixtures were
designed for vertical covering applications. Laboratory tests were made according to European
and Hungarian standards.

Keywords: Autoclaved aerated concrete (AAC), cellular concrete, building industrial waste,
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1. Introduction

Waste-handling is a term, which has higher and higher
importance in both jurisprudence and technical science. The
first EU regulation, which has dealt with the topic in-detail, was
published in 2000 [1]. The Hungarian government took this
EC decision as a base to issue the first detailed national decree
about building industrial waste, after joining the European
Union in 2004 [2]. The operative regulation [3] contains both
compulsions and concessions. Today it is compulsory to use
recycled building materials above a limited investment value
(defined in the regulation). However, many extra terms and
financial support can be received in procurement processes,
according to green considerations. Due to this, several research
were targeted to study the recycling of communal and industrial
wastes in Hungary as well [4,5,6]. About lightweight aggregate
concrete (LWAC) made with crushed autoclaved aerated
concrete (AAC) there have been few researches published
yet, but there were some successful e.g. for clinker production
[7], and in testing of traditional screed for floorings [8], or
stabilized sand insulating concrete [9].

Our research was started at the Budapest University of
Technology and Economics, Department of Construction
Materials and Technologies in 2012.When looking for a topic
for our research, our main aim was to choose some building
material that is well-known world-wide, however, only few
researches are dealing with its recycling opportunities. AAC
perfectly met these requirements. This young building material
is produced since less than a hundred years. The first buildings,
made of its earlier version (aerated concrete, AC) are about
to reach their design lifetime, therefore, large amount of AC
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waste can be expected to appear in the next decade. Recycling
options should to be developed, supported by laboratory tests
and results. This is the first step to give a new product that can
be applied in the construction industry.

2. Experimental studies

In the last three years two different research phases were
completed in our laboratory - both for different purposes of use.
In the first phase, load bearing and insulation LWAC mixtures
were made. In the second phase, the mixtures were designed
for vertical covering applications. Detailed information about
the design parameters, and the test results are given in Table 1.

The mixtures, made in the first research phase (load bearing
and insulation purpose), were tested according to European
standards for apparent (body) density, compressive strength
(EN 12390-3), watertightness (EN 12390-8) and thermal
conductivity (ISO 8302). The mixtures, designed for vertical
covering purpose (second research phase) were treated and
tested as artificial stone. Apparent (body) density, compressive
strength (EN 14617-15), flexural-tensile strength (EN 14617-
2), impact resistance (EN 14617-9), freeze-thaw resistance (EN
14617-5) and thermal conductivity (ISO 8302) were studied.

The type and the dosage of the used cement were chosen
depending on the planned application. For the load bearing
mixtures, a CEM III was chosen - our primary target was cost
and ecological effectiveness. The mix design of LWAC targeted
to provide paste saturated mix [10]. In the second research
phase, when the mixtures were designed for covering purpose,
the top priority was aesthetical appearance. For this purpose
CEM 1 type was chosen and coloring pigments were added
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to the mixtures as well. The dosage was planned according to
reference recommendations [11] [12] [13].

We prepared the AAC waste for suitable aggregate to
lightweight concrete by a jaw crusher. After one crushing
period, particle size distribution was tested. The results showed
that the produced particle size distribution is in the II. quality
class according the recent Hungarian regulations (MSZ 4798)
(Fig. 1), therefore itis suitable for concrete aggregate without any
addition of conventional aggregate. In the first research phase
we used this one-phase-crushed bulk as lightweight aggregate.
The maximum particle size was 16 mm. In the second research
phase, to reach the highest compressive strength possible with
the selected cement dosage, the bulk was sieved into six, sharp
graded fractions (0/0,25 mm; 0,25/1,0 mm; 1/2 mm; 2/4 mm;
4/8 mm; 8/16 mm - Fig. 2). The fractions were added into the
mixtures according to limit grading curve B according the
recent Hungarian regulations (MSZ 4798).
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Fig. 1. Particle size distribution curve
1. dbra  Szemeloszldsi gorbe

After a half year of storage, map surface cracking of the
specimens was observed, made in the first research phase. For

1%t research phase

this reason, we decided to add PP fiber addition to the mixtures
in the second phase, to prevent the formation of shrinkage
cracks on the surface of the specimens [11] [12] [13].

Fig. 2. Sieved aggregate frections
2. dbra  Szitdlt adalékanyag frakciék

3. Discussion

3.1. First research phase - general

According to the test results of the first research phase, it
can be postulated that the tested mixtures can be applied as
vertical load bearing structures of a multi-level building. Based
on the compressive strength results, we recommend using the
designed mixtures in building blocks (Table I). The masonry
mortar, necessary for walling, can be manufactured from the
AAC waste (with fractions under grain size of 1 mm) as well.
According to our watertightness test results, the mixtures can
be applied to subsoil parts of such buildings as well - this is an
advantage to other common blocks, which are available on the
market.

2" research phase

Grain size distribution Class Il (MSZ 4798)

15t mixing stage
Curve B (MSZ 4798)

2" mixing stage
Curve B (MSZ 4798)

(MSZ 4798)

Cement type CEM I BS 42.5N (V) CEM 152.5 N (grey) CEM | 52.5 N (white)
Cement dosage 500-650 kg/m? 350-450 kg/m? 350-450 kg/m?
Water-to-cement ratio 0.55 0.4 0.4

PP fibers - 1.5 kg/m® 1.5 kg/m?
Coloring - 5 m% (to cement) 5 m% (to cement)

Apparent (body) density 1380-1450 kg/m?

1250-1350 kg/m?

1250-1350 kg/m?

Compressive strength 12-16 N/mm? 6-9 N/mm?2 2.5 N/mm?
(EN 12390-3, EN 14617-15)

Thermal conductivity 0.39-0.45 W/mK 0.28-0.36 W/mK 0.28-0.36 W/mK
(1ISO 8302)

Watertightness XVA(H) - XV2(H) (MSZ 4798) n.t. n.t.

(EN 12390-8)

Flexural-tensile strength n.t. 1.5-2.5 N/mm? 0.6-0.8 N/mm?
(EN 14617-2)

Impact resistance n.t. 45-55 mm 25-30 mm
(EN 14617-9)

Freeze-thaw resistance n.t. not resistant not resistant

(EN 14617-5)

Table 1. Design parameters and test results (n.t.: not tested property)
1. tdbldzat ~ Tervezési paraméterek és vizsgdlati eredmények (n.t.: nem vizsgdlt jellemz6)
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3.2. Second research phase - general

According to the test results of the second research phase,
it can be postulated that the designed mixtures are suitable
for indoor vertical covering applications — as mounted panels
or as monolithic concrete wall. Freeze-thaw resistance tests
showed that the mixtures are not resistant against frost effect,
despite of the standard level of only 25 freeze-thaw cycles.
Our specimens suffered visible damage after 10 cycles (Fig. 3).
After 25 cycles they became inappropriate for any more testing
(Fig. 4) (the standard defines frost resistance based on residual
flexural-tensile strength). The significant open porosity of
the specimens causes excessive water-absorption that makes
the mixtures unable to resist against numerous freeze-thaw
cycles [14]. The apparent (body) density of the AAC waste
based mixtures is about half of that of naturals stones, which
are commonly applied in wall coverings (e.g. travertine
2000-2400 kg/m’, granite 2500-2800 kg/m?). It results much
smaller scale of mounting assemblies. According to thermal
conductivity test results, the designed artificial stone mixtures
are hand warm to touch. Moreover, considering their moisture
absorption capacity, the panels are able to store 15-20 m%
moisture from the air. These two attributions make the panels
ideal to maintain comfortable indoor air condition. According
to flexural tensile strength and impact resistance [15], it is ideal
for covering panels. In the moment of failure, the intersection
does not cracks through, the panel remains in one piece. It is
advantageous, because there is no falling debris, which may
cause collateral damage, or personal injuries.

Fig. 3. Damaged specimen after 10 freeze-thaw cycles
3. dbra Prébatest kdrosoddsa 10 fagyasztds-olvasztds ciklust kovetden

Fig. 4. Damaged specimen after 25 freeze-thaw cycles
4. dbra  Probatest kdrosoddsa 25 fagyasztds-olvasztds ciklust kovetden
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3.3. Chemical reactions in white cement mixtures - second
research stage

Inthesecondresearch phase, two mixing stages were performed.
After preparing the mixtures for the first stage, the specimens
made with white cement became unsuitable for testing. At the
age of 28 days (all specimens were stored under water from the
day of demolding) it was visible that the hardening has not been
completed. The specimens were peeling in touching by hand
(Fig. 5). It was generally assumed that the used white cement was
too old, therefore, unsuitable for concrete mixing (the specimens,
made with fresh grey cement were appropriate, and were tested
without problems). Therefore, the mixtures with fresh white
cement were mixed again in the second mixing stage. The new
specimens became suitable for mechanical testing, except one
mix (with the highest cement dosage). That one showed the same
look and damage than the ones in the first mixing stage. The test
result of suitable specimens showed significantly lower values in
all tests than the Portland cement (grey) mixtures. The results
suggested that some unexplored chemical transformation occurs
inside the specimens.

Fig. 5. White cement mixtures peeling in hand
5. dbra Fehér cementtel késziilt prébatest kézben mallik

00,0 [--120

600,01 ; it i a0

i, = R e

N
e

2 L

S W mg
ora ~

40001 560

2000 I--78.0

00 T T T T T T T T T 1000
38

Fig. 6. Differential thermal analysis of AAC
6. dbra Porusbeton derivatogramja

Fig. 7. Map-like cracks
7. dbra Térképszerii feliileti repedések
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To explore this reaction, differential thermal analyses
(derivatograhpy) have been made on the AAC waste, on
the coloring pigments, and on the hardened concrete as
well. The TG-DTG-DTA curves of the AAC showed that
the raw material contains approximately 10-12 m% gypsum
(Fig. 6). The map-like cracks on the surface of the specimens
(Fig. 7) indicated that we some kind of swelling reaction occurs
connected to the gypsum content. The permissible maximum
acid-soluble sulphate content of recycled concrete aggregates
according to the DIN 4226-100:2002 standard and the DAfStb-
Richtlinie (2010) technical specification is 0.8 m% [16]. In the
aggregate tested in our experiments this value was higher,
due to the gypsum content. The aluminate modulus (AM) of
the used cement was AM > 17. AM is one indicator for the
predisposition of the cement to sulfate corrosion. The AM of
normal Portland cements is AM = 1.0 - 2.5. The AM of sulfate
resistant Portland cements is AM < 0.64, for moderate sulfate
resistant Portland cements is AM < 1.0. If AM is above 1.0, it
increases the intensity of formation of a clinker mineral, called
tricalcium-aluminate.  Tricalcium-aluminate (3CaO-ALO,,
commonly known as felite; silicate chemical nomenclature:
C,A) is a fast set clinker mineral, with high heat of hydration,
and may result a concrete mixture unsuitable for placing due to
the fast formation of calcium-aluminate-hydrate:

3Ca0-ALO, + Ca(OH), + 12H,0 = 4Ca0-AL,0,-13H,0
(calcium-aluminate-hydrate)

Moreover, the calcium-aluminate-hydrate formed has
very low strength, so this reaction may completely ruins
microstructure of concrete. This is the reason why cement
factories add gypsum to the clinker, since C,A reacts with the
gypsum, and a new phase, trisulphate (or ettringite) is formed:

3Ca0-ALO, + 3CaSO,-2H,0 + 26H,0 =
3Ca0-Al0,-3CaS0O,-32H,0 (ettringite)

Ettringite is a mineral of relatively large in size due to
the 32 moles crystallization water in its structure, and
the crystallization pressure during formation can reach
100 N/mm?. This is not a problem, if the genesis of the crystals
occurs while the concrete mixture is still plastic, and is able
to be deformed. It is assumed that in our case, the production
of ettringite was shifted in time, and still formed, when the
strength holding tricalcium-silicate (3CaO-SiO, commonly
known as alite; silicate chemical nomenclature: C,S) minerals
started to generate the calcium-silicate-hydrate products in
the hydration process. If our presumption is correct, then
the crystallization pressure of ettringite crystals destroys the
bonding between the C,S hydration products, and this way the
hardening process of the concrete is damaged. In order to verify
our assumption, X-ray diffraction analysis was carried out.
On the XRD images of the 1-day-old samples both anhydrite
(Fig. 8) and ettringite (Fig. 9) were detected. Comparing the
XRD images of ettringite, made on 1-day-old and 7-day-old
samples, it was proved that the amount of ettringite has been
increased (Fig. 10 - solid line is the 1-day-old sample, dotted
line is the 7-day-old sample). For further proofing, swelling
has also been measured on fresh samples from 1 to 7 days of
age (Fig. 11). Samples JT1, JT2, JT3 were cured on air under
permanent climatic conditions. Samples JT4, JT5 were cured
under water. Another finding is that under water the samples

have swollen almost the double that of the samples cured on
air. This is due to the curing water supply for hydrate genesis
(from anhydrite), which maintains the formation of ettringite.
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8. dbra Réntgendiffraktogram anhidrit csiicsokkal

|[sanple identification: £03787
108

[%1+

24-apr—2015 13:56

64
36
16 4
4.8

‘\ ‘ Y L X | P IO T T,
T T T T T T T T T T T T T
18 28 38 48 58 68 70 [°

F03787 Il HETE D PERNET e et veene e e
R A R I

0.0 1

411451 Il

Fig. 9. XRD images diffraktogramm with the lines of ettringite
9. dbra Rontgendiffraktogram ettringit csiicsokkal

|Sample identification: £03787
200
[counts]
188 4

29-apr-2015 9:54

] T T T T T
F03787.51 F03790.SM
Fig. 10. XRD images with the lines of andydrite at the age of 1 and 7 days
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4. Conclusions

During our research, lightweight aggregate concrete with
crushed autoclaved aerated concrete (AAC) waste aggregate
was prepared. The mixtures were tested in two different research
phases, both for different purposes of use. Their suitability for
the planned use was confirmed by laboratory tests according to
the Hungarian and European standards.

In the first research phase, mixtures were designed for
vertical load bearing and insulation purpose. Our test results
confirmed the suitability for this application. We recommend
using the mixtures for the preparation of building blocks.
Required mortar for masonry work can be produced from
fine-grained crushed AAC waste as well. The advantage to
reinforced concrete is the low apparent (body) density and
low thermal conductivity. Unlike other building blocks on the
market, the watertightness of the mixtures tested is beneficial.
Therefore, the tested LWAC mixtures can be applied in subsoil
parts of buildings, while none of the commercially available
building block families are suggested for this.

In the second research phase, the mixtures were designed
for vertical covering purpose. The test results confirmed the
suitability only for indoor application. They can be used as
covering panels, or as monolithic concrete walls. The designed
mixtures showed many advantages. If used as panels, their low
apparent (body) density generates savings in the costs of the
mounting equipments, and generates less load on the structures
- compared to the commonly used natural covering stones.
Low thermal conductivity and excessive moisture absorption
capacity makes it ideal to maintain comfortable indoor air
condition. According to flexural tensile strength and impact
resistance, it is ideal for the preparation of covering panels. A
chemical reaction between AAC aggregate and white cement
was revealed. Considerable swelling is observed due to delayed
ettringite formation damaging the solid mineral phases, with
a strong effect of curing on the reaction. Specimens cured
underwater swollen double in magnitude than specimens
cured on air in climate chamber.
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Ujrahasznositott porusbeton alkalmazasi lehetdségei
konnylibeton adalékanyagaként

A tudatos hulladék-gazdalkodas, és ezen belll az épitési
hulladékok lerakott mennyiségének csokkentése, Ujrafel-
hasznalasa, illetve Gjrahasznositasa egyre fontosabba valik
vildgszerte. Onallé kategériaként kb. 15 éve jelent meg az
épitési-bontasi hulladék jogszabalyainkban, mely szintén e
kutatasi téma fontossagat jelzi. Kutatasunk soran a porus-
beton és gazbeton hulladékok Gjrahasznositasaval foglalko-
zunk. A mai napig két kutatasi fazist fejeztiink be ebben a
témaban, de tovabbi kisérletek végzését tervezziik a jovo-
ben. F6 célunk az épitdiparban is hasznalhaté kdnnylbeton
keverékek elballitdsa porusbeton hulladék felhasznalasa-
val. Az els0® kutatasi fazis soran teherviseld és hoszigeteld
funkcioju betonkeverékeket vizsgaltunk. Masodik kutatasi
fazisunkban pedig fuggdleges burkolathoz készitettlink kony-
nylbetont, zGzott pérusbeton adalékanyaggal. Laboratoériu-
mi vizsgalatainkat a hatalyos eurdpai és Magyar szabvanyok
szerint végeztlk.

Kulcsszavak: Pérusbeton, gazbeton, épitési-bontési hulla-
dék, Gjrahasznositas, konnylibeton



-> Autoclaved Aerated Concrete

AAC is a very strong but lightweight and easy to use construction
material for exterior and interior environments alike. The production
process involves curing aerated concrete in a pressurised steam
chamber, known as an autoclave, to give AAC its strength.

Members of the European Autoclaved Aerated Concrete Association operate
more than 100 production sites in 17 countries producing around 20 million
m? of AAC per year. From this quantity about 400.000 residences can be
built.

- High energy efficiency:

Greater use of AAC in new construction and in renovation of old buildings
represents a major way to reduce the energy consumption of residential
and non-residential buildings across Europe.

= Inherent thermal insulation properties:
The use of AAC reduces the need for space heating and cooling. Furthermore,
it makes the use of additional materials unnecessary.

- Energy-efficient over its whole life cycle:

The production of AAC requires less energy than other construction
materials and its light weight saves energy in transportation. AAC is
extremely cost-effective.

- High fire resistance:
AAC can be used as internal as well as external fire walls, resisting even
intense heat and easily fulfilling all fire safety standards.

- Outstanding structural performance:

AAC is extremely strong and durable. It retains its properties for the entire life
of a building and can resist wind, earthquake, rain (also acidrain), storm and
a wide range of external temperatures.

- High resource efficiency, low environmental impact:

Autoclaved aerated concrete’s high resource efficiency gives it low
environmental impact in all phases of its life cycle, from processing of raw
materials to the disposal of AAC waste.

- Reuse, recovery and disposal:
Potential AAC waste is reused or recycled
to minimize final disposal in landfill.
Where AAC waste is sent to landfill, its
environmental impact is minor since it
contains no toxic substances.

Www.eaaca.org
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Influence of supplementary cementing materials on conventional and self compacting
concretes

Part. 2. Laboratory tests

The use of supplementary cementing materials in concrete technology may help reducing the
large carbon-dioxide emission that is resulted from the production of Portland cements. The
supplementary cementing materials can be classified as hydraulic additives, pozzolanic additives
and inert additives. The supplementary cementing materials form calcium-silicate-hydrates
and calcium-aluminate-hydrates with the calcium hydroxide available due to Portland cement
hydration. Most active supplementary cementing materials are the silica fume and the metakaolin.
The literature indicates that the application of silica fume or metakaolin improves the durability
of concrete due to the finer pore microstructure that results lower porosity, lower permeability,
higher strength, higher resistance against water penetration and higher resistance to acidic
solutions. The present paper is the first part of a series of papers dealing with conventional and
self compacting concretes containing silica fume or the metakaolin supplementary cementing
materials. The first part gives a literature review of the supplementary cementing materials
tested. The second part summarizes own experimental results.

Keywords: concrete, self compacting concrete, supplementary cementing materials, metakaolin,
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1. El6zmények

Cikksorozatunk elsd részében osszefoglaltuk a kapcsolodo
szakirodalmi adatokat. Jelen cikk a sajat kisérleti eredményeket
ismerteti.

2. Kisérleti terv

A kisérlet célja a szilikapor, a metakaolin és a mészkdliszt
adagolas hatasanak elemzése a szokvanyos és 6ntomorodo be-
tonokra, mind a frissbetonra, mind a megszilardult betonra.
A kisérletek soran 39 kiillonb6z6 receptarat hasznaltunk,
ezeket az 1. tabldzatban foglaljuk 6ssze. A keverések fele szok-
vanyos, fele ontomorodo beton volt. A 18-18 keverést harmas
csoportokra bontva késziiltek etalonok, szilikaport és metaka-
olint tartalmazé probatestek.
A vizsgalatok soran a kovetkez6 allandé paramétereket al-
kalmaztuk:
= az adalékanyag szemmegoszlasa,
= az adagolt viz mennyisége (180 I/m’),
= acement tipusa,
= 10 m % szilikapor és metakaolin.
A kisérletek véaltozé paraméterei:
= a cement mennyisége (300, 320, 340, 360, 380, 400 és
420 kg/m’),

= az adagolt szilikapor és metakaolin mennyisége (a ce-
menttartalom tomegének fiiggvényében 30, 32, 36, 38,
40 és 42 kg/m?),

= aviz-cement tényezd (0,60 - 0,56 - 0,53 - 0,50 - 0,47 - 0,45 - 0,429).
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A kisérletekhez hét eltéré cementtartalmi recepturat vettiink alapul.
A Kkisérletek célja:
= A kiilonb6z6 cementtartalmu, de dllandd viztartalma
szokvanyos és 6ntomorodé betonok esetén, hogyan val-
toznak a friss és a megszildrdult betonok tulajdonsagai
metakaolin és szilikapor adagoldsa esetén a nagy fajlagos
feliiletiik miatt.
= Osszehasonlitani a metakaolin hatésat a szilikapor ha-
tasahoz.
Az irodalom alapjan a cement tomegére vonatkoztatott 10%-
os adagolas mellett vizsgéltuk a szilikapor és a metakaolin ha-
tasat.

3. Kisérleti paraméterek

3.1 A kisérlet soran felhasznalt anyagok
3.1.1 Adalékanyag

Az alkalmazott adalékanyag homokos kavics volt (TBG, Basa
utcai telep). A keverési ardnyokat a 2. tdbldzat tartalmazza.

A maximélis szemnagysdg d = 16 mm volt. Felhasznalas
el6tt a kavicsot levegén, a homokot pedig szaritdszekrényben
szaritottuk.

3.1.2 Kiegészitéanyagok
3.1.2.1 Szilikapor

Sika Silicoll P gyartmanyu szilikaport hasznaltunk a keve-
résekhez. A gyartotdl szarmazé adatokat a 3. tdbldzat tar-
talmazza (Sika, 2015).
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3.1.2.2 Metakaolin

Szi- Meta- Mészk6- Finom-
lika-  kaolin liszt rész Metaver® N tipusu metakaolint hasznaltunk a keverések
por t?:n?' soran. A gyartd altal megadott jellemzoket a 4. tdbldzat tar-
talmazza (Newchem, 2015).
[kg/m?] [-]
1 300 ) . . 300 180 0.60 3.1.3 Mészkoliszt
2 320 . - - 320 180 0,56 Az 6ntomorodS betonhoz a Carmeuse altal eldallitott
3 340 - - - 340 180 0,53 mészkolisztet hasznaltunk. A mészkéliszt fajlagos feliiletét és
4 360 - - - 360 180 0,50 stirliségét az 5. tabldzatban foglaltuk éssze.
5 380 - - - 380 180 0,47
" 200 i i i 400 180 045 3.1.4 Adalékszer
7 420 _ ] ] 420 180 043 A BASF altal gyartott polikarboxilat éter bazist Glenium® 51
8 300 i 30 : 330 180 060 jelit szuperfolyositot haszndltuk a keverések soran.
9 320 32 - - 352 180 0,56 . , , ’
4. Vizsgalatok és eredmények
10 340 - 34 - 374 180 0,53
11 360 36 _ _ 396 180 0,50 4.1 A frissbeton tulajdonségai
12 380 - 38 - 418 180 0,47 A konzisztencia meghatarozasat els6sorban teriilésméréssel
13 400 40 _ _ 440 180 0,45 hajtottuk Végre (6 ta’bla’zat).
1 420 _ 12 - 462 180 043 lzlgs(l)lasgggg;anyo; b,etonolk éfeteb?n a --Il?er;? 32 MSZ SN
15 320 i 22 - 362 180 056 2350-5:20 sza yany a a,p]fm, végeztuk. 1n, erf e’set en
két, egymdsra meréleges mérés atlaga adta a mért értéket. A
16 360 - 36 - 396 180 0,50 [ ‘ ‘ ;
meéreteket 0,5 cm pontossaggal allapitottuk meg.
17 400 - 40 - 440 180 045 Az 6ntdmorodo betonok roskadasi tertilését a kifolyasi id6t
ONT1 300 - - 300 600 180 0,60 vizsgéltuk és az eredményeket a 6. tdbldzatban foglaltuk Gssze.
ONT2 320 - - 260 580 180 0,56 Ellendriztiik a friss beton teststirtiségét is.
ONT3 340 - - 260 600 180 0,53 o
ONT4 360 i - 520 580 180 0.0 4.2 Nyomoszilardsagi vizsgalatok
ONT5 380 i ) 220 600 180 047 '?Z I\I/ISZ ff‘l\{hl2390—3:2009 szabval}ynalf m,egfeleloen a vizs-
ONTE 400 - - 180 580 180 045 gil at"e végzéséhez FQRI\,/I.+TEST g,yfllrtmimyu’ ALPHA—3—3090
- S jeld, 3000 kN maximalis terhelésti, erévezérelt berendezést
ONT 7 420 - - 180 600 180 0,429 hasznaltunk.
ONT8 300 - 30 270 600 180 060 Keverésenként 3-3 darab 150 mm élhosszisagu prébakockat
ONT9 320 32 - 228 580 180 0,56 1, 2, 7 és 28 napos korban tortiink el. A toréer6kbél szamitott
ONT10 340 - 34 226 600 180 0,53 nyomoszilardsagot a 7. tdbldzat tartalmazza.
ONT11 360 36 - 184 580 180 0,50
. Sika Silicoll P
ONT12 380 } 38 182 600 180 0,47
- SiO, tartalom 96+ 1,5 %
ONT 13 400 40 - 140 580 180 0,45 2 -
- Elsddleges szemnagysag 0,1-0,3 um
ONT14 420 . 42 138 600 180 0,429 Masodlagos részecskék (> 1 mm) 30 %
ONT 15 300 - 32 228 560 180 0,60
" 3. tablazat A szilikapor tulajdonsdgai
ONT 16 320 - 32 228 580 180 0,56 Table 3. Properties of silicafume
ONT 17 340 - 34 186 560 180 0,53
ONT18 360 _ 36 184 580 180 0,50 F6 kémiai dsszetevok
ONT19 400 ; 40 140 580 180 0,45 Sio 52-53 %
- %
ONT20 420 - 42 98 560 180 0,429 ALO 4344 /
6NT21 300 - i 260 560 180 0,60 T|p|kus szemcseeloszlas (Iézergranulométer)
0 420 140 560 180 0,429 < imm -9 Ve
ONT 22 ’ d, 3,4-4,5 um
1. tdbldzat A beton dsszetételek d95 12-18 um
Table 1. Concrete compositions
4. tdblézat Metakaolin tulajdonsdgai
» L., Table 4. Properties of metakaolin
Frakcio Keverési arany
mm %
0/4 45 Mészkoliszt tulajdonsagai
S s - . )
4/8 o5 Sirlség, g/cm Fajlagos felulet, m*/kg
8/16 30 2.7455 658

5. tabldazat Meészkdliszt stiriisége és fajlagos feliilete
Table 5. Density and specificsurfacearea of limestonepowder

2. tdblézat Adalékanyagok keverési ardnyai
Table 2. Mixing ratio of aggregatefractions
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Meta- Mészko- Finomrész . Teriilés Friss beton
kaolin liszt tartalom testsiirliség

Cement Szilikapor

1 300 - - - 300 180 0,60 575 2326
2 320 - - - 320 180 0,56 570 2363
3 340 - - - 340 180 0,53 505 2283
4 360 - - - 360 180 0,50 570 2371
5 380 - - - 380 180 0,47 565 2359
6 400 - - - 400 180 0,45 540 2362
7 420 - - - 420 180 0,43 570 2321
8 300 - 30 - 330 180 0,60 580 2344
9 320 32 - - 352 180 0,56 525 2355
10 340 - 34 - 374 180 0,53 525 2291
11 360 36 - - 396 180 0,50 540 2345
12 380 - 38 - 418 180 0,47 510 2282
13 400 40 - - 440 180 0,45 520 2351
14 420 - 42 - 462 180 0,43 590 2323
15 320 - 32 - 362 180 0,56 550 2365
16 360 - 36 - 396 180 0,50 545 2357
17 400 - 40 - 440 180 0,45 530 2376
ONT 1 300 - - 300 600 180 0,60 750 2310
ONT 2 320 - - 260 580 180 0,56 710 2374
ONT 3 340 - - 260 600 180 0,53 705 2383
ONT 4 360 - - 220 580 180 0,50 750 2383
ONT 5 380 - - 220 600 180 0,47 670 2354
ONT 6 400 - - 180 580 180 0,45 760 2397
ONT 7 420 - - 180 600 180 0,429 780 2321
ONT 8 300 - 30 270 600 180 0,60 745 2316
ONT 9 320 32 - 228 580 180 0,56 600 2365
ONT 10 340 - 34 226 600 180 0,53 705 2437
ONT 11 360 36 - 184 580 180 0,50 740 2376
ONT 12 380 - 38 182 600 180 0,47 750 2335
ONT 13 400 40 - 140 580 180 0,45 715 2390
ONT 14 420 - 42 138 600 180 0,429 740 2349
ONT 15 300 - 32 228 560 180 0,60 620 2337
ONT 16 320 - 32 228 580 180 0,56 675 2370
ONT 17 340 - 34 186 560 180 0,53 760 2334
ONT 18 360 - 36 184 580 180 0,50 745 2397
ONT 19 400 - 40 140 580 180 0,45 770 2356
ONT 20 420 - 42 98 560 180 0,429 700 2339
ONT 21 300 - - 260 560 180 0,60 770 2326
ONT 22 420 - - 140 560 180 0,429 755 2317

6. tabldzat A teriilésmérés eredményei
Table 6. Results of flow table tests
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Jele v/c Nyoméoszilardsag, N/mm? Friss- Beton test- Atlagos Kor-
Jele Cement vic beton  sirlisége  vizhe- nyezeti
[l 1 2 7 28 testsli- 28 napos hatolasi yeze
Py . . osztaly
1 0,60 4,34 B 28,1 44.8 riisége korban mélység
2 0,56 _ 14,6 28,1 45,4 [kg/m3] [-] [kg/m3] [kg/m?] [mm]
3 0.53 6.67 - 287 478 1 300 0,60 2326 2284 28,4  XV2(H)
2 320 0,56 2363 2324 242 XV2 (H)
4 0,50 - 19,5 36,6 48,9
3 340 0,53 2283 2294 21,9  XV2(H)
5 0,47 7,21 - 37,9 52,6
4 360 0,50 2371 2340 16 XV3(H)
6 0,45 - 22,2 41,4 53,5
5 380 0,47 2359 2332 154  XV3(H)
7 0,43 10,53 - 421 65,1
6 400 0,45 2362 2337 145  XV3(H)
8 0,60 6,71 - 34,1 57,7
7 420 0,43 2321 2208 141 XV3(H)
0,56 - 17,3 40,4 60,8
° 8 300 0,60 2344 2312 151  XV3(H)
10 0,58 6,11 ) 35,9 66,7 9 320 0,56 2355 2345 11 XV3(H)
1 0,50 ) 238 Art 70,2 10 340 0,53 2291 2313 89  XV3(H)
12 047 7,68 - 49,7 701 11 360 050 2345 2347 5  XV3(H)
13 0,45 - 252 50,0 71,9 12 380 047 2282 2074 875  XV3(H)
14 043 8,96 - 51,9 77,2 13 400 045 2351 2334 8 XV3 (H)
15 0,56 - 16,1 34,3 56,5 14 420 0,43 2323 2316 89  XV3(H)
16 0,50 - 25,8 46,2 68,4 15 320 0,56 2365 2339 10 XV3 (H)
17 0,45 - 29,9 51,2 73,3 16 360 0,50 2357 2328 55  XV3(H)
ONT 1 0,60 7,01 - 31,3 51,8 17 400 0,45 2376 2352 9,6  XV3(H)
ONT 2 0,56 6,3 20,4 36,9 49,7 ONT 1 300 0,60 2310 2290 18,8  XV3(H)
ONT 3 0,53 7.8 - 37,4 56,5 ONT 2 320 0,56 2374 2333 16 XV3(H)
ONT 4 0,50 7.2 26,8 45,9 59,4 ONT 3 340 0,53 2383 2262 154 XV3 (H)
ONT 5 0,47 9,3 _ 44.6 67,2 ONT 4 360 0,50 2383 2351 15 XV3 (H)
ONT 7 0.429 1471 ] 49.7 75.7 ONT 6 400 0,45 2397 2371 9 XV3 (H)
ONT 8 0.60 10.61 - 201 640 ONT 7 420 0,429 2321 2298 75  XV3(H)
" ONT 8 300 0,60 2316 2298 10,7 XV3 (H)
ONT 9 0,56 5,6 23,9 432 66,5
" ONT 9 320 0,56 2365 2356 14,2 XV3(H)
ONT 10 0,53 13,93 - 43,0 70,5
" ONT10 340 0,53 2437 2311 6,2  XV3(H)
ONT 11 0,50 5,4 28,3 51,0 77,3 ¥
- ONT11 360 0,50 2376 2353 9 XV3 (H)
ONT 12 0,47 16,47 - 46,6 78,1 -
ONT12 380 047 2335 2317 6,4  XV3(H)
ONT 13 0,45 55 34,3 57,0 83,3 -
ONT 13 400 045 2390 2376 6 XV3 (H)
ONT 14 0429 16,86 - 52,4 81,0 "
ONT14 420 0,429 2349 2311 6,6  XV3(H)
0 \ 11, - 47, , "
ONT 15 0.60 36 3 630 ONT15 300 0,60 2337 2290 81  XV3(H)
ONT 16 0,56 7,6 26,0 44,9 69,0 oNT16 320 056 2370 2342 10 X3
ONT17 053 11,64 ) 531 i ONT17 340 053 2334 2317 76 XV3(H)
ONT18 050 6.4 318 53,9 8,4 ONT18 360 050 2397 2355 8  XV3(H)
ONT19 045 6.2 27.4 54,2 79,2 ONT19 400 045 2356 2363 7 XV3(H)
ONT20 0,429 15,96 - 62,2 84,5 ONT20 420 0,429 2339 2309 52  XV3(H)
ONT 21 0,60 11,93 - 39,3 53,6 ONT21 300 0,60 2326 2331 15,8 XV3 (H)
ONT22 0,429 14,9 - 53,8 69,6 ONT22 420 043 2317 2321 9,9  XV3(H)
7. tabldzat  Nyomoszildrdsdgi eredmények 8. tdbldzat  Vizzdrésdagi eredmények
Table 7. Compressive strength results Table 8. Watertightness results
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4.3 Vizzaroésagi vizsgalatok

A vizzardsagi vizsgalatot az MSZ EN 12390-8:2009 szab-
vany alapjan WE 6 MM jelt késziilékkel hajtottuk végre. Re-
cepturanként 3-3db 150 cm élhosszusagu kockat tartottunk 72
oraig a berendezésben. A viznyomas a kisérlet ideje alatt végig
5 bar volt. A vizsgalati eredményeket a 8. tdbldzatban foglaltuk
ossze.

5. Kisérleti eredmények értékelése

5.1 A nyomoszilardsagi vizsgalat eredményeinek értékelése

A Kkisérlet soran kapott szilardsagi eredményeket részletesen
a 7. tabldzat tartalmazza.

A nyomoszilardsagi vizsgélatokat 1, 2, 7 és 28 napos korban
végeztiik el 3-3 préobatesten.

5.1.1 A szokvanyos betonok nyomoszilardsaga

Az 1. dbra mutatja az egyes keverékek szilardsaganak alaku-
lasat. A hozzaadott viz mennyisége allandé volt, igy a cement-
tartalom névekedésével csokkent a viz-cement tényezd, ami a
szilardsagnovekedést okozhatta.

A metakaolin és a szilikapor nyomoszilardsag néveld hata-
sa jol megfigyelhet6 alland6 viz-cement tényezd esetén, de a
metakaolin tartalma és a szilikapor tartalmu dsszetételek kozti
nyomoszilardsag kiilonbségét nem tapasztaltuk. Allandé viz-
tartalom mellett a 10 % metakaolin és szilikapor adagolassal
nagyobb nyomoszildrdsagot értiink el, mint tobblet 10% ce-
ment adagolassal.

80 s m
70 |
m = -

E . u °
Z 50 e 8 f & =
ob ) ®
2 40 S
& E = = ¢
g 20 - ®28 napos, Kiegészitbanyag 0 % 4 28 napos, + 10 % Szilikapor
;Z’ 10 M 28 napos, +10 % metakaolin 7 napos, Kiegészitdanyag 0 %

A7 napos, + 10 % szilikapor M7 napos, +10 % metakaolin

280 300 320 340 360 380 400 420 440

Cement tartalom, kg/m?3

1. dbra  Szokvdnyos betonok nyomészildrdsdga cementtartalom fiiggvényében dllando
viz-cement tényezé mellett

Fig. 1. Compressive strength of conventional concretes in the function of cement

content

Az 1. abran megfigyelhetjiik, hogy a nagyobb viz-cement té-
nyez0 esetén a metakaolin és a szilikapor nagyobb mértékben
fejti ki hatasat. Viz jelenlétében a metakaolin vagy a szilikapor
és a cement hidratdcidjabdl keletkez6 kalcium-hidroxid reak-
cidba lép, melynek eredménye kalcium-szilikat-hidrat (CSH).
A nagyobb v/c tényezével rendelkezd receptira esetén tobb
viz parolog el, ami utan nagyobb kapilldrisok maradnak a be-
ton mikrostruktdrajaban, ahol konnyebben végbemegy ez a
reakcio.
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5.1.2 Az 6ntomorodo betonok nyomoszilardsaga

A 2. és 3. abra mutatja az egyes keverékek szilardsaganak
alakulasat 7 napos és 28 napos korban. Az 6ntémorodé beto-
noknal is hasonléan alakult a hémérséklet, mint a szokvanyos
betonoknal. A hozzaadott viz mennyisége allandé volt, igy a
cementtartalom novekedésével csokkent a viz-cement tényezo,
ami a szilardsagnovekedést okozhatta.

A metakaolin és a szilikapor nyomdszilardsag noveld hatdsa
itt is jol megfigyelheté allandé viz-cement tényezd esetén. A
metakaolin tartalmu és a szilikapor tartalmua Gsszetételek ko-
z0tt nyomoszilardsag killonbséget nem tapasztaltunk.

A 2. dbrdn és 3. dbrdn is megfigyelhetjiik, hogy a nagyobb
viz-cement tényezd$ esetén a metakaolin és a szilikapor na-
gyobb mértékben fejti ki hatdsat. Tovabba a kisebb viz-cement
tényez6 és nagyobb finomrész-tartalom (600 kg) esetén kisebb
a metakaolin hatasa a nyomdszilardsagra. A megallapitasok 28
napos korra vonatkoznak.
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5.2 A vizzarosagi vizsgalat eredményeinek értékelése

Minden keverés esetén végeztiink vizzardsagi vizsgalatot is.
Keverésenként 3-3 prébatestet vizsgaltunk, a vizbehatolds mér-
tékét a harom mérés atlaga adta.

Szokvanyos betonok esetén, a kisérletek alapjan a vizbeha-
tolasra vonatkozd, XV3 (H) osztalyhoz tartozé max. 20 mm
el6irast kivétel nélkiil mindegyik prébatest teljesitette, ahol a
viz-cement tényezd kisebb volt, mint 0,53. Ahol szilikaport
vagy metakaolint adagoltunk, ott mindegyik probatest telje-
sitette az XV3 (H) osztélyt (lasd 4. dbra). Ezzel szemben, ha a
szabvany altal el6irt paraméterek alapjan vizsgaltuk a betono-
kat, egy vagy akar két osztallyal is gyengébb kategoriaba kertil-
tek. Erdemes megfigyelni, hogy a gyengébb osztalyba sorolés
oka az esetek kb. 70 %-ban az volt, hogy a betonok nem feleltek
meg a teststriiségre eldirt kovetelményeknek. Az eredmények
alapjan tehat jogos az el8irasok ujragondolasa, a teststirtiségre
eléirt feltételek valtoztatasa vagy akar torlése a szabvanybol.

Ontomorodé betonok esetén, a kisérletek alapjén a vizbeha-
tolasra vonatkozd, XV3 (H) osztalyhoz tartozé max. 20 mm
eldirast kivétel nélkill mindegyik probatest teljesitette. Ahol
szilikaport vagy metakaolint adagoltunk, ott mindegyik pro-
batest teljesitette az XV3 (H) osztélyt és a vizbehatolds kiilonb-
ségek mértéke elhanyagolhato volt (lasd 5. dbra).
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4. dbra A szokvdnyos betonok vizbehatoldsa cementtartalom fiiggvényében dllando
viztartalom mellett
Fig. 4. Water penetration into conventional concretes (water content constant)
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Fig. 5. Water penetration into self compacting concretes (water content constant)

6. Osszefoglalas

Osszesen 39 kiilonboz6 keveréket készitettiink.
A kisérletek sordn alkalmazott sszetételekben a kovetkezd
allando és véltozd paramétereink voltak:

Allandé paraméterek:

= szemeloszlasi gorbe,

= cement fajta,

= viz adagolds: 180 I/m’,

= metakaolin vagy szilikapor adagolasa 10 %.

Valtozo6 paraméterek:

= cement mennyiség 300, 320, 340, 360, 380, 400,
420 kg/m?® és az altal a v/c tényezd,

= Ontomorodé betonok esetén mészkoliszt adagolas és
finomrész-tartalom.

A kovetkezé megallapitasok tehetdk a fent emlitett paramé-

terek fiiggvényében:

Nyomoszilardsagra vonatkozodan:

= A cement tdmegére vonatkoztatott 10 m%-os mennyi-
ségében torténd metakaolin vagy szilikapor adagolas
mellett a szokvanyos és 6ntomorodé betonok esetében
a nyomoszilardsag atlagosan 15-30%-kal né. Allandé viz
mennyiség mellett a 10 m% metakaolin vagy szilikapor
adagolas esetén nagyobb szilardsag novekedést értiink
el, mint 10 % tobblet cement adagolassal.

= Nagyobb viz-cement tényezé esetén nagyobb hatdst
értiink el a metakaolin vagy szilikapor adagolassal a
kis viz-cement tényezéhoz képest. Viz jelenlétében a
metakaolin vagy a szilikapor és a cement hidraticiéja-
bdl keletkez6 kalcium-hidroxid reakcidba 1ép, melynek
eredménye kalcium-szilikat-hidrat (CSH).

= Metakaolin vagy szilikapor adagoldsa kozotti nyomoszi-
lardsag kiilonbséget nem észleltiink 28 napos korban.

= A finomrész tartalom valtoztatdsa soran azt allapitottuk
meg, hogy egy adott mészkéliszt adagolas tullépése szi-
lardsagcsokkenéshez vezet.

= Az 6ntdmorodé betonok esetében a szilikapor és a
metakaolin azonos adagolasa a normal betonokhoz ké-
pest jobban kifejtette a hatasat. A normal beton esetén a
k érték feltlrél kozeliti a 2-6t, mig az 6ntémoréds beto-
noknal feliilrél kozeliti a 3-at.

Vizzarésagra vonatkozoan:

= A vizzdrosagi vizsgalatok soran azt tapasztaltuk, hogy a
metakaolin vagy szilikapor adagolas csokkenti a vizbe-
hatolas mértékét.

= Szokvanyos és 6ntémorodd betonok esetén a 0,5 alatti
viz-cement tényezénél a vizbehatolds mélysége csekély
meértékben valtozik a v/c csokkenésével. A metakaolin
vagy szilikapor adagoldsaval a vizbehatolas mélységének
véltozasa nem észlelhetd.

= A mért vizbehatolasi mélységek 5 és 30 mm tartomany
kozé estek.

Koszonetnyilvanitas

A szerz6 koszonetet mond az Orszagos Tudomanyos Kuta-
tasi Alap tamogatasaért (OTKA K 109223).

Kiilon koszonet illetiMogyorosi Zsuzsat, Szanto Juditot, Eipl

Andrast, Molnar Pétert és Takacs Krisztidnt, a faradsagot és
id6t nem kimél6 laboratériumi munkéjukért.
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problems encountered in sectors like ceramics, glasses, metal alloys, thin films, aerospace, automotive and marine industry,
electronics, energy, security, safety and construction materials, chemistry, medicine, cosmetics, biosciences, environmental
sciences are of particular interests.

Sessions

Session 1: Advanced Materials for Bio- and Medical Applications Session 9: Membranes and Catalysts

Session 2: Advanced Materials for Extreme Applications Session 10: Minerals for Environmental and Medical Applications
Session 3: Advanced Nanomaterials with Predesigned Properties Session 11: Nanomaterials for Environment and Health

Session 4: Biomaterial Derived Ceramics and Composites Session 12: Novel Synthesis and Processing Technology

Session 5: Glasses, Coatings and Related Materials Session 13: Phase Diagram as a Tool of Materials Science
Session 6: Hetero-Modulus, Hetero-Viscous and Hybrid Materials Session 14: Polymer Derived Ceramics

Session 7: Light-Weight Metals and Alloys Session 15: Processing and Properties of Silicate Ceramics
Session 8: Materials with Extreme Dynamic Strength Session 16: Refractory and Fireproof Materials

for Safety and Security

The peer reviewed and accepted papers of ic-cmtp4 conference will be published in periodicals of IOP Conference Series:
Materials Science and Engineering (MSE) which are referred by Scopus, EI Compendex, Inspec, INIS, Chemical Abstracts,
NASA Astrophysics Data System and many others.

The organizers hope that you will attend on ic-cmtp4 conference and can welcome you
in Miskolc, Hungary in October 3-7, 2016.

Further information can be obtained from Prof. Dr. L4szl6 A. Goimze by e-mail femgomze@uni-miskolc.hu




70% of the world’s population lives in concrete structures.
The concrete in a standard family house costs less than € 7000.
The energy consumption of conventional buildings is typically 150-200 kWh/m?/year.
Existing concrete technology enables buildings that use 50 kWh/m?2/year or less.
The concrete used in the Channel Tunnel is contractually guaranteed to last for 120 years.
Every km of concrete can reduce the CO, emissions of vehicles by 1000-4000 tonnes over a 30 year period.
For every € 1 spent on construction output a total of € 3 are generated in total economic activity (GDP increase).
The value of concrete production in Europe is € 74 billion.
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THE CONCRETE INITIATIVE

solutions for Europe’s future

www.theconcreteinitiative.eu



A WORLDWIDE ASSOCIATION of PERLITE PROFESSIONALS

PERLITE INSTITUTE

PERLIT-92 KFT
HUNGARY
3994 Palhaza
Ipartelep ut 22-24

Phone: +36 47 370 024

Phone/fax: +36 47 370 515
E-mail: perlit92@t-online.hu

www.perlit92.hu

The only one perlite quarry in Hungary is located in Palhaza. The quarry has been in operation since 1959. The milling,
drying and grading of perlite is completed in a dressing plant close to the quarry, according to the demand of the
customers. Perlit-92 Kft. has opened its second mine in 2006, that ensures raw perlite supply for another 80 years.
Important developments in the last 5 years:

e environment protection,

* mining machinery,

e development of the grinding and classifying works,

e modernization of transport.

The perlite grinding suitable for expansion is produced from the perlite rock by crushing, drying and grading. The
adherent water content of the raw perlite is changing between 2 and 5%.
In the milling and grading plant in Palhaza, twelve different grain sizes are produced at present.

The material coming out of the quarry and the milling plant is qualified according to following aspects:

1. Expansivity: In the lab grains of size 0.1-0.3 mm are expanded in a lab-oven. The bulk density of the expanded material
must not exceed 35 g/I.

2. Dead rock content: The dead rock content of the perlite is checked by wet separation. The permitted dead rock
content is max. 5%.

3. Surface moisture: The ground perlite is dried until weight uniformity at 105 °C. The moisture content of the material
has to be under 1%.

4. Grain Monitoring

5. Strength: The uniaxial strength of the perlite coming out of the blowing lab-oven is tested by a compaction of 20 and
40% respectively according to the Brook-method.
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