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ABSTRACT

Volcanic originated pumice and zeolite aggregates have low density owing to their considerable
porous structure. Porosity is usually correlated with insulation properties. In order to examine the
effects of this lightweight aggregates on dead load of structure and insulation properties of standard
construction materials, samples were produced by using pumice and zeolite at varying percentages
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by volume and control samples were manufactured with crushed sand. The samples were exposed

to normal (standard) curing, hot water curing and steam curing to observe the effect of different
curing regimes on their behavior. Bulk density and thermal conductivity tests were carried out on
samples. Both bulk density and thermal conductivity values of the lightweight mortar samples were
smaller than those of control sample. Besides, chemical compositions of aggregates and cement,
Received Date: 23.10.2018 analyses were also performed. Silica content of pumice and zeolite were %54,09 and %75,14 by

Accepted Date: 19.06.2019 mass respectively.

1. Introduction

Cement, aggregate and water are the main
components of most used construction materials
namely concrete and mortar which are also called
cement based materials (CBM). Aggregates have
the largest share of % 60-70 by volume in CBM
mixtures and any of their properties such as density,
porosity, strength, durability, chemical structure
directly affect CBM properties. Crushed stone and
sand are the common used aggregates in conventional
CBM due to their abundance beside their beneficial
properties. However, their density values are between
2,60-2,70 g/cm® and with the improvements in
structural engineering, high buildings have begun to
be constructed and dead load were becoming more
of a problem than in the past. In addition to this, the

majority of the human population have started to
live in the metropolitans and given birth to vertical
architecture. As a result, the protection of the private
area has become difficult and the sound insulation has
come to the forefront. From an environmental point
of view, too much energy is consumed to heat and
cool the buildings, thus increasing the carbon dioxide
emission (Kogkal, 2016). Recent studies have been
carried out by researchers on construction materials
which had low density and functional for heat and
sound insulation (Patnai et al., 2015, Degrave-
Lemeurs et al., 2018).

Materials used for improvement of CBM properties
demonstrate considerable diversity. Zhang and Poon
(2015) used lightweight expanded clay aggregate
to reduce the density of CBM and furnace bottom
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ash for producing thermal insulation properties. As
far as their conclusions, lightweight expanded clay
aggregate CBM containing furnace bottom ash is
suitable for structural use and with the increase of
furnace bottom ash thermal conductivity decreased.
In terms of improving thermal properties of CBM,
some researchers used waste materials such as pet
and rubber pieces (Yesilata et al., 2009) and in other
study was carried out to use coconut fibres in order
to prevent effect of solar heat radiation (Mintorogoa
et al., 2015). However, lightweight aggregates mostly
possess structural properties besides insulation ones.
Morover, plenty of natural or artificial lightweight
aggregates for instance; pumice (Widodo et al.,
2017), zeolite (Najimi et al., 2012), perlite (Sengiil
et al., 2011), vermiculite (Schackow et al., 2014),
sintered fly ash (Kogkal and Ozturan, 2010; Kockal
and Ozturan 2011a, b, Kogkal, 2015) expanded clay
(Fantilli et al., 2016) etc. were incorporated to develop
CBM characteristics.

The purpose of this research is to investigate
usability of volcanic originated pumice and zeolite
particles as aggregate to improve bulk density and
the thermal properties of mortars which are classified
under CBM. Meanwhile, how different curing regimes
affect these properties are also discussed.

2. Materials and Method
2.1. Materials

CEM-142.5 R Portland cement without any type of
admixture was used as binder in the mortar mixtures,
its specific gravity was 3,03 g/cm®. The meaning of
notation R is for rapid setting and it obligates this
characteristic to be ground ultra fine and high content
of C,;S which is one of the four main compounds
compared to conventional cements.

The pumice aggregate was supplied from Burdur
(Aglasun) region and zeolite aggregate was obtained
from Balikesir (Bigadig) region. The location map of
aggregate sources were given in figure 1. The physical
properties of aggregates were tested according to
ASTM C 128, ASTM C 29 and ASTM C 97. The
results of specific gravity, water absorption, porosity,
modulus of fineness, loose and rodded unit weight
were given in a previous study (Beycan and Kogkal,
2017). According to TS EN 933-1 and ASTM C-136,
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sieve analysis of aggregates were performed and the
results are given in table 1.

It is clearly noticed that all the aggregates were
smaller than 4mm. Owing to the % 80 passing value
of particles through 1-mm sieve, pumice and zeolite
aggregates were accepted ultra fine aggregates.
Crushed sand had the coarsest particles containing
%37 of total particles under 1mm. Seraj et al. (2017)
performed an investigation with different particle
size of pumice aggregate and remarked that reducing
particle size increased the rates of cement hydration,
pozzolanic reaction, and compressive strength gain,
while also increasing mixture viscosity.

b

Figure 1- Location map of the aggregate sources (Bigadi¢ and
Aglasun).
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X-ray fluorescence (XRF) analysis was performed
at the Izmir High Technology Institute Material
Research Center. For each component, an average
of 1,5 g powder sample was prepared and the
SPECTRO-IQ II device was used. X-ray fluorescence
(XRF) analysis was conducted to obtain chemical
composition of fine aggregates and cement which are
given in table 2 with loss on ignition values. The loss
on ignition measures the mass loss of volatile materials
such as carbon dioxide and water but also alteration
level in the materials under high temperature exposure.
The major oxides of pumice aggregate were SiO,
and AL O, with the percentage of 54,09%, 21,68 by
weight respectively. The major oxides measured in the
zeolite aggregate were the same as those of the pumice
aggregate. But the percentages were different and
in order of 75,14% and 14,71. Both fine aggregates
had high SiO, content. There are several studies in
which minerals with high SiO, content, if they are
ground as fine as cement, they can be used as cement
replacement materials (Chen et al., 2017). On the
other hand the major oxide of crushed sand was CaO
with the percentage of 54,01%. When evaluated L.O.1.
value of samples, it was seen that zeolite and crushed
sand had higher values within the group.The reasons
of high L.O.I. values in zeolite and crushed sand could
be explained as follows: Zeolites were chemically
known as aqueous alumina silicates. Coombs et al.
(1997) stated that zeolites had a large number of water
molecules attached to the clinoptilolite mineral. At
high temperatures, the attached water evaporated and
therefore the L.O.I value of zeolite was high. Crushed
sand was a calcium carbonate (CaCO,) originated
aggregate and under high temperature exposure,

Table 1- Sieve analysis of aggregates.

CaCO, decomposed into CaO and CO,. As a result of
CO, output, L.O.L. value was high (Topgu and Demir,
2007).

The mineral phases of fine aggregates were
detected with the help of X-ray diffraction method
(XRD), which is based on the principle of breaking
X-rays in a characteristic order, depending on the
specific atomic sequences of each crystal phase.
XRD analysis results are exhibited on figure 2
and 3 : (Si29,04A16,96O96,40Na1,92ca1,57B aO,}ZKO,SGMgOJZ)
chemical formulated clinoptilolite was the common
mineral phase appeared in zeolite, quartz (Si,0,) and
orthoclase (Si,Al,K,0,)) were encountered rarely.

Clinoptilolite had microporous structure and high
surface area. The basic units of the crystal structure
of clinoptilolite, SO, and AlO, tetrahedrals, combined
to form a secondary structure and it is illustrated in
figure 4. The secondary structure united with different
combinations and created a porous and channeled
form. These channels and porosities constituted a
significant surface area by providing void volume of
30% - 35% (Ersoy, 2000).

Major phase crystalline of pumice was feldspar
(Si,,Al 4 Sr,, Nay O,,) and another mineral was
coesite (Si,,0,,) identified in structure. Feldspar is a
monoclinic crystal. Feldspars are the most common
mineral in the rocks and compose nearly 60% of the
earth’s crust (Xu et al., 2017). When the previous
studies were examined, it was seen in figure 5, the
main mineral phase was feldspar in the petrographic
analyzes performed on pumice (Ddyen and Aksoy,

2013).

o ~ | Aperture Size (mm) 4 2 1 0,5 0,25 0,125 0,063

E’ % Pumice 100 91 76 63 44 26 13

é'g Zeolite 100 100 77 53 27

© & | Crushed Sand 100 62 37 25 15 9 4
Table 2- Chemical composition of constituents (by weight%).

Constituents Na,0O MgO AlLO, SiO, SO, K,0 CaO Fe O, LOIL* |TAM.O.

Cement 0,1 1,77 4,28 19,28 2,95 0,58 61,36 2,65 4,01 80,64

P 8,23 1,89 21,68 54,09 0,18 6,10 4,03 2,48 3,55 75,77

z <0,11 1,22 14,71 75,14 0,01 2,80 4,21 1,28 10,94 89,85

CS 0,08 1,02 0,64 3,94 - - 54,01 0,11 40,81 54,01

* Loss on ignition
® Total amount of major oxide
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Figure 2- XRD patterns of zeolite.
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Figure 3- XRD patterns of pumice.

Figure 4- Connecting zeolite to tetrahedral (Akay et al., 2018 figure 1).
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a Y

Figure 5- Feldspar mineral in pumice sample (gray) (Ddyen and
Aksoy, 2013).

Bilgin and Kantarct (2018) investigated the
technologic properties of zeolite formations in
Balikesir Bigadi¢ region. Three different zeolite
samples were examined and in XRD analyzes the
main mineral phase was found to be clinoptilolite.
However, in petrographic analysis, quartz minerals
were more visible (Figure 6).

Figure 6- Quartz mineral in zeolite sample (Bilgin and Kantarci,
2018).

Zeolite and pumice aggregates were used with
five different replacement ratios by volume in mortars
(Table 3). With the guidance of trial mixes, the pumice
aggregate was put into mixtures in saturated surface
dry condition for proper workability. The zeolite
aggregate was in air dry condition before mixing and
additional water for absorption was introduced into
the mixture. Water-cement ratio was selected as 0.6,
so that the cement paste could surround the aggregate

surface and maintain sufficient workability. The
cement content was kept constant as 300 kg/m? in all
mixtures.

Mortars were placed into the 40x40x160mm
prismatic steel molds, after demoulding at 24h,
the samples were exposed to three different curing
regimes; normal curing (NC), hot water curing (HC)
and steam curing (SC). NC samples were maintained
in a lime saturated water tank to cure at 20 + 2°C for
7 days, HC samples were immersed 60°C in lime
saturated water for 2 days and at the end of that
exposure then placed into NC tank in until 7th day, SC
samples were stored in steam curing cabinet at 90%
relative humidity (RH) and 50°C for 7 days.

Table 3- Mix design ratios of mortars.

Design Replacement Ratio by Volume (%)
Code Zeolite Pumice Sand
A 70 30 -
B 60 40 -
C 50 50 -
D 40 60 -
E 30 70 -
CS - - 100

2.2. Experimental Methods

The unit weight test on fresh mortars was performed
as follows: The fresh mortar was poured into container
in two stages and in every stage it was rodded 25 times
with a steel bar. After that, the container was weighed
and achieved the result by dividing this weight to the
volume.

The workability of mortars were measured with
ASTM C230 flow-table test (Figure 7). The mortar
was placed into special cone specified in the standard.
Afterwards the cone was raised upward slowly and
the arm was rotated for certain times to spread the
mortar on the table. The flow diameter was obtained
by measuring the diameter from both x and y axis and
taking the average of them.

The bulk density values were obtained by testing
40x40x160 mm prism samples according to ASTM
C 642 (Figure 8). Oven dry (OD) bulk density
and saturated surface dry (SSD) bulk density were
calculated below:

OD= W1/ (W2-W3) (1)
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Figure 8- The test set up for determination of bulk density.

SSD= W1/(W1-W3) @)

W1 is the mass of oven-dried sample in air (g), W2
is the mass of surface-dry sample in air (g) and W3 is
the mass of surface-dry sample in water (g) (Kockal,
2016).

Thermal conductivity values of mortars were
determined by the guarded hot plate method ASTM
C 177. The side surfaces of the samples were
covered with glass wool to prevent heat scattering.
In this experiment, thermographic camera was used
to monitor the temperature difference of thermally
insulated sample surfaces until a constant temperature
value has been reached (Figure 9).
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Figure 9- Thermographic camera image of mortars with different
lightweight aggregate combinations.

The thermal conductivities of the samples were
calculated relatively according to the control sample
herein below:

RTC=((HST-CCS)x100)/CM 3)

RTC is the relative thermal conductivity (%), HST
is the hot side temperature and kept constant at 100°C,
CCS is the constant temperature of the steam cured
control sample top surface temperature (°C). CM is
the constant temperature top surface of lightweight
mortar sample (°C).

3. Results and Discussion

The flow-table test results and unit weight values
are given in table 4. With the increase of pumice
aggregate ratio, unit weight values increased smilarly,
in contrast to flow diameter. However, compared to
the control sample all lightweight mortar samples had
lower unit weight and better workability. Glindiiz and
Ugur (2005) reported that using fine and coarse pumice
aggregate reduced the unit weight of conventional
CBM and in addition to this, the elasticity modulus
was decreased in contrast to the capability of energy
absorbsion namely toughness.

On the other hand, the reason of better workability
with increasing zeolite volume was attributed to
mixing procedure. The zeolite aggregates absorbed
water was added into the mixing water and this fact
directly affected fresh properties of mortars. Besides,
some researchers indicated that in some cases,
incorporation of zeolite reduced fresh properties
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of CBM such as the value of flow table test and
V box test. The results of workability properties
of CBM including natural zeolite, carried out by
Ramezanianpour et al. (2015) and they showed that
use of natural zeolite increased water demand of
CBM. Ranjbar et al. (2013) investigated the effect of
using zeolite as a replacement material with cement on
fresh properties of self compacted CBM. According to
the experimental results, zeolite which was ground as
fine as cement, impact workability negatively.

Table 4- Physical properties of fresh mortars.

Mix Unit Weight (g/dm?) Flow Diameter (cm)
A 1765 >25

B 1814 15,75

C 1817 14,4

D 1843,7 14,35

E 1866,5 14,26

CS 24219 12,4

SSD bulk density and OD bulk density values
are shown in figure 10 and 11. SSD bulk densities of
lightweight mortars were varying from 1,755 to 1,879.
Morover, the positive effect of lightweight aggregates
is perfectly seen with OD bulk density values between

25
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Figure 10- SSD bulk density values.
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Figure 11- OD bulk density values.

1,358 and 1,575 when compared with the value of
control sample which is 2,177. SCA mortar had
the lowest SSD and OD bulk density. Actually, the
samples produced with same aggregate combination
ratio, generally had the lowest both SSD and OD bulk
density when they were cured in steam curing. Ba
et al. (2011) carried out a study on the development
of voids and pore characteristic of samples exposed
to steam curing for different durations. According to
the mercury intrusion porosimetry method, coarse
porosity increased with duration of initial steam
curing.

Owing to increasing pumice aggregate volume
in mortar samples, bulk densities increased. Hot
water curing regime especially affected OD bulk
density of in a positive manner. Arel (2016) remarked
that hot-water curing regime affects compressive
strength initialy more pronounced than steam and
standard curing regimes. It can be deduced from this
explanation that hot water curing regime contributes
to the formation of absolute structure. Another parallel
research was published by Kockal et al. (2018). They
noticed that the mechanical properties of mortars such
as flexural and compressive strength were increased
with the increase of OD bulk densities of mortars.

Relative thermal conductivity test results are
illustrated in figure 12. Because of the thermal
conductivity increases in accordance with the amount
of moisture (Young, 1988), before the experiments,
the samples were kept in 90 °C heated oven for 24h
to evaporate pore water. OD bulk density values were
in a correlative relationship with the relative thermal
conductivity values of the samples. SCA sample with
the smallest OD bulk density had the lowest relative
thermal conductivity value.

—=NC

—l—HC

w—y—=5C

Relative Thermal Conductivity (36)

Samples

Figure 12- Development of relative thermal conductivity of
mortars subjected to different curing conditions.
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The lowest and the highest relative thermal
conductivity values were 61,30% and 69,55%
respectively. Itcanbe seen thatthe aggregate typehad an
influence on thermal properties of mortars and pumice
aggregate concentration was directly proportional to
the relative thermal conductivity of mortars (Zhu et
al., 2015). Even though, among lightweight mortars,
the relative thermal conductivity increased with the
incremental ratio of pumice, the thermal properties
were better than the control mortars. The study was
arranged by Amel et al. (2017) supporting that fact.
The researchers prepared CBM samples with dune
sand and pumice aggregate. The heat transfer and bulk
density values of CBM samples were decreased with
increasing rate of pumice aggregate.

The samples including high volume of zeolite
aggregate, had lower relative thermal conductivity.
Porosity is generally correlated with thermal
conductivity. Nagrockiene and Girskas (2016)
examined the properties of CBM modified with
natural zeolite addition and it is stated that natural
zeolite increased the closed porosity.

4. Conclusions

Following conclusions can be drawn from the
experimental study:

* Volcanic originated lightweight aggregates can
be preferred in special applications to produce
building materials with special qualities.

» Utilisation of pumice and zeolite as fine
aggregate resulted benefits in fresh properties
of mortars. According to the value of flow table
test, workability of lightweight mortars were
improved resulting in reduction of labor demand
and costs.

» Both OD and SSD bulk density of the lightweight
mortar samples were smaller than those of control
sample. Thus, zeolite and pumice aggregate can
be used as an alternative construction material to
reduce the self weight of structures.

* There was a corelation between OD bulk density
and relative thermal conductivity values. SCA
sample with the smallest OD bulk density had
the lowest relative thermal conductivity value.
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* The relative thermal conductivity values of
lightweight mortars were approximately 40%
smaller than those of the control sample. On
the other hand, there wasn’t any proof about the
significant effect of different curing regimes on
the relative thermal conductivity.

Acknowledgments

This research was supported by Scientific Research
Projects Coordination Unit of Akdeniz University by
the project number of 1278.

References

Akay, O.E., Gizlenci, O.S., Sénmez, K. 2018. Bir kurutma
sisteminde kullanilan zeolit kurutma yataginin
adsorpsiyon performansinin deneysel olarak
incelenmesi. KSU Miihendislik Bilimleri Dergisi
21(1):100-106.

Amel, C.L., Kadri, E., Sebaibi, Y., Soualhi, H. 2017.
Dune sand and pumice impact on mechanical
and thermal lightweight concrete properties.
Construction and Building Materials 133: 209-
218.

Arel, H.S.2016. Effects of curing type, silica fume fineness,
and fiber length on the mechanical properties and
impact resistance of UHPFRC. Results in Physics
6: 664-674.

ASTM C 177, Standard Method for Steady-State Heat
Flux Measurements and Thermal Transmission
Properties by Means of the Guarded Hot Plate
Apparatus, American Society for Testing and
Materials, Annual Book, West Conshohocken,
PA, 2004.

ASTM C 642, Standard test method for density, absorption,
and voids in hardened concrete, American
Society for Testing and Materials, Annual Book,
Pennsylvania, USA, 2013.

ASTM C128-15, Standard Test Method for Relative
Density (Specific Gravity) and Absorption of
Fine Aggregate, ASTM International, West
Conshohocken, PA, 2015.

ASTM C136 / C136M-14, Standard Test Method for Sieve
Analysis of Fine and Coarse Aggregates, ASTM
International, West Conshohocken, PA, 2014.

ASTM (230, Standard Specification for Flow Table
for Use in Tests of Hydraulic Cement, ASTM
International, West Conshohocken, PA, 2014.

ASTM C29 / C29M-17a, Standard Test Method for Bulk
Density (“Unit Weight”) and Voids in Aggregate,
ASTM International, West Conshohocken, PA,
2017.



Bull. Min. Res. Exp. (2020) 161: 191-200

ASTM C97 / C97M-18, Standard Test Methods for
Absorption and Bulk Specific Gravity of
Dimension Stone, ASTM International, West
Conshohocken, PA, 2018.

Ba, M., Qian, C., Guo, X., Han, X. 2011. Effects of steam
curing on strength and porous structure of concrete
with low water/binder ratio. Construction and
Building Materials 25: 123-128.

Beycan, O., Kogkal, N.U. 2017. Properties of mortars with
ultrafine aggregates. International Journal of
Advances in Mechanical and Civil Engineering
4: 64-67.

Bilgin, O., Kantarci, S. 2018. Bigadig (Balikesir, Tiirkiye)
Civarinda  Gozlenen Hoylandit/Klinoptilolit
Zeolit Olusumlarmin Teknolojik Ozelliklerinin
Incelenmesi. Journal of Balikesir University
Institute of Science and Technology 20(1):589-
601.

Chen, J.J,, Li, L.G., Ng, P.L., Kwan, A.K.H. 2017.Effects
of superfine zeolite on strength, flowability and
cohesiveness of cementitious paste. Cement and
Concrete Composites 83: 101-110.

Coombs, D.S. , Alberti, A., Armbruster, T., Artioli, G.,
Colella, C., Galli, E., Grice, C. D., Liebau,
F., Minato, H., Nickel, E.H., Passaglia, E.,
Peacor, D.R., Quartieri, S., Rinaldi, R., Ross,
M., Sheppard, R.A., Tillmans, E., Vezzalini, G.
1997. Recommended nomenclature for zeolite
minerals: Report of the subcommittee on zeolites
of the international mineralogical association,
commission on new minerals and mineral names.
The Canadian Mineralogist 35:1571-1606.

Degrave-Lemeurs, M., Gl¢, P.,, Hellouin de Menibus, A.
2018. Acoustical properties of hemp concretes
for buildings thermal insulation: Application to
clay and lime binders. Construction and Building
Materials 160: 462-474.

Doéyen, A., Aksoy, E. 2013. Isparta ve Gelincik Pomza
Yataklarinin  Jeolojisi ve Beton Yapimina
Uygunlugunun Arastirilmasi. Selcuk University
Journal of Engineering, Science and Technology
28:25-34.

Ersoy, B. 2000. Clinoptilolite (Natural zeolite): properties,
use and the importance of Turkey. Afyon
Kocatepe University Journal of Sicience 2(1):41-
52. (In Turkish, with English summary.)

Fantilli, A.B., Chiaia, B., Gorino, A. 2016. Ecological and
mechanical assessment of lightweight fiber-
reinforced concrete made with rubber or expanded

clay aggregates. Construction and Building
Materials 127: 692-701.

Gilindiiz, L., Ugur, 1. 2005. The effects of different fine and
coarse pumice aggregate/cement ratios on the
structural concrete properties without using any
admixtures. Cement and Concrete Research 35:
1859 — 1864.

Kogkal, N.U. 2015. Optimizing production parameters of
ceramic tiles incorporating fly ash using response
surface methodology. Ceramics International 41:
14529-14536.

Kogkal, N.U. 2016. Investigation about the effect of
different fine aggregates on physical, mechanical
and thermal properties of mortars. Construction
and Building Materials 124: 816-825.

Kockal, N.U., Ozturan, T. 2010. Effects of lightweight
fly ash aggregate properties on the behavior of
lightweight concretes. Journal of Hazardous
Materials 179: 954-965.

Kogkal, N.U.,, Ozturan, T. 201la. Characteristics of
lightweight fly ash aggregates produced with
different binders and heat treatments. Cement and
Concrete Composites 33: 61-67.

Kogkal, N.U., Ozturan, T. 20115. Optimization of properties
of fly ash aggregates for high-strength lightweight
concrete production. Materials and Design 32:
3586-3593.

Kogkal, N.U., Beycan, O., Giilmez, N. 2018. Effect of binder
type and content on physical and mechanical
properties of geopolymer. Sddhana 43:49.

Mintorogoa, D.S., Widigdoa, W.K., Juniwatia, A. 2015.
Application of coconut fibres as outer eco-
insulation to control solar heat radiation on
horizontal concrete slab rooftop. Procedia
Engineering 125: 765 — 772.

Nagrockiene, D., Girskas, G. 2016. Research into the
properties of concrete modified with natural
zeolite addition. Construction and Building
Materials, 113: 964-969.

Najimi, M., Sobhani, J., Ahmadi, B., Shekarchi, M. 2012.
An experimental study on durability properties of
concrete containing zeolite as a highly reactive
natural pozzolan. Construction and Building
Materials 35:1023-1033.

Patnai, A., Myubu, M., Muniyasamy, S., Botha, A.,
Anandijwala, R.D. 2015. Thermal and sound
insulation materials from waste wool and recycled
polyester fibers and their biodegradation studies.
Energy and Buildings 92: 161-169.

Ramezanianpour, A.A., Mousavi, R., Kalhori, M., Sobhani,
J., Najimi, M. 2015. Micro and macro level
properties of natural zeolite contained concretes.
Construction and Building Materials 101: 347—
358.

199



Bull. Min. Res. Exp. (2020) 161: 191-200

Ranjbar, M.M., Madandoust, R., Mousavi, S.Y., Yosef, S.
2013. Effects of natural zeolite on the fresh and
hardened properties of self-compacted concrete.
Construction and Building Materials 47: 806—813.

Schackow, A., Effting, C., Folgueras, M.V., Giiths, S.,
Mendes, G.A. 2014. Mechanical and thermal
properties of lightweight concretes with
vermiculite and EPS using air-entraining agent.
Construction and Building Materials 57: 190-197.

Sengiil, O., Azizi, S., Karaosmanoglu, F., Tasdemir,
M.A. 2011. Effect of expanded perlite on the
mechanical properties and thermal conductivity
of lightweight concrete. Energy and Buildings 43:
671-676.

Seraj, S., Cano, R., Ferron, R.D., Juenger, M.C.G. 2017.
The role of particle size on the performance of
pumice as a supplementary cementitious material.
Cement and Concrete Composites 80: 135-142.

Topgu, I.B., Demir, A. 2007. Research of fire and high
temperature effects on concretes produced with
waste crushed tile. ICSW 2007, The Twenty-
Second International Congerence on Solid Waste
Technolgy and Management, Philadelphia,USA.

TS EN 933-1 Tests for geometrical properties of aggregates -
Part 1: Determination of particle size distribution
- Sieving method, Turkish Standarts 2012.

200

Widodo, S., Ma’arif, F., Gan, B.S. 2017. Thermal
condactivity and compressive strength of
lightweight mortar utilizing pumice breccia as
fine aggregate. Procedia Engineering, 471: 768-
773.

Xu, L., Tian, J., Wu, H., Deng, W., Yang, Y., Sun, W., Gao,
Z., Hu, Y. 2017. New insights into the oleate
flotation response of feldspar particles of different
sizes: Anisotropic adsorption model. Journal of
Colloid and Interface Science 505: 500-508.

Yesilata, B., Isiker, Y., Turgut, P. 2009.Thermal insulation
enhancement in concretes by adding waste PET
and rubber pieces. Construction and Building
Materials 23: 1878—1882.

Young, J.F. 1988. A review of the pore structure of the
cement paste and concrete and its influence
on permeability, American Concrete Institute,
Detroit pp. 1-18.

Zhang, B., Poon, C.S. 2015. Use of Furnace Bottom Ash
for producing lightweight aggregate concrete with
thermal insulation properties. Journal of Cleaner
Production 99: 94-100.

Zhu, L., Dai, J., Bai, G., Zhang, F. 2015. Study on thermal
properties of recycled aggregate concrete and
recycled concrete blocks. Construction and
Building Materials 94: 620-628.



	Button 28: 
	Button 27: 
	Button 72: 


