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Abstract

In order to reduce cement consumption, which is one of the significant factors in man-made carbon dioxide emissions,
studies are being conducted on issues such as alternative building materials. Replacing cement with fly ash is at the
forefront of cement reduction studies. However, the use of fly ash with a high sulfate content in structural elements is limited
by European and American standards. Here the production of pumice stones used as wall material is discussed. Pumice
blocks were made by replacing the cement in pumice blocks with high sulfate fly ash. High sulfate fly ash increased the late
strength of pumice blocks by about 13%. In addition, as a result of a brief economic analysis for Tiirkiye, it turned out that
wall costs could be reduced by up to 8% thanks to the replacement of fly ash. The mechanical and physical tests performed
on the blocks produced concluded that the cement could be replaced with fly ash with a high sulfate content of up to 30%.
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BIMS BLOKLARDA YUKSEK SULFATLI UCUCU KUL KULLANIMI

Ozet

Insan kaynakli karbondioksit emisyonlarinin ana aktérlerinden biri olan cimento tiiketimini azaltmak icin alternatif yapi
malzemeleri gibi konularda ¢alismalar yapilmaktadir. Cimentonun ugucu kiil ile ikamesi, ¢cimento azaltim ¢alismalarinin
6n saflarinda yer almaktadir. Ancak yiiksek oranda siilfat iceren ucucu kiiliin yapi elemanlarinda kullanimi Avrupa ve
Amerika standartlari tarafindan sinirlandirilmistir. Burada duvar malzemesi olarak kullanilan bims blok iiretimi ele
alinmigtir. Bims bloklarindaki ¢cimentonun yiiksek stilfat iceren ucucu kiil ile degistirilmesiyle bims bloklar tiretilmigtir.
Yiiksek stilfatl ucucu kiil, bims bloklarin ge¢ dayanimlarinin yaklasik %13 artmasina neden olmustur. Ayrica Tiirkiye igin
kisa bir ekonomik analiz sonucunda ugucu kiil ikamesi sayesinde duvar maliyetinin %8'e varan oranlarda azaltilabilecegi
gériilmiistiir. Uretilen bloklar tizerinde yapilan mekanik ve fiziksel testler ile cimentonun %30'a kadar yiiksek siilfath ugucu
kiil ile degistirilebilecegi sonucuna varilmigtir.

Anahtar Kelimeler: Yiiksek siilfatli ucucu kiil, Bims blok, Bims beton, Siirdiiriilebilir yapi malzemeleri.
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12], as well as mixes such as conventional concrete [13-

15], lightweight concrete [16, 17] and self-compacting
Cement, which is responsible for around 7% of man- concrete [18, 19].

made COz emissions worldwide [1] and generates quite a
lot of energy costs [2], is a material that is very difficult
to do without in the construction industry. There are
many studies on the environmental risks in the
production and consumption of cement, the binder of
concrete, a cheap, easily shaped and quickly
manufactured building material, and on reducing
consumption [3-6]. The most common technique to
reduce the amount of cement, especially in concrete
mixes, is to replace the cement with pozzolanic additives.
Therefore, fly ash, which is a pozzolanic material, is
widely used in the literature as a replacement material in
mortars [7], brick making [8] and geopolymer mixes [9-

1. Introduction

Pumice, an aluminum silicate of igneous origin and
cellular structure [7] with high fire resistance and low
thermal conductivity [20], is used to manufacture
various building materials, such as lightweight concrete
[21]. Considering that 60% of the energy used in
buildings is used for space heating and cooling [22], it
could be advantageous to use air-entrained pumice stone
for thermal insulation in buildings [23, 24].

This paper focuses on producing concrete blocks from
pumice stone, which could be used for reasons such as
increasing fire resistance of buildings, reducing energy
consumption for space heating and cooling and reducing
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the weight of the building [25]. The cement used as a
binder in the manufacture of pumice blocks was replaced
with high sulfate fly ash at levels of 20%, 30% and 40%.
Physical and mechanical tests were carried out on the
produced samples. In addition, an analysis of the cost of
the samples produced was also carried out.

1.1. Significance and motivation of research

Alarge amount of fly ash is released today, posing severe
environmental risks as well as storage and disposal costs.
Fly ash released from thermal power plants of countries
with low-quality lignite deposits, such as Tiirkiye, cannot
be used due to its high sulfate content. ASTM limits the
SOs content of fly ash that can be used in concrete to 5%
and EN to 3%. The reason for this is that the high SO3
content influences the setting time and strength of the
concrete. In addition, various durability issues could
arise. However, it is foreseeable that building materials
that are not responsible for carrying loads will not be
affected by the above problems. For these reasons, the
motivation of this study is to demonstrate the economic
and environmental benefits of using high sulfate fly ash
in wall-building materials that are not expected to
support static loads.

2. Material and Method

In this study, 13.5x37.5x18.5 cm pumice blocks
containing 20 (FA20), 30 (FA30) and 40% (FA40) high
sulfate fly ash were produced, as well as the sample
containing 100% CEM 142.5 R ordinary Portland cement
(control). The chemical components obtained by XRF
analysis of fly ash and pumice used in the study are
presented in Table 1. Pumice stone with a grain diameter
of 0-8 mm was used in the study. Fine aggregate was used
as aggregate, the grain size of which is indicated in Figure

Table 1. Chemical composition of the high sulfate fly
ash and pumice

Quantity (%)
Component A Pumice
SiO, 35.50 35.50
Al,O3 12.95 12.95
Fe, 0, 11.78 11.78
Ca0 17.76 17.76
MgO 2.33 2.33
SOs 13.73 -
K,0 1.44 1.44
Na,O 0.15 0.15
Undamped bulk density - 438/;530
Specific weight - 2.327 g/cm?®
Mohs hardness - 5.5-6
Color - Light grey

2.1.Production

The manufacture of the pumice blocks made with the
mixing ratios given in Table 2 is based on mixing the raw
materials, placing them in molds by a compression press
and drying them. One hundred ninety-two blocks of
pumice were prepared for each mixed sample type.
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Figure 1. Granulometry distribution of fine aggregate

The production took place on fully automatic machines
with computer support (Figure 2a). The prepared
mixtures were taken out of the mixer, transferred to the
press silo and poured into molds using a pressurized
vibratory machine of about 7 tons (Figure 2b, c). The
pumice stones formed by molding were picked up on
wooden pallets and transported to the hardening room
using a fully automated system (Figure 2d)

Table 2. Pumice blocks mixing proportions

. Fly
. Aggregate Pumice Cement Water
Specimen ash
P (ko) (k) k) g (ko)
Control 575 2375 240 0 103
FA20 575 2375 192 48 103
FA30 575 2375 168 72 103
FA40 575 2375 144 96 103

Figure 2. Production processes (a) automatic machine;
(b, c) produced specimens; (d) curing
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2.2.Experimental Study

Dimensional analysis was carried out on the specimens
produced within the scope of the study, according to TS
EN 772-2 [26] standard and the TS EN 772-16 standard
[27]. These standards cover the methods for determining
the end-to-end dimensions of the manufactured
products, the outer and inner wall thicknesses and the
sum of these thicknesses, the depth of the gaps and the
plane parallelism of the plate surfaces. In this way it was
determined whether each product produced conforms to
the standard or not and whether it remains within the
tolerance values.

Appearance analysis was performed for each sample
produced according to TS EN 772-16, TS EN 772-2 and
TS EN 772-20. The different aspects of each sample
produced versus the control sample were observed, and
it was discussed whether it would be acceptable under
market conditions.

The net and gross dry unit weight determination of the
specimens was made according to the TS EN 772-13
standard [29]. In addition, at the end of 7 days and 28
days of curing, compressive strength tests were carried
out with the help of a 600 kN capacity “Liyatest” press
calibrated under the conditions specified in the TS EN
772-1+A1 standard [30].

3. Result and Discussion

3.1.Dimension, Appearance, and Unit Volume
Weight Analysis

The dimension (Figure 3) and unit volume weight
analysis performed on the specimens are presented in
Table 3. Dimensional analyses were performed on six
samples, unit weight tests were performed on three
samples, and average results were presented. As a result
of the dimensional analyses made with the help of
calipers and rulers, it was determined that the specimens
produced complied with the standards. On the other
hand, the results of the appearance analysis expressing
the conformity of the produced specimens with shape,
surface space, color, and market conditions are
presented in Table 4. According to these results, it has
been determined that the FA40 specimen is darker in
color than the equivalent products and has almost no
superficial voids.

Figure 3. Dimensional analysis, (a) length measurement;
(b) height measurement; (c) outer wall thickness
measurement; (d) inner wall thickness measurement

Therefore, it was concluded that FA40 pumice blocks
would not behave following their intended use in this
case. Since the specific gravity of fly ash is lower than the
specific gravity of cement, the unit volume weight was
lower in specimens with 20% and 30% high sulfate fly
ash substituted [31]. In the FA40 specimen, on the other
hand, it is thought that better compaction was obtained
due to the positive effect of fly ash on the workability [32,
33], and accordingly, a higher unit volume weight was
obtained. Considering the strong relationship between
unit volume weight and thermal conductivity [34], it is
thought that FA20 and FA30 specimens will show better
thermal conductivity performance. However, thermal
conductivity tests must be performed in order to make
an accurate assessment. Furthermore, reducing the unit
weight of the walls used in the buildings can reduce the
stresses caused by the earthquake effect since the
earthquake loads acting on the buildings are
proportional to the weight of the building [34]. In this
case, it is thought that the use of low-unit-weight pumice
blocks with fly ash substituted will also provide an
advantage in earthquake resistance.

Table 3. Dimensional analysis results

Specimen  Length (cm)  Width (cm)  Height (cm)  Inner wall thickness (cm)  Outer wall thickness (cm)  Unit volume weight (gr/cm®)
Control 375 135 18.5 224 2.25 0.714
FA20 375 135 18.5 224 2.25 0.706
FA30 375 135 185 2.22 2.22 0.695
FA40 375 135 18.5 2.10 2.20 0.713
Table 4. Dimensional analysis results

Specimen Shape Superficial spaces Color Conformity

Control Quadrangular Slightly less Grey Acceptable

FA20 Quadrangular Slightly less Grey Acceptable

FA30 Quadrangular Slightly less Grey Acceptable

FA40 Quadrangular Quite a few Dark grey  Not acceptable
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3.2. Compressive Strength

The 7-day and 28-day compressive strengths of the
specimens produced within the scope of the study were
determined. In order to ensure uniform stress
distribution in the compressive strength test, the upper
and lower surfaces of the samples were capped with a
mortar mixture of approximately 2 cm thickness and
prepared with 1/1 cement and fine sand. In order for the
capping mortar not to fill the gaps of the blocks, the
sample gaps were closed with pieces of paper that did not
affect the compressive strength (Figure 4). Then, the
capped samples were subjected to a compressive
strength test at a loading speed of 0.6 MPa/s in a fully
automatic press machine. 7-day and 28-day compressive
strength results determined by the average of three
samples from each group are presented in Figure 5.

Figure 4. Compressive strength test preparation stages,
(a) filling in the blanks with paper; (b, ¢) capped
specimens
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Figure 5. Compressive strength of specimens

Even though the 7-day compressive strength of the 20%
fly ash substituted samples remained as low as 3%
compared to the control sample, there was an increase of
approximately 5% in the 28-day compressive strength
compared to the control sample. While an increase of
approximately 10% was detected in the 7-day
compressive strength of the FA30 sample compared to

the control sample, there was an increase of up to 13% in
the 28-day strength. The 7-day strength of the FA40
sample was approximately 27% lower than the control
sample. It was determined that there was a loss of
strength of 18% in the 28-day strength.

When the error bars given in Figure 5 are examined, it is
understood that the experimental error may increase
with the increase in the amount of fly ash, especially at an
early age. Although the compressive strength values are
quite low, the experimental results were determined
with acceptable errors.

It is known that fly ash reacts with weak hydration
products (C-H) in cementitious composites to form
strong structures (C-S-H). However, since this reaction
takes place more slowly than hydration, which is a
cement-water reaction, the rate of strength development
also decreases, resulting in lower early strength. It has
already been reported in studies in the literature that fly
ash reduces the early strength of cementitious
composites [35, 36]. However, it is also known that when
replaced with cement up to a specific rate (~ 20-30%), it
provides an advantage in late strength compared to the
control sample [37]. This is attributed to the formation of
strong C-S-H and C-A-H bonds as a result of the reaction
of amorphous structures with C-H, and the filling effect of
ash particles that do not enter the reaction [38]. Supit et
al. 2014 [39] reported that ultrafine fly ash has a higher
amorphous content than the other fly ash used in their
study and has a higher strength-enhancing effect.
Moreover, it could be said that the fly ash used in the
study positively affects the increase in strength due to its
high CaO content [40].

3.3. Cost Analysis for Tiirkiye

In order to investigate the cost of the products (control,
FA20, and FA30), which were determined to be suitable
for use within the scope of this study, a cost analysis was
carried out according to the current unit prices published
by the Ministry of Environment, Urbanization and
Climate Change of the Republic of Tiirkiye in 2019 [41].
Accordingly, the price of fly ash was determined as
$5.45/ton, and the shipping cost of fly ash, which is
assumed to be 85 km away from the pumice block
production facility, was $4.18/ton. CEM I 42.5 R ordinary
Portland cement price is taken into account as
$40.18/ton. Aggregate and pumice costs were calculated
according to the price information obtained from local
sources. Accordingly, the aggregate costis $2.36/ton, and
the pumice cost is $6.54/ton.

According to the data of the Turkish Statistical Institute,
180 thousand of housing construction licenses were
issued in 2019 [42]. When the wall requirement of a
house is calculated as 360 m? on average, 65 million m?
of the wall must be built. Assuming that pumice blocks
are used throughout this construction, 993 million
pumice blocks are needed. The cost to be incurred if
these blocks are 100% Portland cemented and fly ash
substituted is presented in Table 5.
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Table 5. Wall cost calculation of residential
construction in Tiirkiye in 2019

Specimen  Unit cost ($/piece) ~ Total cost ($)

Control 0.138 137 million $
FA20 0.13 129 million $
FA30 0.127 126 million $

It is understood from this that the cost is reduced by
about 6% in the case of replacing the cement with 20%
fly ash in the production of pumice blocks, and the cost is
reduced by about 8% in the case of replacing 30% fly ash.

4. Conclusions

As a result of the study, the following conclusions were
reached;

. Substitution of 30% high sulfate fly ash to
pumice blocks had no effect on the size and appearance
of the samples.

. High sulfate fly ash substitution caused a
decrease in the unit weight of pumice blocks.
. High sulfate fly ash substitution caused a

decrease in early strength and increased late strength of
pumice blocks. The reduction of strength at early age
could be an obstacle to the immediate use of the blocks
after their production. However, the higher strength
gained as a result of pozzolanic reactions at late ages
improves the properties of the final material.

e Interms of final strength, the highest increase in
compressive strength (approximately 13%) was
obtained in the sample with 30% fly ash replacement. In
the sample with 40% fly ash replacement, approximately
22% strength loss was determined. It is understood that
substitutions made at rates lower than 30% will not
cause significant changes.

. As a result of the economic analysis, it was
concluded that if 20% and 30% high sulfate fly ash is
substituted in pumice blocks, a cost reduction of up to 6%
and 8%, respectively.

5. Acknowledgment
This study was supported by the Konya Technical
University Scientific Research Coordinatorship under
grant number 191004008. The authors would like to
thank Tinkir Bims for their assistance in the production
of the samples.

6. References

[1] Benhelal, E., Zahedi, G.,, and Hashim, H, “A novel
design for green and economical cement
manufacturing”, Journal of Cleaner Production, 22(1),
60-66,2012.

[2] Kajaste, R, and Hurme, M., “Cement industry
greenhouse gas emissions - Management options
and abatement cost”, Journal of Cleaner Production,
112,4041-4052, 2016.

[3] Abbas, A, Fathifazl, G., Isgor, O. B,, Razagpur, A. G,
Fournier, B., and Foo, S, “Environmental benefits of

green concrete”, 2006 IEEE EIC Climate Change
Technology Conference, 2006.

[4] Andrew, R. M., “Global CO2 emissions from cement
production”, Earth System Science Data, 10(1), 195-
217,2018.

[5] Black, L., “Low clinker cement as a sustainable
construction material”, Sustainability of Construction
Materials, 415-457, 2016.

[6] Cruz Juarez, R. I, and Finnegan, S, “The
environmental impact of cement production in
Europe: A holistic review of existing EPDs”, Cleaner
Environmental Systems, 3, 100053, 2021.

[7] Aydin, S., and Baradan, B., “Effect of pumice and fly
ash incorporation on high temperature resistance of
cement based mortars”, Cement and Concrete
Research, 37(6), 988-995, 2007.

[8] Sayy, O., Demir, I, Serhat Baspinar, M., Gérhan, G., and
Kahraman, E. “Seyitomer Ucucu Kiiliiniin Yapi
Tuglas1  Uretiminde  Kullamlabilirliginin ~ On
Arastirmas1” Afyon Kocatepe Universitesi Fen Ve
Miihendislik Bilimleri Dergisi, 9(3), 131-137, 2009.

[9] Goswami, A. P, “Fly Ash Selection and Mix
Proportioning for Ambient Cured High Strength In-
situ Cast Mono Component Geopolymer Concrete”,
International Journal of Sustainable Construction
Engineering and Technology, 12(4), 57-72,2021.

[10] Hamid, M. A, Yaltay, N. and Tiirkmenoglu, M,
“Properties of pumice-fly ash based geopolymer
paste”, Construction and Building Materials, 316,
125665, 2022.

[11] Top, S., Vapur, H., Altiner, M., Kaya, D., and Ekicibil,
A, “Properties of fly ash-based lightweight
geopolymer concrete prepared using pumice and
expanded perlite as aggregates”, Journal of Molecular
Structure, 1202, 127236, 2020.

[12] Zachar, |, Claisse, P., Naik, T. R,, and Ganjian, E,,
“Geopolymer Concrete with Fly Ash”, Proceedings of
the Second International Conference on Sustainable
Construction Materials and Technologies, 1493-
1504, 2010.

[13] Folagbade, S. 0. “Initial Surface Absorption of
Cement Combination Concretes Containing Portland
Cement, Fly Ash, Silica Fume and Metakaolin”,
International Journal of Sustainable Construction
Engineering and Technology, 8(2 SE-Articles), 46-56,
2017.

[14] Halstead, W. ]., “Use of Fly Ash in Concrete”, NCHRP
Synthesis of Highway Practice, 127, 1986.

[15] Malhotra, V. M., “High-Performance High-Volume Fly
Ash Concrete”, Concrete International, 24(7), 30-34,
2002.

[16] Nadesan, M. S. and Dinakar, P., “Mix design and
properties of fly ash waste lightweight aggregates in
structural lightweight concrete”, Case Studies in
Construction Materials, 7, 336-347,2017.

[17] Yasar, E., Atis, C. D., Kilic, A, and Gulsen, H., “Strength
properties of lightweight concrete made with
basaltic pumice and fly ash”, Materials Letters,
57(15), 2267-2270, 2003.



Serhat Denktas, Furkan Tiirk, Ulkii S. Keskin
Use of high sulfate fly ash in pumice blocks

[18] Khatib, ]. M. “Performance of self-compacting
concrete containing fly ash”, Construction and
Building Materials, 22(9), 1963-1971, 2008.

[19] Siddique, R., “Properties of self-compacting concrete
containing class F fly ash”, Materials & Design, 32(3),
1501-1507, 2011.

[20] Shoaib, M. M., Ahmed, S. A, and Balaha, M. M., “Effect
of fire and cooling mode on the properties of slag
mortars”, Cement and Concrete Research, 31(11),
1533-1538,2001.

[21] Widodo, S., Satyarno, I., & Tudjono, S., “Experimental
Study on the Potential Use of Pumice Breccia as
Coarse Aggregate in Structural Lightweight
Concrete”, International Journal of Sustainable
Construction Engineering and Technology, 5(1 SE-
Articles), 1-8, 2014.

[22] Hasan, A, “Optimizing insulation thickness for
buildings using life cycle cost”, Applied Energy, 63(2),
115-124, 1999.

[23] Anwar Hossain, K. M., “Properties of volcanic pumice
based cement and lightweight concrete”, Cement and
Concrete Research, 34(2), 283-291, 2004.

[24] Demirel, B., “Optimization of the composite brick
composed of expanded polystyrene and pumice
blocks”, Construction and Building Materials, 40,
306-313, 2013.

[25] Campione, G., Miraglia, N., and Papia, M., “Mechanical
properties of steel fibre reinforced lightweight
concrete with pumice stone or expanded clay
aggregates”, Materials and Structures, 34(4), 201-
210, 2011.

[26] TS EN 772-2, “Methods of test for masonry units -
Part 2: Determination of percentage area of voids in
aggregate concrete masonry units (by paper
indentation)”, 2000.

[27] TS EN 772-16, “Methods of test for masonry units -
Part 16: Determination of dimensions”, 2012.

[28] TS EN 772-20, “Determination of flatness of faces of
aggregate concrete manufactured stone and natural
stone masonry units”, 2002.

[29] TS EN 772-13 “Methods of test for masonry units-
Part 13: Determination of net and gross dry density
of masonry units (except for natural stone)”, 2002.

[30] TS EN 772-1+A1 “Methods of test for masonry
units - Part 1: Determination of compressive
strength”, 2011.

[31] Uygunoglu, T., Topcuy, 1. B., Gencel, O., and Brostow,
W., “The effect of fly ash content and types of
aggregates on the properties of pre-fabricated
concrete interlocking blocks (PCIBs)”, Construction
and Building Materials, 30, 180-187, 2012.

[32] Gencel, O., Brostow, W., Datashvili, T., and Thedford,
M., “Workability and Mechanical Performance of
Steel Fiber-Reinforced Self-Compacting Concrete
with Fly Ash”, Composite Interfaces, 18(2), 169-184,
2012.

[33] Pryymachenko, A., and Sheinich, L., “Sulfate resistant
concrete with aluminosilicate additives”,
Architecture Civil Engineering Environment, 10(4),
101-106, 2017.

[34] Sengul, 0., Azizi, S., Karaosmanoglu, F. and
Tasdemir, M. A., “Effect of expanded perlite on the
mechanical properties and thermal conductivity of
lightweight concrete”, Energy and Buildings, 43(2-3),
671-676, 2011.

[35] Hwang, K., Noguchi, T, and Tomosawa, F,
“Prediction model of compressive strength
development of fly-ash concrete”, Cement and
Concrete Research, 34(12), 2269-2276, 2004.

[36] Nath, P., and Sarker, P., “Effect of Fly Ash on the
Durability Properties of High Strength Concrete”,
Procedia Engineering, 14, 1149-1156, 2011.

[37] Harison, A., Srivastava, V., & Herbert, A., Effect of “Fly
Ash on Compressive Strength of Portland Pozzolona
Cement Concrete”, Journal of Academia and
Industrial Research, 2(8), 476, 2014.

[38] Fauzi, A., Nuruddin, M. F., Malkawi, A. B., & Abdullah,
M. M. A. B,, “Study of Fly Ash Characterization as a
Cementitious Material”, Procedia Engineering, 148,
487-493, 2016.

[39] Supit, S. W. M., Shaikh, F. U. A, and Sarker, P. K,
“Effect of ultrafine fly ash on mechanical properties
of high volume fly ash mortar”, Construction and
Building Materials, 51, 278-286, 2014.

[40] Knapik-Jajkeiewicz, K., Gaj, G. Kowalski, A. and
Predka, S., “Compressive strength of selected fine
grained soils treated with cement kiln dust and
calcareous fly ash”, Architecture Civil Engineering
Environment, 13(1), 79-86, 2020.

[41] Construction and installation unit prices, 2019.
https: //www.csb.gov.tr

[42] Turkish Statistical Institute. (2019). Building Permit
Statistics. www.tuik.gov.tr



https://www.csb.gov.tr/

