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Investigation Of Engineering Properties Of Pumice-Based Rice Husk

Ash Substituted Lightweight Concrete
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Abstract

Concrete is an indispensable material in the construction industry. This material has
different properties and different names depending on its intended use. One of these is
lightweight concrete (LC). In this study, it was aimed to investigate of effects occurring
in case of substitution rice husk into pumice-based LC. Rice husk ash (RHA) was used
instead of cement in at a rate of 10%, 20% and 30%. LC was produced by using 90%
pumice and 10% sand instead of agega. Physical (dry unit volume weight, porosity,
compactness, water absorption (by weight), effect of freezing and thawing on
compressive strength) and mechanical (compressive strength, splitting tensile strength)
tests were applied to the produced LC samples. At the end of the study, a decrease was
observed in dry unit weight, porosity, compactness and water absorption values with
increasing RHA substitute. In addition, the RHA substitute caused an increase in
compressive strength and splitting tensile strength values. It was concluded that RHA
substitute can be used in the production of sustainable and environmentally friendly

LC.

Keywords: Concrete, lightweight concrete, rice husk ash, pumice
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Pomza Tabanh Pirin¢ Kabugu Kiilii Ikameli Hafif Betonun

Miihendislik Ozelliklerinin incelenmesi
Ozet

Insaat sektoriiniin vazgecilmez malzemesi betondur. Bu malzeme kullanim
amacina gore farkli 6zelliklerde ve farkli isimlerde bulunmaktadir. Bunlardan biri de
hafif betondur. Bu calismada, pomza tabanli hafif betona piring kabugu ikamesi
durumunda meydana gelen etkiler arastirilmasi amaglanmistir. Piring kabugu hafif
betonda ¢imento yerine %10, %20 ve %30 oraninda kullanilmistir. %90 oraninda
pomza ve %10 oraninda kum agega yerine kullanilarak hafif beton iretilmistir.
Uretilen hafif beton numunelerine fiziksel (kuru birim hacim agirlik, porozite,
kompasite, su emme (agirlikca), donma ¢6ziilmenin basing dayanimina etkisi) ve
mekanik deneyler (basing dayanimi, yarmada ¢ekme dayanimi) uygulanmisir. Calisma
sonunda, piring kabugu kiilii ikamesinin artmastyla kuru birim hacim agirlik, porozite,
kompasite ve su emme degerlerinde azalma goriilmiistiir. Buna ek olarak, piring
kabugu kiilii ikamesinin basing dayamimi ve yarmada ¢ekme dayanim degelerinin
artmasina neden olmusur. Piring kabugu kiilii ikamesinin stirdiiriilebilir ve ¢evre dostu
hafif beton tiretiminde kullanilabilecegi sonucuna varilmistir.

Anahtar Kelimeler: Beton, hafif beton, piring kabugu kiilii, pomza

1. Introduction

In the list of the most used building materials in the field of construction, water
comes first and concrete comes second. The fact that it is consumed in large amounts,
the development of technology and the differentiation of user demands make concrete
a constantly developing and changing material. For these reasons, some properties of
concretes have been improved and they are called special concretes [57]. Self-

compacting concrete, jetcrete, powder concrete, LC are some of them.
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LC, one of this concretes, is considered as a resourceful material that has
generated great interest and huge industrial demand in a wide variety of construction
projects in recent years [1]. LC has become a versatile material for buildings thanks to
its technical, economic and environmental advantages. Recently, it has started to be

used more in buildings [2].

Different studies are carried out to improve the properties of LC. The first of
these works is the substitution of waste material into LC. Due to the increase in
population and the development of industry, production of different industrial and
agricultural wastes has increased in the last few decades [3]. Some researchers include
these wastes in the production of LC. In studies, fly ash [4-7], silica fume [8-10] , blast
furnace slag [11-12], RHA [13-15], perlite [16-19], pumice [20-22] and volcanic tuff
[23-24] was used.

Anwar et al., (2000) stated that rice husk ash improves different properties of
concrete [54]. Adnan et al., (2021) determined that when rice husk ash is used in certain
proportions instead of cement, the compressive and flexural strengths are equivalent to
normal concrete [55]. Karthika et al., (2018) stated that the density, compressive
strength and tensile strength of self-compacting lightweight concrete are improved
when 30-40% pumice is used [56]. The LC produced within the extent of the study was

produced by substituting pumice and rice husk.

Grain is cultivated in approximately 700 million hectares of the world's existing
cultivated areas [25], and 22% of this area consists of rice. In addition, in terms of
production shares, rice comes after wheat with a share of 28%. When countries are
compared in terms of rice husk production, China ranks first, followed by India,
Indonesia and Bangladesh. Tiirkiye is among the countries with the highest increase in
paddy production in the last 10 years. The reasons for this increase are the increase in
cultivation areas and the increase in the yield obtained per unit area. The outer hard

protective cover of rice grains is called rice husk [26-27]. Rice husk is becoming an
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important waste problem due to the high production in the world and in Turkey and
22% of the rice produced is husk and the rest is rice and bran. RHA, obtained by
burning the husk, is a by-product with extraordinary pozzolanic qualities when ground

into powder [28-29].

Many studies have been carried out by scientists on the use of RHA. As a result
of these studies, it has been defined that RHA can be used in various fields from

construction to solar panel production [30].

In this study, it was puposed to examine of effects occurring in case of
substitution rice husk into pumice-based LC. Rice husk was used instead of cement in
LC at a rate of 10%, 20% and 30%. LC was produced by using 90% pumice and 10%

sand instead of aggregate.

2. Materials and Methods
2.1. Material
2.1.1. Pumice

Pumice (Figure 1), which was determined as the material within the extent of the
study, was get from the quarries of Miner Madencilik A.S. located in Nevsehir/Cardak
region and it was used as aggregate in the production of LC. The physical and chemical

properties of the supplied acidic pumice are shown in Table 1.

Figure 1. Acidic pumice from Nevsehir region
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Table 1. Physical and mechanical properties of pumice

Physical Property
Color Light grey
Crystal Shape Amorphous
Hardness (Mohs) 5.8
Dry Unit Volume Weight (g/cm?) 0.47
Porosity (%) 2.38
Warming Temperature (Cal/gr.°C) 0.27
Water Absorption (% by Weight) 37

Chemical Property
SiO, 75.35
ALO; 12.43
Fe 05 1.30
CaO 1.15
MgO 0.46
K20 3.95
Na,O 3.72
SO; -
Loss of ignition 1.64

2.1.2. Rice Husk Ash

The RHA used in the study was purchased from Silo Gida San. in Edirne/Ipsala.
Instead of cement, RHA with a specific surface area of 14750 cm? /g was used. Physical
and mechanical properties of RHA are shown in Table 2 and the image is given in

Figure 2.
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Figure 2. Rice husk ash
Table 2. Physical and mechanical properties of RHA

Phvsical Pranertv
Snecific weioht 215
Snecific Snrface (cm?/o) 14740
Chemical Pranerty
Sin, 9524
AlO: 0R2
Fer0- 018
Moy 0133
SOs 016
Na-O 0t
Ca0) 0 6R
K-0 133
T.oss of Tonition 145

2.1.3. Cement

The cement to be used in the experimental research is CEM I 42.5 N type
Portland Cement produced according to TS EN 197-1 [31] standard (Figure 3). Cement
was supplied from BASTAS cement factory operating in Ankara. In order to avoid
incorrect test results, the amount of cement to be used in the samples to be produced

within the extent of the research was calculated and taken at once. In the study, the
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water/cement ratio was determined as 0.55. The physical and chemical properties of

cement are shown in Table 3.

Figure 3. Cement

Table 3. Physical and mechanical properties of cement

Analysis Results CEM1425N
2 Day Compressive Strength (MPa) 224
7 Day Compressive Strength (MPa) 39.4
28 Day Compressive Strength (MPa) 51.0
SOs (%) 2.6
MgO (%) 2.1
Cl (%) 0.007
Loss of ignition (%) 1.7
Insoluble Residue (%) 0.3
Specific Surface (cm*/g) 3749
Initial set (minute) 161
Final set (Hour) 4:20
Volume Constancy (mm) 0.4
Free Lime (%) 0.5
Equivalent Alkaline (Na;0+0,658K,0) (%) -
Water Need (Vicat Water) (%) 29.06
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2.1.4. Sand
The sand to be used as fine aggregate in the study was taken from Kirsehir
provincial borders. The river sand was washed to remove organic and plant residues.

The grain diameter of the sand is between 0-4 mm (Figure 4).

Figure 4. Sand

2.1.4. Super Plasticizer
In order to increase the workability of the LC samples produced within extent of
the research, super plasticizer was used at the rate of 1% of the cement amount. The

properties of the super plasticizer are shown in Table 4.

Table 4. Properties of the super plasticizer

Property Value

Appearance Dark brown liquid

Structure Naphthalene Formaldehyde Sulfonate Modification
Consumption amount Between 0.8-1.5% depending on the amount of cement
Intensity 1.17+0.03 kg/It

pH 7-9

Chloride None

Application temperature +5°Cto +35°C
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2.1.5. Mixing water

As mixing water, city tap water from Kirsehir province was used, in accordance

with the TS EN 1008 [32] standard.

2.2. Method
2.2.1. Production of pumice and RHA substituted samples

In the study, 4 different series (REF, RLC10, RLC20 and RLC30) LC were
produced. REF; reference sample, RLC10; sample with 10% RHA substitution,
RLC20; sample with 20% RHA substitution, RLC30; It refers to the sample with 30%
RHA substitution.

In all samples, 10% sand and 90% pumice were used as aggregate. RHA was
substituted at the rate of 10%, 20% and 30% of the cement amount. Super plasticizer
was used at 1% of the cement ratio. The water/cement ratio is fixed at 0.55. The mixing

ratios of the produced samples are shown in Table 5.

Table 5. Mixing proportions

Sample | Pumice(%) | Sand(%) | Cement RHA (%) Super Water/Cement

Name (%) Plasticizer (%)

REF 100 --- 100 - %1 0.55
RLC10 90 10 90 10 %1 0.55
RLC20 90 10 80 20 %1 0.55
RLC30 90 10 70 30 %1 0.55

LC is produced based on TS 2511 [33] standard. Firstly, pumice, which is a
lightweight aggregate, was subjected to pre-treatment. After the procedures were
completed, the pumice was taken into the mixing container. The determined amount of
water was placed into the pumice aggregate and subjected to pre-saturation. After the
process, sand was added and mixed with the help of a mixer. The specified amounts of

cement and RHA were added to the aggregate mixture and mixed again. Water and
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super plasticizer were added to the homogeneous dry mixture, mixed and the LC dough

was made ready (Figure 5).

\

Figure 5. LC paste
The mixture was filled and compressed into cube samples of 15 cm x 15 cm x

15 cm dimensions. The samples were left in the mold for a day to set (Figure 6).

Figure 6. Keeping the samples in the mold

At the end of the day, the samples that were extracted from the molds and put in
curing pools at a temperature of 20 °C for 28 days (Figure 7). At the end of 28 days,
the samples were removed from the curing pool and then physical and mechanical tests

were applied.
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Figure 7. Curing of samples

2.2.2. Physical Experiments Applied To Samples

Dry unit volume weight; TS EN 12390-7 [34] standard was used to determine
the dry unit volume weight value of the produced LC samples. The test was occured in
three steps. In the first step, the samples were kept in a cap filled with water for 24
hours. In the second step, the samples taken out of the water were dried on the surface
with the help of a cloth and left to dry in the oven at 105 °C for 24 hours. In the third
and final step, the samples were weighed on a precision scale. The obtained values
were written into the formula below and the dry unit volume weight value was

calculated (Equation 1). E; Oven dry weight (kg), V; Volume (m?)

Dry Unit Volume Weight (kg/cm?)=E/V (Equation 1)

Porosity and compactness; TS EN 772-4 (2000) [35] standard was used to find
the porosity value, defined as the void ratio of the material. The test was occured in
four steps. In the first step, the samples were boiled in a cap filled with water for three
hours. In the second step, the samples were taken from boiling water and placed in a
cap filled with water and their weight in the water was measured (K3). In the third step,

the samples that taken out of the water were left to dry in the oven for 24 hours after
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the surface was made dry (K2). Then, its dry weight (K1) was measured and written

into the formula below (Equation 2, Equation 3).
Porosity (%) = ((K2-K1) / (K2-K3)) x 100 (Equation 2)
Compactness (%) = 100- Porosity (Equation 3)

Water absorption (by weight); TS EN 772-4 (2000) [35] standard was used for
water absorption test. The experimental study was occured in two steps. In the first
step, the samples were left in water for 24 hours and then their weight was measured
(Ssny. In the second step, sample that was made dry to surface was left to dry in an oven
at £105 °C for 24 hours. The samples taken from the oven were measured (So) and the

water absorption value was calculated using the formula below (Equation 4).

Water Absorption (By Weight) (%) = (Ssu-S0)/So (Equation 4)

The effect of freezing and thawing on compressive strength; TSE CEN/TS
12390-9 (2017) [36] standard was used for the freeze-thaw experiment. The test was
occured in three steps. In the first step, the samples were left in a cap filled with water
for 60 minutes. In the second step, the samples, whose surface was dried, were
subjected to freezing at -20 °C. In the third step, the samples were taken from the
refrigerator and left to thaw at room temperature for 60 minutes. This cycle was
repeated 20 times. After the cycle was completed, the samples were subjected to
compressive strength testing and the obtained values are given as percentage (%).

2.2.3. Mechanical Tests Applied To Samples

Compressive strength, This experimental study was made according to TS EN
772-1 [37] standard. Firstly, the samples were extracted from the curing pool and the
surface was dried with the help of a cloth. After, it was kept in the oven at £105 °C

until it reached a constant weight. Then, the compressive strength test was carried out
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in a computer-controlled pressure press. The compressive strength value was

calculated by dividing the breaking load by the surface area.

Tensile splitting strength, This experiment applied to the samples was carried
out according to TS EN 12390-6 [38] standard. The samples were taken out of the
curing pool and the surface was dried with the help of a dry cloth. After, it was kept in
the oven at 105 °C until it reached a constant weight. Care was taken to ensure that
the press head and the surface on which the load would act overlapped. Then, the load
with a loading rate of 0.05 MPa was transferred to the sample surface. The highest load
(Pmax) at the time of breaking on the computer screen was noted [39-40]. A 10x15
cylindrical specimen was used for the splitting tensile strength test. At the end of the
experiment, splitting tensile strength was calculated using the formula given below

(Equation 5).
ft=(2.Pmax)/(mn.D.L) (Equation 5)

3. Research Results And Evaluation

3.1. Physical Test Results of LC Samples
3.1.1. Dry Unit Volume Weight

Figure 8 shows the graph created by averaging the dry unit volume weights.
According to the graph, the highest value with 993 kg/m?® was get from the RLC10
sample, while the lowest value with 971 kg/m* was get from the RLC30 sample. It was
observed that the dry unit volume weight of the RLC10 sample with 10% ash
substitution increased slightly with the increase in RHA. It was determined that the dry

unit volume weight decreased when 20% and 30% were substituted.

It is thought that the decrease in dry unit volume weight is due to the unit weight

of RHA being lower than the unit weight of cement.
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Figure 8. Dry unit volume weight graph

Diizgiin (2001) [41] substituted 25%, 50%, 75% and 100% pumice (by volume)
for normal aggregate during concrete production. At the end of his study, he observed
that the unit weight of the samples decreased by 9-28%. Ceylan (2005) [42] produced
LC samples using pumice taken from the Nevsehir region. He stated that dry unit
volume weight values vary between-659 and 978 kg/m’. Kale et al. (2020) [43]
produced LC using pumice aggregate. As a result of the study, it was reported that
there was a decrease in dry unit volume weight. All these studies in the literature

support the study.

3.1.2. Porosity

Figure 9 shows the graph created by averaging the porosity ratios. According to
the graph, the highest porosity value with 21.9% was get from the REF sample, while
the lowest porosity value with 18.4% was get from the RLC30 sample. In other words,
as the amount of RHA increased, the porosity rate decreased. The reason of this

decrease is fills the pores of LC samples of RHA, which has a very fine structure.
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Figure 9. Porosity graph

Kale et al., (2020) [43] and Tezel et al., (2020) [44] reported that there was a
decrease in the porosity values of LC samples with pumice aggregate. Chopra (2015)
[45], He was stated that substitution of 15% RHA caused the porosity value of LC to

decrease.

3.1.3. Compactness

The values of compactness, defined as the ratio of the volume of the filled part
of the material to the entire volume [43] are given in Figure 10. According to the graph;
While the lowest compactness value was obtained from the REF sample with 78.1%,
the highest value was get from the RLC30 sample with 81.6%. In short, it has been
observed that the compactness value increases with the increase in the amount of RHA
substitution. The reason for this is that RHA fills the gaps in the material and makes it

a full material.
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Figure 10. Compactness graph
3.1.4. Water Absorption (By Weight)
The water absorption values of the samples are presented in the graph in Figure
11. According to the graph; While the highest water absorption rate of 8.7% belongs
to the REF sample, the lowest water absorption rate belongs to the RLC30 sample with
7.1%. As the amount of RHA increased, the water absorption rate decreased. This

decrease is due to the filling of the voids within the sample with RHA.

Water Absorption (By Weight) (%)

1
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Water Absorption (By Weight) (%)

Figure 11. Water absorption (by weight) graph
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When the studies in the literature are examined; Oztiirk (2012) [46] and Tezel
vd., (2020) [44] reported that there was a decrease in the water absorption rate of LC
samples produced with pumice in the Nevsehir region. Rahman et al., (2018) [47]
reported in their study that substituting RHA in LC reduced the water absorption rate.

Coutinho stated that adding RHA to concrete samples reduced water absorption.

3.1.5. Effect of freezing and thawing on compressive strength
Compressive strength values of RHA substituted LC samples after freezing and
thawing are presented in Figure 12. According to the graph, the lowest compressive
strength after freeze-thaw was get from the REF sample with 16.3 MPa, while the
highest compressive strength after freeze-thaw was get from the RLC30 sample with

22.6 MPa.

Compressive Strength After Freezing and Thawing

(MPa)
22,6
25 19,5 A
7 16,3 17,1 -
20 v A
15 Y%
10
5
A A A
0
REF RLC10 RLC20 RLC30

Compressive Strength After Freezing and Thawing (Mpa)
Figure 12. Compressive strength graph after freezing and thawing
The effect of freezing and thawing on compressive strength is given in % in
Figure 13. According to the graph, the effect of freezing and thawing on pressure was
observed to vary between 2.4% and 9.3%. The highest compressive strength loss was
get from the RLC30 sample with 30% rice husk substitution. As the amount of rice
husk increased, the effect of freezing and thawing on pressure increased and it was

observed that there was a decrease in compressive strength.
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Figure 13. Graph of the effect of freezing and thawing on compressive strength

Kale et al., (2020) [43] was reported in their study that pumice aggregate LC samples
reduced the effect of freezing and thawing on compressive strength.
3.2. Mechanical Test Results of LC Samples
3.2.1. Compressive strength

Figure 14 shows the compressive strength graph of the samples. Based on the
graph; It was observed that the compressive strength values varied between 16.7 MPa
and 24.7 MPa. The highest compressive strength value was get from the RLC30
sample, and the lowest compressive strength was get from the REF sample. In addition,
increasing RHA substitution had a positive effect on compressive strength. RHA's high

silicon content and pozzolanic properties cause its compressive strength to increase.

According to the compressive strength results, it was observed that LC’s
manufactured with pumice aggregate and RHA substitution (including all proportions)
had a value above the value reported for LC strength in the ACI 213R-87 [48] standard
(17.2 MPa). All LC samples produced within the extent of the study are in the carrier
LC class. It has been observed that the rates determined in the study and the substitution

of RHA will not cause any harm in the production of LC.
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Figure 14. Compressive strength graph

When the studies in the literature are examined; Akgakale (2010) [49] produced
concrete using pumice material found in Osmaniye and Nevsehir regions. When he
looked at the 7-day compressive strength, he reported that the value varied between
4.9-16.3 MPa. In their study, Kabay and Akoz (2012) [50] used pumice as coarse
aggregate and crushed sand as fine aggregate and found that there was an increase in
compressive strength. Hossain et al. (2011) [51] stated that the strengths of the LC’s
they produced using coarse and fine pumice and 10% sand were 10-12-15-16-19-21
MPa higher. Ahsan et al., (2017) [52] reported that the maximum compressive strength
get from 10% RHA substituted concrete was 56% of the control sample. Rahman et
al., (2018) [47] and Kartini (2011) [53] reported in their studies that substitution of

RHA in LC increased the compressive strength.

3.2.2. Splitting Tensile Strength

Figure 15 shows the splitting tensile strength graph of RHA substituted LC samples.
According to the graph, it can be seen that the splitting tensile strength values in vary
between 1.09 MPa and 1.58 MPa. While the lowest splitting tensile strength was get
from the REF sample, the highest value was get from the RLC30 sample. In shortly, it
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has been observed that as the RHA substitution increases, the splitting tensile strength

value decreases.
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Figure 15. Splitting tensile strength graph
Ahsan et al., (2017) [52] reported that there was an increase in splitting tensile
strength by substituting 10% RHA.
4. Conclusion and Recommendations

In the study, LC was produced by using acidic pumice from Nevsehir region and
RHA in different amounts (10%, 20% and 30%) as cement substitution material.
Physical and mechanical tests were applied to the samples. The results obtained from

the experimental data are given in the Table 6.
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Table 6. Comparison of the obtained data

Samples
Experiments RLC10 RLC20 RLC30
Dry Unit Volume Weight + - _
Porosity - - R
Compactness + + +
Water Absorption (by Weight) - - R
Effect of Freeze-Thaw on Compressive Strength + + +
Compressive Strength + + +
Splitting Tensile Strength + + +

At the end of the study, the results obtained are listed below.

% In the dry unit volume weight experiment applied to the samples, it was observed
that the dry unit volume weight value decreased as the RHA ratio increased. It
was determined that the porosity value decreased with increasing RHA
substitution. The lowest porosity value was get from the RLC30 sample. When

looking at the compactness value, the compactness value increased with the

increase in the amount of RHA.

4 As a result of the water absorption (by weight) experiment, it was observed that

the water absorption rate decreased with the increase of RHA substitution. The

lowest value was get from the RLC30 sample with 7.1%.

4 When the compressive strength values after freezing and thawing were
examined, it was seen that there was a decrease in the compressive strength after
freezing and thawing as the RHA substitution increased. It was determined that

the highest effect was get from the RLC30 sample with 9.3%. After the freeze-

thaw experiment, fine cracks appeared on the surface of the RLC30 sample.

% It has been observed that the compressive strength of LC samples is directly
proportional to the RHA substitution rate. The lowest compressive strength

belongs to the reference sample, and the highest compressive strength belongs
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to the RLC30 sample. All RHA substituted LC samples produced according to
the ACI 213R-87 standard are in the load-bearing LC class. It was observed that
the splitting tensile strength value of the samples increased with the increase of
RHA substitution.

4 [t has been observed that there is no harm in using RHA in the production of LC.
It has been observed that the use of natural raw materials such as pumice in the
most preferred building materials such as concrete is beneficial.

+ Actively use of agricultural waste in the construction sector should be
encouraged. Wastes with high silicon content, such as rice husks, should be
brought into the construction industry.

% It is thought that the use of natural raw materials such as pumice and agricultural
wastes such as RHA in the construction sector will be very effective in the
production of sustainable building materials:” Using waste such as RHA in

different sectors will be an effective way for waste disposal.

5. References

[1] Ayodele OA. An experimental study on the properties of lightweight concrete with cold bolded
fly ash aggregate m correlation with normal aggregate concrete [Master’ Thesis]. Gaziantep:

University Of Gaziantep; 2016.

[2] Topal ES. Use of natural perlite aggregate and perlite powder 1n reinforced concrete beam
produced with self-compacting lightweight concrete [Master’ Thesis]. Ankara: Ankara

Yildirim Beyazit University;2023.

[3] Munir MJ, Kazmi SMS, Gencel O, Ahmad MR, Chen B. Synergistic effect of rice husk, glass
and marble sludges on the engineering characteristics of eco-friendly bricks. J. Build. Eng.
2021; 42 (102484):1-15.

[4] Yasar E, Atug CD, Kilig A, Gulsen H. Strength properties of lightweight concrete made with
basaltic pumice and fly ash. Mat. Let. 2003;57(15): 2267-2270.

78



[5] Satpathy HP, Patel SK, Nayak AN. Development of sustainable lightweight concrete using fly
ash cenosphere and sintered fly ash aggregate. Const. Buil. Mat. 2019, 202: 636-655.

[6] Igbal S, Ali A, Holschemacher K, Ribakov Y, Bier TA. Effect of fly ash on properties of self-
compacting high strength lightweight concrete. Peri. Poly. Civil Eng. 2017; 61(1): 81-87.

[7] Wang X, Wang Y, Lin S, Li D, Hou P, Li C, Zhang S. High-strength lightweight concrete
preferred mix design. Water Conse. Civil Const. 2024; 1: 296-301.

[8] Nukah PD, Abbey SJ, Booth CA, Nounu G. Development of a Lytag-silica fume based
lightweight concrete and corresponding design equation for pure bending. Case Stud. Const.

Mat. 2023;18(e01970):1-19.

[9] Hamidreza M, Hossein HSA. Neural prediction of mechanical properties of fiber-reinforced
lightweight concrete containing silica fume and nano-silica. Mag. Civil Eng. 2023; 118(2):
11808-11825.

[10] Ali YM, Abdelaleem T, Diab HM, Rashwan MM. Effect of silica fume on the behavior of
lightweight reinforced concrete beams. made from crushed clay bricks. Al Civil Eng.

2023; 2(1):1-23.

[11] Sobhani J, Komijani S, Shekarchi M, Ghazban F. Durability of concrete mixtures containing
Iranian electric arc furnace slag (EAFS) aggregates and lightweight expanded clay aggregates
(LECA). Const. Buil. Mat. 2023; 40(132597):1-21.

[12] Zhang H, He Y, Wang C, Guan Y, Ge Z, Sun R, Ling Y, Savija B. Statistical mixture design for
carbide residue activated blast furnace slag foamed lightweight concrete. Const. Buil.

Mat.2022; 342(127840):1-17.

[13] El-Attar MM, Ibrahim HH, Darwish SF. Investigating the viability of recycling rice husk ash
and plastic bag waste to enhance durability of lightweight concrete. Build. 2023; 13(5): 1350-
1371.

[14] Lubis H, Rianna M, Lubis RY, Hasibuan ES, Siregar I, Sofie TM. Synthesis and characterization
of rice husk activated carbon as filler in lightweight concrete. In AIP Conf. Proce. 2023;
2626(1):1-20.

79



[15]

[16]

[17]

(18]

[19]

(20]

[21]

[22]

(23]

[24]

[25]

Azhar M, Soedarjanto A, Syah A. Pumice stone engineering and rice husk ash light aggregate
material to increase the compressive strength of composite lightweight concrete. Int. J. Civil

Eng. Tech. (IJCIET). 2020; 11(8):1-22.

Bakhshi M, Dalalbashi A, Soheili H. Energy dissipation capacity of an optimized structural
lightweight perlite concrete. Const. Buil. Mat. 2023;389(131765):1-24.

Benjeddou O, Ravindran G, Abdelzaher MA. Thermal and acoustic features of lightweight
concrete based on marble wastes and expanded perlite aggregate. Buil. 2023; 13(4), 992-1011.

Stratoura MC, Lazari GED, Badogiannis EG, Papadakis VG. Perlite and rice husk ash re-use as
fine  aggregates in  lightweight  aggregate structural  concrete-durability
assessment. Sustain. 2023;15(5): 4217-4236.

Kadela M, Matek M, Jackowski M, Kunikowski M, Klimek A, Dudek D, Roskowicz M.
Recycling of tire-derived fiber: the contribution of steel cord on the properties of lightweight
concrete based on perlite aggregate. Mater. 2023;16(5): 2124-2142.

Bideci A, Bideci OS, Ashour A. Mechanical and thermal properties of lightweight concrete
produced with polyester-coated pumice aggregate. Const. Buil. Mat. 2023; 394(132204):1-
23.

Tuncer HM, Girgin ZC. Hemp fiber reinforced lightweight concrete (HRLWC) with coarse
pumice aggregate and mitigation of degradation. Mat. Struct. 2023;56(3):59-75

Kumar R. Utilizing pumice for enhanced structural lightweight concrete. i-Manager's J. Struc.

Eng. 2023;11(4):13-29.

Gundiiz L, Kalkan SO. Lightweight cellular hollow concrete blocks containing volcanic tuff
powder, expanded clay and diatomite for non-load bearing walls. Tech. Mag.

2020;31(6):10291-10313.

Sang GK. Investigating the Potential Use of Tuff Aggregates to Produce Lightweight
Concrete (Doctoral dissertation, UON). 2021.

Kumar S, Sangwan P, Dhankhar RMV, Bidra S. Utilization of rice husk and their ash: A review.
Res. J. Chem. Env. Sci. 2013;1(5);126-129.

80



[26] Fuad MA, Ismail Z, Ishak ZM, Omar AM. Rice husk ash. Plastics Additives: An AZ reference,
1998: 561-566.

[27] Khan MA, Khan SA, Khan B, Shahzada K, Althoey F, Deifalla AF. Investigating the feasibility
of producing sustainable and compatible binder using marble waste, fly ash, and rice husk
ash: A comprehensive research for material characteristics and production. Res. in Eng..

2023;20(101435):1-23.

[28] Kone B, Mwero JN, Ronoh EK. Experimental effect of cassava starch and rice husk ash on
physical and mechanical properties of concrete. Int. J. Eng. Trends Tech. 2022;70(2): 343-
350.

[29] Jauberthie R, Rendell F, Tamba S, Cisse 1. Origin of the pozzolanic effect of rice husks. Const.
Buil. Mat. 2000;14(8): 419-423.

[30] Sirin, Y. (2014). Analysis Of Economic Value Of Rice Husk And Producing High Value

Industrial Substances [Master’s Thesis |. Gaziantep: University Of Gaziantep;2014.

[31] TS EN 197-1. Cement - Part 1: General cements - Composition, properties and suitability
criteria, Turkish Standards Institute, Ankara, 2012.

[32] TS EN 1008. Mixing water for conerete - Specifications for sampling, testing and assessing the
suitability of water, including water recovered from processes in the concrete industry, as

mixing water for concrete, Turkish Standards Institute, Ankara, 2003.

[33] TS 2511. Mix design for structural lightweight aggregate concrete, Turkish Standards Institute,
Ankara, 2017.

[34] TS EN 12390-7. Testing hardened concrete - Part 7: Density of hardened concrete, Turkish
Standards Institute, Ankara, 2010.

[35] TS EN 772-4, (2000). Methods of test for masonry units - Part 4: Determination of real and
bulk density and of total and open porosity for natural stone masonry units, Turkish Standards

Institute, Ankara, 2000.

[36] TSE CEN/S 12390-9. Testing hardened concrete - Part 9: Freeze-thaw resistance with de-icing
salts — Scaling, Turkish Standards Institute, Ankara, 2017.

81



[37] TS EN 772-1. Methods of test for masonry units- Part 1: Determination of compressive strength,
Turkish Standards Institute, Ankara, 2015.

[38] TS EN 12390-6. Testing hardened concrete - Part 6: Tensile splitting strength fo test specimens,
Turkish Standards Institute, Ankara, 2010.

[39] Simsek O. Concrete and concrete technology, Seckin Publications, Ankara, 2007.

[40] Aldakshe A, Caglar H, Caglar A, Avan C. The investigation of use as aggregate in lightweight
concrete production of boron wastes. Civ. Eng. J. 2020;6(7): 1328-1335.

[41] Diizgiin OA. The effect of steel fibers on the strength of lightweight concretes [Master's Thesis].
Erzurum; Atatiirk University; 2001.

[42] Ceylan H. Characteristics of lightweight concrete obtained from different pumice aggregate
types under the effect of temperature [Doctoral Thesis]. Isparta; Siileyman Demirel
University; 2005.

[43] Kale MO, Caglar H, Caglar A, Apay AC, Cimen S. Improving of lightweight concrete properties
produced with pumice aggregate of nevsehir region with fly ash substitution. Aca. Platform-

J. Eng. Sci. 2021; 9(2): 302-308.

[44] Tezel H, Caglar H, Caglar A, Can O, Cimen S. Effects of boric acid additive to pumice aggregate
lightweight concrete properties. Int. J. Sci. Tech. Res. 2020, 6(9):1-10.

[45] Chopra D, Siddique R. Strength, permeability and microstructure of self-compacting concrete

containing rice husk ash. Biosys. Eng. 2015;130: 72-80.

[46] Oztirk M. Investigation of physical and mechanical properties of lightweight concrete
containing pumice and perlite [Master's Thesis]. Hatay: Namik Kemal University; 2012.

[47] Rahman AKML, Barai A, Sarker A, Moniruzzaman M. Light weight concrete from rice husk
ash and glass powder. Bangladesh J. Sci. Ind. Res. 2018;53(3): 225-232.

[48] ACI 213R-87. Guide for Structural Lightweight Aggregate Concrete, American Concrete
Institute, 1987.

[49] Akgakale AH. Investigation of some durability characteristics of lightweight concrete with
basaltic pumice and pumice aggregate [Master's Thesis]. Kahramanmarag: Kahramanmarag

Siitcii fmam University; 2010.

82



[50] Kabay, N., & Akoz, F. (2012). Effect of prewetting methods on some fresh and hardened

[51]

properties of concrete with pumice aggregate. Cem. Conc. Comp. 2012; 34(4):503-507.

Hossain KMA, Ahmed S, Lachemi M. Lightweight concrete incorporating pumice based

blended cement and aggregate: Mechanical and durability characteristics. Const. Buil. Mat.

2011; 25(3): 1186-1195.

[52] Ahsan MB, Hossain Z. Use of rice husk ash (RHA) as a sustainable cementitious material for

[53]

[54]

[55]

[56]

[57]

concrete construction. In Materials for Sustainable Infrastructure: Proceedings of the 1st
GeoMEast International Congress and Exhibition, Egypt 2017 on Sustainable Civil
Infrastructures 1, 197-210. Springer International Publishing, 2018.

Kartini K. Rice husk ash-pozzolanic material for sustainability. Int. J. App. Sci.

Tech., 2011;1(6): 169-178.

Anwar, M., Miyagawa, T., & Gaweesh, M. Using-rice husk ash as a cement replacement

material in concrete. In Waste management series 1, 671-684. Elsevier, 2000.

Adnan, Z. S., Ariffin, N. F., Mohsin, S. M. S., & Lim, N. H. A. S. Performance of rice husk
ash as a material for partial cement replacement in concrete. Materials today: proc. 2022;48:

842-848.

Karthika, V., Awoyera, P. O:,; Akinwumi, L. I., Gobinath, R., Gunasekaran, R., & Lokesh, N.
Structural properties of lightweight self-compacting concrete made with pumice stone and

mineral admixtures. Rev. Rom. Mater. 2018;48(2): 208-213.

Palta E., Caglar H., Caglar A. (2020), The Effect Of Boric Acid On Mechanical Properties
And Structural Characterization Of Self-Compacting Concrete, Turkish J. Nat. and Sci.
2020;9 (Special Issue): 160-166.

83



OMNIScriptum /

DATE
16.12.2025

OmniScriptum S.R.L.

120 High Road, East Finchley
London, N2 9ED

United Kingdom

Str. Armeneasca 28/1, office 1
Chisinau, MD-2012

Republic of Moldova

info@omniscriptum.com

WWW.omniscriptum.com

To Whom It May Concern

Dear Sir/Madam,

We are pleased to announce the publication of the book entitled "ACADEMIC STUDIES IN THE FIELD OF
BUILDING MATERIALS", edited by Arzu CAGLAR. The book was released by Lambert Academic
Publishing in December, 2025 and bears ISBN 978-620-9-27815-0.

Being an imprint of OmniScriptum S.R.L., LAMBERT Academic Publishing provides high-quality
publications, with all the advantages of an international company in marketing, production and distribution.
Books of LAP are therefore available on the worldwide market via more than 80,000 bookstores and 3,000

online stores.

OmniScriptum is an associate member of the American Booksellers Association, the Booksellers Association
of the UK, a member of the Borsenverein des Deutschen Buchhandels, and also a member of German
PEN Center.

The company was founded in Germany in 2002.

Please do not hesitate to contact us, should you need any further information.

Kind regards,

Aurora Jian A %ﬂll/
Supervisor
Lambert Academic Publishing is a trademark of:

OmniScriptum S.R.L.

info@omniscriptum.com / www.omniscriptum.com

OmniScriptum S.R.L. - Registration No. 1018600021562-120 High Road, East Finchley, London, N2 9ED, United Kingdom
str. Armeneasca 28/1, office 1, Chisinau, MD-2012, Republic of Moldova
Represented by Managing Director: Ieva Konstantinova (CEO)


Admin
Вычеркивание


	CHAPTER_3.pdf
	CERTIFICATE_LAP -978-620-9-27815-0 kopyası.pdf



