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In this study, physical and mechanical properties of pumice aggregate
substituted with brick flour as mineral additive and light mortars were
investigated. At the preparation of mortars, pumice (0-4mm) as a fine aggregate
and CEM I 42.5R Portland Cement were used. Standard mortar mixing ratios
were taken as fine aggregate/Cement/Water=3/1/0.5 and pumice aggregate is
used as a fine aggregate. Brick flour, which is used as mineral additive, is
substituted with 0%, 10%, 20% and 30% by weight of cement. The flow values
of produced mortars were determined while they were in fresh form. Mortar
samples were cured in standard cure pool for 28 days. Flexural and compressive
strengths of the mortar samples which were cured for 7 days, were measured.
Physical properties such as water absorption, porosity and unit volume weight
of 28 days cured mortars were determined and flexural and compressive
strengths were calculated. At the end of 28th day samples which were reached
its final strength, were exposed to 200 ⁰C, 400 ⁰C, 600 ⁰C and 800 ⁰C heats in High
Temperature Oven. With determining of flexural and compressive strengths
after heating, strength loss between before and after heating was designated. It
is observed that the flexural and compressive strengths were decreased with
increasing the ratio of Brick Flour. At all temperatures, it is occurred that the
ultrasound speed was decreased. With increasing of temperatures, ultrasound
speed values were reduced.
© 2020 MIM Research Group. All rights reserved.

1. Introduction
Nowadays, to solve housing and transportation problems effectively due to population
increasing and limitation of land, Highrise buildings and underground construction needs are
increasing rapidly. With developing technologies, it is observed that buildings provide more
comfort and qualitive service. Thanks to this technology new equipment, systems and
materials such as electrical applications and gas usage, are more preferred. However, in our
daily life, these preferences may be increased of the fire possibility in buildings. Fire can be
caused on structure elements even though it was not a risk for life, and it can directly effect
on structure safety and service life [1]. Cement is one of other binding materials which is used
the most in Civil Engineering Sector. Cement consumption is increasing as well as the rapidly
increasing of building sector. Although fully domestic raw materials are used in cement
industry, production is negatively affected by high energy cost and due to process causes CO2
production, this has a big role in global warming. Because of this reason, used energy of
cement industry and environmental impacts are one of the constantly debated topics of both
scientific and world agenda. In addition to this, rehabilitation of cement process is continued,
and search of raw materials which lead to make better quality, efficient and economic cement,
is ongoing [2-3]. The use of doped cements in the construction sector has become more
preferable today due to the economic and technical advantages they provide, as well as the
indirect benefits in reducing CO2 emissions by reducing clinker production. Most of these
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materials are mineral additives with pozzolanic properties [4]. Pozzolans; with its advantages
such as economic efficiency in cement, reduction of permeability, control of alkali aggregate
development, chemical resistance, lightness, utilization of wastes, reduction of drying
shrinkage of concrete and increase of strength, it is added to the concrete as a direct
contribution to cement or to be added to a part of cement[5]. In recent years, to provide high
temperature resistance, mineral additives are used in mixtures. Fly ashes, blast furnace slag
and silica fume are among them and commons [6-7]. Also it is known that pozzolanic materials
provides resistance of fire to cement based materials [8]. In world history, the first produced
construction material brick, is used on essential buildings through history. Brick that is
produced by using clay, is mostly used construction materials thanks to its positive properties
such as durability and strength, low sound and heat permeability and fire resistance [9]. Brick
is widely used and produced in agricultural structures in rural areas as well as in cities due to
the fact that suitable soil is abundant and this material enables cheap and easy production
[10]. In Turkey, some buildings such as animal shelters and agricultural product storages are
mostly built as one story and by using prefabricated materials. Brick is the one of these
prefabricated materials and commonly used [11-12]. Brick flour is one of the pozzolanic
additives added to both mortar and concrete. Increasing the production of brick in industry,
has brought many problems with itself. Important one of these problems is remained product
waste after production. Breaks occur during brick production and transportation and these
broken bricks are separated as waste [13]. To remove out brick wastes outside causes
harming on efficient farm areas and negative impact on country economy. Moreover, it takes
thousand years.to recover these harmed farm areas itself and this leads disruption of
ecological balance on soil [14]. Investigations and researches show that brick waste consists
%10 of total production [15]. Researches are done in many countries for how to use these
product wastes due to increasing of production wastes. By reducing the amount of waste
materials, the main materials are tried to be minimized by substituting the main materials for
environmental damage. Thus, natural resources will be better used and environmental
pollution will be reduced with the use of waste materials [16]. The reason for the loss of
strength at high temperatures is the decomposition of hydration products. The researchers
stated that the decomposition of the cemented matrix started above 105 ° C. The first step of
chemical and physical separation is to release water in the pores and chemically bound water
in the structure of calcium silicate hydrate (C-S-H) gels. This process is called dehydration
[17]. In this step, other hydrates and ettringite also begin to decompose. Also, depending on
the origin and type, aggregates may begin to be affected [18]. At about 300-400 °C, the
chemically bonded intermediate layer water in the C-S-H gel evaporates. In addition, the first
microfractures begin to appear in Ca (OH) 2 and anhydrite cement regions [19]. At this stage
Ca (OH) 2 decomposes into CaO and H2O. In the heating step, the decomposition of Ca (OH) 2
is not a critical reaction in terms of power. In the cooling process, however, CaO can be
rehydrated to Ca (OH) 2 and this rehydration produces a significant volume expansion of
about 44% [20-21]. At 500-600 ° C, the carbonates begin to decompose and are known to
cause irreversible damage to concrete. This is because an important part of the main binder
phase of concrete, namely C-S-H gels, is decomposed. In general, above 800 °C, almost all
constituents of concrete break down, leading to significant strength and weight loss [22]. As
the thermal properties of cement paste and aggregates are not exactly the same, it creates
internal stresses and generally results in cracking [23]. The use of mineral admixtures has
been investigated in order to increase the durability of cement-based materials both in the
evaluation of waste products and in the face of a fire disaster that may be encountered at any
time. In addition to the usual mineral additives, the usability of Brick Flour in mortar samples
was investigated and the effect of physical and mechanical properties on mortar properties
were investigated. In this study, pumice aggregate mortar samples were produced by
replacing 10%, 20% and 30% by weight of brick flour to cement. The produced mortar
samples were removed from the mold after 24 hours and left to stand in the curing pool. Fresh
processability of mortar samples, 7 and 28 days bending and compressive strength tests,
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ultrasound, water absorption, porosity, unit volume weight and high temperature tests were
performed. The mortar samples, which were filled for 28 days, were kept at 200 ⁰C, 400 ⁰C,
600 ⁰C and 800 ⁰C for one hour while high temperature test was performed. After the 0%,
10%, 20%, 30% Brick Flour samples were removed from the high temperature furnace,
bending and pressure values, water absorption, porosity, unit volume weight tests were
performed and the data were taken.
2. Experimental Studies
2.1. Used Materials
Cement is one of the mortar components, is taken from ÇİMSA cement factory as CEM I 42.5
R type and produced according to TS EN 197-1 [24]. Chemical analysis of used cement is taken
from producer cement factory and physical and chemical properties were given in Table 1.
Table 1 Physical and Chemical properties of CEM I 42.5 R type cement and Brick Flour
Chemical Analysis (%)

CEM I 42.5R

BF

CaO (%)

64.7

3.50

SiO2 (%)

20.7

58.50

AL2O3 (%)

5.55

16.50

Fe2O3 (%)

2.9

8.00

MgO (%)

2.68

0.15

SO3 (%)

2.76

0.00

Na2O (%)

0,25

1.00

K2O (%)

0,46

2.41

Loss on ignition (%)

3.26

-

Fineness (m2/kg)

31020

29700

Volume Expansion (mm)

1

-

Beginning of Set (min)

260

-

Ending of Set (min)

300

-

In the experimental study, city network water of Osmaniye province complying with TS EN
1008 was used in the mixture of mortar samples produced [25]. pumice deposits in Turkey
are concentrated in Urgup Avanos and Kayseri's Talas-Tomarza-Devel and Osmaniye. It
contains numerous pores from the macro scale to the micro scale due to the sudden release
of the gases during pumice formation and sudden cooling. As the pores are generally
unconnected, they are lightweight, can swim for a long time in water, have low permeability
and have high insulation. It has a chemical content of up to 75% silica. The SiO2 content of the
rock gives the rock abrasive properties. Al2O3 composition gives high resistance to fire and
heat [26]. Pumice which is used to produce mortar is given in Fig. 1, is obtained from Osmaniye
province Toprakkale district Tüysüz municipality.
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Fig. 1 Osmaniye Pumice
Chemical analysis of maximum 4 mm grain diameter Pumice Aggregate, is given in Table 2.
Table 2 Chemical analysis of used Pumice
Composition

Average

SiO
AhO
Fe20
CaO
MgO
Na20+K: 0

45.95
19.95
7.53
13.23
6.24
6.69

Other

0.41

Total

100.00

In this study, firstly standard brick is formed to 4mm size by using crusher then by using
ringed grinder, 4mm sized brick is formed to 24-40µ and brick flour was used as mineral
additive and given in Fig. 2.

Fig. 2 Brick Flour
Inside brick, there is no chemical material which can harm human health or environment.
Therefor some bricks which is damaged during the process of production or transportation,
are grinded and used for floor elements, tennis courts, park walking ways, bicycle roads and
garden arrangements.
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2.2. Sample Production
In this study, 4 pumice aggregate samples are produced by adding brick flour to cement by
weight of 10%, 20%, 30%. In mixtures, pumice is used as a fine aggregate then mixtures are
waited for 24 hours in 40x40x160mm molds according to TS EN 13369 (2018) rules. After
that molds are placed in curing pool. Flexural and compression tests are applied on 7th and
28th days samples. Reference sample is produced by only cement, aggregate and water
without brick flour [29]. Materials that are used in experiment are given in Table 3.
Table 3 Materials and Sample names and weights in Experiment (gr)
Sample Name
BF0
BF10
BF20
BF30

Explanation
Reference
%10 BF added mortar
%20 BF added mortar
%30 BF added mortar

Aggregate
850
850
850
850

Water
250
250
250
250

Cement
450
405
360
315

Brick Flour
0
45
90
135

Spread values for each mixture were measured on the Flow Table of the mixtures. After the
spread values were taken, the lubricated molds were placed on the cement shaking table and
concrete mortar was poured into the molds in two stages [30].
2.3. Flow-Table Test
Flow-Table Test is carried out to determine the consistency and spread value of fresh mortar
immediately after mixing of mineral binder and dense (normal) aggregate or light aggregates.
The fresh mortar placed in the mold used in the test is taken by slowly pulling the mold
vertically upwards in the test stage and the mass of the mortar remaining on the circular plate
is fell to 15 times at a constant frequency and approximately 15 times per second. Flow-Table
Test was applied to fresh mortar samples according to TS EN 1015-3 (2010) standard [31].
2.4. Water Absorption and Porosity Tests
Porosity and water absorption properties were determined by using Archimedes principle
scales on all series. At the end of 28 days, the concretes were removed from the curing pool
and put into the basket in the scale and the data were recorded by means of Archimedes
Scales. The surfaces were then dried with a cloth and their weights in the air were taken.
Samples were dried in oven at 110 ºC for 24 hours. The samples from the oven were cooled
until samples reaces room temperature and then the oven dry weights were weighed. Weight
measurements were made on 3 samples for each series and their mean values were recorded
[32].
2.5. Compressive and Flexural Tests
In all series, after 24 hours, it was cured for 7 and 28 days under standard curing conditions.
Samples with high temperature applied and not applied after curing were subjected to
bending and pressure tests with the device in Fig. 3 with the help of the device in Fig. 3
manufactured by Baz Makina with the capacity of 200 tons according to the Turkish standard
[33]. In the study, TS EN 196-1 standard was used for determination of flexural-compressive
strengths. Flexural-compressive determination of cements was carried out on 40x40x160 mm
specimens in accordance with TS EN 196-1 as shown in Fig. 4 [34].
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Fig. 4 Flexural and Compressive Strength Device
2.6. Ultrasound Test
The ultrasound pulse velocity measurements of the samples were made with the ultrasound
test device (P-wave) in Fig. 5. The samples were kept in standard curing pool for 28 days and
oven dried, ultrasound test was applied. The distance between the two surfaces of the samples
was measured with the help of a calliper rule, and the surfaces to be measured were smooth
with the ultrasound gel in order to avoid air gap. The sample was placed between the probes
(donor-receiver) and aligned and the device was started. The transition time of the sound
wave in the device is recorded. By using the intermediate distance between the probes and
the sound transition velocity we recorded, ultrasound transition velocities were calculated by
making the necessary calculations in the formula. The ultrasound test samples were then
placed in a high temperature furnace and then stored at 200 C, 400 ⁰C, 600 ⁰C and 800 ⁰C
temperatures according to standards [35].

Fig. 5 Ultrasound test device
2.7. Application of High Temperature on Samples
High temperature application was carried out in accordance with the principles specified in
TS EN 13501-1 (2013) standard. According to the standards, the actual fire environment is
between 20 - 1000 ° C and occurs within 15 - 300 minutes. The average temperature increase
rate corresponds to 27.4 .C / min. However, it is not possible to increase the heat increase rate
to 27.4 ° C / min in such a short time for resistance furnaces. The mortar samples were applied
at 200 ⁰C, 400 ⁰C, 600 ⁰C and 800 ⁰C at a temperature of 10 ° C / min in a laboratory oven with
a capacity of 1800 ºC and kept in the oven for 60 minutes at all temperatures. Samples were
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then allowed to cool to the temperature of the laboratory conditions. The samples subjected
to high temperatures were re-tested after bending, pressure and ultrasound after cooling [36].
3. Results and Discussion
3.1 Flow Test
Flow values of samples that were produced for experimental study, were given in Table 4. It
is observed that with increasing of Brick Flour ratio, flow values decreased. Also, with
increasing the use of Brick Flour ratio, it is observed that workability is decreased.
Table 4 Flow values of fresh state mortar samples
Sample Name
%0 BF
%10 BF
%20 BF
%30 BF

Flow Values (cm)
14.0
14.0
13.5
13.0

3.2 Porosity, Water Absorption and Weight per Unit of Volume
Experimental results of samples that are produced for study, were given in Fig. 6. According
to these results below, maximum it is found that 20% BF sample has the maximum porosity
as 25%. In comparison with Reference sample, it is observed that porosity has increased by
10%.

Porosity Ratio (%)

30
25
20
15
10
5
0
%0 BF

%10 BF
%20 BF
Sample Name

%30 BF

Fig. 6 Experimental Porosity Results
Water absorption ratios of samples that are cured for 28 days, are given in Fig. 7 as graph.
When this graph is analysed, it is observed that 20%BF samples has the maximum water
absorption ratio as 14.30%. In all series it is observed that with adding brick flour into cement,
water absorption ratios were increased compare to reference sample.
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Water Absorption Ratio (%)

15
12
9
6
3
0
%0 BF

%10 BF

%20 BF

%30 BF

Sample Name

Fig. 7 Experimental Water Absorption Results
The relationship between porosity and water absorption is given in Fig. 8. The correlation
coefficient between water absorption and porosity was found as R2= 0.9981. From this result,
it was determined that a strong relationship between these two physical properties.
28

Porosity Ratio, %

24

20
y = 1,5839x + 2,8656
R² = 0,9981
16

12

8
4

6

8

10

12

14

16

Water Absorptions Ratio,%

Fig. 8 The relationship between porosity and water absorption
Weight per unit of volume tests were done on produced samples and test results were shown
in Fig. 9. According to these results, it is observed that the weight per unit of volume of samples
has decreased with adding brick flour. In 20% BF sample unit volume weight was 1.78 gr/cm3
while it was 2.02 gr/cm3 in reference sample.
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Weight Per Unit of Volume
(gr/cm3)

2,5
2
1,5
1
0,5
0
%0 BF

%10 BF

%20 BF

%30 BF

Sample Name

Fig. 9 Weight Per Unit of Volume Experimental Results
3.3 Flexural and Compressive Strength
7- and 28-days flexural strength test results are given in Fig. 10, is applied on produced
samples. When these results are investigated, it is observed that flexural strength value in
10% BF sample is more than reference sample. Flexural Strength has increased up to 10%
added BF however, it was observed that Flexural Strength was decreased at 20%BF and
30%BF added samples due to increasing of fine material amount. Also, increasing of fine
material causes surface area. This situation leads mortar placement problems. It is found that
on 7th day reference sample compressive strength was 4.72 MPa while 10%, 20%, 30% Brick
Flour added samples were 5.83, 5.22 and 5.16 MPa respectively. While the 28 day pressure
value of the reference sample was 6 MPa, these values were found to be 6.52, 6.05 and 5.73
MPa in the samples which were replaced with 10%, 20%, 30% cement and brick flour. When
the compressive strength values of all series were examined, it was observed that the
maximum value was in the substituted sample of 10% brick and the minimum value in the
substituted sample of 30%.

7. Days

Flexural Strength (MPa)

7

28. Days

6

5
4
3
2
1
0
%0 BF

%10 BF
%20 BF
Sample Name
Fig. 10 Flexural Strength Values

%30 BF
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Samples were applied to Flexural Strength Test before and after high temperature application.
Test results were given in Fig. 11. It is observed that after high temperature application on
samples, strengths were decreased. Also increasing with temperature value causes further
sample strength decline.

Flexural Strength (MPa)

9

28. Days BHT

8

28. Days AHT

7
6

5
4
3
2
1
0

Sample Name

Fig. 11 Flexural Strength Before and After High Temperature Application
7 and 28 days compressive test results are given in Fig. 12, is applied on produced samples.
When these results are investigated, it is observed that compressive strength of Brick Flour
added is more than reference sample. It is found that on 7th day reference sample
compressive strength was 35.58 MPa while 10%, 20%, 30% Brick Flour added samples were
34.68, 31.14 and 28.78 MPa respectively. While the 28 day pressure value of the reference
sample was 45.56 MPa, these values were found to be 53.03, 46.51 and 39.53 MPa in the
samples which were replaced with 10%, 20%, 30% cement and brick flour. When the
compressive strength values of all series were examined, it was observed that the maximum
value was in the substituted sample of 10% brick and the minimum value in the substituted
sample of 30%.
7. Days

Compressive Strength (MPa)

60

28. Days

50
40
30
20
10

0
%0 BF

%10 BF
%20 BF
Sample Name

Fig. 12 Compressive Strength Experimental Results
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Compressive Strength (Mpa)

Samples were applied to Compressive Strength Test before and after high temperature
application. Test results were given in Fig. 13. It is observed that after high temperature
application on samples, compressive strengths were decreased. Also increasing with
temperature value causes further sample compressive strength decline.
60

28. Days BHT

28. Days AHT

50

40
30
20
10
0

Sample Name

Fig. 13 Compressive Strength Before and After High Temperature Application
3.4 Ultrasound Pulse Velocity

Ultrasound Pulse Velocity, m/s

The results of ultrasound before and after temperature according to the ratio of each brick
flour are given in Fig. 14. When the effect of temperature on Ultrasound Pulse Velocity is
investigated, it is observed that Ultrasound Pulse Velocity was decreased at all temperatures
for all samples. With increasing temperature Ultrasound Pulse Velocity values were
decreased. Due to Brick Flour is a fine material, it makes filling effect. Increases the surface
area when the brick flour is substituted, increases the binding demand of the sample. With
increasing demand, binding material is insufficient. This leads a cavitied structure. Ultrasound
Pulse Velocity was decreased with strength declining. The velocity of the ultrasound passage
was reduced due to the explosion of capillary cracks in the sample with a significant
proportion of temperature.

10% BF

4000
3500
3000
2500
2000
1500
1000
500

0
200°C

400°C
28. Days BHT

600°C
28. Days AHT

800°C

(a)
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20% BF
4000
3500
3000
2500
2000
1500
1000
500

0
200°C

400°C

28. Days BHT

600°C

800°C

28. Days AHT

Ultrasound Pulse Velocity, m/s

(b)

30% BF
4000
3500
3000
2500
2000
1500
1000
500
0
200°C

400°C
28. Days BHT

600°C

800°C

28. Days AHT

(c)

Fig. 14 Ultrasound Values After High Temperature Application of Mortar Samples, a;10%BF,
b;20%BF, c;30%BF
4. Conclusions
In this experimental and numerical study; physical and mechanical properties of pumice
aggregate substituted with brick flour as mineral additive and light mortars were
investigated. From the results of this study, the following conclusions can be drawn:
•
•
•
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When the flow values are investigated, it is observed that flow values were decreased
with increasing BF ratio. This causes decreasing of workability.
For mortar porosity values, it is found that 20% BF added mortar has the maximum
porosity as 25%. There was 10% increase in comparison to reference sample.
In all sample series, water absorption ratio was increased as a result of adding Brick
Flour and cement into mixture.
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•

•

•

•

•

•
•

According to these results, weight per unit of volumes were decreased as a result of
adding Brick Flour into mixture. The weight per unit of volume was 2.02 g/cm3 in
the reference sample and 20% brick flour added sample was reduced to 1.78 g/cm3.
When these results were investigated, it is observed that 10% BF added sample has
more flexural strength in comparison to reference sample. At the end of the 28th day,
according to reference 10% brick flour added sample showed the maximum increase
in comparison to other samples.
All series showed that flexural strength decrease after High Temperature
Application, in comparison with reference sample. It is observed that with increasing
temperature decreases flexural strength of samples.
When the results were examined, it was found that the compressive strength was
10% higher than the reference sample. The 7-day pressure value of the reference
sample was 35.58 MPa, while the values of 10%, 20%, 30% cement and brick flour
added samples were 34.68, 31.14 and 28.78 MPa, respectively.
While the 28-day pressure value of the reference sample was 45.56 MPa, these values
were found to be 53.03, 46.51 and 39.53 MPa in the samples with 10%, 20%, 30%
cement and brick flour added respectively. When the compressive strength values of
all series were examined, it was observed that the maximum value was in the sample
with 10% brick flour added and in the sample with 30% brick flour added, this value
decreased to 39.53 MPa.
It is observed that Post-High temperature application compressive strengths were
decreased compared to the reference sample.
The results and recommendations obtained from this study, in which the addition of
brick flour in cement mortar by weight and then its effect on the strength after high
temperature, are listed below:
1. In the production of cement mortar, it is considered that the use of brick
flour as a mineral additive will be suitable in terms of providing economic
contribution by evaluating the wastes and reducing the consumption of
cement which is an expensive material.
2. Brick flour that used in this study has been found to be usable in the
production of admixture cement within the standards. 10% admixture
cement has a positive effect on strength after 7 and 28 days. This rate is
around 5%.
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