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available at the end of the article preserve the resources and achieve sustainability. Adding steel filings to the mixture
of red clay bricks was in different proportions by weight (1%, 2%, 3%, and 4%) on
prototype bricks produced in a lab. Moreover, it aims to increase the effectiveness of
clay bricks used in load-bearing walls, which can be used extensively in economical
housing to reduce the cost if its strength increases by utilizing it in the load-bearing
walls system instead of skeleton. The experimental approach was adopted to reach
conclusions, as it is the appropriate approach suitable for this research. Before and
after adding steel filings, many properties were tested, such as dimensions, weight,
density, water absorption, and compressive strength. It is observed that on
increasing the steel filings ratios by the mixture’s weight, the prototypes’
compressive strength also increases. The highest percentage of increased
compressive strength occurred for the specimen with 3% steel filings by the
mixture’s weight is (84%).
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Introduction

The openness of architecture to other sciences has become one of the recent era and
technological development requirements, especially communications, building mate-
rials science, etc. This study is based on strengthening the role of the architecture en-
gineer in developing building technologies and materials using material science to
improve the built environment to reduce resource consumption, reduce construction
costs, and reduce energy consumption. Raising the structural efficiency of red brick by
adding waste to its components can contribute to reducing the use of resources, en-
hance the environment, as well as switching to building with load-bearing walls and
thus reducing the construction cost. Ancient Egyptians constructed their houses from
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mud bricks, which is one of Egypt’s oldest industries [1]. Ancient Egyptians manufac-
tured mud bricks by adding plant strew to improve the bricks’ strength [2]. It is crucial
to improve brick properties because the vernacular architecture is threatened by con-
crete construction [3]. In Egypt, There are two types of mud used to manufacture
bricks: clay, which contains iron and crystal. The second is the types that have organic
materials and calcium components [4]. Clay bricks in Egypt are used to build internal
and external walls with a particular dimension of (25 x 12 x 6.5 cm) [5]. Some factories
produce bricks in other sizes, such as the Singer Automatic Bricks Factory, which pro-
duces different types of bricks for decorations, internal partitions, and load-bearing
walls. The bricks manufacturing process consists of three steps: clay shaping with
water, drying, and firing (baking) [6]. Energy, water, and soil are the main components
that contributed to brick production [7].

One of the leading environmental science disciplines is waste management to achieve
the economic benefits and sustainability of resources. Waste management technologies
tend to reuse and recycle wastes rather than disposal [8]. Fired bricks are considered a
common building material that causes depletion of natural resources [9]. In 2012, Egypt
generated 89.03 million tons of solid waste, including municipal, agricultural, industrial,
hazardous medical, construction and demolition, waterway cleansing, and sludge wastes
[10]. The shortage of building material related to the increasing demand has drawn re-
searchers’” attention to the use of industrial waste in developing building materials by
reusing and recycling processes. This will lead to many positive effects such as resource
conservation, reduced waste disposal costs, and environmental improvements. Various
industrial wastes affected the physical and mechanical properties of bricks and provided
environmental solutions [11]. Many attempts were made to improve bricks properties
by adding waste material to modify mixtures of bricks such as wastewater, natural fi-
bers, stone sawing waste, glass waste, fly ash, and steel dust [12].

The sense of the research problem stemmed from several matters:

1. Through extrapolation of the number of solid wastes that are produced and
disposed of in landfills,

2. The importance of the clay bricks industry in Egypt, which is widely used in the
construction sector in external walls, internal partitions, and load-bearing walls,

3. Clay brick industry needs to be improved, and the characteristics of mixtures
changed from the traditional pattern to face the challenges of increasing wastes
and the demand for building materials,

4. Finally, many challenges face the clay bricks industry, such as saving resources,
improving properties, reducing environmental pollution, and reducing costs
production process and energy used.

The study aims to improve bricks compressive strength by adding steel filings from
the waste of blacksmiths workshops to the mixture. On the other hand, this process
can reduce workshops waste by recycling it to preserve the resources and achieve sus-
tainability. This research highlights the observation of experimental study on the effect
of adding steel filings to the mixture of red clay bricks in different proportions (1% to
4% by weight) on the physical and mechanical properties. Moreover, it aims to increase
the effectiveness of clay bricks used in load-bearing walls, which can be used
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extensively in economical housing to reduce the cost if its strength increases by utiliz-
ing it in the load-bearing walls system instead of skeleton.

This research aims to provide solutions and a vision for recycling waste from workshops to
improve building material and improve the environment and save resources from depletion.

Literature review

Many previous studies investigated the use of various types of wastes in manufacturing clay
bricks mixtures to enhance different properties. Each study has its different tests to experi-
ment with mechanical and physical properties and the influence of the bricks” waste additives.
Moreover, using waste with different proportions to enhance brick properties may contribute
to sustainability and natural resource-saving. Moreover, many researchers in different places
studied the modification of bricks’ properties and the proportions of their components and
some additives to obtain some advantages and improve the physical and compressive strength.
The studies’ objectives varied between improving compressive strength and offering solutions
to environmental problems by using some available wastes in modifying brick components. A
study investigated the change of clay bricks’ composition as a construction material to de-
crease the thermal conductivity through the external walls to achieve thermal comfort within
the internal environment by adding bagasse from palm fruit fiber, sugarcane industry, and
paper residue from the paper industry. Many properties were tested, such as weight change,
compressive strength, crystalline structure, and temperature change [13]. Clay Bricks are con-
sidered the most eco-friendly building material. Thus, researchers are trying to add value to
the bricks by exploiting the waste to improve its properties by producing environment clay
bricks of value-added Groundnut Shell Ash [14].

A study investigated the necessity of examining the efficiency of employing the mix-
ing of waste materials such as iron filings because it creates environmental problems
[15]. The compressive strength of earth bricks depends on many factors such as the soil
type and the compaction pressure [16].

Paki produced lightweight bricks by adding crumb rubber—concrete combination to im-
prove the thermal resistance. The experimental observations reveal that compressive and
splitting strength conforms to the international standards [17]. A study also investigated
bricks’ production using laundry wastewater sludge by the extrusion method; mechanical
properties were relevant to the Brazilian legislation [18]. A study also investigated the
utilization of Toinite in clay bricks as a coloring agent with different proportions. The
suitable proportion was found to be 3% [19]. A study in Egypt investigated using drilling
cuts wastes in manufacturing clay bricks which contains oil range from 7 to 12%. The
compressive strength test results show that using excavation waste containing 16% oil and
burning the brick at a temperature of 700 °C produced a brick with a higher compressive
strength up to 5.2 N/mm 2[20]. A researcher produced clay bricks from water treatment
plant sludge. He burned bricks at different temperatures ranges from (900 to 1150 °C).
The value for the compressive strength was 50% sludge and equals 11.767 98 N/mm? [21].

Methods

Research methodology

To achieve the aims of this study, researchers adopted the experimental approach to
reach conclusions, as it is the appropriate approach suitable for this research. This
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Fig. 1 Pictures inside an automated bricks factory
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study consists of an experimental study that evaluates the efficiency of adding steel fil-
ings produced from blacksmiths workshops to the manufactured red clay bricks. The
efficiency studied is limited to the mechanical properties (the compressive strength)
and the physical properties such as water absorption, density, and dimensions.

This study evolved through a set of steps, these are:

1. The research began with a problem definition, then a desk study to explore
previous experiments in enhancing clay bricks properties,

2. Then determining the study location, which was in Singer Bricks Factory because
it is the only automated brick factory in Egypt that has a laboratory for

manufacturing samples and carrying out experiments,
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Fig. 2 The soil texture triangle showing Al-Hiba and Al-Ayat soils (modified by authors) [22]
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Fig. 3 The chemical composition of 11% Al-Hiba and 89% Al-Ayat soils mixture

3. Determine the properties to be studied, which are dimensions, water absorption,
and compressive strength,
Using Singer Bricks Factory original Mixture to produce prototype bricks,

5. Preparing mixtures with steel filings additive with different ratios (0%, 1%, 2%, 3%,
and 4%)
Producing prototype clay bricks inside laboratories using extrusion machine,

7. Drawing and burning the Specimens,
Testing the compressive strength and physical properties after 21 days from the
manufacturing date to reach the results. The physical properties are average
weight, average dimensions, and density.

Preparation of mixtures

Preparing the prototypes that will be tested using the same mixture used to produce
the clay bricks in the automatic factory “Singer Bricks Factory” in Giza Governorate.
See Fig. 1.

The factory’s mixture ratio for fired bricks to produce the different types of bricks
consists of 78% silt-clay soil and 22% sand. The silt-clay soil ratio consists of 11% Al-
Hiba soil (80% sand, 10% silt, and 10% clay) and 89% Al-Ayat soil (20% sand, 20% silt,
and 60% clay) according to the factory quality control records to reach the required
chemical composition. The water percentage is 20-25% of the total mixture. Figure 2
presents the soil texture triangle showing Al-Hiba and Al-Ayat soils.

-

Fig. 4 Clay mixture used to produce prototype bricks
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(1) Steel Filings from  (2) The 2 mm ssieve  (3) Steel Filings after ~ (4) Weighing steel
Blacksmiths used for sifting Steel sifting filings to add it to
Workshops Filings the mixture

Fig. 5 Steel filings preparing for the addition

Using an X-ray fluorescence test (XRF) to test the chemical composition of the clay
mix used in bricks manufacturing conducted by the factory quality control unit reveals
the next result, which are the ratios approved in bricks manufacturing by the factory. Figure 3
shows the chemical composition of the mixture used to produce bricks in the factory.

This mix was used to reach the required chemical composition. The manufacturing
process started with moistening the clay with water for 20 days, then the clay is mixed
with sand, and the mixture is ground to enter the piston to produce clay bricks. Figure 4
shows the clay mixture after grinding and before it entered the pressing machine to

manufacture bricks.

Steel filings additive

The proportion of metal waste is 2% of the total waste in Egypt [10]. Recycling iron wastes is es-
sential due to raw material availability. Steel filings used in this experiment were from black-
smiths’ workshops’ wastes. Iron wastes shapes are powder and chips produced from machines
process during iron cutting and shaping. Re-melting iron waste is not an effective process due
to energy consumption and gas emissions that has bad effects on the environment, so recycling
it in other industries like bricks is more effective [23]. The addition was a percentage of the
bricks mixture’s weight (1% to 4%), which was prepared for addition to the soil mixture by siev-
ing it with a 2 mm sieve, the particles smaller than 2 mm which equals 60% of the raw wastes,
and the rest can be crushed to reach the required size and then used in recycling process. were
merged in the manufacturing of bricks. Figure 5 shows the perpetration of the steel filings addi-
tive. Figure 5 shows the perpetration of the steel filings additive.

Table 1 Prototype brick dimension

Dimensions / cm Picture
The manufactured load-bearing
bricks by the factory 12 13 25
The prototype dimensions 2.5 2.7 5.2

The ratio of the dimensions of
the original brick to  the | 0.208 | 0.208 | 0.208
manufactured prototype
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1) Prototypes (2) Prototypes (3) Prototypes (4) Cutting up the
pressing machine pressing process pressing machine product
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(5) Wet prototypes (6) Prototypes after (7) Prototypes after (8) Final Prototypes
compared to the drying from 20-24 burning for 30 hours  marked with steel
original brick hours filings ratio

Fig. 6 Bricks prototypes manufacturing process. (1) Prototypes pressing machine. (2) Prototypes pressing
process. (3) Prototypes pressing machine. (4) Cutting up the product. (5) Wet prototypes compared to the
original brick. (6) Prototypes after drying from 20 to 24 h. (7) Prototypes after burning for 30 h. (8) Final
Prototypes marked with steel filings ratio

Clay bricks prototype production
Bricks used in this study were manufactured from the soil by a lab machine used to pro-
duce prototype brick specimens that were used in experiments. In the laboratory, steel fil-
ings were mixed with the clay bricks mixture used in Singer Factory to produce bricks.
The mixture passed through a pressure and extrusion machine to produce prototypes.
The manufactured prototype dimensions are (2.5 x 2.7 x 5.2 cm) as shown in Table 1.
Five groups of prototype bricks were produced with different ratios of mixing steel filings
(0%, 1%, 2%, 3%, and 4%) using an in-lab extrusion machine. The laboratory specimen pro-
duction machines have been adjusted to accommodate the actual bricks manufacturing ma-
chines in the factory. The operating settings of the extrusion machine have been set in the
laboratory to suit the conditions of the brick-making machines in the factory. The vacuum
pump is set to operate at a pressure of — 9 to — 12 bar to fit the vacuum pressure used in the

(1) Sensitive electronic balance (weight) (2) Eisco Labs Vernier Caliper
(Dimensions)

Fig. 7 Weight and dimensions measuring tools. (1) Sensitive electronic balance (weight). (2) Eisco Labs
Vernier Caliper (dimensions)

Page 7 of 14
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Fig. 8 Water absorption test

factory of 350 bar to deflate air from the specimens, and the air vacuum meter is more than
90%. The manufactured bricks were dried automatically for 20—25 h inside air dryers contain-
ing hot air fans with an air temperature of 100-120 °C. Then, bricks were entered into the fac-
tory kilns and remained in the kilns for 30 h; they were burned at a temperature ranging
between 800 and 850 °C. Figure 6 clarifies the prototypes’ manufacturing process.

Testing the physical and mechanical properties

Testing the physical properties and the compressive strength were conducted inside la-
boratories after 21 days from the manufacturing date to reach results. Each compressive
strength test was conducted onto five specimen bricks with the same steel fills ratio by
weight. At the same time, physical properties tests were conducted on ten specimen’s
bricks. The test conducted on the prototypes is as follows:

1. The dimensions, weight, and density test using a sensitive electronic balance for weight
measuring and the Eisco Labs Vernier Caliper for dimensions as shown in Fig. 4. The
dimensions of the prototypes were measured three times, first after manufacturing directly
(wet brick), the second stage after removing the brick from the dryer (dry brick), and the
third stage after burning the brick (the final shape of the brick). The density was measured
after the burning stage. Figure 7 clarifies the measuring tools of dimensions and weight.

Fig. 9 Universal testing machine (UTM) used to test compressive strength
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Table 2 Results of dimensions, weight, and density tests

Prototype Wet case/average of ten Dry case/average of ten  After burning case/average Density

specimens specimens of ten specimens

Steel Weight Dimensions cm Weight Dimensions cm Weight Dimensions cm

filings% —gm "W 9m 4w L 9m H W L gmim’
0% 61 240 30 540 45 225 280 520 42 220 275 510 1361

1% 61.5 240 30 540 46 225 280 520 44 220 280 520 1374
2% 62 240 30 543 47 225 285 525 45 220 280 520 1405
3% 63 240 30 541 48 230 285 525 47 225 285 520 1410
4% 63.5 240 30 540 49 230 285 525 48 225 285 525 1426

2. The water absorption test: the bricks were weighted after the manufacturing
process was ended to obtain the dry bricks’ average masses. In the next step, bricks
were submerged in a water tank for 24 h, as shown in Fig. 8. Then, bricks were
picked up from the water, and their surfaces were dried with a piece of cloth.
Then, bricks were weighted again to compare with the weight of the dry bricks.

The values are calculated according to the next equation.

~ M2-M1
oMl

A x 100% (1)

where A: the percentage of bricks water absorption
M1: weight of dray specimen
M2: weight of wet specimen after 24 h in water

3. Compressive strength test: the prototypes were placed on the universal testing

machine’s loading platform center, as shown in Fig. 4. They were tested under pure
compression.

Maximun Load at Failure

Compressive strength =
P 8 Average area at bed face

Table 3 Results of water absorption test

Iron filings Dry bricks weight Weight after 1 h Weight after 24 h The water

% by weight Gram Gram Gram absorption
percentage

0% 42 46 47 11.9%

1% 44 48 49 11.4%

2% 45 485 495 10.0%

3% 47 50.5 515 9.6%

4% 48 52 525 9.4%

Limits of ECP 204 (Average of five bricks) up to 16%




Shaqour et al. Journal of Engineering and Applied Science (2021) 68:5 Page 10 of 14

- 8
=
£ 6 y
z
v
é"a’ 4
v
z 2
$ | -
) O e
s 0 5 10 15 20 25 30
o -2
Time-seconds
The Compressive Strength —6.819 —6.578 6.937 —6.756 —— 6.604
Values for Specimens N/mm2
Fig. 10 Compressive strength test results—steel filing ratio 0%

The compressive strength of individual brick shall not fall below the minimum aver-
age compressive strength is mentioned in the Egyptian Code of Practice, ECP-204 [24].
Figure 9 shows the compressive strength tests conducted on prototypes in labs.

Results and discussion

This section of the study illustrates the findings based on the tests conducted in the
lab. The results of water absorption, density, and compressive strength were conducted
on the specimens with various percentages of steel filings mixed with clay bricks mix-
ture. According to the Egyptian Code of Practice, each test was conducted on five spec-
imens, ECP-204 [24]. The results of tests conducted on various ratios of steel filings
mixed with brick mixture are clarified as follows.

Testing the physical properties (dimensions, weight, and density)
The dimensions and weight of prototypes bricks were measured three times: wet bricks,
after drying, after firing. The physical properties (dimensions, weight, and density) tests
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-2
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The Compressive strength — 7917 ——7.427 7.349 —7.269 ——7.5123
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Fig. 11 Compressive strength test results—steel filing ratio 1%




Shaqour et al. Journal of Engineering and Applied Science (2021) 68:5 Page 11 of 14

~\

10

5 0 5 10 15 20 25

-2
X Time-seconds
The Compressive Strength

Values for Specimens N/mm2

—8.132 ——8.603 845 ——872 ——8.231
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were applied to ten specimens of the same steel filings ratio, and the average was taken
for them, as shown in Table 2.

Effect of steel filings ratios on water absorption

The effect of steel filings ratios on water absorption percentages is represented in Table 3;
the results show that the water absorption also decreases with an increase in the percent-
age of steel filings additive. In general, the water absorption rate is still incompatible with
the Egyptian Code of Practice and is less than 16%. The steel filings brick prototype con-
taining 3% and 4% iron gives lesser water absorption values of 9.6 and 9.4%.

Effect of steel filings ratios on compressive strength
There are different effects on prototypes’ compressive strength after adding steel filings
compared to the original case (0% steel filings by weight of mixture). Tests on speci-
mens showed that cracks were formed at the top corners of the tested specimens dur-
ing load increases. Crack length increased to the specimen’s base and eventually leads
to the final collapse.

From the compressive strength test results, it is evident that 0% of steel filings give
minimum compressive strength of 6.739 N/mm?, while 3% of steel filings by weight give

15
o
g
E
z 10
b~ 5
%)
=
g 0
%5 0 5 10 15 20 25 30 35
S

Time-Seconds

The Compressive strength 13.032 12.765 12.14
Value for Specimens N/mm?2 12.991 11.073

Fig. 13 Compressive strength test results—steel filing ratio 3%
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Fig. 14 Compressive strength test results—steel filing ratio 4%

maximum compressive strength of (12.400 N/mm?®). In general, it is observed that on
increasing the percentage of steel filings, the compressive strength of prototypes of
bricks also increases, but further increase in steel filings (4% steel filings by weight of
mixture) reduces the strength. Figures 10, 11, 12, 13, and 14 present the compressive
strength test results conducted on specimens with different steel filings ratios by
weight.

The highest percentage of increase in compressive strength occurred for the speci-
men with 3% steel filings by weight of the mixture is (84%), as shown in Fig. 15. In-
creasing the steel filings ratios over 3% led to an increase in compressive strength of
bricks but by less than the increases resulting from the 3% compared with the control

specimens.

Conclusions

This study was carried to examine the effect of adding steel filings to fired clay bricks
mixture on properties such as density, water absorptions, and compressive strength.
The study also explored the benefits of adding wastes of blacksmiths workshops to im-
prove building material to preserve resources. The compressive strength of prototypes

14.000 12.400
12.000 10.773
10.000 8.427

6.000

4.000 .

2.000 0 1% 5% 4% 0%

0.000
0% Iron 1% Iron 2% Iron 3% Iron 4% Iron

O Average compressive

strength N/mm2 6.739 7.495 8.427 12.400 10.773

® The percentage of increase in

; 0 11% 25% 84% 60%
compressive strength

Fig. 15 Average compressive strength testing results
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with steel filings by weight of mixture was examined. The content of the prototype
mixture was clay, sand, and water. Different steel filings ratios were added to the ori-
ginal brick content by weight to raise the compressive strength. It is observed that on
increasing the steel filings ratios by the mixture’s weight, the prototypes’ compressive
strength also increases. The highest percentage of increased compressive strength oc-
curred for the specimen with 3% steel filings by weight of mixture (84%).

Increasing the compressive strength of the sample can be used by many options:

1. Changing the original mixture’s proportions by increasing the ratio of sand and
reducing the percentage of silt-clay soil. This contributes to preserving environ-
mental resources and achieving balance.

2. Studies can be done to reduce the width of clay brick while maintaining the
established compressive strength incompatible with the Egyptian Code, which
contributes to preserving resources.

3. Studies can be made on buildings with load-bearing walls built from clay bricks
and study the possibility to improve the properties of these buildings by increasing
the number of floors or reducing the wall thickness.

The efficient usage of workshop waste steel filings in clay bricks has many advantages
on iron waste recycle, compressive strength of clay bricks, and preserving resources.
The water absorption percentage is inversely proportional to the value of iron addition.
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