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Abstract: In this research, the possibility of producing building bricks from the shale reserves of Lorestan province 
has been investigated. Sampling was done in six different areas, and after conducting XRF tests, one sample was 
selected for brick production. 10 different combinations of bricks with different percentages of shale were made 
from the selected sample. Compressive and bending strength and water absorption tests were performed on the 
manufactured samples. The results of the tests showed that with the increase in the percentage of shale, the amount of 
water absorption increased, so that the samples consisting of 90 to 100% shale had 14.8% water absorption. The sample 
containing 10% shale has a water absorption rate of 11.1%. Also, the results showed that increasing the percentage of 
shale decreased the compressive and bending strengths of bricks. The sample with the highest compressive strength, 
with a value of 27.2 MPa, corresponds to the sample containing 10% shale, while the compressive strength of the 
sample containing 100% shale is only 11.2 MPa. Based on the INSO-7 (Iranian national standard), the manufactured 
bricks are of good quality and can be used as building bricks and facing bricks in buildings.
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IINRODUCTION
Shale is a soft, brittle, fine-grained, and easily eroded sedimentary rock formed from mineral-rich silt or 

mud that was deposited in an aquatic environment, buried by other sediment, and compacted and cemented 
into hard rock [1,2]. One of the most important and effective parameters for determining the quality of 
building bricks is the selection of high-quality raw materials [3,4]. There have been many studies on the 
use of shale for brick production [5-17]. The possible utilization of different waste materials, such as oil 
shale ash mixed with marble and granite sludge, to produce low-cost, compressed, strong, lightweight 
masonry bricks was investigated. The results showed oil shale ash acted as a self-cementitious material 
and a good binding material if added to pozzolanic waste materials such as granite and marble sludge 
[18]. The effect of different contents of sewage sludge on the properties of green or fired shale bricks 
was examined experimentally. It was found that the physical, mechanical, and thermal performances, as 
well as the microstructure of the bricks, were apparently affected by the addition of sewage sludge [19]. 
Applications of oil shale in building materials were evaluated in Estonia. The results showed that shale 
ash has few cementing properties, which is due to its fine grain and mineralogical composition. By adding 
clay materials, brick porosity and insulation properties are improved. Also, manufactured bricks have an 
acceptable compressive strength [20]. In this research, the use of shale from the Amiran formation located 
in Lorestan province for the production of building bricks was investigated.

MATERIALS AND METHODS
The sample used in this research was obtained from six different points of the Amiran Formation. Table 

1 shows the chemical compositions of the samples, determined by the XRF analysis. Sample number 2, 
which has the highest amount of SiO2 and the lowest amount of CaO and LOI, was chosen as the sample 
used for brick manufacturing.

Bricks were manufactured in the Alla factory located in Isfahan. In order to find the best combination, 
the shale sample was gradually replaced by a part of the factory soil. 11 different combinations of bricks 
were made. The composition and mixing percentage of the bricks are shown in Table 2.

To manufacture bricks, 1 kg of soil along with 100 cc of water is poured into a mold and put under 
pressure in a molding machine. The raw bricks were placed in the furnace at a temperature of 800 for 24 
hours. The water absorption, compressive strength, and bending strength of the manufactured brick samples 
were determined according to the Iranian national standard (INSO-7).

FINDINGS AND ARGUMENT
Figure 1 demonstrates the water adsorption of the bricks made from shale. It can be seen that by 

increasing the amount of shale from 10% to 20%, water absorption increases from 11.1 to 13.6%. With a 

Table 1. Chemical composition of the samples

6 5 4 3 2 1 Sample No. 
54.44 46.78 53.46 55.88 55.18 53.23 SiO2 
8.40 7.22 7.46 8.36 9.74 7.78 Al2O3 
9.33 7.45 7.10 8.33 9.33 7.13 Fe2O3 
8.25 15.07 11.73 9.27 5.11 12.23 CaO 
0.48 0.44 0.36 0.38 0.42 0.45 Na2O 
1.24 1.10 1.32 1.12 1.47 1.39 K2O 
4.62 3.77 3.52 3.87 3.78 3.67 MgO 
1.44 1.29 1.27 1.47 1.67 1.13 TiO2 
0.11 0.13 0.10 0.01 0.07 0.12 MnO 
0.19 0.17 0.15 0.017 0.17 0.16 P2O5 

11.24 16.23 13.14 10.83 9.89 12.37 LOI 
0.10 0.21 0.21 0.02 0.06 0.22 S 
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further increase in the amount of shale, the water absorption increases with a slight slope. The maximum 
water absorption (14.8%) is related to samples containing 90-100% shale. In general, it can be concluded 
that increasing the amount of shale has a negative effect on the amount of water absorption. 

Figure 2 shows the compressive strength of the bricks made from shale. It can be seen that by increasing 
the amount of shale from 10% to 100%, the compressive strength decreases from 272 kg/cm2 (approximately 
27.2 MPa) to 112 kg/cm2 (approximately 11.2 MPa). 11.1 to 13.6%.

Figure 3 shows the results of the bending strength. It can be seen that the bending strength decreases 
from 70 kg/cm2 (approximately 7 MPa) to 48 kg/cm2 (approximately 4.8 MPa) by increasing the amount of 
shale from 10 to 100%. 

CONCLUSIONS
The results of this research show that increasing the amount of shale in bricks increases water absorption 

and decreases the compressive and bending strengths. However, even when the weight composition of 
the brick is 100% shale, according to the INSO-7 national standard, the manufactured bricks have good 
quality and can be used in buildings. There are very few brick factories in Lorestan province, and most of 
the consumption needs of Lorestan province are met by Isfahan province. The results of this research show 
that the shale reserves of the province are of suitable quality for the development and operation of many 
brick factories.
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Figure 1. Effect of shale content on water absorption

Sampel No. Factory soil (mass%) Shale (mass%) 
1 90 10 
2 80 20 
3 70 30 
4 60 40 
5 50 50 
6 40 60 
7 30 70 
8 20 80 
9 10 90 
10 0 100 
11 100 10 

Table 2. Compostions of the manufactured bricks
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Figure 2. Effect of shale content on compressive strength

Figure 3. Effect of shale content on bending strength
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