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Abstract

This study focuses on investigating the natural soil stablizers for Compressed Stabilized Earthen Bricks (CSEB) with
cement, lime, and bentonite clay. The research aims to evaluate the impact of bentonite clay on the strength of CSEB and
traditional clay bricks, analyze the effect of bentonite clay. The research methodology involves collecting soil samples
and preparing them by mixing with bentonite clay in different proportions. The samples were then compacted using a
specialized machine to create CSEB. The diagonal test results demonstrated that the CSEB exhibits good resistance to
diagonal cracking. The results emphasize the suitability of CSEB for various construction applications, especially in
regions prone to natural disasters and where traditional building materials are scarce or expensive.
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1. Introduction

Earth construction is most common and widespread all over the world, both in developed and under developing
countries. Pakistan is a developing country with a 200 million population living in 23 million buildings till 2013,
continuously increasing, and the existing building topology can be depicted in Figure 1.2 [1]. More than 62% of the built
environment of Pakistan consists of brick masonry. It can be observed that the number of buildings has a direct relation
with the locally available raw materials for masonry units. Soil is considered one of the most important and widely used
material and can be evident from the history of civilization of human [2]. Moreover, according to literature more than
half of the world population are living in earth structures own to their upsides [3]-[5]. The popularity of these structures
are owing to the fact that their construction can be carried out economically using local available raw materials [6]. One
promising form of earthen building material is Compressed Earthen Brick (CEB). When specific stabilizing agents, such
as cement, lime, or jute, are incorporated in specific proportions during the formation of compressed earth bricks (CEB),
the resulting product is referred to as Compressed Stabilized Earthen Brick (CSEB) [24], [25].

The production of traditional clay bricks involves the use of fertile soil, leading to large amounts of CO2 emissions and
greenhouse gases. Additionally, these bricks have weak compression strength and high-water absorption rates. To
address the need for environmentally friendly, sustainable, and economical construction materials, new combinations
of materials for brick production must be explored. Bentonite clay is a promising material due to its availability,
affordability, and low labor intensity. While previous research has explored the use of cement and lime in Compressed
Stabilized Earth Bricks (CSEB), there is a lack of literature on the combination of cement, lime, and bentonite clay.
Therefore, it is necessary to investigate the mechanical and physical properties of CSEB using these materials. The
objective of this study is to determine the optimal combination of bentonite clay, lime, and cement to enhance the
strength and durability of compressed earth bricks. By identifying the most effective combination of these materials,
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the compressed earth bricks will be able to withstand harsh weather conditions and natural disasters such as heavy
rainfall.

2. Methodology

The soil sample was placed in the casting yard of the Civil Engineering Department as part of the preparation process
for CSEB. In order to create the CSEB mixture, the necessary amounts of bentonite clay, cement, lime, sand, and water
were added to the ingredients. Initially, all the materials were mixed in their dry form. Following that, water was added
to the mixture and the materials were thoroughly mixed in their wet condition. Once the wet materials were ready, they
were placed into the mold of the compaction machine to create the CSEB (9” x 4.5” x 3”) in a similar manner. The table
1 representing the mix composition for preparation of CSEB is given below:

Table 1 Mixing Preparation for Preparation of CSEB

Mix Composition (percent by weight)

Mix Designation | Clay | Sand | Bentonite clay | Cement | Lime | Water [Plastic Limit] | Water [OMC]
CSEB-0% 89 1 0 5 5 19.5 15

CSEB-5% 84 1 5 5 5 24 18
CSEB-10% 79 1 10 5 5 27 21
CSEB-15% 74 1 15 5 5 29 23
CSEB-20% 69 1 20 5 5 32 25

2.1. Diagonal Tensile Test of Masonry Wallets

The mechanical shear parameters, including indirect tensile strength, shear strength, shear strain, and modulus of
rigidity, are determined through the diagonal compression test conducted on compressed earthen bricks. In this test,
the walls are subjected to a constant and uniform compressive load, while cyclic diagonal loading is applied to evaluate
the performance of the masonry. To confine the specimens diagonally, loading shoes are attached at each end (Figure
1).

Figure 1 Final Samples for Testing
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3. Results and Discussion

The findings of the diagonal tests offer important insights into how compressed earth bricks (CEBs) respond to diagonal
shear force.
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Figure 2 Diagonal test shear stress vs. shear strain curve

The diagonal shear strain obtained from the test reflects the CSEB ability to resist diagonal cracking. It can be seen from
figure 2 that the strains are sufficiently close to the ultimate values. The highlighted red area under the curve represents
the Young’s modulus of rigidity/resilience. The maximum shear strength 32.45 psi, indicating the material's resistance
to shear deformation. A higher diagonal shear strain indicates greater deformation before failure, suggesting improved
resistance to crack propagation along the diagonal planes of the brick.

Indirect Tensile (Shear) Stress Tn is 0.0833 Mpa. Indirect tensile strength is a measure of a material's resistance to
fracture under tensile (pulling apart) forces. It's determined by applying a load (P) to a specimen and measuring the
resulting tensile stress. The coefficient of friction (u) is 0.3. It represents the slope of the line, and it characterizes the
frictional behavior of the material. From the above data, the coefficient of friction (i) can be computed by calculating
the stress-strain graph's slope in the initial linear elastic area.

Cohesion (C) is taken as 0.0000 Mpa. The material's capacity to retain its structural integrity in the face of shear stress
is shown by cohesiveness (C), which is the intercept of the stress-strain graph in the linear elastic region. When shear
strain (shear strain) is zero, cohesion is determined as the stress (shear stress). Shear Modulus G is 66.01 MPa (9574
psi). G value indicates resistance to shear deformation.

Table 2 Comparison of diagonal test with previous studies

Diagonal Test Current Research Previous Research given range

Shear Strength 32.45 psi 4.35 - 43.5 psi (Brignola et al.,, 2008)

Indirect Tensile strength (Tn) | 0.084 MPa 0.01-0.1 Mpa (Brignola et al., 2008)

Modulus of Rigidity (G) 66.01 MPa (9574 psi). | 206 Mpa (9574 psi)
(Gul etal, 2021)

Coefficient of friction () 0.3 0.5 (Gul et al., 2021)

Cohesion (C) 0 Assumed 0 (Hafeez et al., 2018)

According to Brignola et al. [32], Corradi et al. [33], Ignatakis and Stylianides [34], shear strain ought to be more than
0.03-0.3 MPa for ancient masonry systems when fdt = 0.01-0.1 MPa. In simple terms, too high a value of q might lead to
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blocks breaking down (Yokel and Fattal, [35]). According to Calderini et al. [36], the value of edge load q should be
between 0.15 and 0.20fm.

4., Conclusion

The following conclusions were drawn based on the research findings:

The inclusion of bentonite clay in the soil-clay mixture had a significant impact on the strength of CEBS compared to
traditional clay bricks. The addition of bentonite clay resulted in improved compressive strength and flexural strength
of the bricks.

The diagonal test results demonstrated that the CEB exhibits good resistance to diagonal cracking. The CEB's yield
strength is measured at 11.68 psi, while fracture occurs at 32.45 psi. A higher diagonal shear strain indicates enhanced
resistance to crack propagation, implying improved structural integrity. Therefore, the CESB can withstand applied
loads without significant failure caused by diagonal cracking.

Future research could focus on further optimizing the proportions of the stabilizing materials and exploring additional
properties and applications of CSEB in various construction scenarios. Further research is needed to optimize the
proportions of stabilizing materials, conduct long-term durability assessments, evaluate the structural performance,
perform life cycle assessments, and conduct cost-benefit analyses. Exploring additional applications of CSEB in different
construction elements could further enhance its potential and promote its widespread adoption in sustainable
construction practices.
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