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Abstract
The waste generated by brick industries in many countries around the world is increasing significantly with the continu-
ous expansion of urbanization and industrialization, and as a result, more environmental and financial problems are 
brought about. The waste material out of bricks production could be used as a stabilizing material for high-plasticity silt 
(MH) that has caused damage to different roads and buildings. This study aimed to investigate the effect of waste brick 
powder (WBP) on stabilizing high-plasticity silt and reduce the influence of WBP on the environment. An experimental 
study was performed to evaluate the effects of WBP on the geotechnical properties of MH soil. Atterberg limits, compac-
tion characteristics, specific gravity, free swelling, unconfined compressive strength (UCS), California bearing ratio (CBR), 
and permeability were performed for natural and stabilized soil at different ratios (6%, 12%, 18%, 24%, and 30% by dry 
weight of the soil sample) of WBP. The test results showed that liquid limit, plastic limit, plasticity index, linear shrinkage, 
free swelling, and the coefficient of permeability are decreased by adding WBP, whereas specific gravity, maximum dry 
density, UCS, and CBR are increased by adding WBP.
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1 Introduction

Plastic soil swells when it is water-saturated, while it 
shrinks when water is squeezed out of it [1]. Civil engineers 
face great challenges when designing structures on soils 
with high plasticity as their bearing capacity is so good 
when they are unsaturated yet and very poor when they 
are saturated [2]. Structures built on high-plasticity soils 
are subject to large uplifting forces caused by soil swelling. 
Massive amounts of soils are transported to engineering 
projects, such as roads, railways, and retaining walls which 
renders the whole process to be more laborious and costly 
[3]. Therefore, it is crucial to improve high-plasticity soil 
performance at sites where stable and safe engineering 
projects are ought to be built [4]. The methods used for 
stabilizing the soil’s geotechnical properties are known as 
soil stabilization, which is a method for developing the 

physical and chemical properties of natural soil to achieve 
an engineering purpose.

One of the main building materials that have been used 
for construction in different countries is brick [5]. It has 
been used for building houses, sewages, and industries 
[6]. This produces a massive amount of waste brick which 
would have a detrimental impact on the environment [7]. 
It is crucial to use by-products or waste materials as natural 
stabilizing materials for foundations and highway embank-
ments [3]. Waste brick powder (WBP) is one of the waste 
materials that could be used for soil stabilization, and a 
million tons of waste brick might be gathered annually [8]. 
In addition to the natural and economic advantages, brick 
waste for certain geotechnical works has unique features. 
[1, 2, 9]. For the construction of highways, the qualities of 
brick waste such as endurance, resilience, and excellent 
stiffness are necessary, and this could perform an impor-
tant role in the effectiveness of subgrades and in reducing 
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the built pavement thickness. In this study, different ratios 
(6%, 12%, 18%, 24%, and 30% by dry weight of the sample) 
of WBP with 96% of the particles are less than 0.075 mm, 
were used to improve the collected high-plasticity silt 
(MH) from Soran City in the Kurdistan Region of Iraq.

2  Literature review

In the past decades, different attempts have been made for 
utilizing waste materials as a stabilizer by improving the 
geotechnical properties of weak soils, which consequently 
has reduced the potential impact of waste materials on 
the environment [10–15]. Among them is waste brick, as it 
has been utilized in different engineering projects [9]. For 
instance, WBP could be used in pavement design and as an 
alternative to the filler used in the asphalt mixture design 
[16, 17]. In addition, crushed waste bricks were reported 
to have been used as subbase materials in pavements 
[18–20]. Furthermore, Poon, Chan [21] investigated the 
possibility of using waste concrete aggregate and crushed 
waste brick instead of subbase material. Moreover, waste 
bricks have been used by different researchers for soil sta-
bilization as stabilizer material alone or mixed with other 
materials.

Saand et al. [7] investigated the use of brick kiln waste 
(BKW) for stabilization clay soil with various percentages 
(5%, 10%, 20%, 25%, 30%, 35%, and 40% of BKW). Based 
on the test results, with the addition of BKW, the clay soil 
was improved and becomes an acceptable material for 
using as subgrade material. Furthermore, Gupta et al. [22] 
studied the effect of using brick kiln dust (BKD) for improv-
ing six different subgrade soil materials with various plas-
ticity. Various percentages (10%, 20%, 30%, and 40%) 
of BKD were used for the stabilizing of soils, and results 
revealed that the use of BKD considerably increased the 
CBR as a main soil strength parameter. Consequently, the 
pavement thickness layers were reduced. Moreover, Gupta 
et al. [23] used BKD and pond ash wastes for the stabiliza-
tion of clay soil to be used as a subgrade layer in the con-
struction of flexible pavements. This research assesses the 
efficiency of BKD and pond ash in the improvement of the 
stiffness of clay soil under repetitive loading. The optimal 
percentage, according to the observations, of wastes for 
increasing CBR values when used alone was 30%, whereas 
for the combination was 20%.

Different laboratory tests were done by [3] to investi-
gate the influence of using brick dust (BD), which is pro-
duced from cutting bricks, with a combination of fuel ash. 
Besides, fuel ash, Portland cement, and lime were used 
as a control; at the same time, the stabilizer materials 
were replaced by another by-product waste material that 
was ground granulated blast furnace slag. According to 

their study, different trials have been attempted to find 
the best proportion of waste materials to be used in con-
struction without using soil material. Additionally, Hairulla 
Betaubun [2] studied the effect of utilizing waste brick 
on soft soil for unconfined compression strength (UCS) 
property only with different curing time. According to 
the unified soil classification system (USCS), the type of 
soil that was used in their research was low-plasticity clay 
(CL). The main problems of CL soils are swelling, consoli-
dation, and shrinkage while imbibing water, but none of 
them was mentioned. The bearing capacity of CL soil is 
highly affected by its condition in terms of saturation, as it 
is good when it is unsaturated yet bad when it is saturated. 
Furthermore, Srikanth Reddy et al. [1] investigated the 
influence of using lime and brick powder for the stabiliza-
tion of black cotton soil to be used as a subbase material. 
The mixtures prepared from brick powder (BP) and lime-
stabilized black cotton soil (LSBCS) were of the following 
ratios, 20% BP + 80% LSBCS, 40% BP + 60% LSBCS, 60% 
BP + 40% LSBCS, and 80% BP + 20% LSBCS. According to 
the results, the mixture of 20% BP + 80% LSBCS achieved 
maximum soaked CBR value. Moreover, Hidalgo et al. [5] 
conducted a series of UCS tests on two types of soils that 
were stabilized with BD and alkaline activators which 
were sodium hydroxide (NaOH) and hydrated lime resi-
due (HLR). The UCS samples were prepared with different 
ratios (7%, 14%, and 21%) of BD and constant ratios of 1:5 
and 6:4 for NaOH and HLR, respectively. Besides, the sam-
ples were tested at various curing temperatures (20–30 °C, 
and 40–50 °C), durations (7 and 28 days), and humidities 
(59% and 95%). According to the results, stabilizing the 
soils by BD and alkaline activators has increased the soil 
strength by 1.7–2.3-fold of their original strength before 
being stabilized.

Different attempts have been performed in the past to 
improve plastic soils by waste material, and a few of them 
were utilized waste brick as a stabilizer material. Some of 
them were focused on the strength behavior of the soil 
stabilized with WBP but with little consideration given to 
the index and swelling behavior. The main purpose of this 
investigational study is to determine the optimum ratio of 
WBP at which the stabilization of MH soil is attained, and 
this could be used as subgrade material.

3  Materials and methods

The experimental work was directed primarily toward a 
study of the influence of waste brick powder on stabilize 
of some geotechnical properties of natural soils. Different 
laboratory tests were performed to study the influence 
of waste brick powder on the behavior of high-plasticity 
silt (MH). The ratios of the waste brick powder used in the 
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investigational study were 0%, 6%, 12%, 18%, 24%, and 
30% by dry weight of the mixture.

3.1  Natural soil

The natural soil used in this experimental work was 
brought from the Khalifan–Balisan road in Soran City in the 
Kurdistan Region of Iraq at depth 1.2 m in the second layer 
of the under the ground as shown in Fig. 1. In addition, the 
soil particles were very fine and sticky. Figure 2 shows the 
site of the field of study. The particle size distribution (PSD) 
curves, Atterberg limits, compaction characteristics, free 

swelling (FS), specific gravity, UCS, CBR, and permeability 
tests were performed according to ASTM standards for the 
natural soil samples. Furthermore, the samples of natural 
soil were mixed with different ratios of WBP (6%, 12%, 18%, 
24%, and 30% by dry weight of the soil sample). Figure 3 
shows PSD curves for the natural soil sample and WBP con-
tent; according to PSD curves, about 78% and 96% of the 
natural soil and WBP, respectively, are finer than 0.075 mm. 
In addition, about 41% of the soil is silt, and 62% of the 
brick powder is in clay particle size. Therefore, based on 
the unified soil classification system (USCS), the natural soil 
was classified as MH. The microstructural evaluation of the 

Fig. 1  Natural soil used in the 
experiment after being washed

Fig. 2  Geographical location of (Soran University–Delzyan Campus–Soran City–Kurdistan of Iraq)
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natural soil is addressed by Fig. 4 and WBP using scanning 
electron microscopy (SEM). Also, the results of the tested 
natural soil are summarized in Table 1.

3.2  Brick powder

The waste brick powder used in the experimental study 
was obtained from waste fire clay brick through a crusher 
located at the Soran City north of Iraq, as shown in Fig. 5. 
It is red/yellow in color, fine in nature. The specific gravity 
of WBP was 2.76. In comparison with the natural soil, the 
precise gravity of the mixtures was increased when the 
WBP was combined with natural soil. The chemical com-
positions of WBP were defined by X-ray fluorescence (XRF), 
as shown in Table 2. The test was conducted at a laboratory 
of Soran University. WBP is mostly composed of silica that 

constitutes 56.20% of WBP. The microstructural analysis of 
WBP using SEM is presented in Fig. 6.

4  Analysis of test results

In this part, results of these laboratory work, which have 
been performed on various high-plasticity silt and waste 
brick powder mixtures using a series of testing machines, 
are analyzed and discussed with the readily available 
papers in the literature.

4.1  Atterberg limits test

The Atterberg limits are the key parameters for measur-
ing the critical water contents of fine-grained soil. Plas-
ticity characteristics and their deformation of natural and 
stabilized soil are presented with index properties such 
as liquid limit (LL), plastic limit (PL), plasticity index (PI), 
and linear shrinkage (LS), as shown in Fig. 7. The WBP was 
mixed at different ratios ranging from 6% to 30%, and a 
fair decline in the index properties is quite clear at differ-
ent ratios of WBP content. It can be seen that LL, PL, PI, 
and LS have declined with the increase in the WBP ratio 
up to a limit of 30%. In addition to the ability to absorb 
water from WBP particles, WBP acts as an inner material 
since it is less than silty soil particles. Additionally, it can be 
found in Table 2 that WBP is of high content of silica  (SiO2 
= 56.20%) yet of low content of lime (CaO = 3.37%). As a 
consequence, a part of the silty soil is covered by the non-
plastic product. Therefore, LL and PL were declined from 
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Fig. 3  PSD curves for the natural soil and WBP

Fig. 4  The morphology of the natural soil using SEM

Table 1  Geotechnical properties of natural soil

Property Value Standard methods

Liquid limit (%) 52.60 ASTM_D4318 [24]
Plastic limit (%) 33.42 ASTM_D4318 [24]
Plasticity index (%) 19.18 ASTM_D4318 [24]
Linear shrinkage (%) 11.32 BS_1377-2 [25]
Specific gravity 2.67 ASTM_D854 [26]
Soil type (USCS) MH ASTM_D2487 [27]
Free swelling (%) 7.85 ASTM_D4546 [28]
OMC (%) 20.42 ASTM_D698 [29]
MDD (g/cm3) 1.74 ASTM_D698 [29]
UCS (kN/m2) 150 ASTM_D2166 [30]
CBR 3.20 ASTM_D1883 [31]
Gravel (%) 0 ASTM_D6913 [32]
Sand (%) 22 ASTM_D6913 [32]
Silt (%) 44 ASTM_D6913 [32]
Clay (%) 34 ASTM_D6913 [32]
Coefficient of permeability 

(cm/s)
3.050 ×  10−6 ASTM_D5084 [33]
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52.60 to 32.26%, and from 33.42 to 19.6%, respectively [14, 
34]. The PI and LS were significantly declined from 19.18 
to 12.62% and from 11.32 to 4.13%, respectively, when 

the WBP ratio was raised to 30% by the dry weight of the 
sample soil [35]. The following declinations of 38.7% for LL, 
41.2% for PL, 34.2% for PI, and 63.52% for LS are attained 
by the addition of 30% of WBP. Similar observations sup-
porting these findings have been made by some other 
researchers [6, 36–39].

The position of natural and stabilized soil was described 
in the plasticity chart, as illustrated in Fig. 8. It could be 
noted that the increase in the WBP ratio converts natural 
soil from MH into CL as per the unified soil classification 
system [38].

4.2  Compaction test

Proper compaction of soils is essential for most of the 
earthwork projects, as it helps achieve some physical 
features required for the appropriate behavior of soils 
under various loadings. The height was divided into three 

Fig. 5  WBP used for this study 
after crushing

Table 2  Chemical composition of WBP

Compound Percentages (%)

SiO2 56.20
Al2O3 10.40
K2O 1.88
Na2O 0.95
CaO 3.37
FeO 10.30
Fe2O3 7.54
MgO 2.65
TiO2 0.96
Other composition 5.40

Fig. 6  The morphology of WBP 
using SEM
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layers for the specimens. Special hammer and mold were 
used for compacting samples to find the MDD and OMC, 
as shown in Fig. 9. The standard compaction tests were 

performed for natural and stabilized soil with several ratios 
of WBP content. Furthermore, the MDD and OMC were 
found for natural and stabilized soil with different ratios 
(6%, 12%, 18%, 24%, and 30%) of WBP. Figure 10 implies 
that, as the moisture content continues to increase, the dry 
density of the normal and stable soil increases to the point 
at which the MDD and OMC are reached; subsequently, the 
dry density decreases for the specified situations. For natu-
ral and stabilized soil samples, the highest point for every 
curve reflects the MDD and OMC at that moment [3, 22].

The MDD and OMC values for the natural soil were 
found to be 1.74  g/cm3 and 20.42%, respectively. The 
addition of WBP to the samples significantly increased the 
MDD from 1.74 to 1.83 g/cm3 (Fig. 11a), while the addi-
tion of 30% of WBP was decreased the OMC from 20.42 to 
13.84% (Fig. 11b). According to the author’s interpretation, 
an increase in the MDD values was mainly dependent on 
the addition of WBP that affects the overall behavior of 
the samples, and the WBP acted as non-water-absorbing 
nature and had higher specific gravity than silty soil par-
ticles. Moreover, this may be due to the reduction in the 
ratios of intergranular soil voids [40, 41]. On the other 
hand, the reduction in OMC is due to the lower water 
absorption capacity of the WBP particles. Similar findings 
were found by using different types of non-plastic addi-
tions in various soils [42, 43].

4.3  Specific gravity

The samples were dried at 110º C, and the specific grav-
ity was determined by the pycnometer method accord-
ing to ASTM standards. The findings of the examination 
showed that the specific gravity of silty soil was 2.67 at 
20 °C and the specific gravity of WBP was 2.76 at 20 °C. 
It was observed that the specific gravity of the mixture 
increased during the addition of WBP. This was because 
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the stabilizer’s specific gravity higher than the soil sample; 
consequently, the specific gravity of the mixture increased. 
In addition, it can be seen that by adding WBP to the 
silty soil up to 30%, the specific gravity of the mixtures 
increases gradually from 2.67 to 2.73, as shown in Fig. 12. 
This result agrees with Başer [44], Tak et al. [45] reported 
that by increasing a higher specific gravity to soil with 
lower specific gravity, the mixtures have higher specific 
gravity than natural soil.

4.4  Free swelling test

Free swelling is the swelling percentage of natural and 
stabilized soil with various ratios of WBP that is deter-
mined as per [46]. The samples that passed through No. 
10 sieve (2.00 mm) were determined at OMC and MDD. 

Samples have been prepared with a diameter and height 
of 5 cm and 2 cm, respectively. Mass and volume con-
trol gained the requisite density. The soil samples were 
placed into two layers according to item No. 9.1.1 [46] 
for a mass that is compacted to a prearranged volume 
for all layers. The soil sample was controlled horizon-
tally and drowned in the approved vertical stress in the 
oedometer device; the vertical strain that occurs due to 
wetting is called the ratio of free swelling. In addition, 
the free swelling of the natural and stabilized soil was 
decreased from 7.85 to 2.54%, when WBP is increased up 
to 30% (Fig. 13). The findings showed that the impact of 
WBP was affected by the silty soil has a good impact on 
soil swelling properties by decreasing its swelling nature 
[47, 48]. This is due to the incorporation of non-plastic 
material that serves as an inert material to the silty soil 
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or because of the filling of the voids of silty soil by a finer 
and inert material like WBP grains [49–52].

4.5  Unconfined compressive strength test

The unconfined compressive strength (UCS) test is one of 
the most common methods of shear test for being fast 
and cheap of measuring the shear strength of soils tested 
under zero confining pressure. The UCS tests were carried 
out for natural and stabilized soil with several ratios (6%, 
12%, 18%, 24%, and 30%) of WBP at their OMC and MDD. 
The height and width of the sample were recorded. Special 
piston and mold were factory-made for packing UCS sam-
ples to attain the UCS soil specimens. The loading speed 
was fixed at 0.5 mm/min. The relation of stress versus axial 
strain (ε) for samples tested with various ratios of WBP is 
shown in Fig. 14. It can be seen that the increase in WBP 
increases the UCS values from 150 to 303.28 kN/m2 when 
the WBP ratio reaches to 30% (Fig. 15). In light of Lade 
et al. [53], Ni et al. [54], Zuo and Baudet [55], Cabalar et al. 
[56], with the increase in WBP to its final limit of 30%, the 
voids of natural soil are gradually filled up. Based on the 
explanations given in Cabalar, Karabash [57], Gupta et al. 

[22], and the observations made on the results, it can be 
concluded that the overall behavior of the samples was 
governed by the void ratio associated with the WBP parti-
cles of the tested samples. Moreover, it was dominated by 
the ‘bonds’ (cementation) that has taken place between 
the natural soil and WBP particles.

Figure 16 illustrates the energy absorption capacity, 
which gradually decreased by about 41.3% at 30% of WBP 
addition into the sample. It can be seen that the ductility 
of the samples tested decreased by the addition of WBP. 
This indicates that a transition from ductile to brittle frac-
ture resulted from the samples were prepared and tested 
immediately without curing.

4.6  California bearing ratio test

California bearing ratio (CBR) test was conducted on sam-
ples at OMC and MDD with different ratios of WBP con-
tent. The samples’ CBR values were estimated to be 3.20%, 
6.85%, 9.50%, 13.00%, 15.60%, and 17.30%, for the natural 
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and stabilized soil (Fig. 17). With the addition of WBP up 
to 30%, the CBR value of the samples was increased. For 
example, the CBR value, which was 3.20% for the natu-
ral soil, was increased by up to 17.30% when 30% of WBP 
added to the soil sample. The change in CBR value by the 
addition of WBP up to 30% is attributed to the great con-
tribution of WBP on the CBR performance of the samples. 
Furthermore, the bearing capacity of the whole samples 
increased as the voids between soil grains are filled up 
by 30% of WBP [55, 58, 59]. Additionally, the increment 
of MDD with the addition percentages of WBP increases 
both the UCS and CBR values of the soil samples. Moreo-
ver, these features suggest that a higher frictional resist-
ance of the samples with 30% of WBP causes a higher CBR 
value [3, 43].

The CBR test is commonly used to measure the sub-
grade strength of roads and pavements, to distinguish 
elastic pavement subgrade components, and to establish 
layers of pavement thickness. Figure 18 gives the informa-
tion used for capping and subbase thickness configuration 
in the present study. It is easily shown that a subbase thick-
ness with a CBR value of more than 15% will be 150 mm 
from Table 3. In addition, where the subgrade CBR result is 
between 2.5 and 15%, the subbase can be built either with 
a subbase thickness of 150 mm with different capping 
thicknesses or with a subbase alone. [60]. The higher the 
CBR values, the thinner the subbase and capping. There-
fore, the rise in CBR values due to the inclusion of WBP 
results in a reduction from 300 to 150 mm in the thickness 
of the subbase surface (Fig. 19). Ene and Okagbue [61], 
Okagbue and Onyeobi [62], Cabalar et al. [63], and Gupta 
et al. [22] have similar outcomes that confirm the obtained 
results in the current analysis by the authors.

Figure 20 shows the relationship between the resilient 
modulus (MR) and CBR for various percentages of WBP. 
The resilient modulus could be calculated based on CBR 

values from a linear equation that was proposed by Gar-
ber and Hoel [64], as shown in Fig. 20. With the addition 
of the WBP, the CBR values increased; consequently, the 
resilient modulus increased. This occurred because, with 
the addition of WBP, the MDD values of the soil samples 
were increased.

4.7  Permeability test

The permeability tests were carried out for natural and 
stabilized soil with different ratios of WBP (6%, 12%, 18%, 
24%, and 30%) at OMC and MDD, as shown in Fig. 21. It can 
be seen that there is a clear trend of decrement in the coef-
ficient of permeability (K) of the mixtures from (3.05 E−06 
to 1.20 E−06) cm/s when WBP is increased up to 30%. It is 
likely since WBP decreases the void ratio, consequently, 
decreases the hydraulic conductivity values. Furthermore, 
the decrease in the hydraulic conductivity correlates well 
with the increase in MDD values that is relevant to the 
addition of WBP, which is very important in the design of 
the earth dam core. Phani Kumar, Sharma [42], and Kalkan 
[38] reported similar results using waste materials in soil 
matrices.

5  Conclusions

This study conducted the use of WBP in some geotechnical 
engineering applications to reduce the amount of waste 
material and decreasing environmental issues from dis-
posal to landfills. An intensive series of testing, including 
Atterberg limits, compaction, specific gravity, free swelling, 
unconfined compressive strength (UCS), California bearing 
ratio (CBR), and permeability tests, have performed for the 
natural soil sample and stabilized with different WBP ratios 
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Fig. 18  Capping and subbase thickness design [60]
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(6%, 12%, 18%, 24%, and 30% by dry weight of the soil 
sample). The findings of this study were listed as follows:

1. Liquid limit, plastic limit, plasticity index, and lin-
ear shrinkage of natural and stabilized soils were 
decreased as follows (38.7%, 41.2%, 34.2%, and 
63.52%) with the increment of WBP ratio to its highest 
ratio of 30%.

2. The increment of the WBP ratio up to 30% improved 
the soil and shifted it from the MH group to be within 
the CL group.

3. The increment of WBP into the samples progressively 
caused a decrease in OMC and an increase in MDD by 
32.22% and 5.23%, respectively, when the WBP ratio 
was increased to its highest limit of 30%.

4. The specific gravity of natural and stabilized soil went 
up by 3.37%, whereas the free swelling of the same 
case went down by 67.6% when the WBP ratio was 
increased to its highest limit of 30%.

5. The UCS of the natural and stabilized soil continued 
increasing up to 102.2%, with an addition of 30% of 
the WBP.

6. The increment of WBP to 30% has increased the CBR 
by 440.6% in relation to that of the natural soil.

7. The subbase thickness layer of the roadway kept on 
decreasing until the increment of WBP achieves a fall 
of 50% to its highest limit of 30%.

8. The CBR values increased by the addition of WBP; 
as a result of that, the thickness of the subbase was 
decreased. The effect of adding WBP is almost negli-
gible when the incremental ratio exceeds 18% of WBP. 
Therefore, it could be considered that the ratio of 18% 

Table 3  Summary of pavement 
design layers

Samples CBR (%) Pavement design alternatives

(1) (2)

Subbase (mm) Capping (mm) Subbase (mm)

Natural soil 3.20 150 320 300
Soil with 6% WBP 6.85 150 220 200
Soil with 12% WBP 9.50 150 190 170
Soil with 18% WBP 13.00 150 170 160
Soil with 24% WBP 15.60 150 150 150
Soil with 30% WBP 17.30 150 150 150
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of WBP is a critical ratio for the improvement of high-
plasticity silt at the subgrade layer.

9. The coefficient of permeability was decreased by 
60.6%, for a WBP percentage rise of up to 30%.
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