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 Construction of civil engineering infrastructure in regions with significant deposits of 
expansive clay is generally challenging due to the volumetric changes of the soil’s 
behavior. Moisture variations can cause expansive soils to become volumetrically 
unstable, which results in structural damage. Physical alteration and cushion 
techniques were the promising techniques for controlling the problems triggered by 
these soils. In the present study, barite powder, which is processed from barite mineral, 
was used as an additive to alter the behavior of expansive clay. The use of barite 
powder in the treatment of expansive clay is seldom explored. To assess the efficacy 
of barite powder as a stabilizer, free swell index (FSI), consistency limits, compaction 
parameters, unconfined compressive strength, hydraulic conductivity, California 
bearing ratio (CBR), heave and stress-settlement characteristics were determined on 
the unblended and blended samples. In all the tests, barite powder was added to 
expansive clay up to 30% in increments of 5%. As the amount of the barite powder 
increased, FSI, plasticity, and heave decreased, while the strength, CBR, and stress-
settlement characteristics were improved. Further, CBR (soaked) tests were conducted 
on the untreated and treated clay beds cushioned with barite powder of 50-mm 
thickness. The CBR of the untreated and treated clay beds provided with barite powder 
cushion enhanced significantly. The test results revealed that the use of barite powder 
as a blended and cushion material can be a viable alternative for low-volume pavement 
sub-grades. 

Keywords: Expansive clay, Barite powder, Physical alteration, Cushion techniques, 

Sustainability. 

  

 

INTRODUCTION 

 

The vulnerability of expansive soils to significant 

volume changes induced by fluctuations in moisture 

content renders them extremely problematic (Chen, 

1988; Lu & Likos, 2004). The smectite mineral group, 

especially, montmorillonite, is mainly responsible for 

the swell-shrink behaviour of expansive clays in 

response to variations in water content (Rees & Thomas, 

1993). Variations in moisture can render them 

volumetrically unstable, leading to structural damage. 

The universal issue of expansive soils threatening the 

sustainability of civil engineering structures has resulted 

in major financial losses in various nations (Nelson & 
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Miller, 1992: Snethan, 1979; Gourley, 1993; Petry & 

Little, 2002; Puppala, 2005; Ito & Azam, 2013). 

The significant remedial measures, such as physical 

alteration (Satyanarayana, 1966; Phanikumar et al., 

2012), mechanical alteration (Katti et al., 1969; Katti, 

1978), chemical alteration (Cokca, 2001; Yadu & 

Tripathi, 2013; Fattah et al., 2015; Dash & Hussain, 

2015; Gadouri et al., 2017; Phanikumar & Raju, 2020; 

Nagaraju & Prasad 2020; Ramanjaneya Raju et al., 

2021; Al-Swaidani & Meziab, 2021; Vikas & Ramana, 

2023; Hamid Gadouri, 2023; Salih et al., 2025; Driss et 

al., 2025) and special foundation techniques 

(Satyanarayana, 1966; Rao et al., 2007) were devised to 

alleviate the challenges brought by expansive soils. 

Among these available methods, physical alteration and 

mechanical alteration or cushion techniques have gained 

significance because of their efficacy, particularly in 

economic viability. In physical alteration, the expansive 

soil in the top layers was removed, pulverized and 

blended with non-expansive particles and then 

compacted. Heave decreased as non-expansive particles 

replaced the expansive particles. Investigations on sand-

clay mixes revealed that both the rate and magnitude of 

heave reduced as the amount of sand in the mixes 

increased. Moreover, compressibility parameters such 

as av and cc, decreased as the amount of sand in the 

mixes increased (Phanikumar et al., 2012). In sand-clay 

mixtures, the gradation of sand plays a key role in the 

behavior of the expansive soil. It was noticed that 

utilization of medium sand fraction is more effective for 

enhancing the strength of the clay (Nagaraj, 2016). 

When quarry dust (QD) is blended with expansive soil, 

the swell potential, and compressibility characteristics 

were consistently improved (Kennedy et al., 2019). The 

free swell index (FSI) and swelling pressure of the 

expansive clay significantly reduced with the addition of 

fine sand from 0% to 25% (Phanikumar et al., 2021). 

Adding 15% QD to the clay, the maximum dry density 

(MDD), unconfined compressive strength and CBR 

increases, which suggests the suitability of utilizing 

quarry dust to sustainable construction (Sudhakar et al., 

2021), To achieve the required enhancement in the 

properties of expansive soils, it is advised to consider 

more than 30% of sand, which reduces soil suction and 

modifies the properties of the clay by decreasing 

permeability, heave and compressibility (Ammar et al., 

2024). The addition of waste marble dust and fine 

clinker gravel effectively reduces the FSI, plasticity 

characteristics, optimum moisture content and 

significantly increases the MDD, unconfined 

compressive strength (UCS) and CBR (Belihu et al., 

2024). 

In mechanical alteration, the uppermost deposits of 

the expansive clay stratum are removed and replaced 

with non-expansive particles. These non-expansive 

particles are compacted to the required density to form 

the cushion. Cohesive non-swelling layers and sand 

cushions are coming under mechanical stabilization 

(Satyanarayana, 1966; Katti, 1969; Katti, 1978). 

Cement-stabilized fly ash cushion and cement-stabilized 

ground granulated blast furnace slag (GGBS) cushion 

can significantly reduce the heave of the clay beds (Rao 

et al., 2008; Sridevi, 2016). The heave/swelling of the 

clay was effectively reduced with chemically stabilised 

soil cushion (Murthy & Praveen, 2008). The use of lime-

stabilized clay cushion increases the clay strength and 

durability (Sahoo & Pradhan, 2010). CBR of the clay 

enhanced with the inclusion of silicafume-stabilised 

lateritic soil cushion (Phanikumar et al., 2019). Copper 

slag cushion independently and in combination with 

lime can considerably decrease the heave of the clay 

beds (Lavanya & Kumar, 2022). 

Barite is a naturally occurring barium sulfate 

(BaSO4) mineral. It usually occurs as crystals in 

sedimentary rocks. It is usually of hydrothermal origin 

and found in sedimentary rocks as concretions. Barite 

powder is manufactured through the processes of 

crushing, grinding and purifying natural barite minerals. 

It is a multi-faceted mineral with numerous applications. 

Because of its high specific gravity, low solubility, and 

chemical inertness, it is essential in a wide variety of 

applications, like oil and gas industry, paints and 

coatings, construction, water purification systems and 

soil stabilization… etc. (Raghu, 1998). China and India 

are the leading makers of barite. The primary end-use 

sector for barite is the oil and gas industry, which drives 

most of the world’s consumption at about 85% (Isabel 

et al., 2023). Barite powder is highly efficacious in 

reducing the FSI and enhancing the MDD and CBR of 

the clays (Santhosini et al., 2017). Barite powder can be 

used as a substitute for sand (Saidani et al., 2015). Barite 

powder content significantly influenced the UCS 

performance (Falciglia et al., 2016). 

This research presents a laboratory study conducted 

to investigate the impact of barite powder on the 

performance of expansive clay. This work describes the 
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influence of barite powder on the index and engineering 

characteristics of an expansive clay. The index 

properties, compaction behavior, unconfined 

compressive strength, hydraulic conductivity, CBR, 

heave and stress-settlement characteristics were 

determined at different barite powder contents. Further, 

CBR tests were performed on the barite powder-treated 

clay with and without barite powder cushion to make it 

suitable for pavement sub-grades. 

 

EXPERIMENTAL INVESTIGATION 

 

Materials 

Expansive Soil: The soil used in the research was 

gathered from the village of Rayalam, Bhimavaram, 

A.P., India. From the laboratory investigation, the free 

swell index was observed as 130%, which indicates a 

high degree of expansion. The soil was categorized as 

CH according to the Unified Soil Classification System 

(USCS), based on the consistency limits. 

Barite Powder: The barite powder is collected from 

Sri Balaji Micro pulverizing mill, Dwaraka Nagar, 

Kadapa, Andhra Pradesh, India. It was classified as SP. 

Table 1 & Table 2 respectively depict the properties & 

chemical composition of the clay and barite powder. 

Figures 1 & 2 respectively show the location map and 

particle size distribution curve of the material used. 

 

 
Figure 1. Geological location of the materials used 

 

Experiments Conducted and Variables Studied 

Liquid limit (LL), plastic limit (PL), free swell index 

(FSI), Standard Proctor compaction, unconfined 

compressive strength, hydraulic conductivity, California 

Bearing Ratio (CBR), and heave tests; plate load tests 

were performed on the clay beds treated with barite 

powder. In all the blends, barite powder content varies 

as 0, 5, 10, 15, 20, 25 and 30% by dry mass of the clay.  

The ASTM codes, such as ASTMD4318-00 for 

consistency limit tests, ASTMD5890-02 for FSI tests, 

ASTM 2000-D698a for compaction tests, ASTM 2000-

D2166 for UCS tests, and ASTM D1833-05 for CBR 

tests, were followed for conducting the laboratory tests. 

Further, CBR tests were performed on the barite 

powder-treated clay with and without barite powder 

cushion to make it suitable for pavement sub-grades. 

Figures 3 & 4 respectively show the methodology flow 

chart and photographs of the experimental program. 
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Table 1. Properties of clay and barite powder 

 Clay Barite powder 

Specific gravity, G 2.68 4.20 

Gravel (%) 0 - 

Sand (%) 2.0 83.5 

Silt (%) 28.5 16.5 

Clay (%) 69.50 - 

Liquid limit, LL (%) 88 NP 

Plastic limit, PL (%) 26 NP 

Plasticity index, PI (%) 62 NP 

Free swell index, FSI (%) 130 - 

Soil classification CH SM 

Optimum moisture content, OMC (%) 28.50 - 

Maximum dry density, MDD (kN/m3) 13.55 - 

 

Table 2. Chemical composition of clay and barite powder 

Component 
Quantity (%) 

Expansive clay Barite powder 

Silica (SiO2) 63.00 3.20 

Barium sulphate (BaSO4) - 95.0 

Alumina (Al2O3) 21.50 0.70 

Ferric oxide (Fe2O3) 4.50 0.80 

Calcium oxide (CaO) 1.50 - 

Magnesium oxide (MgO) 1.00 - 

Potassium oxide(K2O) 1.25 - 

Sodium oxide (Na2O) 7.00 - 

Loss on ignition 0.25 0.30 

 

 
Figure 2. Particle size distribution curve of the expansive clay and barite powder 
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Figure 3. Methodology flow chart for the experimental program 

 

Mixing Procedure: The sample preparation process 

entails initially pulverizing the dry soil samples, 

subsequently followed by sieving. After sieving, 

depending on the dosages of the additive and the dry 

weight of the soil, the amounts of barite powder are 

meticulously measured and blended with soil. To 

achieve uniform distribution of the barite powder in the 

soil, the barite powder was evenly spread on the 

prepared dry soil sample and accurately mixed by using 

a hand mixing technique. The mixing technique was 

executed with proper care to attain a uniform mix. 

Careful blending throughout the total process helps in 

achieving uniform mixing of barite powder in the soil. 

 

 
Figure 4. Photographs of experimental program 

  

     

a) Expansive soil        b) Barite powder 

   

c) UCS test         d) Hydraulic conductivity    e) CBR test 
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Plate Load Tests: These tests were conducted in as-

compacted (unsaturated) and saturated conditions. Tests 

were performed on the untreated clay bed and barite 

powder-blended clay beds with varying the barite 

powder content. In both conditions, the tests were 

performed using a reaction type of loading with a 

loading jack. Figure 5 (a) depicts the schematic view of 

experimental set-up. The clay beds were all compacted 

in a mould of 300-mm diameter and 400-mm height to 

their respective OMC and MDD and tests were 

conducted according to ASTM D 1196-93. By 

considering the undrained strength of the parent clay, 

every stress increment was chosen as 20kPa for all the 

clay beds and continued up to a maximum stress of 

120kPa. Upon each stress increment of 20 kPa, the 

settlement of the clay beds was observed at intervals of 

time of 1, 2.25, 4, 6.25, 9, 16 and 25 minutes and 

thereafter at intervals of 1hour by using a dial gauge. 

With every stress increment, the settlement was 

monitored, and the next increment of stress was applied 

when the rate of settlement was less than 

0.02mm/minute. 

To conduct the load tests at saturation condition, clay 

beds were compacted corresponding to their OMC and 

MDD and the beds were perpetually saturated through 

the addition of water from the surface of the clay bed. 

During the saturation, clay beds were undergoing heave. 

Heave/swelling was monitored by placing a dial gauge 

on the weightless surface plate which was resting on the 

clay bed surface. At suitable intervals of time, the 

heave/swelling of the specimens was monitored. The 

saturation continued till the clay bed reached its 

equilibrium heave (5 days-from pilot studies). Once the 

clay beds attained saturation, the 2nd category of load 

tests were conducted by removing the surface plate and 

then considering the load test set-up as described in 

Figure 5. In this saturated condition also, the stress 

increment was considered as 20kPa and increased up to 

120kPa. The rest of the procedure was the same as in as-

compacted condition. 

California Bearing Ratio (CBR) (soaked) tests were 

performed on the unblended clay beds and barite 

powder-blended clay beds without cushion and with 

barite powder cushion of 50-mm thickness. All the 

samples were compacted at their respective OMC and 

MDD in the CBR mould of 150-mm diameter and 175-

mm height. Figure 5 (b) shows the schematic view of the 

test set-up. The CBR tests were conducted according to 

ASTM D1883-05. All the tests were conducted in 

laboratory conditions only. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 (a) Plate load tests              (b) CBR tests 

Figure 5. Schematic representation of testing arrangement 
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DISCUSSION OF TEST RESULTS 

Influence of Barite Powder on LL, PL, PI and FSI 

Figure 6 depicts the variation of FSI with barite powder 

content. From the figure, it was observed that, with an 

increase in barite powder content from 0 to 30%, the FSI 

decreased from 130% to 52%, indicating a reduction of 

60%, rendering the clay-additive blends almost non-

swelling. The results are aligned with earlier research 

(Phanikumar et al., 2021; Ramanjaneya et al., 2021; Salih, 

2025). The reduction in FSI can be attributed to the 

replacement of expansive clay particles with non-

expansive barite powder particles. The FSI of the expansive 

clay particles was high due to the presence of smectite 

group of mineral montmorillonites. When the finer 

particles of clay are replaced with non-expansive large 

sized barite powder particles, the FSI goes down. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Influence of barite powder on FSI 

 

Figure 7 depicts the influence of barite powder on 

plasticity characteristics of the clay. From the data, it 

was noticed that, as the amount of barite powder 

increased, LL decreased, and PL increased. The 

reduction in LL and increase in PL with increasing barite 

powder content resulted a decrease in the plasticity 

index (PI). LL reflects the water content at which clay 

behaves like a liquid. Clays having finer particles with 

larger surface area need a huge quantity of water, 

allowing the material to have a liquid-like behavior. 

When the silt-sized larger particles of barite powder 

added to the clay, the size of the particles increases, 

resulting in a reduction in LL. LL diminishes as the 

volume of water required for the blends with enhanced 

particle size to behave as a liquid decreases. When the 

barite powder content increased from 0 to 30%, LL 

decreased from 88% to 48%, indicating a reduction of 

45%. PL shows an enhancement in barite powder-clay 

blends. As a result, PI decreased with increase in the 

barite powder are content. PI decreased from 62% to 

15%, showing a reduction of 76%, rendering the blends 

low plastic. A similar trend was observed in earlier 

research (Al-Swaidani et al., 2021; Ramanjaneya et al., 

2021). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Influence of barite powder on index properties 
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Influence of Barite Powder on Compaction Behavior 

Figure 8 depicts the compaction characteristics of 

the expansive clay treated with varied percentages of 

barite powder. The data demonstrated that the 

compaction curves moved to the left side and upward, 

revealing that the barite powder-treated clay blends 

stabilized and produced higher dry density values for 

prescribed water contents in comparison with untreated 

clay. MDD values increased as a result of this behavior, 

whereas OMC decreased. When the quantity of barite 

powder particles added to the clay increases, the 

resistance offered by the particles also increases, which 

results in higher densities. The variation in compaction 

parameters with the amount of barite powder is shown 

in Figure 9. The highest maximum dry density was 

observed for 30% barite powder-blended clay. The dry 

density values increase as the barite powder content 

increases. The addition of barite powder was restricted 

to 30%, because excess additive content may lead to the 

formation of new soil structures. 

 

 
Figure 8. Influence of barite powder on compaction characteristics 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Influence of barite powder content on OMC and MDD of clay 

 

Influence of Barite Powder on Unconfined 

Compressive Strength (UCS) and Hydraulic 

Conductivity (k) of the Clay 

UCS tests were performed on the unblended and 

barite powder-treated clay beds corresponding to their 

OMC and MDD. From the experimental results, it was 

noticed that UCS or peak stress increased significantly 

with the addition of barite powder amount. The rise in 

peak stress is attributable to the increase in maximum 

dry density of the clay-additive blends. Addition of 

barite powder to the clay blends increases their 

resistance, which helps them better withstand applied 

axial compressive stresses. This increased resistance is 

contingent upon the quantity of additives used. The peak 
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stress was respectively 148, 220, 255, 290, 345, 382 and 

425 kPa at the barite powder contents of 0, 5, 10, 15, 20, 

25 and 30%. A significant improvement of 187% in 

UCS was observed at 30% barite powder content. Thus, 

the 30% barite powder-treated specimen exhibits the 

highest resistance. A similar trend was observed in 

previous studies (Gadouri et al., 2017; Sudhakar et al., 

2021; Al-Swaidani et al., 2021). It was observed in the 

UCS test samples that the failure pattern consists of 

inclined cracks observed from the top of the sample to 

the bottom of the sample or to the intermediate height of 

the sample. These cracks form with an inclination angle 

of 300-450 or 450-600 to the point of loading. The 

inclined crack path shows the shear strength under 

vertical compressive loading, with crack formation and 

propagation along the line of weakest shear plane within 

the soil sample. 

The hydraulic conductivity tests were performed on 

the unblended and barite powder-blended clay beds 

corresponding to their OMC and MDD. Figure 10 shows 

the variation of hydraulic conductivity with barite 

powder content. The data indicates that hydraulic 

conductivity increases with an increase in the barite 

powder amount. The replacement of impervious clay 

particles with pervious barite powder particles is 

responsible for the enhancement in hydraulic 

conductivity. The hydraulic conductivity increases from 

4 x 10-7 cm/sec to 9.00 x 10-5 cm/sec when the barite 

powder content is increased from 0 to 30%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Influence of barite powder on hydraulic conductivity  

 

Influence of Barite Powder on CBR of the Clay 

CBR (soaked) tests were performed on the 

unblended and barite powder-blended clay beds at their 

respective OMC and MDD. Figure 11 depicts the load-

penetration response of the unblended clay and barite 

powder-blended clay at different percentages. The 

load-penetration response of the clay-additive 

specimens increased with an increase in the barite 

powder amount. Hence, the CBR value increases with 

the addition of barite powder amount. The rise in CBR 

can be attributable to the increase in maximum dry 

density of the clay-additive blends. As the amount of 

barite powder increases, the resistance offered by the 

clay blends increases, which results in an improvement 

in load-penetration response. The increase in CBR can 

also be attributed to thhe reduction in the plasticity 

index. As the plasticity index decreases, the optimum 

moisture content decreases with an increase in 

maximum dry density, which results in higher CBR for 

the barite powder-treated clay beds. Figure 15 depicts 

the influence of barite powder on CBR. The data 

indicates that the CBR enhanced with increasing barite 

powder content. CBR increased from 1.12% to 5.65% 

when the barite powder content increased from 0% to 

30%, showing an improvement of 404%. A similar 

trend was observed in previous studies (Phanikumar et 

al., 2019; Al-Swaidani et al., 2021, Ramanjaneya et al., 

2021). 
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Figure 11. Load vs. penetration for clay with % variation in barite powder 

 

Influence of Barite Powder on Stress-Settlement 

Behavior and Heave of the Clay 

Load Tests at As-compacted Condition: The load 

tests were performed at the as-compacted (unsaturated) 

and saturated conditions of the clay bed. The untreated 

and barite powder-treated clay beds were compacted 

corresponding to their OMC and MDD. Figure 12 

depicts the stress-settlement behavior of the untreated 

clay and barite powder-treated clay bed at as-compacted 

condition. The data indicated that stress-settlement 

behavior of the specimens improved with an increase in 

barite powder content. The stress needed for a particular 

settlement enhanced with the addition of barite powder. 

The barite powder-treated specimens exhibited 

enhanced resistance to applied axial stresses, owing to 

the increased dry densities with increased barite powder 

amount. At a settlement of 0.5mm, the required stress 

applied was 24 kPa, 30kPa, 32 kPa, 36kPa, 40kPa, 

48kPa and 80kPa for soil treated with 0, 5, 10, 15, 20, 

25 and 30% barite powder, respectively. For a 

settlement of 0.5mm, the enhancement in stress was 

234% when the barite powder amount was increased 

from 0 to 30%. Hence, the stiffness of the samples 

increased with increasing barite powder content. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12. Stress-settlement behaviour of unblended and 

barite powder-blended clay at as-compacted state 

 

Heave Characteristics: As previously stated, the 

untreated clay bed and barite powder-treated clay beds 

were allowed to free swell after being continuously 

saturated for a duration of 5 days. The heave was 
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observed over various time periods until equilibrium 

heave was achieved. From the heave profiles of Figure 

13, three phases in the heave development are observed. 

The three phases are the initial, primary and secondary 

phases. The initial phase develops at the macro-

structural level and is generally related to smaller heave 

strains. The primary phase of heave occurs at the micro-

structural level and advances alongside larger heave 

strains, as shown by the steep-inclined linear segment of 

the heave profile. The secondary phase of heave 

occurring at micro-structural level is again related to 

smaller heave strains. The asymptotic portion of the 

heave profile validates the equilibrium heave. Rate and 

magnitude of heave of the untreated soil and barite 

powder-treated clay beds are shown in Figure 13. The 

data indicates that the untreated clay beds attain a 

maximum heave of 39mm. When the clay bed is treated 

with barite powder, the rate and magnitude of 

heave/swelling decreased significantly. With the 

addition of barite powder from 0 to 30%, swelling/heave 

decreased from 39mm to 24mm, exhibiting a reduction 

of 38%. A similar trend was observed in previous studies 

(Rama Rao et al., 2007; Ramanjaneya et al., 2021). It 

was noticed that, as the amount of barite powder in the 

soil increases, both rate and magnitude of 

swelling/heave decreased significantly. The heave 

considerably decreases when finer clay particles are 

replaced with larger, non-expansive barite powder 

particles. The reduction in heave was more pronounced 

at higher barite powder contents. 

 

 

Figure 13. Rate of heave for untreated clay and barite powder treated clay 

 

Load Tests at Saturated Condition: As previously 

stated, plate load tests were conducted at saturation 

conditions after heave attainment. Figure 14 shows the 

stress-settlement behavior of plain clay and barite 

powder-treated clay beds in saturated conditions. From 

the data, it was observed that stress-settlement behavior 

was increased with the addition of barite powder. The 

compressive load behavior for saturated clay beds is 

contingent upon their heave behavior. The soil which 

has the highest heave offers lower resistance to the 

applied compressive loads. Similarly, it offers higher 

resistance for the least magnitude of heave. Hence, 30% 

of barite powder-treated clay beds offers a higher 

compressive load response. For a settlement of 0.5mm, 

the required stress applied was 12kPa, 15kPa, 15kPa, 

16kPa, 20kPa, 20kPa and 28kPa for the soil treated with 

0, 5, 10, 15, 20, 25 and 30% barite powder, respectively. 

Previous studies support the present experimental 

results (Ramanjaneya et al., 2021). For a settlement of 

0.5mm, the enhancement in the stress was 133% when 

the barite powder content was increased from 0 to 30%. 

Hence, the stiffness of the samples increased with 

increasing barite powder content. The clay beds lose 

their strength as they swell resulting in lower 

compressive load response than that in the as-compacted 

condition. 
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Figure 14. Stress-settlement behaviour of unblended and 

barite powder-blended clay at saturated condition 

 

Influence of Barite Powder Cushion on CBR of the 

Barite Powder-reated Clay Beds 

The crucial water content that develops in-situ is the 

saturated state. According to IRC:SP-72-2015, soaked 

CBR should be considered for low-volume road 

pavements due to their representation of severe 

condition. Considering this, CBR tests were performed 

at soaked conditions. Figure 15 shows the variation of 

CBR with and without barite powder cushion on the clay 

beds. The data indicates that the CBR of the untreated 

and treated clay beds without barite powder cushion 

enhanced with increasing barite powder content. CBR 

increased from 1.12% to 5.65% when the barite powder 

content increased from 0 to 30%, showing an 

improvement of 404%. The increase in CBR can be 

attributed to the increase in MDD of the clay-additive 

blends. CBR further increased with the provision of 

barite powder cushion on the untreated and barite 

powder-treated clay beds. The barite powder cushion 

offers higher resistance to penetration, resulting in 

higher values of CBR. By providing barite-powder 

cushions, CBR increased from 3.45% to 11.5%, when 

the barite powder content was increased from 0 to 30%, 

showing an improvement of 233%. The highest CBR 

was observed as 11.5% when 30% barite powder was 

added to the clay and 50mm of barite powder was used 

to cushion it. A similar trend was observed in previous 

studies (Phanikumar et al., 2019; Al-Swaidani et al., 

2021, Ramanjaneya et al., 2021). From the experimental 

investigation, barite powder has proven to be an 

effective additive for expansive soil sub-grades that 

meet the requirements of sub-grade-S5 (IRC:SP-72-

2015). The experimental findings demonstrate that the 

use of barite powder for stabilizing expansive soils is 

beneficial for sustainable construction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15. Variation of CBR for different % of barite powder 
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CONCLUSIONS 

 

The conclusions can be drawn as: 

1. FSI, LL and PI decreased significantly with 

increasing barite powder content. FSI, LL and PI 

decreased by 60%, 45% and 76%, respectively, at a 

barite powder content of 30%. 

2. Compaction behavior shows improvement as OMC 

decreased and MDD increased with increasing the 

amount of barite powder. 

3. The unconfined compressive strength increased 

from 148kPa to 425 kPa when the barite powder 

content increased from 0 to 30%, showing an 

improvement of 187%. 

4. The hydraulic conductivity increases from 4 x 10-7 

cm/sec to 9.00 x 10-5 cm/sec when the barite powder 

content increased from 0 to 30%. 

5. The stress-settlement characteristics of the clay beds 

at both unsaturated and saturated conditions 

increased with increasing barite powder content.  

The stress needed for a given settlement increases 

with an increase in the barite powder content. With 

the addition of 30% barite powder, the unsaturated 

clay beds attain a stress of 80kPa, showing an 

improvement of 234% and the saturated clay beds 

attain a stress of 28kPa, showing an improvement of 

133% corresponding to a settlement of 0.5mm. 

6. Heave decreased with increasing barite powder 

content. The swelling decreased from 39mm to 

24mm when the barite powder content increased 

from 0 to 30%, showing a reduction of 38%. As the 

amount of barite powder in the clay bed increases, 

both the rate and amount of heave decrease 

significantly. 

7. The CBR of the barite powder-clay blends increased 

with increasing barite powder. Without barite 

powder cushion, when the barite powder content 

increased from 0 to 30%, CBR increased from 1.12% 

to 5.65%. By providing a barite powder cushion, 

when the barite powder content increased from 0 to 

30%, CBR increased from 1.12% to 11.5%. The 

highest CBR was observed as 11.5% when 30% 

barite powder was added to the clay and 50mm of 

barite powder was used to cushion it. 

8. The CBR value of barite powder treated soil satisfies 

the IRC: SP-72-2015 Sub-grade-S5 requirements for 

low-volume pavements, which suggests the 

suitability for low-volume pavements. 

 

Suggestions for Field Validation 

The present study was limited to laboratory 

experimentation only, conducted under controlled 

conditions to simulate the actual field conditions. 

Additionally, future studies should investigate the 

requirements of field conditions, like stress distribution, 

temperature, moisture fluctuations and durability. It was 

suggested to conduct pilot field tests based on the results 

of the present study. 
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