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Abstract

Bentonite slurry is widely used to stabilize the sides of boreholes during the construction of cast-in-situ piles
which results in drilling wastes containing bentonite in high concentration. The fertility of the soils and the aquatic
ecosystems are seriously threatened when this waste material is typically dumped in adjacent water bodies,
agricultural fields, etc. To mitigate this issue, a study has been undertaken with the aim of recycling the drilling
waste in the construction of improved sub-grade. California Bearing Ratio (CBR) tests were conducted on three
types of sands for various densities of drilling waste and fresh water as well. CBR tests were conducted to evaluate
the properties of sands compacted with drilling waste in soaked and un-soaked conditions. The experimental
results indicate that an increase in the density of drilling wastes led to an increase in maximum dry density and a
decrease in optimum moisture content. However, the CBR values decreased under both soaked and un-soaked
conditions for the types of sands studied. Despite a reduction in CBR values, the results met the standard
requirement in terms of CBR of improved sub-grade of the Roads and Highways Department and the Local
Government Engineering Department in Bangladesh. Thus, it is apprehended that bentonite-based drilling waste
may be used successfully in the construction of improved sub-grade.
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1 Introduction

Bentonite slurry is widely used in civil and geotechnical engineering, especially during cast-in-situ pile
construction, to stabilize borehole walls (BNBC, 2021). However, it becomes a waste byproduct when displaced
by concrete during pouring. In many developing regions, improper disposal of this waste causes significant
environmental harm, including soil degradation and water pollution (Guruge & Coomasaru, 2022). Utilizing this
waste in construction could offer a sustainable solution, though its effects on engineering properties require further
investigation. This study explores the use of bentonite-based drilling waste as an additive in compacted sand for
roadway subgrades. Fine sand is preferred for subgrades in Bangladesh due to its availability and cost-
effectiveness (LGED, 2005). Research has shown conflicting effects of bentonite amendments; while some studies
report that increasing bentonite content enhances unconfined compressive strength (UCS) (Ghazi, 2015; Qin et
al., 2021), whereas others observe reduced California Bearing Ratio (CBR) values (Tiwari et al., 2016; Thakur &
Yadav, 2018). CBR is a crucial parameter for subgrade design, and the behavior of sand-bentonite waste mixtures
under soaked conditions, where bentonite's expansiveness becomes critical, has not been adequately studied
(Zhang et al., 2024; Komine & Ogata, 1994). Therefore, this research aims to evaluate the potential of bentonite
drilling waste for enhancing subgrade performance under soaked conditions, while advancing sustainable
construction practices.

2 Materials and Methodology

Three types of sands and bentonite-based drilling waste were collected from a construction site. The collected
sand was oven-dried and sieved through a No. 4 sieve to remove any debris. The properties of the three types of
sand are shown in Table 1. The grain size distribution of the sands used in this study is presented in Figure 1. To
characterize the bentonite-based drilling waste, key properties such as solid particle content, viscosity, density,
and pH were evaluated, as presented in Table 2. The drilling waste was then oven-dried to convert it into a solid
form. Afterward, the dried material was crushed using a rubber hammer and sieved through #40 sieves. The
properties of the bentonite-based drilling waste are shown in Table 3. Then, drilling wastes of different densities
were prepared by blending water with the drilling waste in varying proportions. The densities of these drilling
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wastes are presented in Table 4. The standard Proctor compaction test was performed on the sand types with the
drilling wastes and water as well. The compaction tests were conducted according to (AASHTO T99, 2015). The
compaction tests were conducted to understand the moisture-density relationship of various types of sands. The
California Bearing Ratio (CBR) test was also conducted on the sand types prepared at their optimum moisture
content according to (AASHTO T193, 2013) using these drilling wastes and fresh water. Both soaked and un-
soaked CBR tests have been conducted, and the results were analyzed.

Table 1. Properties of the sands collected for the present study.

Value
Parameter Type-1 Type-11 Type-III

Sand Sand Sand
Co-efficient of Uniformity, C, 2.26 1.58 4.43
Co-efficient of Curvature, C. 0.98 0.86 0.95
Fineness Modulus 0.61 1.21 2.58
Specific gravity (Gs) 2.71 2.705 2.68
Maximum Dry Density (g/cc) 1.516 1.585 1.67
Optimum moisture content (%) 21.1 17.2 12.6
Un-soaked CBR (%) 24.40 31.68 41.91
Soaked CBR (%) 19.60 24.90 33.33

Table 2. Properties of the prepared different concentrations of bentonite-based drilling waste.

Value (Drilling waste + water)

Parameter 004 +80%  40% + 60% _ 60% +40% _80% +20% _ 100% + 0%
Viscosity 35.16 39.5 44.8 52.3 66.72
Density 1.054 1.109 1.163 1.218 1.272
pH 8.47 8.51 8.57 8.63 8.71
Table 3. Properties of the solid particles collected from the bentonite-based drilling waste using oven dry
sample.
Parameter Value
Liquid Limit (%) 40.3
Plastic Limit (%) 21.4
Plasticity Index (%) 18.9
Solid particle 33.1%
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Figure 1. Grain size distribution of sands used in the present study.
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3 Results and Discussion
3.1 Moisture-Density Relations

The relationships between dry density and moisture content of Type-1, II, and III Sands for different densities of
bentonite-based drilling wastes are presented in Figure 2. A summary of the standard Proctor compaction test
results is shown in Table 4. It is observed that the increase in the density of bentonite-based drilling waste has an
impact on the compaction behavior of the sands. The results indicate that the maximum dry density (MDD)
increases, while the optimum moisture content (OMC) decreases with the increase in the density of drilling wastes.
The increase in MDD with higher density of bentonite-based drilling waste is attributed to the finer solid particles
of the drilling waste are filling the voids between the sand grains, resulting in denser packing. On the other hand,
the decrease in OMC occurs because of bentonite, which increases the lubrication effect around the sand particles
to achieve maximum compaction at less water when mixed with sand. These results are similar to the results
obtained by Tiwari et al. (2016).

Table 4. The results of standard proctor compaction and CBR tests using compaction fluid of different
concentrations of drilling waste.

. . Density of  4Mic MDD Un-soaked  Soaked CBR
Sand Types  Compaction Fluid Drzgi:;gcggste (%) (gm/em®) CBR (%) (%)
Water 1.000 21.10 1.516 24.40 19.60
Drilling Waste-1 1.054 20.40 1.528 22.75 17.12
Drilling Waste-2 1.109 19.40 1.550 21.42 16.29
Type-I Sand o
Drilling Waste-3 1.163 19.15 1.560 20.10 15.05
Drilling Waste-4 1.218 18.50 1.571 19.11 14.31
Drilling Waste-5 1.272 17.80 1.583 18.20 13.40
Water 1.000 17.20 1.585 31.68 24.90
Drilling Waste-1 1.054 16.40 1.597 29.53 23.41
Type-II Sand Drilling Waste-2 1.109 16.00 1.604 27.63 22.75
Drilling Waste-3 1.163 15.70 1.618 25.97 21.17
Drilling Waste-4 1.218 15.00 1.639 25.06 20.43
Drilling Waste-5 1.272 14.40 1.662 24.48 19.77
Water 1.000 12.60 1.670 41.91 33.33
Drilling Waste-1 1.054 11.90 1.696 38.41 31.27
Type-ITT Sand Drilling Waste-2 1.109 11.60 1.713 35.23 28.21
Drilling Waste-3 1.163 11.20 1.734 32.51 25.81
Drilling Waste-4 1.218 10.80 1.742 30.68 24.98
Drilling Waste-5 1.272 10.10 1.768 29.44 23.16

Figures 3(a) and 3(b) illustrates the effects of the density of drilling waste on the maximum dry density (MDD)
of sand types. From both the figures, it can be said that the use of drilling waste increases the MDD of all types
of sands. The maximum increase in the MDD found is about 6% for Type-II Sand for the densities of drilling
wastes used in the present investigation. Figure 3(b) presents the change in optimum moisture content (OMC) for
using drilling wastes. The OMC gets reduced by about 20% for Type-III sand. These figures also show that the
change in case of Type-III sand, which is coarser among the studied sands is higher than other sand types.
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Figure 2. The moisture-density relationship of various sands compacted with water and drilling waste of
different densities.
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Figure 3. The effect of the density of drilling waste on the maximum dry density, and the optimum moisture
content of various sands.
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3.2 California Bearing Ratio

The variations in California Bearing Ratio (CBR) values for different sand types in un-soaked and 4-day-soaked
conditions are illustrated in Figure 4. The soaked and unsoaked CBR of various sands compacted with drilling
wastes of different densities are shown in Table 4. It is observed that the CBR value decreases with the increase
in the density of drilling waste. This reduction in CBR value may be due to the decrease in the stiffness of the
compacted sands in the presence of bentonite, a cohesive material known for its low shear strength and high
plasticity. Thakur & Yadav (2018) reported similar behavior for the CBR of Narmada sand. According to the
present investigation, the minimum CBR of sand types is 13.4% which is greater than the recommended minimum
CBR as per the Local Government Engineering Department (LGED, 2005) of Bangladesh. So, the bentonite-based
drilling wastes can be used for the construction of improved subgrades of roads. However, further studies may be
required before practical application.
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Figure 4. Un-soaked and soaked CBR of various sands compacted with drilling waste of different densities.

Figure 5 shows the percentage of reduction of CBR with increasing the density of drilling waste. CBR of type-I
sand gets reduced by 29.7%. From both the figures, it can be said that the use of drilling waste reduces the CBR
of sand types significantly. While comparing the results of CBR for various types of sands, it is evident that sand
Type-I suffers the most. Also, it can be noted that sand Type-I is the finest sand among the sands of the present

study.
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Figure 5. The effect of the density of drilling waste on the un-soaked and soaked CBR of various sands.
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4 Conclusion

From the above results and discussions, the following conclusions can be drawn:

e  The maximum dry density (MDD) increases while the optimum moisture content (OMC) decreases with
an increase in the density of drilling waste.

e  Specifically, the MDD increases by approximately 4%, 5%, and 6%, while the OMC decreases by 15%,
16%, and 20% respectively, when bentonite-based drilling waste is added to Type I, II, and III sand.

e  The California Bearing Ratio (CBR) decreases in both un-soaked and soaked conditions with the increase
in the density of bentonite-based drilling waste for all the types of sands.

e  When the mixture contained 100% Bentonite-based drilling waste combined with the three types of sand,
the soaked and un-soaked CBR values decreased by 32%, 21%, and 30%, as well as 25%, 23%, and 30%,
respectively.

e  Although the CBR of compacted sands gets reduced for all the types of sands investigated, the CBR
results met the standard requirements of LGED of Bangladesh. However, it is required to further
investigate other types of sands before practical application.
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