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ABSTRACT 

The volumetric deviations in montmorillonite-rich clays like bentonite render such soils unsuitable to support overlying 
pavement and foundation structures. Moreover, green construction and sustainable waste management practices have adapted use 
of waste recycled materials for engineering purposes. This study explores the feasibility of using recycled construction and 
demolition waste and ground granulated blast furnace slag for developing shear strength properties of bentonite clay. Direct shear 
tests were performed on specimens from bentonite and bentonite-stabiliser composites to evaluate the effect of both stabilisers 
under different curing times and percentages. Microanalyses were conducted to obtain microstructural, mineralogical and 
elemental composition of the stabilised and unstabilised samples. Results exhibit that shear strength increased with increasing 
stabiliser percentages and curing time, and the effects were more enhanced on higher stabiliser dosages and curing periods. 
Sample cohesion value increased from 58.90 kPa for pure bentonite sample to 67.26 kPa for the maximum additive percentages 
of 5 slag and 20 construction waste (sample S3G5), after 28 days of curing. The internal friction angle also increased by 7.3 
from the pure sample to the S3G5 bentonite-stabilisers composite specimen. Peak shear stress values also showed a development 
of 55.95 kPa after additive induction and 28 days curing, for 200 kPa of normal stress. Curing period also affected the 
development of cohesion and peak shear strength of the stabilised samples. Internal frictional angle for sample S3G5 also 
escalated by 2.3, after 28 days, from the 25.0 value after sample curing of 1 day. Scanning Electron Microscopy (SEM) 
micrographs and Energy Dispersive Spectroscopy (EDS) spectra show that stabilisers occupied vesicles and cracks found in 
construction waste particles, resulting in better particle interlocking mechanism and greater shear strength. 

Key words: Shear strength, bentonite, recycled materials.

1.  INTRODUCTION 
Construction project sites are often deemed problematic 

from a geotechnical and pavement engineering perspective due to 
the occurrence of weak soils. Many of these soils exhibit swell-
ing-shrinkage cycles triggered by the wetting-drying cycles and 
are termed as “expansive” or “reactive” soils (Karunarathne et al. 
2012; Fredlund 2006; Hasan et al. 2015). Due to the volumetric 
fluctuations of such soils, the overlying pavements and founda-
tions are susceptible to failure. The morphological and miner-
alogical compositions of any type of soil dictate its behaviour. 
Clays, such as bentonite, fall within the group of soils that can 
entrap significant volumes of water between molecular sheets 
depending upon climatic and environmental variations. Reactive 
clays such as bentonite mainly contains of very fine Na-  
montmorillonite particles with large surface area that increases 
their ability to depict volume changes due to higher surface area 
being exposed for reactions. 

The successful application of a suitable soil treatment, 
commonly termed as soil stabilisation, can help to reduce the 
degree of soil deformation and the damages to the overlaying 
structures can be kept within an acceptable range. Soil stabilisa-
tion is classified based upon the mode of application such as 
thermal stabilisation by heating to decrease repulsive forces be-
tween clay particles and/or temperatures exceeding 100C re-
duced the absorbed moisture volume, either can cause an increase 
in the soil’s strength (Venkatramaiah 2006); mechanical; electri-
cal and stabilisation through nanomaterials such as adding carbon 
nanotubes. Among other methods, mechanical and chemical sta-
bilisation methods are the most common techniques.  

In the wake of green constructions and utilisation of indus-
trial wastes, ground granulated blast furnace slag (GGBFS) has 
gained wide attention due to its comparatively lower cost and 
ease of replacing at least part of Portland cement in building and 
road constructions. GGBFS are the by-product of the steel and 
iron production industries and have similar characteristics to the 
rocks produced from vjolcanic eruptions such as granites and 
basalts, with some hydraulic and cementitious properties. The 
primary constituents of GGBFS are therefore, lime and other 
bases silicates and alumino-silicates (Barnett et al. 2006; 
McGrath et al. 2014). GGBFS, when activated with lime, is 
commonly employed in ready-mix concrete or blended cement. 
Lime either as an additive or as a hydration product of Portland 
cement, activated the GGBFS to produced improved concrete. 
The GGBFS-cement concrete has higher impermeability, lower 
hydration heat, higher resistance against sulphate attack and im-
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5. The lowest I value of 0.71 was observed for sample with 5 
GGBFS and 20 CW at 200 kPa of normal stress, as the 
sample exhibited the highest peak shear stress value of 
193.05 kPa, after 28 days of specimen curing. 

6. These results are also supported by SEM micrographs and 
EDS spectra of stabilised specimen which showed bentonite 
and slag particles occupying voids and cracks in construction 
waste particles, which may contribute to better interlocking 
mechanism in the specimen particle matrix. Alkali oxides 
(Na2O, MgO, CaO and K2O), silica (SiO2) and metallic ox-
ides (TiO2, Fe2O3 and Al2O3) were commonly found the 
composite specimens inducted by both bentonite and the two 
stabilisers. X-ray diffraction spectra suggested that the speci-
men curing might have resulted in hydration of CaO to pro-
duce Ca(OH)2 from pozzolanic reaction of GGBFS. This can 
be attributed to the occurrence of higher cohesion and shear 
stress values of the stabilised samples with the progression of 
the stabiliser proportions and curing periods. 
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