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I t is widely acknowledged that our climate 
is now more fragile than ever, with rising 
global temperatures continuing to have 

devastating effects on everyday life, including 
more frequent and severe storms and droughts. 
Such events have significant knock-on effects 
on the safety and integrity of our infrastructure 
networks, ecosystems and natural resources, 
such as water and food supply chains that are 
critical to support life. 

Global nations are under immense pressure  
by the UN to mitigate against the ongoing effects 
of climate change. Governments worldwide are 
setting themselves ambitious targets to achieve 
net-zero carbon emissions by 2050 – if not sooner. 

While reverting to the use of renewable 
energy systems will make a significant 
contribution towards achieving net-zero 
targets, this alone is not enough. Foundation 
industries, such as cement manufacture, that are 
considered major emitters of CO2, have social 
and environmental responsibilities to adopt 
innovative approaches and technologies that 
will significantly reduce their carbon footprint, 
help establish future greener economies and 
ultimately assist the recovery of our climate.

Since the onset of COVID-19 in the spring of 
2020, the construction sector has been playing a 
significant role in the economic recovery. In the 
UK, major civil engineering projects have been 
progressing at great pace during the pandemic, 
such as the High Speed 2 railway and Hinkley 
Point C Power Station (Bridgwater). However, the 
concrete materials used for these projects (among 
many others nationwide) are chiefly made from 
ordinary Portland cement (CEM-I) for a wide range 
of applications, including high-strength structural 

foundations and ground stabilisation. 
The continued heavy reliance on CEM-I in 

construction has significant environmental 
implications, whereby the manufacture of CEM-I is 
responsible for producing up to 10% of the world’s 
atmospheric CO2 emissions. Hence, efforts are 
needed on an international scale to expedite the 
development and commercial use of low-carbon 
cementitious binders, where CEM-I is completely 
replaced by alternative materials that are circular 
economy friendly.

In the ground engineering sector, engineers 
regularly face construction challenges associated 
with soft ground, such as low shear strength 
and high settlement potential of foundations. 
An increasingly popular method in the UK for 
strengthening poor ground conditions is deep 
soil mixing (DSM). Originally developed in the 
1960s by practitioners from Japan, USA and 
Scandinavia, DSM involves the use of an auger 
drilling rig, whereby the auger penetrates down 
to depths of up to 30m and injects a hydraulic 
cementitious binder into the soil. 

These rigs are highly versatile in that they 
can make geotechnical structures of various 
geometries, including individual columns (acting as 
pile foundations), overlapping columns and panels 
for creating retaining walls, basement structures 
and contaminated land encapsulation barriers.

With curing, the physico-chemical and 
geomechanical properties – for example, stiffness 
and shear strength – of the treated soil evolve, 
becoming far superior to the original soil. The 
mechanism through which these improvements 
are observed involves the reaction between 
the high pH and high calcium content of the 
binder, the soil water, and the alumina-silica 
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Dr Paul Sargent, at the University of Teesside, UK, digs into 
the ground engineering sector's recent efforts to incorporate 
recycled industrial waste as a low-carbon cement for 
stabilising soft, unstable ground. 

Greener ground
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Right: Cutter soil mixing 

hydroxide and sodium silicate. This approach has 
proved to be successful in producing geomechanical 
performances that are superior to CEM-I stabilised 
soils at laboratory scale. Furthermore, lifecycle 
analyses of carefully designed alkali-activated waste 
binders have demonstrated that they have carbon 
footprints up to 60% smaller than CEM-I.

Deeper thinking
Deep soil mixing contractors, Deep Soil Mixing Ltd 
(DSML), based in Bedfordshire, UK, has specialised 
in this ground improvement technique as a  
low-carbon and cheaper alternative to traditional 
piling foundation techniques since 2012. 

In 2020, the company provided deep soil mixing 
services to stabilise soft contaminated clays on 
a site near Coleshill in Birmingham, as part of 
the UK’s High Speed 2 railway development (see 
opposite). This negated the need to excavate and 
landfill any contaminated soils. 

More recently, DSML has been engaging in 
R&D activities with a view to developing binders 
that minimise CEM-I content and produce 
superior engineering performance. Numerous 
other UK organisations, including PowerCem, 
have joined DSML in moving towards low-carbon 
soil mixing ground improvement. This is highly 
encouraging as it demonstrates the ground 
engineering sector’s commitment to achieving 
net-zero carbon emissions by 2050.

However, in the UK, there are supply chain 
issues associated with PFA and GGBS, caused 
by the cessation of coal mining, progressive 
closure of coal-fired power stations, and decline 
of the iron and steel manufacturing industry. To 
source these popular additives for construction 
materials in the UK, many organisations resort to 
importing them from international destinations 
– for example in mainland Europe. This is 
clearly not sustainable due to a combination 
of factors, including high transportation costs, 
complications associated with imports due to 
Brexit and the larger carbon footprint associated 
with overseas shipments.

The future development and use of cementitious 
binders for structural concretes and ground 
improvement must be driven by the following factors: 

• The binder must be waste-based.

• The waste stream must have longevity in supply 
on a national scale – this has priority over 
international-scale availability. 

• The waste is pozzolanic.

• The processing of waste as binders should have 
positive implications for growing our circular 
economy on national and international scales.

"Positive progress 
has been made over 
the past 30 years in 
developing binders 
that contain less 
Portland cement 
(CEM-I) and more 

recycled pozzolanic 
additives, such as  

pulverised fly ash and 
ground granulated 
blast furnace slag, 

thereby improving the  
circular economy."

contents of the soil to form cementitious  
gels such as calcium-alumina-hydrate and 
calcium-silica-hydrate. 

These hydrates precipitate throughout the soil 
matrix, infilling voids and creating physical bonds 
between soil and binder particles. In addition 
to enhancing shear strength, DSM stabilisation 
also reduces soil permeability, making it ideal for 

encapsulating sites that are highly 
contaminated and reducing the risk  
of leaching. 

The binders that have been 
traditionally used for DSM include 
CEM-I and lime, due to their  
well-known, high strength 
performances and standardisation.

Since the 1990s, there have 
been hundreds of academic studies 
performed around the world on the use 
of CEM-I admixtures for stabilising a 
wide range of weak soils. Many of these 
have involved the use of binders where 
CEM-I has been partially replaced with 
pozzolanic – i.e. alumino-silicates – 
industrial wastes, including pulverised 
fly ash (PFA) and ground granulated 
blast furnace slag (GGBS). 

The inclusion of PFA and/or GGBS 
has been found to provide multiple 
benefits, including the enhancement of 
the short and long-term geomechanical 
properties of CEM-I stabilised soils, 

along with contributing towards an improved 
circular economy. 

However, when PFA and GGBS are used alone as 
binders for treating soils, negligible improvements in 
strength are observed. Alkali activation is therefore 
required, typically involving small quantities of 
commercially available agents such as sodium 
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Did you know?
Deep soil mixing was originally developed 
in the 1960s by practitioners from Japan, 
USA and Scandinavia.

Based on these criteria, mineral waste 
feedstocks that have great potential for 
satisfying the requirements for ground engineers 
include soils and demolition materials from the 
construction sector, mine tailings and excavated 
soil/rocks from the mining industry. 

Over the past decade or so, academic researchers 
from across the UK have started to investigate the 
prospects of numerous mineral waste streams as 
cementitious binders/additives in concretes. Many 
studies that have been published in the academic 
literature suggest that these new binders can 
produce engineering strengths that are either 
equivalent to, or better than, CEM-I-based mixtures. 

For example, since 2018, academics from 
Teesside University have worked with a 
Teesside-based haulage company, Scott Bros 
Ltd, to valorise fine-grained silt-clay filter cake – 
produced from soil washing of bulk construction 
soil waste – as a binder for both geopolymer 
mortars and soil stabilisation applications (see 
Materials World, December 2020). 

Elsewhere in the UK, academic researchers from 
institutions including University College London, 
the University of Sheffield, University of Leeds, 
Loughborough University, Lancaster University, 
Imperial College London and the British Geological 
Survey have joined forces to establish the UK 
Research and Innovation Interdisciplinary Circular 
Economy Centre for Mineral-Based Construction 
Materials. This reaffirms that the UK is heavily 
investing in becoming world-leaders in low-carbon 
cement and concrete R&D.

tje

Grounded 
According to the Department for 
Environment, Food and Rural Affairs, in 
2016, over 60% of the UK’s total waste 
was classed as mineral waste and soils. 
A large proportion of this waste has 
traditionally been stockpiled or sent to 
landfill. This is likely to keep growing 
over the coming years due to the major 
infrastructure projects ongoing in the UK.

Laying the groundwork
While positive progress has been made over 
recent years in the wider adoption of DSM in 
ground engineering and the development of 
low-carbon waste-based, cementitious binders, 
this progress needs to be accelerated. More 
collaboration is needed between practitioners 
in academia and industry, involving large-scale 
testing in laboratory and site environments, and 
commercialisation of 100% waste-based binder 
technologies. Furthermore, specialist 
consultants and contractors need to 
work with clients to ensure that such 
technologies are used more widely for 
construction projects.

The management of construction 
and mining waste streams represents 
a major challenge to project 
managers, civil engineers and 
environmental scientists. Currently 
in the UK, landfills continue to 
accept waste, but taxes incentivise 
alternative routes and restrictions on 
landfilling are set to tighten. 

For example, most landfilling in 
Scotland will be banned by 2025 – 
meaning that most municipal waste 
will be incinerated, thereby producing 
a further classification of waste 
known as incinerator bottom ash. 
This highlights a major challenge that geotechnical 
engineers, concrete/cement and environmental 
scientists must rise to over the coming years if the 
ground engineering sector is to reduce its carbon 
footprint and become circular economy friendly.

The author wishes to thank Robert McGall, 
Colin Critchlow and Stephanie Freeman at Deep 
Soil Mixing Ltd., Bob Borthwick and Peter Scott of 
Scott Bros Ltd, and the Teesside University Media 
Centre for kindly providing case study information 
and photographs for this article.

Above: Aerial photographs 
of the High Speed 
2 railway site in 
Birmingham, UK. Before 
(left) and after (right) 
deep soil mixing treatment
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"More collaboration 
is needed between 

practitioners in 
academia and 

industry, involving 
large-scale testing in 
laboratory and site 
environments, and 

commercialisation of 
100% waste-based 

binder technologies."


