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Concrete Evidence: 
Alternative Aggregates and Interior Applications.

A Critical Study by Elsie Gribbon
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ABSTRACT:
This study began as a critique on the amount of embodied carbon left to landfill in the 
environment. It was unexpected to discover through research that the Concrete Industry 
is dependent on mining a resource to depletion. Concrete may be made of natural 
materials, but the vast quantities and overuse of them make it unsustainable and have 
become symbolic of the examples set in Hardin’s “The Tragedy of the Commons” (1968).

This critical study will begin with a literature review exploring the Designer’s relationship 
to concrete and the initial research on embodied carbon, before outlining issues within 
the ecological sustainability of the raw materials needed for concrete production as 
well as the impact on communities of the affected areas. Case studies will be presented 
detailing the impact on a community in Gaborone, Botswana and from a wider ecological 
perspective on the impact of sand mining in India. 

Research will be conducted into alternative aggregates that can potentially limit the 
damage currently being caused. This will be related to the importance of haptic design 
within Interiors by first-hand experimentation with some of the materials outlined in 
research as potential solutions. It will then be determined whether these materials have 
feasibility and real-life applications using a collaborative experiment with the Department 
of Engineering in testing their compressive strength to apply to Interior projects within 
finishes. For the purposes of this study “Interior finish means the exposed interior surface 
materials of walls, fixed or movable partitions, and ceilings ... surfacing materials such as 
panelling, tile, or other interior finish material and any surfacing materials” (Law Insider 
Definition, n.d.).

The potential limitations of using new products within the construction process will be 
discussed and a design guide produced for the process of applying sustainable and 
alternative material choices into Interior projects.

The conclusion of this critical analysis will be the definition of a method for Interior 
Designers interested in using material innovations in projects before they are used as 
structural components and outlining further areas for continued study. 

This paper is a critique on the current method of specifying materials without 
consideration for the implications of the raw materials resourcing, written with the hope 
that it inspires designers to explore options for alternative materials within their own work.

HOW CAN ALTERNATIVE AGGREGATES IN CONCRETE 
BE UTILISED BY DESIGNERS TO HELP ALLEVIATE THE 
ECOLOGICAL CRISIS AND DAMAGE TO COMMUNITIES 
CAUSED BY SAND MINING?

2. Mixing Mortars by Elsie Gribbon (2023).
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A BRIEF HISTORY OF
FIRST HAND IMAGES OF CONSTRUCTION 
CONCRETE

at a time where affordable and fast 
development was a priority, it became 
the not only the reason for it’s popularity 
but it’s downfall. “British Brutalism has 
been widely seen as the architectural 
style of the welfare state, a cheap way of 
building quickly, on a large scale” (Calder, 
2016). Brutalism became almost symbolic 
with negative connotations of mega-
corporations exacerbated by it’s use in 
Sci-Fi films of the 1980’s.

In spite of the trend cycles, concrete does 
the one thing it was created to do - it 
persists. I explored the city for examples 
of it’s use and found that concrete is 
still featured prevalently in modern 
design, albeit more subtly, balancing 
the harshness of the material with 
combinations such as natural timbers and 
glass. 

Concrete is, quite literally, the bedrock 
to modern society. It is the foundations 
that our lives are built on top of and our 
protector from the elements. To construct 
the designs we conceive, concrete is 
relied upon for the structural properties of 
the material, yet the designers relationship 
to concrete is far more complex; as the 
trends cycle it’s use within our designs 
fluctuates. The most prominent example 
of this is the design industry’s relationship 
to Brutalist design.

Where concrete and design are 
considered, the most ubiquitous design 
style is Brutalism. It’s prominence as a 
design style rose after Reyner Banham’s 
1966 book The New Brutalism: Ethic or 
Aesthetic, as designers began to idolise 
Le Corbusier’s Unité d’Habitation. 
Combining this with its emergence

CONCRETE & 
DESIGN

5. Sitecrete by Elsie Gribbon (2023). 6. Construction by Elsie Gribbon (2023).

7. Steamhouse by Elsie Gribbon (2022).4. Unite d’Habitation - Catrina Beevor in Dezeen (2014). Edited by Elsie Gribbon (2023) 8. Concrete Floor by Elsie Gribbon (2021).
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EMBODIED

CARBON

“Embodied carbon refers to the 
emissions during the construction of a 
building rather than when it is in use – or 
the carbon footprint of a material” (RPS 
Group, n.d.). The stages within the 
life-cycle of concrete are as follows: 

1.  Raw material extraction 
2. Transport to factory
3. Manufacture
4. Transport to site
5. Construction

According to ARUP (2023) 75% of carbon 
emissions happen in the first three 
stages, 15% are in the fourth and fifth, and 
10% occur at the end of product life.

The carbon used end of life is due to the 
durability of concrete and difficulties in 
recycling, “the monolithic nature 

of [...] concrete makes it, by definition,  
impossible to disassemble” (Forty, 2012). 
This also leads to continuous extraction 
for new raw materials that exacerbates 
the environmental strain. 

But for how long can a resource 
be mined continuously with finite 
natural resources? 

Until this point, research had focused 
on the Carbon Footprint of Concrete, 
but it became apparent that whilst 
the embodied carbon in the product 
is a problem, the sustainability of raw 
material extraction by capitalist mining 
practices is a far more pressing concern 
for environmental and community 
sustainability.

9. Embodied Carbon in Concrete. 
     Illustration by Elsie Gribbon (2023).

8) 
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ILLUSTRATION OF RIVER BED 

Concrete consists of a mixture of cement - popularly Portland cement, sand and a coarse 
aggregate. Mortar is the mix of cement and sand, often used in Interior finishes and to 
bind brickwork. After mixing these proportionately a chemical reaction is produced via the 
addition of water which allows the cement to harden and bond the particles together. It is 
used in the structural components of buildings and is incredibly strong and long lasting. 
Concrete masquerades as human ingenuity in the combination of raw materials; what 
could be unsustainable about the mixture of water with lime and sand?

There is seemingly an endless supply 
of sand that could be sourced from vast 
deserts and beaches yet the price of raw 
materials indicates a shortage. “The sand 
that lies on the sea floor is this jagged 
edge textured sand with sharp edges, 
unlike its smooth desert counterpart. This 
plays a vital part in the construction sector 
as the desert sand does not bind” (Alfvin, 
2019).

Further complicating this, the type of 
water source affects the quality of the 
sand produced for concrete - with salt-
water damaging the structural integrity 
of the concrete and a costly process to 
remove it, meaning river sand is the most 
common choice within construction. 

Through the dredging of this river 
sand the water quality can be severely 
impacted for communities that may 
lie downstream and changes the 
morphology and slope of the natural 
river. This shift in natural ecology 
has implications for the community 
surrounding it who depend on the 
ecosystem for building, agriculture & 
water consumption. 

With commercial sand dredging using 
hydraulic dredgers that pump vast 
quantities of sediment through their 
system and displace finer material with 
the addition of water (Agarwal, 2021)  
there are fundamental changes to the 
ecology of the river system and, being a 
finite resource, render it unsustainable.

It can be observed that this use is in line 
with Hardin’s (1968) economics paper 
“The Tragedy Of The Commons” where 
the author poses that when faced with a 
vast shared resource it will be exploited 
by individuals, leading to the degradation 
of the resource and ultimately being of 
detriment to the wider society. 

“After water, concrete is the most 
widely used substance on Earth. 
If the cement industry were a 
country, it would be the third 
largest carbon dioxide emitter in 
the world with up to 2.8bn tonnes” 
- (Watts, 2019)

THE TRUE COST OF                                           

RAW MATERIALS

12. Commercial Dredging. 
       Illustration by Elsie Gribbon (2023).

12.

11.Concrete Mix Diagrams by Elsie Gribbon (2023).

10.Ratio Cement Mortar Mix Table Elsie Gribbon (2023). 
     Based on Table by Nithin Kumar (2023)
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Madyise (2013) “Case Studies of 
Environmental Impacts of Sand Mining 
and Gravel Extraction for Urban 
Development in Gaborone” outlines 
the impact of river sand mining on 
communities using qualitative research. 
His methodology involved survey, 
interview and field observation. 

The positive effects villagers commented 
on included the creation of employment 
for youth (although notably their age 
was not specified in paper) and that the 
villagers could buy river sand and gravel 
at cheap prices as they reside close to 
extraction sites.

Key findings from these surveys show 
that 22.5% of participants had observed 
deepening of the riverbanks, 14.5%  
noticed an alteration in the landscape, 
16.3% saw a loss of vegetation and 13.2% 
recognised land degradation in the area. 

One continued theme throughout the 
survey responses was the negative 
outlook on illegal mining activity, with one 
participant commenting “Illegal miners 
are dangerous to farmers and villages as 
they bring sharp objects and spades to 
fight police and watch groups mostly at 
night”. 31% are “not happy and disturbed 
by sand and gravel mining activities which 
destroy their agricultural land, cause many 
accidents leading to the deaths of people 
in their community”.

An article written on the topic of 
“Unregulated Sand Mining Threatens 
Indian Rivers” by Bagchi (2010) outlines 
ways in which weak governance 
and rampant corruption facilitates 
uncontrolled mining in India, impacting the 
ecosystem of the rivers that communities 
depend on for survival.

The Indian government exempted 
mining of sand or gravel from legislations 
on conservation of environment and 
mineral resources, leading to excavations 
of sand to be uncontrolled. This has 
reduced the water-holding capacity 
of rivers throughout the country as 
sand is removed from the water table. 
Combining this with climate change 
leads to avoidable water shortages. On 
the Bharathappuzha river in Kerala, the 
Journal India Together reported “Water 
tables have dropped dramatically, and 
a land once known for it’s plentiful rice 
harvests now faces scarcity of water... In 
the villages and towns around the river, 
groundwater levels have fallen drastically 
and wells are almost perennially dry.”

Thrivikramaji (2014) also discussed the 
impacts on rivers in Kerala, summarising 
that removal of river sand resulted in 
deeper channels causing disequilibrium 
between channels and floors of rivers. 
This brought about a slump resulting in 
destruction of coconut trees and crops 
over 20km of the Neyyar on both banks.

WHO REALLY                   

PAYS THE PRICE

“THIS MINDLESS, UNRESTRAINED AND UNREGULATED ACTIVITY IS POSING 
THREATS OF WIDESPREAD DEPLETION OF WATER RESOURCES WHICH MAY LEAD 
TO AVOIDABLE FOOD SHORTAGES AND HARDSHIPS FOR THE PEOPLE”
-PROLOY BAGCHI (2010)

13. Boats are parked for several kilometers along the banks of the Son River in the state of Bihar,  June 23. 
Mathias Depardon for “LE MONDE (2023) Illustrated by Elsie Gribbon (2023).

14. Diagram of changes to river bed from sand mining. Elsie Gribbon (2023).
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15. Ken Riverbed mining activities blocking active flow channel of the river in Khaptiha Kala, Banda.
       Google Earth December 2023. Edited by Elsie Gribbon (2023)

16. Infographic by Elsie Gribbon (2023) 17. Research Mindmap by Elsie Gribbon (2023)

IS THERE A
SOLUTION?
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18. Alternative Aggregate Illustration by Elsie Gribbon (2023) 19.Material Creation by Elsie Gribbon (2023)

Design and the larger built environment is intrinsically linked to the use of concrete within 
projects and as the people who specify materials, we have an opportunity to influence the 
market for river sand. Alternatives for fine aggregates to replace the unethical mining of 
sand were investigated and four promising solutions were found in academic papers.
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Design is not purely theoretical. The 
design process allows ideas to become 
tangible; it is a discipline in which we 
use our senses to explore ideas. As I 
read research on alternative aggregates, 
I found it difficult to contextualise the 
concretes and whether the process was 
accessible to the Design industry.
  
Pallasmaa (1999) discussed the value 
of hapticity within design and the 
importance of architecture being a 
multi-sensory experience as opposed to  
a visual observation. 

 To further research the alternative 
aggregates discussed in academic 
research papers and analyse their 
suitability for interior use, it was important 
to physically experiment to understand 
the materials, their properties and their 
sensory qualities, experiencing the 
alternative concretes, in line with the idea 
of a “strengthened sense of materiality 
and hapticity, texture and weight, 
density of space and materialised light” 
(Pallasmaa, 1996).  

DESIGN &

TACTILITY

“Touch is the sensory mode which integrates our experience of the world and 
of ourselves.” - Juhani Pallasmaa (1999).

20. Hapticit]y by Elsie Gribbon (2023)

22. Eggshell by Elsie Gribbon (2023)

21. Mortar by Elsie Gribbon (2023)

23. Charcoal by Elsie Gribbon (2023)

24. Iron by Elsie Gribbon (2023)

25. Oyster by Elsie Gribbon (2023)
26. Notes on Hapticity
       Annotations by Elsie Gribbon (2023).
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27. Process Photography by Elsie Gribbon (2023)
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After critical observation of the new 
combination aggregate mortars and 
preferring the properties to the feel 
and aesthetic of the standard mortar 
mix, the question arose as to why 
these materials are not currently being 
implemented in the design stages?

There are two potential reasons for 
this - strength and cost. To determine 
if the strength of the material was 
compromised, the compressive 
strengths of alternative material in 
mortars was calculated. Following this 
8% of the aggregate was replaced. 
The materials were compared to each 
other after 3 and 28 days to create an 
average to determine their practical 
usability within Interior Design. 

All of the experimental aggregates 
provided substantially stronger results 
in terms of their compressive strength 
than traditional mortar, meaning the 
product could be used feasibly be 
used within designs.

RAW MATERIAL CASTING CURED 3 DAY STRENGTH 28 DAY STRENGTH

JUST IN THEORY OR A

POSSIBILITY

28. Table of Photography by Elsie Gribbon (2023)

?
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29. Table of Results by Elsie Gribbon (2023)

RESULTS &

COMPARISON

30. Graphs Analysis of Three Results Sets by Elsie Gribbon (2023)
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31. Curing in Moulds by Elsie Gribbon (2023)
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“ConCrete offers something unique to arChiteCts, in that while founded 
in ‘sCientifiC’ knowledge and experiment  – it still offers opportunities for 
experimentation to anyone.”

 - AdriAn FOrTY (2012)
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32. Dried Alternative Aggregate Mortars by Elsie Gribbon (2023)
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CONVERSATIONS ON

IMPLICATIONS

33. RAAC Cross section - original source LABC from BIMplus.com
       Illustration by Elsie Gribbon (2023) based on diagram by Currie &   
       Matthews (1996)

The practical use of alternative materials however, is more 
complex. One of the main benefits to the traditional concrete as a 
building material over alternatives is it’s strength and safety.

In the 1930’s Reinforced Autoclaved Aerated Concrete was 
invented that included aeration agent. Cured in an autoclave, it 
resulted in a lower density concrete used in the Construction 
Industry in the 1950s. “The inherent weakness arises from the 
presence of these air voids, which compromise the material’s 
structural integrity... RAAC can be more susceptible to damage 
over time, especially in adverse environmental conditions or when 
subjected to excessive loads” (Thomas, 2023) However, recent 
problems have occurred due to use beyond it’s expectancy. “This 
is not a bad material. It is behaving exactly as it would have been 
expected. This is a failure of maintenance, refurbishment and 
rebuilding.” (Purnell, 2023)

With this in mind, it is important to consider that Interior Design 
has a much shorter service than construction; “service life is 
considered to be the lifetime of materials and components” 
(Andersen & Brandt, 1999). To be able to implement alternative 
materials structurally, we must comprehensively understand their 
life expectancy, and one way of doing so could be through Interior 
finishes rather than structural components.
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36. Detail of usage. Elsie Gribbon (2023)
35. Speculative Usage. Elsie Gribbon (2023)

A DESIGNERS GUIDE

TO CHANGE

34. Interior Design Guide.
Elsie Gribbon (2023)
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As designers, it is our responsibility to ensure the materials we use are considered and 
not based solely on convenience and cost. For an industry that places importance on 
innovations in sustainability, we must also consider the sustainability of communities 
affected by the choices we make at every stage in the materials specification process. 

The recent problems with the life-cycle of structural RAAC concrete has shown the 
difficulties implementing alternative concretes without long term testing in structural 
elements. Within Interior Design, residential buildings have been proposed to have a 
renovation cycle of 20–50 years, whereas the interval decreases to 10–20 years for 
offices and 3–5 years for department stores (Andersen & Brandt, 1999). This provides 
Interior Designers an opportunity to use these alternatives within our designs and monitor 
their performance over longer periods of time than traditional testing methods, but also 
in more realistic conditions. The first hand research has not only shown they are more 
aesthetically versatile and haptically interesting, but also stronger than original mortars. 

In the book Concrete & Culture, Forty (2012) outlined the relationship Designers have 
with concrete and the persistence of it’s use throughout the trend cycles. Rather 
than continuing this trend with the traditional methods we can incorporate aggregate 
experimentation in to our finishes. The use of these materials within Interior settings can 
potentially help inform further study in to their uses and aid in supporting the research 
in practical context so the construction industry can move towards a more long term 
solution. In the short-term, we as an industry can stop supporting a destructive mining 
practice that not only damages the ecosystem but negatively impacts communities 
that rely on the river in which “75% of [...] consumption is in drought and water-stressed 
regions” (Watts, 2019).

When I started researching for this paper, I was initially interested by the thought of the 
embodied carbon within the concrete that is left behind after demolition. But an integral 
part of my practice has always been the importance of using design to empower and build 
communities and the use of this material in finishes implicitly contradicts what I stand for 
as a responsible and ethical designer when alternatives are widely available and are fit for 
purpose.

APPLICATIONS &
CONCLUSION

WORD COUNT: 2683

ELSIE-MAY GRIBBON 
ARC 6110 - CRITICAL STUDY 
BIRMINGHAM CITY UNIVERSITY

To continue this investigation further the mortars tested will undergo increased 
percentages of replacement aggregates included and the experiments repeated.  They 
can then be implemented in small scale interior projects with the results monitored yearly 
to see the effect heavy wear and use has on their structural integrity.

From a wider contextual view, there is scope for research on the effect that resource 
mining for sand has on communities in regions undergoing large scale urban 
redevelopment, such as China. Throughout this research I found evidence of  organised 
crime and Government corruption within illegal sand mining - a topic where a thorough 
and in depth study will need conducting.

FUTURE OPPORTUNITIES

37. Iron after compressive strength analysis. Elsie Gribbon (2023)
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DESIGN
MANIFESTO

Design is a discipline in which we actively 
explore and test our ideas; unique in that 
it allows us to learn through failure as 
well as success. Utilising our haptic and 
sensory understanding and applying 
it to theoretical research and abstract 
concepts brings a deeper understanding 
to our research. The skills we learn 
through the design process are not only 
ways of thinking but ways of exploring 
and learning that are often overlooked. 

These creative skills and the ability 
to find enjoyment in trying new 
processes and understanding 
complex subjects is what 
differentiates design as a discipline.

What started as a study in to a construction material has transcended 
it’s origin and in the process taught me about capitalism, environmental 
sustainability, empathy, creativity, design thinking and innovation. I have 
gained a deep appreciation of the complexities behind the choices we 
make, and the knowledge that creativity is the key to change in society.  
From the findings within my critical study, I have identified four important 
areas that I will use as my principles and mission going forward. I will 
continue to build on these foundations throughout not only my design work 
but in my personal growth and development. 

EXPLORATION SHOULD BE

CREATIVE
DESIGN IS NON-LINEAR

THINKING
As designers, we need to be flexible 
enough to follow ideas down new routes 
as new information is presented. We 
understand that sometimes we need 
to relinquish control of an idea and 
let it evolve naturally. As we find new 
research, our perspective and our plans 
develop and we must be willing to adapt. 
This propensity for growth allows us to  
appreciate new elements and to see a 
larger picture alongside understanding 
our part within it.

Design thinking allows us to 
challenge our own ideas which 
is fundamental in academic 
exploration.

WORD COUNT: 500

DESIGN CHOICES ARE NOT

ISOLATED
When designing we must pro-actively 
research the products we use and 
rigorously hold ourselves to the 
standards of industry ethics. When we 
identify problems within the supply of 
our materials we must strive to choose 
the path that causes the least harm, be 
it to the ecology, communities or future 
generations. As designers we have a 
responsibility to stay informed about 
current issues and utilise potential 
alternative solutions and advocate for 
change. Systemic changes start with 
personal changes.

If we do not consider the cost 
to people’s environments at the 
expense of our design choices, 
we  are complicit in the damage it 
causes. 

KNOWLEDGE IS USED TO

INNOVATE
As designers, we have the ability to 
not just implement our knowledge 
conceptually but transform it in to 
something tangible. We can understand 
how our changes can make an impact 
and we are in a position to make them. 
The understanding that sustainability is 
a complex and interdisciplinary problem 
to solve allows us to play our part and 
become innovators in the field, testing, 
evaluating and learning collaboratively. 

We push the boundaries of design 
and collaborate to find exciting new 
solutions that we can use within our 
work.

38. Experimentation. Elsie Gribbon (2023)
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