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01 INTRODUCTION
This report is a detail piece of research dedicated to 
bagasse as a building material. The idea was developed 
through the use if hempcrete in the construction industry. 
The purpose of this research is to inform interesed 
readers how a sugarcane by product can be used as a load 
bearing slab, structural wall or even as an isulation 
material with a carbon negative impact to the enviroment. 
Following our productive research of two weeks we have 
created and tested different ratios of bagasse using other 
binders and experimented u value, strength testing and 
fire testing on our prototype models. This report will 
give a detailed explanation and step by step guide on how 
bagasse could be used as a construction material and show 
the results of our testing. This experiment was undertaken 
by individuals with no prior experience in using bagasse 
as a construction material. We hope this report inspires 
you to expore the endless possibilities using bagasse and 
help impact the construction industry. 

SPECIAL THANKS TO
It has been a great pleasure working on this project, and 
we are honoured to be a part of this field of research. We 
would like to first thank our Construction week workshop 
instructors, Armor Gutierrez and Alan Chandler for being 
so supportive and informative. We would like to extend our 
thanks to Bamdad Ayati for leading the research into this 
material, and helping us with the figures and scientific 
data. 

We would also like to give a special thanks to Elena 
Shilova from Grimshaw Architects, who has been with 
us every day from start to finish, helping us and 
being passionate about the whole project! Thank you to 
Paul Nicholls, Sky Henley, Alina Klimenteva, Georgios 
Tsakiridis, and Philip Singer for helping throughout the 
two weeks. 

An extended thank you to John from ASR Group for his 
informative presentation on sustainable raw sugar sourcing 
and giving us a detailed process of how sugarcane farming 
and importing opperates throughout Tate & Lyle.

Finally, a big thank you to Paolo Vimercati (Grimshaw 
Principle), and Andy Watts (Director of Design Technology 
at Grimshaw Architects), for research support and 
guidance.
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Fig.1 - Curved Vault

Fig.5 - Voûte Plate Sketch

Fig.3 - Circular Flat Vault

Fig.2 - Flat Vault

Fig.4 - Square Flat Vault

Flat Vaults
Joseph Abeille’s “Voûte plate”

The flat vault system was invented 
in 1699 by French Engineer Joseph 
Abeille. In his design a standard 
block has two orthogonal vertical 
sections, each with one pair of 
horizontal sides. These shapes 
range in variation from simple to 
complex, and their designs have 
been analysed by Engineers and 
Architects alike for many years. 

This was truly the birth of a new 
type of structural engineering, 
and has formed the base of our 
own work and research. However, 
our design process follows a very 
different method than the one 
used by Abeille in 1699. 

Whilst he utilised his drawing 
skills and mathematical tools, 
nowadays we can rely on technology 
to help us, (software such as 
Rhino and Grasshopper).
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The Flat Vault, AAU Anastas

The church of St Mary of the 
Resurrection Abbey in Jerusalem 
was built in the 12th century 
by the crusaders in Palestine, 
however the newly built stone 
vault is an extension of the 
monestery’s shop.

The design for the new shop 
is based on an innovative 
construction principle, literally 
weaving stones together to 
achieve the first reinforced at 
stone vault of such a scale. This 
vault is a great example of the 
quadrilateral plan vault.

The structure is built using just 
stone and holds itself together 
without any binder.This is quite 
impressive as it requires just a 
single material. However due to 
the blocks being made of stone it 
would mean each block was shaped 
to be exactly the same making that 
the longest process. Once all the 
blocks are cut the assembly would 
be quick as its the same shape in 
different rotations.

We would like to use this process 
when making our model as it would 
mean we use only bagasse and that 
would help reduce the carbon 
footprint for the process. 

Fig.7 - Axonometric

Fig.6 - Construction Sketch

Fig.8 - Interior View

Fig.9 - Interior View

Fig.10 - Interior View
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Advantages Of Brick:
- Fast and Easy Building: Bricks are very efficient in building durable walls, very 
quickly
- Material Cost: Regular clay bricks are a cheaper alternative to most of the 
contemporary building mate
- Compressive strength: efficient in low-rise buildings.
Disadvantages Of Brick:
- Imported Bricks: In 2019 UK imported $33.4 M in Bricks,  and became the 1st largest 
importer of bricks in the world
- Weight: Regular bricks are heavy to transport and carry during construction, and 
over a small surface area per brick.  
- Layering: Contemporary brick walls are constructed using many layers that are 
required such as insulation, waterproofing and screening 
- Energy Consumption: Brick production requires a lot of energy to heat up the brick, 
and this energy is mostly supplied from the primary grid electricty 
- Construction Expenses: Regular brick wall construction is very expensive, rates 
reaching £40/hr.

Fig.11 - Brick

Advantages Of Steel:
- Reliability: has large elasticity and ductility.
- Industrial behaviour: rolled steeled sections are produced in the factory but the 
joining of components is carried out on site by bolts or rivets. 
- Quicker construction time: steel construction is fast.
- High Strength: of steel per unit weight. 
- Performance: if coated or painted, steel doesn’t change with time.
- Elasticity: the steel doesn’t crack nor tear before the ultimate load.
- Reuse: sections of steel can be reused after a disembled structure. 
- Water-tight and Air-tight construction: oil and gas pipes are made from steel.
Disadvantages Of Steel:
- High Maintenance cost: extra cost and care is required when exposed to air and 
water. 
- Fireproofing costs: steel is incombustible but their strength is reduced in 
prevailing fires. 
- Buckling: if the members of steel is compressed, this will lead to buckling due to 
the collapse of the members. 
- Cost: steels cost is higher to other structural materials. Fig.12 - Steel
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Fig.14 - Brick Construction Fig.15 - Steel Construction Fig.16 - Timber Construction

Advantages Of Timber:
- Versatility and durability: can be bent into its required shape and connected to 
other materials. Can stand harsh weather conditions.
-Cost: timber can be cheaper than a steel-framed or concrete building due to also 
the speed of construction being faster. 
- Insulation: Timber is good for sound and heat insulation, it is also much better 
than steel or brick for cladding to keep the heat in, as well as creating a more 
enviromentally friendly structure. 
Disadvantage Of Timber:
- Shrinkage and Swelling: as a natural material timber can have the ability to 
absorb water. It should be treated. 
- Condensation: this can happen to a structure with a timber frame.
- Fire: a timber framed house cannot withsand the heat the way brick or steel would. 
Fire retardants can be a treatment to a timber house as it slows the spread of fire 
and reduces the amount of smoke. Fig.13 - Timber
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Advantages Of Hempcrete:
- fast and easy building: Hemp bricks are very efficient in building durable walls 
very quickly.
- Thermal resistance: Hemp bricks have good thermal resistance, making them a grid 
choice for insulation purposes.
- Weight: Hemp bricks are lighter when compared to regular clay bricks as they are 
less dense.
- Bio-material: made out of hemp, being a plant based product, resulting in a carbon 
negative end product.
Disadvantages Of Hempcrete:
- Material cost: hemp bricks are up to 16 times more expensive than a regular brick, 
resulting in contractors avoiding it.
- Compressive strength: hemp bricks don’t have enough compressive strength to make 
them a suitable and effective construction material.
- Main issue: hemp is grown only to make hempcrete put of it. Entire fields are 
occupied with hemp plants.Fig.17 - Hempcrete

Advantages Of Concrete:
- Avaliability: concrete is easily avaliable. 
- Durabiltiy: of concrete is very high, is free from deflects or flaws and can be 
manufactured to the desired strength.
- Construction: can be casted on site making it economical and can be cast to any 
shape.
- Cost: low maintenance 
- Fire: concrete can withstand high teemperatures
- Performance: concrete is resistant to water and wind and deterioration is low and 
is a sound proofing material. Concrete becomes stronger and more durable with time.
Disadvantage Of Concrete:
- Performance: strength of concrete is low and is less ductile 
- Weight: is high compared to its strength
- Climate: it is prone to water and feezing temperatures. Water can go into cracks 
and damage the concrete. Fig.18 - Concrete
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(kgCOe)

Fig.20 - Material Comparisons

Advantage Of Sugarslab: 
- waste product: Sugarslab is made using Bagasse which is a byproduct of Sugar Cane 
processing.
- Bio-material: like Hempcrete, Sugarslab is a plant based product and has a 
negative carbon footprint value.
- Weight: has a very low density, resulting in light bricks that can easily be 
transported, making it very efficient in building.
- Bio-material: Sugarslab is made from sugar cane, a plant based product, resulting 
in a carbon negative end product.
- Compressive strength: making Sugarslab bricks suitable for low-rise construction.
- Thermal resistance: Sugarslab bricks are good for insulation purposes.
- Ease of manufacturing: easy to manufacture on or off site, making them suitable 
for an efficient brick substitute.
- Circular economy potential: bagasse is a by product of Sugar Cane production, 
Sugarslab has a potential to create a circular economy in the counties that grow 
sugar cane.Fig.19 - Sugarslab
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SMALL SCALE PROTOTYPE04

Fig.22 - Module Design 2

Fig.21 - Plan

Fig.23 - Base Geometry 1
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Fig.24 - Base Geometry 2
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CONSTRUCTION05

Fig.25 - Construction Process
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1. Sugarcane is harvested and 
bagassae is a by-product.

2. Bagassae is combined with 
a mineral binder to create a 
building material.

3. Using advance digital 
modelling, a geometric form is 
created and the robotic arm is 
used to cut out the mould for this 
form. 

4. A 3D printer was used to create 
a prototype of the proposed slab 
to see the concept of interlocking 
system. 

5. VR technology is a process of 
virtual assembly. 

6. Once a design was chosen the 
blocks were moulded within a 
wooden box, using the foam mould 
cut by the robotic arm.

7. To ensure the drill holes were 
aligned equally a jig was created 
and used. 

8. Once every piece was prepared 
they were aligned and ready for 
assembly.

9. The blocks were interlocked 
together using steel rods creating 
tension on the outer frame. Due to 
the geometric form and tensioning 
of the frame no binder was used in 
the interior of the slab. 

10. Detail of frame tensioning.
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Tension and Compression06
Whilst the geometric pattern is designed to be 
interlocking and self-supporting, there is still a limit 
to the stability of the structure without the addition of 
tension rods.

In a section with the area of 0.1x0.1 = 0.01SQM there is 
a compressive capacity of 0.01*5000 = 50kN. This means 
that we can allow for up to 50kN of tension before we see 
compressive failure.

To create a slab spanning 3x3m that would support the 
weight of a person (100kg), we would need a support rod 
that has the tensile strength capacity of over 10kN. 
Therefore the capacity of the rod would need to be 
calculated on the base of:
Tensile strength required to support a person x Rod 
tension applied to the system

Assuming this tensile strength is around 10kN and the 
maximum amount of tension we can achieve is 5-10kN, then 
the rod tensile capacity would be around 15-20kN.

Fig.26 - Comparison of Reinforcement Types
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Tension and Compression06

To test the structural stability of the slab with the 
tension support rods we gradually loaded with weight in 
the form of people. 

The first person stood directly in the middle, with a more 
even distribution of weight as each person climbed on.

The average weight of a person is 75kg, and our prototype 
fit 8 people giving it a final load capacity of 600kg.
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FIRE TESTING07
(a)

Fire Testing involved manually applying heat 
onto two 100x100x100mm sample blocks of different 
bagasse mixtures using a flame torch at 1,000 
degrees for 1 minute. 

The mixture ratios of each block in terms of volume 
were as follows:

Sample 1:
1 part Non-sieved Bagasse, 3 parts Sodium 
Silicate

Sample 2:
1 part Sieved Bagasse, 3 parts Sodium 
Silicate

In summary, the blocks exhibited a very strong 
resistance to the flame, as well as exhibiting 
strong thermal resistance. The direct area of 
contact turned black and showed some degredation 
on first look, however on further inspection the 
material became stronger. Usually you would expect 
to find an ashy residue left behind that would 
transfer if rubbed, however there was no such 
residue here. Immediately after testing, while the 
block was still very hot, the reverse side was 
completely cool to the touch, and the effect of 
the fire had only penetrated around 7mm in depth. 

Fig.27 - Microscoping Image at X100.00 of Sugarslab after 

Fire Test

Fig.28 - Microscoping Image at X50.00 of Sugarslab after 

Fire Test
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Fig.29 - Burn at 15 Seconds Fig.30 - Burn at 30 Seconds Fig.31 - Burn at 45 Seconds
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FIRE TESTING07
(a)

Lime Bagasse Samples

Previously we had tested four 100x100x100mm 
blocks however the blocks were made using 
bagasse, water and lime. These blocks were 
burnt using a flame torch over a 7.5 minute 
period. 

Sample 1:
1 part water, 2 part lime, 2 part bagasse

Sample 2:
1 part water, 2 part lime, 3 part bagasse

Sample 3:
1 part water, 1 part lime, 4 part bagasse

Sample 4: 
1 part water, 1 part lime, 3 part bagasse

The fire resistance for a standard brick 
215x102x65mm is between 60-240 minutes. 

The fire resistance for Sugarslab block 
100x100x100mm is approximately 60 minutes.

Fig.32 - Before Burn Fig.33 - After Burn



25

In conclusion bagasse lime does not combust in high temperature and high heat. The 
combination of bagasse and lime can withstand heat even at 900 to 1200 degree celcius. 
It is suitable to use as insulation material in construction. 

Sugarslab with sodium silicate is also a great fire resistant material which can be 
used as insulation as well. When the sodium silicate binded block was burnt it created 
an almost crystalised surface which slowed down the burning slightly. It would be 
interesting to see how the block reacted if more heat was applied at a longer time 
period.

Sample 1 Sample 2 Sample 3 Sample 4 Summary
Burning 

description 

for Minute 

7.5

The surface slowly turns 

black. There is no crack 

developed. It takes 1 minute 

for a white mark to be seen. 

The heat was not spread eas-

ily.

The surface gradually turns 

black. There is no crack 

develop. It takes 45 seconds 

for a white mark to be seen. 

The heat was not spread eas-

ily.

The surface instantly turns 

black. There is no crack 

develop. It takes 30 seconds 

for a white mark to be seen. 

The heat was not spread eas-

ily.

The surface immeadiately 

turns black. There is no 

crack develop. It takes 15 

seconds for a white mark to 

be seen. The heat was not 

spread easily.

The prototype with more lime 

was harder to burn.

Diameter of 

burnt spot

3cm. The smallest burning 

spot

4cm. A small burning spot 5cm. A big burning spot 7cm. The biggest burnt spot The prototype with more lime 

have a smaller burning spot.

Condition 

of opposite 

surfaces

The opposite surface of burnt spot was at room temperature The prototype does not spread 

heat easily.

Strength of 

the proto-

type (Refer 

Chapter 6 :  

The compres-

sion test 

on)

Easiest to break (break at 

XX kN)

Medium to break (break at 

XX kN)

Hard to break (break at XX 

kN)

Hardest to break (break at 

XX kN)

The prototype with more lime 

breaks easier.

Results from Lime Bagasse Samples
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COMPRESSION TESTING0.7
(b)

Compressive strength is the ability of a certain material 
or structure, to withold loads applied to it. This is 
calculated by measuring the force also Newton (N) per 
unit area (mm2) - resulting in Mega Pascal (MPa)  also 
defined as N/mm2=MPa

Compression tests involved manually applying 
compression onto four 100x100x100mm sample 
blocks of different mixture ratios, determining the force 
at which the blocks crack and 
at which they lose 20% of their volume.

The mixture ratios of each block in terms of 
volume were as follows:
Sample 1:
3 part sodium silicate,  3 parts Bagasse
Sample 2:
3 part  sodium silicate, 3 parts Bagasse
Sample 3:
3 part  sodium silicate,  3 parts Bagasse
Sample 4:
3 part  sodium silicate, 3 parts Bagasse
Sample 5:
3 part  sodium silicate, 3 parts Bagasse
In summary, the blocks exhibited bearing capacity lower 
than typical commercially availabe 
bricks and concrete blocks blocks. It appears that 
the the higher the lime to bagasse ratio, the better 
compressive strength the block would have. 
The strongest mixture ratio, although lower in 
strength than a typical block, can still be 
considered comparable to blocks. Further research and 
experimentation may produce blocks 
of strenghts equal to typical blocks.

Waste Bagasse: We believe that the waste Bagasse could 
be used for more productive and environmental solutions 
rather than just burning it for electricty. In order to 
do shift from the current use to our vision, we have to 
make sure it is more efficient to use in construction 
rather than burning it.
Dimension(mm)             - 100x100x100
U Vaule(W/mK)             - 0.065
Compressive trength(KN/m2)- 60
Carbon Footprint(KgCoe)   - -0.061
Weight:Amount(Kg)         - 0.445
Unit Cost                 -   _

Fig.34 - Compression Test Machine With 

Proving Ring

Fig.35 - Material Comparison

Comparison to other building materials compressive 
strength:
Steel- ranges from 275 N/mm2 to 900 N/mm2 
Timber- softwood- 6.8 N/mm2, harwood 12.5N/mm2
Brick - ranges from 5 N/mm2 to 25 N/mm2
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Test Sample 1

3SS / 3B

Cracked at 1.84N/mm2

20% volume loss at 2.76N/mm2

Test Sample 2

3SS / 3B

Cracked at 0.58N/mm2

20% volume loss at 1.15N/mm2

Test Sample 3

3SS / 1CC / 3B

Cracked at 0.23N/mm2

20% volume loss at 1.27N/mm2

Test Sample 4

4SS / 2CC / 3B

Cracked at 0.28N/mm2

20% volume loss at 0.58N/mm2

Fig.36 - Cracks Fig.37 - Shrinkage

Test Sample 5

3SS /1 CC / 4B

Cracked at 0.28N/mm2

20% volume loss at 0.58N/mm2
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COMPRESSION TESTING07
(b)

Test Sample 6

820ml Water - 1200g Quick Lime

41:60

2.5MPa

Test Sample 7

1200ml Water - 1200g Quick Lime

1:1

1MPa

Test Sample 8

1200ml Water - 1080g Quick Lime - 120g Ba-

gasse

10:9:1

Test Sample 9

800ml Water - 1140g Quick Lime- 60g Bagasse

40:57:3

0.32MPa

Fig.38 - Before Compression Fig.39 - After Compression

Test Sample 10

1000ml Water-1140g Quick Lime-60g Bagasse - 

520g Sodium Silicate

50:57:3:26

0.32MPa
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Test Sample 11

700ml Water - 570g Quick Lime- 70g Bagasse

70:57:07

0.086MPa

Test Sample 12

750ml Water- 1200g Quick Lime - 240g Ba-

gasee

25:40:8

Test Sample 13

750ml Water- 1200g Quick Lime- 120g Bagasse

25:40:04

2.3MPa

Test Sample 14

650ml Water- 325g Quick Lime- 140g Bagasse

130:65:28

0.5MPa

Fig.41 - After Compression

Fig.40 - Before Compression

Test Sample 15

80g Bagasse- 80g Hemp- 500g Sodium Silicate

4:4:25

3.1MPa
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COMPRESSION TESTING07
(b)

Test Sample 16

40g Bagasse- 120g Hemp- 600g Sodium Sil-

icate

1:3:15

Test Sample 17

160g Hemp - 450g Sodium Silicate

16:45

3.1MPa

Test Sample 18

200g Bagasse - 750g Sodium Silicate

4:15

4.905MPa

Test Sample 19

200g Bagasse- 850g Sodium Silicate

4:17

4.905MPa

Test Sample 20

200g Bagasse- 1000g Sodium Silicate

1:5

4.905MPa

Fig.42 - Before Compression Fig.43 - After Compression

Waste Bagasse: We believe that the 
waste Bagasse could be used for 
more productive and environmental 
solutions rather than just burning 
it for electricty. In order to do 
shift from the current use to our 
vision, we have to make sure it is 
more efficient to use in construction 
rather than burning it.
Dimension(mm)             - 
100x100x100
U Vaule(W/mK)             - 0.065
Compressive trength(KN/m2)- 60
Carbon Footprint(KgCoe)   - -0.061
Weight:Amount(Kg)         - 0.445
Unit Cost                 -   _
Comparing to other materials - 
Steel 275 N/mm2 to 900 N/mm2 
Timber, softwood 6.8 N/mm2, hardwood 
12.5 N/mm2


