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Container glass is omnipresent and reuse can 
be observed all around the world. It can even 
be reused for the construction of structural 
components for buildings of which several 
examples exist around the world. However, 
research on the reuse of glass for structural 
components seems lacking. Therefore, this 
paper investigates the potential of reusing 
glass bottles for the construction of structural 
columns. Firstly, the compression strength 
of artificially abraded glass bottles was 
investigated in compression tests, revealing a 
compression strength between 10 and 20 kN. 
Secondly, alternative assemblies of multiple 
glass bottles were tested in compression, to 
determine their suitability for constructing 
a column. Finally, an exemplary column 
prototype constructed of glass bottles is 
presented. From the findings it is concluded 
that it is feasible to reuse glass bottles for the 
construction of structural columns that could 
carry small scale structures. 

1. Introduction

The percentage of glass container production 
of the total glass production seems to 
be decreasing slightly, however the glass 
container production is still growing (FEVE, 
2018). Harder (2018) states that the worldwide 
recycling rate is about 32% for container glass. 
This is firstly due to the fact that in developing 
countries the recycling industry is very 
informal (Liebenberg, 2007). And secondly due 
to that the market for recycling is very limited 
in, for instance, Africa.
Besides recycling of glass bottles the reuse 
of glass bottles is also an option. However, 
returning used bottles back to the fillers 
is rather difficult due to the widespread 

production and distribution of these glass 
bottles (Dyer, 2014). Citizens of relatively more 
remote areas or developing countries, who 
produce glass waste, have even less access to 
this option. Moreover, melting cullet back into 
new products costs energy. Finding a second 
life for glass waste, such as being a building 
material, is therefore beneficial.
Individuals and communities in developing 
countries have been building shelters and 
homes that are made out of beer or wine 
bottles. These are usually mixed with cement 
mixtures in order to create solid-like structural 
elements.
One of the most famous examples is Wat Pa 
Maha Chedi Kaew in Thailand. The bottles were 
used as construction materials in combination 
with concrete and are placed both horizontally 
and vertically. The inside of the temple contains 
load-bearing columns, floors and walls made 
out of glass bottles.
Also in The Bottle Houses in Wellington, 
Canada (Lecacheur, 2020), cement was used 
to bind the bottles together to create load-
bearing elements (Rom, 2015).
In 2014 Eli Hansen and Oscar Tuazon created 
an esthetical column out of glass bottles 
without the use of concrete or cement, which 
was used in several art galleries.
In the 1960s, the owner of Heineken initiated 
the idea to create a bottle that could also be 
used as a building block: the WOBO-Bottle. 

However, concerns on the marketing side 
eventually led to abandoning of the project 
(Sieffert, 2014), (Bridgens, 2018).
Besides the aforementioned examples, several 
other projects involving the structural use of 
glass bottles exist around the world.

However, research on the reuse of glass 
bottles as a structural material seems lacking. 
Therefore, this paper explores the potential of 
using glass bottles as a building material. More 
specifically, it investigates the compressive 
strength of glass beer bottles, proposes 
alternative stacking configurations for creating 
structural columns using beer bottles and 
investigates the compression strength of four 
selected stacking configurations. Finally, a 
design of a structural glass column made of 
stacked beer bottles is presented.  The findings 
presented in this paper are based on an MSc 
thesis executed at TU Delft (Maachi, 2022).

2. Strength test methods & results

Müller-Simon et al (1994) state that the 
strength of container glass is not solely 
dependent on the stress distribution inside 
the container. The coatings, the imperfections, 
flaws, and inhomogeneities all play a key role 
in the strength of container glass. Müller-
Simon et al (1994) found that each type of 
defect has its own individual distribution on 
a glass bottle. It is important to understand 
the possible defects that can originate during 
the manufacturing process or subsequent 
handling of glass bottles. Aldinger & de Haan 
(2019) have summarised the defects in a 
glass bottle, which can either cause stress-
increasing or strength-reducing effects.
In addition, a relatively straightforward finite 
element model showed that under a vertical 
compressive load, tensile stresses will occur 
in and around the shoulder and heel region in 
both longitudinal and circumferential direction. 
This was also discussed by Southwick (1965).

Compression strength tests on single glass 
bottles
To design structures with container glass, 
and more specifically columns made out of 
glass beer bottles, characteristic strength 
values have to be retrieved. The characteristic 
strength of the beer bottles, loaded along 
their vertical axis, has been evaluated through 
destructive compression tests performed 
at AGR in Delft. The bottles were purposely 
damaged before the destructive testing to 
resemble both the damage from a beverage 
factory with a line-simulator and the damage 
due to handling with manual abrading. The 
bottles that were used for the tests were 
330 ml longneck beer bottles.  Per series 
(i.e. line-simulated or manually abraded) 
a total of twenty-eight bottles were tested. 
From the testing, it was observed that the 
line-simulated specimens reach an average 
compressive load value of 16.11 kN, whereas 
the manually abraded specimens reach an 
average compressive load value of 17.30 kN. 
Furthermore, it was observed that the majority 
of the line-simulated and manually abraded 
specimens fractured at the shoulder contact 
region.

By means of Weibull analysis and FE-analysis, 
it was determined that the line-simulated 
specimens show a characteristic tensile 
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Figure 1 – Exploded view of the eight alternative stacking configurations (From left to right: C1, C2, C3, C4, C5, C6, C7, C8).

Figure 2 – Configurations set-up per layer (From left to right: Test 1, Test 2, Test 3, Test 4).
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strength of about 27 MPa, whereas this 
amounts to 20 MPa for the manually abraded 
specimens, taking their respective fracture 
locations into account.

Compression strength tests on assemblies of 
glass bottles
Basically, glass bottles are designed such that 
they are able to withstand vertical loads due to 
the self-weight of stacked bottles from above, 
such as in warehouses. These bottles either 
rest on pallets or special pads. Based on this 
stacking principle, eight alternative stacking 
configurations were designed to connect glass 
bottles within a structural glass column, see 
Figure 1. For configurations C1, C2, C5 and 
C6 the bottles were kept whole, whereas for 
configurations C3, C4, C7 and C8 the bottles 
were cut at the shoulder. For configuration C5 
a metal rod was placed in order to keep the 
two stacked bottles in place. For configuration 
C6 the bottom parts are glued to each other. 
For all configurations nylon and aluminium 
rings were in place for load transfer.

From these alternatives, four configurations 
(C1, C5, C6 and C8, see Figure 1) were selected 
for further strength testing, see Figure 2. 
These configurations were each tested in an 
assembly of 4 bottles with a wooden plate 
on either side of the bottles, see Figure 2 
and Figure 3. Such assembly of 4 bottles 
with wooden plates are foreseen to act as 
a segment within a larger structural glass 
column construction, see Figure 5.  

As such, the following tests were executed, see 
also Figure 2:

• Test 1: 4 compression tests on an assembly 
of single bottles between wooden plates 
(C1)

• Test 2: 4 compression tests on an assembly 
of stacked bottles connected finish-to-
finish between wooden plates (C5)

• Test 3: 4 compression tests on an assembly 
of stacked bottles connected bottom-to-
bottom between wooden plates (C6)

• Test 4: 3 compression tests on an assembly 
of  bottles cut at the shoulder and stacked 
and connected bottom-to-bottom between 
wooden plates. (C8)

The machine that was used for the 
compression tests is a hydraulic displacement-
controlled compression machine by Schenck. 
The displacement rate was equal to 0.005 
mm/s. The bottles were surrounded by 
transparent tape, so that it was possible to 
inspect the bottles after failure and to prevent 
an explosive failure as much as possible.

The results of the tests show the vertical force 
recorded by the machine.

Test 1 reached the highest failure loads. This 
could be due to the fact that the other tests 
have a larger chance of weak governing flaws 
and different force flows. However, Test 2 
and Test 3 can create a much larger height 
and need less plate material. Test 4 offers no 
competitive results due to the imperfections 
at the cut surface, which initiated premature 
fracture.

3. Column Design
The choice of the desired glass bottle pattern 
mainly depends on the necessary capacity of 
the column i.e. how many bottles are needed to 
resist the vertical load.

In comparison to conventional materials, like 
concrete, steel or timber, it can be shown with 
hand calculations that the design compression 

load of a column with glass bottles is much 
lower.
Further limitations of columns made out 
of glass bottles are height tolerances, the 
variability in bottle designs, bottle patterns, 
connection costs, post breakage behaviour and 
safety.

Figure 5 presents a conceptual design and 
a prototype of a column made out of glass 
bottles. The prototype consists of 6 bottles per 
layer, a steel tension rod in the middle in order 
to keep all the layers and bottles intact and 
nylon and aluminium rings at the top/bottom 
of each bottle to transfer loads. Each layer is 
separated by a wooden plate. 

3. Discussions and conclusions

Experiments and FEM modelling have shown 
that under vertical compression load rings of 
tensile principal stress form in the shoulder 

Figure 3 – ‘Test 1’ configuration set-up before (left and middle) and after testing (right).

Figure 4 – A boxplot of all compression tests on the assemblies of glass bottles.

 The results of the tests show the vertical force recorded by the machine. 

 Figure 4 – A boxplot of all compression tests on the assemblies of glass bottles. 
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 prototype  consists  of  6  bottles  per  layer,  a  steel  tension  rod  in  the  middle  in  order  to  keep  all  the  layers 
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and heel of a glass bottle. These locations are 
also where failure occurs. 

The characteristic strength of the container 
glass was retrieved by means of a Weibull 
Analysis. It was concluded that abraded 
container glass has a characteristic tensile 
strength of about 20 MPa, whilst line-
simulated container glass has a characteristic 
tensile strength of about 27 MPa.

It was observed that the thickness of the 
tensile stressed areas has a significant effect 
on the failure load. 

Eight configurations were developed for 
stacking glass bottles to form a structural 
glass column. Four selected configurations 
were analysed at the laboratory. Test 1 behaved 
best under vertical loads with a minimum 
failure load of 86.05 kN. Test 2, Test 3 and Test 
4 had a failure load of 72.75 kN, 52.67 kN and 
28 kN respectively. The differences in failure 
loads are due to the amount of connection 
points and imperfections. 
A column made of glass bottles is currently 
limited to temporary or small projects. These 
columns should be designed with a damaged 
state of the bottle with a characteristic tensile 
strength of 20 MPa. The load-duration effect 
on glass and a tolerance factor due to the 
proposed connections should also be taken 
into account.
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