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Translucent and  
photocatalytic concrete

Concrete is one of the most used materi-
als in construction. The main reasons are 
its low price, high mechanical strength, 
high durability and variety of its form 
due to on-site casting or prefab design. 
Unfortunately it is highly unsustainable 
in terms of CO2-emissions and resource 
efficiency. To make the concrete mix-
ture more sustainable, aggregates can 
be replaced (partially or completely) by 
container waste glass. In research by 
the University of Technology Eindhoven, 
these products are incorporated in self-
compacting concrete (SCC) mixtures, 
replacing conventional aggregates and 
fine powders. The SCC mixtures were 
designed using a particle packing optimi-

Last year Rotterdam-based artist Jan Eric Visser was presenting a new outdoor project called 
‘Ruins of Desire’. The sculpture pedestals are made of a new type of concrete developed 
by the University of Technology Eindhoven. In this new material, aggregates have been 

replaced by waste materials, such as glass waste. Also a mineral has been added to render 
the concrete self-cleaning and eliminate air pollution. Thus it uses UV light to prevent the 

growth of algae and degrade small particles in the air we breathe known as nitrogen oxides. 
Its performance is increased by 40 % as the various glass particles used in the concrete 

intensify the UV light.

zation algorithm in order to obtain good 
properties in both fresh and hardened 
states.  
The addition of a photocatalyst was stu-
died, to render the material self-cleaning 
and to promote photocatalytic oxidation 
(PCO) of NOx.

This research was done by students Bart 
van Lieshout and Spiros Rouvas, cowor-
kers dr. Dipl.-Eng. MSc.-Eng. Przemek 
Spiesz, dr. Qingliang Yu MSc., MSc. Xu 
Gao and prof.dr.ir Jos Brouwers, Eindho-
ven University of Technology, Faculty of 
the Built Environment, section Building 
Physics and Services.

ASR 
In concrete some harmful reactions can 
occur, such as alkali-silica reactions (ASR) 
in which a formed gel expands over a 
longer period of time, damaging the con-
crete. Even though extensive research 
has already been done on the alkali-silica 
reaction issue in concrete, it is still not 
completely clear how this reaction takes 
place. Most of the proposed ASR mecha-
nisms are based on the same principle: a 
reaction between the alkalis (Na2O and 
K2O) originating from the cement with 
silica originating from aggregates. As the 
product of this reaction, a gel of alkali-
silicate is formed. This gel binds water 
and can expand to about twice its initial 
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volume. This reaction only takes place 
if the amount of Na2O and K2O is high 
enough and when water is present. 
 
Reactivity 
Knowing how reactive different mixtures 
and materials are, is very important 
because the expansion can deteriorate 
concrete in the long term. Therefore, the 
application of low-alkali cements and/or 
non-reactive aggregates is crucial from 
the durability point of view. Different 
properties of materials used in concrete 
have an effect on the ASR reactivity. In 
the case of glass this comes to its par
ticle size and chemical composition. For 
container waste glass, differences in ASR 
reactivity can be ascribed to different 
colors of the glass, i.e. different chemical 
compositions of the glass. Besides the 
composition, also the particle size plays 
a role in the reactivity of the glass. It is 
found that larger particles have higher 
long-term reactivity (deterioration ca-

pacity) than smaller particles. When 
particles smaller than sieve mesh #50 
(ASTM) are used, the produced mixtures 
have very low reactivity. In general, the 
ASR is a very slow reaction (it can take 
years). When reactive fine materials 
(for instance glass powder) are added, 
a large reactive surface is available. The 
larger the area, the faster the reaction 
takes place and completes. If enough 
fine material (sufficient surface area) is 
available, the ASR can be finished before 
the hardening of concrete finishes. This 
means that the long-term expansion due 
to the ASR can be prevented. 
 
Self-cleaning 
Because of the TiO2-based photocatalytic 
oxidation (PCO) activated with the UV 
light, concrete may become a self-cle-
aning material. Additionally, if the right 
type of TiO2 is applied, concrete can be 
used as an active air purifying material in 
both outdoor (activated by the UV-light) 

and indoor (activated by the visible light) 
applications. Due to the applied glass, 
it might be possible that even more UV 
light is transferred to the TiO2 particles, 
making their activation more efficient 
and therefore this effect is also investiga-
ted by the TUE. 
 
Results 
Different mixtures were tested for their 
strength, alkali-silica reaction (ASR), 
translucency to the visible light and pho-
tocatalytic oxidation (PCO) properties. 
Results show that the strength of the 
SCC mixtures containing the waste glass, 
compared to a reference mixture pre-
pared with conventional aggregates and 
sand, is slightly lower in all the investi-
gated mixtures, bur still very suitable for 
structural applications. With respect to 
ASR test results, mixtures with glass ag-
gregates can be classified as highly reac-
tive, but the glass powder can suppress 
the ASR. 

Jan Eric Visser, Untitles (Ruins of Desire I) 2015,
Translucent beton en Aquadyne, 100 x 24 x 22 cm.  Photo: W. Vermaase

Jan Eric Visser, Untitled, 2015, IP 1, Translucent beton, Aquadyne and 
wood,105 x 34 x 28 cm. Photo: W. Vermaase
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The PCO test results show an improve-
ment of the NOx degradation up to 40 % 
compared to the reference samples wit-
hout glass particles. Finally, it is shown 
that the translucency of the product 
can be an attractive feature for concrete 
containing glass aggregates.  
 
Showcase 
The innovative, translucent concrete was 
applied and showcased for the first time 
by Jan Eric Visser. He used the universi-
ty’s standard test molds to cast pedestals 
as an initial step in the collaboration 
between artist and science. The sculptu-
res in the project are made of Aquadyne, 

an innovative material produced of 100% 
postconsumer waste plastics. Micro and 
macro pores allow for the rooting of 
plants, even vegetables may be grown 
on it. The shapes were found as leftovers 
in the production machine and slightly 
adapted by the artist.

According to the artist both materials 
embody the new aesthetics of a post-
industrial future in which valuable re-
sources will be cherished and no longer 
incinerated as ‘waste’. As such Ruins of 
Desire may be seen as a call for a new 
connection between man and matter, at 
the same time aspiring an artistic recon-
ciliation of concept and matter.

This article is based on the publication 
‘Application of waste glass in translu-
cent and photocatalytic concrete’: Van 
Lieshout, B.; Spiesz, P.; Brouwers, H.J.H., 
and Utilization of waste glass in trans-
lucent and photocatalytic concrete’’:  
Rouvas, S.,Spiesz, P.; Brouwers, H.J.H. 
 
Also visit Eindhoven University of Tech-
nology Building Physics and Services 
TUE> 
 
More about Jan Eric Visser at  
www.janericvisser.nl> 

Translucent beton

https://www.tue.nl/universiteit/faculteiten/bouwkunde/onderzoek/units/building-physics-and-services/research/chairs/building-materials/
https://www.tue.nl/universiteit/faculteiten/bouwkunde/onderzoek/units/building-physics-and-services/research/chairs/building-materials/
https://www.tue.nl/universiteit/faculteiten/bouwkunde/onderzoek/units/building-physics-and-services/research/chairs/building-materials/
http://www.janericvisser.nl
http://www.janericvisser.nl

