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Preface

This report is a result of graduation project of 
the master track at Eindhoven University of 
Technology. Originally, this project is a part 
of a much larger graduation theme, called 
‘Living Environments’, within ‘Building 
Technology’. 

Designing and developing of ‘Bamboo Sand-
wich Panel’ is a sequel of M3 – project called 
‘Platform Materials Thinking’ that focused 
on formulating and developing of a creative 
design method with the similar name. A 
distinguish characteristic of design method 
Platform Materials Thinking, described in 
the first chapter, comparing to other archi-
tectural or engineers design methods, is a 
determinative role of applied materials wit-
hin the whole design process. 

This project could be described as a practi-
cal application of the design process/method 
according to the principles of the Platform 
Materials Thinking within a concrete design 
assignment.   

Personally I would like to thank the super-
visors ir. L.A. van Schaijk, prof. dr. ir. H.J.H. 
Brouwers and prof. ir. N.A. Hendriks for 
their time, support, vision and critical atti-
tude during the whole project that has signi-
ficantly improved the final results. 
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Summary

This M4 – project is a sequel of M3 – pro-
ject Platform Materials Thinking. Designing 
and developing of Bamboo Sandwich Pa-
nel should be first of all seen as a practical 
implementation of a design philosophy of 
(Platform) Materials Thinking. This design 
philosophy can globally be characterised 
by providing a key role of (applied) materi-
als within the whole designing and develo-
ping process, and pursues to find a balance 
between the geometrical and technical pos-
sibilities and the emotional values of the ap-
plied materials. 

As a subject, it is been chosen to combine 
bamboo as a building material with a con-
ceptual ideas of sandwich panels in order to 
create a new product with a distinguished 
features. The here presented Bamboo Sand-
wich Panel is intended to become a new type 
of a sandwich panel and to be applied as a 
non-load bearing facade construction.

The designing and developing process of 
Bamboo Sandwich Panel has started by de-
fining a research framework (:chapter ‘2. 
Research framework’). Then an analysis was 
made regarding the existing types of sand-
wich panels and of bamboo as a building ma-
terial (: chapter ‘3. Analysis of bamboo and 
sandwich panels’). 

Considering the experimental character of 
the application of raw bamboo as a facade 
and hence the possibly uncertain results, it 
is been decided to focus not just on the Eu-
ropean market (: relatively high required 
characteristics), but also on an Asian market 
(: relatively low required characteristics). In 
chapter ‘4. Defining a list of requirements’,  a 
list with the required conditions have been 
made, where The Netherlands and Pakistan 

were chosen as some potential markets for 
an application (of Bamboo Sandwich Panel). 

The process of concept designing (: chapter 
‘5. Creating design alternatives’) has develo-
ped logically, but not – linear. In general, the 
concept designing process might be divided 
into four distinguish stages (: imitation, tran-
sition, conversion, and perception), where 
the most distinguish feature of this stages is 
a deeper knowledge of the applied materials 
and the subject. 

Besides that, the designing process has 
shown a phased structure that eventually 
led to a concrete and balanced shape, several 
other aspects characterising this phase of the 
project were made. These aspects are:

- Features and character of applied materi-
als is constantly sending signals that must be 
heard;  

- Evaluation or reconsideration moments 
have tremendous value for design process 
because they can change or shift a focus, 
which opens a new ‘area of ideas’;

- Balance between engineering and architec-
ture is automatically kept in mind if one is 
open to the ‘vagueness’ of the philosophical 
discourse that may lead to paradox.   

After defining of the concept design, it is 
been started with a development (:  chap-
ter ‘6. Developing of concept design’) of this 
concept design up to the level a finished pro-
duct. This stage of the project,  characterised 
by an influence of five additional factors on 
the concept design. 
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These factors are:
- Influence of materials properties and cha-
racter;
- Aspects of building (and) technology;
- Architecture and shape perception;
- Aspects of (pre)fabrication and (pre)as-
sembly;
- Aspects of building physics;
- Long term behaviour of materials (: Failure 
mode and effect analysis). 

Eventually it led to a developed design of a 
complete facade – system that can be possi-
ble to made by using of only five designed 
(separate) elements (:1. Bamboo Sandwich 
Panel, 2. Corner element, 3. Frame element, 
4. Straight eave element, 5. Corner eave ele-
ment). These five elements, with or without 
any relatively little adjustments, have enough 
potential to meet most of the conditions on 
the list of requirements.  

These five elements are designed for an abi-
lity to prefabrication. Designing and develo-
ping of these elements can be characterised 
by similar design approach, similar design 
principle, similar applied materials, and si-
milar components in order to make the ma-
nufacturing process as simple and economic 
as possible. 
     
For manufacturing of the five elements the 
number of applied materials so far is been 
restricted up to mainly five (diverse) mate-
rials such as bamboo culms, wooden girders, 
wooden sheets, metal fastenings, and gyp-
sum board.   
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1. Platform Materials Thinking

According to the Theory of Relativity by Al-
bert Einstein, mass is related to an amount of 
energy. This relationship is expressed by the 
very famous formula: 

E=mc2, 

In this formula the total amount of energy 
that an object possesses is expressed by mul-
tiplying its mass with the squared speed of 
light. This signifies that all the material world, 
as well as we humans, are representations, i.e. 
forms of concentrated energy. Then it could 
be believed that our human admiration of 
materials in architecture is in some way re-
cognition of our origin: it is consciously or 
unconsciously felt as a mineralogical, chemi-
cal, and biological energy form – variation. 
In other words, humans admiration of ma-
terials might occur due to the energetic fea-
tures of materials. 

‘Materials thinking’, the principal notion that 
is being introduced here, is a searching for 
a ‘sense of happiness or delight’, which can 
appear by seeing of a real material shape that 
exist beyond the limitations of any intentio-
nal doubt. Matter, material, building materi-
al, applied material can become  such ‘sense 
of delight’ perhaps, if the form of energy that 
it is in a physical way, is becoming meaning-
ful in the most human way. Then, while  this 
hypothesis continues, the applied material 
might result in a variety of character(s) that 
create a balanced unity with ourselves, since 
there is a lot of energetic power that we do 
not possess, and for which we use techniques 
and technology. However, the search for hu-
man meaningfulness in building technology 
has its counterpart in the phenomenon of 
overacting, which is being felt like the feeling 
of ‘aggressiveness’. 

The so called ‘Platform Materials Thinking’ 
is intended as a design philosophy aiming an 
optimal materials use within each structural 
design or detail, but tries to decrease the per-
ception of aggressiveness behind or beyond 
an applied (building) technology. Therefore 
it encourages the use of material characteris-
tics as determinative factors for a new design. 
Such a design attitude should lead to a recog-
nizable character of the applied material into 
some final design (: selected material is not 
fully a functional complement of any tech-
nological intention, but also a rather  ‘loose’ 
circumstance and therefore an inspiration).

Platform Materials Thinking combines, in 
order to let it become appreciated and get-
ting delight, A) selected knowledge about 
building materials (Picture 1, red part on 
the logo), which focuses on the qualities and 
characteristics of the materials, and B) psy-
chology (Picture 1, blue part of the logo). 
Psychology  focuses on the stimulation of 
a creative manner of thinking but also on a 
fresh, ‘not intended’-way psychological effect 
of materials (: expressiveness and recogniti-
on) at people. It is valid only when the selec-
ted material is not becoming too much in-
fluenced  by psychologically spoken external 
(not one’s own) intentions.  This part should 
service the  balanced concept as indicated  in 
Picture 1 (: green part of the logo). 

Due to its nature, Platform Materials Thin-
king is a design philosophy that might act as 
a kind of bridge between architects (using to 
think globally and free minded), and engi-
neers (using  to think locally and structurally 
minded), and potential users (: do not use 
to think in technical terms, endow materials 
with emotional and psychological features). 
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The goals of Platform Materials Thinking are 
to develop new materials, products or sys-
tems that should be characterised by emo-
tion or design feeling first and technology 
later. One of the principles that originate 
from this philosophical approach is a de-
sign simplicity. This is  a minimal number 
and amount of applied materials and hence 
a search for multi-functionality of materi-
als use. Secondly, the application of material 
characteristics as design inspirations should 
underline the potential of expressiveness and 
of recognition of the applied material(s). 

The combination of emotion or psychology 
and technology, both from a common star-
ting point i.e. the amount of energy incor-
porated in materialized form, should prevent  
designers which act on the differently weigh-
ted designing levels from materials use in a 
wrong, is being  ‘under-intelligent’, way.  The 
notion of under-intelligent might mean here 
as well the ‘failure-causing’ mode as the ‘too 
prominent’ or ‘too silent’ modes of applica-
tion. Still a problem in modern architecture 
is the prevention of failures modes that could 
be caused by wrong design, wrong instal-
lation or low material quality. At the same 
time, and due to exploration of the shape-
modified aggressive possibilities of each ma-
terial, it should help designers to create new 
designs that will be inspired by materials and 

not only by some abstract idea and intentions 
that are external. During designing process, 
one should also take into account the limita-
tions that each material has. The importance 
of these limitations could be underlined by 
one expression: the limitations of materials 
are single restricting factors that determine 
the level of transformation of our thoughts 
into real objects. 

Platform Materials Thinking is hence pur-
suing a (re-)search for a finding of a balance 
between the possibilities and the character 
of the applied material on one side, and the 
ambitions of a designer on the other side (: 
balance between two extreme stages of the 
applied material within a design: ‘silent wit-
ness’ or ‘abused stuntmen’ seen form the vie-
wpoint of felt aggression or, more commonly 
expressed, of rich formal satisfaction. Ne-
cessary technical or functional adjustments 
may not intrude and disturb this energetic  
balance within any design.  

Now, when it is clear the importance to think 
concerning the distinguish qualities of the 
used materials in terms of energy, it is impor-
tant to understand the working principle of 
the Platform Materials Thinking. This wor-
king principle concerns selected information 
(core) and takes place within a defined ‘con-
ceptual framework’, which is described abo-
ve. The information structured in such a way 
should lead to development of a perception 
sensitivity towards the appropriate mate-
rial use, but also towards new creative ideas 
during a designing and innovation process. 
Here plays the social importance a key role. 
The social importance can be emerging since 
people will consciously or unconsciously get 
involved in the design that can modify its le-
vel of aggression in its expression into some 
feasible norm, without it being too high or 
too low.    
 
Therefore the core of Platform Materials 
Thinking contains characterized knowledge 

Picture 1 Logo of Platform Materials Thinking, TU/e
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about materials, inclusive the degrading 
external factors because these will detract 
some of the perceived energy out of the ap-
plied material in time, and also will actually 
lead to obsolescence. Developing of designs 
is then regarded as a creative manner of thin-
king, i.e. preventing external factors to some, 
degree but also introducing them passively 
to illustrate the energetic potential of the 
used material and forms. These two, at the 
first sight, unrelated mechanisms combined 
into one core by adding the already menti-
oned ‘social importance’, which is represen-
ted by the study of trends (Picture 1, purple 
part of the logo) is very important. Trends 
determine directions of developing within 
a society, as well as within the concept of 
Platform Materials Thinking. But the result 
is also a new design attitude that can be des-
cribed as ‘more efficient’ and ‘safer’ towards 
the esteem or acceptance that the public will 
have for it. In some cases the result might 
also be ‘less expensive’, certainly when ana-
lysed at the long term.  

For achieving a desirable situation one 
should first get rid of the ‘undesirable situ-
ations’. The combination of deep and almost 
intuitive knowledge of available means (ma-
terials) and conscious knowledge of psycho-
logical aspects regarding innovations (cre-
ative manner of thinking) is together with 
technology perhaps the key to gain really 
desirable results which are the future chal-
lenges.     

The selected (basic) knowledge of building 
materials is divided into five groups: stony 
materials, reinforced concrete, metals, bio-
logical materials and synthetic materials. 
Each group contains  information that cha-
racterized especially to this group belonging 
materials, for example technical characteris-
tics, qualities and typical shapes. The focus 
lays almost on the level of molecules, where 
one can see the common features of relati-
vely different materials, which explains the 

characteristic features of a certain material. 
These characteristic explain the behaviour 
of material under different circumstances 
and helps to predict its behaviour in a new 
situation. Platform Materials Thinking strive 
for recognition by a designer of the most es-
sential shape within the applied material by 
analyzing of it (: preferring a character of the 
applied material above your own ambitions 
or impulse for interference that could lead to 
a destruction of this character).    

The state of applied material in the new si-
tuation depends on ‘external factors’, such as 
‘influences of nature’, ‘wrong material use’, 
‘lack of maintenance’ and ‘structural mis-
takes’. For developing of ‘feeling’ towards 
materials one is needed to consider all these 
factors during a design process. Thinking in 
materials means thinking about the interac-
tion between the materials and the conditi-
ons where these materials should function. 
This interaction consists of short term effect 
(determined by characteristics of materi-
als) and long term effect (determined by the 
same characteristics of materials but after the 
influences of external factors). The know-
ledge of both effects is necessary for creating 
of well functioned building or construction.  

To estimate the interaction between the ma-
terials and the external factors a system was 
developed as a help tool for designers. This 
system called F.M.E.A., and this is an abbre-
viation for Failure Mode and Effect Analy-
sis. F.M.E.A. is a kind of checklist with four 
starting points that could be used for analy-
sis of the interaction between the materials 
and the external factors. First starting point 
– the quality (durability) of the construction 
is based on the (future) behaviour (change of 
condition) of the materials within the new 
designed construction unit. Second starting 
point – the (future) behaviour of the mate-
rials within a construction unit depends on 
the existing (environmental) conditions. 
Third starting point – the long term condi-
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tion of a construction part depends on the 
durability of the used materials and connec-
tions between the materials. Fourth starting 
point – the long term condition of the con-
struction unit depends also on the compati-
bility between the used materials within the 
composite material but also within construc-
tion detail. 

The knowledge regarding creative manner 
of thinking focuses on three subjects: short 
explanation of the brain functions, conditio-
ning and restructure. 

Humans brains is a very complex subject, es-
pecially due to its versatility: logical manner 
of thinking that represented by left hemisp-
here versus emotional manner of thinking 
that represented by right hemisphere[1,2]. But, 
nevertheless a designer needs to find a balan-
ce in his or her design when both manner of 
thinking and perception will be represented, 
and not try to prefer one above another (for 
instance logic above emotion). The reason 
for such approach is that potential ‘users’ of 
the designed object have also similar struc-
tured (contradictory) brains that will judge it 
according to their (contradictory) view. The 
obscene of the influences of one of the brains 
hemispheres will be consciously  or uncon-
sciously noticed by them and will lead to 
the ‘feeling that something is missing’. Such 
a feeling leads to a lesser appreciation of the 
new design.   

The next important subject within the psy-
chological part of Platform Materials Thin-
king is explanation of the term ‘conditioning’, 
which is mostly responsible for a ‘lack of in-
novative designs/solutions’. Conditioning is 
a manner of learning when a reflex or other 
expression of behaviour is becoming con-
trolled by a certain stimulation[3]. In other 
words, ‘Conditioning is similar as get some-
one used to a situation, which will appear 
soon after the signal’[3].

By analysing the number of conditioned re-
flexes that a human in general have, we will 
conclude that it will be the largest part of 
the human manner of thinking or acting. In 
other words, the largest part of the human 
manner of thinking or acting is ‘program-
med by someone or something else’. Starting 
with our birth we all experience different 
forms of education that determine our man-
ner of thinking or acting. This is similar to 
the principle of conditioning: ‘control of be-
haviour’ and ‘getting used to situation that 
comes next’. Such an approach forces people 
to create they own ‘mental path of possibi-
lities’ that is restricted by certain personal 
‘borders of conditioning’.  

The ‘performance – oriented’ education, in 
society where people are fascinated by ‘mea-
surable performances’ because of it ‘undis-
puted and verifiable qualities’ encourages 
from the young age to develop especially the 
left hemisphere (logic and order). The incre-
asing level of globalising, including educa-
tion, leads to a further standardisation of hu-
mans (students) and to a ‘similar perspective 
of looking’ on the certain issues. This pheno-
menon could (partly) explain the current si-
tuation when it seems that ‘all creative ideas 
have already been invented’. 

The process of conditioning could be re-
versed. In psychology such a process is called 
‘deconditioning’. This process is characterised 
by unlearning of the programmed reaction 
that activates by the signal[3]. Especially this 
process is stimulated by Platform Materials 
Thinking. It should lead to ‘increasing the 
width of the path of possibilities’, when par-
ticipants will be encourage to cross over their 
own ‘borders of conditioning’ (move them-
selves mentally). This should lead to disco-
vering of new creative solutions for certain 
situations.

This ‘mental movement’, which is also called 
‘empathy’, is a quality of a man that could 
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help him or her to escape from the ‘iron lows 
of conditioning’. The result is ‘experiencing 
of creativity’ due to discovering of a new 
‘area of potential possibilities’. 

It should be noticed that the term ‘unlear-
ning’ is replying to ‘weakening of the origi-
nal conditioning’ and not to ‘forgetting of 
original conditioning’[3]. And probably this 
is the most heavy part of it, trying to make 
your own mind more freely but at the same 
time not ‘chaotic’, which lead to moving wit-
hout any direction, and eventually leading to 
nothing. Because discipline, which is undis-
puted quality for reaching of certain goal, is 
a ‘conditioned quality’. This requires that in-
creasing of the area of possibilities should be 
balanced and take place in steps. 

Besides the psychological conditioning, 
which needs to be realised by the participants 
of the Platform Materials Thinking, there is 
another type of conditioning that must be ta-
ken into consideration: established image of 
a certain material within a society. Platform 
Materials Thinking encourage to investigate 
of a balance between the potentials, charac-
ter and the (established) image of the applied 
material (: this required variations because 
in this case ‘variation is knowledge’).

The last subject within the psychological part 
of Platform Materials Thinking explains the 
principles of ‘restructure’ – a method of de-
conditioning. One of the researchers whom 
studied this particular area of psychology is 
Edward de Bono. In his books he introduces 
the term ‘lateral thinking’. This term could 
be described as ‘a process when the existing 
information becomes restructured in other 
way, which should lead to emerged of new 
information’[4]. Especially this effect is what 
the Platform Materials Thinking is searching 
for, namely the breaking through of the exis-
ting thinking patterns that should lead to 
emerging of new views on the certain situ-
ations. 

Edward de Bono distinguish two man-
ner of thinking: lateral thinking (domina-
ted by creative qualities, right hemisphere) 
and vertical thinking (dominated by logical 
qualities, left hemisphere)[4]. He emphasizes 
the importance of development of the both 
manner of thinking. However, according to 
his book the most creative solutions could 
be achieved by attempting to think as width 
as possible (developing and enlarging of la-
teral thinking) and not to choose directly the 
most logical solution[4].

The above described principle (‘not directly 
choose the most logical solution’) inspire 
participants of Platform Materials Thinking 
to embrace a design attitude that will lead 
them to a kind of ‘grey area’, which is cha-
racterised by not entirely logical but also 
not entirely wrong possibilities, solutions 
or ideas. We believe that this is exactly the 
place where innovative ideas could be born, 
which everyone is looking for. This is why 
one is stimulated  such a processes. Eventu-
ally, the participants should learn to design 
according to the ‘nature of materials’, and the 
ideas should be realized by using of the exis-
ting techniques.  

Edward de Bono had developed a large 
amount of techniques that should help to re-
structure the manner of thinking. Probably 
the most important principle of his techni-
ques is to realise that each unit is made of 
components. By changing these components 
one will be able to change the whole unit. 
But to realise it, one should be able to define 
these components and understand the each 
function of them.   

Concluding the information above, the 
main idea of Platform Materials Thinking 
is to provide an alternative ‘design attitude’ 
that should lead to new kind of designs due 
to another starting point, as well as another 
inspiration. Instead of an abstract idea or 
(future) function, one let guide themselves 
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by the ‘nature of material’ that creates a new 
design almost by itself. In this case, the de-
signer only have to analyse the material(s) 
and have to interpret it in the right way. Such 
an approach almost forced a designer to take 
another designing track (‘grey area’) as he 
or she used to do, which will certainly lead 
to another solutions. If the designer, during 
the designing process, will also, besides the 
material characteristics, take into considera-
tion the ‘external factors’, the result will be a 
balanced design that will be characterised by 
‘application of the right material in the right 
place of a structure, in the (most) suitable 
shape for this certain material’. The combi-
nation of these three factors (right material, 
right place and suitable shape) will almost 
automatically create a successful design.   

The design philosophy of Platform Materi-
als Thinking is transformed into a ‘help-tool’ 
(: six  steps) that should be followed during 
the designing according to the principles of 
Platform Materials Thinking. These steps are 
listed below.

1. Defining and analysing of a subject;
2. Defining and analysing of a (main) 
    material;
3. Defining list of requirements;
4. Creating of alternatives;
5. Defining of concept design;
6. Developing of concept design.

These steps have defined the structure of the 
whole project and this rapport.   

A much more detailed description one can 
find in report on M3-project: Platform Ma-
terials Thinking. 
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2. Research framework 

2.1 Introduction

This graduation project is a sequel on my 
M3-project: ‘Platform Materials Thinking’, 
an initiation to a new design philosophy. A 
next, logical step would be the application of 
this philosophy, and at the same time the tes-
ting or examining of it in practise.    

For the realisation of the above mentioned 
goal, one needs a subject that can encourage 
the application of the principles of Platform 
Materials Thinking. A design of a bamboo 
sandwich panel was proposed as an appro-
priate solution for it. The features of this sub-
ject are: 

- Design a new product, as a prefabricated 
bamboo panels applied as a facade is not in-
vented yet;

- Studying the bamboo, which is available in 
large amounts and does not occur very often 
in Europe as a building material;

- Discovering of a new typology for a sand-
wich panels: new image, application for ano-
ther type of buildings, and other new ‘grey 
areas’;

- The structural simplicity of a sandwich pa-
nel, which allows shifting the design focus 
better on one material (bamboo) and deve-
lop its philosophy of application quite natu-
rally. 

By selecting bamboo as a key material for the 
manufacturing of external wall panels, one 
should enter the ‘grey area’ of not entirely 
logical but also not entirely wrong possibili-
ties, ideas, and solutions, as mentioned in the 

explanation of chapter 1 (: 1. Platform Mate-
rials Thinking). Due to its function, typical 
materials used for manufacturing sandwich 
panels are sheet materials like steel, alumi-
nium or plastic. In this case a material like 
bamboo, which is primary a linear material, 
forces a designer to search for another design 
approach, accompanied by non-conventio-
nal solutions, and perhaps as result  an in-
novative product.    

2.2 Research goal

The main goal of this project is to examine 
the design philosophy of Platform Materials 
Thinking by applying of it within a product 
development. This process should lead to an 
evaluation of the philosophy and conceptual 
method of Platform Materials Thinking, that 
was formulated in M3-project: Platform Ma-
terials Thinking.

The aim is to design an external wall panel 
that will satisfy several conditions, which are:

1. At least the entire outer side of the sand-
wich panel should be made of bamboo;

2. The design must be suitable for prefabri-
cation;

3. During the design process one has to take 
durability and sustainability aspects into ac-
count;

4. Selection of natural materials is preferable, 
while it would not lead to a weaker perfor-
mances of the panel. 

Besides, the main strategy, during the de-
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sign process, is related  to the last trends and 
formulated as: ‘creating a more durable and 
sustainable society’. However, philosophy of 
sustainability should not interfere with the 
philosophy of Platform Materials Thinking 
regarding the appreciation of the public by 
taste / feeling.  

2.3 Research questions

Due to character of the assignment, one 
needs to differ these two main research ques-
tions considering the evaluation of the Plat-
form Materials Thinking concept and the de-
signing of the bamboo sandwich panel. 

Regarding the evaluation of Platform Mate-
rials Thinking a research question should be:

Whether or not the formulated  concept of 
Platform Materials Thinking is correct, or re-
quired any corrections or additions conside-
ring the results of practical application. 

Regarding the designing of bamboo sand-
wich panel, a research question considering 
the risks of an experimental assignment 
should be:

Whether or not it is possible to design a sustai-
nable, durable and (almost) entirely biologi-
cal sandwich panel that would be made mostly 
of bamboo, and will satisfy the conditions on 
the ‘list of requirements’.

2.4 Design strategy

The design strategy is determined by the 
points (steps) formulated in the description 
of Platform Materials Thinking:

Step 1: Defining and analysing of a subject;
Step 2: Defining and analysing of a (main) 
material;
Step 3: Defining of a list of requirements;
Step 4: Creating design alternatives;
Step 5: Assessing of design alternatives;  
Step 6: Developing of concept design.

The realisation of the first two steps inclu-
des a literature research that should lead to 
formulating of concrete expectations and 
design strategy. After defining of a list of re-
quirements, one starts with designing pro-
cess by following the above listed steps (steps 
4 – 6). During the whole design process the 
main material (bamboo) should become a 
determinative factor in a process of decisions 
making. Finally, it would lead to the evalua-
tion of the whole concept of Platform Mate-
rials Thinking.  
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3. Analysis of bamboo and sandwich panels

Platform Materials Thinking is aimed to 
work as a bridge between engineering and 
architecture. Further on it contains also a 
psychological part that has a tremendous 
influence on the manner of thinking and 
designing. Such a composition demands its 
own approach regarding analysing current 
situation. Besides technical information on 
the sandwich panels and on the bamboo as 
a building material, it is also important to 
develop a certain feeling and image towards 
these subjects. These feeling and image are 
required for creating of a well-balanced de-
sign. Focusing on such a design is a necessary 
feature for potential users to really appreciate 
the Bamboo Sandwich Panels on a (relatively 
easy) explainable level (: by ‘measurable’ cha-
racteristics), but also on an almost unexplai-
nable level (: level of visual appearance, men-
tal associations, natural look, etc.). 

An achievement of this combined level of 
knowledge and understanding requires a 
mind-movement into the matter. The analy-
sis should not be restricted only by concrete 
technical information, but also needs to em-
brace a less concrete, abstract information, 
such as character -, appearance -, and image 
of bamboo or sandwich panels. The goal of 
this chapter is to develop this feeling and 
image as well.  

3.1 Bamboo as a building material 

The bamboo is a round shaped plant, one of 
the grass species, better known by its relati-
vely large dimensions (up to 40 meters high 
and up to 0.3 meters thick) and its quality 
to grow fast[5, 6, 7, 8, 9]. As a natural material, 
the qualities and characteristics of bamboo 

strongly depends on factors such as age, 
length, and bamboo species[9]. The culms are 
not perfectly straight, however a level of de-
formation (curve) is diverse.

The most distinguish quality of bamboo is 
that the most bamboos are hollow inside[8] 
(Picture 2). The inner hollow area is divi-
ded by ‘diaphragms’ (horizontal partitions), 
which also could be seen on the outside by 
a ‘ring’ around the culm[8]. The diaphragm 
and the ring together form a ‘node’, which 
is the place where the branches are growing 
from[8]. The hollow part between the nodes is 
called ‘internode’, and the wall of the culm, 
which is usually 6 – 10 millimetres thick, 
is called simply the ‘culm wall’[8]. Bamboo 
is tapered and the wall thickness decreases 
from the bottom to the top[5].  

Picture 2 Bamboo culm, (schematic) vertical section

Bamboo is naturally occurring compo-
site material that consists of parenchyma 
(±50%), cellulose fibers (±40%), and vessels 
(±10%)9,10 (Picture 3). The fibers, aligned 
along the culm, with a length of 3 – 4 milli-
metres, could be seen as reinforcement and 
contribute 60 – 70% of the total weight[5, 8, 9]. 
The amount of cellulose fibers together with 
vessels, which are transporting the liquids/
saps during the life of bamboo, increases 
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from inside to outside in the cross – sec-
tion[8]. The outside layer of the culm wall, 
due to high silica content, is dense, and 
provides a good protection for the culm at 
just about 0.25 millimetres thickness[8]. All 
these components lead the bamboo to being 
an anisotropic material.

Compared to wood -, bamboo has longer 
fibers (for instance, the fibers of hardwood 
are 1 - 1.5 millimetres, while bamboo fibers 
are 3 – 4 millimetres long), better structural 
qualities, do not have rays or knots (: bene-
ficial uptake and distribution of stresses), 
however it is less durable[5, 9].   

Durability of bamboo is foremost its degra-
dation resistance against mould or fungus 
growth, and borer attacks is strongly related 
with its chemical composition[9]. Bamboo is 
known to be vulnerable to fungal and insect 
attack, especially due to its high content of 
starch (2 -6% of its weight) and its hollow-
ness (: suitable hiding place for insects and 
other ‘agents of destruction’)[6, 9]. The natural 
durability of bamboo varies between 1 and 
36 months, depending on the species and 
climatic condition[9]. 

Untreated bamboo may last 1-3 years when 
exposed directly to the atmosphere and soil, 
but up to 7 years when protected[7]. 

A rough guideline on the service life of un-
treated bamboo is:

- 1-3 years in the open air and in contact 
with soil;
- 4-6 years under cover and free from con-
tact with the soil; and
- 10-15 years under very good storage/use 
conditions[8].

Preservation can improve these periods 
considerably. Chemical preservation tech-
niques are more effective than traditional 
preservation techniques. At the same time 
chemical preservation techniques, compa-
red to traditional preservations techniques, 
are more expensive, more difficult to carry 
out, and have more negative effects on the 
environment. An application of (chemi-
cal) preservation techniques can lead to an 
increasing of the price for the bamboo by 
about 30%, but its service life increases to 
15 years in the open air and 25 years under 
cover[8]. Preserved bamboo material has the 
same engineering properties as untreated 
bamboo[7].

For most bamboos, the volumetric density 
varies between 700 – 800 kg/m³[8]. In ge-
neral, the greater mass per volume is more 
preferable because of a larger amount of 
molecules, which make the material bet-
ter[8].

An interesting characteristic of bamboo is 
that a creep (: increasing deformation on the 
long term) does not occur at all, or on very 
little scale. According to dr. J.A. Janssen, the 

Picture 3 Bamboo culm, horizontal section
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permanent plastic deformation is just 3-5% 
of the immediate elastic deformation[8]. 
Nevertheless, can the bamboo culms be well 
deformed plastically by heat treatment(s)[10]. 

Also has the bamboo as a building material 
a certain image. The perception towards 
bamboo is often dependent on the location 
of use. In countries where bamboo doesn’t 
grow very well or doesn’t grow at all, people 
see it as something exotic and attractive. 
Another effect occurs in country where 
bamboo does grow very well and in large 
numbers. In these countries bamboo is 
often considered as ‘poor’s man timber’, and 
living in a bamboo house can be a stigma 
for a family[8]. In some cases such an ‘image 
– issue’ leads to the plastering of bamboo 
houses to turn it into ‘concrete – looking’ 
houses[8]. 

The increasing of ‘social acceptance of 
bamboo’, for countries where bamboo is 
used on a large scale, could be achieved by 
increasing of social status of the buildings (: 
hotels, restaurants, or houses for middle – 
income groups), but also by providing of a 
better and more sustainable design[7, 8]. 

For creating of appropriate and more sustai-
nable designs, it is helpful to keep in mind 
several design aspects/rules, such as:

- In traditionally bamboo using countries 
are often already a certain ‘bamboo building 
cultures’ that provide the answers to the 
most design aspects, which could be applied 
for that area. This is why the study of this 
culture definitely deserve an attention[7];

- Bamboo should not have any prolon-
ged direct contact with the soil because of 
moisture, ants, or termites[8];

- Bamboo should be kept dry and free from 
the soil and splashing rainwater by a wa-
tertight foundation and by an overhanging 

roof[8];

- Horizontal bamboo layers should have suf-
ficient room in between for air movement[8];

- Only air – dry bamboo is to be used, and it 
should be kept in dry state[8];

- If bamboo becomes wet, it should have 
the opportunity to dry fast, otherwise it will 
deteriorate from moisture[8];

- Permeability of walls, roofs, and floors 
that are made of bamboo deserve attention 
because of possible undesirable internal 
pressure, which could be caused by wind[8];

- One should think about the measurements 
that could increase the fire resistance of 
bamboo because it can easily catch fire[8];

- The joints and displacement are two tradi-
tionally weak points of bamboo structures[7];

- Bamboo could be easily combined with 
the other materials, for instance wood[7];

- Bamboo houses have naturally better air 
circulation, which make them more suitable 
for warm countries[7];

- It is preferable to determine the standard 
conditions or criteria’s for repair, repla-
cement, and demolition of bamboo buil-
dings[7];

- A design that creates an easy replacement 
of a part that has deteriorated is prefera-
ble[8].

For practical calculations, several rules of 
thumb have been developed (Table 1) that 
could be used if there is no access to a test 
facilities.

The technical and measurable features of 
bamboo are summarised in Table 2.
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3.2 Sandwich panels

Sandwich panel is a collective name for a 
large scope of (building) products (Picture 
4). These products have single similar fea-
ture: they made by attaching of relatively 
thin and high density layers (: facings) to 
a relatively thick and low density (very po-
rous) core. The core should have adequate 
stiffness in a direction normal to the facings 
with a high tensile strength[12]. Such a ma-
nufacturing principle creates products that 
characterised by high strength and rigidity 
at low weight, where the positive properties 
of the individual materials can be combined 
and the negative properties eliminated[12]. In 
other words, sandwich panels characterised 
by a high level of performance cooperation 
between the material components. 

A multitude of different types of sandwich 
panels may be obtained by combining vari-
ous facings and core materials. The facings 
may be aluminium, steel, wooden boards, 
fibre-reinforced plastics or cementitious 
boards13. While the core may be made of 
cork, balsa wood, rubbery materials, solid 
plastic material (polyethylene), rigid foam 
material (polyurethane, polystyrene, phen-
olic foam), mineral wool or honeycombs (: 
products are knows today being made of me-
tal or of compressed paper)[12]. The compo-
nents of the sandwich panel must be bonded 
together in such way that they perform as 
composite: a strong unit during the expected 
service life[12]. 

In general, the sandwich panels can be divi-
ded into two groups, depending on the ap-
plied manufacturing process. First group is 
the panels with a bonded core: prefabricated 

Table 1 Rules of thumb for designing with bamboo[8] 
Values  Formula  
Moment of Inertia (mm⁴), round culm = 0.40 x A² (mm²) 

Compression (N/mm²), max. admissible value = 0.094 x ρ (kg/m³) 

Bending force (N/mm²), max. admissible value = 0.14 x ρ (kg/m³) 

Shear stress (N/mm²), max. admissible value = 0.021 x ρ (kg/m³) 

E-modulus (N/mm²) = 24 x ρ (kg/m³) 

 

Table 2 Measurable characteristics of bamboo 
Characteristics  Values 
Length  0 – 40 m[6, 9] 

Diameter  0 – 0.3 m[6, 9] 

Thickness culm wall  6 – 10 mm[8] 

Density  700 – 800 kg/m³[8] 

Moisture content  60-75% of its weight (green bamboo)[11] 

10-20% of its weight (dried bamboo)[11] 

Moisture absorption (dried bamboo)  50-60%[11] 
E-modulus  21000 N/mm² (outside)[8] 

3500 N/mm² (inside)[8] 
Creep  3 – 5% of elastic deformation[8] 
Durability (natural) 1 – 3 years under unfavourable conditions; 

4 – 6 years under good conditions; 
10 – 15 under very good conditions[8]. 

Durability (after chemical treatment) 15 years under unfavourable conditions; 
25 years under good conditions[8]. 

Harvest possibility  30 – 40 tons (air – dry) annually per hectare[5] 
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Picture 4 Sandwich panels, product examples
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insulation slabs bonded to the facings by the 
use of an adhesive[12]. A second group can be 
characterised by a foamed core that gets pro-
cessed while the entire panel is made. Due to 
some chemical reaction the insulation mate-
rial starts to foam, and creates volume, and at 
the same time also functions as adhesive that 
glues all components[12]. 

The sandwich panels form usually the exter-
nal wall or roof of a building. This kind of 
application requires a design, which is con-
sidering the possible effects on the panels 
caused by all weather influences (also me-
chanical loads caused by wind or snow), and 
also uncommon use (e.g. burglary), and all 
maintenance aspects.

The sandwich panels should be designed to 
accommodate additional stresses and de-
flections caused by bulging due to thermal 
exposure if just one of the faces is heated[12]. 
Further on, a poor functioning adhesive can 
cause a slipping between core and facings[12]. 
A core with a sufficiently high shear modu-
lus as well as adequate shear strength is re-
quired[12].

In the building industry the ratio ‘cost to per-
formance’ ranks above other considerations 
because of the vast array of competing types 
of construction. Regarding the functioning 
of the sandwich panels,  a number of require-
ments has been formulated and accepted by 
manufacturers, policy makers and designers.     

From literature it summarized that com-
monly accepted functional requirements are 
these:

I. Safety requirements:
- Stability under stresses during fabrication, 
transport, erection and use;
- Adequate (according to the building legis-
lation) resistance to fire[12].

II. Serviceability requirements:

- Resistance to the penetration of water, 
snow, air and dust at both the surfaces and 
joints;
- Sufficient thermal insulation capacity;
- Adequate thermal storage capacity;
- Adequate protection from the results of 
moisture condensation;
- Good sound insulation[12].

III. Durability requirements:
- Long – term resistance to weather;
- Resistance to corrosion from aggressive en-
vironments;
- Resistance to degradation of the core mate-
rial and its bond to the faces;
- Capacity to accommodate the strains resul-
ting from temperature influences, particular-
ly from the exposure of one face to sunlight; 
- Stability of any colour coating[12].

IV. Aesthetic requirements:
- Geometrical tolerances, including flatness 
of face areas;
- Colour variations[12]. 

V. Additional, the following requirements 
with regard to construction:
- The cross – sections must be optimal for the 
materials being used;
- The joints between elements must be desig-
ned for rapid and easy erection;
- Fastenings/fixations to the supporting 
structure must be secure and visually accep-
table;
- The number of different panel types must 
be as few as possible;
- Transport requirements must not be com-
plicated and no lifting equipment should be 
required during construction;
- Handing and finishing at site should be 
easy to carry out with the usual tools[12].

Evidently, it may not be possible to meet all of 
these requirements simultaneously and hen-
ce compromise must be achieved in which 
the most desirable properties are achieved at 
acceptable costs[12].  
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A variety of production methods are availa-
ble for the manufacture of sandwich panels. 
The most economical procedure is selected 
analysing the following factors:

A. The geometric design:
- The shape of the facing material (flat, slight-
ly or deeply profiled);
- Whether formed edges are required on all 
four edges or only on the two longitudinal 
edges;
- Accommodation of additional non – me-
tallic edge members;
- The dimensions of the panels[12].

B. The primary shapes of the applied mate-
rials:
- Whether the facing material is available in 
sheets or coils;
- Whether the core material is in the form of 
pre – formed slabs or foamed in situ[12].

C. The production quantity and the aimed 
number of product variations:
- The number of panels required and when;
- The number of rearrangements of the pro-
duction line necessary to produce product 
variations;
- The number of alternative core thicknes-
ses[12].

Generally, the production process for the 
manufacture of sandwich panels may be 
considered in two parts, namely, (a) the ma-
nufacture of the facings, and (b) the manu-
facture of the core together with its bond 
with the facings.

A resulting panel owes its success to the fol-
lowing, favourable properties:
- High strength at low weight;
- Excellent plus durable thermal insulation 
performance;
- Absolute water barrier;
- Excellent air tightness;
- Surface finished facings providing resistan-
ce to weather and aggressive environments;

- Capacity for rapid erection without lif-
ting equipment; easy installation in hostile 
weather conditions;
- Easy repair or replacement in case of da-
mage;
- Economical mass production to pre – cut 
lengths of components of uniform high qua-
lity;
- Long service life at low maintenance cost[12].

Naturally, sandwich elements have some less 
favourable properties and the following may 
also be identified or improved:
- Behaviour of elements during a fire;
- Deformation when one side is exposed to 
heat;
- Creep under sustained load of elements;
- Although sandwich elements give good 
sound insulation compared with alternative 
wall and roof construction of similar weight, 
the insulation level achieved is characteristic 
of lightweight construction[12].
  
Table 3 and Table 4 provide technical in-
formation on sandwich panels for roof and 
facade walls as produced by Ruukki. Ruukki 
is a company that produces various types of 
sandwich panels. The idea is to collect in-
formation about the minimal and maximal 
sizes and performances of various types of 
sandwich panels  in order to get to investi-
gate ‘accepted values of this field’.  

For facings Ruukki uses materials as steel 
and stainless steel[13]. And as core they use 
materials as mineral wool and PIR (polyiso-
cyanurate)[13].          
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3.3 Platform Materials Thinking: 
analytic remark

The presented information on bamboo as a 
building material and sandwich panels are 
necessary for a further design process. Es-
pecially the knowledge of certain characte-
ristics can help to create a well-balanced and 
well-functioning design of Bamboo Sand-
wich Panel. Besides this knowledge, it is al-
ready possible to partly define a design stra-
tegy according to the principles of Platform 
Materials Thinking.  

Bamboo is a natural, highly renewable, 
round shaped, and linear material. It has a 
well protected (thin) outer surface, but in 
general considered as a relatively nondura-
ble material. Due to applying of diverse pre-
servation techniques, the bamboo could be-
come more durable, but it will increase the 
price for bamboo by 30%[8]. 

Platform Materials Thinking aims to ‘use 

material as a design inspiration’ and another 
aspect of its design philosophy is to ‘consi-
dered the influences of the environment on 
the applied material’. From this point of view 
it is important to define the most suitable 
condition(s) regarding applying of bamboo, 
which has the features as quick renewabili-
ty and poor durability. In this case a choice 
should be made between two design appro-
aches: 

a) Expected service life of Bamboo Sandwich 
Panel should be realized by making/desig-
ning the panel so durable as possible; 

b) Expected service life of Bamboo Sandwich 
Panel should be realized by making/desig-
ning the panel as a renewable element. 

A fundamental difference between ‘option 
a’ and ‘option b’ is a moment (: time) when 
a ‘required amount of energy’ is needed or 
must be spend to ensure a sustainability of 
Bamboo Sandwich Panels. Because the re-
quired energy during the entire life service 
of a product, which could be represented by 

Table 3 Measurable characteristics of roof sandwich panels produced by Ruukki[13] 

Characteristics  Values 
Width (mm) 1000 
Length (mm) 2000 - 21000 
Thickness (mm) 40 - 170 
Weight (kg/m²) 9.5 – 26.9 
U-value (W/m2K) 0.51 – 0.13 
Sound insulation Rw  (dB) 24 – 34  
Reaction to fire A2-s1, d0 – B-s2, d0 
Fire resistance  RE15 – RE180 
 
Table 4 Measurable characteristics of external wall sandwich panels produced by Ruukki[13] 

Characteristics  Values 
Width (mm) 900 – 1200  
Length (mm) 2000 - 18500 
Thickness (mm) 40 - 230 
Weight (kg/m²) 9.3 – 38.5 
U-value (W/m2K) 0.59 – 0.11 
Sound insulation Rw  (dB) 24 – 32  
Reaction to fire A2-s1, d0 – B-s3, d0 
Fire resistance  EI15 – EI240 
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many forms (: manpower, manufacturing 
process, financial investments, transporta-
tion, etc.), is a certain (dividable) value. 

Often, a designer tries to avoid high main-
tenance costs for the users by applying of 
relatively ‘maintenance free materials’, such 
as steel or aluminium. But such a materials 
required a large amount of energy before 
(: production and preparation costs) they 
could be applied as a facing for a sandwich 
panel. In other words, a relatively high dura-
bility of materials such as steel or aluminium 
could be seen as a representation of the high 
amount of applied energy in a phase before 
actual use. 

In the case of bamboo we see a reverse situa-
tion: relative low required amount of energy 
(: production and preparation costs) before 
applying as facing for the Bamboo Sandwich 
Panel, but a relatively short expected service 
life. This situation could be accepted or re-
fused. By choosing the first option (: accep-
tance) the design itself should be as cheap 
and as simple as possible, and at the same 
time the panels should be possible to replace 
(: moment of applying of ‘required energy’) 
in a some period of time (: option b). The 
second option (: refusal) implies application 
of diverse preservation and structural tech-
niques in order to achieve a required level of 
durability (: option a). 

According to the design philosophy of Plat-
form Materials Thinking that aims to design 
by using of characteristic features of applied 
materials, is been decided to ‘accept’ (: op-
tion b) the natural features of bamboo and 
adapt a design of Bamboo Sandwich Panel to 
these features. 
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4. Defining a list of requirements 

The actual List of Requirements is a com-
bined result of all necessary and desirable 
features that the product should have. Desig-
ning of the Bamboo Sandwich Panel is a de-
veloping of a new (innovative) product that 
can be characterised by undefined or unclear 
possibilities, performances, and potential 
market share. 

The global market is a complemented unit 
made of separate markets, where each mar-
ket has its own distinguish features. This 
means that depending on the final result and 
especially on the technical characteristics/
performances, the (future) Bamboo Sand-
wich Panel has a relatively large number of 
potential markets to become an approved 
facade cladding product. 

In order to ensure a potential market share, 
it is been decided to make two list of requi-

rements (Table 5) when the first one should 
contain the required indicators for an Eu-
ropean country (: The Netherlands), and 
the second list of requirements should con-
tain similar required indicators for an Asian 
country (: Pakistan). The chosen potential 
markets are more a symbol for the countries 
with a similar level of economical develop-
ment and not (possible) restricted area for 
the potential application of Bamboo Sand-
wich Panels.

The building regulations of the chosen coun-
tries do not contain all technical aspects 
regarding a facade cladding product that 
are actually needed for the development of 
Bamboo Sandwich Panel. These (missing) 
values have been defined considering prac-
tical experience regarding a similar types of 
products.         

Table 5 Lists of requirements 
Technical aspects Values (The Netherlands) Values (Pakistan)  
Height  ≥ 3000 (mm)* ≥ 3000 (mm)* 
Width  ≥ 1000 (mm)* ≥ 1000 (mm)* 
Thickness  ≤ 350 (mm)* ≤ 450 (mm)* 
Weight  ≤ 50 (kg/m²)* ≤ 60 (kg/m²)* 
Structural type Self-supporting* Self-supporting* 
Structural strength  Wind force 10[14] Wind force 12[16] 

U-value (external wall) ≤ 0.22 (W/(m².K))[15] Undefined[16] 

Sound reduction  ≥ 58 dB[15] Undefined[16] 

Moisture resistance  Watertight[15] Undefined[16] 

Air permeability ≤ 0.2 (m³/s)[15] Undefined[16] 

Fire resistance  ≥ 30 (min)[15] Undefined[16] 

Lifespan ≥ 25 (years)* ≥ 15 (years)* 
Maintenance  Once in 5 years*  Once in 5 years*  
Dimensional variation  ≤ 10 (mm)* ≤ 10 (mm)* 
Shrinkage  < 2%* < 2%* 
* These values are assumptions, which means that the final values may deviate if practically it would become a 
better option. 

 



30



31

TU/e Graduation project: Bamboo Sandwich Panel

5. Creating design alternatives 

The study of the existing types of sandwich 
panels and bamboo, complemented by de-
sign philosophy of Platform Materials Thin-
king, should gain a conceptual design shape. 

Particularly in this project, this phase of de-
sign process may be divided into four stages 
(: imitation, transition, conversion, and per-
ception). The distinguish feature of these sta-
ges is a deeper knowledge and understanding 
of bamboo as a building material that result 
into transformation of an initial conceptual 
shape. In other words, a deeper knowledge 
of the applied materials increases the role of 
these materials as design inspiration (: de-
sign philosophy of Platform Materials Thin-
king) that eventually transforms a design ac-
cording to features of the applied materials. 
Each transition between the stages could be 
described by one principle: using the results 
of the previous stage as a starting point for 
the new stage and transform the results by 
adding of more developed vision (: personal 
development and better understanding). The 
presented conceptual shapes could be seen 
as an representation of the increasing influ-
ence of bamboo on the conceptual shape. 

Due to its character, the presented four sta-
ges have their own place in a hierarchically 
structured design process described in this 
chapter. The presented four designs do not 
have similar level of development and should 
not be considered as completely different 
and equally valued ideas, but rather as neces-
sary steps towards the final concept design. 
This means that the concept design proposed 
in fourth stage (: perception) could be seen 
as the most developed concept design, con-
sidering from the view of Platform Materials 
Thinking. Logically, the proposed concept 
design in stage ‘perception’ is been chosen 

for a further development.  

A mentioning and describing of these four 
design stages is important considering the 
psychological influences within Platform 
Materials Thinking and the results of it in 
practise. Perhaps after a number of com-
pleted projects, executed according to the 
design philosophy of Platform Materials 
Thinking, they would be analysed in a si-
milar, psychological way. Such an analysis 
could lead to a better, more concrete formu-
lated practical part of design philosophy of 
Platform Materials Thinking. 

The collected information on the sandwich 
panels and the bamboo resulted in two basic 
design principles that were followed during 
this phase. The goal is to overcome the natu-
ral disadvantageous of the material in a con-
vincing way. 

First design principle: A cutting the bamboo’s 
along the culms should be avoided, other-
wise it would disturbs a natural protection 
that bamboo has due to its outer surface with 
a high silica content. Further, a visibility of 
bamboo’s natural round shaped culms would 
show a typical character of natural bamboo 
in the most allowed, expressive, and recog-
nisable form (: goals of chapter 1. Platform 
Materials Thinking).

Second design principle: The structure and 
composition of the final design should be as 
simple as possible and the amount of diffe-
rent materials needs to be restricted (: goals 
of chapter 1. Platform Materials Thinking). 
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5.1 Design stage: imitation

The study of bamboo and existing sandwich 
panels provide information about the pos-
sibilities of materials and techniques. At the 
same time it shows the methods and appro-
aches that have been applied so far for pro-
duction of sandwich panels. The presented 
methods and approaches have informative 
but also conditioned effect. Because one is 
now able to see what kind of solutions con-
sidered as the most practical, economically 
beneficial, and aesthetically approved. Un-
consciously, all these factors create certain 
boundaries for the new ideas, which result in 

imitation of the existing principles. It is been 
noticed that the first ideas, represented by 
picture below (Picture 5), could be charac-
terised by replacing of components (facings) 
by (glued) bamboo sheets. 

Certainly, such an idea could not be seen as 
a new design for a sandwich panel, but it cre-
ates a starting point and many obvious pro-
blematic issues (such as water tightness, at-
tachment between layers, structural aspects, 
etc.) that needs to be solved. In other words, 
‘imitation’ is a necessary first step towards a 
more appropriate and suitable concept de-
sign.  

Picture 5 Imitation (side view, top view, perspective)
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5.2 Design stage: transition

After confrontation with the first problema-
tic issues, created during ‘imitation’, a design 
process focuses on the resolving of these is-
sues. During this stage the features of applied 
materials start to play a role within design 
process, they start to become inspiration for 
the concept design. This stage characterised 
by shifting of points of view, when a certain 
‘transition’ takes place towards the possibili-
ties of applied materials.  

The most distinguish feature of bamboo, 
comparing to the usual facings materials, is 
the initial scale. At the first sight it seems as 
a disadvantage comparing to the traditio-
nal large – scale facing panels. But the little 
scale of bamboo culms allows to increase the 

area of attachment between the insulation 
material and the bamboo culms. These two 
components could be integrated with each 
other instead of composited (: glued) to each 
other. The cutting of bamboo into smaller 
pieces and placing their deeper in the insu-
lation material could be seen as the design 
according to the above mentioned principles 
(Picture 6).

Comparing with the previous concept de-
sign the presented design could potentially 
solve a few issues, but it still has too many 
practically weak points (such as structural 
aspects, strength of attachment between the 
layers, manufacturing issues, etc.). Never-
theless, this concept design could be seen 
as a further step into search for a design ac-
cording to philosophy of Platform Materials 
Thinking.   

Picture 6 Transition (side view, top view, perspective)    
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5.3 Design stage: conversion

A deeper knowledge of bamboo and con-
frontation with problematic issues from the 
previous stages created a situation when it 
became possible to design a potentially ap-
propriate concept design. The focus became 
shifted a lot further or maybe even entirely 
to the features of bamboo as inspiration for 
the concept design (: goals of Platform Ma-
terials Thinking). In other words, the design 
point of view ‘converted’ almost entirely and 
started to use the features of bamboo as in-
spiration points.         

One of the typical bamboo characteristic is 
that bamboo do not deforms plastically, or 
on a very small scale. But, if the bamboo un-
dergo a thermal treatment it is possible to 
create plastically deformed element. Ano-
ther feature is that thermal conductivity (λ) 
is similar to wooden species, which means 
that bamboo do not create so-called ‘thermal 
– bridge’, which makes it an acceptable con-
necting element  between the facings.  

The above mentioned points have resulted 
into design (Picture 7) where both facings 
are made of continue and bent bamboo 
culms (first layer) and perpendicular placed  
straight bamboo culms (second layer). This 
structure should provide a better deviation 
and resistance against different kind of for-
ces, and at the same time it should be self – 
supporting. 

While the presented concept design could be 
potentially developed into a suitable design 
for Bamboo Sandwich Panel . Considering 
this design from an engineer’s point of view, 
this proposal  (with or without any necessary 
adjustments) would satisfy the conditions 
mentioned on the list of requirements. And 
yet, this proposal did not became the final 
concept design because it misses one very 
important feature that is mentioned as basic 
design principle of Platform Materials Thin-
king: this design do not represent the ‘distin-
guish and natural character of bamboo’. 

Picture 7 Conversion (side view, top view, perspective)       
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5.4 Moment of reconsideration 

The results so far have shown that the pro-
posed concept designs still misses an impor-
tant, according to design philosophy of Plat-
form Materials Thinking, aspect: ‘distinguish 
and natural character of bamboo’. 

This situation is caused by disturbing of ba-
lance between engineering and architecture. 
Platform Materials Thinking is meant as a 
certain bridge between these two disciplines. 
This means that designs made according to 
philosophy of Platform Materials Thinking 
should not only use the features of materi-
als as inspiration but also create well balan-
ced designs. The goals of Platform Materials 
Thinking are to develop new materials, pro-
ducts or systems that should be characterised 
by emotion or design feeling first and tech-
nology later. The results so far have shown 
designs where the focus was laying mostly 
on the technology and less on the ‘design fee-
ling’. In the previous subparagraph proposed 
concept design represents an engineering 
solution with too little influences of architec-
ture. In order to restore the balance it is been 
decided to return back and add the missing 
architectural part (:‘distinguish and natural 
character of bamboo’) to the concept design.     
 
This ‘distinguish and natural character of 
bamboo’ is defined as an impression that 
could be received during walking through a 
bamboo forest.

For determination of ‘distinguish and natu-
ral character of bamboo’ one little study was 
made. Images of bamboo forests and typical 
bamboo structures were collected and ana-
lysed. At a certain point, during analysing 
process, several keywords were determined 
that were characteristic for bamboo forest, 
but also for bamboo structures. These key-
words are: pride, mystery, flexibility. It is 
become a challenge to design a panel that 

would create an impression of bamboo forest 
and reflects these three keywords. 

The realisation of this goal requires a slightly 
different design approach due to adding not 
only technical characteristics of bamboo as 
inspiration points, but also natural estheti-
cal and maybe emotional factors of bamboo. 
Such an approach should lead to ‘pride, mys-
tery, and flexibility of bamboo’ that would be 
shown by design of Bamboo Sandwich Panel. 

At that point it is been decided to reconsi-
der the design process/results so far, and 
come up with new ideas. But before that the 
keywords (: pride, mystery, flexibility) were 
‘translated’ by linking them to more practi-
cal features. The keyword ‘pride’ was trans-
ferred into long, non cut and vertical culms. 
The keyword ‘mystery’ was transferred into 
‘changing facade’, due to shadow that would 
appear on a not entirely flat and smooth 
facade surface, which could be created by 
bamboo. And the last keyword ‘flexibility’ 
was transferred into bended or moving bam-
boo culms. 

As a starting point, a little study of shapes 
have been made (Picture 8). This study has 
shown one potentially interesting result/sha-
pe: combined bows (Picture 8, image right 
below). It’s been decided to take this shape as 
inspiration and develop it further.  

It might be mentioned that a search for a 
most emotionally represented character/
shape of bamboo can be continued. The pre-
sented transformation of emotional features 
into relatively concrete and practical shape 
is just one of many possibilities that bamboo 
provide as a building material. The result so 
far (: bow shaped element), is a combination 
of emotional and economical, but also struc-
tural, and building physical aspects, which 
would be explained later.  
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Picture 8 Study of possible shapes

5.5 Design stage: perception 

This stage could be characterised by develo-
ping of a certain feeling towards designing 
with selected materials. When a designer 
starts to see and experience bamboo in its 
more or less complete appearance as buil-
ding material as well as a living plant, and as 
well as a component of a system such as a 
bamboo forest. This inside is more powerful 
than a perception of separate specialties and 
identities. It is however difficult to describe, 
as it much in fact be felt. 

This feeling component is decisive to such 
degree that besides the already mentioned 

points in the previous stages, it is necessary 
to highlight or reformulate extra design is-
sues next to the previous results: 

First issue: the (possible) ‘level of deforma-
tion’ of bamboo should not be too high, as 
it was in the previous stage (: Conversion), 
otherwise it will in a feeling way break the 
character of bamboo. 

Second issue: fragmentation of bamboo into 
relative small pieces, and then binding them 
will also break the character of bamboo in a 
feeling way. 

Third issue: naturally, bamboo has not per-
fectly straight shape (culm); this however 
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can be taken as benefit instead of as disad-
vantage, so that using that feature conscious-
ly will make a design a design more emotio-
nally moving, so a ‘living’ element, although 
the (dead) aesthetically attractiveness can 
still be discussed.  

During the previous stages we didn’t use 
another typical bamboo feature: the high 
possible level of elastic deformation (: tough-
ness). Due to this typical organic materials 
feature, bamboo is able to be straight and re-
laxed element as well as a curved and tensed 
element. It was decided to combine this two 
states, resulted in a shape that has similarity 
with a bow.    

The making of many of to each other atta-
ched mounted bows of bamboo, creates an 
element  with possibly an air – cavity inside 

that can be filled with any insulation mate-
rial. Theoretically, the sandwich panel could 
be made of one ‘bow – element’, but by com-
bining two of such elements (turned and 
shifted), a vertical sandwich panel is created, 
which will better fit due to an overlap, but 
also will be slightly curved outside as well as 
the inside (Picture 9). The curve will refer in 
a feeling way to a bamboo forest, and make 
the sandwich panel emotionally (: attractive).  

Such an element could be applied e.g. three 
meters high, and e.g. one meter wide (: de-
pending on the height of a regular storey). Its 
thickness can be quite variable as long as the 
length is far more then the thickness form an 
emotional viewpoint. Technically it allows, 
almost any desired U – value and a desired 
aesthetic appearance too.  

Picture 9 Perception (side view, top view, perspective) 
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6. Developing of concept design

The developing of the proposed concept de-
sign, considering the place of application 
(façade), needs to be a balanced solution 
that should combine all necessary features 
defined by five factors (Picture 10). These 
factors should not be considered as separate 

and independent steps, rather as parts of one 
integral solution for designing of façade ele-
ment. Due to this aspect, these factors would 
also be treated as parts of one (integral) unit 
and not ‘one by one’.  

Picture 10 Concept design  and factors as parts of one integral design

6.1 Tactical decisions regarding 
concept design

During design and developing process se-
veral important decisions were made. Due to 
a large amount of analysed information and 
the format of this report it is been decided to 
present here shortly the results only. 

Evaluation of initial shape (Picture 11)
a) Concept design (initial shape);
b) Creating of cavity by removing of insula-
tion from one side;
c) Increasing amount of insulation on the 
top and the bottom;
d) Proportional distribution of insulation 

over the whole surface of Bamboo Sandwich 
Panel.

Picture 11 Evolution of concept design (sections)
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Level of (curve) deformation (Picture 12)
The form-study have shown that by stret-
ching the middle of the culms by ±150 mil-
limetres from the center of the panel creates 
an attractive and balanced visual effect (: fin-
ding a balance is a design attitude/approach 
that is encouraged by the design philosophy 
Platform Materials Thinking).  

Water tightness (Pictures 14-15)
The water tightness is ensured by several 
structural adjustments: 
- cavity;
- double (curved) bamboo layer;
- airtight layer. 

The idea is to create an effect of ‘pressure 
equalization’ by adding of an ‘airtight layer’ 
to the design  (: marked as black line between 
the insulation and middle bamboo layer) that 
would restrict the air flow created by wind. 
The double (curved) bamboo layer should 
create a body that is not directly penetra-
ble by the rain, and that should ‘capture’ the 
water. Due to shifting of the bamboo layers, 
the double (curved) outer bamboo layer has 
three times more ‘closure chances’ (: marked 
by red dots) comparing to a single bamboo 
layer. The combination of curved double 
(shifted) bamboo layer, cavity and airtight 
layer could not be seen as a classical solu-
tion for creating of 100% water and airtight 
surface. This proposal should lead to a con-
trolled water tight and airtight surface. Such 
an approach could be seen as an example of 
‘creative manner of thinking in combination 
with the character of an applied material’ (: 
psychological content, chapter 1. Platform 
Materials Thinking).  

One important detail is that the above men-
tioned ‘airtight layer’ might not have possible 
‘air leaks’. This means that this layer needs to 
be applied without any interruption around a 
whole building. The possible air leaks should 
also be avoided at the corners and eave of a 
building. 

Picture 12 Visualisation of curve, stretching by 
150mm 

Structural stability (Picture 13)
Bamboo’s natural characteristics (: a) due to 
its natural hardness the culms are not very 
suitable for a stiff connection between each 
other; b) the tensile strength of bamboo is 
relatively high and can reach up to 0.125 kN/
mm2) have shown that designing a Bamboo 
Sandwich Panel as a ‘hang element’ would 
have more advantages comparing to a ‘stac-
ked element’ . The horizontal forces would be 
neutralised due to the own weight of the pa-
nel that would behave as a curtain (: material 
features as a design inspirations, according 
to the design philosophy Platform Materials 
Thinking).

Picture 13Appearing forces for stacked element and 
hang element
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Picture 14 Influence of air tightness on water tightness of the panel

Picture 15 Principle of shifted bamboo layer; tripled ‘closure chances’
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Making of bamboo sheets (Picture 16-17)
During design process it is been experimen-
ted with several connection techniques/op-
tions. Eventually, it is been chosen to con-
nect bamboo culms into a sheet by placing 
culms next to each other, drilling a openings, 
placing and gluing a bamboo strip in that 
opening(s) perpendicular to the culms. 

In order to reinforce the bamboo sheets, 
but also to create a structure that would be 
suitable for a relatively easy connection to 
the other parts of the panel, it is been deci-
ded to add several wooden beams to each 
bamboo sheet. The connection between 
bamboo sheets to the wooden beams might 
be realised by using of staples.  

Picture 16 Making of bamboo sheets Picture 17 Connection between bamboo sheet and 
wooden girder

Window or door frames (Pictures 18-19)
Usually a facade could be characterised by 
closed and open parts. A bamboo facade is 
no exception. The question is whether a win-
dow or door frame needs to be integrated in 
the Bamboo Sandwich Panel or designed as 
a separate element. 

A study have shown that integrating of 
frames within Bamboo Sandwich Panel 
would disturbed the simplicity of the panels 
and it would have less beneficial, considering 
from practical point of view,  consequences (: 
restrictions regarding dimensions of frames). 

In order to provide a possibility to connect 
separate frames to the Bamboo Sandwich 
Panels is decided to add two wooden girders 
to the design. 
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Picture 18 Separate window frames (first raw) and integrated window frames (second raw)

Picture 19 Addition of wooden girders as connecting 
elements (vertical and horizontal sections)

Picture 20 Addition of fire-resistant layer (e.g. gyp-
sum board), blue line
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Fire resistance (Pictures 20-21) 
The layered structure of Bamboo Sandwich 
Panel provides a possibility to add a ‘fire-
resistant layer’ to the design of the panel. 
This layer, which can be for instance a gyp-
sum board, should be placed between indoor 
bamboo layer and the insulation material. 

Besides the whole inner surface there are two 
more vulnerable places during developing 
of a fire: horizontal and vertical connection 

between the panels. The structure of the in-
ner surface made of bamboo culms, which 
contains a large amount of open space, can 
create an airflow between the panels. Such an 
effect could have adverse effects during a fire 
(: fire penetration between the fire compart-
ments). In order to create a safer structure, 
the vertical and horizontal connections of 
the panels (between the fire compartments) 
should be sealed.    

Picture 21 Addition of fire-resistant seals (blue rectangles)
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6.2 Implementation of tactical de-
cisions into complete facade sys-
tem 

Bamboo Sandwich Panel is first of all a faca-
de element. This means that other parts of 
a well-functioning facade such as corners, 
eave, and openings also needs to be desig-
ned. They must be designed according to 
the design philosophy of Platform Materials 
Thinking in order to create an architecturally 
balanced design of a complete facade system.    
One of the intention of this whole project is 
to design facade element(s) that would be 
suitable for an industrial (pre)fabrication. 
Further on, it is preferable to restrict the 
amount of diverse elements. The tactical de-
cisions described in the previous chapter, ac-
companied by several (extra) relatively little 
adjustments, have led to designing of a com-
plete facade system (Picture 22) restricted by 
five diverse elements (Picture 23):

1. Bamboo Sandwich Panel;
2. Corner element;
3. Frame element;
4. Straight eave element;
5. Corner eave element.

The presented five elements should be seen 
as developed concept designs where not all 
(tactical) required elements are already been 
defined, but rather as a well-developed con-
ceptual designs characterised by defined of 
all strategic elements. Nevertheless, these 
five elements have enough potential to meet 
all required conditions by a little adjustments 
or additions. 

These five elements are highly interrelated to 
each other and has similar features regarding 
several areas of expertise. 

For manufacturing of the five elements the 
number of applied materials so far is been 

restricted up to five types of materials, such 
as bamboo culms, wooden girders, wooden 
sheets, metal fastenings, and gypsum board.   
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Picture 22 Bamboo Sandwich Panel, assembled part of a complete facade



47

TU/e Graduation project: Bamboo Sandwich Panel

Picture 23 Bamboo Sandwich Panel, five elements of complete facade system



48

TU/e Graduation project: Bamboo Sandwich Panel

6.2.1 Bamboo Sandwich Panel

Two versions of Bamboo Sandwich Panel 
have been designed. First version of Bamboo 
Sandwich Panel (basic version) is suitable 
for insulation material that would be able 
to resist the appearing forces during the ex-
ploitation of the panels (Picture 24). Second 
version, which is equipped with a ‘stabilising 
element’ (: frame made of wooden sheets), 
of Bamboo Sandwich Panel (reinforced ver-
sion) is suitable for insulation material that 
would not be able to resist the appearing 
forces during the exploitation of the panels 
(Picture 25).  

The structure (: manufacturing) of Bamboo 
Sandwich Panel (basic version) depicted un-
derneath (Picture 24) could be described as 
follow:

A. Making of a timber frame and attaching 
four fastenings with one fixation point (Pic-
ture 24, I);

B. Attaching of a double gypsum board, a 
single bamboo (indoor) layer, and four plas-
ticized (metal) cables (Picture 24, H), but 
also making of two openings;

C.  Addition of insulation material;

D. Attaching of single (middle) bamboo 
layer equipped with four fastenings with 
two fixation points (Picture 24, J), but also 
adding of four (metal) cables equipped with 
an adjustable element, such as a turn buckle 
(Picture 24, G);

E. Attaching of a double (external) bamboo 
layer equipped at the indoor side (Picture 
24, F) with four fastenings with one fixation 
point (Picture 24, I).

The structure (: manufacturing) of Bamboo 
Sandwich Panel (reinforced version) depic-
ted underneath (Picture 25) could be descri-
bed as follow:

A. Making of a timber frame and attaching 
four fastenings with one fixation point (Pic-
ture 25, I);

B. Attaching of a double gypsum board, a 
single bamboo (indoor) layer, a stabilising 
element (: made of wooden sheets), and four 
plasticized (metal) cables (Picture 25, H), but 
also making of two openings;

C.  Addition of insulation material; 

D. Attaching of single (middle) bamboo 
layer equipped with four fastenings with 
two fixation points (Picture 25, J), but also 
adding of four (metal) cables equipped with 
an adjustable element, such as a turn buckle 
(Picture 25, G);

E. Attaching of a double (external) bamboo 
layer equipped at the indoor side (Picture 
25, F) with four fastenings with one fixation 
point (Picture 25, I).
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Picture 24 Bamboo Sandwich Panel, basic version
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Picture 25 Bamboo Sandwich Panel, reinforced version 
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6.2.2 Corner element 

The idea is to create a Corner element (Pic-
ture 26) by attaching the curved bamboo 
culms to each other. The curved bamboo 
culms must be pointed in one direction, pa-
rallel to each other. Besides that, the Corner 
element should also prevent a penetration 
by wind parallel to a facade side (: principle 
of ‘pressure equalization’). This task must be 
realised by the wooden sheets with a curved 
side that would cover the cavities of Bamboo 
Sandwich Panels. During an assembly of the 
whole facade, the Corner elements would be 
attached and beared by two nearest (perpen-
dicular placed) Bamboo Sandwich Panels.   

The structure (: manufacturing) of Corner 
element depicted underneath (Picture 26) 
could be described as follow:

A. Attaching of wooden sheets with a curved 
side, two smaller wooden sheets (strips), 
four wooden girders with a groove, and four 
fastenings with one fixation point (Picture 
25, I) to a (vertical) wooden girder; 

B. Addition of four (metal) cables (Picture 
25, H) equipped with an adjustable element 
(Picture 25, G), an insulation material that 
should be fixated by a net;

C. Attaching of a double (external) bamboo 
layer equipped at the indoor side (Picture 
26, D) with four fastenings with one fixation 
point (Picture 25, I).
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Picture 26 Corner element

Due to its function (: perpendicular connec-
tion of two curved surfaces) the structure 
of the Corner element and the connections 
between the Corner element and Bamboo 
Sandwich Panels would be explained here 
more detailed. 

The outer surface of the Corner element is 
made of curved bamboo culms. All culms 
should have a similar length and curve, 
where the curved bamboo culms should be 
pointed in one direction and be attached pa-

rallel to each other (Picture 27). 

The outer (curved) surface of the Corner ele-
ment should cover the outer (curved) surf-
aces of the Bamboo Sandwich Panels. The 
applied principle of the curved, pointed in 
one direction curved bamboo culms creates 
a surface that would follow the curves of the 
Bamboo Sandwich Panels (Picture 28).
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Picture 27 Direction of curved bamboo culms (: pointed in one direction and attached parallel to each other)

Picture 28 Connection between Corner element and Bamboo Sandwich Panels (diverse views)

The outer surfaces of the Corner elements as 
well as the Bamboo Sandwich Panels are con-
nected with flexible steel cables. This makes 
these surfaces moveable and more suitable 

for a correction. The connection between 
different levels (: storeys) can be realized due 
to flexibly attached outer surfaces, which 
creates an overlap (Picture 29).
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Picture 29 Connection of the Corner elements between the different levels (: storeys)
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6.2.3 Frame element 

The idea is to create a separate Frame ele-
ment (Picture 30) that should provide a pos-
sibility to assemble a window or door inside 
this frame. The additional parts such as sill 
must be assembled together with the win-
dow or door. The assembly of a door on the 
ground floor could be done by using of the 
same frame-structure, only difference is that 
the lower (horizontal) part should be remo-
ved.  

The structure (: manufacturing) of Frame 
element depicted underneath (Picture 30) 
could be described as follow:

A. Making of a timber frame;

B. Attaching of two wooden sheets with the 
curved sides, two smaller wooden sheets 
(strips), and two horizontally placed wood-
en sheets (: wooden sheet in the top has two 
openings);

C. Attaching of two wooden sheets perpen-
dicular to the horizontally placed wooden 
sheets;

D. Addition of an insulation material;

E. Covering of the insulation material with 
horizontally placed wooden sheets;

F. The internal view of the Frame element. 
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Picture 30 Frame element
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6.2.4 Straight eave element 

In general, the straight eave element (Pic-
ture 31) is a combination of a frame made 
of wooden sheets, insulation material, and a 
(double) bamboo layer. The (double) bam-
boo layer should be manufactured according 
the same principle as other bamboo layer. A 
distinguish feature of eave, comparing to the 
rest of the facade is the horizontal directions 
of the applied bamboo culms.  

The structure (: manufacturing) of the 
Straight eave element depicted underneath 
(Picture 31) could be described as follow:

A. Making of a frame from wooden sheets 
equipped with four (metal) fastenings (Pic-
ture 31, H);

B. Addition of an insulation material;

C. Attaching of a wooden sheet on the top of 
the element;

D. Attaching of a (metal) watertight surface;

E. Placing of a double (external) bamboo 
layer (Picture 31, I) equipped at the internal 
side (Picture 31, F) with four (metal) faste-
nings (Picture 31, G).

6.2.5 Corner eave element 

The structure of the Corner eave element 
(Picture 32) is almost similar to the Straight 
eave element. The most distinguish differen-
ce is that the applied bamboo culms must be 
bended to make a corner, but the basic struc-
tural principle is the same.  

The structure (: manufacturing) of the Cor-
ner eave element depicted underneath (Pic-
ture 32) could be described as follow:

A. Making of a frame from wooden sheets 

equipped with eight (metal) fastenings (Pic-
ture 31, H);

B. Addition of an insulation material;

C. Attaching of two wooden sheets on the 
top of the element;

D. Attaching of a (metal) watertight surface;

E. Placing of a double (external) bamboo 
layer equipped at the internal side (Picture 
32, F) with eight (metal) fastenings (Picture 
31, G).
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Picture 31 Straight eave element
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Picture 32 Corner eave element
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6.3 Cooperation of separate ele-
ments within a complete facade 
system  

Bamboo Sandwich Panels are designed as 
a ‘hang-element’. During design of such a 
facade system several important issues were 
taking into considerations regarding the be-
haviour and the appearance of the applied 
material. The facade system should be de-
signed considering the possible dimensional 
deviations as a result of variable (external) 
conditions, and dimensional deviations as 
a result of the natural origin of the applied 
material. Nevertheless, all parts (: elements) 
of the facade system must be well-connected 
to each other and create a well-functioning 
unit.      

6.3.1 Fastenings 

The fastenings are designed in such way that 
they have a ‘certain potential’ to set correct 
the Bamboo Sandwich Panels considering 
the possible dimensional deviations. 

In the top of the Bamboo Sandwich Panels, 
but also the Frame – element, which should 
be set in the similar way, two openings have 
been made. For setting of Bamboo Sandwich 
Panels a (metal) fastening is been designed 
(Picture 33, A) that has moveable (horizon-
tal) part and could be moved horizontally (: 
along grooves) or vertically (: set-bolt under-
neath) if it would be necessary after the pla-
cing of a panel.     

When a panel on its place in the top (Picture 
33, D), it should automatically go down (Pic-
ture 33, E) into a (metal) fastening under-
neath (Picture 33, B), which should restrict 
a possible horizontal movement of the panel, 
but also provide a space underneath for a 
dimensional deviations. The Bamboo Sand-
wich Panel might not go all the way down up 

to the ‘bottom’ of the fastening underneath. 

A horizontal connection between the Bam-
boo Sandwich Panels (Picture 33, G) should 
be realised by applying of a (metal) clump 
(Picture 33, C) that is narrower underneath 
and it should press the panels to each other. 
This should lead to creating of an unit from 
connected parts (: elements).    
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Picture 33 Fastenings and connections of the Bamboo Sandwich Panel
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6.3.2 Assembly process 

The assembly process is illustrated by the as-
sembly of a part of the complete facade de-
picted in the begin of this chapter (Picture 
22). Each stage of the assembly process is 
depicted (Picture 34-36) and explained un-
derneath. 

The stages of the assembly process:

Stage 1 (Picture 34, A)
Attaching of the fastenings for the bottom 
(Picture 33, B) of the Bamboo Sandwich Pa-
nels. 

Stage 2 (Picture 34, B)
Attaching of the fastenings for the top (Pic-
ture 33, A) of the Bamboo Sandwich Panels. 

Stage 3 (Picture 34, C)
Hanging and setting of the Bamboo Sand-
wich Panel.

Stage 4 (Picture 35, A)
Hanging and setting of the next Bamboo 
Sandwich Panel and connect them with a 
(metal) clump (Picture 33, C).

Stage 5 (Picture 35, B)
Hanging and setting of the next Bamboo 
Sandwich Panel perpendicular to the previ-
ous Bamboo Sandwich Panel. 

Stage 6 (Picture 35, C)
Attaching of the Corner element to the Bam-
boo Sandwich Panels. 

Stage 7 (Picture 36, A)
Hanging and setting of a Frame element (si-
milar technique as Bamboo Sandwich Panel) 
and connect them with a (metal) clump (Pic-
ture 33, C). 

The rest of a complete facade would be 
reached by a repetition of the already descri-
bed steps (: stages).

Stage 8 (Picture 36, B)
Placing and fixation of the Corner eave ele-
ment.

Stage 9 (Picture 36, C)
Placing and fixation of the Straight corner 
elements.   
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Picture 34 Assembly process, Stages 1-3
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Picture 35 Assembly process, Stages 4-6
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Picture 36 Assembly process, Stages 7-9
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6.3.3 Measurable values

The presented values  in Table 6 are meant 
to illustrate the results of the developing pro-
cess by measurable indicators. This is not the 

last phase of the developing process, which 
means that the performances or characte-
ristics of the final design may (slightly) vary 
from these values. For a more detailed calcu-
lations see Appendix.    

Table 6 Measurable values of Bamboo Sandwich Panel facade-system 
Indicators Bamboo 

Sandwich 
Panel 

Corner 
element 

Frame 
element 

Straight  
eave  
element 

Corner  
eave  
element 

Height (mm) 3000 3000 2880 1200 1200 
Width (mm) 1200 560 1200 500 500 
Thickness (mm) 420 560 400 815 1200 
Weight (kg/el) 250 105 41 36 58 
U-value  0.22 - - - - 
Acoustic insulation (dB) 36 - - - - 
Fire resistance (min) ≥ 30 - - - - 
 

6.3.4 Facade made of Bamboo Sand-
wich Panels, impressions 

The impressions of a complete facades made 
of Bamboo Sandwich Panels with three (aes-
thetical) options for the windows are depic-
ted underneath (Picture 37).
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Picture 37 Facade made of Bamboo Sandwich Panels, impressions 
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7. Conclusions and recommendations 

In chapter ‘2. Research framework’, two re-
search questions were formulated:  

Whether or not it is possible to design a sustai-
nable, durable and (almost) entirely biologi-
cal sandwich panel that would be made mostly 
of bamboo, and will satisfy the conditions on 
the ‘list of requirements’.

Whether or not the formulated  concept of 
Platform Materials Thinking is correct, or re-
quired any corrections or additions conside-
ring the results of practical application. 

This chapter is meant to deliver the answers 
to these two questions, and a list of concerns/
themes/subjects for a further research.  

7.1 Conclusions

7.1.1 Conclusions regarding designing 
of Bamboo Sandwich Panel

The final design of the Bamboo Sandwich 
Panel has shown that it is possible to design 
a sandwich panel that would be mostly made 
of bamboo and is likely to perform techni-
cally quite well. However, the experimental 
character of this project and the choice of 
bamboo as the main material had led to the 
final design that shows structurally a signi-
ficant deviation from the analyzed product 
examples of sandwich panels. But, the de-
signed Bamboo Sandwich Panel functions in 
a similar way as the analyzed types of sand-
wich panels (: facade system). 

In fact, such a deviation is probably una-
voidable because the usual components for 
manufacturing of sandwich panels are sheets 

or slabs, while bamboo is a linear material. 
But it wasn’t the goal in the first place to copy 
exactly the existing types of sandwich panels. 
From the beginning the focus was on an in-
ternal as well as an external functioning me-
chanisms of a traditional sandwich panels, 
and the transferring of these principles into 
a situation where a bamboo should become a 
key-element within the whole structure. The 
original idea was to redesign a sandwich pa-
nel by adding the factor of bamboo to it, and 
creating a new product that can become an 
option for a larger potential market, as it is 
the case for traditional sandwich panels.
 
Bamboo, as the main material, became a de-
terminative factor for creating of a ‘durable 
and sustainable design’. The proposed mea-
sures adapted specific to the potentials and 
possibilities of bamboo. According to the 
analyzed information in combination with 
the design philosophy of (Platform) Mate-
rials Thinking, it is been concluded that the 
most suitable manner for creating of a more 
durable and sustainable design could be ac-
complished by focussing on a typical feature 
of bamboo as a fast growing plant, and in-
tegrating this feature into design. Eventually, 
such an design approach had led to a concept 
of a renewability instead of conservation of 
Bamboo Sandwich Panels. In this case the 
durability and sustainability (: retaining of 
a service life) of Bamboo Sandwich Panels 
should be ensured by a regular replacement 
of the most vulnerable parts (: curved exter-
nal surfaces), which are designed in such a 
way that they should be replaced relatively 
easy.       

Designing process, described in chapter ‘5. 
Creating design alternatives’, shows a phased 
design process that could divided into four 
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stages: imitation, transition, conversion, and 
perception. These stages characterised by an 
increasing knowledge of the applied mate-
rial, subject, and design philosophy of (Plat-
form) Materials Thinking, and they named, 
but also described, after a mental and tech-
nical transformation of the design vision 
during the entire design process. 

The (last) fourth design stage (: perception) 
has resulted into a concept design that com-
bined not only material, technical, but also 
some emotional feature of bamboo within a 
concrete and balanced shape. Finding such a 
balance is the essence of the design philosop-
hy of (Platform) Materials Thinking, which 
made this concept design appropriate for a 
further development. 

During developing phase several critical is-
sues were solved or defined in order to create 
a well-developed design that potentially will 
be able to become (with or without relatively 
little adjustments) a well-functioning sand-
wich panel for a facade. These aspects are:

- Creating of cavity on the external side in 
order to protect an insulation material;

- Converting the shape of the internal layer 
from a bow into a rectangle for a proporti-
onal distribution of the insulation material 
and a less complicated shape for manufactu-
ring;

- Finding a visual balance for the external 
(bamboo) curve;

- Considering the natural characteristics of 
bamboo and the shape of Bamboo Sandwich 
Panel, it is been determined that a ‘hang-
element’ will be the most suitable structural 
type;

- Resolving the issue of a not complete (ex-
ternal) watertight surface by creating of a 

controlled water tightness due to adding of 
an airtight layer (: effect of pressure equaliza-
tion) that is very appropriate for bamboo as 
raw material;

- Using of double-layered, curved (external) 
surface in order to increase a number of ‘at-
tached surfaces/points’ for a better protec-
tion against rain water;

- Addition of connection elements (: wooden 
girders) to the Bamboo Sandwich Panels for 
a connection to a frame, but also between the 
panels themselves;

- Addition of a fire-resistant layer had to be 
done.
     
By returning to the research question:

Whether or not it is possible to design a sustai-
nable, durable and (almost) entirely biologi-
cal sandwich panel that would be made mostly 
of bamboo, and will satisfy the conditions on 
the ‘list of requirements’,

it can be concluded that it is possible to cre-
ate a distinguished type of a sandwich panel 
that for a larger part would be made of bam-
boo. It is also possible to design a sustaina-
ble and durable Bamboo Sandwich Panel. 
However, the durability and sustainability 
can be achieved through specific approach, 
by replacing of a not very durable, but a fast 
growing bamboo. The presented designs 
have supposedly enough potential to meet 
most of the conditions on the list of requi-
rements presented in chapter ‘4. Defining 
a list of requirements’. While, the complete 
facade-system can be built by using of just 
five separate components (: elements). 
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7.1.1 Conclusions regarding practical 
implementation of Platform Materials 
Thinking 

In the beginning, the design philosophy of 
Platform Materials Thinking were transfor-
med into a ‘help-tool’ (: several steps) that 
should be followed during the designing ac-
cording to the principles of Platform Mate-
rials Thinking. These steps are listed below.

Step 1: 
Defining and analysing of a subject;
Step 2: 
Defining and analysing of a (main) material;
Step 3: 
Defining list of requirements;
Step 4: 
Creating of alternatives;
Step 5: 
Defining of concept design;
Step 6: 
Developing of concept design.

These steps have defined a structure of the 
whole project and this rapport.   

The practical implementation of design phi-
losophy of (Platform) Materials Thinking 
has shown several issues that were new or 
had represented themselves in an unexpec-
ted way. 

Probably one of the most important issue re-
garding the whole concept of Platform Ma-
terials Thinking became a realisation of the 
real character of the Platform itself. Because 
in the beginning we thought that Platform 
Materials Thinking should become a new de-
sign positivist method, comparable to other 
architectural and especially engineering 
design methods. But, during the practical 
implementation, we realized that the main 
idea of the Platform contains and provide a 
such large area of potential approaches and 
possibilities that it could not be seen as a 

roadmap-method (: relatively restricted and 
clear). (Platform) Materials Thinking has a 
form that is integral, interconnected, non-
linear, and without any clear borders or res-
trictions. Such a matrix is too large and too 
unclear to be a design method, but it is more 
a design philosophy.   

In chapter ‘1. Platform Materials Thinking’, 
a list with six design-steps is formulated in 
order to provide a more structured design 
process. While the main idea is correct and 
helpful, it provides a wrong image of desig-
ning according to the principles of Platform 
Materials Thinking. Such a list creates an im-
pression that designing is (almost) a linear 
process with relatively clear borders between 
diverse design stages. Such an image does 
not correspond with the practical experi-
ence. This practical experience has shown 
that a finding of a ‘balanced design’ requires 
an non-linear design approach that is cha-
racterised by reconsideration moments, con-
stant struggle between logic and emotion, 
development of a ‘mind-movement process’ 
(: empathy), and creating of paradoxes. 

The focus of the previous project (: M3 Plat-
form Materials Thinking) laid on developing 
of the main idea of Platform Materials Thin-
king up to the level of other (well-develo-
ped) design methods. A distinguish feature 
between diverse design methods is (often) a 
main idea that defines direction and focus of 
the whole design process. Such a main idea 
may be a structure or a form transformation, 
an interaction between diverse parts of an 
object, an interaction between an object and 
an environment, etc.. In case of (Platform) 
Materials Thinking the focus lays on the ap-
plied materials. This means that the charac-
ters of the applied materials are situated in 
a centre of the integral design matrix. The 
applied materials are connected to the other 
design aspects, and at the same time these 
design aspects are interconnected through 
the applied materials. 
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Besides the focus of the design philosophy of 
(Platform) Materials Thinking, a design ap-
proach is similar to other design techniques. 
Basically, a structure of this design philosop-
hy has only three distinguish modes: 
- analysis of a design subject, 
- creating of design ideas, 
- development of design idea(s). 
All other operations during a design process 
are derived from one of these three modes. 
These derivatives depend on a subject and on 
a set goal.             

During implementation of design philo-
sophy of (Platform) Materials Thinking it is 
been noticed that there is a clear hierarchy 
of applied materials within a design project. 
This leads to a dominant position of one or 
several materials within a project, which de-
termine the largest part of a design process, 
while the rest of the applied materials have a 
recessive (additional) position within a de-
sign. Such a deviation leads to a less optimal 
application/exploitation of the potentials of 
all applied materials. 

Considering the analytic remarks mentioned 
above, the structure of the (Platform) Mate-
rials Thinking can be visualised by illustra-
tion below (Picture 38). The main idea of 
the Platform Materials Thinking is to create 
a basis (: basic knowledge about materials 
(blue area), creativity (red area), and trends 
(purple part)). The ‘basic knowledge’ should 
be placed into the matrix of interconnected 
design modes (: analysis (A), ideas (I), and 
development (D)), where the central place 
or focus is reserved for applied material(s) 
(: material (M)). A triangle shape underlines 
the non-linear design structure and appro-
ach that should functioning on the ‘area of 
possibilities’ (: grey, fading part), where the 
potential possibilities have a different level 
of a ‘clear possibility for a successful design’. 
And eventually, the application of design 
philosophy of Platform Materials Thinking 
should lead to finding solutions for new ma-

terials (NM), new products (NP), and new 
systems (NS) at a boundary between ‘not 
completely logic, but also not completely 
wrong’.   

By returning to the research question:

Whether or not the formulated  concept of 
Platform Materials Thinking is correct, or re-
quired any corrections or additions conside-
ring the results of practical application,

it can be concluded that the design philosop-
hy of Platform Materials Thinking, which is 
explained in the first chapter, should be ad-
justed according to the conclusions  of this 
project. Such a correction and addition will 
improve the existing theory, and it will create 
a more developed theoretical frame within 
and around the design philosophy of Plat-
form Materials Thinking.  

7.2 Recommendations 

A design process of a product contains se-
veral phases. It starts with an idea and even-
tually it should end with a tested product. A 
difference between these two stages is a level 
of development of the initial idea (: product). 

The level of development presented in this 
rapport is not enough for a finished design 
of Bamboo Sandwich Panel. There are still 
issues that should be take care of before the 
designed product achieves an appropriate le-
vel of development, which will make the pro-
duct ready for a manufacturing. 

Besides the development of design of Bam-
boo Sandwich Panel, the theory of Platform 
Materials Thinking should also be updated 
or adapted regarding the mentioned conclu-
sions (chapter, ‘7.1.1 Conclusions regarding 
practical implementation of Platform Mate-
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Picture 38 Visualized structure of Platform Materials Thinking

rials Thinking’).  

Several of the above described issues are lis-
ted underneath: 

- Research of possibilities regarding an insu-
lation material made of bamboo;

- Defining of the most suitable materials for 
manufacturing of the components that are 
not defined yet;

- Testing of Bamboo Sandwich Panel on the 
aspects mentioned on the ‘List of require-
ments’;

- Life Cycle Analysis on the benefits of apply-
ing the untreated bamboo for manufacturing 
of Bamboo Sandwich Panels; 

- Correction, addition or adaptation of the 
description of the Platform Materials Thin-
king (: chapter 1. Platform Materials Thin-
king) to the conclusion of this project.
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Appendix

1. Calculations

2. Technical (principle) details



80



81

1. Calculations

1.1 Weight

Corner element 
Materials Height 

(m) 
Width 
(m) 

Thickness 
(m) 

Area 
(m²) 

Density 
(kg/m³) 

Amount 
(pc.) 

Weight 
(kg) 

wooden board 
(triplex) 2.88 0.075 0.016  500 2 3.46 
wooden board 
(triplex) 2.88 0.37 0.016  500 2 17.05 
wooden girder 
(pinewood)  2.88 0.075 0.075  450 1 7.29 
wooden girder 
(pinewood)  0.175 0.04 0.05  450 4 0.63 
insulation (flax wool) 2.9   0.00026 25 1 0.02 
wooden girder 
(pinewood) 0.47 0.05 0.03  450 4 1.27 
bamboo culms 3.05   0.000301 750 107 73.67 
fastenings 
(assumption)              1.50 
Total 104.89 
 

Bamboo Sandwich Panel (basic version) 
Materials Height 

(m) 
Width 
(m) 

Thickness 
(m) 

Area 
(m²) 

Density 
(kg/m³) 

Amount 
(pc.) 

Weight 
(kg) 

bamboo culms 2.88   0.000301 750 60 39.01 
gypsum board 
(Fermacell gypsum 
fiber board) 2.88 1.2 0.0125  1150 2 99.36 
wooden girder 
(pinewood) 2.88 0.05 0.05  450 2 6.48 
wooden girder 
(pinewood) 1.08 0.05 0.03  450 5 3.65 
insulation (flax wool) 2.9 1.21 0.14  25 1 12.28 
bamboo culms 2.88   0.000301 750 60 39.01 
wooden girder 
(pinewood) 1.18 0.05 0.03  450 4 3.19 
wooden girder 
(pinewood) 1.18 0.05 0.03  450 5 3.98 
bamboo culms 3.05   0.000301 750 60 41.31 
fastenings 
(assumption)              1.50 
Total 249.77 
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Frame element 
Materials Height 

(m) 
Width 
(m) 

Thickness 
(m) 

Area 
(m²) 

Density 
(kg/m³) 

Amount 
(pc.) 

Weight 
(kg) 

wooden board 
(triplex) 2.88 0.075 0.016  500 2 3.46 
wooden board 
(triplex) 2.88 0.37 0.016  500 2 17.05 
wooden board 
(triplex) 1.18 0.25 0.016  500 2 4.72 
wooden board 
(triplex) 1.18 0.13 0.016  500 2 2.45 
wooden board 
(triplex) 1.18 0.173 0.016  500 2 3.27 
wooden girder 
(pinewood) 2.88 0.05 0.05  450 2 6.48 
insulation (flax wool) 1.18 0.173 0.238  25 1 1.21 
insulation (flax wool) 1.18 0.173 0.138  25 1 0.70 
fastenings 
(assumption)              1.50 
Total 40.85 
 

Straight eave element 
Materials Height 

(m) 
Width 
(m) 

Thickness 
(m) 

Area 
(m²) 

Density 
(kg/m³) 

Amount 
(pc.) 

Weight 
(kg) 

bamboo culms 1.2   0.000301 750 56 15.17 
wooden girder 
(pinewood) 0.45 0.05 0.03  450 2 0.61 
wooden board 
(triplex) 1.2 0.675 0.016  500 1 6.48 
wooden board 
(triplex) 1.2 0.25 0.016  500 1 2.40 
wooden board 
(triplex) 1.2 0.28 0.016  500 1 2.69 
wooden board 
(triplex) 0.66 0.275 0.016  500 2 2.90 
insulation (flax wool) 1.2 0.45 0.14  25 1 1.89 
watertight layer 
(assumption)        2.00 
fastenings 
(assumption)              1.50 
Total 35.64 
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Corner eave element 
Materials Height 

(m) 
Width 
(m) 

Thickness 
(m) 

Area 
(m²) 

Density 
(kg/m³) 

Amount 
(pc.) 

Weight 
(kg) 

bamboo culms 2.4   0.000301 750 56 30.34 
wooden girder 
(pinewood) 0.45 0.05 0.03  450 4 1.22 
wooden board 
(triplex) 0.66 0.275 0.016  500 4 5.81 
wooden board 
(triplex) 0.4 0.25 0.016  500 2 1.60 
wooden board 
(triplex) 0.81 0.28 0.016  500 2 3.63 
wooden board 
(triplex) 0.675 0.72 0.016  500 2 7.78 
insulation (flax wool) 1.2 0.45 0.14  25 1 1.89 
watertight layer 
(assumption)        4.00 
fastenings 
(assumption)              1.50 
Total 57.76 
 

1.2 Mechanical calculations: bear 
capacity of a wooden beam 

Bamboo Sandwich Panels (: ≈ 250 kg) should 
be rested on two bear points, where a wood-
en beam (30x50 mm.) should be enough to 
bear the whole panel but also a half of the 
weight of the Corner element (105/2≈53 
kg.). This means that capacity of a wooden 
beam should be enough to bear the to-
tal weight of 303 kg divided over two bear 
points (303/2≈157 kg/bear point).

The structure of the Bamboo Sandwich Pa-
nel and the fixation of the bear wooden beam 
within this structure creates a situation when 
the wooden bear beam would be experi-
enced one (shear) force. In this case the bear 
capacity of the chosen (pinewood) wood-
en beam 30x50 mm. (: section area=1500 
mm²), class C (: shear force=1.8 N/mm²) is 
1500x1.8=2700 N. The required bear capa-
city is 1570 N. This means that the chosen 
wooden beam would be enough to bear the 
Bamboo Sandwich Panel and the half weight 
of the Corner element.   
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1.4 Acoustic insulation 

The structure of Bamboo Sandwich Panel 
could not be seen as a solid element. There 
are only two layers that would have an acous-
tically insulated effect: gypsum fiber board 
and insulation. A rough estimation of this 
effect can be calculated according to this for-
mula:

D=10 x log10(1 / (4 x G²)) dB[*] ≈ -36 dB => 
the sound reduction of Bamboo Sandwich 
Panel would be around 36 dB => required 
sound reduction ≥ 58 dB (chapter ‘4. Defi-
ning a list of requirements’)

G (weight in kg/m²) = 28.75 kg/m² (gypsum 
fiber board) + 3.5 kg/m² (flax wool) = 32.25 
kg/m²

Bamboo Sandwich Panel (basic version) calculation of the R-value 
Materials Thickness (m) λ-value (W/(m*K)) R-value (m²K/W) 
Rsi   0.13 
Gypsum fiber board (Fermacell) 0.025 0.32 0.78 
Insulation (flax wool) 0.14 0.038 3.68 
Rse   0.04 
Total 4.63 
 

1.3 U-value

U = 1/R = 1 / 4.63 = 0.22 (W/(m².K)) => re-
quired U-value ≤ 0.22 (chapter ‘4. Defining a 
list of requirements’)

[*] Retrieved from https://nl.wikipedia.org/wiki/Geluidsisolatie
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1.5 Fire resistance 

The conditions during a fire (: temperature) 
are shown below by a ‘standard fire curve’.

According to the calculations during first 30 
minutes the surface could reach a tempera-
ture around 842°C. For a further analysing 
it is important to understand the possible 
behaviour of applied materials under such a 
conditions.

Standard fire curve 

The exact temperature for the first 30 mi-
nutes of fire can be calculated by a formula:

T = 345 x log(8t+1) + 20 [*].

The results of the calculations are shown 
below.

Relation between time in minutes  and Temperature in °C 
t (min.) 0 5 10 15 20 25 30 

T (°C) 20 576 678 739 781 815 842 

 

[*] Retrieved from http://structfire.com/content/iso834-curve-fire-safety 
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First layer that will face a fire is a single bam-
boo layer. According to a table below  a ‘sen-
sitivity towards fire penetration’ of a bamboo 
is 0.5 mm per minute[*]. This means that 
complete destruction of the bamboo surface 
would take between 12 (Ø 6mm) and 20 (Ø 
10mm) minutes.  

Second layer that will face a fire is a double 
gypsum fiber board (Fermacell). The fire 
classification of (Fermacell) gypsum fiber 
board is A2-s1d0 (: A2 – non-combustible, 
s1 – no/hardly any smoke production, d0 – 
no droplets), which makes it a very suitable 
material for creating of a fire-protected 
structure [**]. Fermacell claims that it is pos-
sible to create structures that would have 
enough capacity to resist a fire for 30 up to 
120 minutes by using of gypsum fiber board 
with a thickness of 10 mm [***]. Certainly, the 
other materials should be also have appro-
priate fire classification.

Sensitivity towards fire penetration of bamboo and other wooden species 
Wooden species and bamboo Density (kg/m³) Fire penetration (mm/min.) 
Western Red cedar 400 1.2 
Pinewood  450 1.0 
Cedar 450 1.0 
Accoya 510 0.8 
Oregon Pine 550 0.6 
Bamboo untreated  600 0.5 
Mahogany  650 0.4 
Beech  700 0.3 
Oak 700-750 0.3 
Merbau  850 0.3 
Bamboo pressed  1000-1300 0.3 
 

[*] Retrieved from http://alexandria.tue.nl/extra2/afstversl/bwk/759667b.pdf 
 Source: Rijksgebouwendienst, Ministerie Volkshuisvesting, Ruimtelijke Ordening en 
 Milieubeheer, Beoordeling brandwerende puiconstructies, 2011.
[**] Retrieved from http://www.fermacell.nl/gipsvezelplaat_1839.php
[***] Retrieved from http://www.fermacell.nl/producteigenschappen_gipsvezelplaten__1507.php 

Bamboo Sandwich Panel is designed with a 
double gypsum fiber board, which creates a 
25 mm. thick layer of gypsum fiber board. 
Potentially it should be enough to resist a 
fire for at least 30 minutes (chapter ‘4. Defi-
ning a list of requirements’) . 



87

Third layer that in this case deserves an ex-
tra attention is not actual a layer, but rather 
‘points’ (: fastenings: metal cables), which are 
holding the whole structure together. Kno-
wing characteristics of metals such as loos-
ing of bearing capacity and melting under 
influence of rising temperature(see table be-
low[*]), not every metal would be suitable for 
application as connection element for Bam-
boo Sandwich Panel considering the aspects 
of fire safety.  

[*] Retrieved from http://www.dbnl.org/tekst/_sur001195501_01/_sur001195501_01_0084.php
 Source: A. van Eyck, De Vraagbaak. Almanak voor Suriname 1955. Radhakishun & Co., 
 Paramaribo 1954
[**] Retrieved from 
 http://www.nikkelprijs.eu/
 http://oudkoperprijs.net/ 
 http://www.metalprices.com/metal/steel/cme-future-steel-hrz15 
 http://nl.aliexpress.com/item/factory-supply-high-purity-Dia-0-5mm-tungsten-wire-1kg/32374783020.
 html 
 http://wetenschap.infonu.nl/techniek/115361-nikkel-het-element.html
 http://wetenschap.infonu.nl/techniek/116722-de-eigenschappen-van-st52-3.html 
 http://wetenschap.infonu.nl/techniek/115608-wolfraam-het-element.html 
 https://nl.wikipedia.org/wiki/Treksterkte_(materiaal)

Melting point of metals 
Metal Melting point (°C) 
Aluminium 659 
Magnesium 655 
Nickel 1450 
Copper  1083 
Lead  327 
Tin 232 
Steel 1450 
Wolframium 3370 
Zinc 419.4 
 

Knowing temperature at the 30th minute 
of a fire (842°C), all metals that has a lower 
melting point could not be used as a con-
nection for Bamboo Sandwich Panel. The 
suitable metals complemented with two 
extra aspects (: price and tensile strength[**]) 
are collected in the table below.

Suitable metals as connection for Bamboo Sandwich Panel 
Metal Melting point (°C) Price (€/kg) Tensile strength (N/mm²) 
Nickel 1450 9.57 470 
Copper  1083 4.77 220 
Steel 1450 0.40 310-630 
Wolframium (wire) 3370 239 700-3400 
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According to the previous table (:’Suitable 
metals as connection for Bamboo Sandwich 
Panel’), steel would be the most cheapest 
solution that should have enough capacity 
to fulfil its function (: connecting and bea-
ring of diverse parts/layers). The question is 
whether the steel would be capable to carry 
on the layers under conditions during a fire. 
The reduction yield point of steel due to in-
creasing of temperature is shown below[*]. It 

could be seen that the temperature of 842°C 
would decrease the bearing capacity of steel 
by approximately 90%. This means that the 
connection elements applied inside Bamboo 
Sandwich Panels should be able to carry on 
the layers with only 10% of its original tensile 
strength. Such an effect could be reached by 
increasing of section surface or number of 
the connection elements.

Reduction yield point of steel due to increasing of temperature

[*] Retrieved from http://www.brandveiligmetstaal.nl/pag/193/gedrag_van_staalconstructies_bij_brand.
 html 
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Performances of ropes during a fire 
Indicators  Nylon Polyester Polypropylene Manila Cotton 
Melting point 249°C 260°C 165°C   
Charring point    177°C 177°C 
 

Another option to connect diverse layers of 
Bamboo Sandwich Panel to each other could 
be a rope. In order to define the reaction of 
diverse types of ropes (: biologic and synthe-
tic) during a fire, the information is been col-
lected about performances of several types of 
ropes (see table below[*]).

According to this table, comparing to steel, 
synthetic ropes as well as biologic ropes 
would faster start to show the signs of 

deformation during a fire. This makes steel 
a better option as connecting element for 
Bamboo Sandwich Panel.  

Concluding, the chosen materials should 
potentially guarantee a fire resistance of at 
least 30 minutes.  

[*] Retrieved from http://greatleadsnreins.com/  
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Technical (principle) details














































