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Abstract 
 
 
The profession of staircase builder is a hard job. Technically complex, it requires solid skills 

and certain know-how to get good quality results and to be able to compete commercially 

with low-cost precast stair manufacturers. Towards the expansion of that discount market, 

the trade of traditional construction has evolved a lot over the past few years. For sake of 

optimizing Cost-Quality-Delivery criterions, Choquet Co., the company I have worked with 

has practiced continuous improvement for more than a decade, making strategic decisions 

to find the best concept for stairs construction. 

 

The present study returns to all the history of concrete staircase building, the 

improvements made or to make to ease the realizations of those constructions, to get high 

finish grade and accelerate the proceedings. In fact, despite the expansion of our 

technologies and of our control on materials, this trade remains hard to handle and is often 

realized by unskilled masons and in an archaic way. This can be explain culturally by the 

fact that the building trade is in France a family tradition, developed on very old uses that 

people of this world tend to keep alive. 

 

The main part of the study is about the conception of innovative mechanisms aiming at the 

realization of formworks for straight and winder stairs. A particular attention has been 

dedicated to mechanical issues, choice of materials and technological solutions to face 

problems which include robustness, fatigue, weight, reliability and fouling matters. Starting 

the conception procedure by ideas, drafts and inventive drives, we then produced set of 

specifications to segment and delimit the requirements of our relative products. 

Afterwards, we could start the design by realizing some easy models from which we could 

evaluate the future lacks and so the fields in need of more accurate studies. FEM analyses 

have been performed on the key parts of the mechanism, so that we could refine some 

geometrical and material parameters. 

 

In addition, a presentation will be made individually on all the set of tools thought to be 

parts of the equipments of the perfect staircase builder. From moulds to the workshop 

truck, it is a real concept of a profession that is still not recognized in a world that is pretty 

hard to invest but that could bring a real change in the way to build in the future.  

 

 

This work was performed in the office of Choquet Co. in 
Marseille and on a certain amount of building sites. 
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Staircase Glossary 
 
Compensator Name given to the moulds designed to follow the 

stringer shapes and over which are put and 
screwed the moulds or the floors, bottom parts 
of the formwork. 

  
Formwork Temporary structure, used to keep a material in 

place during its hardening. 
  
Headroom The headroom of a staircase is the height, free 

for passage, measured vertically between the 
step nozzle and any obstacle (usually the upper 
floor) directly above it. 

  
L- shaped stairs A staircase that makes a 90 degree turn. 
  
Landing Intermediate slab used as a platform between 

two floors. 
  
Pitch  The angle of inclination of the staircase. 
  
Rise Vertical measurement. 
  
Riser The vertical member of a staircase. 
  
Run The horizontal measurement of staircase length. 
  
Staircase The entire structure relating to a stair, including 

steps and landings. 
  
Stairwell The framed cut-out in a floor that provides 

access to a staircase. 
  
Stride Average step length of an adult going up-or 

downstairs.  
  
Stride line Fictitious line following the person going up-or 

downstairs and holding the banister. 
  
Stringer The projection of the stair casted on its relative 

support walls. 
The side parts of the formwork fixed on the wall 
to support the treat sustainers.  

  
Throat Thickness of the staircase. 
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Total rise The vertical distance through which stairs must 
cross from finished floor to finished floor. 

  
Tread The horizontal member of the stair on which 

one steps. 
  
U-shaped stairs - Switchback stairs A staircase that makes a 180 degree turn. 
  
Winders Radiating steps narrower at one end that are 

used to change the direction of a staircase. 
  
Winder staircase A staircase that uses wedge-shaped treads to 

make its turn. 
  



1 
 

1 Introduction 
1.1  Presentation of the company 
 
The company has been created in 2000, initially named Cofrapid©; it was specialized in formworks 
of several types for building trade. Thus, some mechanisms have been developed in order to cast 
concrete pillars, gables, and stairs.  
 
The company was renamed Choquet in 2005 and according to its experience, decided to focus on 
stairs and develop more and more advanced tools to be the best positioned company on that niche. 
Why is stairs building considered as a niche? 
 
In these times of crisis, the building trade is not spared and it is more important than ever to save 
as much as possible on construction projects. One of the most expensive areas of construction is 
found in stair building. Here are some explanations. 
 
First, it is often considered as the exclusive domain of stair specialists. Thus, it takes a huge segment 
into the project planning and sometimes two weeks are dedicated to each staircase flight. Precast 
staircase thus appears as the only alternative and as there is not any serious competition on that 
market, the prices are usually high. Moreover, precast staircase installation requires a lot of mends 
after delivery. 
 
Then, staircase building is way more complicated than any other masonry work. In fact, you should 
follow specific guidelines which require a certain know how, habits and a great degree of skills. 
Even the best ‘specialist’ can sometimes go wrong with his markings or the robustness of his 
sustainers. 
 
On-site staircase formworking appears then as a perfect solution to those issues. 

1.1.1 Owner 
 

M. Bernard CHOQUET (05.12.1953), its owner has always wanted to be a pioneer 
and a rewarded inventor. From the beginning of his dream, he focused on concrete 
material far-seeing the perspectives of development, improvement and 
popularization in building professions. Member of the inventors’ chair of Paris, he 
is well experienced in innovative products, development of good added value 
products and one of his best force remains in his brave ambitions to push aside the 
confirmed habits that need a renewal. 

 
He has always worked in the building trade at many levels, has a strong on-site experience. Born in 
Bretagne, he came to South of France after a bankruptcy to recover and start the experience of 
becoming a ‘staircase builder’ for many reasons stated in this document. 
 
Fifteen years later, his bet is won. His company is now beneficiary, such that some investments are 
made every day to develop tools and skills, refine the concept and increase the company, train 
people and end up in hiring them. 
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1.1.2 Statute 
 
The company is a private limited company, hiring three persons; it is classified as a very small 
enterprise which head office is located in Marseille, 25 traverse des Broquettes. 
 
Classified in terms of activity in the section ‘General masonry and building civilworks’ (#4399C) 
registered in 31-01-2005, named ‘CHOQUET’ with a share capital of 20 000€. Nationality: France – 
Owner: Bernard CHOQUET – Turnover: 140 000€ 

1.1.3 Operating Cycle 
 
The global process of the company is mainly the same for each offered service i.e. each staircase 
design. It has been refined accurately to optimize the time of each intervention, allow simultaneous 
formwork installations, minimize the displacements and ease as maximum the handling operations 
on site. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1.1-1: Mapping of the process regarding any project 

MANAGE CUSTOMER ORDERS:  
 
Customers can put in an order by different ways : website, email, phone and fax, the typical way to 
do it can be defined in two step. The first contact permits to get in touch and get information about 
the customer himself and the issue of his project. It allows also to inform him about the following 
steps, we orient him on the website and urge him to send us some drafts, pictures, and the 
information sheet duly filled in.  
 
Those documents received, we are able to emit an estimate. A second contact is needed to plan the 
venue of our truck, the formwork and the form removal. Any customer inquiry have to integrate a 
visit on the website, the documents provided concerning the project have to be accurate enough to 
size the project. Finally the ordering process needs to be prompt and precise so that the planning 
can be settled. 
 

M anage custom er 
orders

O RD ERS N EED S

Plan build ing 
sites

D O O RSTEP 
SELLIN G

IN VO ICE IN FO RM ATIO N  
SH EET

Staircase 
build ing

Ressources



3 
 

 

Figure 1.1-2: Information sheet provided to costumers  
before the estimation of each staircase project 

 
PLAN BUILDING SITES: 
 
One of the main asset of such an intervention is that we let our customers integrate our operation 
into their planning without making a gap into their schedule. In fact the action of Choquet does not 
need cumbersome handlings or machines and the casting of the stair is usually done simultaneously 
with the upper floor concrete slab. Usually realized in a single day, our execution is very quickly 
done and represent a windfall for foremen. 
 
Two displacements are necessary for each site, half a day to a day is dedicated to the formwork and 
a couple of hours is needed to remove it. Globally, the only truck we have permits a capacity of 3 to 
5 stairs a week. 
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STAIRCASE BUILDING: 
 
The staircase building is performed in some distinct steps. From the markings to the positioning of 
the risers which end the formwork, the staircase builder is exposed to certain amount of mistakes.  
 
First of all, before leaving the storehouse, he has to load the truck with the exact amount of 
cumbersome moulds, the risers and a panel of tools and small furniture detailed later. This step is 
risky because if there is a miss in this load, the working day can be lost depending on the distance of 
the site. 
 
Once the workshop truck is loaded, the staircase builder can access the site. It happens a lot that the 
sites are difficult to access and to park in. Then, it is a detail that has its importance, the question is 
tackled in the information sheet but by precaution, it is also asked orally at the second step of the 
contacting. 
 
Equipped with high technology hand tools and all the adapted parts of the formwork, the 
intervention is easy and fast. The staircase builder starts to clean the stairwell if necessary. That 
task done, he can proceed to the marking of each step and the stringers. Once the markings are 
done he can start putting in place the formworks fixing the moulds over the wall mould sustainers 
called compensators, nailing or screwing the steps sustainers and finally put the adaptable risers at 
each step. We will return to the method more deeply and with illustrations later. 
 
The next step is the iron frame work. This is a job you have to be trained to do but which does not 
represent a technical issue. In addition, the company has recently purchased some new machines 
which ease a lot this work.  
 
The casting is either let to the masonry company in charge or supported by our care. As this work is 
harassing and does not need any special specialization, we try to let this work to the customers. As 
dissuasion, we charge the operation a bit more expensive than it usually cost.  
 
The formwork removal can be operated 24h after the casting. It is a quite easy task but the 
attention has to be taken on the storage. In fact, there are quite a lot of different parts and every 
part of the formwork has to be stored in its precise place in order to be as efficient as possible at the 
unloading and for the future realizations. We will see later the arrangement of the truck and the 
setting up of all the compartments. 
 
RESOURCES: 
 
Resources are of different type. 
 
Material resources: 
 
The storage places contain orderly parts issued of a segmentation of the stairs types. Depending on 
stair type (straight, winder or spiral), some formwork parts are similar and some others are very 
distinct. Depending on the step rise, and the staircase width, risers will be different so that they ally 
robustness, adaptability, and convenience at the implantation however they respect these same 
criterions for all types of stairs. Concerning the composite moulds for winder stairs, some 
categories have been tough to distinguish from those that can be adapted to such and such staircase 
size. Concerning the laminated board, it is always pretty useful to have a set of different sized ones 
so that you can cope with almost any contingencies on site. Obviously those used for the 
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formwork’s bottom are up stream sawed at the good dimensions. Finally the rest of the parts are 
common to any situation. Braces, fixing parts, ironmongery and some other consumables are 
constantly present and provided parts of the truck. For sure, their quantity has to be managed 
because a lack of those pieces could stop the production and cause severe planning problems. 
 
Human resources: 
 
In most companies, many different level tasks have to be realized to achieve the work in good 
conditions. In fact, because of the lack of means and the time consumed by on-site work, tasks are 
accumulated by the only two members of the company. Thus, Bernard is simultaneously in charge 
of costumer relations issues, planning, estimations, drawings and operating on site. On another 
hand, my job remained in research, development, conception and a lot of other stuffs in the margin 
of the ‘real’ activity of the company. As I was the only employee at the office I had to discharge of 
some tasks. Making some plans, attending some project meeting, exchanging some mails, settling 
administration problems or editing the required Individual Health Protection and Safety Plan. In a 
following part, I will present what would be a better organization to allow the company to grow and 
develop in good conditions. 

1.1.4 Communication 
 
The initial communication plan was quite poor. In fact, the company found its customers by word of 
mouth. Over the past 10 years, the company could weave a real network in its local area. Moreover, 
most of the business activity is the result of relation in South of France and especially in building 
professions. That can explain why it seems interesting to set up his own business and to get back to 
Choquet Co., it has been clearly sufficient for that size category. 
 
The truck is a key part of the business because it represents the shop window of the activity. On 
each building site, it is one of the first things that the potential customers see and the main part of 
those potential customers are people met on site. That is why this truck has been customized to 
catch the eye with a clear and strong message. Here is displayed the evolution of the stickers 
designed to grant a nice advertisement without overacting. 
 

 
Figure 1.1-3: Evolution of the truck design (back) 
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Figure 1.1-4: Evolution of the truck design (Left) 

 
Figure 1.1-5: Evolution of the truck design (Right) 

This evolution of the design has been oriented to show the future potential clients some realization. 
The emphasis has been made on the variety of the offer, from the basic straight staircase to the 
special spiral one. The illustration is more eloquent than the literal dimensions displayed before. 
 
The company is usually working with the same clients, and signing a contract with a new one is 
quite rare unless in individual customer market. In the perspective of growth and a change of 
activity, this issue has to change and a special focus has to be stressed on marketing. The evolution 
of the truck design is part of it but a lot of other issues should enter the new marketing plan. In 
order to put this on rail, the website has also undergone changes.  
 
That way, what was considered as a simple contact support has now a new attractive look, 
interesting information about the company and the services provided, some news often updated 
about the evolutions of renowned sites and of the innovative products developed. Finally a photo 
section has been created to urge people to compare their project to an achieved realization. Here 
are some screenshots of the new web platform. 
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Figure 1.1-6: Screenshots of the new website of the company 

 
For future implementations, we have listed a modernization of the brochure, the information sheet, 
and planned participation at the future shows dedicated to building trade. Concerning the products 
in development, some mailing programs, promotional video and event will be schedule as soon as 
we will consider them respectively reliable and sound enough. 
 

1.2 Definition of the existing 
 
The company has made some market studies over the past few years and according to the 
experience developed on site, it is undeniable that a market can be developed around our concept. 
Thus, a backup of the situation and some justifications will be brought to show, that those 
techniques, concrete material and the concept itself can bring something really valuable in this big 
world called Building Trade. 

1.2.1 Why this focus on concrete? 
 
Concrete material is perfectly adapted to staircase realization for many reasons; ecological, 
mouldable, resistant, robust, easy to integrate and quite in fashion nowadays. Below is a detailed 
table of the reasons to use this great material: 
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Table 1 : Inventory of concrete specifications  

Specificities Indications Advantages 

Malleability 
Spiral, L-shaped, U-shaped, hanging, 
with round nozzle… Concrete material 
can adopt all styles, shapes and colors 

Allow any personalization, any 
project, from the more 
traditional to the more 
audacious 

Ecological material 

Material adapted to environmental 
issues, concrete is completely 
recyclable. Although subject to a 
transformation, raw materials are 
present in our grounds. 

Casted cold, it does not need 
any gas, fuel and therefore, not 
CO2 emissions but its transport. 
Free of any toxic substance, he 
does not become rotten nor 
mould. 

Longevity Rotproof and sustainable material 
Preservation of the quality, can 
keep his technical assets for a 
very long time 

Attacks resistant 

Extreme resistance to climate attacks 
(frost, rain, sun) and to animal and 
vegetal assaults (termites, mosses, 
moulds…) 

Economical and safe, concrete 
does not need maintenance 
except when highly exposed to 
salted water (near coasts…) 

Fire resistant 

Concrete meets international 
protection standards regarding fires. 
Conventionally classified A1 
(Euroclass), it is resistant to 
temperatures up to 800°C. 
It does not burn and is incombustible. 
Neither smoke nor toxic or harmful 
gas wriggle out of it. It lasts the heat 
and flames progression and 
represents a great anti-fire barrier. 

No added fireproof treatments 
needed. No investment in 
security or fire normalization. 
A concrete structure will not 
collapse for fire reasons except 
for extreme drought 
conditions. 

Thermal inertia Concrete has a great calorific capacity 

Concrete plays a regulatory 
role in indoors climate. By 
reducing temperature peaks, it 
improves the feeling of comfort 
while promoting substantial 
savings in heating and 
therefore energy 

Soundproofing material 

Because of its mass, it has natural 
sound insulation assets. Referring to 
its integration and finishes, it appears 
to be a good acoustic absorbent for 
low frequent sound 

The association mass/structure 
can lead to a significant noise 
reduction 

Robustness An good resistance Ideal to bear very heavy loads 

Relooking 
Concrete basis is a perfect support to 
any indoor or outdoor decoration 

By renewing the finishes, you 
can easily change the style of 
your staircase in harmony with 
its environment 

Hygiene 100% mineral 
It does not contains any 
bacteria or volatile organic 
compounds (VOC) 
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1.2.2 Initial situation in Choquet Co. 
 
Based on a progressive implantation, the founder of the company, M. Bernard CHOQUET has been 
patient and managed to be convincing enough to become a reference in the trade. Private house 
builders, private individuals became used to contact him to 
realize their staircase and to use the word of mouth to make his 
name known by other potential customers. His address book 
represents a lot and is a key asset to develop the company. M. 
Choquet is used to act alone, from the customer handshake to the 
delivery of finished product. The office of the company is also his home; his workshop truck 
organization and his entire moulds were made by his hands. He is at the origin of his own success. 
 
What happened is then easy to understand, he keeps his orders in mind or on pieces of paper, once 
he possesses drafts and photos of each customer project, his is able to draw a plan of the future 
staircase, he sends it with his estimation and after confirmation, he can go for the provisions 
needed. No plans, no paper, almost only feeling. The truck loaded, he can go on sites, usually very 
early or very late so that he does not disturb the other workers on site. Sometimes ending very late, 
as his own boss, that is something that he does not mind, but that could raise problem with an 
employee. Sometimes appointed in concrete casting, he is in charge of shoveling some cubic meter 
of concrete, back bended. The formwork in place, he can leave on another site to set another one up 
before coming back the next day to remove his first one. Finally, he can take care of the invoices and 
run after payments. 
 
Since I was in the company I have been up to observe the dysfunctions of this way to do business 
and evaluate the risks acting like that. In fact, M. Choquet is often subject to memory lapse, what 
imply emergency calls from customers and urgent interventions. In those conditions, no planning is 
possible. These oversights can also concern equipment which fallouts are also annoying, especially 
if the sites are far from the store.  
 
In fact, there is obviously much stuff on which we could have a positive impact. However, M. 
Choquet has always worked like that and he seems to be satisfied as he has no lack of activity, no 
lack of customers and that his company’s figures are good. Notwithstanding, since I was in the 
company, his perspectives has evolved, in fact, he no longer wants to do the on-site tasks for health 
reasons; thus, he seems ready to start the evolution of his company trying to approach a more 
organized and structured organization, multiply customers and hire people. 
 
Who says evolution says calling into question. That way, this paper is presenting a set of solutions 
to make this development the less risky and the most progressive. 

 

1.2.3 Market Study 
 

1.2.3.1 Clients 
 
There are different types of clients; here is a listing of them and the reasons why they do have an 
interest calling us: 
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Detached House  

First of all, detached house constructors which represents the most important part of the whole 
clients, are mainly interested in the cost of the services we are offering, the quickness of the 
intervention and the finishes quality of the finished product. 
 
 

Renovation 

Architects are different customers because their interest is quite different. They are usually 
interested in aesthetics, the space saved by some of our structures and the finishes. In fact their 
orders are usually special works. 
 
 

Civilworks 

Finally big sites foremen are especially interested in the security provided by concrete staircases, 
but also the adaptability of our interventions and the prices practiced for basic stairs. 
 

 
Figure 1.2-1: Repartition of the  different targeted markets 

 

1.2.3.2 Study of the competition 
 
The market is shared between entities who are working in very different ways. From the traditional 
mason to the precast staircase provider, there a huge variety of offered services, with their pros and 
cons.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Detached houses

Civilworks

Renovations

Usually the staircase casting work is dedicated to any mason on site 
under the orders of the foreman. This is a risky decision because it is 
not a typical masonry work and it needs some training and 
specialization to be able to get a result that combines regulations, 
customer needs in terms of finishes, planning accordance and security 
aspects. Here are examples of bad staircase realizations: 
 

Figure 1.2-2: Pictures 
illustrating a bad designed 

and realised staircase 

This staircase is the perfect example 
of a ‘home-made’ realization that has 
obviously been made by a lambda 
mason who has no specialization in 
that field and who managed to make 
his formwork using falls, recovered 
brackets of all kind. 
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   Detached houses constructors are used to build in a same place dozens of 

houses almost identical, that is why they take an interest in precast manufacturers. In fact they can 
be delivered by batch of stairs and reduced the delivery costs. However, there are some not 
insignificant disadvantages to this solution. A lot of mending works has their importance, the 
staircase has to be very precise and its installation has to be planned accurately so that it does not 
interface with the good running of the other tasks. 
 
Stairs in kit form are interesting because of their flexibility and integration into their environment. 
However, it has to be set in place by the customer himself to remain profitable. In addition, the 
quality is debatable and it is usually noisy and low-cost-like. 
 
Finally the wooden staircases are a good alternative because of their aesthetics and their 
adaptability as on measure solution. Nevertheless, it stays expensive and short lasting as wood is 
not a sustainable material in time. Finally it is not a high soundproofing material and its creaking 
can be minding. 
 
Here is a summary of the main industries that are sharing the market with us: 
 
 
Table 2 : Inventory of the main competitors  

 Price Quickness Finishes quality Ecology aspect 

Traditional 
masons 

1000 – 1400€ 2-3 days a flight 
Bad, frequently 

picked up by the 
tiler 

Single-use 
material and 
formworks 

(plaster, wood) 
 

Precast industry 

800 € 
by flight without 

counting 
transport and 

mending works 
cost 

Mending works 
needed with 

pneumatic drills, 
delays in 

deliveries that can 
reach several 

weeks 

Very good 

Transport of 
heavy trucks and 

motive crane 
(high CO2 
emissions) 

Stairs in kit 
form 

1400€ 
Quite fast but 

have to be done 
by oneself 

Good  

The finishes will obviously be awful. In addition, the measurements 
have been bungled and in order to gain space, the mason has designed 
very short steps, what represents a huge danger especially for children. 

This kind of realization is not only unsecured and badly finished; it is 
also non-aesthetic and might not please the customer which would 
imply the destruction and reconstruction of the staircase. The impact is 
therefore financial; it can delay the end of the building works and 
trench on the image of the company in charge. 
 
The precast stairs and the kit form stairs industry are both growing 
markets.  
 

Figure 1.2-3: Picture of a 
bad stair formworking work 
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Green houses 
(Wooden 
staircase) 

2000€ 
Delays imposed 

by subcontracting 
works (carpenter) 

Good quality Ecological 

Choquet concept 700 – 1000€ 2 hours Very good  

Reusable 
equipments, 

ecological 
materials 

1.3  Regulations & limitations 

1.3.1 Official regulations 
 
This is a set of extracts quoted from ‘Guide Veritas’ documentations that concerns our interests in 
concrete staircase realizations. 

1.3.1.1 Conception rules 
 
For comfort reasons, the steps of any staircase need to be made with the same rise and the same 
tread. However, this prescription isn’t applicable for the first bottom step which for access reasons 
or quotation adjustments can be larger or less high. 
 
The stride (M) is determined respecting the Blondel’s formula: 
 

       
Where: 
M: Average step length of an adult who go up or downstairs. For a normal staircase, it is included in 
the range from 60 to 64 cm; 
H: step rise, varying from 15 to 21 cm and usually close to 17 cm; 
G: tread depth 
 
The headroom is generally similar to the sub-ceiling height of the disserved floors. According to 
regulations, the minimum headroom height is variable and depends in the type of construction in 
which the staircase is built.  
 
The stride line is situated for straight staircase, in the axis of the staircase evolution i.e. in the center 
of the staircase sides, and for winder stairs at 60 cm from the staircase trunk. 
 
Remark: 
The dimension 2 m is frequently used for classic staircase but it is sometimes recommended to used a 
higher dimensions (~2,30 m) when the stairs are used for high volume handlings. 
 
1.3.1.2 Stairs dimensioning in inhabited buildings 
 
Private places 
 
The last standards updated in 2006 regarding access to handicapped people in inhabited buildings 
impose for indoor accommodation stairs, the following dimensions: 

- Staircase width: 80 cm minimum 
- Step rise: 18 cm maximum 
- Tread depth: 24 cm minimum 
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Concerning the headroom, the official regulation does not state any restrictions however usually, 
the most often met height is 1,90 cm. In practice, for a normal and secure use, headrooms should 
not be inferiors to 2 m, even 2,20 m regarding the increase of population height. 
The amount of steps for straight staircases should not exceed 25 in order to avoid dizziness. For 
winder stairs, no landings are wished but those disserving the floors. 
 
Common places 
 
The 1st of August 2006 bye-law impose a step rise equal to 17 cm maximum and tread depth at least 
equal to 28 cm for all common places of inhabited buildings. This same regulation imposes a 
minimum staircase width of 1 m between banisters granting a handicapped people use and permit 
a passage of stretchers. 

1.3.1.3 Stairs dimensioning in public-access buildings from 1st to 4th category 
 
The step rise and tread depth values have to be regular on each flight excepting for the first step as 
stated previously. However, this first step should not be higher than 16 cm. 
 
The standards requirements impose a minimum tread of 28 cm on the stride line and an external 
tread of 42 cm maximum for winder staircases.  

 
 

 
 
 

Figure 1.3-1: Staircase dimensions in an 
accommodation 

Figure 1.3-2: Stairs dimensions in public-
access buildings 
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Landings dimensioning 
 
The landings have to be as wide as the stairs and their depth has to be superior to 1 m. For landings 
of enclosed straight stairs, the course of the door cannot encroach on more than 20 cm 
 

 

 
Figure 1.3-3: Illustration of landing’s requirements 

 

1.3.1.4 Summary 
 
Today, buildings have to follow high regulations to be accessible to handicapped people and access 
to certifications. It is fundamental that we follow those guides and range of dimensions in order to 
build up a quality image and pretend to access to certification like ‘QUALIBAT’ in France that would 
insure us a very good image in full view of customers. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4 is a recap of all the data stated in the current French regulations regarding staircase 
building. This set of data has been processed with Blondel’s law to obtain the available ranges of 
value for each design parameter. 
 
 

  H 15 16 17 18 19 

G             

24   54 56 58 60 62 

25   55 57 59 61 63 

26   56 58 60 62 64 

27   57 59 61 63 65 

28   58 60 62 64 66 

29 
 

59 61 63 65 67 

         
 

available combination 

Table 3: Illustration of a Blondel’s law use 

 
Ex:   
For private housing, step rise is limited to 
18 cm and tread depth to at least 24 cm. 
Using Blondel’s law:                                        
           
 
We get the following possibilities: 
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  Straight stairs Winder stairs 

The staircases preferably should not exceed 25 steps 

RESIDENTIAL 
BUILDINGS 

Private 
areas 

Staircase width ≥ 80 cm 

Step rise ≤ 18 cm 
Tread Depth ≥ 24 cm 

Tread 
measurement 

Tread is 
measured along 

the stride line 

The tread is measured 50 cm 
from the inner side for stairs 
wider than 100 cm and at the 

mid-step otherwise 

Common 
areas 

Staircase width ≥ 100 cm 

Step rise ≤ 17 cm 

Tread Depth ≥ 28 cm 

Tread 
measurement 

Tread is 
measured along 

the stride line 

The tread is measured 60 cm 
from the shaft for stairs wider 
than 120 cm and from 50 cm 
from the inner side otherwise 

PUBLIC 
ACCESS 

BUILDINGS 

Staircase width W ≥ 140 cm for handicap access standards 
Step rise 13 cm ≤ H ≤ 16 cm 

Tread Depth 28 cm ≤ G ≤  36 cm 
Tread 

measurement 
Tread is measured along the 

stride line 
The tread is measured 60 cm 

from the shaft for stairs wider 
than 120 cm 

Table 5: Recap of the main regulations regarding staircase building 

1.3.2 Context limitations 
 
The context in a very small company is very different from what it is in a lab or in a big company.  
 
Every employee has important responsibilities that ensure the good health of the company. We are 
daily led to take some decisions that can have a huge impact in the future.  The main priority is not 
to increase the profits but to avoid bankruptcy. We are constantly working because of the turnover 
that we have done the previous month or week. 
 
My job in Choquet represented an investment for my boss. I did not make any money with my daily 
works; we based my profitability on expectations, on a future increase of the company’s turnovers, 
on a return on investment within one or two years. 
 
That situation represented a certain pressure but it was also terribly motivating. I had to make 
things work so that I do not disappoint M. Choquet. I had to be efficient and sometimes quicken my 
pace to be able to show results and hard solutions despite long term and deep studies.  
 
A very small company does not have many means for offices, material, etc. Thus I had an 
approximate budget to make my project achieved. Despite the dilapidated office, I have been using 
my personal IT hardware and softwares including the limitations imposed by educational licenses 
(e.g. 1000 elements in ANSYS meshing). Prototyping was not an easy task because of the lack of 
tools and space to consider the working conditions as good one. On another hand, I had no one of 
my requests refused and could manage to get the equipment and material needed to perform most 
of my study works.  
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2 Staircase Builder Concept 
2.1 Presentation 
 
The concept is based on a strategy directed towards performance, organization, efficiency. Here are 
presented the basics of what could provoke a rupture, a revolution in the building trade world. 
 

 The first step consists in an evolution of the methodology to set the formwork in place. The 
combination of special materials and equipments like composite moulds and metallic parts. 
For straight, spiral or winder staircases, adapted and reusable formwork equipments will 
be used. 

 The same formworks will be designed so that they can be used for different size of stairs. 
This flexibility is essential to limit the equipments and the risks. 

 An optimization of the drawings so that the resulting stairs reach the highest steeping 
comfort. Contrary to the usual drawings rules, the steps are designed to enlarge the used 
surface and limit the rotating steps. These rules are integrated in efficient drawing software 
adapted to the equipments of the staircase builder and usable on tablets to insure the 
mobility of our employees.  

 The use of well-organized vehicles. Mostly closed trucks, these workshops on wheels will be 
compartmented so that all the material has its own and accessible place 

 A very short intervention of 2 to 3 hours 

 An implementation of a staircase builder network composed by sub-branches managed by a 
parent company. Each sub-branch set up on the same model, using the same equipment and 
sharing out between them local territories within a radius of 100 km. 

2.2 Exploded view of formworks  

First, we will present an overview of the different formworks corresponding to the usual stair 
designs. Then, a more accurate description will be made on the main equipments implemented to 
set up these formworks. 

2.2.1 Straight stairs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 2.2-1: View of a formwork for straight 

staircase 

Floor mould 

Fastairs 

Riser parts 
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The floor mould is made of assembled plywood boards; the Fastairs are the topic of the following 
chapters of this paper and riser parts are sliding folded profiles adapted to the Fastair sustainers. 
The picture does not show the iron framework that is settled onto the floor mould and the braces 
that sustain it. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.2.2 Winder stairs 
 
Winder stairs can be of different types, L-shaped, U-shaped… For our business, the principle is quite 
the same. The formwork is composed by composite bottom moulds that have a complex shape 
designed for a constant thickness of the final staircase.  Other types of composite moulds called 
compensators are fixed to the walls or the spine walls. These moulds have also a complex shape 

because they have to follow the stringers on each side and they 
receive the bottom moulds. They are shaped in L so that they are quite 
easy fixed to their respective walls. Finally, riser parts sustainers are 
nailed on the walls on the layouts earlier measured. 
 
Another part called formwork core is used to fix the inner part of the 
riser parts. In fact, it is similar to Fastairs in the sense that it positions 
the riser parts sustainers of the rotating steps (Fastair is used for 
straight steps).  
 
The formwork core for L-shaped and U-shaped staircases is a bit 
different because there is an anticipation of the rotation for U-shaped 
stairs that is not necessary on L-shaped and that would alter the 
comfort of L-shaped staircases. 
 

Thus, combined with Fastair, every winder staircase can be realized. 
 
 
 
 

Figure 2.2-3: Example of a iron 
framework 

Figure 2.2-2:  Example of a set of 
braces 

Figure 2.2-4: Picture of a 
winder staircase formwork 



18 
 

 

 
Figure 2.2-5: Illustration of an assembled formwork  

for winder staircase 

2.2.3 Spiral stairs 
 
The case of spiral staircase is beyond what we can think easier than the winder stairs. In fact, the 
regularity of the disposition of the steps implies a repetition of the tasks and a uniform formwork.  

 
For this kind of stairs, we also use a metallic core and its 
particularity is that this core positions all the inner riser 
part sustainers. The core is cylindrical and the positioning 
system has a spiral shape.  
 
This kind of staircase is usually placed in an empty space 
and this represents a difficulty for the installation of spine 
walls. The solution is the use of bended plywood boards. 
Soaked the day before, these boards can be round off and 
fit the circular shape looked for. 
 
Bottom moulds and compensators have to be designed 
especially for that kind of stairs and several are necessary 
for each size category. The braces used are the same than 
those used for other type of staircases (see below for 
description) and the iron framework is bended on site so 
that it is perfectly adapted to each formwork. 

 
 
 

Formwork core 

Compensators 

Bottom mould 

Plywood  
(Floor mould) 

Fastair 

Figure 2.2-6: Picture of a spiral 
staircase formwork 
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2.2.4 Secondary equipment 
 
Riser parts: 
 
This is the part that will hold the concrete in position. Made from bent galvanized iron sheets, they 
are used by couple so that they can adapt to a range of width. This patented solution allows an easy 
implementation and represent an ecological solution knowing that we can reuse them dozens of 
times. 
The upper and bottom parts are specially designed to adapt to the tread part sustainers. The range 
of stair width accessible starts from 50 to 200 cm. Then, we possess three types of height 
corresponding to the range of step rise in the common stairs. Therefore, using riser parts of 
respectively 155, 160, 175 mm permit to cover step rise from 15 to 18 cm.  

 

 

 
 

Bottom mould 

Braces 

Formwork core 

Bended plywood 
board 

Figure 2.2-7: Picture illustrating a formwork for 
spiral staircase 

Figure 2.2-8: Illustration of riser parts assembled 
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The assemblies have to be hold along 20 cm minimum to insure certain 
robustness. Once positioned, masons can walk onto them to fill easily 
the formwork with concrete. 
A new service is now offered to customers in search of better finishes: 
stair nosing. In fact, we offer our clients the choice to have a rounded 
stair nosing. To do this, we use the same type of galvanized iron sheet 
bent several times to approach a quarter circle with a 20 mm radius. 
These profiles are riveted to the others in position so it is no longer 
adaptable. 
 

 
 
 

 
These parts could have been realized using extrusion 
proceeding so that we could have design a shape insuring a 
better rigidity, larger support surfaces and the inclusion of 
stair nosing technology. In addition, it is a good investment 
knowing that once the die is machined, the price is fixed to 
the raw material rating. However, it removes the 
adaptability of the initial solution. So it would be convenient 
of a stock of a large range of length can be stored. 

 
 
 
 

Braces: 
 

Choquet’s set of braces is also a patented innovation that can be used for many applications.  
 

Basic braces are not adapted for inclined supports. It 
usually slides; ‘”you need to screw them and they 
represent a real danger knowing that people move 
onto the plywood boards supported. 
To offer a solution to this problem, the company has 
realized braces with three articulated arms which 
have a triple effect. First, the contact surface is a 
plane, so the forces are well distributed. Then, the 
braces are flexible and can be adapted to a range or 
different slopes from the 2 articulation points and 
finally it is easily implemented, i.e. you do not have to 
screw any part to set it in position. 

 
 

Moulds – Compensators – Bottom Moulds: 
 

Compensators are the side parts of the formwork. Nailed in the walls, they follow the layout the 
drawer has tagged earlier. Their principal function is to support the bottom moulds and they also 
contribute to the rigidity of the structure. Whatever is the staircase, the stringers are different so 
the compensators had to be adaptable, and that is why we adopted a flexible material (the 
composite) and a flexible design. 

Figure 2.2-9: 
Illustration of the 
stair nosing service 

Figure 2.2-10: Illustration of a new 
concept of riser parts for stair 
formworking 

Concept 

Figure 2.2-11:  Illustration of a set of 
braces - Patent Choquet 
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Each riser part has been wisely studied so that 
the balance between an exceeding number of 
parts and their adaptability on many different 
staircase designs is optimized.  
Thus, buckling and twisting phenomena had to 
be tested on site with different designs and the 
one that fitted the best on several staircase 
formworks was adopted. 
 

In order to face this kind of archaic way to 
design those special parts, it had been decided 
to use the computer-aided design tool and a 
particular proceeding to conceive them. This 
will also been performed to make the moulds               
for bottom parts of the formwork. 
 

The idea is to approach the ‘perfect shape’. Thus, we started to design in 3D with a computer 
several sets of different staircases referenced in categories. A certain amount of assumptions has 
been made to handle the excessive number of parameters. 
 

Ex:  
 

 
 
 
 
 
 
Of course, these assumptions were not arbitrary but based on the long on-site experience of the 
company. The other reason is that at the end the conceived bottom moulds will be adaptable in 
width by sliding on the compensators and this for defined range of dimensions. 
 
The aim of this classification is to be able to create enough moulds for all the usual staircase 
projects but also to limit the number of equipments in order to avoid having one mould for each 
unique staircase (defined step rise, throat, thread depth, width…), what would increase the risks of 
mistakes, enlarge to storage areas and would be very complicated and expensive to realize. 
 
Once this classification is done, we have conceived a model in CATIA V5R18, famous computer-
aided design software, including a set of variable parameters so that in a click we can manipulate 
the 3D staircase changing its parameters. These parameters are directly linked to their respective 
quotation or measurement in the drafts of the model.  
 
 
 

Figure 2.2-12:  Illustration of riser parts 
implementation 

We have only considered two classes of 
staircase widths:  

 90 cm for private housings and  
 140 cm for public-access buildings.  

 

Ex: 
 
For U-shaped staircases, the 
following parameters have 
been taken in account: 

 
  
 

 Step rise 
 Step width 
 Tread depth 
 Throat 
 Core dimensions (a, b, c, d) 

a 

b 
c 
d 

Figure 2.2-13: Illustration of an attribution of parameters for a simple design 
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L- shaped 
staircase

U shaped 
staircase

Right 
Oriented

Left 
Oriented

...

90 cm width 140 cm width

...

10  cm 
throat 

18  cm 
throat 

...

14  cm 
throat 

...

15x30 15x31 16x28 16x29 16x30 17x26 17x27 17x28 17x29 17x30

HxG

 
 

Figure 2.2-14: Classification and regrouping of the set of usual stairs  
corresponding to adapted moulds and compensators 

This model designed, we could save in classified directories each file corresponding to a staircase 
with a unique geometry definition. That represents a tedious work but it had been the key for 
interesting studies or similarities between each others.  
 
Thus we could in assembling part, compare those complex geometries, evaluate which one could fit 
with another one and make some groups in which all the staircases respected the tolerance. This 
tolerance is an assumption made by experience which refers to the bending deflection allowed on 
the composite part of that size. In fact we have evaluated the bending deflection that can be allowed 
not to enter in a plastic deformation of the mould and insuring an easy implementation by the 
staircase builder. For bottom moulds, we have specified 5 mm maximum deflection. 
 
Then, we have used the ‘distance analysis’ tool of CATIA to evaluate the maximum variation 
distance between two bottom surfaces of the models and as soon as two models were close enough 
(Max variation ≤ 5mm), they were put in the same group. 
 
For a first step, the aim was to establish a number of mould to conceive for 10cm throat, which 
represents the most usual staircase thickness. It appears that this objective represents on its own 
24 different mould; and this multiplied by the several simultaneous staircase that we aim to offer in 
capacity.  
 
Here is now a description of the process. How it was done before and what was aimed to be realized 
to be able to conceive such structures. 
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The Variable-Geometry Mould has been designed on an existing 
staircase and it pretended to be able to adapt to any type of winder 
staircase formwork as a bottom mould. However, it has never really 
been used for this purpose because it was not easily handled and in 
fact it was not really filling its function of shaping the perfect 
staircase because of a serious lack of accuracy. 
 
Its use has been found in another way. Composed of a composite 
complex surface and a solid piece of profile on which four guides had 
been welded. These guides were used to incline more or less the 
surface so that it initially was to fit the layout on the walls. Later, this 
equipment has been used as a support to make the composite 
moulds. Using the guide’s adjustments, several models of bottom 
moulds could be created and tested directly on site. This process was 

interesting because it was easy to implement so it was quite fast to multiply the equipments once 
needed and it could be managed by the company means without asking any subcontractor services. 
However the very bad point remain the accuracy, in fact many moulds were made and declared 
unusable, other were fitted to very special application and only few of them could be adapted to 
different staircase design. As they were neither classified nor marked, it was an effort to find out the 
one that would fit the current project and in order to limit the risks; several were taken on site to 
face non-adaptability. 
 
This had to be re-structured and a new process had to be implemented so that the job of the 
staircase builder is eased. The idea was based on the ‘perfect geometry’ aim. Classification, re-
grouping and modeling of each mould; these tasks lead us to very precise and right models of them 

on a hand and moreover permit us to exploit their geometry 
extracting all the coordinates of the points composing these 
complex surfaces.  
 
That interesting point is the key of the process. In fact, based 
on the idea of contour line principle, it is possible to realize 
plywood model made of plywood board machined along 
profiles different for each plane.  
 
Considering that plywood is a quite cheap material and that 
the machining is basic on CNC machines, this process would 
not be that expensive. Filled with plaster, these contour line 
models would offer a very accurate estimation of the 
‘perfect surface’ and the composite moulds conception 
would not be more difficult than what it represented 
previously. 
 
 

Optional tools: 
 
One of the first priorities of the company is to insure the security and the comfort in action of the 
staircase builders. That is why some choices have been made concerning the set of tools carried on 
site. As in most of masonry jobs, staircase building is not accessible to anybody. It is a hard job; you 
have to be able to handle heavy stuff, to bear repetitive tasks that can be tedious. Equipment exists 

Figure 2.2-15:  Illustration of the 
Variable-Geometry Mould – 

Patent Choquet  

 

Figure 2.2-16:  Illustration of the contour 
line principle 
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to ease those peoples’ job and here is a brief presentation of the perfect tool box of the staircase 
builder. 
 
The Gas Nailing Machine 

Nailing supports in wood, in concrete; assembling plywood part together, 
fixing moulds… all these daily tasks asked from the staircase builder are 
tiring, and subject to provoke health complications in the future for people 
using hammers and nails. The gas nailing machine is then a good investment. 
Autonomous and productive, this equipment does not need maintenance 
and battery, it really bring a working comfort to its user and appears to be 
necessary for our applications. 

The Shock Screwdriver 
This equipment is also neessary for the staircase builder. In fact he is to use 
it for so many tasks that it has to be a professionnal equipment so that it 
contains a performant battery, and functions like the light and the shock 
skill. Light and compact, it should not appear as a constrain and permit a 
easy use in extreme conditions. 
 

The Electrical Rotative Plier 
This tool has been developped by the company Styl Snaf. Its principle is to 
ease the iron frameworking offering an automatic and fast operation. Thus, 
instead of spending an hour to fix the iron framework the back bended, this 
task can be done in 15 minutes without spending energy and furnishing to 
much effort. 
 
 
 

 

2.3 A drawing expertise 
 
The set up of any project requires a drawing precise enough to be efficient at the beginning of the 
site work. Choquet Company has studied and experienced a lot the different ways to draw 
staircases concealing regulations, space savings and the best stepping comfort ever. Here is a brief 
presentation of the usual drawing methods used nowadays and our criticisms regarding those 
criterions. Then a description of Choquet’s method will show how this balance has been found. 

2.3.1 Discomfort encountered 
 
Two types of discomfort have been detected.  
 
The ‘Architect’ Problem: 

 
This drawing method is the one used by 
architect, non-experienced people and basic 
architect software. It consists in linking all the 
winder steps on one single point. It is used 
because it is very easy to draw and recognize 
a stair on this type of illustration. So the only 
use is informative. 
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However, some masons take them as plans and build their staircases on this model. That results in 
dangerous and uncomfortable structures. 

 
In fact, the ‘architect’ designed staircase can 
seem interesting because it can be design in a 
minimal space. Regarding the housing prices 
by m² in some places, it can be financially 
interesting to save half a square meter 
compressing the staircase that is more 
considered as a service than an aesthetic part 
of the house. 
 
However, as we can observe in Figure 2.3-2, 
this basic design lead to very small step so 
that people cannot put their entire feet but on 
the outside part and this results in a steep 
and dangerous staircase.  

 
 

The ‘Early Swinging’ Problem or the Problem of ‘Marseille-like’ Staircases: 
 
This is the opposite problem, the steps are designed to 
start swinging very soon and you can sometimes meet 
ten oriented steps before accessing to the next flight. 
This particularity has the benefit to offer a 
progressive rotation, and a large surface for the feet. 
However after a long-time survey with many 
costumers; we have been lead to the conclusion that it 
is very uncomfortable.  
 

 
 
 
 
 
In fact, we are used to keep on walking straight in the stairs and the 
early oriented step can disturb and represent a source of fall 
because we do not expect oblique steps. Later we will demonstrate 
that for U-shaped stairs, eight swinging steps are sufficient. 

 
2.3.2 Simple drawing method 
 
This method uses a linear progressive scale. We enlarge the outer dimension of each step and 
reduce in the same time the inner dimension in a progressive way. 
 
The principle is quite easy; you draw a vertical line divided in the number of step you want to 
swing. At the bottom of this line, you draw a line which length corresponds to the tread depth and 
at the top a line measuring the gap between the stair and the spine wall (Ø cm in our following 
case). Then you can measure all the inner dimensions of each step using a proportional rule.  
 

Figure 2.3-1:  Illustration of an ‘architect-designed’ staircase 

 

Figure 2.3-3: Illustration of a ‘Marseille-like’ 
staircase’ 
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The outer dimension is automatically given by the layout because the cross sections with the spine 
line are conserved. 

 
This method is easy to apply but gives 
debatable results depending on the number 
of steps you decided to swing. 
 
In fact, if you choose a too small number of 
swinging steps, the first inner dimensions 
will be that small that we will approach an 
‘architect design’. In the other case, if you 
choose a too high amount of swinging steps, 
the inner dimensions will too progressively 
approach the tread depth dimensions on a 
too long distance of the stairwell and we will 
then enclose the ‘Marseille-like’ case.  A 
balanced value of chosen steps is hard to 
find out; you always fall in a case or the 
other. 
 

 
2.3.3 Harrow Method 

This is the most used method for staircase design. First, you need to choose a number of swinging 
steps from which you calculate the length of the relative collet line and the stride line. 

 
These dimensions transferred 
on a right triangle, you just 
need to draw a circle to draw 
a line measuring AB on the 
hypotenuse. This gives you 
the new measurements of the 
collet intervals. Then, as in 
the previous method, you 
keep the cross points with the 
stride line and obtain the new 
layout. 
 
If you choose a too low 
number of swinging steps,  
you will get a b’ close to 0 and 
the draft will be very close to 
yellow line i.e. the ‘architect 

design’. On the other hand, if you choose a too high number of swinging steps, the staircase might 
be too anticipated and imply a comfort problem. Finally, the observations are quite similar to the 
Simple Model and according to our criteria it is not the right method to adopt.  

 
2.3.4 Divided Circle Method 

 

Figure 2.3-4:  Illustration of the Simple Method 

Figure 2.3-5: Illustration of the Harrow Method 
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This method allies practicality and easiness in use. 
First you need to opt for a number of swinging steps. 
Then, you can extend the first riser length (1). Once 
this is done, you need to draw a line parallel to the 
stride line and link it to the axis of the stair rotation 
and to the first line already drawn (2). The next step 
remains in drawing a circle arc (3) which center in 
the intersection of line (1) and (2) and the radius the 
length of line (2). Then, you need to divide this arc in 
the number of step to swing (by excess) and draw 
horizontal lines from these points (4). The 
intersection points (5) between (4) and (2) linked to 
the cross points of the initial layouts and the stride 
line gives the new layout (6) of the steps. 

 
Tried with a small and a high number of swinging 
step, the observations are the same, there is no 
sufficient balance between the ‘Architect’ and the 
‘Marseille-like’ designs. Too abrupt when this 
number is too low or too anticipated when you 
choose a higher one, our troubling issue is still not 
solved with this method. 

 
 

2.3.5 Alignment Method 

The first step of this method consists in drawing a 
circle at the rotating point of the staircase with a 
radius equal to its width (1). Thus, all the steps 
which cross point with the stride line are in the circle 
are considered to be swinging. Then you extend the 
last line of the swinging flight which in fact does not 
swing (2). From that point, you can extend the line 
relative to the last step before rotating and report (3) 
as many tread depth as there are swinging step from 
the intersection point with (2). The last step consists 
in linking the initial cross points with the stride line 
of the staircase with these newly drawn points (4), 
and this gives you the new stair profile. 
 
This method is interesting and easy to exploit but it 
does not offer any handle on any parameter. Thus we 
can only get one solution for each staircase and this 
solution still remains too close to the ‘Marseille-like’ 
result. 
 
 
 

Figure 2.3-6: Illustration of the Divided Circle 
Method 

Figure 2.3-7: Illustration of the Alignment Method 
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2.3.6 Elliptic Method – Choquet’s Method 

This method is quite close to the alignment method 
and provides a solution to our problem. Below is the 
principle described. 
 
You can choose the first step from which the 
staircase starts swinging and extend its 
correspondent line to the inner part of the stairs (1). 
As a second step, you draw a parallel horizontal line 
from the rotation axis of the staircase (2-3). These 
two lines are then used to draw the ellipse used to 
design the steps layout. (1) represents the bottom 
tangential line of the ellipse and (2-3) the major axis 
(or transverse diameter). The length of (2-3) has its 
importance; we will assume in a first sight that it is 
adjustable. The method then consists in drawing 
lines linking the cross points of the initial steps with 
the stride line (5) and the ellipse tangentially (6). 
These lines delimited by the collet line (8) and the 
spine walls or walls (7) represent the new layout of 
the staircase. 
 
 

This base lead us to find out a similar method that could help reducing the swinging steps amount 
to eight for U-shaped stairs and four for L-shaped stairs. In order to reach that objective, we have 
first made some drafts in order to extract the parameters that need to be adjusted.  

 
At the beginning, the method was kind of 
instinctive. The number of rotative steps was fixed 
and the only adjustable parameters were b, c and d 
the collet dimensions of each swinging step. This 
could not be called a rule, as it was 
more or less chosen by instinct and 
did not follow any kind of formula 
or justifications. However, this 
technique was quite satisfying 
regarding our specifications and 
future concepts aspirations. 
 

We then decided to find a rule that could standardise the technique so that it could be used and 
understood by anyone. After a study of all the previously introduced techniques, the Elliptic Method 
appeared as the closest to ours. From that point, we tried to adapt it to our future formwork 
concepts and define the pending parameters to obtain the best optimized layout in terms of 
comfort. 
 
The first step was the assumption of the core width. By experience, the average gap between two 
flights for U-Shaped stairs is 10 mm. In the same idea, there is almost everytime an empty space let 
between the stairs and the spine wall (or collet side) for either L-shaped staircases leading on 
landings or not. Therefore, we will use this information assuming that the riser part of the step line 

Figure 2.3-8: Illustration of the Elliptic Method 

Figure 2.3-9: Photo of the previous 'Instinctive' Method 
Choquet 

a 

b 
c 
d 
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that makes 90° with the first step from which starts the rotation (1) is 
a reference and is situated in a symmetric position on the 2D top view 
of the drawing. This assumption will ease a lot the design proceeding 
and the development of the future equipments. In a second step, we 
decided to fix the risers (2) and (7) positions in the corner of the core. 
 
 
 
² 
 
 
 
 

 
 
 

 

 
 
 
The next step of our perfection research has consisted in testing the method for different kinds of 
staircases. We have tried to evaluate the impact of the elliptic shape for a range of staircases with 
different width and different tread depth. 
 
Generally, the tread depth is increasing with the width of the stair case: 

 For public-access buildings the width has to reach 140 cm minimum and its tread is usually 
fixed to 28 cm. However according to the regulation it can be reduced to 25 cm. 

 For housing buildings, the width reach usually 90-100 cm and the tread depth has to be 
chosen from 22 to 26 cm. 

 Finally for basement and lofts, the two dimensions can be reduced but we will not consider 
those cases since they are rare projects. 

10mm 
5mm 

The ellipse parameters will therefore 
position the   risers (3)-(4) and (8)-(9). As 
it is constrained at its bottom and 
horizontally, the only free variation 
allowed is its flatness. 
On the next illustration, we can see the 
impact of this shaping parameter and 
observe the enabled adjusting range. 
 Figure 2.3-10: Illustration of the risers’ positioning 

Figure 2.3-11: Illustration of the impact of the ellipse's shape on the steps layout 



30 
 

Through this study, we will try to find out the previously introduced dimensions b, c, and d which 
would fit most usual staircase design regarding three ellipse shapes (Ma=Major axis – ma=minor 
axis):  

 

 1st shape: Ma=5ma 
 2nd shape: Ma=ma (the ellipse is a circle) 

 3rd shape: Ma= 
 

 
 ma 

 
 

1st study – Ma=5ma 

 
 

 
24 25 26 27 28 

90 
d 2.6 3.3 4.0   
c 4.7 6.0 7.5   
b 13.0 15.0 16.8   

100 
d 1.4 1.9 2.5 3.2  
c 2.3 3.3 4.5 5.9 
b 8.8 11.2 13.4 15.4 

120 
d 1.4 1.9 2.5 3.2 3.9 
c 2.3 3.3 4.5 5.9 7.2 
b 8.8 11.2 13.4 15.4 17.3 

140 
d  0.1 0.5 0.9 1.4 
c 0.1 0.7 1.4 2.2 
b 0.6 3.6 6.4 9.1 

Table 6: Evolution of design parameters b, c and d in a fisrt analysis case 

 

2nd study – Ma=ma 

 
 

 
24 25 26 27 28 

90 
d 8.7 10.6 12.6   
c 5.1 6.0 6.9   
b 6.4 7.6 8.8   

100 
d 5.2 7.0 8.8 10.7  
c 3.2 4.2 5.2 6.1 
b 4.1 5.3 6.5 7.7 

120 
d 5.2 7.0 8.8 10.7 12.6 
c 3.2 4.2 5.2 6.1 7.8 
b 4.1 5.3 6.5 7.7 9.0 

140 
d  0.3 1.9 3.6 5.3 
c 0.2 1.2 2.3 3.3 
b 0.3 1.6 2.9 4.2 
Table 7: Evolution of design parameters b, c and d in a second analysis case 

Tread             

Width Depth 

Width Depth 
Tread             
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3rd study – Ma= 
 

 
 ma 

 

 
24 25 26 27 28 

90 
d 16.2 19.3 22.5   
c 2.2 2.6 3.0   
b 1.9 2.3 2.8   

100 
d 10.0 13.2 16.3 19.5  
c 1.4 1.8 2.2 2.6 
b 1.1 1.5 1.9 2.3 

120 
d 10.0 13.2 16.3 19.5 22.7 
c 1.4 1.8 2.2 2.6 3.1 
b 1.1 1.5 1.9 2.3 2.7 

140 
d  0.6 3.8 7.0 10.2 
c 0.1 0.5 1.0 1.4 
b 0.1 0.4 0.8 1.1 

Table 8: Evolution of design parameters b, c and d in a fisrt analysis case 

Here are some observations: 
 For all the ellipses, the higher the tread depth is, the higher our dimensions d, c and b are 

and in an opposite way, the higher the width is, the lower they are. 
 Depending on the ellipses, we can observe that the repartition of the space is done 

differently. In the first study, the space allowed to each step is growing with the stride 
progression. In the second study, the spaces are quite balanced and in the third case, it is the 
opposite, the higher the step is, the wider it is near the shaft side. 

 Finally we can observe that for most common staircases’ design (‘Tread Depth/Width’ – 
24/90 – 26/120 – 28/140) the spaces are similar for all ellipses. 
 

The aim of our work then consisted in making a choice between those different shapes. Our main 
interest is to avoid narrow steps and offer simple methods to be able to standardize our operation 
at all level.  
 
We can consider a narrow step as soon as any of its transversal dimensions go lower than 3 mm. 
According to our previous tables that show the inner dimension of all the rotating steps, it is clear 
that the best ellipse design remains the one in the second study. As far as it corresponds to the 
circle case, it is moreover interesting to choose this design. 
 
This method will be tackled again in a following part dedicated to the design of the formwork core. 

2.4 Workshop truck 
 

The truck represents one of the main strengths of the company. Working on site, it is important to 
be mobile, to operate as fast as possible and to be as organized as possible. The company has made 
the choice of a medium truck (Renault Master) which offer the benefit to be large enough to carry 
all the equipments needed for several (6 max) simultaneous formworks installation and small 
enough so that it guarantees a easy access to the sites, easy to park and quick operating. Another 
car is used to ensure the customer relationship and the marking on site so that the truck is use 
twice in the procedure, for the implementation of the formwork and to dismantle it after casting. 

Width Depth 
Tread             
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In order to be efficient, the truck has been compartmented. Thus, there is a space dedicated to each 
part of the formwork (riser parts, moulds, compensators, plywood part of many different sizes) and 
to all the equipment and tools. 

 

 
Figure 2.4-1: Empty interior of the truck 

 
Figure 2.4-2: Interior of the truck after loading 

The back of the truck is loaded by the longest and largest parts, grouped by type and sizes; the 
interior of the truck by smaller part, the cumbersome moulds and all the tools ordered in special 
compartments optimized to spoil the minimum space.  
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Figure 2.4-3: Empty back of the truck 

 
Figure 2.4-4: Loaded back of the truck 

 

2.5 Future aimed organization of Choquet Co. 

2.5.1 National Scale 
 
Choquet’s implantation 
 
The growth of the company is leading us to think about our expansion. The head office would be 
placed in Marseille, in the company’s birth place and several antennas would be implemented in 
key places of our national territory in a first step. That way, as Choquet is operating in local areas in 
a 100km radius approximately, we would be able to cover the main cities of France and their far 
suburbs. 
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Figure 2.5-1: Map of the expected national implantation 

In the future the company would eventually expand abroad. But the focus is firstly dedicated to a 
national scale. Our turnkey concept could be a quick implementation, trainings would be 
administered on-site in the original region PACA and offices would then be set up all over the 
country. 
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Choquet’s hierarchy 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Figure 2.5-2: Illustration of the aimed organization of the company 
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3 Fastair© Specifications 
 
Fastair is the name given to the project presented in this section. We will firstly stress from an 
overview scale the functions of this object, which needs for which it brings a solution and how 
interesting it is to invest in such a product than keep using archaic methods.  

3.1 Description of the idea 
 
This product concerns straight flights in staircases i.e. straight stairs and straight parts in winder 
stairs. It is designed to offer a solution to the monotone and tedious task of riser parts’ supports 
implementation. In fact, this task implies firstly a very accurate layout marking on the walls (which 
need equipment like lasers, rules etc.) and the hard work of nailing supports on each marks 
independently. 
 
The risk of mistakes is high because if there is a mistake on one step, it will be passed to the next 
one and cumulated to the following ones. Moreover, it takes a pretty long time to do it perfectly. 
 

Fastair would be conceptualized to position simultaneously in distance and in angle a certain 
amount of steps in very few stages and therefore in a minimal time. 

 
Thus, it would integrate the riser part supports which would be respectively linked to a mechanism 
able to position those parts in the perfect way adapted to all common staircase design possibilities. 
 
In fact, this mechanism would need references. The great thing in straight stairs is that the 
parameters are constant, and the stride is linear. That is the reason why two references are 
sufficient to set up the formwork. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
At that point we could imagine that the Fastair would look like a long profile from which would 
outstrip the supports for riser parts.  
 
 
 
 
 

 
Ex:   

For an eight steps staircase, we use to need sixteen riser part 
supports. They all had to be nailed into concrete or other 
material walls in the perfect face of its correspondent support. 
 
With Fastair, only four references would be enough to set 
up the formwork and the sixteen riser part supports 
would be aligned in the perfect position. 
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OBJECTIVE 

Current archaic method  Aimed result with Fastair  
Figure 3.1-1 : Illustration of the technological evolution aimed using Fastair 

 
Definition of the number of steps covered by Fastair 
 
According to the company experience, we managed to define the best number of steps that the 
Fastair would cover. In fact that is a tricky balance to make between the amount of steps covered 
with the same tool, the complexity of the design and the handling issues. 
 

 Number of steps covered: 

 
This is the main asset of our product; in fact the more steps are covered, the faster the formwork 
would be set up. In fact, if the number of steps is too low, the serial implementation of the tools will 
represent a fastidious work as the archaic method do and the tools would be useless and 
considered as a burden. 
 
For a reference basis, we have studied archives and realized that most of the staircase flights in L-
shaped staircases were composed of 9 steps.  
 

 Complexity of the design 
 
The longest is the Fastair model, the hardest it will be to conceive it. In fact, the longer it is, the 
higher number of part it will be composed of. This issue has a lot of consequences, the assembling 
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process will be difficult, the high number of adjustments could cause problems and the mechanism 
will have to be perfectly lubricated and oiled to be operative in any environment. 
 

 Handling issues 
 
Fastair has to be able to be handled by one unique person to be competitive. So it needs to be light 
enough to be carried and manipulated. Moreover, it needs to be short enough to be stored in the 
truck easily. 
 
 
 
 
 
 
 
 
 
 
 
It has been considered at that point that 9 supports was the perfect number of steps. This decision 
has been made on the handling and the usefulness of the final product more than the complexity of 
the design.   
 
 
Mechanism issue 
 
9 steps; our Fastair profile will integrate 9 steps and of course will need to position them at their 
right place and at the right angle. 
 
This means that two settings need to be adjusted. In fact a staircase can have different parameters 
and different angles. Those two gauges are analogical and their combinations are infinite; Fastair 
have to be flexible to cover them all. Almost all, the concept is design to cover all common staircases 
following the regulations (see Table 7). 
 
 
Distance setting 

 
As we stressed previously, we are talking about straight stairs. Constant parameters – linear stride. 
All our supports will need to adopt the same angle and be spaced by the same dimension. What 
would better fit our requests than solid articulated parts linking two supports by their ends? In fact, 
the idea is simple; a same pattern would be used between each respective support. This pattern 
would allow one degree of freedom of a support compared to another along the profile.  
 
As solid parts, the accuracy will only depend on the assembling precision and their adjustment will 
be evaluated and tested on computer-aided design software. Rod assembling seems to be a good 
solution because it is easy to implement, there are not that much friction and it remains a cheap 
solution. 
 

 
Remark: 
 

A basic and common combination Step Rise/Tread Depth is 
17/28. The hypotenuse of that combination equals 32,7cm. 
With 9 steps (8 spaces), the approximate length of Fastair 
would be 295 cm. This corresponds to the depth of the truck 
category chosen for the workshop trucks. 
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The articulated rods limit the available movements to plan movements i.e. only two translations 
and one rotation remain possible. The aim of one single translation as degree of freedom will then 
be realized using guides with the mother parts. 
 

 
Figure 3.1-2: Example of an assembling filling the distance setting criterion 

 
Angular setting 

 
The riser part supports need to be inclined in a parallel way. The idea retained was to assimilate 
those supports to pendulums and use their geometry to endorse a single and very rigid part. This 
setting has to be adjusted according to the staircase angle and a rotation degree of freedom has to 
be conserved. 
 
If we imagine that this endorsement part is in contact with the entire pendulum, and that the 
pendulums are designed to lie onto this one in different positions depending on their spacing, our 
function would be filled. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Those ideas remain very theoretical but have represented the beginning of our conception process. 
Drafts and ambition in support lead us to make more and more accurate models and distinguish the 
points to validate before going further. 

3.2 Functional analysis 
 
This analysis is used to find out the needs and the service functions of a product. Let’s begin with 
the apt method which permits an identification of the functions or our Fastair. Here will be 
collected the components of the external environment that have an interaction with the product. 
Then will be listed the nature of those iterations. 
 
 
 

Figure 3.1-3: Illustration of the angular setting adjustment idea 
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Staircase 
Builder

FASTAIR

Staircase 
Formwork

Spine Walls

Workshop 
Truck

Climate

Concrete

PF

Riser parts

Principal Function: 
Constraint Function 1:
Constraint Function 2:
Constraint Function 3:
Constraint Function 4:
Constraint Function 5:
Constraint Function 6:
Constraint Function 7:

To ease the implementation of the staircase formwork by the staircase builder
To be adapted to any kind of formwork and to permit a combination with an other Fastair
To be able to support the passage of the workers
To be adapted to riser part and to permit an accurate positioning of those ones
To be able to be set up in walls of any material and in an easy way
To be hermetic enough to avoid fouling
To be adapted to the truck for transportation
To resist to the climate and especially oxidation 

CF1 CF2

CF3

CF7

CF6

CF5

CF4

 
Figure 3.2-1: Apt Method diagram of Fastair 

 
 
 
 
 
 

3.3 Project validation 
 
The project has begun at square one. That means, we had nothing: no material, no example, no 
models, and nothing like that exists on the Building Trade market. The only thing we had were 
ideas. The elaboration of such a project has to integrate a specific process we could call Innovation 
Process. 
 
In fact, we could consider this project as a scale and each step needed to be validated before 
considering the following. 
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3.3.1 Prototype elaboration 

3.3.1.1 Computer-Aided Design Prototype 
 
This first step has been necessary in our process because it permitted us to reassure ourselves on 
the principal function. Can such a mechanism be viable? Is it geometrically makeable? Can we 
simulate the aimed running function? 
 
This simulation has been quickly done because no emphasis has been put on things like material 
definition, parts robustness, adjustments, solutions for parts’ connection…  
 
Thus we managed to model coarse parts, coarsely assembled but we realized that this task helped 
us a lot to identify the main issues onto which we will need to have a persistent focus.  
 
A too high number of parts could imply frictions at so high level that the product would be unusable. 
This would also imply assembling difficulties and an unreasonable cost by product. The forces applied 
to the profile will be distributed in small pins that will need a particular study. An accurate geometry 
study will have to be made to reduce the size of the mother part i.e. the outer profile so that it is 
optimized to take the minimum space and be light enough to allow easy handlings.  
  
 
 
 

          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
     

Riser part supports 
(Later called Pendulums) 

Articulated Rods 

Endorsement part 
(Later called Angular Rule) 

Figure 3.3-1: Sectional view of a first prototype 

adjustment idea 



42 
 

 
 
 
 
It was a real relief to see the prototype animated on screen, it gave us the confidence that we should 
manage to make real prototypes and complete this convincing function by improvement. It is to 
note that in an innovation process, it is very rewarding when you have first results that confirm the 
idea you imagined before. 
 
However, this starting point represents only the very beginning of the project and there are a lot of 
other stages to pass before being convinced that one day, the product could be industrialized. 
 
The use of computer-aided design software can be very tricky in a sense. On the screen, the parts 
have perfect geometries, they are infinitely rigid and no friction exists as far as you do not use the 
simulation functions. It is quite convincing when you do a demonstration to someone who have 
never used such softwares and we realized later that the gap between virtual world and reality is so 
huge that we should not be that satisfied at that point. 
 
The second stage of the process led us to face this reality and validate the good running of the 
mechanism only. In fact the only thing considered was the fair displacements of the parts against 
each other. 

3.3.1.2 Second prototyping – Critical validation 
 
Our objective for this first real prototype was to confirm with a small amount of pendulums the 
good working of the sliding rods. As the validation step was not passed yet, the company could not 
invest that much in this first model. Thus we used cheap profiles and plywood parts screwed 
together to achieve our testing sessions. The rods were made of flat profiles sawn at the right 
dimension and drill at three points and riveted together. 

Figure 3.3-2: Illustration of the first validation step 
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Figure 3.3-3:  Illustration of the first pattern of rods’ assembling 

This design of rods was partly arbitrary, it was not that cumbersome and its main asset was that no 
additional part was needed to respect a constant interval between pendulums. The main profile 
was replaced by wood part on which rails were screwed to simulate the guide that should constrain 
the mid hole of the rods and the pendulums axis. 
 
This prototype was a significant fail for the following reason. 
 
The Fastair needs to be easily manipulated by a single person at one of its end. This action should 
provoke the motion of all the other parts in a parallel manner. The proto has been conceptualized 
three serial patterns i.e. four pendulums. This is quite low compared to its final state including eight 
patterns. However, the observation of this proto instantly informed us that it was not the right 
solution. In fact, the mechanism was over-constraint and the human action could not be sufficient to 
get the right motion of each part. 
 
 
 
 
 
 
 
 
 
 
A second observation was that the radial clearances or our implementation were such that not any 
rod was parallel to another whereas they all should be to reach the accuracy needed. 
 
 
We used these observations to totally change our mechanism. This is the perfect example that the 
virtual model that the computer gave us blinded us at such a point that we could have made a 
mistake investing more in that first prototype. 
 
Our next try was quite similar in size because we have designed a proto made of three patterns. 
However, it has been decided to make something more robust and serious. This one was all made of 
metallic parts. The profile was a folded metal sheet and the rods were machined by laser cutting.  
 
The main improvement consists in a total change of the rods arrangement. It had been observed 
that all the parts were so independent that the force chain was very long, so long that the 
mechanism was blocked in its assembling position. The idea was then to use a intermediate part 
which would be in contact with all the rods and would be useful either for an additional guide 
either for a force balancer. 

 
Remark: 
 

In fact, it sounds clear that an action on one small part could 
hardly be transmitted to dozens of its peers serially mounted. 
In our case, there would have been 24 intermediate parts to 
move one part situated at one end operating the one at the 
other end. 



44 
 

 

 
Figure 3.3-4: Illustration of the second pattern design 

We also tried to reduce the number of parts and their connection.  
 
The solution that had been chosen was to articulate the rod in two points instead of three in the 
previous design. This new conception brings a drastic improvement because on one hand we 
reduce the friction by 30%, and thus lighten the mechanism; and on the other hand we can reduce 
in half their length and thus their cumbersome in the profile.  
 
The bad point is that as stated earlier, we do need a part that would guide the rods so that they keep 
parallel to each others. In order to insure the reversibility of the system, we decided to adapt a rail 
profile that would guide the head of our rods.  
 
Finally, to impose a constant interval between all the rods and therefore between all the 
pendulums, this new part (from now called the ‘Spacing Rule’) needs to be perfectly parallel to the 
outer profile. In order to keep two long parts freely parallel, there are several solutions. Ours 
consists in machining oblong holes into the spacing rule and insert fixed guides in the outer profile 
running into those oblong holes. 
 
This prototype was a real success. The parts were sliding along each other without any effort and 
the accuracy was concluding either.  
 
Before validating the project and start working on more specific parts and functions, we took the 
time to make the exact same prototype at a higher scale. That way, we assembled the system on a 
2m folded sheet and the bluffing easiness we had to put in movement the mechanism gave us the 
certitude that we had in our hands something that could become a very interesting and valuable 
product in building trade world. 
 

3.3.2 Validation of the concept 
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From this point, we considered the project viable enough to start investing more in studies and 
prototypes first and in a second step in a pilot product. The pilot product is composed the most by 
final parts, those ones which will be used for the final commercialized product.   
 
We can now focus on the secondary functions and other issues more specific, taking each part 
independently defining the material in which it will be designed, the process used to industrialize it 
and its connection with other parts. We need to put the emphasis on the interaction of the product 
with its environment adapting it to the ‘on-site’ world which is not reputed delicate. The Fastair will 
be severely treated by constraints simulating what it could be victim of along its life. 
 
The validation point also represents the limit from which we no longer consider possible a drop of 
the project i.e. Fastair will be lead to its term. 

3.4 Objectives definition 
 
In this section we will define the functions of our product does need to answer and the limits it 
should not overcome. These frontiers will then be precisely defined numerically so that it gives us a 
basis for our calculations, 

3.4.1 Modularity 
 
Fastair need to be used on any kind of straight staircase. Whatever is the width, the number of step 
of the dimensions, it needs to be adaptable. Here is a table of the combinations H/G (Step 
Rise/Tread Depth) it would be adapted for: 
 

H 
G 

14 15 16 17 18 19 20 21 22 

20 48 (35°) 50 (36.9°) 52 (38.7°) 54 (40.4°) 52 (42°) 58 (43.5°) 60 (45°) 62 (46.4°) 64 (47.7°) 

21 49 (33.7°) 51 (35.5°) 53 (37.3°) 55 (39°) 53 (40.6°) 59 (42.1°) 61 (43.6°) 63 (45°) 65 (46.3°) 

22 50 (32.5°) 52 (34.3°) 54 (36°) 56 (37.7°) 54 (39.3°) 60 (40.8°) 62 (42.3°) 64 (43.7°) 66 (45°) 

23 51 (31.3°) 53 (33.1°) 55 (34.8°) 57 (36.5°) 55 (38°) 61 (39.6°) 63 (41°) 65 (42.4°) 67 (43.7°) 

24 52 (30.3°) 54 (32°) 56 (33.7°) 58 (35.5°) 60 (36.9°) 62 (38.4°) 64 (39.8°) 66 (41.2°) 68 (42.5°) 

25 53 (29.2°) 55 (31°) 57 (32.6°) 59 (34.2°) 61 (35.8°) 63 (37.2°) 65 (38.7°) 67 (40°) 69 (41.3°) 

26 54 (28.3°) 56 (30°) 58 (31.6°) 60 (33.2°) 62 (34.7°) 64 (36.2°) 66 (37.6°) 68 (38.9°) 70 (40.2°) 

27 55 (27.4°) 57 (29.1°) 59 (30.7°) 61 (32.2°) 63 (33.7°) 65 (35.1°) 67 (36.5°) 69 (37.9°) 71 (39.2°) 

28 56 (26.6°) 58 (28.2°) 60 (29.7°) 62 (31.3°) 64 (32.7°) 66 (34.2°) 68 (35.5°) 70 (36.9°) 72 (38.2°) 

29 57 (25.8°) 59 (27.3°) 61 (28.9°) 63 (30.4°) 65 (31.8°) 67 (33.2°) 69 (34.6°) 71 (35.9°) 73 (37.2°) 

30 58 (25°) 60 (26.6°) 62 (28.1°) 64 (29.5°) 66 (31°) 68 (32.3°) 70 (33.7°) 72 (35°) 74 (36.3°) 

31 59 (24.3°) 61 (25.8°) 63 (27.3°) 65 (28.7°) 67 (30.1°) 69 (31.5°) 71 (32.8°) 73 (34.1°) 75 (35.4°) 

Table 9: Set of H/G couple ranges that would cover Fastair using (Green cells) 

3.4.2 Resistance - Security 
 
The global product should be able to sustain a mason carrying filled concrete fools in both hands. 
We would estimate that this weight would reach 150kg. The structure needs to resists the casting 
and never deform plastically. In addition a safety coefficient will be applied to this value. 
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In addition to that particularity, the mechanism should be able to resist to the concrete pressure on 
each step and do not deform at all under this pressure. Here is a basic calculation for the concrete 
pressure estimation: 
 
 

 
 
 

3.4.3 Cumbersome 
 
The Fastair firstly has to be stored in a truck which trunk is 3 m long. On another hand, everything 
should be done to get a light product. In fact, Fastair needs to be easily handled by anyone and 
manipulated in places that are sometimes hard to invest. Thus, we would limit its weight to a 
maximum of 15 kg and section dimensions that would exceed 4 cm wide and 15 cm height. That 
way, it can be carried by hand without effort by any worker and its efficiency would thus be 
optimal. 
 

3.4.4 Accuracy 
 
The accuracy of the product is very important since it represents the most valuable asset of Fastair. 
If our staircases structures after removal of the formwork have a precision tolerance of less than 5 
mm on the step rises or tread depths, we would be very well positioned comparing to the 
competition. Even the precast industry has higher precision tolerance (>5 mm). 

3.4.5 Cost 
 
The cost of each Fastair should not exceed 150€ so that it remains a good investment for the 
company. In fact we estimate that on each staircase, Fastair would help saving at least 30% of the 
price a basic staircase cost. Thus for a staircase sold 600€, the company would increase its benefits 
by 180€. Knowing that, Fastair price seems derisory however, we need to take in account the 
return on investments of the studies and the different processes especially the dies of the extrusion 
process. Finally if Fastair comes to be commercialized, the kit would integrate 4 profiles, riser parts 
and other additional tools. We estimate that we would sell it around 1000€ to other companies. 
Thus an accurate attention needs to be given to costs. 
  

  ∫    

      

    ∬      

     
  

 
 

         

The pressure is applied to the riser parts of the formwork which 
can reach maximum dimensions of 18 x 140cm². 
 

{ρg=25000Nm-3 / l=140 cm / h=18 cm} 
 

(h: height of a riser part) 
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4 Fastair© Project 
 
We will now enter the technical part of our project. In fact, to make it clear and easily 
understandable, we will take independently all the parts and explain what were their evolution 
through the whole project progression. Then some functions of the Fastair will be detailed so that 
the study is the most complete possible. 

4.1 Definition and evolution of each part  

4.1.1 The Rods 
 
As we have seen in a previous section (3.3.1), the technology had to be changed in the followings of 
a prototype elaboration. This imposed us to modify our model and find out other solutions. It also 
led us to observe more accurately the solutions offered by this new technology (integrating the 
spacing rod). Thus, we have listed different solutions appearing as potentially interesting in the 
mechanism. 
 

 

 

 
Figure 4.1-1: Illustration of possible rods layouts 

 
The patterns 1 and 2 are the ones tested in our first prototypes. They represent such a long chain of 
parts serially assembled that the precision and the technologies to make them work are such that 
they are non-doable solution at our scales. Moreover, a small deformation or misalignment would 
lead to a malfunction in the chain and the unserviceability of the whole mechanism. 
 
For the four other solutions, a spacing bar (in dotted lines) is needed and will constraint the rods to 
be strictly parallel. Here are the criterions that helped us to make our choice in the perfect pattern: 
 

 Blondel’s law: The pattern should permit the used to cover all the possibilities of design for 
his staircase.  
 
 

1 

4 

2 

5 

3 

6 
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G - H 14 15 16 17 18 19 20 21 22 

20 24.4 25.0 25.6 26.2 26.9 27.6 28.3 29.0 29.7 

21 25.2 25.8 26.4 27.0 27.7 28.3 29.0 29.7 30.4 

22 26.1 26.6 27.2 27.8 28.4 29.1 29.7 30.4 31.1 

23 26.9 27.5 28.0 28.6 29.2 29.8 30.5 31.1 31.8 

24 27.8 28.3 28.8 29.4 30.0 30.6 31.2 31.9 32.6 

25 28.7 29.2 29.7 30.2 30.8 31.4 32.0 32.6 33.3 

26 29.5 30.0 30.5 31.1 31.6 32.2 32.8 33.4 34.1 

27 30.4 30.9 31.4 31.9 32.4 33.0 33.6 34.2 34.8 

28 31.3 31.8 32.2 32.8 33.3 33.8 34.4 35.0 35.6 

29 32.2 32.6 33.1 33.6 34.1 34.7 35.2 35.8 36.4 

30 33.1 33.5 34.0 34.5 35.0 35.5 36.1 36.6 37.2 

31 34.0 34.4 34.9 35.4 35.8 36.4 36.9 37.4 38.0 

Table 10: Spacing between two pendulums regarding the staircase H/G parameters 

This table permits us to fix the aimed range that the spacing between two parameters needs to 
reach. Thus the pattern between its extreme positions need to stroke between 28 and 35 cm. 
 

 Max/Min angles reached by the rods: This parameter is a simple geometrical information 
but has a big impact on the global conception. In fact the angles of the rods compared to the 
profile direction need neither to be too acute nor obtuse to avoid buttress or buckling 
effects. On another hand, they will help us estimating the overall dimension of the profile’s 
height calculating the stroke of the rods. 

 
 

 
 

 
 
 
 
 
 
 
 
 
 

      √           
 
 
 
 
 
 
 
 
 

Pattern n°3 

Range of spacing between two pendulums:            
 
 

α 

L 

x 

y 

Figure 4.1-2:  Illustration of a basic rods layout 
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           ( )        
 

L 9 10 11 12 13 14 

αMax 38.94 45.57 50.48 54.31 57.42 60.00 

αMin 13.54 28.96 37.30 43.18 47.70 51.32 

Lymax 5.66 7.14 8.49 9.75 10.95 12.12 

Lymin 2.11 4.84 6.67 8.21 9.61 10.93 

Stroke 3.55 2.30 1.82 1.53 1.34 1.20 

Occupation 
in the 
profile 

9.21 9.44 10.30 11.28 12.29 13.32 

Table 11:  Evolution of the extreme angles regarding the rod length 

 
 
 
 
 
 
 
The same studies have been led for the three other patterns. In fact tables have been mounted to 
observe those same output parameters regarding the different possibilities of length of the rods.  
 
The observations for patterns n°4 and n°5 were quite similar. The following table has be erected 
based on pattern n°4 and show for different size of the rods the extreme angles and the overall 
dimensions of the rods’ mechanism. 
 

 
9 10 11 12 13 14 15 16 

10 
                  

50 0 17 53 18 18 

11 
            

47 0 14 51 17 15 54 25 16 57 30 17 

12 
      

45 0 11 48 17 12 51 24 13 54 29 15 57 34 16 60 38 17 

13 43 0 12 46 16 14 49 23 17 52 28 19 55 32 21 57 36 24 60 43 26 63 43 28 

Table 12: Max angle/Min angle/Occupation in profile regarding combinations of rod lengths for pattern n°4 

Here we can see that comparing with pattern n°3 the stroke of the angles is larger, which can be 
explained because there is only two rods linking the spacing bar and not four. However, we can 
notice some combinations that would fit with our requests. The limiting parameter is the 
occupation one. We need to minimize this value and the smaller one equals approximately 12 cm.  
 
For small rods, this value is by a main part composed by the stroke of the rods which correspond to 
the height of the oblong holes in the spacing bar. However, for long rods, the stroke is smaller but 
the space filled by the rods themselves is too important. 
 
This value is too high and thus, we will not choose these patterns but try to find one that would 
reduce a bit more the height of the cage. 

Rods’ extreme angles: 
 
 

Depending on the length of the rods, we reach angles that are quite acceptable. As a reference, 
we would exceed 50° and avoid getting lower angles than 15°. 
This pattern is then interesting at this point. When we focus on the stroke and the overall 
dimension, the notice is different since we minimally get an assembling that fills more than 9 cm 
of the height of the profile. This dimension added to the thicknesses and the guide dimensions, 
the profile would not measure less than 15 cm which is a too high value. 
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Finally, we tried combinations of rod lengths for the last pattern. After applying the limits in angle 
and from Blondel’s law, here are the remaining combinations: 
 

 
6 7 8 9 10 

0 
         

38.9 13.5 9.2 45.6 29 9.4 

1 
         

41.4 19.2 8.9 47.5 31.8 9.5 

2 
         

43.8 23.6 8.9 49.5 34.4 9.5 

3 
      

38.6 0 10 46 27.3 8.8 
   

4 
      

41.4 14.4 8.6 48.2 30.6 8.8 
   

5 
      

44 20.4 8.3 
      

6 
      

46.6 25 8.2 
      

7 
   

41.4 0 9.3 49 29 8.2 
      

8 
   

44.4 15.4 7.9 
         

9 
   

47.3 21.8 7.7 
         

10 
               

11 44.9 0 8.5 
            

12 48.2 16.6 7.2 
            

Table 13: Max angle/Min angle/Occupation in profile regarding combinations of rod lengths for pattern n°6 

Based on these results the best integer combination is the following: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This study has given convincing results. Unfortunately and as it happened a lot during the project, it 
will have to be reprocessed after the pendulums’ shape optimization. In fact, the head of the 
pendulums has been enlarged and therefore, the pins guiding the longitudinal rod were figuring as 
obstacles to the pendulums as we can see in Figure 4.1-3. Thus, another combination had to be used 
for final parts and here are the new dimensions: 
 
 
 
 

12cm 

6cm 

Obstacle 

Figure 4.1-3: Highlight of the obstacle problem met with the first optimization 
of the rods’ lengths 
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4.1.2 The Pendulums 
 
The pendulums are key parts of the mechanism for several reasons. First, they are the only 
interaction with the inner part of the cage assembled. Moreover, the set up of the Fastair is realized 
thanks to the mortise in its center part adapted to the Fastair supports. Finally, they are the parts 
that support the riser part that shape the staircase.  
 
All these functions imply that an accurate attention has to been paid on these parts.  
 

4.1.2.1 Arranged Design 
 
One of our first designs was made so that the Fastair could be stored in a minimum space .This also 
allowed a protection of the pendulums against shock during transportation. The pendulums were 
thus quite thin and could when the mechanism was deployed be drowned in the cage. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3cm 

8.5cm 

Figure 4.1-4: Illustration of the final pattern of articulated rods 

Figure 4.1-5:  Illustration of the drowning properties of the pendulums 
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This property was quite interesting and a good selling argument however it was also restrictive and 
the thin characteristic of these parts could be retained for reasons figuring in following sections. 
 

4.1.2.2 Tenon-mortise design 
 
This technology has evolved a lot throughout the project. The principal function of this design is to 
be able to implement easily and by an obvious way the Fastair on a wall. The idea was to nail a first 
part called Fastair Support onto the wall so that the remaining task was just to slide the tenon into 
the mortise of any of the pendulum composing the Fastair. That way, we have a modularity that is 
very interesting, as soon as two pendulums are engaged on supports, the Fastair is in place, ready 
to use i.e. you do not need to set up the extreme pendulums. 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

This design imposed us to position the mortise so that it adapts well to the support and free the 
space to hang the riser parts. Not only non-aesthetic, this design constrained us to have a useless 
massive portion in the part. 
 
Thus we decided to make the system reversible but using another strategy. It 
has been decided to keep on using one mortise in pendulums but to have 
supports equipped with two tenons. 
 
 
This solution permitted us to re-center the mortise and have a nice design. 
However we could not recover the drowning property seen above. Thus we 
would not need to have a straight design on the back edge of our part, and 
that is why we tried to make it adopt a more fine-looking aspect 
 
 
 
 
 
A risk of mistakes remained with this vertical design of the shape, and thus, we decided to incline it 
so that the user cannot slide the pendulum along the wrong tenon. 
 

Figure 4.1-7: Illustration of the 2 Tenons - 
1 Mortise solution 

Massive 
area 

The tenon-mortise shape had to be particular. It 
needed to be anti-rotating and specific enough so 
that only one positioning could be spontaneously 
thought at its set up. 
 
 
First we thought it would be interesting to make it 
reversible, so that only one type of support would 
be necessary on both side of the staircase. 
 

Figure 4.1-6: Illustration of a reversible 
Tenon-Mortise solution 
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In order to face the problems imposed by the tool radius in 
corners for any machining process (milling, laser cutting, water 
cutting, etc.) they have been removed. 
 
Finally, the shape evolved acquiring 
an oblong profile to make it more 
consistent. This solution was fine 
and offered us a panel of choices for 
real conception of the coupled parts. 
 

 
 
The following evolution of this design followed a discussion about processes. At the beginning, the 
Fastair Supports were thought to be assembled with basic off the shelf parts. This solution was very 
cheap and offered possibilities for parts which are rigid and modular. However, that needed 
assembling tasks that could have represented a cost increase.  
 
Thus, it has been decided to adopt another process. Foundry was interesting because, we were 
totally free to shape the supports as we would like. Moreover, as soon as the moulds would have 
been made, the parts cost would remain almost essentially in material weight price.  
 
From the beginning of the project, our red pendulums represents the brand of the company, we 
thus decided to shape, this assembling solution particularly. In the logo of the company, the C of 
Choquet has a special design and it has been decided to use this letter for the tenon-mortise design. 
In fact, this C will be cut in all the red painted pendulums and will obviously spread to the eye of 
every spectator. 
 
The C had to be slightly flattened to keep the anti-rotating function. For the prototypes, it has been 
decided to keep it circular but to adjust the most perfectly possible the tenon to its mortise. Thus 
we could make a welded assembly using simple steel parts and sectioned braces. 
 
 

 
 
 

Figure 4.1-9:  Illustration of inclined 
Tenon-Mortise system 

Figure 4.1-8: Illustration of a solution for 
Fastair Supports' tenon 

Figure 4.1-10:  Photo of homemade 
supports for Fastair 
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Figure 4.1-11:  Photos illustrating the C shape on pendulums cut and the Fastair supports in action 

4.1.2.3 Static analysis study 
 
The pendulums can be modeled as a solid part which weight is neglected compared to the high 
efforts applied on it. Subject to 3 solicitations, it can be easily modeled and the efforts resulting on 
each point can also be estimated. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A 

B 

C 

Points’ coordinates (mm): 
 

B (0, 0) 
 

C (44, -170) 
 

x 

y 

A (XA, YA) 
 

Torques and reaction forces 
 

In C: 
 

RC= (-FC, 0) 
 

MC 
 

In A: 
 MA 

 

In B: 
 

RB= (RBX, RBY) 
 

MB= (0, 0) 
 

θ 

RA= (       ( )       ( )) 
 

Figure 4.1-12: Graphical illustration of the static analysis study 
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Applying Newton’s laws, we can set the following equations and solve the problem. 
 
 x: 

      ( )           
 y: 

     ( )        

ΣMB 
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Our system is composed by 3 equations and 3 unknowns. Thus it can be solved and here is the 
solution: 
 

   
     

     ( )       ( )
 

       
        ( )

     ( )        ( )
 

    
         ( )

     ( )        ( )
 

These equations will be useful for the following studies. In fact, several geometries have been 
thought for that part and we thus will be able to estimate the efforts at each point for those 
different designs. Of course, these calculations have been made assuming infinitely rigid bodies. The 
theta parameter corresponds to the angle of the staircase which extreme values are 25° and 45°. 

4.1.2.4 FEM Modeling – First Study 
 
Considering the restriction we faced using ANSYS Workbench Educational Version, the software we 
used for this study is CATIA ‘General Structural Analysis’. Here is the procedure we followed to 
reach the closest results to reality.  
 
This first study is based on the first pendulum that we designed. Calculations have been made for 
both extreme angles. Here are the parameters needed to evaluate from the static and rigid study. 
 
For  =25° 
 
For  =45° 
 
 
 

A (-30,8; 16,7) 
 
A (-40,7; 9,7) 
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E1 and E2, ν1 and ν2 are 
respectively the Young Modulus 
and the Poisson’s ratios of the 
two bodies in contact 

It is to notice that the forces at either A and B points are almost 8 times the forces from the concrete 
pressure. Knowing that concrete pressure equals approximately 450N, it means that almost half a 
ton is applied to those points at each step. It is a lot and that caused us some problems on site. 
However, let us go on with this study, observe the consequences and the solutions made in place to 
face this problem. 
 
We will now use the contact mechanical theory to evaluate the interface surface on which the 
pendulums are endorsed on the angular bar. In fact, in theory this contact is punctual (linear in 3D) 
but this ideal is never respected in reality and especially with aluminum material.  
 

 
Figure 4.1-13:  Highlight of the variation of the results depending on the Contact area 

Knowing the elastic modulus and Poisson’s ratios of aluminum alloys, and the radius of the head of 
our pendulum we are able to evaluate this surface. 
 
A sphere of radius R pushed in an elastic semi-infinite space creates a contact area of radius   

√  .  
 
 
 
 
 
 
 
 
 
The necessary force to maintain this contact equals: 
 

  
 

 
   

 
  
 
  

 

 

  
 
    

 

  
 
    

 

  
 

S=3,742.10-6 m² 
MaxVM = 4,41.108 Nm-2 

 

S=8,366.10-6 m² 
MaxVM = 2,51.108 Nm-2 

 

F 
 

d 
 

a 
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Hence the surface in question equals: S=2πRd 
 
 

            

Even if the concrete pressure is applied on two pendulums since it is hanging onto two Fastairs, we 
consider for security reason that all the pressure is applied on one single pendulum. 
 
Data: 
 

 

 
 

 
 
 
 
Even if the surface calculated is a portion of a sphere, 
we estimate that this value can be adapted to our case 
i.e. a cylinder as far as the surfaces are the same. 
 
Meshing: 
 
The part was first coarsely meshed with sizing 5 mm. Then a refinement has been made for surfaces 
concerned by a solicitation. Thus, the head edge i.e. the one which is endorsed to the angular bar is 

refined with tetrahedrons element sizing 0,5 mm. 
The pin hole has also been refined with elements 
sized 0,2 mm. This gives coherent results and a 
good model of what happens with the real 
prototypes. 
 
Material: 
 
The material chosen for this part is an aluminum 
alloy (EN AW 6060-T6). Light and cheap, it also 
integrates fair enough mechanical properties that 
could face the solicitations this part is victim of. Its 
main characteristics, defined by the model of the 
software, are a Young modulus equal to 69 GPa 
and a Poisson’s ratio of 0.33. The yield strength of 

this material reaches 320MPa. 
 

Supports: 
 
The study will focus on the stresses endured by the pendulums while the concrete is casted. Thus, 
they are supported at two points, the head edge on the angular bar and the pin that we first 
consider infinitely rigid. 
 

F=8FC 3690N 
E1 = E2 70 GPa 

ν1 = ν2 0,33 
R 35mm 

Results: 
 

  0,052mm 
 

  1,351mm 
 

Figure 4.1-14: Illustration of the refined areas of 
pendulum's meshing 
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Translations  
locked 

Sliding 
Surface 

 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
Force: 
 
For this first study, the only force that is considered is the pressure of concrete (462N, see below). 
This is then applied on the right side of our pendulum. 
 
Results for a staircase at 45°: 

 
Von Mises Stress 
 
Here we can note that the stress 
concentration is place at the two support 
points we defined before. The maximum 
stress value reaches 310 MPa which 
equals approximately the yield strength 
of the material. Concerning the 
distribution, stresses are mostly 
concentrated in these two small zones 
and are quite high compared to the small 
solicitation the pendulum is subject.  
 
 

 
Node Displacement 
 
The node translation result is coherent and the 
interesting value is the highest value of that translation 
in order to check if the steps resulting from the removal 
of the formwork will not be too inclined from their 
initial position. The maximal displacement occurs in the 
bottom portion of the part and reaches 0,4 mm. 
 

Figure 4.1-15:  Illustration of the supports modeled for pendulums FEM Study 

Figure 4.1-16: Von Mises Stress results for pendulums subject to 
concrete pressure 

Figure 4.1-17: Illustration of node 
translation of the pendulum 
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The length of this edge is 140 mm, so calculating the maximum angle that this deformation could 
provoke; we get 0,16°. Then we will consider that the pendulum is rigid enough and its 
deformations will not cause any problems. 
 
Results for a staircase at 25°: 

 
von Mises Stress 
 
The maximum stress value reaches 350 MPa. This is a bit 
more than the model inclined at 45° and thus a bit more 
than the yield strength. From now on, the simulations will 
only be performed with this angle. 
 
Node Displacement 
 
The maximal deformation occurs in the bottom portion of 
the part and reaches 0,45 mm. 

 
 

 
This pendulum design has been made to be tested on prototypes and in real conditions. Those 
testing sessions permit us to have an overview of the limits and the problems encountered with this 
design. Thus, we faced some problems on-site, the mechanism was that constraint that it could not 
hold the pressure and has been partly dismantled.  

 
This conception fail pushed us to re-determine and 
re-consider our assumptions. In fact, we had not 
considered all the stresses our Fastair would be 
subject to. Thus, the masons who casted this study 
staircase used vibrating head to make concrete fill 
all the steps. Then, they were three to walk on the 
formwork, walking on the riser parts, sometimes 
the three of them on the same one. Therefore after 
a brief estimation, the pendulums were about ten 
times more loaded than we predicted.  
 
We then decided to take some measures, relatively 
to what we could observe on the several studies we 
performed and on the dismantled prototype. 
 

In Fact, we could observe that the pins were bent, the cage was enlarged at its bottom section and 
its guide was a bit hammered by the action of the pins. 
 
Our first conclusion concerning the pendulums was that the stresses were too high and too 
concentrated at the pins’ support zone and therefore at the endorsement area. We thus decided to 
redesign totally the pendulums and make some simulation with higher forces in agreement with the 
safety factor of 2,5. 
 
 

Figure 4.1-18: Von Mises Stress results for 
pendulums subject to concrete pressure 

Figure 4.1-19:  Illustration of the dismantled 
mechanism during an on-site testing 
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4.1.2.5 FEM Modeling – Second Study 
 

   
      

      ( )        ( )
 

       
          ( )

      ( )        ( )
 

    
           ( )

      ( )        ( )
 

This operation is not obvious. In fact, we need to keep a head shape that fits with the reach of the 
extreme angles 25° and 45°, try to guarantee a certain distance between those two positions (the 
higher possible) so that the uncertainties have the less impact of the resulting angle of our 
pendulum and finally expand these dimensions XA and YA a maximum and keep a rigidity of the 
structure. 

 
This screenshot is showing the 
procedure set up to define the best 
geometry for the pendulums 
complying with all the above 
criteria. The purple lines symbolize 
the angular bar in the 25° position 
and the green one in the 45° 
position. In order to have a large 
range of intermediate positions, the 
radius of the shape had to be the 
larger possible. The final shape 
should be tangential to a set of two 
green and purple lines. The lines 

should not interfere with any other part of the pendulum and the size of the resulting pendulums 
should not be too big and interfere with other parts of the mechanism such as the articulated rods. 

 
Here is the result of our optimization. It has been decided to 
keep the inner massive part in order to avoid fouling. 
 
This design led us to determinate the new coordinates of A 
in both position of the spacing bar: 
 
For  =25° 
 
 
 
For  =45° 
 
 
 
 

 

These results are the one resulting from the first static 
study performed above. We based our improvement on the 
parameters XA and YA of those formulas. In fact, they 
correspond to the distance between the pin hole and the 
support point of the head part of the pendulum. That is a 
factor on which we can have an impact and to re-dimension 
this part modifying these parameter seems interesting. 
Hence, we expect to reduce by several times the stresses 
and homogenize them.   

Figure 4.1-20:  Illustration of the pendulum's head design method 

A (-74.1; -0.6) 
 

A (-112.5; -27.5) 
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E1 and E2, ν1 and ν2 are 
respectively the Young Modulus 
and the Poisson’s ratio of the 
two bodies in contact 

Hence the surface in question equals:  
S=2𝝅Rd 

 

            

We then managed to reduce theoretically by more than three times the force in the part at these 
precise points. Let us now have a look at the FEM studies, to check if they confirm the efficiency of 
the solution found.  
 
Two studies were performed, in the first one; we considered only the concrete effect so that we 
could compare with the previous study. Then we used the observation made during the first on-site 
testing and model the force resulting from the weight of the masons. Moreover, we applied a safety 
factor of 2.5 so that we can cope with the eventuality of another unexpected situation. 
 
1st study – Concrete pressure only 
 
As we have done in the previous study, we will calculate the new surface engendered at the contact 
of the pendulum and the angular bar. 
 

  
 

 
     

 
   

 
  

 

 

  
 
    

 

  
 
    

 

  
 

 
Data:: 
 

 

 
 
 

 
 
 

 
 
 
 
 
 
The meshing parameters, the supports, and the forces are kept identical to the previous study. 

F=2.5 FC 1153N 

E1 = E2 70 GPa 

ν1 = ν2 0.33 
R 135mm 

Results: 
 

  0.0153 mm 
 

  1.437 mm 
 

Even if the surface calculated is a portion 
of a sphere, we estimate that this value 
can be adapted to our case i.e. a cylinder 
as far as the surfaces are the same. 
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Figure 4.1-21:  Illustration of the new design pendulum study results 

Results for a staircase at 45°: 
 
von Mises Stress 
 
The maximum von Mises stress is still located at the spacing bar region but this time it reaches 87 
MPa. Compared to the 310 MPa of the previous design, we can notify that we managed to reduce by 
72% the stress in those critical regions. Compared to the yield stress, we can state that we are quite 
far from a deformation state. 
 
Node Displacement 

 
There is also an important improvement in the nodal 
translation since our model deforms by 0.08 mm at its 
maximum. 
 
It represents a 79% reduction comparing with the previous 
model. Hence, we are talking about hundredth of 
millimeters, it is obvious and especially in building trade 
world that this displacement will never be measured or 
discussed. 
 
These results are encouraging and it ensures us a real 
improvement for our future prototypes. 

  
Results for a staircase at 25°: 
 
von Mises Stress 
 
For 25° inclined staircase, the pendulums would be subject to maximum von Mises stress equaling 
107 MPa. Compared to the 350 MPa previously measured, we can observe a reduction by 69%. 
 
Node Displacement 
 
Concerning the node translation, the observations are similar to the ones for a 45° angle. Catia gives 
us 0.10 mm as the maximal deflection which represents 77% improvement. 
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E1 and E2, ν1 and ν2 are 
respectively the Young Modulus 
and the Poisson ratio of the two 
bodies in contact 

Hence the surface in question equals:  
S=2𝝅Rd 

 

            

2nd study – Concrete pressure + Masons’ weight 
 

   
              

      ( )        ( )
 

 
            ( ) 

 
             ( ) 

 
This study integrates a vertical effort applied on the support of the riser parts. The estimation of the 
weight in question is based on the average weight of two persons carrying concrete fools i.e. 2500 
N. For the simulation, we decided to integrate a safety factor of 2.5 for concrete pressure and 1.5 for 
masons’ weight.  
 
                   
                    
 
 
 
As we have done in the previous study, we will calculate the new surface engendered at the contact 
of the pendulum and the angular bar. 
 

  
 

 
     

 
   

 
  

 

 

  
 
    

 

  
 
    

 

  
 

 
Data: 
 

 

 
 
 

 
 
 

  
 
 
 
 
 

F 5166 N 
E1 = E2 70 GPa 

ν1 = ν2 0.33 
R 135 mm 

Results: 
 

  0.0416 mm 
 

       mm 
 

Even if the surface calculated is a portion 
of a sphere, we estimate that this value 
can be adapted to our case i.e. a cylinder 
as far as the surfaces are the same. 
 

For  =25°                                            
For  =45°                                            
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The meshing parameters and the supports are kept identical to the 
previous study. Concerning the forces, the concrete pressure is raised 
to 1155 N and an additional vertical force is applied on riser parts 
support area equaling 3750 N.  

 
 

 
 
 

Results for a staircase at 25°: 
 
von Mises Stress 
 

  
  
 
We can conclude that the stress distribution is more homogenized which is a good point. We still 
have high stress values at the contact points of the pendulums and their maximum value reaches 
416MPa. This is a bit more than the first invalid study and higher than the yield strength (320MPa). 
This simulation represents the worst condition under which our pendulums could be subject to, so 
we can estimate that the geometry is still valid. 
 
Node Displacement 
 

 
 
 
The higher displacement equals 0.83 mm. It is to note that 
this situation is temporary because, the pendulums will be 
subject to such conditions just the time the mason walk onto 
the formwork. Less than one millimeter is then encouraging 
because it remains small comparing to the whole dimensions 
of the part. 
 
 
 
 

 
 
 
 

Figure 4.1-22: Illustration of the forces and supports 
applied to the second pendulum model for the second study 

 

Figure 4.1-23: Illustration of the results of the final study of the pendulums 
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4.1.3 The Cage 
 
The cage had to follow some specifications proper to assembling issues. We have considered that 
once these specifications were respected, we would modify the thickness so that the Fastair does 
not bend when someone walk onto it. The optimization was performed also balancing the size and 
the weight of this part with its resistance. 
 
Extrusion is an interesting process because as soon as the die is machined, it is quite cheap to 
extrude length of the profile you need. Another good point is that you can design the section of your 
profile as you like and thus avoid sharp edges or reinforce some very precise areas. The die 
machining represented a real step and no error could have been made unless another one should 
be machined. 
 
The first simulation we performed was based on the study of the section of the profile. We applied 
the equivalent of somebody weight on the upper surface and took the pins as rigid supports. 
 

 

We then ordered the pendulums, 
assembled them to our 
prototype and went on a testing 
session to confirm our suspicion.  
 
The result was quite convincing 
since we could cast entirely the 
staircase and the dimensions we 
measured at each step were as 
accurate as the required 
specifications. 
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Figure 4.1-24:  Illustration of the first study performed on the cage 

Here we can see the evolution of the design of that first section adapted to the mechanism without 
spacing bar. The first vignette shows that a 2.5 mm thickness for that part was really not sufficient 
because buckling effect caused a deformation at the bottom part of the profile and could problem 
the good working of the mechanism i.e. the pendulums could be pinched and thus blocked by the 
cage. 
 
After an intervention on the thickness of the higher part of the section, the result was really 
different and it seemed that 4 mm thickness was sufficient to face this situation. 
 
The next evolution was performed on the guide depth. In fact the problem was not a rigidity nor a 
resistance issue but a standard problem. We wanted our pins to be perfectly adapted to the guide 
so that they could not rotate and escape or provoke blockings. After a deep look at pins 
manufacturer, it appeared that no pins were available for the size expected. Then, we had to reduce 
the bearing of the pins. In fact this was not a good idea and caused us some problems in the 
following tests. The solution would have been to increase the cage width by 2 mm and adapt the 
longer pin available. 
 
The fourth vignette illustrates the ribs we set in place to rigidify the structure at this zone.  
 
 

 
Figure 4.1-25:  Illustration of nodal displacement and Von Mises stress distribution in the newly shaped cage 

After the evolution in the mechanism, the stress studies had to be redone. The cage section was 
redesigned with Ansys and here are the results we got. The max displacement of the nodes reached 
0.44 mm which is quite fair regarding the high efforts set in place. The Von Mises stresses are 
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concentrated in the upper part of the section and are not provoking any buckling effect. We thus 
increased the thickness in the weak upper part and considered the part rigid enough. 

 

4.1.4 The Angle Bar - The Spacing Bar 
 

 
 
Those two parts are made with the same process and integrate very 
similar functions. They both work using a technology integrating oblong 
holes which only function is to maintain the perfect parallelism between 
them and the profile. Thus we decided to make a small study to evaluate 
the interval we should use between two fixed pins. Then we had to focus 
on those oblong holes, what would be their angle, which orientation 
would they adopt, which dimensions and on which transversal stroke? 
In fact, the constraints were that we should be using the same fixed pins 
for both bars; they should fit the cage and be as easy to use as possible. 
 
As extrusion was chosen as the process to make them, we could work on 
many different designs. The one for the spacing bar was a bit more 
evolved because it had to integrate a guide in its structure however it 
was much less solicited than the angular bar. 
 

 
 
 

We used a small and very user friendly software called Winbeam to position our pins. This study 
only concerns the spacing bar because it is the one that is more subject to solicitations. 

 
First you need to determine the properties of the bar, the Young modulus 
and the second moment of are (mm4). This I value is calculated 
automatically for a set of basic section shape i.e. cylinders, tubes, etc. We 
assembled our section with rectangular tubes. 
 
Then you need to position the support on the bar. This is the parameters 
we worked on so that we could estimate the minimum pins needed to 
keep our bar in the elastic behavior and with minimal distortions. 
 
The forces are then positioned. You can choose to position moments or 
forces differently oriented. In our case we modeled the pendulums action 
as forces vertically oriented. Concerning the value of these forces, we 
based our assumption on a previous study, the pendulums static 
analysis. Thus, we fixed this value to 1155 N which represents the 
concrete pressure associated with its security coefficient. 
 
 

 
First we did the study with four pins along the bar that means one meter interval.  
 
 

Figure 4.1-26:  Illustration of the final sections of 
the spacing and angle bars 
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The results are displayed in millimeters. Here we can see that it is obviously not sufficient. 7mm of 
deflection, that represents a lot and would have a strong impact on the angles of the pendulums. 

 
The observation is quite similar with five pins even if we can notify a real improvement, the 
deflection is still too high and we need to multiply the supports in consequence. 

 
Using 6 fixed pins approach to a viable solution. 0.9 mm over intervals of 60 cm length is acceptable 
and the impact on the pendulum’s angle is quite low since we designed pendulums with a quite 
large range of angling possibilities. It is also to note that a too high number of pins could lead to 
over-constraint phenomena and non-expected blockings of both bars. 
 
To go on with the spacing bar, we needed to find a way to operate on this part. The requests were 
not severe since, the bar just needed to be place in its up position during the adjustment of the rods 
mechanism and then be endorsed to the pendulums in place on the Fastair support to impose the 
same angle to the other ones.  
 

 
First we started to design integrated 
solutions which would let the 
extreme side of our cage free. By a 
gear mechanism, we would have been 
able to adjust the bar from a side or 
another, the control gear being 
removable.   
 
 

 
This solution was a bit costly and would have required many restrictions for the assembling. 
Moreover, it would not have been very rigid and accurate. So we decided to scarifice the bottom 
side of the Fastair imaging a axial system directly acting on the bar. The idea was to simply use a 
latch. 
 
 
 

Figure 4.1-27: Gear mechanism for the angle bar adjustment 



69 
 

 
Figure 4.1-28: Illustration of examples of latch designs 

The notched were imagined as a safety disposition. The latch would be notched in position on the 
bottom plug of the cage. The specification of this part imposed an easy handling by the user and a 
minimum space occupancy.  
 
Concerning the process, we decided to make it with the same company that would do our 
pendulums and rods. Thus the laser cutting process implied a re-design of the part. 
 

 
Figure 4.1-29:  Illustration of examples of laser cutting latches 

Finally the part we have chosen to manufacture was way small than those examples. In fact after 
having done experiments on the displacement of the angle bar, it is that easy that the handle of that 
part does not need to be that ergonomic. Here is the final part we resulted in. 

 
The notches have been chamfered so that 
whatever is the position of the bar, there is 
always a way to keep it in place using the 
notching system. 
 
Quite small, this part however permit to lock 
all the needed positions of the bar even the up 
position. 
 
 
 
 
 
 

 

Figure 4.1-30: illustration of the final latch 
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The oblong holes are differently dimensioned within the two bars.  
 
Oblong Hole Dimensioning for the Spacing Bar: 
 
The difficulty we met with this point was again a balancing issue. The oblong should be oriented so 
that the displacement of the bar is done easily in the deployment of the rods and their 
reemployment. The hole should not be to long unless it could no longer hold in the cage and neither 
too short because it was not favorable for its displacement. Its vertical stroke was directly 
depending on the rods pattern design (see above). 

 
The tests we did on the prototypes made to validate 
this function led us to machine different shape of 
oblong holes and the one the figures below, was the 
more efficient. 
 

Concerning the orientation, we based our choice on the procedure of implementation of the whole 
Fastair. In fact we would recommend the deployment comparing the reemployment to set up the 
Fastair. Thus, the oblong holes are oriented so that the deployment is in the same direction than the 
motion of the bar. 
 
Oblong Hole Dimensioning for the Angular Bar: 
 
The oblong hole of the angular bar had to answer the following requests.   
 
The holes had to be flat so that the force direction of the pendulums would be the more 
perpendicular to them. In fact, to avoid slipping problems and make the reaction force’s vector at 
pins’ level stay into the friction cone, the oblong direction should not be so far from the profile 
direction itself.  
 
However, the flatter it is, the longer our profile and the latch would measure. The transversal stroke 
to cover all the angular positions of the pendulums is 1 cm so we managed to find a shape that was 
balancing the two requests.  
 
Finally, we decided to use the weight of the profile to help blocking the pendulums knowing that 
while the Fastair is in place, it is not necessarily easy to access the latch. 
 

4.1.5 The Pins 
 
The pins are standard parts ordered from a metal parts manufacturer. Those stainless steel parts 
represented very important issues in the project because they were the sliding elements of our 

Figure 4.1-31: Illustration of a prototype used to 
validate the spacing bar running 
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mechanism interfering with the rods and their respective guides and moreover, we used them also 
to drive our two bars regarding the profile. 
 
We took for the firsts prototypes pins with a diameter of 5 mm. It appeared the neglected forces of 
the first on-site testing session were too high for them since we notify some of them did bend. The 
fixed pins were probably too long and as was the overhang between their two supports in the 
profile body.  The sliding ones evolving in the profile guide were subject to very high stresses (as 
studied in the pendulum section). 
 
A FEM study has been realized for the pin. We modeled a basic cylinder and applied the supports 
and forces as follow. 
 

 

 
The meshing has been realized with 1.5 mm elements and the material chosen is the Ansys model of 
stainless steel. 
 
Here are the results: 
 

 

 As we notified during our on-site test, the forces on the pins were that high that some of them were 
deformed. Thus, we decided to increase their diameter. Doubling the diameter led to a reduction of 
Max Von Mises stress reaching 84% and 87% for deformation. Thus the final values for those 
parameters equal respectively 43 MPa and 0.06 mm which is more acceptable than our previous 
case and moreover led to benefits for the rigidity of the mechanism since the pins will be more 
guided and less subject to rotation around radial axis. 

4.1.6 The Supports 
 
The Fastair supports have been designed to first respond to its main function, to carry the Fastair. 
Two supports by Fastair are sufficient to set up the formwork. This part has to be very resistant 
because it is the only one interfering with the wall and the Fastair. Thus, it is subject to very strong 
forces.  
 

Figure 4.1-33: Illustration of the applied force for 
pins' FEM study 

 

Figure 4.1-32: Illustration of the supports modeled 
for pins' FEM study 

 

Figure 4.1-35: Illustration of Von Mises stress 
distribution in the sliding pins 

 

Figure 4.1-34: Illustration of the resulting 
deformations of the pins 
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To make it possible, we designed a part that can be nailed on all supports, without interfering with 
the Fastair in any position. Its tenon we have already talked about is perfectly adapted to the 
mortise cut into all the pendulums and is long enough to host two Fastairs disposed serially. 
 

 
Figure 4.1-36: Illustration of the serial assembling of two Fastairs 

This is a very useful function because we are able to cast longer staircase (>8 steps) by using only 
six supports and with only one more marking. For special concepts of staircases, it is also possible 
to make two different serial flights in one single direction. As the last pendulum of the first Fastair 
and the first one of the following are coincident, no adjustment is needed and the assembling can be 
done naturally. 
 
Concerning the process to make that part, we finally as stated above decided to use foundry. Here 
are the plans that permit to establish quotations with local foundries we have contacted: 
 

 
Figure 4.1-37: Illustration of the plans of the Fastair support part 
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4.2 Realization of a pilot series and adjustments 
 
During this project, prototyping has represented an important aspect of the evolution process. In 
fact, the emphasis has been put on the fastness of the realization of the first prototype. Thus, we had 
not wait to carry all the theoretical studies to their conclusions and the first proto was quite quickly 
set up. 
 
The financial restriction implied that many parts had to been made using basic DIY solutions 
assembling some parts and making sure that their functions are wisely respected. 

4.2.1 1st Fastair Prototype:  
 
The first difficulty remained in the realization of the spacing and angle bars. In fact, for the final 
version, the Fastair will integrate the bar made from extrusion process but we cannot use this 
process for prototyping for two reasons. First it is quite expensive and we should be sure that the 
profile we send for the die machining is the perfect and final one. And on another hand, it take 
about 6 weeks before receiving the firsts pilot parts and in our policy of quickness, it is not 
thinkable to wait that long. 
 

We thus decided to make assembling with machined profiles. 
Concerning the angle bar, the solution was not that complicated. 
Thus, we only ordered laser cut solid aluminum profiles with our 
oblong holes shaped in. 
 
We needed profiles with a 10 mm thickness. Knowing that the laser 
cut process is expensive for large thicknesses especially for 
aluminum, we made a quotation of 5 mm and 10 mm aluminum 
profiles. The offer comforted us in our prediction since the 10 mm 
thickness was 4.3 times more expensive than the thin one. We thus 
decided to order twice more of 5 mm aluminum profile and 
assemble them. 

 
Concerning the spacing bars, the deal was different. We had to find a way to make a 3 m long profile 
integrating a guide precise enough to make our pins sliding all along it.  We decided to make them 
machined by a milling machine. 

 
Thus the two grooves positioned face to face, our guide would be operative. 
The difficulty for both bars remained in precision. In fact, it was quite tough 
to make the oblong holes perfectly coinciding with each other’s. To do this, I 

used clamps to hold the two parts in 
position while I machined holes and filet 
to screw them together. 
 
 
 
 

 
 
 

 

Figure 4.2-1: Illustration of the 
clamping step of the assembling  
of the two parts composing the proto 
spacing bar  
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The final bars inside of the profile are supposed to more or less slide on each other’s and that is the 
reason why no part should obstruct this motion. Thus we had to machine counterbores to drown 
the head of our screws. 
 

 
 
 
 
These parts assembled, we ordered the pendulums, the latches and the rods to our laser cut 
manufacturer and the pins either. Concerning the profile, we actually could not have made it by 
hand as we did for the other bars. Thus we were constrained to find out the fastest extrusion plant 
nearby our offices. The design of the section had to be finished the quickest possible so that the 
machining, extrusion and logistics issues could start very fast. We decided to secure the profile 
imposing 4 mm thicknesses and positioning the guide and the other holes to drill at the most 
convenient place so that we had a range of improvement doable with those products. 
 
After receiving all the parts, we could assemble them and check out which problem could appear 
during that task. 
 

 
Figure 4.2-3: Photo of the first finalized Fastair 

 

Figure 4.2-2: Illustration of the procedure set up to assemble the two parts 
composing the spacing bar 
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Concerning the supports, we used braces that we 
cut in the length to get semi-tubes for the tenon-
mortise system. This was quite efficient and 
appeared rigid enough to sustain the formwork. 
 
This first on-site test has been realized on an 
outdoor 9 steps staircase of 90 cm width in good 
conditions. We had free surfaces to nail the 
supports and concrete was well mixed so that it 
could not cause unexpected problems.  
 
As a result comment, the system held its position 
what is a good point but the accuracy of the steps 
was not respected enough to validate the 
staircase and it had to be redone later on. 

 
 
The reasons listed were first the inaccurate system of tenon-mortise. In fact 
they do not really match together and the pendulums carried could have 
rotated. That rotation had an impact on the angles of all the other 
respective pendulums. 
 
 
 
 
Another phenomenon was the assembling precision. In fact we have notified that the difference 
between the holes drilled in the rods and the pins diameter was the difference that caused 
inaccuracies being accumulated along the profile and the extreme values could then be somehow 
different that we expected. 
 
A final explanation remained in the fact that this dimensional difference could also make rods to 
rotate around radial axes which would also provoke differences in the spacing since the patterns 
would not be exactly the same along the profile. 

4.2.2 2nd Fastair Prototype: 
 
For this second prototyping, some evolutions have been made. First, as seen in an above section, the 
pattern of rod assembling has been changed so that the number of parts has been reduced. Then we 
decided to insert spacers between rods and the cage in some cases and rods and the pendulums in 

other. The spacers had the role to keep the rods straight to avoid 
blocking and increase accuracy. On another hand, we reduced the 
adjustment between rods and pins so that no difference is expected and 
the inaccuracy is suppressed. Finally, we called a ironworker to weld 
the support with a better accuracy than our former braces. 
 

Figure 4.2-4: Illustration of the whole equipment for the 
first on-site testing 

 

Figure 4.2-5: Highlight of the defect engendered by the tenon-mortise inaccuracy 

Figure 4.2-6: Illustration of the spacers sawed for the assembling 
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Figure 4.2-7: Illustration of the new assembling pattern 

The improvements were concluding till we had to face the resistance problem stressed in 
pendulums’ shape optimization section. However, the reshaping solution appeared to be satisfying 
since some formworks have been performed after the re-dimensioning and held in position and led 
to accurate enough results. 
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5 Conclusion 
 
This project is the perfect proof that innovation is a powerful tool that anybody can have access to. 
No matter your situation or financial means, you can progress closer and closer to your wishes. By 
means of perseverance and motivation, there is always something your can do to make your project 
evolve. The continuous improvement spirit and the striving for perfection cannot do something else 
than leading you to the good way to progress. 
 
Nowadays, communication structures, logistics solutions and of course advanced technology permit 
us to aspire to an infinite set of ideas to develop. Most of them will stay in the shadows but some of 
them will not and represents real niches for evolution.  
 
A lot of obstacles can be encountered: you can fail in your approaches as reality is complicated and 
cannot be easily tamed. Today our tools are tricky because they have the pretention to imitate 
reality. In fact, they sometimes manage to approach it, to define specified issues and give some 
results that are close to real conditions. However we should be aware that we can never predict 
what will really happen for all conditions. 
 
This project offered a large panel of study plans. In fact it got born with a vague idea and probably 
could have been designed very differently. The challenge remained in transforming the idea in a 
real and operational product. Today, we can state that Fastair is born, and even if it still can be 
improved to reach the best functionality, even if we could lower the production cost or enlarge its 
application possibilities, the important fact is that a basis is now established. 
 
 
As improvements, I am pretty sure that studies could be led on lubrication issues and a system of 
rubber bands to make the cage as hermetic as possible to avoid concrete spayings and prolong its 
lifetime. On another hand, the assembling process should be improve also so that professional tools 
are used, e.g. a hydraulic press for rods-pins assembling etc. I guess that if the system is perfectly 
greased and assembled, it would run very easily and be industrialized quickly. 
 
 
Concerning the Stair Case Builder concept, I would say that it could represent a very interesting 
niche since the market exists and is quite free of competition. In fact, this kind of service does not 
really exist as cheap as we could offer it. I guess that the Fastair project has taken a major step in 
the evolution of this concept realization, but there are couples of other steps to overcome and this 
kind of challenge need time and people to make it possible. 
 
To conclude, the Fastair would need small improvement to finalize its reliability. On the other hand, 
the Fastair Winder for rotating stairs should be the topic of an equivalent project so that something 
is materialized and permit the use of its basic functions, as developed as Fastair Basic is today. 
Finally the software would need refreshment and a deep coordination with the logistic department 
of the company which currently does not exists. Notwithstanding, this company inspired me and 
success is at close reach. 
 

“Many hands make light work” – John Heywood 
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A. Appendix - Patents 
a. Choquet Co.’s published patents 

 
Published the 7th of October 1994 – FR2703387A1 
 

STRAIGHT STAIRCASE FORMWORK STRUCTURE AND ITS ASSEMBLING PROCEDURE 
 

  
 
This system was quite easy to understand, the pendulums are moved independently through a 
guide integrated to the cages. Then it is screwed once in the good position using a small metal part 
inside of the cage as a support.  
 
Published the 23th of December 1994 – FR2706513A1 
 

WINDER STAIRCASE FORMWORK STRUCTURE AND ITS ASSEMBLING PROCEDURE 
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This solution seems quite archaic too. We can notify many different parts which assembled together 
would result in a formwork. However, the problem of marking is not resolved and it remains a 
complicated equipment to use. 
 
Published the 3rd of October 2002 – EP1373660A1/FR2822867A1 

 
MECHANISM FOR SIMULTANEOUSLY ADJUSTING THE STEP SUPPORT ANGLE OF A STRAIGHT 

STAIRCASE 
 

 

 
 
 

This mechanism answers perfectly to the functions of Fastair. It is in fact one of the first prototypes 
that Choquet Co.  realized in this field. The system is running with a rotating latch which makes the 
pendulums translating by a screw-nut system. The problem is that the spacing is constant and it 
cannot be adjusted. In fact, if each bar sections between the pendulums were solidarily linked in 
rotation but not in translation i.e. they would be linked to their respective pendulum subset, the 
system would work. Moreover, this type of solution is subject to fooling and could not have been set 
up in real conditions. 
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b. Existing patents similar to Fastair 
 
Patented Apr. 28, 1959 – U.S. Pat. No. 2,883,759  
 

DEVICE FOR ALIGNING AND SPACING PARALLEL ELEMENTS 
 

 
 

This solution is very interesting because it is similar to the Fastair system. In fact, we have here two 
systems of articulated rods which are positioned parallel to each other’s. The spacing parameter is 
adjusted using the latch (32) which regulates the distance between the two bars displacing the 
upper one guided by rods (12). This system used the parallelogram property that states that its 
opposite sides are always parallel to each others. Concerning the angle, it is regulated by the screw 
(37) which impact of the distance between the two rods assembling patterns and make the part 
equivalent to our pendulums rotating around two nodes (18/19). 
 
This system is quite smart but has some defects that we noticed. 
 
Unfortunately, an arrangement of this kind is very fragile, and the rapid wear on the scissors joints 
will lead to an amount of play that is incompatible with the desired level of precision. Furthermore, 
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the members of the scissors are often bent accidentally, which causes malfunctions that are further 
aggravated by the fouling of the mechanism from splashed concrete. 
 
Patented May 3rd, 1990 
 

ADJUSTABLE MOULD FOR CASTING OF STAIRWAYS IN CONCRETE 
 

 
 

 
 
 
This solution is quite close to what we imagined for Fastair at the beginning i.e. the first serial 
pattern. However this system can hardly be used on site and even if the mechanism is wisely 
presented and results in accurate structures, it remains that it was not designed to be adapted to 
on-site conditions and would need improvement to fill this feature. 

c. Fastair© patent pending 
 
Here is an extract of the patent filed in the French patent institution INPI. 
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ABRÉGÉ 
La présente invention concerne un mécanisme de réglages simultanés d’espaces ou d’angles  pour 

réaliser des structures en escalier ou en étagement. 

Le mécanisme est constitué : 

- D’une cage technique servant de contenant pour l’ensemble du mécanisme. 

- D’un système de croisillons articulés : un croisillon étant défini par deux pièces plates 

oblongues composées d’un trou central et d’un trou à chaque extrémité, articulées par une liaison pivot d’axe 

commun central. Les croisillons sont liés entre eux par des axes communs d’extrémités. 

- D’une règle-butée transpercées de trous oblongs obliques qu’on appelle coulisses obliques 

traversées par des guides transversaux fixes. Une commande crantée provoque des mouvements 

longitudinaux biaisés de la règle-butée. 

- De pendules-supports qui sont des pièces plates traversées d’un trou accueillant l’axe central 

des croisillons articulés, d’une encoche prévue pour recevoir les plateaux qui constituent le coffrage des 

contremarches ou des marches dans le cas d’une structure d’escalier et d’une mortaise adaptée pour être 

solidarisée sur un tenon de fixation d’une platine. 

- De platines sur lesquelles se trouvent des tenons conçus pour recevoir les mortaises des 

pendules-supports. Ces platines sont des plaques que l’on fixe sur une paroi latérale qui peut être un mur ou 

un autre support quelconque. 

Le mécanisme permet notamment la conception de coffrage d’escaliers droits, préfabriqués ou adaptables. 

L’invention peut également être employée dans d’autres applications nécessitant un moyen de réglage 

similaire tel que des étagères ou des outils en ligne ou encore des traçages nécessitant des réglages d’espaces 

ou d’angles égaux. 

 


