Auguste Perret’s Musée Bourdelle and Musée Moderne
Report for the Franco-British Union of Architects
Nick Webb
The University of Liverpool School of Architecture
November 2010

Contents

Introduction

3

Career and significant buildings

8

Detailed design

15

Musée Bourdelle

20

Sorting the archive material in terms of relevance

20

Tracing the archive drawings using a digital drafting package

21

Constructing the three dimensional model

26

Adding materiality to the digital model

32

Images from the model

34

Musée Moderne

37

Comparisons and lessons learned

46

Appendix of original Musée Bourdelle archive drawings

49

Acknowledgements

59

Bibliography

60

Introduction
Auguste Perret (1874-1954) is well known for his rationalist structures and
pioneering use of reinforced concrete (Watkin 2000). He gained international
recognition for buildings such as the apartment block at 25 Rue Benjamin Franklin,
the Théâtre des Champs-Élysées, the Church of Notre Dame du Raincy as well as
his urban planning for post-war Le Havre which was designated a UNESCO World
Heritage site in 2005 (Tourist Office of Le Havre 2010). In recognition of his work, he
was awarded the Royal Gold Medal in 1948 (RIBA 2010).

The intention of this research is to investigate how digitally mediated techniques can
be used to augment our understanding of buildings designed by Perret which were
not built. The role of digital techniques has become commonplace in the architecture
profession since its introduction over 25 years ago. The ability to create digital
visualisations has developed rapidly, enabling the production of increasingly complex
models which have the potential to be exploited and analysed in a research context
(Brown and Knight 1995). The main use for digital modelling in architecture has been
to construct predictions; visualisations of designs that are yet to be built (Mitchell
1998). However, similar digital technologies have the potential to augment and
enrich our understanding of the past. Such technologies have been explored to reanalyse and re-interpret paper and photographic records of two of Perret’s unbuilt
schemes in the form of digital reconstructions. That work is reported here.

The information available to construct the required digital representations is almost
always incomplete; therefore interpretation of material requires parallel study into the
architect, their influences and the contemporary context they operated within in order
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to extrapolate and fill gaps in an informed way. The construction of the models will
enable a forensic analysis of the designs, in a similar fashion to how elements of
crime forensics take place; the reconstruction of events produces an investigation
into what may have occurred (Harfmann and Akins 2000). Previous research has
shown that this process can uncover new information and enhanced understanding
in relation to particular architects and buildings that they designed.

Two of Perret’s museum projects were chosen to study for two particular reasons;
firstly they share a common typology and secondly in 1929 Perret had written in
detail on his proposals for an ideal museum, the Musée Moderne (Perret 1929a). At
the time the architectural community was undergoing radical change brought on by
the arrival of the Modern Movement. This resulted in new theoretical arguments
about how buildings should be designed, particularly relating to typological ideals
and alternative aesthetics especially in the 1920s and 1930s (Bandini 1992), hence
Perret producing a theoretical approach to the Musée Moderne. His first major
project of this type was the temporary Palais de Bois museum in 1924. He later went
on to produce significant built works such as the Mobilier National and the Musée
des Travaux Publics. In between this period Perret conceived several designs that
were not built or were not intended to be built. One of these was his description and
sketches of the Musée Moderne. In this, Perret states that the main problems with
museums are poor lighting, decoration of the building fighting for priority with the
exhibits and the journey through the spaces being too complex which leaves the
visitor lost, tired or bored (Perret 1929a). He therefore proposes that the Musée
Moderne should be planned on a single floor to allow natural lighting from above with
a simple system of longitudinal galleries accessed via a central courtyard. At the
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start of the galleries is a ‘junction room’ showing the main themes and exhibits of the
gallery in question which allows the visitor to decide whether or not they want to
explore it. These spaces run parallel to each other and are accompanied by a large
dome which is used to hold the rarest and most unique items of the museum (Perret
1929a). Perret’s article sets out specific requirements for the design and is
accompanied by a sketch plan and two perspectives (figure 27-29). Perret’s narrative
is sufficiently rich to produce a unique model of a design primarily based on text,
enabling a visualisation of a scheme that has not been seen before.

In 1931 Perret designed a museum to house the works of his one time collaborator,
the sculptor Antoine Bourdelle who died in 1929. They worked together on the
design of the Théâtre des Champs-Élysées, with Bourdelle contributing the friezes
that are displayed on the front facade as well as work on the interior (figure 1). The
Musée Bourdelle was not built; however, we can identify in it elements of Perret’s
Musée Moderne such as being planned on one floor as far as possible. Quatremère
de Quincy states in Dictionaire d’architecture Volume III that the use of typological
ideals has to be amended when designing buildings to suit the requirements of the
brief as well as the architect’s imagination (Bandini 1992), such as the site for the
Musée Bourdelle being far too small to facilitate all elements of the Musée Moderne.
This is not surprising considering Perret only wrote the essay two years previously
and the Musée Bourdelle was his first chance to put his ideas into practice.

In the technique that we use the first step is most commonly to construct a digital
model of an entire scheme. This then acts as a core reference and source against
which variants and alternatives can be compared. The construction of the core
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reference model was primarily based on surviving architectural drawings. The use of
drawings rather than text meant the ability to test the Musée Bourdelle design in
terms of digital forensics was much more viable. The intention was that a
comparison between the two unbuilt schemes could be carried out once the two
models had been constructed.

Figure 1: The Théâtre des Champs-Élysées on Avenue Montaigne was one of Perret's most significant designs in
earning him recognition. The friezes on the external facade were designed by Antoine Bourdelle.

To assess the viability of the application of the forensic analysis technique the
quantity and quality of archive material available had first to be investigated. This
was a relatively simple process as institutions holding archives are increasingly
making their collections available online. It soon became apparent that the Perret
archives were available on the Cité de l'architecture et du patrimoine website
(Archiwebture 2010). More detailed physical versions were stored in the 13th
arrondissement of Paris. The online catalogue indicated there was sufficient material
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relating to the two projects for a comprehensive analysis to be viable. The archives
also held a wealth of paper records covering the majority of Perret’s designs.

The next phase of the project was to understand the context that Perret’s Musée
Moderne and Musée Bourdelle were set in for extrapolation purposes when
constructing the models. This meant researching his career, significant buildings and
the way he designed. Literature written about Perret was reviewed and his buildings
in Paris, Le Havre and Amiens were visited.
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Career and significant buildings
The French architect Auguste Perret was born in Belgium in 1874 where his father
Claude-Marie Perret was living in exile as a result of his involvement in the French
uprising of 1871 (Collins 2004). In 1876 Gustave Perret was born, followed by
Claude Perret in 1880. The family moved back to France in 1881 after the
government declared an amnesty for political offenders. As Auguste had French
parents and moved to France at an early age, one can presume he was naturalised.
Claude-Marie Perret was a mason and on his return to Paris set up a construction
company. Auguste and Gustave were sent to the Ecole des Beaux-Arts to study
architecture whilst at the same time working for their father as draughtsmen (Collins
2004). The Perret brothers did not complete their training as architects, a fact which
Collins argues may be because it would have legally prevented them from working
as part of their father’s company. The two sons were given an education into French
Classical architecture by their father; who owned a copy of Viollet-le-Duc’s
‘Dictionnaire Raisonné de l’Architecture Française du XI au XVI’. The French
academic discussed how historically craftsmen in France would build using the
techniques of the period; hence this logic should be followed with contemporary
building;
“Viollet-le-Duc’s influence on Auguste Perret was thus not to be traced to
any specific guidance in the use of new materials, but rather to those
ideas of structural integrity which his historical writings so passionately
proclaimed.” (Collins 2004) pp158
Perret’s architectural influence from French Classicism was purely in terms of
aesthetics; he was forward thinking in terms of structure (Britton 2001). He saw
reinforced concrete as the perfect material for his classical forms. The Ancient
Greeks used petrifaction of stone to imitate wood; therefore the wooden formwork
used to cast concrete and the texture it leaves behind takes this analogy further. The
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combined use of classical forms and innovative structure led to Perret being labelled
a Classical Rationalist (Frampton 1992). Auguste and Gustav Perret worked
together, but it was Auguste who took the lead at Perret Frères; the company they
ran together succeeding their father. Perret’s education and working life as part of
his father’s construction company helps to explain why he was so particular with
structure and how it is so significant in his designs.

The 16th arrondissement of Paris forms an ideal starting point when investigating the
architect, with four of his buildings within a short walk of Place du Trocadéro. These
projects span 35 years of his career; the 25 rue Benjamin Franklin apartments, the
Théâtre des Champs-Élysées, the rue Raynouard apartments and the Musée des
Travaux Publics. The first of these was the rue Franklin apartments in 1903. This
was the first scheme in which Perret expressed the reinforced concrete frame;
before this his father was against its use. This may have been because at the time
the scheme required subcontractors to carry out the work in concrete which would
have meant taking work away from his company (Collins 2004). It took the death of
Perret’s father in 1905 before Auguste could really begin experimenting with the
material. The impact of the apartment scheme cannot be underestimated;
“The rue Franklin building is considered by virtually every historical
account of modern architecture to be the first building constructed of
reinforced concrete to expose its frame deliberately, thereby conferring on
it a canonical status in the development of the Modern Movement.”
(Britton 2001) pp142
The design clearly expresses the concrete frame in contrast to the infill panels (figure
2). The structural elements were clad in plain ceramic tiles as it was thought at the
time that moisture would penetrate the concrete and cause the reinforcement to rust.
The infill panels feature a leaf pattern by Alexandre Bigot which distinguishes them
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apart from the plain ceramic structure (Britton 2001). Internally, slender columns
replaced load bearing walls which meant the partitions could be placed much more
freely. This had a knock on effect to Modernist architecture of which the free plan
became a defining element.

Figure 2: ceramic tiles designed by Alexandre Bigot on the rue Franklin apartment. The leaf pattern is used to show
non structural elements whereas the plain tiles show the frame.

A short walk from rue Benjamin Franklin brings you to the rue Raynourd apartments
built in 1929. This building demonstrates how Perret’s use of the structural concrete
frame, developed in conjunction with his structural engineer Louis Gellusseau (Curl
2006), became widely used in his career; ceramic tiles intended to protect the
concrete on the rue Franklin apartments are no longer used and instead the bare
concrete is expressed. This technique has shown signs of decay with another of his
10

significant projects, the church of Notre Dame du Raincy, where the concrete surface
was crumbling and the steel reinforcement rusting (Curl 2006). One of the
apartments in the block became Perret’s home. After the rue Franklin apartments
and another important commission, the rue de Ponthieu garage, the Perret brothers
received little commissions as architects (although they weren’t officially recognised
as architects for several years to come). Instead they worked as building contractors
and became renowned for their use of reinforced concrete as a skeletal system
(Collins 2004). Part way through this period, the Perret brothers were asked by the
Art Nouveau architect Henri van de Velde to work on his scheme for the Théâtre des
Champs-Élysées on avenue Montaigne in 1913. This was because van de Velde
realised that reinforced concrete was the most appropriate for the site and design
(Frampton 1992). Unfortunately for the architect, Perret said that his design was
‘structurally unfeasible,’ a clash that would prove to be fundamentally divisive. Six
months later van de Velde resigned leaving the Perret brothers in charge.

Figure 3: The Théâtre des Champs-Élysées showing Bourdelle's friezes.
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In the final theatre design little concrete was expressed externally; the majority being
faced with stone. However, the structure comprised of a monolithic concrete frame
rising from a raft foundation which took exceptional technical ability to achieve on
such a confined site (Frampton 1992). The low reliefs and friezes were designed by
Antoine Bourdelle (figure 3). The interior expressed the reinforced concrete
structure, and was criticised by many at the time as being stark and brutal (Britton,
2001). There is a story which states that Bourdelle’s panels did not fit properly, and
rather than having the spaces amended, Perret had them stored in the cellar and
replaced with canvas screens (Collins 2004). This gives an indication of how
particular Perret may have been with architectural proportions and classical forms,
on the other hand it could have been a simple case of measurement error. The
friezes are especially important to the digital reconstructions as two of them are
replicated on the perspective drawings of Perret’s design for the Musée Bourdelle
(appendix 14 and 15).

Another significant Perret scheme in central Paris is the Musée des Travaux Publics
from 1938 which will later be discussed relating to the digital models and material
swatches used to assist in their construction. The scheme that catapulted Perret into
the limelight was the Church of Notre Dame du Raincy in 1922 (figure 4). The design
for the church on the outskirts of Paris was commissioned immediately following the
First World War and consequently had a tight budget. Perret seemed like the perfect
person for the job due to his knowledge of concrete construction and the relatively
low cost of using it as a building material (Kostof 1995). The design exposed the
reinforced concrete frame both externally and internally. It featured round columns
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for the first time in Perret’s career and utilised visual illusions such as entasis as
prescribed in Classical architecture (Frampton 1992).

Figure 4: Church of Notre Dame du Raincy. Perret's use of non-standard blocks was developed here; especially in
relation to the stained glass windows.

The structure comprises of columns supporting a barrel vaulted ceiling with a tower
at one end. The design gives an insight of how Perret dealt with non structural
elements such as the spaces between columns and beams; these infill panels form
the facade. At the church Perret made the infill panels using a series of concrete
blocks with geometric shaped openings in them filled with stained glass (figure 5).
This technique of making concrete blocks unique to each scheme was something
that Perret developed. The design highlights the competing elements of innovation
and tradition that has regularly been spoken of regarding his career;
“Although Perret is most often associated with the innovative use of
reinforced concrete, his goal was not merely to be an innovator, but also a
translator of tradition.” (Britton 2001) pp90
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Figure 5: Interior of the Church of Notre Dame du Raincy. The stained glass windows are all based on standard
dimensions designed by Perret.

Perret went on to design several significant schemes such as the temporary Palais
de Bois in 1924, the Ecole Normale de Musique in 1928, the Mobilier National in
1935, the Musée des Travaux Publics in 1938 and finally major elements in the
rebuilding of the city of Le Havre from 1945 onwards. These schemes will be further
discussed in relation to his detailed design principles to assist in producing the digital
reconstructions.

The other main protagonist in the development of innovation in the use of reinforced
concrete in France was Hennebique. Interesting comparisons can be made between
Perret and Hennebique,
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Detailed design
The architect’s detailed design principles were researched firstly by reviewing
‘Concrete’ by Collins first published in 1959 which gives a detailed history of
concrete architecture primarily relating to Perret. The buildings were then visited in
Paris.

1) Columns – Perret attached great importance in his buildings to columns through
the use of which he strived to create rhythm and unity in the overall design (Collins
2004). In innovative development of the use of reinforced concrete in France, the
other main protagonist was Hennebique. Interesting comparisons can be made
between Perret and Hennebique, such as Perret effectively turned Hennebique’s
pioneering structural system on its side; whereas Hennebique had reinforced
columns cast to the whole height of the building and then cast floor beams in
between; Perret had the columns cast up to the underside of the floor beams, which
then had the whole floor (beam and slab) cast over them (figure 6).

Figure 6: In the Hennebique system columns are cast the height of the building whereas Perret turned the system on
its side casting the beams across the width.

His earlier column designs used principles of traditional stone columns being
narrower at the top than the bottom with a slight outward bulge towards the centre,
such as those at Notre Dame du Raincy (figure 5). However, after the 1933 Paris
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exposition design he reversed this principle making the columns thicker at the top
than the bottom (figure 7).

Figure 7: Perret reversed the direction of the entasis around 1933.

Perret’s analogy of this was a timber table or chair leg which is always thicker at the
joint with the seat of the chair as it is the part which requires most strength.
Therefore he saw this as also being true with a reinforced concrete frame; by
thickening the top of the column it improves the structural rigidity (its ability to resist
moments). Perret believed, righty, the base of the column can therefore be much
thinner, especially if it was a single storey building (Collins 2004). The columns were
polygonal as a result of the way they were cast; wooden plank formwork was used
meaning that each plank has a straight surface. To create entasis the formwork was
constructed in the same way as a wooden barrel; stiffening rings with various
circumferences gave the desired thicknesses as the column changed shape. Finally,
Perret created fluting by removing elements of the cement film from the surface
(figure 8).
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Figure 8: Sketch plan of Perret column from casting to final with fluting.

Later in his career Perret experimented with how to make the transition from column
to beam by using a technique that Britton (2001) describes as a wooden shingle
effect (figure 20). This occurred after the Musée Moderne article and Musée
Bourdelle so will not be discussed in detail. However, it indicates how Perret was
constantly redesigning his principles to make them more efficient.

2) Beams – Many of Perret’s contemporaries wanted to prevent beams from being
on show. He believed ‘one must never allow into a building any element destined
solely for ornament, but rather turn to ornament all the parts necessary for its
support,’ therefore he said the beams holding the floors up should be expressed
(figure 9). This is especially important as the column and beam, or structural frame,
formed the basis of Perret’s significant designs. He used a slight arch on the beams
to correct the illusion that they were sagging (if they were cast truly horizontal). In
Perret’s method of structural frame, the beams were cast directly into reinforcement
bars left protruding from the columns, which then created a rigid system.
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Figure 9: Detail of column and beam at Amiens train station, France. The beam structure is made up of two smaller
beams running parallel to each other.

3) Windows – One of the major factors that set Perret apart from those of the
Modern Movement was his belief that non load bearing walls should not be entirely
glass. Instead he used traditional methods of creating a rhythm of solid and void to
punctuate a facade (Collins 2004). On a trip to America, Britton (2001) discusses
how Philip Johnson gave Perret a tour of his glass house. Perret summed up the
experience in three words; ‘too much glass.’ The window openings he used generally
spanned from floor to ceiling with proportions of a ‘human’ scale; or rather they were
tall and thin (figure 10).

4) Infill walls – As Perret was insistent on showing the structure of his designs and
generally using tall and thin windows, this left areas blank which needed to be filled
somehow. Perret designed a system of precast blocks which were unique to each
scheme he worked on; these seemingly fit perfectly into the areas required. In this
18

sense he was working in the opposite way to masonry construction today, where it is
seen as good practice to design using standard brick dimensions. Instead Perret
worked out the appropriate size of the structural frame regardless of standard block
dimensions and then made his own custom blocks to fit the frame. Another
technique Perret used was infill posts; adding these between long beam spans to
create reinforcement. This can be seen in his design for the Mobilier National in 1935
(figure 10).

Figure 10: The Mobilier National demonstrates the tall and thin windows spanning floor to floor that Perret
regularly used. It also shows the secondary columns punctuating the blank facades.
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Musée Bourdelle
Britton (2001) describes her biography of Perret as a historical account of his career,
rather than offering ‘fresh scholarly discoveries.’ By creating digital models of the two
unbuilt museums it is hoped that analysis will go beyond straight forward historical
comment and enable a more rigorous and systematic review of the designs (ElKhoury, De Paoli et al. 2006). In constructing the digital models, it seemed logical to
work backwards in time and begin with the Musée Bourdelle from 1931 and then
return to the Musée Moderne from 1929. This is because there was a large amount
of drawings available for the Musée Bourdelle making the process of creating the
model a lot simpler in terms of access to reference material. After this, the Musée
Moderne model could be built using the research carried out for the Musée Bourdelle
as a starting point. The following text records the process of construction, focusing
on problems that arose and inconsistencies in the evidence that the generic analysis
revealed.

Sorting the archive material in terms of relevance
After visiting the Cité de l'architecture et du patrimoine archives in Paris and
obtaining copies of the drawings, the first task was to establish the order in which it
was produced. The archives held copies that are likely to have been at a planning
stage but were still formal drawings rather than sketch designs. A particular problem
here was that there were several variations of similar designs (see appendix of
original drawings). For instance, five different plans and four different sections were
available. Many of the drawings were stamped with a ‘Perret Frères’ logo including
the date they were finished, which simplified the process. What became apparent
from the dates was the design developed in plan first, and when this was complete,
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development continued using the longitudinal section. This is evident on the dates of
the plans which range from 14th April 1931 to 18th April 1931, whereas the sections
developed from 18th April 1931 to 19th May 1931. The latest plans and section were
used as a basis for the model. These were supplemented by one of two undated
elevation drawings; the later of the two was determined by observing elements such
as a solid central panel in the lower roof, which matched that of the latest section
whereas earlier versions show a glazed panel (appendix 1 and 2). In addition, three
undated perspective drawings of the front facade were available. The latest version
of the three was also determined by comparing it to elements on the most recent
plans and section. The perspective thought to be the latest is rendered using colour
whereas the other two are not, which assists in suggesting it is the most recent as it
may have been used for presentation purposes such as demonstrating the design to
the client.

Tracing the archive drawings using a digital drafting package
The archive material indicated a metric scale of 1/50, which made tracing a simple
task. There was also a survey drawing of the site which included dimensions that
acted as a method for checking the measurements were correct on the digital model.
The first step when tracing the drawings was to establish the location and spacing of
the structural grid as this forms the basis of the majority of Perret’s schemes; ‘The
composition of the framework is very important because it is to the building what the
skeleton is to the animal’ (Perret 1929b). This was measured from the archive plan
as 5720mm square and enabled the rest of the design to be built with this structural
grid as the framework. Other standard dimensions then had to be found, such as
external and internal wall thicknesses, depths of floors and column and beam sizes.
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These were established by two means; firstly the drawings of the Musée Bourdelle
gave a close estimate, for instance external wall thicknesses were measured as
between 300mm and 400mm depending on where the measurement was taken. This
variation occurred because the plans are hand drawn at a scale of 1/50 meaning the
width cannot be measured accurately and they are not dimensioned. Secondly,
detailed drawings in the archives of Perret’s other museums such as the Musée des
Travaux Publics and Mobilier National were used to accurately check the
dimensions, as they are at a larger scale with annotation of dimensions and
materials (figure 11). This extrapolated information indicated that the external wall
thicknesses were 350mm, internal wall thicknesses were 220mm or 180mm and
columns were either 650mm or 450mm wide. These dimensions were then rechecked against the Musée Bourdelle drawings for accuracy.

Figure 11: detailed section of the Mobilier National. The drawing was used to interpolate that the external wall width
of the Musée Bourdelle should be 350mm.
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Once these basic dimensions were established, the lower ground floor plan was
traced followed by the upper ground floor plan. This process revealed a discrepancy
in the vestibule area of the design, where on the lower ground plan the columns sit in
front of the wall but on the upper ground plan they sit within the wall (figure 12). For
this initial stage of analysis it was decided to place the columns in front of the wall as
this is how they appear on the only interior perspective of the space (appendix 12).
This discrepancy offers an opportunity to present alternative scenarios in the model
for different interpretations of the design; the first scenario presumes the interior
perspective is correct whereas the second scenario adheres to the plans. This issue
could have arisen as a result of the nature of the drawings, which suggest an
unfinished development of the design (Novitski 1998). This observation is backed up
as another inaccuracy was found; when the lower ground plan was laid over the
drawings of the upper floor plan for tracing, the central section of the courtyard
staircase was wider on the upper level than the lower level.

Figure 12: on the lower ground (below) the columns sit in front of the wall. On the upper ground (above) they sit
within the wall. On the internal perspective (appendix 12) the columns sit in front of the wall.
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Tracing the drawings also revealed useful information confirming Perret’s
employment of the Classical orders. When constructing the curvature of the main
staircase in the vestibule it became apparent that they were designed using the
Fibonacci spiral. The curvature was made of a series of quarter-circles which got
smaller with every segment suggesting the use of the Fibbonaci spiral; this was then
laid over the top of the original drawings for confirmation (figure 13).

Figure 13: the curve of the staircase was designed using the Fibonacci spiral (highlighted in red).

Next the section and elevation drawings were lined up with the plan and traced over.
For the high level windows on the upper ground floor and in the octagonal dome
Perret uses concrete blocks with a glazed infill similar to those he used at Notre
Dame du Raincy (figure 4). The size of these was calculated as 646mm squared by
measuring the area they occupy between columns and beams. This was then
divided by the number of blocks depicted which formed their dimensions. As Perret
produced his own standard blocks these dimensions were then used in all cases
where the glazed blocks occurred.
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When tracing over the front elevation drawing, the fact that a perspective of the
elevation had been produced showing the design at a later stage had to be
accounted for (appendix 2 and 15). Hence the elevation drawing was used as a
guide for basic dimensions, as it matched those of the section and plans, and the
detail was added such as the lettering on the door and Bourdelle’s friezes using the
perspective image. This revealed inconsistencies with the drawings; the perspective
image shows the lower section constructed of seven infill panels vertically (appendix
15). In reality, only five panels could fit into the space when drawing the area digitally
(figure 14). This raises the question of whether the later design was raised in height,
or whether the perspective was exaggerated to suggest the design was taller. It was
presumed that exaggerated perspective was the cause, as the height between
Bourdelle’s original house and the cornice of the front elevation were compared in
elevation and perspective and appeared to be the same. Once complete, the digital
drawings were exported to a 3d modelling program as a starting point for
reconstructing the design.

Figure 14: Digitally traced drawing of the front elevation. Only five square infill panels fit vertically on the drawing
whereas seven are indicated on the archive perspective.

25

Constructing the three dimensional model
This was constructed in a similar fashion to the two dimensional drawings; first the
structural frame was modelled then detail was added. The process of building the
model requires you to acknowledge elements which may not be apparent from
studying the archive drawings alone (Renfrew 1997). For instance, when the beams
were being constructed the dimensions made them look oversized. By studying other
buildings such as Perret’s train station at Amiens, it revealed that these large beams
were in fact split down the centre to form two smaller beams (figure 9). This detail
was also apparent on the interior perspective drawing (appendix 12) which was
sufficient evidence to reproduce the same detail on the Musée Bourdelle model.

The three dimensional model is explicit in demonstrating the structure of the building.
For example, it clearly shows how the beams and columns are thicker around the
area supporting the octagonal dome than other areas; whereas the original drawings
do not have enough detail to express it as well, particularly the beams (figure 15).

Figure 15: recreated model structure. The lower ground frame has thicker columns and beams in the area where it
supports the dome (beams shown in red).
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The layout of the columns in the garden area to the rear of the building also proved a
difficult issue to resolve. Bearing in mind Perret’s doctrine on the structure of his
buildings, it seemed unusual that the columns around the perimeter of the garden
area disappear from the archive plans after the initial lower ground plan (appendix
7). The only explanation for this is that the perimeter wall becomes load bearing in
the later designs rather than a series of columns with infill panels. Further study of
the archive drawings confirmed this, as they all show that columns were used around
the internal edge of the courtyard space and not on the perimeter wall. The absence
of an initial upper ground plan may also suggest that Perret would have used this
method if he had continued with the initial design.

Another major issue occurred with the column and beam design when constructing
the upper level and octagonal dome. The external walls are offset outwards from the
internal columns so they can be expressed internally in the same way as the Church
of Notre Dame du Raincy. This raised the question of how the external walls were
supported, an issue which was resolved once it was realised they rest on the beams
below, with the internal columns forming the main support for the roof. This shows
ingenuity in Perret’s design in a similar way that he used a double structure on the
Musée des Travaux Publics where the internal columns supported the upper floor
and the external columns supported the roof (Britton 2001). The second and more
fundamental issue with the beam and column design was that the corner columns
did not meet the beam they were supporting above. This was due to the offsetting of
the external wall discussed above. Studying the archive drawings did not offer a way
to resolve this, therefore it was decided to look at Perret’s other buildings to come to
a solution. At the Church of St Joseph in Le Havre, the city Perret helped to rebuild
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after the Second World War, it was noticed that a similar offset arrangement of
column and beam occurred. Perret resolved this by adding an extra section internally
to the beam structure (figure 16). It seems that at Le Havre this was for aesthetic
rather than structural qualities; however it gave enough justification to interpolate
using the Church of St Joseph as a reference (figure 17). This raises an interesting
question regarding Perret’s work; the thicker column and beam design around the
octagonal dome area emphasises stability in the scheme. However similar to the
Church of St Joseph, it was realised that the corner columns do not have to carry as
much load as the rest as they do not directly support the dome. This suggests that
Perret’s strict structural grid is primarily used for aesthetic purposes in a minority of
cases with the structural qualities becoming secondary.

Figure 16: Church of St Joseph at Le Havre. Perret adds structure at the corners of the beams as a method of ending
the columns.
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Figure 17: Digital model drawing as original (left). An extra section was added to the beam taking inspiration from
the Church of St Joseph at Le Havre (right).

When adding the infill blocks based on Perret’s standard dimensions, it became
clear that this method does not always create such a neat design as suggested by
Collins (2004) and Britton (2001). For instance, the column widths are either 450mm
or 650mm depending on the load they are supporting. Bearing in mind that the
structural grid is 5720mm square, this meant that the infill area was 5070mm
between two 650mm columns, 5170mm between a 650mm and 450mm column and
5270mm between two 450mm columns (figure 18).
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Figure 18: The three scenarios of different infill areas based on the structural grid of 5720mm square compared with
different column widths.

As the infill blocks were based on the 5070mm width between two 650mm columns,
this meant a gap of up to 200mm. This could be resolved in two ways. The first
option was that the corner columns could be made wider to compensate for the gap
where possible; however this would contradict Perret’s drawings considering he
places most importance on structure. The second option was to use a larger mortar
gap to make up the difference, as used at the Church of St Joseph’s in Le Havre
(figure 19). This was the option chosen as it meant staying true to Perret’s drawings
as much as possible and offers a solution through investigating his other designs.
This problem is a good example of how a sound understanding of Perret’s designs is
required to overcome inconsistencies in the model construction.
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Figure 19: The mortar between the infill blocks at the Church of St Joseph has a greater vertical width than
horizontal width. This retains the overall dimensions of the structural framework as well as the square design of the
infill blocks.

In constructing the model and adding detail to the existing Bourdelle house that was
retained as part of the design, it was noticed that the height of the lower ground floor
plan was determined by the height of the existing building.

Once the basic model was built, openings were added such as the skylights
indicated in plan by dotted squares (appendix 11). Windows were also added above
the doors to the private areas above the garden courtyard. The archive drawings do
not show any windows to these rooms, except to indicate what at first was simply
thought to be door openings. It was decided these must have been windows at
higher level due to the height of the openings and lack of indication of windows
anywhere else on the drawings.
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Adding materiality to the digital model
Once the form of the model was complete, material could be added striving towards
a near photorealistic interpretation of the design. The issue of adding materiality to
digital reconstructions is open to debate, as it is important not to mislead the viewer
into believing what they see is real (Kensek 2005). In other words, you have to
acknowledge that the near photorealistic interpretation is based on interpolation from
other designs. It was felt this was appropriate because of the overwhelming use of
concrete in Perret’s built schemes, as well as the indication of the material on the
original drawings. The materiality of Perret’s other buildings; primarily the Musée des
Travaux Publics in Paris was used to interpolate (figure 20). This was an appropriate
source as it contains all of the elements that are apparent in the Musée Bourdelle
design, such as square and round columns, infill panels and a high level of detail on
finishes.

Figure 20: Musée des Travaux Publics in Paris.
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Photographs were taken of the building in Paris then manipulated digitally so they
formed the correct sizes for the reconstruction (figure 21). These were then applied
to the model.

Figure 21: Material examples taken from the Musée des Travaux Publics ready to be applied to the digital model.

A key element of the design is the inclusion of friezes designed by Bourdelle
originally for the Théâtre des Champs-Élysées. Copies exist in the current museum
on rue Antoine Bourdelle in Paris and were photographed so they could be included
in the digital model (figure 22). Of the five original friezes, it is possible to determine
from the archive perspective drawing (appendix 15) exactly which two Perret decided
to include on the front facade.

Figure 22: Bourdelle friezes for the Théâtre des Champs-Élysées.
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Images from the model
As already demonstrated the digital reconstruction process helps to uncover
information that may remain unnoticed if traditional media was used (Masuch,
Freudenberg et al. 1999). In addition to this, the process produces a visualisation of
an unbuilt scheme which can be shared with a wider audience. The following
includes images from the reconstruction; however, to fully understand the space a
digital walkthrough is more appropriate. This will be available as a future aim of the
research.

Figure 23: original perspective (left) and digital reconstruction (right).

The images created of the digital model offer an opportunity of direct comparison to
the original perspective images drawn. The first image of the front facade is very
similar to the original except for the original seeming taller and thinner than the digital
reconstruction (figure 23). The most likely cause of this is exaggerated perspective
as previously discussed when tracing over the original drawings.

The interior perspective image was difficult to reproduce because of whether or not it
should be presented in the same design as the original perspective or the original
plans. Therefore, a visualisation of both was rendered in order to make clear there is
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more than one likely solution based on the entire information available (figure 24 and
25).

Figure 24: Interior perspective of the vestibule which aimed to match the original perspective (appendix 12).

Figure 25: Interior perspective of the vestibule based on plan drawings. Notice the columns sitting on the beams
between upper and lower ground floors.

35

The model gives a better spatial understanding of the design, for example the scale
of the interior is a lot greater than first anticipated once a human figure is added next
to Bourdelle’s sculptures (figure 24 and 25). The research acquired for the Musée
Bourdelle can now be used to form the basis of the Musée Moderne model.

Figure 26: visualisation of the garden courtyard to the rear of the Musée Bourdelle.
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Musée Moderne
Creating the Musée Moderne model was a much simpler task than the Musée
Bourdelle model as the information already gathered could be extrapolated such as
basic measurements, material swatches and patterns. It was then a case of
analysing the article and translating the written information into three dimensions.
The inclusion of a sketch plan and sketch perspectives (figure 27, 28 and 29) acted
as visual aids for construction, especially for elements such as the main dome.

Figure 27: Perret's sketch of the Musée Moderne.
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Figure 28: Sectional sketch of the galleries.

Figure 29: Sketch plan of Perret's Musée Moderne.

Working in the same way as the Musée Bourdelle model, the plan was first traced
over using a digital drafting package then built in three dimensions. Quotations will
be used from Perret’s article to guide the process.
“Our museum would be framed reinforced concrete; that is to say, it
would be made of widely spaced columns that would support beams and
slabs; it is this whole system we call the backbone.” (Perret 1929b)
The first task was to extrapolate the dimensions of the structural grid as this is not
confirmed in the text. The Musée Bourdelle has a grid of 5270mm square and the
Mobilier National has a grid of 5800mm square, therefore an approximate average of
5500mm square was used. This was because similar sized components such as
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columns and beams were also utilised, hence it makes certain that they could be
structurally supporting as the grid is similar. Again, the Musée Bourdelle thicker
column and beam dimensions of 650mm square were used as the Musée Moderne
design is on a larger scale with high ceilings and large loads. The next task was to
investigate the external wall thicknesses;
“The walls will be insulated to the extent necessary and will be made of
five separate walls with four vacuums 4cm wide separating them. These
voids will be sealed to ensure the air inside them does not flow.” (Perret
1929b)
The detailed drawings of the Mobilier National were used as a guide to assist in
constructing the walls (figure 11). These drawings showed that the facing concrete of
the infill walls is 80mm wide with an inner leaf of 50mm wide. Based on Perret’s
instructions of three inner walls and two external ones, this resulted in a 470mm wide
wall (80+40+50+40+50+40+50+40+80). Internal walls were 350mm wide based on
the Musée Bourdelle model.

The heights of the galleries were determined using the golden section as Perret was
influenced by the classical orders. This was double checked by looking at heights on
his sketch which suggests a similar ratio (figure 27). The architect is explicit in the
article regarding the structural frame;
“In the skeleton there is rhythm, balance and symmetry which support
many different organs for the animal. Our framework for the building will
be rhythmic, balanced and symmetrical even, to contain the various
bodies required in the museum.” (Perret 1929b)
The sketch plan it is symmetrical. The rhythm is defined by the layout of the columns
and beams; this framework and symmetry meant that only half of the model had to
be built. It was then mirrored to form the remaining half. It is likely that there would
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be differences in each side of the museum if it were a real project; however, as it is
theoretical this seemed appropriate.
“The central area is a large rectangular courtyard surrounded by a double
portico – the first one open and the second one closed; it is through the
second one that the junction rooms and galleries of study would be ...the
galleries consist of two straight walls containing a range of different cells
in their surface.” (Perret 1929b)
Perret discusses the main gallery spaces as having a junction room nearest the
central courtyard to show the major works of the gallery’s theme. He also states that
the central dome ‘...would be the heart of the museum and contain the rarest and
most unique items’ (Perret 1929b).

In terms of materiality the design is unsurprisingly made of reinforced concrete. He
believed that the building should not remove attention from the exhibits, ‘...the floors
will be painted in dark, neutral tones. Finally all polished surfaces are removed...
should the museum be decorated? We think not. The appearance of the rooms
should not fight with the art’ (Perret 1929b). The patterns of the infill panels seen at
the Musee des Travaux Publics and on the Musée Bourdelle drawings were used as
material swatches and applied in line with Perret’s principles. The lighting of the
museum is discussed in detail in the essay, with openings high up in the walls
primarily for sculptures and roof lights for paintings.

Once the model was complete a walkthrough of the scheme was available giving a
more thorough understanding of what the Musée Moderne could have looked like.
The initial isometric is used to highlight areas of interest in relation to Perret’s design
(figure 30).
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Figure 30: Isometric view of the Musée Moderne model showing the courtyard (1), dome area (2), junction room (3),
main galleries (4) and workshops (5).

Perret states that the courtyard area would be a place of enjoyment. One could
imagine a similar situation to the open space in front of the Centre Georges
Pompidou where people gather (figure 31).

Figure 31: visualisation of the courtyard area in front of the museum.
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The next key area is the dome and associated rooms (figure 32) where the most
important items would be held. For instance, the mask of Tutankhamun's mummy
could be placed here if it was brought to the museum. Perret describes this area as
the heart of the museum and it is easy to see why; the dome dominates the space
and is of an impressive scale. On the reconstruction it is approximately 25 metres
high internally with a diameter of 20 metres.

Figure 32: visualisation of the dome in the central area of the Musée Moderne.
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The junction rooms off the external courtyard are described by Perret as a place
where the key items relating to the gallery can be seen (figure 33). Therefore a
visitor could walk around the courtyard space and visit the junction rooms to decide
whether they want to visit the whole gallery or simply have an overview of the works.
In the reconstruction Picasso is used as an example; the junction room would display
his major works to give the viewer a sense of what the rest of the gallery would
entail.

Figure 33: visualisation of the junction room. For this image Picasso has been used as an example.
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The final area of the design of importance is the galleries themselves (figure 34).
These are long and thin with niches to hold further art work or sculptures. This helps
to break the linear nature of the galleries. Perret states that this would prevent the
viewer from getting lost or worrying they have missed parts of the gallery, as it is a
simple journey along the left hand side to the far end then back down the right hand
side to the central courtyard once again. The images are useful in confirming
Perret’s statement that the architecture should not ‘fight for attention’ with the art.
The building is simple and rational placing all focus on the art which would not be the
case if it were located in a grand building such as the Louvre.

Figure 34: visualisation of the linear galleries.

The architect also states that if the museum were to be built in Paris, the Bois de
Boulogne would be an ideal site (figure 35). This is due to the massive scale of the
building, which has an approximate length of 300 metres based on the
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reconstruction. Perret wanted it to rival the Louvre in this sense. The following
counterfactual image places the design in the modern context of the Bois de
Boulogne at the end of Avenue Henri Martin. This seemed like an appropriate site
due to its transport links with the centre of Paris and along Avenue Henri Martin itself
towards Trocadero. If this theoretical scheme had been built, it could have become
one of the largest and most important museums in Europe.

Figure 35: counterfactual visualisation of the Musée Moderne in the Bois de Boulogne.

The various screenshots of the key areas provide an insight into what the Musée
Moderne could have looked like. It is useful in showing how his ideas such as long
parallel galleries would have worked. It also shows his stark use of concrete which in
his opinion did not fight with the artwork.
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Comparisons and lessons learned
The construction of the two models provides a new perspective when investigating
the work of Perret. In the broadest sense, it allows his unbuilt designs to be
visualised in three dimensions. This provides a far better spatial understanding of the
two museum designs than simply reviewing the text and two dimensional images.

Comparing the two designs, there are several similarities which suggest that the
Musée Bourdelle was influenced by the Musée Moderne essay written two years
previously. The first major comparative is that the ideal is to have the museum all
across one level. Although the Musée Bourdelle is over two levels, the lower floor is
used for storage space. This was discovered when tracing the drawings and
exploring the digital model which showed a clear distinction between public and
private areas. Even though Perret does not have enough space on the site to include
the various accommodations across one level, he ensures that the main gallery
spaces are on the upper level so they have direct light via roof lights and windows.
The pyramid shaped rooflights discussed in the Musée Moderne essay can also be
seen in the earliest Musée Bourdelle section (appendix 3), confirming that Perret
must have been conscious of using the principles he theorised two years previously.
These give an indication of how theorising typology in architecture has to be
amended when dealing with real problems such as site, requirements of the brief
and aesthetics (Bandini 1992). It must be pointed out that this information was
confirmed using the digital model, however, it may also have been ascertained by
studying the archive drawings. What is apparent in both designs is the sense of
scale that Perret strived for. The digital reconstructions show what a vast building the
Musée Moderne would have been. Rapid prototyping has now been used to produce
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3d prints of them at the same scale to emphasise the incredible size of the Musée
Moderne (figure 36). This is assisted by the image placing it in the context of the
Bois de Boulogne. Again, the original interior perspective of the Musée Bourdelle is
misleading as the sculptures suggest a human scale, when in fact it is much larger.
Adding a human figure to the reconstruction showed that the Musée Bourdelle was
also on a large scale. The simplicity of the design also reflects Perret’s museum
ideal of an uncomplicated journey; walking through the spaces is a straightforward
route from the vestibule into the main gallery space, outside into the garden area
then back again.

Figure 36: 3D print of Perret's Musée Moderne (left) and Musée Bourdelle (bottom right). The prints are both at a
scale of 1:1250 and emphasise how large the Musée Moderne would have been.

Above and beyond simple reconstruction, the Musée Bourdelle was much more
fruitful in finding new information. This was mainly due to the process of
reconstruction, or digital forensics, which required a thorough knowledge of Perret’s
design principles. An example of this was trying to resolve the issue of the column
not meeting the beam in the dome area of the design. This would have been difficult
to resolve, or resolved with a less satisfactory outcome, if it had not been for visiting
the Church of St Joseph at Le Havre and realising Perret has a solution to the
problem there, albeit one that seems to move away from his design principles. As an
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educational method for teaching students about the work of the architect, the
process of researching and constructing the models is invaluable.

Future aims are to produce physical models of the designs using rapid prototyping.
These would be beneficial in providing tactile objects that can be held and
investigated personally, allowing the viewer a further level of depth when researching
the designs. A further aim is to create an online resource documenting the models
and the process of construction. It is hoped that this will provide clarity of how the
designs were reconstructed and enable the research to be shared with a wider
audience. This could also include a virtual walkthrough of the schemes which are
much more immersive than screenshots that appear in this report. It is hoped that
the research creates discourse into Perret’s architecture which was not built, nor
intended to be built.

Figure 37: 3D sectional print of the Musée Bourdelle using the same section line that Perret used on his original
drawing.
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Appendix of original Musée Bourdelle archive drawings

Appendix 1: undated elevation drawing, presumed to be the earliest.

Appendix 2: undated elevation drawing presumed to be the latest based on comparisons with the plans and section.
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Appendix 3: 18th April 1931 section.

Appendix 4: undated section presumed to be second in sequence based on its similarities with the earliest section and
differences form the later dated versions.
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Appendix 5: 22nd April 1931 section.

Appendix 6: 19th May 1931 section (latest version).
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Appendix 7: undated plan presumed to be the earliest.
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Appendix 8: 14th April 1931 lower ground floor plan.
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Appendix 9: 14th April 1931 upper ground floor plan.
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Appendix 10: 18th April 1931 lower ground floor plan (latest version).
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Appendix 11: 18th April 1931 upper ground floor plan (latest version).
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Appendix 12: Interior perspective.

Appendix 13: undated early perspective.

57

Appendix 14: undated early perspective.

Appendix 15: undated latest colour perspective.
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