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ABSTRACT: Up to the Second World War, the materials selected and building methods used for traditional
constructions were de facto, based on descriptive specifications representing standard solutions. Since the Second
World War, the wide range of products and techniques available has led to the description of a standard solution being
replaced by a liability to perform applicable to the building. In other words, do the technologies used for a project open
up new possibilities in terms of the general organisational structures used for production purposes, generating hybrid
systems by default?

That is the initial statement of the Halle Pajol project designed in Paris by the Architects Frangoise Hélene Jourda and
her associate Raphaelle Laure Perraudin. This project is a remarkable example in which designing architectural
technical solutions are:
- aprocess, leading to a new model (knowledge, innovation)
- the combination of two systems or two forces (distribution of new technics and adaptation to local context),
led by the customer, legislation, the design team and constructors.
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1 HYBRID/INTRODUCTION In view of today situation, of which we are well ane, |
therefore suggest that we understand the term dhywi
1.1 FOREWORDS highlighting the local roots of an architecturabject. Is

The project of the rehabilitation of the Halle Raijo this something new? Priorities have reversed, hisd t
Paris / France / is a very ambitious project: i th
complexity of the co-education (mixing) of the praign
(youth hostel, activities, library and garden) dadhat of
the rehabilitation of hall, element of the Paridustrial
heritage of beginning of the twenties century. Aet
same time an hybrid program in the North of thg aitd

an hybrid technical answer for the structure using
existing steel structure, concrete and wood togefibre
the new building.

Figure 2: Front view of the project / Source: JAP Architects

could be considered as different, and perhaps A¢\&.
time of hyper-standardisation and regulation, sgdeand
local solutions are standing out. Hybrids are absrgd
3 s as innovative if they are based on successive atiaps
Figure 1: Sky view of the project between the initial model and the final model. Tii
lead to the co-construction of a final hybrid model
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Figure 3: Location plan / Source: JAP Architects
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o 5o ¥ - ¢ 2 ARCHITECTURE AND CONTEXT
. 2.1 FROM AN EXISTING BUILDING

Figure 2: Ground floor including the garden / JAP Architects

The ecological footprint of the building aims to deilot
project for the City of Paris, minimizing the ecgical
impact of the building. From this analysis, the gajs
broken down as follows:

The rehabilitation of the Halle Pajol is a flagship
operation across the city of Paris. Hall now host a
library, hostel, offices and shops, an auditoriund @
solar photovoltaic roof consists of 3.500 m2 of
photovoltaic panels and solar panels, the roof ee
large part of domestic hot water needs of the youth
hostel. Halle represents today the largest urbdar so

A- Project General description power plant in France.

B- Global design hypothesis.
C- Hybrid wood and concrete design.

. Under the renewed metal structure of the market
D- Construction process

develops a seemingly building timber frame but vehos
structure is finally hybrid wood & concrete. This

1.2 DESIGN PROCESS combination of materials with the aim of forminghaw
The main design guidelines including the structare construction system, a new coherence, is the olgject
the following: the analysis of the chapter.

This existing hall is the protective envelope of
the building. She so asserts her revival. The The original building was built in the early 20tartury
skeleton of the existing hall, freed of its belonged to the SNCF who used to unload the parcel
overloads and freed from any new constraint Equipped docks and various platforms, the free epac
becomes a canopy supporting a solar powerunder the roof as it appears today did not exisie T
plant. metal, original structure has undergone various
interventions before finding the clarity of a largieelter
New buildings, in contrast with the existing that welcomes new buildings and covered gardens,Thu
hall, are volumes very compact, so limiting the having been partially cleared successive fillings
energy decreases. Within this hypothesis the (concrete, bricks, tiles), the structure has unoleega
structure is mostly in wood but include at the refurbishment, decontamination lead paint, sanding,
same time concrete slabs for thermal inertia repainting and one-off and reinforcements additithrag
reason. have adapted its structure to the new requiremehts
stability
The garden between the hall and railroad tracks
is designed from north to south, in the biggest k =
dimension of the site. A long railroad garden ¢
draws a continuous route: covered under hall
Pajol, opened further north. This linear space *
organizes in successive, behind the scenes
vegetable strips. The principle is to designed an
evolutive garden in Paris.




Figure 4: View of the existing building

Totally independent buildings that fit under itetimetal e T

framework meets its own constraints on fire saféitg, i b

stability of the new buildings is ensured by itsrowood
facade. Similarly, the sealing of the new constaucis
assured regardless of the steelwork The architchas
been first to come simply slide the new buildingghis
market, under the framework, in order to presersth b
the integrity, independence and historical andtagel  Figyre 5: Bim model of the steel existing frame before
value. modifications.

The building lies in structural terms, on a strict
dichotomy between the existing metal frame of tak h
itself coated glass panels and photovoltaic panelsd
equipment that fit underneath.

Between the hall and the railway tracks, alongilavay
garden draws a continuous path: covered gardehein t
Halle Pajol, open garden to the north. This lirgzace is
organized into successive strips, vegetable scélrfes.
ponds collect rain water from the photovoltaic robiis
water is stored in order to meet in garden watering
needs. In the north, the garden follows the topagya
causing pedestrians by successive slopes and ydatea
down to the Riguet Street.

The original length of the Halle was 200m but abaut
third of its length was demolished. It developsaypadn
140 meters long by 41 meters wide. It consists bf 1
bays arranged in an axis between 14 meters and tres
primary structure is made of 11 multi-frame to asle
two longitudinal aisles. The frame of the cover is
constituted by a set of sheds. The ridge of thelsiud
the hall rises to a height of 20m over the traffiea of
the lower ground floor. The level of the channes i
disbursed over the esplanade. Today Halle is
simultaneously a level with the esplanade throufba
and with the railway lines localized low. The franwek
of the market (post and beam "I" and "H" reconggitu
and trusses) is mainly carried out by the flat adsdg
and angles riveted and bolted sometimes. Existing
longitudinal stability is done firstly by stairwelland
partly formed by cross channel sections. The tramrss/
stability is achieved by the multi-frame.

Figure 6: Bim model of the steel existing frame after strradtu
modifications



- The longitudinal retaining wall is nailed over its
entire length to ensure its stability without lean
on the infrastructure of the proposed new
building.

- Surfaces reported in the superstructure of the
hall made of mixed wood / concrete frame are
entirely self-made stable and favoring the
functional efficiency, structural and thermal.
They are implemented on new foundations.

DECONSTRUCTION AND
RECYCLING

CONSERVATION OF
EXISTING RETAINING WALL

Figure 7: Bim model of the steel existing frame with the new
independent concrete&wood project.

2.2 STRUCTURAL DESIGN HYPOTHESIS

Figure 8: Construction stage wood and steel / JAP Architects e e

In its planned configuration, the hall consiststlifee AN /\ _ e /\\/ ‘
statically independent sets: the "Halle-canopy"xedi ‘ + \_\ié:s = — e - = 1 -
wood buildings and the garden and the existingnigtg NG — =
wall. The key assumptions that are used are amAfell 1\ w4

- The roof of the hall, like a canopy, receiving
coverage in photovoltaic panels south and north

canopy. Its main structure, which ensures its ——= L
integrity and static volumetric size is generally {) I
retained for 10 of the 11 multi frames, with BRACING REINFORCEMENT

local adaptations and enhancements that are
developed further in this note.

GARDEN SPACE | hi ) SELF STABLE BUILDING

. . CONSERVATION OF
-  To take into account the issue of thermal EXISTING RETAINING WALL

expansion of the hall, two joints are created at
connections between existing sheds and crossFigure 9: The new anchorages on the retaining wall and the
gantries. design hypothesis



| M = Conoete slab and bears |
3 HYBRID STRUCTURAL DESIGN Classical hypothesis

3.1 WOOD&CONCRETE STRUCTURE
REVERSE
'H =Wood slab and beams

Bl 1- Self stable exisitng concrete retaining wall | Initial design hypothesis |V =Wood frame columns |
""" " Existing and sel stable sieel frame

Final design hypothesis

= Thermic design
Figure 12: Schematic diagram showing how thermic design is

influencing structural design.
Figure 10 : The three statically structural systems 3.2 INNOVATIVE CONSTRUCTION SYSTEM

4.2.1 Concrete timber system

Ronstructive concrete timber system is implemened
the equipment located in the covered market inlstee
structure. The reinforced concrete slabs (and &tsoc
beams) are implemented through the levels ... aad a
supported by poles or wood sides while the overall
bracing is achieved by reinforced concrete coredenud
a{)refabricated panels.

Existing and self stable steel frame

The massive use of wood based on the requirement t
reduce to the minimum the environmental impactex/n
construction, including a rehabilitation contexthel
wood also gives the building a strong potential for
flexibility, redevelopment, convertibility. One clouthus
imagine that the building in a few decades eitloerdl

or part disassembled for the shelter of the strectu
welcomes a new function. The use of wood has been
determining factor for the prefabrication of buildi
elements especially on facades, interiors with wsidds
and poles.

But the main innovation is the implementation of a
concrete hybrid wood structure. Originally planned -
entirely in wood, the development of the necessary 1\
thermal inertia was solved project by the impleragah
of a material having a mineral consistency in oasec
reinforced concrete.

On this basis, was born an amazing combination of
making wearing slabs implemented at each level by a ) _
vertical wooden frame. It is the use of wood adivar Flgure. 13:The new wood structure is totallylndependent from
structure which resulted in technological innovatio e €Xsting steel structure / Source : Arbonis

wood bearing columns and wall are supporting the 4.2.1 Assembly beam concrete / wooden post

concrete slabs expect for the roof which is renmgiin ~ The reinforced concrete slabs -are carried by post
wood. Wooden Glued Laminated and GL 28 h of 400 x 400

sections on the ground garden at 260 x 260 at R + 1
where loads raids are lower. The posts include tteng
fittings which ensure the junction with foundatiossd
slabs of different levels.
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Figure 11 : Typical cross section showing the concrete and
wood structure.

Figure 14: wood post connexion / Source Arbonis



The special assembly slab concrete / wood post tilse 4.2.2 Assembly slab concrete / wooden walls

design of connections in order to obtain a possible Timber bearing walls carrier also concrete slabseyT

rotation of the slab on the pole and then protbet t are made of laminated posts 140x140mm intercordect

wood. The rotation is made possible by the by metal fittings at the head and foot.

implementation of a steel plate in Fe510 steelrabksd

wooden post by pins 16 mm in diameter. Screws ensur These fittings have connectors provide the interfaith

the shrinking of the device to the right of platimsteel /  the reinforced concrete slabs along the entiretkend

wood touch. the timber frame. The chosen mounting method isdha
the platform, the typical installation of timberdrang

On top of the steel connectors provide the interfaith walls.

prefabricated reinforced concrete beams. The bgarin

capacity of the steel plate is 230 t. The fittingse

exposed to fire, - they are coated with an intureesc

paint
|
7
|

|
‘ | PRECAST CONCRETE
i | STEELPLATES |
E[ A\ |LOCAL REINFORCEMENT |
5 LAMINATED WOOD POST
T & STEEL PIN |

Figure 17: typical details and photos of the timber wall /
Source Arbonis

Figure 16: column 400x400 mm / Source Arbonis



4.2.3 Construction process
The schedule corresponding to the implementaticasis
follows:
- Wood posts
- Exterior nonbearing timber walls
- Precast concrete beams
- Prefabricated concrete sails
- Shuttering Table of reinforced concrete slabs.
- Reinforcement of slabs and edge beams
- Pouring the concrete slabs and beams.

Figure 18: Typical case of the column within the nonbearing
facade timber wall / Source Arbonis

To reduce the risk of uncontrolled release of thachof
the wooden post in a specific provisional stagbiktya
tool was developed for the project. The goal is taot
break the wooden post by implementing a steel
framework to encircle the wooden post to the buéonn
on its outskirts during the casting phase or itnct
maintained.

Figure 19: Construction process / post temporary stability /
Source Arbonis

4 FLOOR AND EVELOPE

4.1 TYPE OF FLOOR

Given the stakes in terms of precast floors ofdlsign
was the subject of specific consideration. 3 tygfeffoor
were analyzed:

- TYPE 1: floor within CLT wood panel and
concrete screed / thickness. = 35,8 cm

- TYPE 2: Full floor concrete slab with concrete
screed / thickness. = 26,5 cm




- TYPE 3: Full floor concrete slab / thickness.= The technical solution chosen for the floors fipadl the

20 cm. following:
S —————————— - - Roof + fagcade TYPE 1/WOOD PANEL
PR R T e B S Fhaat - Intermediate floors TYPE3 / FULL CONCRETE
R R D e e S e
4.2 ROOF

The comparative analysis of different floor typssais

follows: The roof is supported by a wood Arbodal complexalhi

comprises panels in laminated wood -GL 28 h 440 mm
wide and 135 mm thick and carries on average from

FLOOR TYPOLOGY

HYPOTHESIS TYPEL about 5.50 m . The complex functions as the asseofbl
Full concrete slab laminated wood. A gasket compressed Altofeu - in
RECEL ] with concrete rebates ensures a firebreak of 1 hour 1h.
Prefabrication + ? +partial
Demountability = = =
Gray energy| + - - q -="']‘\\:"1 T
Fire resistance - + + I[["w (1L IILY (
k\‘\‘\ /. l\ \
Inertia = = w
Economy - + ++
Thickness -- - +

An embodied gray energy consumed to:

312 KWh/m? 408 kWh/m?

Is a CO2 emission :

94 kgCO2 /m?
77 kg€O2 /m?

Figure 20: Arbodal wood panels used for the roof / Source
Arbonis

4.3 FACADES

The thermal requirements not being the same inge&fm
premises, two types - of timber frame walls haverbe
implemented.

The hostel uses a frame BM G 24 45 x 220 and amstai
an insulating - mineral wool 220 mm. outside, 0B&B



3 of 15 mm receives cleats 70 x 70 frame a who- This document covers the analysis of the wood-atacr
mineral- wool coat insulation of 70 mm. The library
benefits, as To- it, a double frame BM G24 2 x 4B2R-
300 mm for blowing of cellulose.- wadding By adding
70 mm mineral wool you finally have 440 mm of
insulation.

Figure 21: The facade

5 CONCLUSIONS

Figure 22: The garden under the roof / Source JAP Architects

structure of the hall Pajol restructuration ProjecParis
and particularly the presentation of the assumption
adopted for the structural design process.

As a general view the unigqueness of this so-called
innovative hybrid structure is to be the resultaofross
analysis including the relation with the existingeed
structure of the hall and the thermal requiremerita
contemporary buildings. This situation has led teesay
unusual level of analysis regarding the engineering
design of a so called common building also maxinhize
the use of a non-isotropic material such as wood
associated with concrete.
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