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This publication documents the ongoing interdisciplinary research  
project “A Prototype Pavilion in Textile Reinforced Concrete (TRC)” by  
the EPFL laboratories ALICE and IBETON and research partners from 
the FAUFBA, Salvador de Bahia, Brazil. The TRC Prototype Pavilion, built 
by students and researchers in civil engineering and architecture at 
EPFL Fribourg, is a proof of concept of a long-established research  
on TRC’s structural, spatial, tectonic and social potential. The construc-
tion of the pavilion is modular and conceived to be dismantled, its aim 
is in the first place to test and expose innovative and sustainable  
construction knowledge.
 The TRC Prototype Pavilion builds on research conducted 
during the ENAC teaching unit ‘Argamassa Armada’ (EPFL, since 2016) 
which is named after the Brazilian term for ferrocement. The teaching 
unit ‘Argamassa Armada’ analyzes and reiterates in textile reinforced  
con crete (TRC) selected structural elements developed by João da 
Gama Filgueiras Lima, Lelé (1932-2014) in ferrocement. This crossing  
of Brazilian industrial knowledge and contemporary research on  
non-corrosive fiber reinforcement creates the conceptual basis for  
the design, mold fabrication and casting of new slender elements  
in textile reinforced concrete, the conceptual basis for the TRC 
Prototype Pavilion (since 2019). 
 Textile reinforced concrete (TRC) is a relatively new construction  
material that is rapidly gaining popularity as an alternative to ordinary  
reinforced concrete for thin members. In TRC, several layers of high 
strength fabrics (typically carbon, alkali-resistant glass or basalt fibers)  
are embedded within a high-performance cementitious mortar. The 
insensitivity to corrosion of the fabric reinforcement allows reducing  
concrete cover to minimum static needs (required to develop bond 
stresses) and thus opens the possibility to cast extremely thin and light 
elements, typically 10-30 mm thick. In addition to this aspect, the  
textile fabric is usually arranged in the form of semi-flexible bidirectional 
grids, allowing to easily adapt to complex shapes and to efficiently 
arrange the fibers in the regions of the largest tension demand. The 
implementation of non-metallic reinforcement allows for the use of  
low clinker-content cements since no passivation of the reinforcement 
is required. This has shown a potential to drastically reduce the CO2 
footprint of concrete, leading to a more sustainable application of the 
material, which, together with the slender thicknesses leads to a  
new conception and image of concrete construction at large. 
 Textile reinforced concrete allows to reiterate a building  
technique—Argamassa Armada—that was highly developed in Brazil 
but in the last years nearly abandoned due to problems of corrosion.  
An important aspect of Argamassa Armada / TRC is its social sustain-
ability: the radical lightness of TRC elements allows to build infrastruc-
tural and architectural components with limited means (molds and  
elements can be lifted by hand) and in contexts with poor infrastructure  
or difficult access due to the topography. TRC elements can be pro-
duced using raw material from the local soil and combine industrial 
processes with local craftsmanship and unskilled labour. This will allow 
inhabitants of the informal city to co-construct their own environment 
by using a resilient, durable and sustainable building technology which  
uses a minimum of material to build high strength and large span elements 
affording structural security and spatial quality. The TRC Prototype 
Pavilion functions as an experimental construction site and knowledge 
interface that explores and exposes these aspects in built form.
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Fig. 1.1 TRC Prototype Pavilion, EPFL Fribourg, 2022
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Fig. 1.2 TRC Prototype Pavilion, EPFL Fribourg, 2022
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Fig. 1.3 Barrel shell vault after taking off of upper part of mold, 2022
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Fig. 1.4 Wall elements, detail of connection to slab, 2022
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Fig. 1.5 Adjustment and fixation of slab elements, 2022 
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Fig. 1.6  TRC Prototype Pavilion, EPFL Fribourg, 2022
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Fig. 1.7

Fig. 1.10

Fig. 1.13

Fig. 1.8

Fig. 1.11 

Fig. 1.14

Fig. 1.9

Fig. 1.12

Fig. 1.15   
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Sketches of TRC pavilion and worksite with dimensions, 2018
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Fig. 1.16

Fig. 1.17
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Fig. 1.18 Collective sketches of connections on printout of drawing of hypothetical prototype pavilion with precursor elements based on Lelé, 2019

01 CATALOGUE 1ST ‘hyPOThETICAL’ DRAWING WITh PRECURSOR 
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steel cutting machine max. 1500mm
steel folding machine max. 1500mm
formats steel sheets 1.0 x 2.0m, 1.25 x 2.5m, 1.5 x 3.0m
thickness steel 1.25mm (shell: 1.0mm)
formwork panels 27mm  x  2500mm
plastic tubes ø 20mm (int. 18mm)

PROTOTYPE PAVILION IN TEXTILE REINFORCED CONCRETE
EPFL ENAC // ALICE / IBETON
plan and sections 1:10
15.1. / 15.3. / 17.4. / 2.7. / 19.7. / 20.8.2019_rb
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Fig. 1.19 Processual drawing of prototype pavilion with new TRC elements, 2019
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16 ‘META-DRAWINGS’, SINCE 2020
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A1 : external standard spacer
A2 : external spacer with handles
A3 : internal spacer changed
B1 : funnel piece 1
B2 : funnel piece 2
C1 : sealing part lat. 1
C2 : sealing part lat. 2

WOOD ELEMENTS

D : longitudinal section lat.
E : spacer settlement piece

METAL ELEMENTS
F0 : existing sheet formwork
F11: counter-formwork sheet 1
F12
G : lateral aluminum list

: counter-formwork sheet 2

REINFORCEMENT ELEMENTS

Z : temp. stems

H1 : lower textile bands
H2 : upper textile bands
H3 : spacer textile bands
J : spacer reinforcing bar
K : cable clamps

OTHER ELEMENTS
L : pvc tubes
M : resin

r:656mm;677mm;710mm

r:653mm;674mm;707mm

r:643mm;663mm;697mm

r:656mm;677mm;710mm
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409mm x 150mm x 20mm
423mm x 60mm x 20mm
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50mm x 10mm x 1mm
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3625mm x 10mm x 10mm

width.:150mm;thick.:1mm
width.:150mm;thick.:1mm
width.:150mm;thick.:1mm
d:10mm r:773mm
ep.:5mm

r_ext.:10mm  leng.:320mm
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SCREWS AND STUDS
v1 : L=20mm
v2 : L=30mm
v3 : L=40mm
v4 : L=120mm

t1 : M4; L=40; plate; bolt
e1 : square for M4
e2 : 2 screw square

40mm x 3mm x 50mm
15mm x 2mm x 20mm
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the screw is passed in
existing holes of plate F0

the bar rests on the textile

a layer of resin is
put on plate F1 and
on the A-ring before
the assembly

the temporary stems are
fixed with glue points and
are distributed
approximately all 50mm

the rods are
distributed all the

approximately 50mm

the Z rods are
withdrawn when

the assembly is dry

the counter formwork
can be removed

the reinforcement is
placed to the pouring and
the counter formwork is
reassembled

the former element of
formwork is replaced by D

C is set to D before the
bonding of spacers
to guarantee the right
gauge

can be unscrewed after
bonding

The Bs are fixed
after the collage and
assembled with the

parts of the adjacent
spans, with t1

the upper reinforcing bands
must be laterally staggered

the clamps are placed
every 50-100mm

F11 F12

assembly of wooden pieces
1 : 5

handle to remove the
pvc tube after casting

the concrete is
introduced in the funnel

put clamps on the spacer

the rod is
placed before

casting

screw element C to
keep it sealed
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b
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GSEducationalVersion

ARGAMASSA ARMADA 
May 2020
ALICE/IBETON
EPFL FAURE Mathis/PASQUIER Sean/VERRILLO Gianni

COUNTER-FORMWORK SHELL
EXECUTION PLAN 
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D: longitudinal section lat. 78x100x3570mm
N: transversal section lat. 78x100x1000cm

D

D

N

N

 Weight_total=(Volume_(small spacer)+Volume_(big spacer)+Volume_formwork )*gamma_
concrete
  
gamma_concrete=density of the concrete
Volume_(small spacer )=Volume of the small spacer
Volume_(big spacer)=Volume of the big spacer
Volume_formwork=Volume of the formwork

Weight_total=(940300+1539000+15598*3500)  * 2500 *10-9 = 142,68 [kg]

Holls for PVC tube 20mm diameter

A3: internal big spacer r:643mm;663mm;697mm
A4: internal small spacer
A5: external spacer r:653mm;674mm;707mm
C3: sealing part 78x100x463mm
C4: sealing part 78x100x567mm
C5: sealing part 78x100x455mm
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D1: longitudinal section lat. 78x100x3570mm
F0: existing sheet formwork r:643mm;663mm;697mm
G: lateral aluminum list 10x10x3570mm
L: pvc tubes D=20mm; L=300mmD1

D1

F0

F0

G

G

L

L

L

L

screw tight
Check the horizontality of G with a water level

Z1 : tiges temp.    10x10x1000mm
Z2 : tiges temp.    10x10x570mm

adhere with special glue all the wooden rods on existing sheet formwork, 
place it with a laser every 50mm.
only some point of glue are required.

A1: External standard spacer r:656mm;677mm;710mm
A2: external spacer with handles r:656mm;677mm;710mm
C1: sealing part Lat. 1 423mm x 60mm x 20mm
C2: sealing part Lat. 2 409mm x 60mm x 20mm
e1: square for M4
F11: Counter-formwork sheet 1 r:653mm;674mm;707mm
F12: Counter-formwork sheet 2 r:653mm;674mm;707mm
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same technics 
than step 7

clean up with alcohol or special detergent.

d4

B1: funnel piece 1 423mm x 150mm x 20mm
B2: funnel piece 2 409mm x 150mm x 20mm
e2: 2 screws square
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formwork removal

remove the counter-formwork 
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with handles.

remove the shell with the same 

cutting angle of PVC tube 610

12x
4x

32x

 r:766mm

The thickness of the shell has been dimensioned to be as thin as possible (10mm). 
Indeed, the thinner a shell is, the stronger it is.

Fig. 1.20 Drawing of upper part of mold of barrel shell vault, sheet 1, 2020

Fig. 1.21 Drawing of upper part of mold of barrel shell vault, sheet 2, 2020
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Coffrage pour face plate de dalle, renfort tôle pliée

Plis 45°

Ø 8 mm 

9x Ø30 mm pour soudure en bouchon12x Ø30 mm pour soudure en bouchon

7x Ø8 mm pour boulons M8.8, Ø6 mm
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Coffrage pour dessous de dalle, renforts tôle pliée et montants alu
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Surface en tôle, fixée avec adhésif pour éviter un contact alu-béton

6x Ø8 mm, pour boulons M8.8, Ø6 mm

Montant alu

3x Ø30 mm, pour soudure en bouchon

6x assemblage par soudure en bouchon sur Ø30 mm

Cadre central limitant la longueur des poutrelles

2x Ø8 mm, pour boulons M8.8, Ø6 mm Gabarit pour angles de dalle

Pièce de recouvrement de face non-vernie du panneau de coffrage

Liste de renfort

7x Ø8 mm, pour boulons M8.8, 6 mm

Liste de renfort

5x Ø8 mm, pour boulons M8.8, 6 mm

Surface en tôle, fixée avec adhésif pour éviter un contact alu-béton

7x Ø8 mm, pour boulons M8.8, 6 mm
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2x Ø4 mm, pour vis à bois
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Plis 45°

7x Ø8 mm pour boulons M8.8, Ø6 mm

Projeter ensemble ENAC, BA6, 2019-2020

Patrick Valeri

φ = 6 mm (c.f. note de calcul)
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1 Données pour la vérification au moment de flexion de la dalle

Béton à haute résistance :

• γc = 25[kN/m3]

• fcd = 80[N/mm2]

Fibres de carbone :

• af = 1.7[mm2]

• ff = 2000[N/mm2]

• ef = 17[mm]

Armature d’acier :

• φ = 8[mm]

• fsd = 435[N/mm2]

2 Sollicitations

2.1 Estimmation des charges

SIA 261, tableau 8 -> surface d’habitation, balcon -> q′k = 3[kN/m3] (on considère ici uniquement la
charge surfacique du aux petites dimensions de la dalle)(Type 2 pour l’ensemble du projet.)
Charges permanentes :

• poids propre : gk = As · γc = 0.306[kN/m] tel que As = 625 · 15 + 2 · (48 · 30) = 12′255[mm2]

• SIA 260, tableau 1 -> γgk,defav = 1.35 -> gd,defav = γgk,defav · gk = 0.413[kN/m]

• SIA 260, tableau 1 -> γgk,fav = 0.8 -> gd,fav = γgk,defav · gk = 0.245[kN/m]

Charges variables :

• charges du aux personnes, qk = q′k · 0.625 = 1.875[kN/m]

• SIA 260,tableau 1 -> γq = 1.5 -> qd =q ·qk = 2.81[kN/m]

2.2 Système statique
Des simplifications du côté de la sécurité ont été faites afin de simplifier les calculs, de plus une analogie à

une poutre est effectuée afin de vérifier le moment de flexion. Nous pouvons nous permettre d’effectuer cette
analogie du à son importante longueur. Voici le système statique étudié,

!"#$%&&' (#)*$%&&'

Figure 1 – Système statique étudié

1

3.2 Calcul du moment résistant lorsque la fibre tendue est en bas
Comme précédemment, nous allons tout d’abord calculer le moment résistant de la moities de la dalle. De

plus nous posons une hypothèse afin de simplifier les calculs, on considère uniquement l’armature d’acier dans
un premier temps, si la vérification n’est pas ok, nous considérons alors aussi la fibre de carbone inférieure.
Tout d’abord, il faut calculer la hauteur statique,

d = hd − ea − φ/2 = 33[mm] (8)

Il nous faut à présent déterminer la largeur participante, il faut se référer à la SIA 262 / 4.1.3.3.3 ->
lo = 0.85 · 1275 = 1083.8[mm]

beff,i = 0.2 · bi + 0.1 · l0 < 0.2 · l0 (9)

Nous trouvons que les beffi sont plus grands que les bi donc cela veut dire que toute la largeur est participante.
Donc,

beff = b1 + b2 + b = 312.5[mm] (10)

Grâce à la deuxième loi de Newton,

C = T => beff · xpl · fcd = fsd ·Asd => xpl =
Asd · fsd
beff · fcd

= 1[mm] (11)

tel que Asd = π · (φ/2)2
Le bras de levier entre les résultantes C et T se calcule comme suit,

z = d− xpl

2
= 32.5[mm] (12)

Désormais, il est possible de calculer le moment résistant,

MRd,s = T · z = C · z = Asd · fsd · z = 0.7[kNm] (13)

Donc,
MRd,dalle,inf = MRd,s · 2 = 1.4[kNm] (14)

4 Vérification

Il est maintenant temps de vérifier si le dimensionnement prévu pour la dalle est suffisant pour répondre
aux sollicitions.
Selon la norme SIA 260 4.4.3.3, la sécurité structurale est vérifiée si : Ed =< Rd,

MEd,inf = 0.65[kNm] < MRd,dalle,inf = 1.4[kNm]− > OK!! (15)

MEd,sup = 0.56[kNm] < MRd,dalle,sup = 3.94[kNm]− > OK!! (16)

Il est donc possible d’affirmer que la dalle est suffisamment résistante au moment de flexion pour supporter
les sollicitations.

Pour une vérification complète et poussée, il faudra aussi effectuer une vérification à l’effort tranchant,
une vérification transversalement des deux types d’efforts, ainsi qu’une vérification à l’ELS.

4

Il faut à présent déterminer les situations de charges critiques. Nous les avons déterminé par la méthode
des lignes d’influence.

Situation 1 :

Figure 2 – Moment positif à mi-travée

Situation 2 :

Figure 3 – Moment négatif appui de gauche

Maintenant que les situations critiques concernant le moment de flexion sont déterminées. Il faut à présent
calculer la valeur du moment selon l’avancement sur la "poutre".
Le moment de flexion est calculé grâce à la méthode de superposition de 3 cas de charges différents,

• cas 1) charge sur toute la portée de la poutre

• cas 2) charge uniquement sur le porte à faux

• cas 3) charge uniquement sur la travée

Le moment de flexion pour la situation 1 est donc calculé en superposant : gd,defav,fav selon le cas 1 +
qd selon le cas 3.

Concernant la situation 2, le moment de flexion y est calculé en superposant : gd,defav,fav selon cas 1 +
qd selon cas 2.

Une fois les deux diagrammes obtenus, il reste uniquement à déterminer l’enveloppe du moment de flexion.
Voici le résultat obtenu grâce à Matlab (on y a inséré les fonctions permettant de calculer le moment etc),

2

Figure 4 – Enveloppe du moment de flexion

Ce qui y a permis de déterminer les deux moments sollicitants critiques, (sup = fibre supérieure tendue,
inf = fibre inférieure tendue, les moments sont donnés en valeur absolue.)

MEd,sup = 0.56[kNm] (1)

MEd,inf = 0.65[kNm] (2)

3 Résistance

3.1 Calcul du moment résistant lorsque la fibre tendue est en haut
Nous allons calculer le moment résultant d’une section qui représente la moitié de la dalle, il faudra donc

le multiplier par deux à la fin. Tout d’abord, il faut calculer la hauteur statique,

d = hd + hr − hf = 41.25[mm] (3)

Grâce à la deuxième loi de Newton,

C = T => b · xpl · fcd = ff ·Af => xpl =
Af · ff
b · fcd

= 19.5[mm] (4)

tel que Af = L/ef · af et L = (épaisseur de la dalle) / 2
Le choix de L représente le cas le plus résistant possible, une vérification sera aussi faite avec L = b.
Le bras de levier entre les résultantes C et T se calcule comme suit,

z = d− xpl

2
= 31.5[mm] (5)

Désormais, il est possible de calculer le moment résistant,

MRd,s = T · z = C · z = Af · ff · z = 1.97[kNm] (6)

Donc,
MRd,dalle,sup = MRd,s · 2 = 3.94[kNm] (7)

Si on considère L = b, on trouve MRd,dalle,sup = 0.64[kNm]. Ce qui ne reflète pas la réalité (nous sous-estimons
la capacité résistante). Cependant cela permet de voir à quel point il y a de la marge.

3

Fig. 1.22 Drawing of mold of slab prototype, 2020

Fig. 1.23 Drawing of mold of new slab protoype, 2021
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Fig. 1.26 Unmolding and curing of slab element, 2022

Fig. 1.24 Closing of mold of slab element, 2022

Fig. 1.27 Casting of barrel shell vault, 2022

Fig. 1.25 Casting of barrel shell vault, 2022
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all dimensions in [mm]

longitudinal section AA transverse section BB
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Fig. 1.28 Dimensions of 1st prototype unit, 2019 Fig. 1.29 Connection-details, 2019

Fig. 1.30 Technical descriptions of elements, 2019
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22PRECURSORS:  LELé’S ARGAMASSA ARMADA, 1978–2014

Fig. 2.9 Lelé, Infrastructural works, 
 Salvador, 1980

Fig. 2.10 Poster FAUFBA, 2017

Fig. 2.11 Lelé, Connection of two beams, 1984

Fig. 2.6 Lelé, 1st School Factory, Abadiania, 
 1982–84 Fig. 2.7 Lelé, Escola transitoria, Abadiania, 

 1982–84
Fig. 2.8 Lelé, Drainage Canal, Rio de Janeiro, 
 1984

Fig. 2.4 Lelé, CTRS Factory, Salvador, 1991–2009 Fig. 2.5 Lelé, 2nd School Factory, Rio de Janeiro,  
 1984–86

Fig. 2.1 Lelé, Study for future Sarah  
 hospitals, 1988

Fig. 2.2 Lelé, Drawing of mold of beam, scale 1:1 Fig. 2.3 Lelé, Evolution of beam, 1982–90 
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2302 ELEMENTS PRECURSORS: TRC PROTOTyPES BASED ON LELé ELEMENTS, 
UE ENAC ARGAMASSA ARMADA, SINCE 2016

Fig. 2.12 Iterative drawing of beam, 2017

Fig. 2.15 Drawing of shell mold, 2017

Fig. 2.18  Drawing of wall mold, 2017

Fig. 2.21 1st connection test of two TRC beam 
elements based on Lelé, 2018

Fig. 2.13 Plywood mold of beam, 2016

Fig. 2.16 Plywood mold for shell, 2017

Fig. 2.19 1st mold in folded sheet metal, 2018

Fig. 2.22 Structural test of beam at IBETON,  
 EPFL 2018

Fig. 2.14 1st TRC prototypes, 2016

Fig. 2.17 1st barrel shell vault, 2017

Fig. 2.20 Unmolding of passarelle slab, 2018 

Fig. 2.23 Exposition of TRC elements, EPFL 2018



2402 ELEMENTS BARREL ShELL VAULT, 2019-20, 2022

Fig. 2.24  Lower part of mold, 2019 Fig. 2.25 Upper part of mold, 2020 Fig. 2.26 Load test on shell cantilever, 2022

Fig. 2.27 Sketches on drawing of new mold for shell, EU ENAC 2020



2502 ELEMENTS COLUMNS, 2019-20
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Fig. 2.28  Structural tests of TRC elements, IBETON 2019

Fig. 2.29  Assembly of column mold, 2019 Fig. 2.30  Casting of columns, 2019 Fig. 2.31  Detail of column capital, 2022
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Fig. 2.32 Prepared mold parts of foundation beam, 2019

Fig. 2.34 Students carrying foundation beam, 2019

Fig. 2.33 Foundation beams holding formwork for foundations, 2019

Fig. 2.35 Precast elements ready to be mounted on foundations, 2019
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Fig. 2.37 Drawing of mold of slab prototype, UE ENAC 2021

Fig. 2.38 Preparation of carbon fiber reinforcement on mold, 2021

Fig. 2.41 Fixation detail, 2022

Fig. 2.39 Molds of slab elements inclined for casting, 2021
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Fig. 2.40 Mounting of slab elements, 2022
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Fig. 2.46 Sketches of connection details on printed drawing, 2021

Fig. 2.45 Carbon fiber reinforcement, 2021Fig. 2.44 Positioned stair prototype, 2021

Fig. 2.42 Unmolding of stair prototype, 2021 Fig. 2.43 Mold elements of stair prototype, 2021
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Fig. 2.49 Drawing of mold for wall prototype, UE ENAC 2022

Fig. 2.47 1st wall elements, ‘inside’ view, 2022 Fig. 2.48 1st wall elements, ‘outside’ view, 2022
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Fig. 2.50 Mounting of foundation beams, 2020

Fig. 2.51 Preparation of foundation beams for new slab elements, 2022

Fig. 2.52 Drilling of fixation holes for new slab elements, 2022

ASSEMBLy

Fig. 2.53 Layout of new slab elements, 2022
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Fig. 2.54 Winter 2019-20

Fig. 2.55 Summer 2020

Fig. 2.56 Summer 2021

Fig. 2.57 Summer 2022

  2019 3  shells (open formwork)
8  colums
5  long foundation beams
5  short foundation beams
8  temporary foundations

  2020 2  shells (closed formwork)
4  colums
3  long foundation beams
4  short foundation beams
3  large slabs (‘metadalles’)
4  temporary foundations

  2021 9  new slabs
 1  stair

  2022   2  new shells  
      (reworked formwork)
15  slabs
  3  walls
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 ABSTRACT

This paper  presents a work performed in the last years on a Textile 
Reinforced Concrete (TRC) Prototype Pavilion, raising questions about 
research on architecture and engineering within a pedagogical con-
text. The construction of the pavilion explores how a hands-on ap-
proach builds up multi-layered knowledge and constitutes a common 
ground of communication on which architects and engineers meet. 
Through the act of construction, architects and engineers work togeth-
er, generating new knowledge and experiencing how tacit knowledge 
is built-up and transmitted. It also allows for the processes of concep-
tion and manufacture to feed and to enrichen each other. This action  
of making knowledge (greek techne) constructs a thought or a concept 
as a tangible physical entity, acting as a communication interface  
between the work and the mind, spanning over different disciplines. 
 The paper highlights the fact that the act of building is not 
only an intellectual and technical task. Within an education context, 
students experience the complete process of observation, analysis, 
conception, execution and testing. The direct investigation of ma-
teriality is thus essentially an invention and innovation process:  
an iterative cycle building up knowledge trough observation on the 
making. Through their corporal experience, students identify and  
engage with the research work, leading to collective action and to  
individual responsibility. Such engagement opens up perspectives  
on architectural, engineering as well as social, economic and environ-
mental questions for the 21st century: sustainable and resilient  
construction, economy of means, adequacy of expression.

1   A PAVILION AS AN INSTRUMENT TO DEVELOP 
 AND TO ExChANGE KNOWLEDGE

This contribution is based on a long experience of pedagogical re-
search in developing transdisciplinary strategies for designing and 
building projects in full scale and real-world conditions. The format 
of building a prototype construction by students of architecture and 
engineering offers the opportunity to work at the intersection between 
research and practice, of teaching and learning, of engineering and 
architecture. Our professions become more and more specialized and 
technical and thus we have less and less contexts to have an ex-
change of knowledge and to advance together in the necessity and 
evolution of developing the built environment. 

A PROTOTyPE PAVILION IN TExTILE 
REINFORCED CONCRETE: A TOOL FOR 
RESEARCh AND PEDAGOGy 

 Proceedings of the International fib Symposium 
 on Conceptual Design of Structures Sept. 16-18, 2021, 
 Attisholz, Switzerland
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 Within this context, this paper presents the process of 
conception and construction of a Textile Reinforced Concrete (TRC) 
Prototype Pavilion designed and built as part of a research collaboration 
between a team of architects and engineers at Ecole Polytechnique 
Fédérale de Lausanne (EPFL, Switzerland) . The project was originated 
as an investigation on the potential of TRC to update lightweight  
building techniques with concrete (as argamassa armada), and has 
evolved into an exploration in the pedagogy of making through  
prefabrication and tectonic innovation [1].
 The TRC Prototype Pavilion (see Fig. 3.1/3.2) was constructed 
during two summers (at the time of publication of the fib paper; four 
summers at the time of this publication) at EPFL Fribourg by a group of 
students and researchers both from architecture and civil engineering. 
however, it is the result of a series of prior explorations during several 
academic years. Through observation, drawing and testing, different 
elements were developed. It is thanks to this iterative process that the 
necessary knowledge and innovation on the process of construction 
(formwork, reinforcement, concrete casting, curing and erection) is 
generated and allows defining useful and efficient building elements  
to constitute a prototype pavilion. 
 The TRC prototype pavilion is not thought as a final product,  
with a plan to be designed, built and exploited. On the contrary, it remains 
open to transformation. The interest of its construction is learning in the 
process, improving and understanding the potential of TRC as a sus-
tainable alternative to ordinary concrete construction. The pavilion is 
thus intended to be a first step towards an adaptable tectonic system, 
a construction that will be further developed the next years and that 
leads to a new lightweight building paradigm, forecasting  
a new and different conception and image of concrete construction.

2. MATERIALITy: LIGhTNESS, STRUCTURAL PERFORMANCE 
 AND ARChITECTURAL LANGUAGE

A major breakthrough in current construction approaches using  
cementitious-based materials (mostly concrete) can be identified in 
the use of non-corrosive reinforcement as for instance fabrics in  
carbon fibres (see Fig. 3.3 / 3.4). Such an approach removes the need 
to protect reinforcement from corrosion. As a consequence, rein-
forcement covers can be significantly reduced with respect to current 
values. Required centimetres for the covers in ordinary concrete  
construction become millimetres in TRC  [2].
 This leads to thinner and lighter structures, where the con-
crete matrix is used for static needs only and not for protection of 
reinforcement. In addition, the amounts of clinker required for the 
cementitious matrix can be dramatically reduced (no need for rebar 
passivation) reducing the total CO2 footprint of the construction.
 Other than sustainability aspects related to the environment, 
the possibility of building lightweight elements opens the door to  
self-construction by local communities. This allows for a socially- 
sustainable approach, allowing to build in high- and low-tech  
environments with a particular opening to the informal city.
 Despite the new potential offered by this material, a clear 
vision on how to implement it in construction is yet unclear. Probably, 
inspirations shall not come as an evolution from ordinary (massive) 
concrete construction, but from thin and lightweight elements, such as 
shells, Nervi’s work in ferrocement and Filgueiras Lima (Lelé)’s work in 
argamassa armada [3]. Interestingly, the possibilities offered by a light 
material with a high potential to be prefabricated are also connected to 
steel construction and its approach to assemble and to connect pieces.
 The construction of thin members with TRC allows for a ra-
tional manner to exploit the sustainable and durable qualities of TRC 
while affording spatial quality and allowing inhabitants of the informal 
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Fig. 3.1 / 3.2   TRC Prototype Pavilion: elements  
and systems; EPFL Fribourg 2020 / 2022  
(Figures updated 2022)
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city to participate in the production of their own shelter and habitat. 
The use of TRC allows to combine industrial processes (factory pro-
duction) with local craftsmanship and labour. Such an approach allows 
for an efficient transfer of knowledge and technology to multiple en-
vironments, allowing also for its adaptation to local contexts. Another 
important aspect is the potential of TRC for recycling industrial waste 
products (as fly ash) and its potential capacity to be recycled in the fu-
ture as for ordinary concrete construction. The use of precast elements 
in TRC, with convenient connections allows to create flexible and reus-
able structures in agreement with the concepts of circular economy.

3. ATELIER: TOOLS AND ACTIONS

One of the hypothesis of the TRC research project is that craftsman-
ship constitutes a common ground on which architects and engineers 
meet. The practical, artisanal construction of a structural element  
and formwork system (i.e. a concrete reality which embodies a unity of 
architecture and engineering, of research and practical experience), 
does not demand for a division of analysis (calculation) and design but 
fosters a constructive understanding including the above mentioned 
environmental and social considerations.
 Working in an atelier (studio) format allows the interaction 
of our hands and minds, which is an efficient manner to build up and 
exchange not only technical knowledge but also savoir faire and tacit 
knowledge between architects and engineers, teachers and students 
as well as between cultures of different continents.
 In the process of life, neurologic structures emerge simul-
taneously with the development of skills and knowledge. Knowledge 
is a result of life, of its experiences and of the consciousness of indi-
viduals [4]. Every skill, also the most abstract ones, start from physical 
processes [5]. Understanding of techniques is established thanks to 
the application of an imagination on action. This process or “material 
consciousness” is the extension of thinking from the mind to the  
nervous system [6] and from the hand to the material world.
 Our hands are an interface between our brain and the real 
world, giving us the possibility to interact with ourselves, with materials 
and processes.
 Thinking through action [7] allows understanding and solving 
situations and to develop an intuitive and tacit knowledge. In many 
cases, the work of the craftsman is done without a predefined theory 
of his own work, but by applying experience and intuition to precise 
contexts. Sharing experience, by dialogue and physical interaction, is 
thus the most efficient manner to transmit tacit knowledge [8]. 
 Despite the fact that it is possible to distinguish between ex-
plicit and tacit knowledge, it is very hard to separate them in practice. 
Tacit knowledge is subjective and only by doing and through verbal 
exchange and physical discussion others can have access to it. Such 
a process generates a type of culture which can be identified as the 
addition of actions taken in response of specific contexts. One of the 
tasks of the architect and engineer is to transmit such a culture of  
tacit knowledge by means of different tools [9].
 The distance between an architect or engineer and the 
process of making has become larger in the last decades as a result 
of intermediate actors [10]. Also, concepts and physical artefacts have 
become more and more separate. however, separating design and 
execution of a work separates the teaching and professional compe-
tences, leading to incomplete professional profiles in respect to the 
complexity of building.
 In the atelier, learning is encouraged by the development of 
technical and spatial skills in reciprocal interaction, fostering a poetic 
understanding of construction, (see Fig. 3.5 / 3.6). Supported on tools 
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Fig. 3.3 / 3.4   TRC elements: shell 9mm thick / 
foundation beams, column, slab; EPFL Fribourg 2019 / 
2020
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rooted in the core of the profession (drawing, models and physical  
pro totypes), materials are transformed into spatial artefacts. Such ac-
tions promote intuition, sensitivity and knowledge transfer [11]. The work  
integrates all processes implied in construction: conceptual design, 
material innovation, fabrication and assembly. Such a physical  
approach is intuitive and allows students for a deeper understanding  
of building processes and to feel capable of modifying, transforming  
and developing our environment.

4. INTERDISCIPLINARy 

During the construction, students work directly with concrete. By de-
signing, building and testing, they enter into a reciprocal relationship, 
such that construction becomes a projective activity. Everything is 
fabricated in the atelier, from sketch to prototype, drawing, formwork, 
reinforcing, casting, erecting and assembling. This way of working 
faces students to construction reality and its material qualities. 
 Every generation of students inherits elements built by  
previous ones, thus a constructive language evolves. Their work is thus  
not isolated but belongs to a context and collaborative effort, to a  
culture of making. The construction of the pavilion shows that design  
and fabrication is a collective act. The time and effort involved in 
building with one’s own hands reflect interactions with others.
 Students need to understand and go through the complete 
process of analysis/observation, conception, execution and testing. 
This generates a deep learning impact in an interdisciplinary context. 
The gained experience and confidence of being actively involved in 
an innovation process encourages students to question and further 
develop any given task or reality in their coming careers. The inter-
disciplinary and collaborative nature of the process, which is necessary 
accounting for the complexity of the situation, can serve as model  
for any future activity.

5. DRAWING AS A COGNITIVE TOOL 

Drawing constitutes a very powerful and critical tool of conceptual  
design. By articulating thought, it acts as a communication interface 
between the work and the mind [12] and between different disciplines; it is 
the most powerful language of communication in the working together 
between architects and engineers. The act of drawing is physically ap-
prehended: the care in the drawing translates into a care in the making.
 During this project on TRC, it is proposed to investigate ana-
lytical drawing methods capable of exploring structural and architec-
tural concepts and solutions. Through analytical drawing, students en-
ter into dialogue with the construction process in a direct manner. They 
get a sense for the adequacy of tools and refinement of solutions. This 
allows investigating the relation with scale and space, with tectonic 
articulation in relation to structural idea. An important contribution is 
also devoted to structural analysis, as the tool to make transparent the 
parameters and dependencies of the design process and to open the 
work to predict the structural response.
 Drawing is a cognitive process where the dynamic relation 
between making and thinking is essential. The construction of points 
and lines on a piece of paper leads students to the notions of scale, 
size, proportion, transparency and composition, leading to build up 
their own tacit knowledge. The slow and tactile nature of the drawing 
process encourages the development and understanding of detail as a 
key moment of construction and as a mediator, relating a structure to 
the body and to the subject perceiving it. 
 Exploratory working drawings were done at different scales 
and incorporating calculation notes and a notion of sequence and 
time of the construction process, leading to generate a complete 
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Fig. 3.5 / 3.6   Casting molds of slab elements in atelier 
Pop Up / worksite outside of atelier: mounting of shell; 
EPFL Fribourg 2021 / 2019
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documentation of all the necessary information for the fabrication of  
a TRC element (meta-drawing (see Fig. 3.7 / 3.8)). This multi-scalar ap-
proach, opening and creating multiple relationships, overcomes typical 
difficulties of conventional presentations based on a linear sequence 
and acknowledges the potential of parallel and iterative processes  
in the conception and construction, allowing invention, experimentation 
and discoveries. These ‘tactile’ drawings allow the observing eye  
(mind) to survey (travel) from one detail to another while integrating all 
information into a mental construction.

6. CONCLUSION 

This paper reflected on the conception and fabrication process of an 
experimental pavilion in TRC, where the process of conception and 
manufacture feed each other to develop a thought or a concept into a 
concrete physical entity.
 It is shown that interactions between architects and engineers 
can occur naturally with the hand as interface between the ideas  
and the produced artefacts. In order to make a step forward in the  
process of building, it is important not only to share technical aspects, 
but mostly tacit knowledge. The latter, compiling multisensorial  
experiences, can only be transferred in an efficient manner by means  
of the making. 
 Working in an atelier format, with interdisciplinary teams 
composed of architects and engineers with different levels of experi-
ence and backgrounds, reveals to be a very powerful tool to address 
the challenges of tomorrow, opening a common ground for action  
and experience in between the body, nature and technology.
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C2 : sealing part lat. 2

WOOD ELEMENTS
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SCREWS AND STUDS
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v3 : L=40mm
v4 : L=120mm

t1 : M4; L=40; plate; bolt
e1 : square for M4
e2 : 2 screw square

40mm x 3mm x 50mm
15mm x 2mm x 20mm

v4

v3 v3

v2

v1

v1

v1

v1

v1

v1

v3

v3

t1

t1

e1

e1

e2

e2

the screw is passed in
existing holes of plate F0
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