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Cette présentation veut suggerer une
illustration du processus de conception des
élements structurels ou non structurels
réalises en beton de fibres a ultra haute
performance et tenter de proposer une

méthode de conception associee.
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Un matériau geneérique, le B.U.H.P
deux déeclinaisons

- Le B.U.H.P a fibres organiques
Ductal Lafarge Holcim
Vicat

- Le B.U.H.P a fibres metalliques
BSI Eiffage
Ductal Lafarge Holcim
Smart-Up Vicat
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MATERIAU / BUHP DE FIBRES METALLIQUES

1.Résistance a la compression f,
2.Résistance a la traction f o
3.Diameétre des agrégats
4.Eau/ciment ratio
5.Superplastifiants

6.Proportions de fibres
7.Longueur des fibres
8.Diametre des fibres

9.Densité

ingénierie des structures

150MPa ~ 250MPa

> 3.1 MPa
Tmm ~ 7mm
<0.2

0.5%~2% (//du volume de ciment)
2%~5% (//du volume total)

12 ~ 20mm

0.2mm ~ 0.3mm

2400kg/m3 ~ 2800kg/m3
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MATERIAU / BUHP DE FIBRES ORGANIQUES
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MATERIAU / BUHP DE FIBRES ORGANIQUES (ALCOOL POLYVINYLIQUE)

Polymere obtenu par Hydrolyse de |’ Acetate de polyvinyle

1.Résistance a la compression f_, 130MPa

2.Résistance a la traction f o >2.85/5.1 MPa

3.Diameétre des agrégats 1mm ~ 7mm

4.Eau/ciment ratio <0.2

5.Superplastifiants 0.5%~2% (//du volume de ciment)
6.Proportions de fibres 2%~5% (//du volume total)
7.Longueur des fibres 12 mm

8.Densité 2500kg/m3
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Gasholders triplets King’s Cross, London / Thorp Préfabriquant
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Panneaux a Sao Paulo, Bresil / stone Prefabriquant
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Panneaux de fagade a Shenzen, Chine / e-grow Préfabriquant
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« Panneaux de la « Créche Budin », Paris France / Combarel Marrec Architectes / Il cantiere Prefabriquant
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Show room Zaha Hadid / Londres / Il cantiere Prefabriquant
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HERITAGE 2024 Panneau solaire

ECLATE
Structure acier
Toit en béton fin Inoxydable poli
Systéme d'écoulement d'eau I
de pluie \ I s .

Cylindre acier inoxydable
Gravé

Zone de boxe
Sac anti lacération

Abdos-gainage
inox poli

Pierres gravées

Revétement de sol en
pneu déchigueté

Zone d'agllité
Dimensions et graphisme & préciser

STARCK®

Mobilier Urbain / France 2024

SMART V¥ Af, .
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L’anneau de la mémoire, Arras France / Eiffage Construction Entreprise

BSI® ARE
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1- Matériau, quelques reperes
2- Conception, quelques régles
3- Etude de cas

4- Synthese
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1- Matériau, quelques reperes
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MATERIAU
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MATERIAU
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MATERIAU

Les qualites spécifiques des B.U.H.P qui ouvrent des
possibilités de conception nouvelles..

Comportement

Minimisation du ferraillage mis en oeuvre

Utilisation de la résistance du béton a la traction

Etude du comportement post- elastique du materiau

Bonne résistance aux environnements agressifs

Reduction de I'enrobage ¢ = 1.5 Lf = 2.5cm~3.5cm (Lt = longueur de la fibre)
Porosité tres faible

Géomeétrie
Finesse et elancement des pieces
Haute qualité de finition possible

Mise en oeuvre

Ouvrabilité permettant la conception de formes complexes
Résistance élevee au jeune age
Peu de maintenance ,f}fl- g

(OfASl ingénierie des structures




MATERIAU

B.U.H.P de fibres organiques B.U.H.P de fibres métalliques

PANNEAUX / VETURES PANNEAUX /VETURES
ELEMENTS NON STRUCTUREL ELEMENTS NON STRUCTUREL
BRISE SOLEIL OSSATURE / DALLE

MARCHE / EMMARCHEMENT ESCALIER / EMMARCHEMENT
ESCALIER™ AUVENTS / COQUE

ingénierie des structures



MATERIAU

Proprietes typiques des B.U.H.P .

P1 : Resistance a la compression supérieure a 100 MPa
P2 : Résistance a la traction comprise entre 5 and 10 MPa. Le
comportement a la traction est associé a une bonne ductilité liee aux

fibres.

P3 : La proportion de ciment est importante. Le ratio moyen eau-
ciment est égal a 0,2 du volume total.

P4 : Tres peu de porosité.
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MATERIAU

Diagramme représentant la capacité en compression du béton

220

291 Ductal®

180 +

160 +
140 +
120 +

100 +

Compressive stress in MPa

Ordinary concrete

i,

Strain in %

ingénierie des structures




MATERIAU
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Glastique de issure :
¢ Elayifc strain { Crack opeming Jl
f g |D W, - w

Figure 6 - Exemple de loi de comportement d’un BFUP de fibres métalligues

[iformation " Chrvarium
el etigue do Fagure
! Elrtic strain { Crack gpesing

-

0 0,3 mm 1% hauteur Lf W

prisme 4

Figure 7 - Loi en traction simplifiee d’un BFUF de fibres méetalliques (0 = j}_é, ) )

(Extrait des Recommandations provisoires de TAFGC et du SETRA [1.1]) ATF“ 'y

a"'"—___.
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MATERIAU

Distribution des contraintes dans la section

Compression

| o.1H e e

/=0.5H
0.9H

FT

Tension
4.3 MPa

ingénierie des structures




MATERIAU

Importance de |’orientation des fibres

W 16 cm

k factoriin order td: take in ac.Ecount filber orie;ntation. i i
e s o | |
— — i —
I ] I 1 : ; 4,5cm
75cm %; I i E : : 34 cm
|:|i i ! i 45cm

1
1
1
1
1
1
1
1
1
Bloc 1 Bloc 2 Bloc 3 Bloc 4 Bloc 5 Bloc 6 Bloc 7 Bloc 8

31cm 31cm
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2- Conception, quelques regles
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Conception, quelques regles

UHPFRC CALCULATION PROCESS / ROUGH SYNTHESIS

BENDING ELASTIC
ANALYSIS

BENDING POST
ELASTIC ANALYSIS

REBAR
CONTRIBUTION

SHEAR ANALYSIS

DEFLECTION
CONTROL

CRACK CONTROL
ANALYSIS

unprrc I

Average tensile
bending stress
with a safety
factor of 3

Using stress
crack width law

Depending on
the design but
this must remain
local
reinforcement

Considering
fibers
contribution

Calculationina
non cracked

Condition of non

L . brittleness
Considering section
fibers With a
Using stress contribution / specific
; . . terial
UHPFRC “ Following Code Following codes section mate
& crack width law & T behavior law
contribution /
rebars
contribution
_—
(OfASl ingénierie des structures
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Conception, quelques regles

Calculation done with the software SOFISTIK AG

ingénierie des structures

Etat d’équilibre aprés une analyse non linéaire

= ==
| 1

sduced scale factor & 67

[EE]

ATEC
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Conception, quelques regles

UHPFRC TECHNOLOGICAL KEY POINTS / ROUGH SYNTHESIS

MINIMUM

unprrc N

ENVIRONMENTAL PANEL DEAD REBAR PANEL ANCHORAGE

THICKNESS AND HEAT TREATMENT

CLASSES WIEGHT TRANSFER | REINFORCEMENT STRATEGY

WIDTH
30 mm (poured To be used
uHrFRC I with no If possible | rarely. Cracking Connection
If using reinforcement) / consider risk analysis | Systems have to
reinforcing 35mm (pourded allow both for | Rarely usedin

Ductal checking
covering of rebar

with
reinforcement) /
15 mm (spraid) /
fiber length limit

isostatic transfer
to the primary
structure.

Acceptable and
justified
solution

thermal
expansion and
fitting tolerane

everyday project

ingénierie des structures
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Conception, quelques regles

‘When put on the mold Molding Connection

= il S -~

Insert Keil

/_.__-—’
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Conception, quelques regles

UHPFRC CONSTRUCTION PROCESS SPECIFICITIES / ROUGH SYNTHESIS

uHprrc |

unprre Y|

CONSTRUCTION PREFABRICATION
FORMWORK SHRINKAGE UNEXPECTED
HEAT TREATMENT STAGE VERSUS PULLED ON
STRATEGY QUESTION EVENTS
ANTICIPATION SITE
Deflexion during
0.8 mm/m. The anchorage
molded process
Almost all the used for Only

Complexity of
the molds /
number and

repetition of the
molds

Ralely used in
everyday
projects /

depending of

the dimension
and contractof
capacity

shrinkage at the
beguinning

0.5 mm/m.
Almost all the
shrinkage at the
beguinning

construction
stage must be
different. The
construction
step must be
checked with
the contractor

prefabrication.

/ unexpected
cracking near
reinforcement

Prefabrication

and pulled on

site for specific
structural

corrosion /
unexpecting
cracking near
reinforcement

element

ingénierie des structures
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Conception, quelques regles
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Conception, quelques regles

Ductal projeté ® / EDF Orsa
- \
&=

=




Ductal projeté ® / EDF Orsa

M
)

(OfASl ingénierie des structures
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3- Etude de cas
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" DUCTAL FO PANE

3973x3205mm
Function : Fac
UHPFRC : Du

| |
L] L i I | | L] 1
?El ~~N
. A 1(-’
e
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Desigh hypothesis _ Preliminary design analysis

Option 1 Simple panel Option 2 - Panel with horizontal ribbon Option 3 : Panel with peripherical frame

. 898 -0 . B37

B33

Option 1 Option 2 Option 3 Option 4

- Calculation done with the software SOFISTIK AG ’__M_,
(OfASl ingénierie des structures
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Design hypothesis _ Static Scheme

| NN Y

P

T | EFENS]
LN
| NN Y
PN Nl
| R EFE NS

Constraint of displacementin Y

(3pacer and wind anchoring)
= Constraint of displacementin Z
j (Hanger)
el i ey
Link between two panels

Canstraint of displacementin Y

ATEC
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Design hypothesis _ Static Schema

ingénierie des structures
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A ge details

C&E

M12 x 30
FLAT 5/'5 AMCHOR

Hanger, spacing and wind anchoring

ingénierie des structures

xTypical = 105

xMax = 500

DETﬁIL A

Bent plate

==
= 135
Insulation Zone E
If Required =]
150"100"12"100 :‘3‘
Unequal Angle Galv —
1 Mo. @22 hole I
1 Mo, 81850 s'h = 100 250710015 Thick
— 5/5 Bent Plate
40/25 Channel =] S5[14s ROD20 WT BZF
x 150 Long 3/3 — Lifting Anchor
M18 Captive Mut =]
A = A (GomeE evEL @ —-—-—-—-—— -
T-Bolt 50730 E
M20 Galv 100 156 4 —] J Fosition OFf Fire Barrier
%, o = 1] If Required
(438435 | EVEL 04 »—— - ——- Sl —— - e —— —
| w Puosition OFf Fire Barr
™~ ™~ » If Required
i ‘l [
: ot \ \l 15
i /t / WAVLY, —
Y il h/J‘//-I § | II II{.L\I Ihl Ihl Ihl
d___,__—'—""'"" -“'84'{ 'r .llln..l'l-..ll l-.JI J ||.
1 =|efe g - )
54/33 Channel Hl i . ‘RJ —
x 200 Long Galv ] I ) |
o i | A . = [
~ p ! Insulation Zone "
| ] If Required —
i ! e [PE—
L ] ! -— 135 |
i ,_,.,—__,_.-"
= [, |
| ——
i -
1 |
/ T —
1 55 M20 Saolid S—
: —
| C Socket
i resspin Socke N
/ | —
18kN SIS ! —
Hamging System ! | ———
150 !
+ 10mm | DETAILB
t ! -
= | 1:3
xMin = 70 = i 2 Mo H1Z
i Rebar
1
1
1

100"1 00" 5+3+2 Thick

55 Shim Pack

Thorp contractor drawings

_AFGC
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Construction process analysis

Option 1

Option 3 Option 4

ATGC

-
;
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Design hypothesis _

Geometry

SOMRNO DL - |
SADPALLO =
Ernmn S BE ‘

| =

ingénierie des structures
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Design hypothesis _ Preliminary design analysis |I| I | I | F |n | | I | L8
[
[ I : l I
Design hypothesis Analysis Classification
Maximum tensile
stress / ULS Displacement / o
PANEL STEEL SUPPORT . ] . . Comments Efficiency
linear analysis |SLS linear analysis
i (max 2,5 Mpa)
Initial Panel design with | 3 Columns / vertical L
) ) ] ) The solution is not
HYP 1 a thickness varying hollow sections with 12 | over 100MPa 20mm .. 4
efficient
between 2/3/4 cm supports
Initial Panel d-emgn with | 3 Columns-/ ver‘r-|cc| 90% under Local
HYP 2 a constant thickness of | hollow sections with @ 9 5MPa 2.4mm renforcement are 3
6,5 cm supports ' necessary
The stress are
Initial Panel design with | 4 linear supports built
] ) ) acceptable but
HYP 3 a thickness varying with steel hollow under 9.5MPa 0.9mm 1
. complex to be
between 2/3/4 cm sections

built
Initial Panel desi ith | 3 Col tical Local
nitia - ane 95|ng Wi 0 umns-/ ver-n:c 80% under oca
HYP 4 a thickness varying hollow sections with @ 9 5MPa 7.6mm renforcement are 2
between 4/5/6 cm supports ' necessary

C&E ingénierie des structures
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Design hypothesis _ Optimisation

Local over stress (in bleu)

The tensile stress is [g
limited to 9.5 MPa in about
90% of areas under ULS

combination and linear
analysis (local over stress)

o
o
=
7.00 B.00 12.00 13.00 =
—0.q 1 | |
z Maximum principal tension atress from middle of element O. Loadcase 402 ELU 1.35"G+1.5*V . from 1.1664e-05 to 19.5 step M1l: 26

+_x 1.1664e-05,1.67,3.33,5.00,6.67,8.323,10.0,10.0,10.0,10.0,159.5 MPa

ingénierie des structures Association Frangaise de Génie Civil




Design hypothesis _Optimisation

Increase the height of this
bande from 3cm to 9cm

Local strengthening for the support
Height : 15.5cm

Width : 8cm

Thickness : 5cm

AFEC
ingénierie des structures Association Francaise de Génie Civil




Construction process analysis

s 1
== ]
|
{
|
|l

|
|
l
[ [ [7—‘—Spacer + Vertical support x 3 (see - Detail 02) _
|
|
|
|
|

[l H |
” ||
IR i
W ﬂ ‘ ] 11| [3——=Spacerx 3 _ i g
TN | | u [+ ———CSpacerx 3 (see : Detail 03) —_
I ! =
[ |
S i
| -
| | fg%
| /] H‘—Spacer“ufemcal support x 3 (see - Detail 02) g

e

|
|
1
& Q [7—‘—Spacerx 3 (See - Detail 01)

-
m
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Construction process analysis

Vertical, horizontal and lateral ajustements

£

N
50 v 11
o L
[
P~ Socket M12
Flxlng belt M12
%o | EmEmd
b B
i
t N |—— play of 1mm
— Ii: Oblong hole
J | 1
*® B ke
. 1
i
,l/ 70 100 1(“’ 100
X 7|¢ ......... 74£ .......... /

Detail O1 Spacer + Verical support

ingénierie des structures

77.5

775

i

e 1

-

8

L Socket M12

Flxlng bolt M12

| 47— play of 10mm
play of 1mm

M.Ob long hole

Detail 02 Spacer

50

105

A4 11

—

LL

~—— Socket M12

h Fixing bolt M12
FPRERRRRRLIA T i

—— play of 10mm
—— play of Tmm

Oblong hole
s

72‘

o
Ly

Detail 03/04 Spacer
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_ATGC

Association Frangaise de Génie Civil




i e r——

Building typology : Office
Number of panels : 2000m?2

Function : Sunscreen in front of a c

UHPFRC : Ductal® NaW3 FO STT

ingénierie des structures
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Shenzhen Panel / Design hypothesis _ Geometry
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Design hypothesis _ Geometry

PARTICULARITIES OF PANEL

Height 2.8m
Width 1.5m
Peripheral frame SECTION 1

L 140mm X 45mm x 20mm

Twisted shape of jamb SECTION 2
Rectangular 100mm x 50mm
Square 50mm x 50mm

SECTION 3
ST ilo]\WH Intermediary horizontal ribbon SECTION 3

Rectangular 50mm x 50mm with rebar HA10
SECTION 1
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Design hypothesis

ingénierie des structures

__ Material_SLS

SLS Behaviour Curve

Unreinforced Ductal FO E
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Design hypothesis _ Material_ULS

SLS Behaviour Curve 5 a r
Reinforcement Ductal FO | "4"
't
foa- 06x fox ‘;"
-60MPa /
Elim E£iw=03mm]) & (w=0.05mm) Enl &
~ ==
1.'0‘ Ec0
*
" —+ fax/K -2 81MPa
TENS ON]

ULS Behaviour Curve A a
foa - 085 fox e
-65MPa
................ ! | | ||| [F o
I |||
I e
__G'bm:fctt.-'['}‘dxl'{]
=2.17MPa
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Design hypothesis _ Static Scheme

C&E

ingénierie des structures

Sud facade Wind Load 2.6kN/m?

Frame - Top and bottom
Cross section L
140mm x 30mm

Frame verfical bars
Cross section L
140mm x 20mm

Intermediary horizontal bars
Rectangular cross section with rebar DS

50mm (depth) x 40mm (height)

4 additionnal hanizontal supports to the main
structure

Square vertical cross section
50mm x 50mm

Rectangular vertical crass section
100mm x 50mm

30

]
=
—|
i
(&

Cross section L
Top and bottom

Unreinforced Ductal NaW3 FO
(Partially reinforced on horizontal bars)

(=]

|

|
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Cross section L
Frame vertical bars

40

Cross section
Intermediary horizontal bars
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Design hypothesis _ Durability
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Cross-section 40mm x 50mm
with reinforcement rebar HA10 (positioned at the center of

gravity)

C&E

ingénierie des structures

Requirements for durability

- Environmental conditions

Exposure classes following French regulations: XC1

- Concrete cover =15 mm (NF P18-710 §4.4)

cas des armatures de précontrainte

REQUIREMENTS FOR DURABILITY

Tableau 4.203 - Valeurs de l'enrobage minimal Cmunaur requis vis-a-vis de la durabilité dans le

Exigence environnementale pour Cmngur {mim}
Classe Classe dexposition suivant le tableau 4.1
structurale  xp XC1 [xcamc3| xc4 [XD1xS1|xD2iXs2| XD3XS3
51 5 10 15 15 20 20
52 10 15 15 20 20 20
53 ) 10 15 20 20 20 25
=7 15 20 20 20 25 | 25 |
S5 15 20 20 25 25 30
S6 20 20 25 25 30 30

Extract for the minimum concrete cover of NF P18-710[2.2]
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Structural Analysis_ SLS

Stress limitation

278 Non-reinforced Ductal FO
*Compressive stress < 0.6 fck =60MPa
*Tensile stress < fctk,el/1.6=4.3MPa

Reinforced Ductal FO

*Compressive stress < 0.6 fck =60MPa

*The opening of cracks is controled by limiting the stress in the
reinforcement

Reinforcing bars

*Compressive stress < fyk

*Tensile stress < 0.8 fyk to avoid unacceptable cracking or
deformation

Crack control

‘120 | Members in UHPFRC do not require a minimum quantity of
steel reinforcement to control cracking. This is assumed to
be provided by the crack control and the ductile character
-2.61 under tension of the UHPFRC.

(NF P18-710 §7.3.2)
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Structural Analysis_ ULS

bc O bc O bc

= i =

. ; Ft! C il

= € o E
& t,s O

bt bt bt

Stress and strain distribution at ULS

-65.38

.38

251.

. Stress and strain distribution at ULS in the model of calculation AF‘E:C
(OfASl ingénierie des structures
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UHPFRC : Ductal® FI STT

J " 'W;- |
. =
—
(@Al ingénierie des structures Association Frangaise de Génie Civil

L}
N/




>
-
whd
v
£
o
)
O

Dome Qatar/Design hypothesis




Dome Qatar/Design hypothesis _ Geometry

Cross=sectlon k1
A Uppar Rlng 80mm X 180mm E

JFor—=DETAIL N3
;| Refar dwg | Sheet 16

Cross-seclon N2
Grld BSmm X 75mm

Cross-seclon N3
Radlal Bearm &0mm X 180mm

=41 8 e panal Helghd)

—- =/ Cross-seclon N4

Lower Rlng &0mm X 200mm

= eTAlL e

DETAILN'Z 7] Reter owg : Shest 13
Retar deeg | Sheal 1

-
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Design hypothesis
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The horizontal load (wind + seismic) are transferred by the grid around each side of the structure. The force is dissipated.
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Design hypothesis _ Static Scheme
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Preliminary design stage

Matllenium

Biftmeome Hotel

Los Andeles Consenacy

Title Guaranize

Building
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E . T Pershing Square
o Diamand and Building
% leveelry Center i
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Preliminary design stage

ingénierie des structures
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Preliminary design stage
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== (Max=3.60)

,1lm3D=2.22m

GHIL40.55

Nodal displacement vector, Loadcase 102

des structures
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Design process

Formwork strategy

e

L T ~ -,
A - P,
"-h_ "

B
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Comment 1 : The pr1nc1plé gﬁlows to create perlodlcal gquetry

Comment 2 : The principle consists of applylnga porystyrne mold when Ductal is
still liquid in order to evacuate the material along the_reinforce

Comment 3: in the center the thickness of the panel(sign) is 3C

against 235 mm
ATEf:
Aot

Association Frangaise de Génie Civil

;1.‘!"
along the edges. The joins between two panels is about 10 mm, <1
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Design process

Formwork strategy

Displacement Casting/ Paris Créche Budin

DECOUPAGE ENVISAGE :
- Type 1: 64 pieces - Moule- 1a - 1b - 1¢c - 1d
T = Tl= ‘—‘ SRS

e~
g =~ [ == v

- Type 2 : 4 pieces - Moule - 2a - 2b
m
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Design process

Formwork strategy

185
R — - — _
=1
=
Ty
\?J |
1
| | L | | %
Dbsposiif da levace 1/104 Séquence d'accreche pour le kevage 110 L Aem |
Drovullle de Fleatlon HALFEN DEHA-GI20 M1

L]

.nJ"|
|

T

!

Levage 2 [harlzontal 1/50e

Basculamant 1/50e Stockage des panneauy 1/50e Levage & la verticale des pannesux 1/50e

M|z &n oelwre des panneain 1/50e ¢ — e

AT E:C _
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Design process

Form findin

Gy LRE LS 0 Systemn

ﬁ Froject

= System
%’;System Infarmation
= 73 Materials
1 Armature inox UGI4362
2 FeE 500 [BAEL-39)
3 Ductal FO
45 235 (EM 10025-2)
- FRCross Sections
B 1 Section 1
Interpolated sections
,\;GUI for todel Creation [SOFPLUS-[<])
=-FORMFINDING
%Formfinding
%Update-ﬁ eometry
[=- Chargement
%Charges
cigg Combinaisors
=-DDC
ﬁtalcul-tas-unitaires
%Note Chargemnents
SNote DDC
=-ELS
ST alculELS
ﬁﬁesultats-ELS
=-ELS-D
SgCalculELS D
EiResultatsELS D
=-ELU
amCalculELU
%Hesultats-ELU
=-ELU-5F
EB ucklingform
amCalculELU-SF
GgResulats-ELU-SF

ﬁ Documentation

B2/ || 92 co852Budin05... | 25 Fomfinding

aris Cr

che Budin

~|: % R

X

~ % B |5
[=-Yiew Options
Ay Support Size——_]
Show Hinges
B® Shiaw Seperation [Mesh) Lines
Show Beam Section Lines
O Show Local Deformation
rizualization of Cross Sections
fim Show Coordinate System
L7 Colouring Results
FRelated Results
O Cut Near ClipPlane
O Show inner BRIC elements
O Erwironment Graphics
(= Elerment Optiohs
O Show Mode Mumbers
Warping Magnificationj
O Selective Deformation Amplitude
O Display Mode Of Tendons
O Dowrwaard Direction
(= Colowr Options
O Change of Caolowr
Change Systemcolour
Fieset all Colours
QUAD Downgide darker
O Set Background o white
O allow Transparency

2 00552 Budin 05, dat

Utilization [sigma/fc)

max. [sigmav-LUAD| approx. 871 MPa [zsigmadfc = 0.04)

cOmpression
zigmalfc = -0.037

nn

tension
sigma/fc = 0.037

Calculation done with the software SOFISTIK AG
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Design process

Shrinkage / Budin creche Paris
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Design process

Shrinkage / Budin creche Paris

1-15' ~
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Localization : Zaha Hadid Office, Londre / Contractor : Il cantiere
Building typology : Office
Quantity : 18 steps

. Function : Public staircase

. UHPFRC : Ductal® NaW3 FO STT
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Design hypothesis _ Geometry

X

Design model —
i ————
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Structural Analysis_ SLS

SLS Behaviour curve A O
fcd /

/

/
Elim E1% Ewozmm Cwimt)  Coel <
|I:...ll.~~ I I E =

....."n. c0
§~**~

ingénierie des structures

1 ctfk/ K

COMPRESSION

Non-reinforced Ductal FO
Compressive stress < 0.6 fck
Tensile stress < fctfk/K

Stress limitation

Crack control - Limitation of plastic plateau

Table 7.201 — Recommended values of Wpax (mm)

Exposure class

Members in reinforced
UHPFRC and members
in prestressed UHPFRC
with unbonded tendons

Membersin
prestressed
UHPFRC with
bonded tendons

Members in non-reinforced and non-

prestressed UHPFRC

Quasi-permanent load

Frequent load

Characteristic load

Frequent load

combination combination combination combination
X0, XC1 0.3 0.2 0.3 0.3
XC2, XC3, XC4 0.2 0.1 0.2 01
Tensile limitation to
0.1
g} )g’% = 0.1 2/3.min(ftm.d, 0.05
fctfm}Kgbba\)
Extract of NF P18-710[2.2]
~
AFGC

Association Frangaise de Génie Civil




Structural Analysis_ ULS

B
T & T &
Eufm 0 €coa cua

IEI - UHPFRC compression strain limit

- UHPFRC pure compression strain limit

I -UHPFRC tension strain limit

Figure 6.201 — Diagram of relative deformations admissible in ultimate limit state for non-reinforced
UHPFRC

Extract of NF P18-710

bc bc

LTI

= -

; Ft,c !

s = E

“bt bt Fis bt
Strain Stress Resultant

Stress and strain distribution at ULS
ingénierie des structures

Acceptable strain distributions

Bending with axial force : "Three pivots” limits known as
tension controlled or compression controlled

Pivot F : limit lengthening ¢, ;,, of the UHPFRC on the most
“tensioned” fiber of the section

Pivot B : limit shortening strain €4 of the UHPFRC on the most
compressed fibre of the section

Pivot C : limit shortening strain €, of the UHPFRC under
compression for the part due only to the axial force

Three resisting shear terms

Resisting shear force

-UHPFRC contribution term
-Fiber contribution term
-Transverse reinforcement contribution term

ATEC
_ATGC

Association Frangaise de Génie Civil




Vibration analysis_SLS-V

Criteria of vibration analysis For each ribbon in Ductal FO
Natural frequency > 7Hz

Response factor under harmonic load (0,2Q) < 32

Calculation done with the software SOFISTIK AG - i
c""-—_-"_
(OfASl ingénierie des structures

Association Frangaise de Génie Civil




Vibration analysis_SLS-V

Criteria of vibration analysis For each ribbon in Ductal FO

Natural frequency > 7Hz S—

Response factor under harmonic load (0,2Q) < 32 =
ax . ; (i Displacements in global X
- I i‘l\ b I h!l 1 Ol \ . w under harmonic load

Acceleration [m/secl] ' il

| . *
) . |
30,00 — -
AN00 —~ -
=1l Displacements in global Y
2w | - .= = under harmonic load
mm || o
| -1
15000 — -
1]
[
ol
s
1 e ﬂ | Ll 0] .] b | “I ‘ Displacements in global Z
- ATAFARYAL g {‘ Ll | . = under harmonic load
a i i Period 7 _lll |ls ':* Il | Iﬂ 1; ll‘I F{ 'S bt
s 1t 15 2 25 3 35 40 45  5n fsed] o '5“ | \ ‘1 'f@ |
I
<l ] '
Response spectra under hormonic load (0,2Q and 10,84Hz) _—

-
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Construction process analysis
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Construction process analysis

-'pmw:n_ Fom THE couNECTHY
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= e Proposal for the connexion of the stairs to the steel structure
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Design hypothesis _ Geometry

'\F Efficient Thickness 47mm E
-_

\:\\“

N

Efficient Thickness 40mm

S
_

"»/

—

R
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Thickness of the stairs Sectional view of the stairs
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Structural Analysis_ SLS

SLS Behaviour curve A O
fcd /

/

/
Elim E1% Ewozmm Cwimt)  Coel <
|I:...ll.~~ I I E =

....."n. c0
§~**~

ingénierie des structures

1 ctfk/ K

COMPRESSION

Non-reinforced Ductal FO
Compressive stress < 0.6 fck
Tensile stress < fctfk/K

Stress limitation

Crack control - Limitation of plastic behaviour

Table 7.201 — Recommended values of Wpax (mm)

Exposure class

Members in reinforced
UHPFRC and members
in prestressed UHPFRC
with unbonded tendons

Membersin
prestressed
UHPFRC with
bonded tendons

Members in non-reinforced and non-

prestressed UHPFRC

Quasi-permanent load

Frequent load

Characteristic load

Frequent load

combination combination combination combination
X0, XC1 0.3 0.2 0.3 0.3
XC2, XC3, XC4 0.2 0.1 0.2 01
Tensile limitation to
0.1
g} )g’% = 0.1 2/3.min(ftm.d, 0.05
fctfm}Kgbba\)
Extract of NF P18-710[2.2]
~
AFGC
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Structural Analysis_ ULS

e = Acceptable strain distributions
Bending with axial force : 3 pivot limits
© . Pivot F : limit lengthening ¢, ;,, of the UHPFRC on the most
Eutm 0 f  Fous tensioned fiber of the section

[E]- UHPFRG comprassion st i Pivot B : limit shortening strain g, of the UHPFRC on the most

-UHPFRC pure compression strain limit Compressed ﬁbre Of the SeCtion

I -UHPFRC tension strain limit

Figure 6.201 — Diagram of relative deformations admissible in ultimate limitstate for non-reinforced Pivot C : limit shortening strain €c0d of the UHPFRC under
UHPFRC . .
compression for the part due only to the axial force

Three resisting shear terms

Extract of NF P18-710

N “be
Yoc|
Y- = Resisting shear force
E 2 Yot
Yot = "I":'—; : -UHPFRC contribution term
= t = ~Fiber contribution term
’ ft :_bt -Transverse reinforcement contribution term
Strain Stress Resultant

Stress and strain distribution at ULS ?g;
. —
f"'_—_-r
C
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Construction process analysis
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Structural Analysis_ Local shear analysis

{lof champente méallique)

Emon 150x50 x5

Réservation @28mm
Profondewr 23mm Limaen 150x50x5 : |
Marcheou Tige M12 =20mm ot charpente métafique) i !
| palier intermédiairs soudée sur le taquet Y R e
Seellement par mortier - 4 . Cane d'amachement . 7
1 ‘_;
& I -
e 7
g |
i g
2
% 55 VAR 2
' 10 a0 . ! g
rl e ’ If"
[ |
I
i |

Vérification de la cbne d'arrachement Aﬂ

Verification of cone of tearing e
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Problem solving

A. Interactions between metal frame and Ductal element

The displacement of the metal frame has a signficant impact on the behavoir
of the elements in Ductal, so it's the key point to have a global modelling to
take into account the interactions between the metal frame and Ductal

element.

ATEC.
ATGC
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Problem solving

C&E

B. Redistribution of peak stress

Lrnor 150wE0nE 1 |
Varcre ou (ot chamente metsigue) | !

Peak stress at the supports surface support

The peak stress occurs at the supports. In the modelling, the punctual support points should be avoided. Il could be replaced by a surface support to have
enough area for the redistribution of the peak stress.

A€

e o
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Problem solving

C&E

C. Optimization of horizontal clamping

®

® o)

Bracing system

ingénierie des structures

)

e Oz
S 21 e o '
Mo o [rrpe— ot charpents TN i
b I .“.‘.'...-_- A !

First type of support
Horizontal clamping and vertical support

Lmon 1wt !
Marche ou 1t charpamie e i
paier Intprmgd are -

Second type of support
Vertical support only

Every piece of stair play a role of bracing system, to make it efficient and to transfer the lateral force
easier, 2 ranges of horizontal clamping is made for each piece.

ATEC
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HERITAGE 2024 Panneau solaire
ECLATE Structu i
re acier
Toit en béton fin inoxydable poli
Systéme d'écoulement d'eau or
e

de pluie /
\ L —— ——- "_--.- Y

Toiture en appui sur les : S
poteaux centraux —— P

Structure dissociée de la
toiture en BFUP

Cylindre acier inoxydable
Gravé

Zone de boxe
Sac anti lacération

Abdos-galnage
inox poli

Revatement de sol en
pneu déchiqueté

TARCK NETWORK Designer

graphisme & préciser

France 202

STARCK®

-
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SMART W isimiciin

CARTE D’IDENTITE MATERIAU

SMARTY [STRUCTURE] Gris 2,5% FM v i

 Coube de comportementELS O

fa=90MPa

Eim =11.8063% E15 = 2.6450% Ep-ram= 1.1450% Ea=0.0126%
— | |

Eco =- 0.2045%

— fer/K = 5.56M Pa

TENSION jj COMPRESSION

ingénierie des structures
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SMART W isimiciin

CARTE D’IDENTITE MATERIAU

SMARTY [STRUCTURE] Gris 2,5% FM v i

 Coue de comportament ELU | |

fed = 98MPa
£1% = 11.9063% £1% =2 6404%  Epeak = 1.14049% Eel = 0.0097% &
ol | | i | —
H H ‘HH HHHU Eutim - 02209% o 0.3678%
| fand{K x 30t )= 4 27MPa
TENSION J] COMPRESSION
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Actions du vent
Pression dynamique de pointe g, (a confirmer)

Cas1 | Cas2 | Cas3 | Cas4 | Cas5 | Cas6
Zone du vent 1 2 3 4 Réunion 2
Vitesse de référence [m/s] 22 24 26 28 32 24
Vitesse de référence [km/h] 79.2 86.4 93.6 100.8 115.2 86.4
Catégorie de rugosité du terrain 0 0 0 0 0 Il
Hauteur du projet [m] 3.5 3.5 3.5 3.5 3.5 3.5
Pression dynamique de pointe g, [Pa] | 688 819 961 1115 1456 607

Catétorie de terrain

Mer ou zone cbtiere exposée aux ventes de mer, lacs et plans d'eau parcourus par le vent
sur une distance d'au moins 5km

Rase campagne, avec ou non quelques obstacles isolés(arbres, batiments etc.) séparés
les uns des autres de plus de 40 fois leur hauteur

llla |Campagne avec des haies; vignobles; bocage; habitat dispersé

[llb  |Zones urbanisées ou industrielles; bocage dense; vergers

Zones urbaines dont au moins 15% de la surface sont recouvers de batiments dontla
hauteur moyenne est supérieure a 15m; foréts

ingénierie des structures

La pression dynamique de pointe qp retenu pour cette étude de
faisabilité est de 961Pa (0.916kN/m?), elle est indicative du
niveau du pression a prendre en compte

_AFGC
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Charges de neige
Sans prendre en compte des charges exceptionnelles de neige

Cas1 Cas?2 Cas 3 Cas4 Casb Cas6 Cas7 Cas8

Régions Al A2 B1 B2 C1 C2 -

Valeur caractéristique (S,

045 045 0.55 0.55 0.65 0.65 09 14
en kN/m2)
Coefficientde forme
L 038 08 08 08 08 08 08 08
M4(T oiture & un seul
Coefficient d'exposition C, 1 1 1 1 1 1 1 1
Coefficient thermique C; 1 1 1 1 1 1 1 1

Charge deneige (N/m?) | 0.36 | 0.36 | 044 | 044 | 052 | 052 | 0.72 | 112

Le cas le plus défavorable est de 1.12kN/m? dans les zones E.

Régions Al A2 Bl B2 C1 C2 -

Valeur caractéristique (S, en kN/m2) de la charge
de neige sur le sol a une altitude inférieure a 200m

045 | 045 | 055 [ 055 | 0.65 | 065 | 09 14

Valeur de calcul S,y de la charge exceptionnelle
de neige sur le sol

-
ﬁE{
e
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Actions sismiques
Zone de sismicité : ZONE 4

Type de sol: D
Catégorie d’'importance: Il
Rapport Sd(T1)/g 0.73 =7.2m/s?/ 9.8m/s?
Horizontal type 2 - Acc (m/s?)
8
7
6
5
i) 4
— {fj \
S\ 3
Zones de sismicité 7 \
=1 (trés faible) ' 2
12 (faible) 1 \
== 3 (modérée)
== 4 (moyenne) 0 ¥ , , , ,
mm 5 (forte) 1] 2 4 6 8 10 12
2 T(s)

MIQUELON

| SAINT-PIERRE

0 ® - )/
L [ : 1 L _ .o—
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Epaisseur courante : 35 mm

Nervure BFUP : 60x90X5 mm

Nervure ACIER : 80x40X3 mm

Tube creux : D101,6x5 mm

[ekes

ingénierie des structures

T
l

Epaisseur plaque de toiture en
BFUP : 35 mm

Hauteur du raidisseur en
BFUP : 60x90 mm

Diameétre des tubes en acier
INOX:101,6mm x5

ATEC
_AFGC
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Epaisseur courante : 35 mm 35 MM
Nervure BFUP : 60x90X5 mm

90 MM

Gougeon de liaison

Nervure ACIER : 80x40X3 mm

S ——

Tube creux : D101,6x5 mm

ATEC
_AFGC
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Localization : China S —
Building typology : Pre stressed beam = | '
‘Quantity : 25 m long » ,
~—=Function : Structure supportmg a Roof _ ' | “ :

_UHPFRC : Ductal® FM STT = | -

" -E =
B
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Design hypothesis _ Geometry

PARTICULARITIES OF BEAM

Span 24.54m
Maximum height 1.1731m
Minimum height 0.805m

Slope 3%
Width of the upper and lower flange 0.324m

Thickness of the upper flange 0.07m
Thickness of the lower flange 0.13m
Thickness of the web 0.05m
Height of the variable part of flange 0.03m
Pre-tensionned tendon (Diameter) 15.2mm
Number of pre-tensionned tendon 13 units
Statically determinate beam

support conditions :
SECTION 1 SECTION 2 SECTION 3 axial blocking at one end of the beam
.
N
C&E ingénierie des structures Association Frangaise de Génie Civil

axial slippery at the other end




Structural analysis_ SLS_Stress limitation

. Characteristic combination : Stress distribution at mi-span and at the end AFEC_
(OfASl ingénierie des structures
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Structural analysis_ ULS_Stability

First mode of buckling analysis with a buckling factor = 16.01>10 N 19.96

ﬁ -
. A TC
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Testing until the beam is broken

9
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1
bl L { -
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Localization : Arras France, Eiffage Prefabricator
Building typology : Memorial

Quantity : 320 ml

Function : Structure supporting a footbridge
UHPFRC : BSI

- N
ATEf,
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Utslizstin (sigma

Eskymys UMDY pnece. TI00EE MRy (somac = LGB 1
(i
Ih'-r-'l'l:--ln.l-ﬂ

Lefakan
wgrafe = LATH

Calculation done with the software SOFISTIK AG e

g
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ETAPE 1/ ANALYSE PREALABLE EN RAISONNANCE AVEC LE PROJET ARCHITECTURALE

1-  Choix du matériau

2-  Strategie géomeétrique

3- Schéma schématique / Position et nature des appuis

4-  Risques de conception / Courbes de comportement / fissure
5-  Stratégie de processus de construction / retrait

6- Calcul préliminaire / scénario

7- Synthése

- =
AT E?x(.
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ETAPE 2 / POINTS CRITIQUES DU PROCESSUS DE CONCEPTION

1- Matériau
Fibres organiques ou métalliques
Pour le béton de fibres métalliques choix de la loi de comportement en traction

en fonction du volume de fibres

La courbe de comportement du matériau est différente selon l'analyse menée
(contrainte ou déformation) et dépend du choix du matériau (FO ou FM) et de

I'épaisseur de I'élément

2 - Epaisseur de l'élément

Une attention particuliére doit étre accordée a la classification de ['élément
par rapport a son épaisseur. Un élément est considéré comme mince si son
épaisseur est inférieure a 3 fois la longueur des fibres. Certaines propriétés
telles que la résistance en traction ou l'analyse de la fissuration vont changer.

3- Intégration du ferraillage
BUHP FO: possible mais pas conventionnel

BUHP FM: possible
Ductal FM + FO: la combinaison des renforts et des fibres dans le calcul ne se

fait que dans l'analyse post-élastique. Dans le cas d’éléments minces,
'élongation des fibres ne peut pas dépasser 50% de la valeur maximale

donnée. -
ATEC
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ETAPE 2 / POINTS CRITIQUES DU PROCESSUS DE CONCEPTION

4- Analyse du cisaillement

BUHP FO: ['analyse ne tient compte que de la capacité de résistance des fibres
BUHP FM: 'analyse considere les fibres, la section et le ferraillage

BUHP FM + FO: les mémes fibres d'une section ne peuvent pas étre utilisées
simultanément pour ['analyse de la contrainte de flexion et l'analyse de la
contrainte de cisaillement.

5- Ancrages et support
Les ancrages peuvent affecter ['épaisseur globale de l'élément.

6- Analyse de la fissuration

L’analyse de la fissuration est la base du calcul post-élastique. Pour chaque projet
la valeur maximum donnée par le référentiel de calcul doit étre discutée selon le
contexte du projet, le site, le client, la conception d’ensemble.
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