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Béton avec poudre de verre
Barre d’armature en acier inoxydable
Passerelle en aluminium

Barre d’armature en PRF
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Béton fibré a ultra-hautes performances

Contenu



Projet : Construction des ponts West Vancouver
Années : 2020-2021

Conception : Ville de Montréal, Provencher-Roy

1.1 Béton avec poudre de verre
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1.3 Ponts existants
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1.6 Ponts West Vancouver

Structure :
Montréal &3

Architecture :
PROVENCHER_ROY
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Exigences :

Propriétés d’'un type V-S ternaire (C-XL)

Béton blanc

Développement béton blanc :
GU blanc + 10 % métakaolin

GU blanc + 15 % métakaolin

Conclusion :

Non-respect perméabilité (1000 C).

Découverte de la poudre de verre...

1.7 Béton
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Chaire SAQ de valorisation du verre dans les matériaux
Partenaires : SAQ, Ville de Montréal, Equiterre, Permacon, Béton génial
En collaboration avec :

Prof. Arezki Tagnit-Hamou, ing., Ph.D.

UNIVERSITE DE

SHERBROOKE

Ville de Montréal 2015-2018 :
22 000 m3 béton trottoir

1.8 Chaire SAQ
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A LA
BRESSE PRESSE

Recyclage du verre : la SAQ préte a

La bataille du recyclage du verre "
appuyer une consigne

LA T T
PRESSE i v
CA ‘ in "
&
- &
. .
A la recherche de la solution miracle
.
pour mieux recycler le verre
L J
in ISABELLE GRIGNON-FRANCKE
LAPRESSE
5 La Société des alcools du Québec (SAQ) est maintenant préte a
¢ e 5 o 1 26 Fourier 2016 5 18120 . appuyer la consignation des bouteilles de verre, aprés s'y étre opposée
e 4 - vigoureusement pendant des années.
Ala consigne ou dans le bac de recyclage ? Un rapport qui sera rendu .
public aujourd hui démontre quiil est possible dobtenir a grande échelle
5 du verre trés peu contaminé et de lui donner une deuxiéme vie en
- . o N J améliorant les opérations des centres de tri existants. Une avancée LA
= " metr ¢ (CREDetute critiquée par les partisans de la consigne qui souhaitent agir au-dela PRESSE
aujourd’hui une large consultation publique pour repenser le recyclag ) e 2
. o L oo d'une seule réutilisation. Explications. CA
et la consigne. En janvier, elle estimait que le verre navait plus sa place L
dans le bac de recyclage.
Mis 3 jour le 17 mai 2019 3 Sh24 q
‘ & Recycler le verre... pour vrai
f
v
in
&

1.9 Enjeux liés au verre
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Utilisation : 2¢ matiére la plus utilisée dans le monde (5 milliards m3 / année)

Production : Trés énergivore
Approvisionnement : Pénurie d’ajouts cimentaires (cendres volantes)

1.10 Enjeux liés au béton
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Depuis 2019 :

La poudre de verre est un ajout
cimentaire nouvellement normalisée par
la norme CSA-A3000-18.

1.11 Norme CSA

A\ A3000

Groupe

\& CSA

Compendium des matériaux liants
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Résistance a 28 jours : |légérement inférieure
Résistance a 91 jours : similaire

Résistance a 365 jours : |égérement supérieure
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1.12 Résistance a la compression
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Perméabilité a 28 jours : supérieure

Perméabilité a 91 jours : inférieure
5000
é’o 4500 | = 28 days
1
S 4000 | ® 56 days
é 3500 f H 91 days
S 23000
g 'é 2500 |
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2302000 f
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£ 1500 f
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1.13 Perméabilité aux ions chlore
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Innovation :
Premier pont avec poudre de verre au monde

Béton :

Type V-S ternaire (norme 3101 MTQ)
35 MPa

GUb-S/SF (90 %)

Poudre de verre (10 %)

Programme de suivi :

Installation de jauges de déformation durant 1 an.
Carottage a tous les ans pendant 10 ans.

Mesure des propriétés modales a 0 an, puis au 5 ans.

1.14 Projet pilote
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Adjuvant compensateur de retrait :
Conex (6 % poids liant)

Fibre synthétique :
Taux 2,3 kg/m3

Contréle de la température :
Bétonnage de soir ou de nuit

Décoffrage hatif :
7 MPa (£12h)
Maturomeétrie

Cure aleau :
7 jours

*Collaboration étroite entre ingénieurs matériaux et structure

1.15 Stratégies de réduction du retrait
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Béton avec PV = 1000 m3
Ciment remplacé par PV = 1000 m3 * 400 kg/m3 * 10% = 40 000 kg (40 T)
Bouteilles de vin valorisées = 120 000 bouteilles

1T de ciment - 1T de CO,
40 T de ciment — 40 T de CO,
CO, produit par voiture 200 000 km

I — — s = ot s i Sl R S e e M Lt S

1.16 Empreinte environnementale
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Développé par :

Harvard University
American Society of Civil Engineers

Energy Water Waste Transportation  Landscape Information
Distribution Treatment Solid waste Airports Public Realm Telecom
Hydroelectric Distribution Recycling Roads / Highways Parks Cables

Coal Capture / Storage Hazardous Bikes / Pedestrians Ecosystem Services  Internet
Natural Gas Stormwater Waste Railways Natural Phones

Wind Flood Control Collection & Transit Infrastructure Data Centers
Solar Nutrient Transfer Ports ;:Tg';:g::}nr:al Sensors
Biomass Managerent Waterways ) )

1.17 Certification environnementale Envision
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Colt béton seulement :
Sans PV : XXX $/m3
Avec PV : XXX $/m3 (+15 %)

Colt béton, coffrage, mise en place et cure :

Sans PV : XXX $/m3
Avec PV : XXX $/m3 (+5 %)

Colt projet :
Sans PV : XXX $
Avec PV : XXX $ (+1,5 %)

1.17 Cout
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Projet : Construction des ponts West Vancouver
Années : 2020-2021

Conception : Ville de Montréal, Provencher-Roy

2.1 Barre d’armature en acier inoxydable

25



Acier au carbone

Acier au carbone recouvert d’époxy
Acier au carbone galvanisé

Acier au chrome (MMFX)

Acier inoxydable

Polymére renforcé de fibre

2.2 Types d'armature
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Barres d’armature en acier inoxydable absentes de :

Codes :
Code canadien sur le calcul des ponts routier (CAN/CSA-S6-14)

Calcul des ouvrages en béton (CSA-A23.3-19)
AASHTO LRFD Bridge Design Specifications 2017

Manuels :

Manuel de conception des structures (MTQ)
Tome lll Ouvrages d’art (MTQ)

Tome VIII Matériaux (MTQ)

2.3 Codes et manuels de conception

_— 56-14

4 \ roupe
@)=

Code canadien sur le calcul des
ponts routiers
uillet 2017. Cette réi

1° 1 (avril 2016) et la
version originale du c

Réimprimé en

ntient
la mise 1° 2 (juillet 2017)
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STRUCTURAL
MANUAL

Office
September, 2016

Bridge Structures
Design Criteria

Version 8.0

mmmmmmm

Applications : Dalles de tablier et glissiéres.

2.4 Au Canada

BRITISH
COLUMBIA
Ministry of
Transportation
and Infrastructure

British Columbia Ministry of Transportation and Infrastructure

Bridge Standards
and Procedures
Manual

VOLUME 1
Supplement to CHBDC S6-14

OCTOBER 2016
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Couramment utilisé :

New York
Virginia
Pennsylvanie
Oregon
Florida
Arizona

Projets pilotes :

Maryland
Delaware
lowa

Kentucky

Applications : Dalles de tablier et glissiéres.

2.5 Aux Etats-Unis

New York State

DEPARTMENT OF TRANSPORTATION
P

e : ,, ;R\*A " .ﬂ-l
BRIDGE MANUAL

NEW YORK
STATE GF
OPPORTUNI Y.

Department of
Transportation

ANDREW M. CUOMO MATTHEW J. DRISCOLL
Governar ommissioner

29



-

e

e = e = >
‘_:_..ﬁﬂ'ﬁ"‘. -‘--_‘.;,‘—-i-_;k._‘ﬁi,"‘é e R
b T R

2.6 Ailleurs dans le monde

Progreso Pier :

Yucatan, Mexique
2,1 km
1941 (78 ans)

Type 304
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ASTM A955M-19
Deformed and Plain Stainless
Steel Bars for Concrete

Reinforcement

Thi i | sndard ws deoped s secrtancs i nenstinsly resgind i i the Decion o Prncik: o the

Aﬂ]l:p Designation: A955/A955M — 19

Standard Speclfication for

Deformed and Plain Stainless Steel Bars for Concrete

Reinforcement’

Iy i chne e

1. Scope®
1.1 This specification covers deformed and plain stainless
st st conce reforsemen n o nghs and o
used in applications requiring resistance to corrosion o can-
e magtc el The sandad S7cs 228 Amen
sions of deformed bars and their numerical designation shall be
thse e in Tt
A supplementary requirement (S1) s provided for use.
s s cones egneicpemesbily s rqued
by the purchaser. Supplem:

Grade 80 [SS0], respectively. Mechanical testing, when
required. shall be to the nearest nominal deformed ar size.
Requirements providing for deformations and marking shall
ot be applicable 10 plain bass.

1.8 When stanless steel is 10 be welded. use 2 procedure
suitable for the chemical composition and intended use- or

Nor: 1—Webing of stiness stel remforcmeat would occur ater

Vhen pecitod i (e purchase order
1.2 The chemical compasition of the stanless steel alloy
shall be selected for suitability (o the application involved by
agreement between the manufacturer and the purchaser. This is
1 imporan onsidruion i acievin the desindcoroson
resistance.or contro lc permeabiliy. o both, be-
canse these pmm,eg e ok providd byl s s

1.3 Comosen Resistance requements e conaited in
Secion 11 and Annx AT an e e rocedres optons afe
Amex A2 (Rapid Mactoesl Tes) of Amnex A3 (Cracked
Bea Test)

1.4 The requirements for introduction of new alloys into a
‘mandatory chemical composition requirements (able in this
specification are given in Annex A5

Requiremets o the v dforaionae of s
sided deformed bars are contained in
e of three minimum yield strength evels, namely
60,000 psi 420 MPal, 75 000 psi [520 MPal, and 80 000 psi
{550 MPal, designated s Grade 60 [420], Grade 75 [S2], or
Grade 80 5501, espectively.
7 Plain bars in sizes up (0 508 mm]
I e ol o et vt i el 8 ey

" Thie speccaion e e o of ASTM Comit AD cn S,

e eton v o 1, 209 it oy 219 gty
e 1 e e 8 OSSN

1 welding should b peformed
in secontancs with te st sdiion of AWS DLGDLEM, sny other
insrastionslly ac

This specificaion is applicable for orders in either
inch-pound units (as Specification A955) or in S units (as
spmummn A9sSM),

The text of this specification references notes and
{ocinols e e cxpaniony st Toese v aod
footnotes (excluding those in tables and figures) shall not be
considered as requirements of the specification.

111 The values stated ineither nch-pound or S1 units are to
be regarded separately as standard. Wilhin the text, the S1 units
are shown in brackels. The values stated in cach system may
not be exact equivalenis; therefore, each system shall be used
independently of the other. Combining values from the two
systems may result in nonconformance with the specification.

s specification does not purport t0 address all of the
safety concens, f any, associaied witk its ase. Ji is ihe
reponsiply of e e of s specfcatin o esabish
approprice and emvironmental practices and
et e iy of resuictos imichons ror 10

1.13 This international standard was developed in accor-
dance with inlernationally recognized principles on siandard.
aation estabiished in the Decision on Principies for ihe
Development of International Standards, Guides and Recom:
mendations issued by the World Trade Organization Technical
Barriers 1o Trade (TBT) Commitee

A Sumumary of Changes sccon appears a he end of thisstndard

Coppi 45T it
‘Copisi iy AST L) ol g e B A
Dowmlosiedpeasedby

BOREDIAY |

100l oo D, PO T, W Contucan. P 10252 Unk S

2.7 Norm

€S

BS 6744:2016

Stainless steel bars.
Reinforcement of concrete.
Requirements and test methods

BRITISH STANDARD | BS 6744:2001

Stainless steel bars for
the reinforcement of
and use in concrete —
Requirements and test
methods

PN \\““\“\Q\.\m“

=
© DANSK STANDARD - Kollegieve] 6, DK-2620 chaumengg‘
30 coraG winther ssienusifais! kapifrese stk DB ERAND A s El
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A”iages . ASTM BS Nom commun
530400 1.4301 304
832101 1.4162 Lean Duplex 2101
531603 1.4436 316L
531653 1.4429 316LN
532304 1.4362 Lean Duplex 2304
$31803/S32205 1.4462 Duplex 2205
N08904 1.4529 Alloy 926
S32760 1.4501 Super Duplex 2507

PREN : Pitting resistance equivalent number

Grades :
ASTM : 420, 520 Mpa

BS : 200, 500, 650 MPa

2.8 Alliages



Corrosion galvanique :

Ne serait pas un enjeu selon la littérature sauf
dans les zones d’éclaboussure.

Zone de rotule plastique :

Utilisation interdite.

Conception :

Comme pour acier au carbone.

2.9 Enjeux

ENGINEERING
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Technical Note

Steel Institute

Frequently Asked Questions
(FAQ) About Stainless Steel

Reinforcing Bars

Introduction

CRSI routinely receives inguiries concern-
ing various aspects of reinforcing bars, and
reinforced concrete design and construc-
tion. This Technical Nofe presents a col-
lection of typical questions that are asked
regarding stainless steel reinforcing bars.
Most of these guestions come from i
censed design professionals (LDPs), name-
Iy engineers and architects, field personnel
{inspectors, code enforcement personnel,
and contractors), and state Departments of
Transportation {DOTs)

Stainless steel reinforcing bars are expe-
riencing increased use in reinforced con-
crete projects because of the material's
inherent properties, which depending upon
the chemistry specified, may include corro-
sion resistance, low magnetic permeability,
ductility, or 8 combination thereof Figure
1 shows one example of the increased
use of stainless steel reinforcing bars on a
bridge deck in Minnesota. But what classi-
fies steel as a stainless steel, as opposed
to carbon steel? Stainless steel is defined
by ASTM A941 (ASTM 2018b) as steel con-
forming to a specification that requires, by
mass percent, a minimurm chromium (Cr)
content of 10.5 percent, and a maximum
carbon (C) content of 1.20 percent. The car
bon content of stainless steel reinforcing
bars is less than 0.15 percent as indicated
in Tables 1A and 1B. As presented herein,
there are several stainless steel alloys used
for reinforcing bars. The specific alloy used
depends on the project requirements and
design properties reguired by the LDP

Specific frequently asked questions (FAQ)
and responses are provided balow.

Basic Material Characteristics

What Standards govern stainless steel
reinforcing bars? Stainless steel reinforc-
ing bars should be specified according to
ASTM AQEG/ASEEM, (ASTM 2018c). ASTM
AZTBIAZTEM [ASTM 2017), is another stan-
dard for stainless steel which is the refer
ence for the chemistry requirements of
ADBEAGEEM.

Figure 1 - Stainless steel reinforcing bar used in the
deck of s bridge structure located in Minnesota

What alloys of stainless steel do the
ASTM standards permit as reinforcing
bars? ASTM AOEE/ADGEM states that the
"chemical composition of the stainless
steel alloy shall be selected for suitability to
the application involved by agreement be-
tween the manufacturer and the purchaser.
This is an important consideration in achiev-
ing the desired corrosion resistance or
controlled magnetic permeability or both,
because these properties are not provided
by all stainless steels”

The chemical composition of the alloy
must conform to the requirements of Table
1in ASTM A276/A2T6M. Each alloy is identi-
fied by the six-character Unified Numbering
System (UNS) designation starting with the
letter "S” followed by five numeric digits.
Specifications should always include the
UNS number because it indicates the spe-
cific chemistry requirementis). In addition,
when recognized by ASTM AZ278/A276M,
the commen generic name or AISI type
designation for the stainless steel alloy is
noted in the second column. ASTM ASES/
AS55M provides guidance regarding alloys
commonly used for concrete reinforce-
ment, but this is not a complete list of the
products that could meet the requirements
of the standard

Stainless steels are classified by their
microstructure into families: austenitic, fer
ritic, martensitic, or duplex. Only austen-
itic or duplex stainless steels are produced
to requirements of ASTM A955/A955M
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Colt armature 2304 seulement :
Galvanisé : 1,25 $/kg
Inoxydable : 5,00 $/kg (+400 %)

Co0t armature 2304, pliage, livraison, installation :
Galvanisé : 2,25 $/kg
Inoxydable : 6,00 $/kg (+266 %)

Colt projet — Scénario dalle, culées, murs armature 2304 :

Galvanisé : XXX $
Inoxydable : XXX $ (+7,5 %)

Co0t projet — Scénario dalle armature 2304 :
Galvanisé : XXX $
Inoxydable : XXX $ (+2,5 %)

2.10 Codts
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Projet pilote : Construction de la passerelle Pointe-Nord
Année : 2019

Conception : SNC-Lavalin / Poralu Marine

3.1 Passerelle en aluminium
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3.2 Localisation
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3.2 Localisation
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3.3 Exemples

\
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Charpente :
Alliage 6005A-T61

Platelage :
Bois ipé

Dimensions :
Longueur : 12,0 m
Largeur: 4,5 m

Charges :
Veéhicule d’entretien 80 kN
4 kPa

Colt :
700 000 %

3.4 Conception

130 MAX,
“ TVPE
|

PASSERELLE EM HSS D ALUMINIUM
(SERIE 8000) MON FEINT

1050

FLATELAGE
EM BOIS IPE

GARDE—CORPS —.
EM ALUMIMIUN
SERIE 8000
NOM PEINT

YMEMERURE —.
COURP—DOE—FIED
EM BOIS IPE

mememe

RDE—CORPS

)
LIBRE
|
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3.5 Construction
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3.5 Construction
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Ressources
Centre d’expertise sur I'aluminium
Mario Fafard, ing., Ph.D.

Calcul des charpente d’aluminium
Denis Beaulieu, ing., Ph.D.

3.6 Ressources

CeAl

-
Une initiative de @Québec

Calcul des
charpentes d'aluminium

St WSS
[V NS Y
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VERTICAL

Projet pilote : Construction d’'une passerelle avec dalle armée entierement de barres PRF

Année : 2020

Conception : Exp

44

4.1 Barre d’'armature en PRF
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Projet pilote : Construction de la passerelle Isabey-Darnley en BFUP
Année : 2016
Conception : Ville de Montréal

5.1 Béton fibré a ultra-hautes performances
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Programme de recherche portant sur le développement d'éléments préfabriqués et de
réparations en BFUP

Partenaires : Ville de Montréal, PJCCI, Béton Brunet, Euclid et CRSNG
En collaboration avec :

Prof. Jean-Philippe Charron, ing., Ph.D.
Clélia Desmettre, ing., Ph.D.
Polytechnique Montréal

B /7% POLYTECHNIQUE
$i7% FY MONTREAL

[ WSS,
_ NS LE GENIE
. PGS EN PREMIERE CLASSE

5.1 Béton fibré a ultra-hautes performances
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Béton armé Béton fibré BFUP

1 fissure de 0.3 mm 2 fissures de 0.15 mm 6 fissures de 0.05 mm
ouverture totale de 0.3 mm ouverture totale de 0.3 mm ouverture totale de 0.3 mm
Fissure Dl e ¥ o
Armature
Beton Fibre
-Résistance mécanique éleveée -Faible perméabilité
-Ductilité élevée -Contréle de la fissuration

5.1 Béton fibré a ultra-hautes performances
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Conclusion
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