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Table 1 Structcure of Concrete Canada

Groups Principal Researchers

Research Arsas

Materials

Phase |

Michel Pigeon. Laval Univ,
(1990~ 994)

Plerre-Clande Aitein, Univ. of Sherhrooke
Gerard Ballivy, Univ. ol Sherbrooke
Carmel Jolicoewr, Univ. of Sherbrooke
Jim Beaudoin, Univ, of Ottaws & NRC

Sidney Mindess, Univ. of British Columbia

Comerete Materials and Mierostructures
Grrouls and Rock Materials

Physical Chemistry

Conerete Microstructure

Iiber Reinferced Conerete, Impact Strength

Durabilivy

Denis Mitchell, McGill Univ.

Structures Michael Collins, Univ, of Toronto

Jim MacGregor, Univ. of Alberta

Shructural Propertios of Reinforced Concrete
)

Shructurad Research and Sqeety Requirements

PBond Strength aned selsmic Research

Construction | John Bickley.
Rusty Movgan, HBT Agra Ld,

. Bickley and Associates

e of HPCH i Construction
HPC Shotorete

Phase 2

Structures “Water H. Dilger. Univ, of Calgary

Robert . Looy. Univ, of Calgary

(1994 998)

Constructinn & “Phil Seabrook. LEVELTON Associates

Materials

“Thendore W Hremner, Univ.of New Brunswick

Carolviy M. Hansson, Univ. of Waterloo

*Additivnal Researchers Paticipating from Phassl
Scientific Director: PO Altein

Administrative Center: Univ, of Sherbrooke. Dept. of Civil Engrg .
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2.1 1%tAl A&

Table 2 Reseach Subjects at Phase 1

Project 1 Development of a New Generation of Building Materials

Aclivity

Title

Related Topics

M1

Superplasticizer Interaction in HPC Systems

Particle-Selution [nteraction

M2

HPC Binder/Aggregate/Rock Interfaces

Interface Stress Transfer Mechanism

Cement-Aggregate Bond

M3

Durability of HP(C

Reducing Permeability and Porosity Kinetics of Chemical Attack
Frecze-Thaw Resistance of HPC

Deicing Salt Scaling Resistance

Study of Externally/Internally Induced Microcracking on
Durability

Ifatigue Resistance of HPC

Fibre-Reinforced HPC

Influence of Fibre Type and Dosages on Conerete Strength

Optimization of HPC Composition

Materials Selection Criteria

Economic/Technological Optimization of HPC

Advanced Composite Repair Materials

Chemical Reactions in Very Low Porosity Systems

Interface Stress Transfer Mechanism

Project 2 Design of High-Strength Concrete Structures

Activity

Title

Related Topice

S1

Analytical Modeling of 31) Conerete Stuctures

*» Formulate 31 Constitutive Model for Cracked Conerete
* Test Shell Elements for 31D Constitutive Response
+ Formulate 3D Nolinear Finite Element Models

* Test Shell Elements in Punching Shear

52

Bond Strength of HPC

* Test Single Bar and Multiple Bar Pullout Specimens
* Formulate Analytical Model for Bond and Anchorage

« Test Lap Splices in Bilaxially Stressed Specimens

Uz
&

Flexural Mechanics of HPC

+ Scale Effects on Rotation Capacity of HPC Beam

* Strain Localization on HPC

* Analyze and Test Columns

* Define Column Strength Under Sustained Load

= Investigate High-Strength Reinforcement

« Column Load Transfer Through Low Strength Floors

* larly Age Tests of Beamns

Project 3 Applications and Development of New Products and Technologies

Activity

Title

Related Topice

Al

Precast, Prestressed Structural Elements

* Precast. Prestressed Conerete Products

A2

Nonstructural Uses of HPC

* HPC as o Granite Substitute
« FIPC as o Substitute for Ceramic and

» Cast -lron Moulds

A3

High-Performance Crouts

* High-Performance Grout Injection Technigues
* Long-Term Durability of HIP? Grouts

= Noew Conerete Mixing Technigues

Ad

Fibre-Reinforced Applications of HPC

* Fibre-Reinforced Shotcrete
* Incorporating Abestos Fibres in HPC

* Impact Resistance of Railroad Ties

Testing and Monitoring

« Instrumentation of [Existing Structures or
= Structures Under Construction

* Monitoring (foncrete Structures

50
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Project 4 Code Implications

Activity Title Belated Topies
1 Books on HPC Materials, Design, and
02 (‘onstruction
3 National Aggregate Characterzation Program ) -
4 Development of Standards and Test * Developing Standards for Testing HPC
Procedures tor HPC » Testing and Evaluation of FRC Toughness

» Test Parameters

Code Clause Change I oe Liaison with Authorities Establishing New
s Materiads and Testing Codes and Clauses
* Develop and Implement Code Changes [or

= Design of HPC Stractures

« Liadson with Industry on the Drse and

« Spectfication of TIPC!

« Derive Matertal Resistance Factors

Table 3 Reseach Subjects at Phase 2

Project 1 Infrastructure Rehabilitation (Leader: Sidney Mindess)

Title Related Topies

Rehabilitaion * Develop Diagnostic and Bvaluation Methods to Determine the Residual
Capacity of BExisting Conerete Suuctuies

» Develop Models to Simulate the Influence of Corrosion on Structursl
lslemnents

« Refinement of Nondestructive Methods of Tnstrumentation

o Systematic Study of the Dhvability of Shoterele Stuctures and of

Hydraudic and Marine Structures Reapived with shoterete

Development of New Repair Materials and Methods « Develop Reinforeed Microlibre Concrete
» Clinracterization, Optimization  and Durabifity Testing of Matrices
Containing Wolliastonite, Carbon, arad Steel Fibves

» Develop and Evaluate Hnderwator Concervting Technigues and Their Durability

= Re-evaluation of Byisting Test Htondards fin Hopale Materials

= Develop wosystom of Adequate Mechanical Crout-Injectioed Anchorages

< Study of Concrete Bock-Hocketod Piers

Project 2 Durability and Optimization of HPC Structures(leader:Denis Mitchell

Title Related Topics

ve fons in HPC

Durabilty » Fvaluate fmpacts by Penetration and Diffasion of Agere

e Tests on Loaded HPC Flements in Agpressive Ernironments

s vestigate the Lareer Thermal Credient Ucearred e Some BPC Dhring Hydration

Stwretural Behaviour and Design of HPC Elements s etermination of Minimum Reintorcement for HPC Blements

« Petermine the Necessary Confinencent Tor HPC Columne

s Useof T Hewded Bars in Stractucturad Flemenss

« Behaviour of HPPC Elements and Shracturst Svstems . During Barthquakes
s se of HPC in Two Way slabs

 Creep and Shrinkage Behavieur of HPC

Economies Related to Using HHPC »To Reduce the Unit Cost of HPCL Stady of
« Compatibility Betweer Cement s Superplasticizers

« [se of Supplementory Cementitious Matevials

» Optimization of Fuctional Properties and Applications ol Sdmixtares

2aa|E38X M 9 A 6% 1997. 12 51



Project 3 Development of New Materials and Products(Leader:Carmel Jolicoeur)

Title

Related Topics

Cement/Admixture Compatibility

+ Study of Interactions Between Cements and Chemical Admixture, and
Investigate Their Influences on the Properties of Fresh and Hardened

Concrete, and Grouts.

Development and Fine-Tuning of New Cementitious

Products

* Develop Formulations Incorporating High Alumina Cements and Others for
Expansive and Repair Materials
* Develope Modified Type 20 Cements Incorporating

Silica Fume and Limestone Fillers for Mass Concrete

Development of New Application Technologies

* Develop Field Trial and Control Program to Evaluate Rheological
Behaviour and Stability of HP, Self-Placing Concretes and Grouts

Design of Innovative Products

* Develop Reactive Powder Concrete (RPC, Compressive Strength Ranging
200 to 800MPa, Flexural Strengths From 30 to 656MPa, and Toughness
Varying from 20.000 to 60,000 J/m*, See Fig. 1)

* Replacing Steel Moulds by HPC

* Art Works By HPC

Project 4 Demonstraion Projects and Practical Applications(Leader:John Bickley)

Title

Related Topics

Mining, Road and Bridges

* Develope 1MPa HPC Prepared From Minning Tailings for Filling
Underground Excavation Sites.

» Under Construction of Highway 409 Containing 590 Lane km of Concrete
Pavement and 120 Bridges

* Rehabilitation of the Jacques Cartier Bridge in Sherbrooke with Air
Entrained HPC

Agriculture

¢ Fattening Houses for Piglets to Reduce Bacterial Contamination

Industrial

» Large Holding Tanks for the Treatment of Their Plant Effluents in Pulp-
and Paper Industry

« Utility Buildings for Elctrical Distribution

* High Pressure Pipes

Housing

* Develop Guidelines for Improving the Construction of Concrete Basements

Bridges and Canals

* Stoney Creek Bridge

* Prince Fdward Island Bridge($700 Million HPC Project)

* Restoration of the Rideau Canal by HPC Grouts

* Sherbrooke Pedestrian Bridge with Confined RPC

* Rebuilding the Webster Street Parking Garage in Sherbrooke with

Composite Materials and Air-Entrained Shoterete

Modifications to Canadian Codes of Practice

* Many Amendments are Incorporated in 1994 Version of

« CSA Standards A23.1-94(Concrete Materials and Methods of Concrete
Construction)

* ('SA Standards A23.3-94(Design of Concrete Stuctures)

52
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Table 4 List of Publications

Sources Authors Titles
ACL AL PO Altein & A Neville High-Performane Concrete Demystified
CHOR. Vol 1, Nob. 19491, WA Biekley, ot ¢) Some Characteristics of High-Strength Structural Conerete
pp.8REREY
HPC Seminar, Taipel, Nov,, P00 Altein How to Make High-Performance Concrete

1992

ACT Convention, Vancouver,
March, 1993

JAL Bicklev

Prequalification Requirements for the Supply and Testing of Very High Strength

Conerete

ACT AL Lessard, et al Testing High-Strength Conerete Compressive Strength
Al P Aitein, et al kffects of Cylinder Size and Curing on the Compressive Strength of High

Performance Concreles

ACL Mor treal "Progress in

Conerete” 2425 Nov, 19492 I

Carmel Jolicosur, ot al.

Cement-Superplasticizer Compatibility in High-Performance  Concretes: The Role of

Sulfates

HPC Serrinar,

Oet. 6. 1992

Toronto,

DR Morgan & Michel

Plgenn

High Performance Shoterete

University-[ndustry
Workshop an FRC
Sainte-foy Quebec.
Ot 28229, 1991

LR Morgan

Use of Steel Flbre Peinforced Shehnigues in Canada

CR, Vol 23 ()
1993, pp. 531540

Hu B

. Beaadoin

Ping Gu, Zhongzi
ng Xie & .

Application of A1 Impedance Techniques in Studies of Porous Cementitious

Materials

COR, Vol 23 100, 1993

Zhongzi Xu et al

\pplication of AL
Materials

Impedance Technigues in Studies of Parous Cementitious

AL

MP.

“olling, e al.

structural Design Considerations for High-Strength Concrete

Conterence, hosted by

Thomas Tsu, Texax

Michael P Colling

The Response of Relnforeed Conerete Elements Subjected to Shear

ACL AL Jan-Tieb 1992

WD, Cook, et al.

Thermal Stresses in Large High-Strength Conerete Columns

ACL M) March-April, 1992

HLH Abrishani, et al,

Simalation of Uniform Bond Stress

“Advances in Conerete
Technology”
AL Malhotra, Ottawa,

1992, pp 71502

Sidited by

O Jolicovur & ML Sima

v el

(*hemical Activation of Blast-Furnace Slag: An Overview and Systematic

Fxperimentil Investigations

ARCE, OTdiv. Feb.,
pp. SR

19492

G Ballivy, J.0 Celin &

T, Anif

Bifectiveness of Injected Cement Grout Under Harsh Environmental Conditions

ASCE. GTdiv |
pp. 6l~625

Feb. 1992

G Ballivy, ot al.

Rehabilitation of Conerete Dams: Laboratory Simulation of Cracking and

Injectability

ACBM, 1994010 pp.224--236

.00 Beaudoin, et ol

['are Strocture of Hardened Cement Pastes and Its Influence on Properties

CONTECH 9
Rilers Wo kshop. Barcelona

Spain, Noy . 1991

4 International

PO Aein & M Baalhaki

Admixtures-Key Components of Durable Concrete

ACESP-142 Montreal,
Oct., 1994

(. Jolicoeur, et al

Progress in Understanding the Functicnal Properties of Superplasticizers in Fresh

Concrete

ACL C1 Ay, 1994

PO Aitein, ot al

Superplasticizers: How They Work and Why They Occasionnaly Don't

ACL 8P s

Conerete Tecknology

JUAL Bickley, et al.

Thaumatise Related Deterioration of Conerete Structures
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Sources ] Authors Titles
(‘i(‘li 210 T - w7 1991 S Bicklev et al Some Charctcristics of 1l gh-Strength Stractural Conerete Part 2
( A Vel 1l No 2 P Rougeron & 17.C) Aitein optimization of the Compesition of & High Performance Conerete
Dec 110
ACT AL Sept ~Oct 190 FAL Bartlott, et ai - Effects of Core D mwm an Conerete Core Strengths
ACTAR idy=Ane 19491 Tre Altein. et o - Eileets of Size and Cuving or Cvlinder Compressive Strength of Novial anl High

Strength

Conerite

CANMET AU June 111

1995, Las Vepas

WHL Biteer & O Wang

shrinkage and Creep of High Performance Conerete (PG

1A Critical Review

Cerment and Conerete Resea N Lew & ames) The

e, Vol 20 Nn 2 Jeanndoin

PR AN

Flexur

A Peughness and Duetibilie of Portlaond Cement based Binders

Reinforeed with Wallastonite Mico Fibres

Convention Pudley R Alorgan

AL A

Applications of Fiber Reintoreed Shoterete

Torpon Springs Florda,
Ot 20 134
7 ;\('l CLosep! W‘:‘%"] B Ratsensteiner. ot al ‘ Dynaniic Tests of Stec fher Keintoreed Conetete Frames
H(",\('H_ 21 m),\; o, CYan & s Mindess : Rond Between l‘fmi eoatind l‘i(‘iﬁlm(!ll: Kiirs .mr! Conerete Under Tmpact Loaaing
o |
LCLALL ¢ Tolber, ot al Joffaeave of Surbiee Preparation on Long-term Bossding of shoterete
Now -Dec T3
ACEAY ) N 1) Beaupre, ot al, Diefeer Sabt Sealing Resistance of Drvand Wet process Shoterete
Sept.-Oet 1941
¢ JORL A B Bentwokrane, of al. Lishoratony h\\vsl'i:lt‘.\m o shat Lesistance of Reck socketid Diers Using the
pp. 0B T09 Constant Notmal =t < Diredt Sheer Tes
A\l AP Collins B A General Shoer eaion Vit hod
ACL ST A ay=lune, 194 P, .Wm AN Ib’m(r'nl‘.i:w ‘.\:huu Design xv\:"‘um'nlu ¢ HI.:hmx Structures )
e .
PO Jan s Feb 1499 R Looy & AR Patoaik Torizontzl shear Strength of Composite Beams with @ Rough interface
WL ST vl 1Nl AL Ghonein & 0.0 Tests nf Retnforeod Conerete Pliates Unidor © ‘winhined Tnplane and Lateral Load
JoancFeb T4 Macgregor :

g1l Abg
ACL:

MJ-Material Journal

efoje] 41 £

ul L.

okefs} 71},

American Conerete Institute

SP-Special Publication

ST=structural Journal

Cl=Concrete International
ACRNM
ASCE

ST-Structural Kngineering

S Advanced Cement-Based Materials

S American Society of Civil Kngincers

EM=-Enginecering Mechanics
GT Geotechnology
CANMET Mineral and

CCanada Center For

Knergy Technology

CCR  Cement & Concrete Research
CJCI D Candian Journal of Civil Engineering
POT: Prestressed Concerete Institate
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RIPC confinement
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strain curves
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(a) Overall View
Fig.3 Shell Element Tester in Univ. of Toronto(40 Actuators for In-plane, and 20 for out-of-Plane Loading:Each 100 tonf)
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1) Chapter 7 Details of Reinforcement :
Ties for Compression Members

2) Chapter 8 Design: Limit States. Load
Combinations and Material Properties:
Design Strength of Concrete, Modulus of
Elasticity

3) Chapter 10 Flexure and Axial Loads:
Maximum Concrete Strain, ConcreteStress-
Strain Relationship. Equivalent Rectangular
Concrete Stress Distribution., Maximum
Axial Load Resistance, Minimum Reinforce-
ment, Limit of ¢/d for Yielding of Tesion
Reinforcement, olumns- Transmission of
Loads Through Floor System

4) Chapter 11 Shear and Torsion:
Minimum Shear Reinforcement

5) Chapter 12 Development of Reinforce-

ment: Provision 12.1.1
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(h) Close-Up Rear View

vi) Chapter 13 Precast Concrete: Provision
16.1.3

6) Chapter 21 Special Provisions for
Seismic Design : Provision 21.2.4.1
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