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STRUCTURES LLABORATORY AT
CONCORDIA UNIVERSITY



UPGRADING THE STRUCTURES LLABORATORY

Before
After



STRUCTURES LLABORATORY AT CONCORDIA

3 Actuators for

dynamic loads

1 Actuator for
/ Shake Table

www.mts.com

/ Hydraulic pump
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+ Data acquisition systems for fibre optic and
wireless sensors

Structural Testing Facility

Strong Steel Reaction Frame to
support the actuators



STRUCTURES LLABORATORY AT CONCORDIA
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PART 2

SNAPSHOTS OF PREVIOUS
RESEARCH PROJECTS



Structural Elements in a Typical Reinforced Masonry Building
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Snapshots of Previous Research Projects

1. Seismic rehabilitation of RM Columns
. GFRP-reinforced masonry beams

. GFRP-reinforced masonry walls

2
3
4. Strengthening URM walls for high wind loads
5. Seismic performance of RM Walls

6

. Sustainable Low-Energy Consumption Buildings



1- SEISMIC REHABILITATION OF RM COLUMNS

Construction of full-scale RM columns:
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1- SEISMIC REHABILITATION OF RM COLUMNS

Glass FRP
(GFRP) bar

Carbon FRP
(CFRP) sheets

Examples of Fibre-reinforced Polymer (FRP) composites




1- SEISMIC REHABILITATION OF RM COLUMNS

Wrapping with FRP sheets




1- SEISMIC REHABILITATION OF RM COLUMNS
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Test setup and Instrumentation



1- SEISMIC REHABILITATION OF RM COLUMNS

Test setup and Instrumentation



1- SEISMIC REHABILITATION OF RM COLUMNS

Rehabilitated RM column under
axial and lateral loads



1- SEISMIC REHABILITATION OF RM COLUMNS
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2- GFRP-REINFORCED MASONRY BEAMS

Construction of full-scale RM beams:




2- GFRP-REINFORCED MASONRY BEAMS

Construction of full-scale RM beams:



2- GFRP-REINFORCED MASONRY BEAMS

Test setup




2- GFRP-REINFORCED MASONRY BEAMS
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Beams during testing



3- GFRP-REINFORCED MASONRY WALLS
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3- GFRP-REINFORCED MASONRY WALLS

Construction of the walls:




3- GFRP-REINFORCED MASONRY WALLS

Construction of the walls:




3- GFRP-REINFORCED MASONRY WALLS

Test setup and instrumentation:



3- GFRP-REINFORCED MASONRY WALLS

Load-deflection relationships of the tested masonry walls:
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4- STRENGTHENING URM WALLS

Examples of out-of-plane failure of URM walls
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4- STRENGTHENING URM WALLS
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Elevation of tested full-scale URM walls strengthened with FRP



4- STRENGTHENING URM WALLS

Strengthened Wall 4 before testing



4- STRENGTHENING URM WALLS

Strengthened Wall in the test setup



1- STRENGTHENING URM WALLS
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5. Seismic performance of RM shear walls
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Test setup at Concordia’s Structures Laboratory




5. Seismic performance of RM shear walls

Construction procedure



5. Seismic performance of RM shear walls

Constructed Walls



5. Seismic performance of RM shear walls
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Crack pattern of the tested walls at failure



Modeling and Design of a Solar House with Focus on a
Ventilated Concrete Slab (VCS) Coupled with a
Building-Integrated Photovoltaic/ Thermal (BIPV/T) System
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Modeling and Design of a Solar House with Focus on a
Ventilated Concrete Slab (VCS) Coupled with a
Building-Integrated Photovoltaic/ Thermal (BIPV/T) System

CMHC initiative: EQuilibrium™
» Promote sustainable housing and Approach net-zero annual energy consumption

EcoTerraHouse builtin Eastman city (Québec) in 2007



Modeling and Design of a Solar House with Focus on a
Ventilated Concrete Slab (VCS) Coupled with a
Building-Integrated Photovoltaic/ Thermal (BIPV/T) System

VCS construction:

Normal Density Plain Concrete (125mm (5"))
Steel Deck (0.7mm (1/32") galvanized steel)
Ventilation Channel (air cavity)

Metal Mesh (8mm (1/4"))

Water/Vapor Barrier
Insulation (50mm(2") EXPS, RSI-1.7(R10))
Gravel Backfill
Earth
¢
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Modeling and Design of a Solar House with Focus on a
Ventilated Concrete Slab (VCS) Coupled with a
Building-Integrated Photovoltaic/ Thermal (BIPV/T) System

EcoTerra - built environment

Family
Room Basement
Concordia
Data " % .
Acquisition onitoring
System




Modeling and Design of a Solar House with Focus on a
Ventilated Concrete Slab (VCS) Coupled with a
Building-Integrated Photovoltaic/ Thermal (BIPV/T) System

EcoTerra - monitoring
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House oround floor
automation slab
and
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HO TC in the
VCS
monitoring —
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Towards the Development of Sustainable
Low-Energy Consumption Buildings
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Schematic of the active charge and discharge processes
with ventilated systems



Towards the Development of Sustainable
Low-Energy Consumption Buildings
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PART 3

CURRENT RESEARCH PROJECT
SUPPORTED BY AEMQ



Current research project supported by AEMQ
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Reinforced Masonry in the National Building
Code of Canada (NBCC)
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Current research project supported by AEMQ
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Example of a 12-story reinforced masonry building in Montréal



Current research project supported by AEMQ

Preferred boundary element orientation



Current research project supported by AEMQ

Veneer options with boundary element



Current research project supported by AEMQ

Embedment of boundary element reinforcement

Foundation with vertical wall reinforcement embedded



Current research project supported by AEMQ

Reinforcement requirements



Current research project supported by AEMQ

Close-up of Boundary Element reinforcement cage lap splice detail



Current research project supported by AEMQ

Placement of Horizontal reinforcement



Current research project supported by AEMQ

Complete the construction of the wall



Current research project supported by AEMQ

Cleanouts and lapped vertical reinforcement



Current research project supported by AEMQ

Laying of boundary element units and cleanouts, then grout



Example of Reinforced Masonry Building




Example of Reinforced Masonry Building




Example of Reinforced Masonry Building




video



ONGOING ACTIVITIES IN THE
STRUCTURES LLAB AT CONCORDIA



Strengthening of the MTS testing frame




Strengthening of the MTS testing frame




Strengthening of the MTS testing frame




Construction of new strong foundation




Construction of new strong foundation




Construction of 120 boundary elements



Construction of 120 boundary elements



Construction of 120 boundary elements



Construction of 120 boundary elements



Construction of 120 boundary elements



Construction of 120 boundary elements



6. Confinement of RM Boundary Elements

Construction of full-scale Compression test setup
reinforced concrete block
boundary elements



6. Confinement of RM Boundary Elements

stress-strain curves

Failure mechanisms



Construction of Phase 1 of RM walls




Construction of Phase 1 of RM walls




Construction of Phase 1 of RM walls




Construction of Phase 1 of RM walls




Construction of Phase 1 of RM walls







INDUSTRY-ACADEMIA RESEARCH COLLABORATION

(Design | Rehabilitation | Sustainability)

Energy Efficient Systems J
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» Full-scale testing Architects & Engineers
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* Durability * Design and Construction
* Safety of Demonstration

* Life Cycle Analysis Innovative RM Buildings
\o AN )




Acknowledgements

* Research Students

* NSERC (Natural Sciences and Engineering Research Council of Canada)
* CFI (Canada Foundation for Innovation)

* FRQNT (le fonds de recherche du Québec — nature et technologies )

* AEMQ (I'Association des entrepreneurs en maconnerie du Québec)

* Tomassini et freres Lté

* Moconnerie S.D.L. inc.

* CCMPA (Canadian Concrete Masonry Producers Association )

* CMDC (Canada Masonry Design Centre)

 Lafarge Canada



Merci
Thank you



	Industry–Academia Research Collaboration Event��“New generation of sustainable and resilient reinforced masonry buildings”��A show case of collaborative research and development projects between�the Québec masonry industry and Concordia university
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Snapshots of Previous Research Projects
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Lateral load-drift relationship
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 41
	Slide Number 42
	VCS construction:
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 51
	Slide Number 52
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Slide Number 59
	Slide Number 60
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Slide Number 64
	Slide Number 65
	Slide Number 66
	Slide Number 67
	Slide Number 68
	Slide Number 69
	Slide Number 70
	Slide Number 71
	Slide Number 72
	Slide Number 73
	Slide Number 74
	Slide Number 75
	Slide Number 76
	Slide Number 77
	Slide Number 78
	Slide Number 79
	Slide Number 80
	Slide Number 81
	Slide Number 82
	Slide Number 83
	Slide Number 84
	Slide Number 85
	Slide Number 86
	Slide Number 87
	Slide Number 88
	Merci�Thank  you 

