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1.0 INTRODUCTION

This report was commissioned by the GVRD Ecomart Steering Committee as part of
the EcoSmart™ Concrete Project.  The EcoSmart™ Concrete Project is funded by the
Federal Climate Change Action Fund-TEAM Program as well as  private  industry and
other government partners.  The scope of this study is to record the impacts of using
EcoSmart™ concrete in the construction of York University Computer Science
Building in Toronto Ontario as a means of furthering awareness and understanding
of EcoSmart™ concrete and the benefits and challenges of the technology.

1.1 DEFINITIONS

EcoSmart™ concrete is produced by replacing cement with a maximum percentage of
supplementary cementing materials (SCMs) such ash natural pozzolans, blast furnace
slag and flyash. In this project, the SCM used was flyash, a by-product from coal-
fired power plants.  Two classifications of flyash are produced, according to the type
of coal used. Anthracite and bituminous coal produces  flyash classified as Type F.
Type C flyash is produced by burning lignite or sub-bituminous coal.  Of these, Class
C flyash can undergo a hydration reaction due to its high lime content.  For sulfate
environments, only Type F flyash will be permitted.

1.2 HIGHLIGHTS

Aesthetic Appeal - Incorporating fly ash in the concrete mix produced
a high quality, warm color, smoother and denser finished concrete sat-
isfying the architect's aesthetic expectations at no extra cost.

Environmental Impact - The concrete manufactured for the York
University Computer Science building reduced CO2 by approximately
50% over a conventional, all-cement concrete mix.

Strength Development - Contrary to the slower setting times predicted
for EcoSmart™ concrete use, the EcoSmart™ concrete mix used in York
University on average, cured faster than a typical all cement mix. The
concrete was finished and cured successfully at -10°C under normal
winter construction practices.

Workability - The high volume fly ash mixes were found to be easier to
place, pump and vibrate than conventional mixes. Even with less water
in the mix, the mechanical properties of the fly ash enhanced the slump
and flow of the concrete making the mix more workable.

Future Use - The contractors concluded that in another project similar
to York University, they would feel confident setting a goal of at least
50% fly ash content for the EcoSmart™ concrete mix. The project team
encourages the future use of EcoSmart™ concrete for the simplicity of
the technology, low initial cost, high durability and high environmental
friendliness of the product.

FIGURE 1.0.1
MODEL PHOTO
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2.0 THE PROJECT

2.1 PROJECT STATISTICS

Design 1998-1999

Construction 2000-2001

Floor to floor height 3.5 m

Number of Storeys 3

Cost $17.5 M

Building Area 9,500sq.m

Concrete Used 5,000 c.m

2.2 PROJECT TEAM

Client York University, Toronto, ON.

Architect Busby + Associates Architects,  Vancouver, B.C.

Van Nostrand di Castri Architects, Toronto, ON.

Structural Engineer Yolles Partnership, Toronto, ON.

Mechanical Engineer Keen Engineering, North Vancouver, B.C.

Electrical Engineer Carinci Burt Rogers, Toronto, ON.

Environmental Consultants RWDI , Toronto, ON.

Costing Consultant Hanscomb Consultats, Toronto, ON.

Contractor Ellis Don Construction, Toronto, ON.

Material Engineer Davroc & Associates, Brampton, ON.

Ready-Mix Supplier Ontario Ready-Mix, Etobicoke, ON.

Concrete Placer Forma-Con Construction, Toronto,ON.

Cement Supplier Essroc Italcementi Group, Mississauga, ON.

Flyash Supplier Lafarge Canada, Stoney Creek, ON.

FIGURE 2.0.2
WEST ELEVATION

FIGURE 2.0.1
SOUTH ELEVATION
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2.3 OVERVIEW

York University is a 1970's era campus that has grown to become one of Canada's
larger universities, with over 45,000 students. Responding to a surge in enrolment
pressure, in 1998 they commissioned Busby + Associates Architects, in joint venture
with Van Nostrand Dicastri Architects, to design a new dedicated Computer Science
facility.

York University directed the team to design a warm, open and welcoming facility that
would be simple and flexible enough to accommodate unpredictable changing tech-
nology.  York's commitment to environmental sustainability led to a further directive:
the development of the first "green" university building in Ontario.  Busby &
Associates Architects had at this time an extensive portfolio of "green" projects in the
West Coast.  This project provided the opportunity to demonstrate that a "green"
approach is valid in a cold weather climate.

The "green" design elements are both simple and complex. The fundamental approach
is to design a "cold" climate, highly insulated building that capitalizes on solar gain
and heat absorption in an exposed structure. The building must also have the capa-
bility of performing as a naturally ventilated "tropical" structure.  The hot climate
design incorporates a central atrium to capture heat stratification opportunities,
thermal "chimneys" on the roof, and a large component of operable perimeter glaz-
ing that maximizes free cooling in spring and fall and night time "flushing" in the
summer.  The result is energy consumption calculated to be less than 50% of com-
parable buildings. 

In addition to a very aggressive operating energy conservation agenda, building
materials were also carefully selected for low embodied energy and reduced con-
struction waste which included the specification of high volume fly ash for the
majority of the building's concrete elements.   Overall, features of the building reflect
the design team’s commitment to environmental sustainability, energy conservation,
reduced negative global impact and conscious recycling of materials. 

3.0 ECOSMART™ CONCRETE USAGE

EcoSmart™ concrete using recycled fly-ash was used for all cast-in-place concrete
components of the building. Exposed thermal mass to offset peak heating and cool-
ing loads required that all interior floor slabs, ceilings, stairs and 95% of interior
walls and columns to be exposed concrete. 

FIGURE 2.3.1
BUILDING SECTION
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Although the project specified the use of flyash, the concrete industry in Ontario was
not as supportive in its application. It is worth mentioning that the cement industry
in Ontario has a significant investment in marketing slag. The Stoney Creek grinding
facility is a product of a joint venture by the 3 cement majors in the area: Lafarge,
St. Lawrence and Blue Circle. It is in their commercial interest to promote slag over
flyash.  The concrete manufacturer Lafarge Canada was not interested in  providing
concrete with 50% flyash because the project was not large enough.  But Toronto-
based Ontario Ready-Mix was interested and successfully obtained flyash  from
Lafarge Great Lakes in Atikokan, Thunder Bay. Approximately 385 cu. m. of Type C fly-
ash was supplied in bulk quantities to avoid the intensive labor associated with the
use of fly ash delivered in bags.  Approximately 5000 cu. m. of concrete was used
during construction. The decision to use flyash in replacement of 50% cement aver-
aged for  all cast-in-place concrete used in this project, resulted in the reduction of
approximately 850 tonnes of CO2 emissions.

3.1 GOALS

The environmental impact of cement manufacture is significant;  each tonne of
cement produced releases .9 tonnes of C02 into the environment. About 50-60 mil-
lion tons of flyash are generated per year of which about 10% is consumed by the
cement and concrete industry. Overall, only about 27% of the flyash produced by the
combustion of coal is currently reused or recycled, while the remainder is disposed in
landfills. A great potential exists to reduce the concrete industry's contributions to
greenhouse gases and alleviate a flyash disposal problem through the reduction in
cement consumption. 

Consistent with the "green" agenda specified for this project, the design team of
Busby + Associates in joint venture with Van Nostrand di Castri Architects specified
the use of 50% flyash replacement for all cast-in-place concrete. Although flyash
offers environmental advantages, it also improves the performance and quality of
concrete. Flyash affects the plastic properties of concrete by improving workability,
reducing water demand, reducing segregation and bleeding, and lowering heat of
hydration. Flyash increases strength, reduces permeability, reduces corrosion of rein-
forcing steel, increases sulphate resistance, and reduces alkali-aggregate reaction.
Additionally, the non technical benefits of high volume flyash also includes less cost
than cement, more attractive colour and denser finish concrete.

3.2 CONCRETE REQUIREMENTS

TABLE 3.2.1
CONCRETE REQUIREMENTS

CCoommppoonneenntt
MMiinn  2288//5566  DDaayy  

SSttrreennggtthh              
mmPPaa

MMaaxx  SSlluummpp  
mmmm

FFllyy  AAsshh  
CCoonntteenntt  %%

MMaaxx  SSiizzee  
AAggggrreeggaattee  mmmm

AAiirr  CCoonntteenntt  
%%

EExxpp..  
CCllaassss..

Footings 25 80 50 20
Foundation Walls/Shear Walls 30 80 50 20
Foundation Walls exposed to 
freezing & thawing

30 80 50 20 4-7 F2

Walls Above Grade 25 80 50 20 -
Columns 30 80 50 20
Columns exposed to freezing & 
thawing

30 80 50 20 4-7 F2

Suspended Slabs, Beams 25 80 50 20 -
Exterior Slab on Grade * 32 70 0 20 5-8 C2
Interior Slab on Grade 25 40 50 20 -
* & other concrete exposed to de-icing salts including adjacent walls & footings

FIGURE 3.0.1
CONSTRUCTION, JUNE, 2000
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3.3 TYPICAL CONCRETE MIX DESIGNS

TABLE 3.3.1
30 MPA 50% FLYASH / 50% CEMENT MIX

TABLE 3.3.2
32 MPA 6% AIR

TABLE 3.3.3
25MPA 50% FLYASH / 50% CEMENT

CCoommppoonneenntt UUnniittss  kkgg//mm33 YYoorrkk

Stone (20mm) kg/m3 1130
Sand kg/m3 855
Cement kg/m3 150
Fly Ash kg/m3 150
Total Cementitious kg/m3 300
Water l/m3 135
water/cementitious ratio 0.45
fly ash/cementitious ratio 0.50
Slump mm 80
Water Reducer ml/per 100 kg 250
Recommended 28 day strength mPa 25

CCoommppoonneenntt UUnniittss  kkgg//mm33 YYoorrkk

Stone (20mm) kg/m3 1090
Sand kg/m3 780
Cement kg/m3 320
Fly Ash kg/m3 0
Total Cementitious kg/m3 320
Water l/m3 142
water/cementitious ratio 0.44
fly ash/cementitious ratio 0.00
Slump mm 80
Air 6-8 %
Water Reducer ml/per 100 kg 250
Recommended 56 day strength mPa 32

CCoommppoonneenntt UUnniittss  kkgg//mm33 YYoorrkk

Stone (20mm) kg/m3 1110
Sand kg/m3 830
Cement kg/m3 170
Fly Ash kg/m3 170
Total Cementitious kg/m3 340
Water l/m3 135
water/cementitious ratio 0.40
fly ash/cementitious ratio 0.50
Slump mm 80
Water Reducer ml/per 100 kg 250
Recommended 56 day strength mPa 30
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TABLE 3.3.4

20MPA 50% FLYASH / 50% CEMENT

3.4 CHRONOLOGY

Construction began in mid-May 2000 with outside temperatures ranging from 6°C to
10°C. Foundation walls were placed in June.  Slab on grade was in place early August.
Suspended slabs and walls above grade were poured between late August to
December.   During the peak of summer, when outside temperatures were as high as
25°C the contractors had to keep the concrete damp between 48 to 72 hours after it
was poured. The roof slab was placed in mid-December during outside temperatures
as low as -10°C.

3.5 FINDINGS 

QUALITY OF FLYASH - Calcium  content in flyash governs its ability to pro-
vide high early strength, which aids in construction sequencing. The
higher calcium contents of Type C flyash are able to provide primary
cementing action as opposed to the secondary cementing action pro-
vided by Type F.  The higher carbon contents in Type C flyash makes air
entrainment difficult as carbon absorbs air-entraining agents. For this
reason, flyash use was completely avoided for air entrained concrete
mixes designed for areas subject to freezing and thawing typically an F2
Classification. As the Flyash C is a pozzolan and reacts with the CaOH in
hydrated cement, efflorescence should be a non-issue as the structure
matures. However, during early hardening and in thick placements
where bleeding was more prevalent, the presence of efflorescence was
noticed which was then washed off with a dilute acid. (Note that with
the high volume flyash, bleed water becomes more evident as the initial
aluminate gelling phase of the cement is reduced on a unit volume basis
allowing more water that is uncombined to be free. This free water and
bleeding becomes the transport mechanism for CaOH salts which
became visible as described) See Appendix A for Flyash Type C Chemical
Analysis.

QUALITY OF CEMENT -  C3A or TriCalcium Aluminate. is one of the 4 major
Bogue constituents making up cement. High alkali or C3A common in
Ontario cement was supplied for this project. Cement with a higher C3A
content (above 10%) allows for a higher ultimate strength in 7 - 28 days
when combined with flyash or slag.

CCoommppoonneenntt UUnniittss  kkgg//mm33 YYoorrkk

Stone (20mm) kg/m3 1130
Sand kg/m3 922
Cement kg/m3 120
Fly Ash kg/m3 120
Total Cementitious kg/m3 240
Water l/m3 135
water/cementitious ratio 0.56
fly ash/cementitious ratio 0.50
Slump mm 80
Water Reducer ml/per 100 kg 250
Recommended 28 day strength mPa 20

FIGURE3.0.2
CONSTRUCTION, JULY, 2000
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STRENGTH - Strength requirements were specified by the Structural
Engineer Yolles Partnership of Toronto (see Table 3.2.1). The strengths
are mostly 30Mpa.  In order to compensate for the slower curing asso-
ciated with high volume flyash use, some applications specified 56-day
strength in lieu of the normal 28-day strength.  The experience in this
project both from laboratory and field mixture is that the high volume
flyash concrete did not show unacceptable retardation in setting time
and in fact, demonstrated enough strength development to produce
adequate strength in one day.  A one day strength of 16 Mpa was
obtained for many of the mixes. Typically, the specified strength of
30Mpa was achieved by the 7th day. According to Ellis Don, a retarder
was used in hot weather, which helped in maintaining strength factors
similar to results in cooler temperatures. There is a direct correlation
between setting time and strength development. Eg. With all other
characteristics being similar, the concrete with the slower setting time
will achieve better strength development over all ages once the hydra-
tion process has begun. During hot weather, the high volume flyash
mixes are more prone to strength variations without close control of
concrete setting. Typically, set times were in the range of 41/2 to 6
hours. Optimizing for strength and constructability would be in the
range of 6 hours. 

CONCRETE CURING - The initial concerns about flyash mixes being slow dry-
ing proved to be unfounded.  Between August and September, the work-
ers had to keep the concrete damp from between 48 to 72 hours after
it was poured. Damp burlap was laid over the concrete surface to pre-
vent water loss through evaporation.  During mid-December when out-
side temperatures got as low as -10°C, the concrete was finished and
cured successfully under normal winter construction practices without
incurring additional heating and/or accelerating admixtures.

DURABILITY - Flyash increases concrete durability by allowing an optimal-
ly low level of mixing water to the wet mix. In this project, the
water/cementitious ratio for a typical 30Mpa mix was limited to .40.
This  low level of water in the mix created a denser and more imperme-
able matrix.

WORKABILITY - Despite low water content in the wet mix, the concrete
placers found the EcoSmart™ concrete mix to be more workable, and
compacted better than conventional concrete mixes reducing the
necessity to utilize a slump enhancing admixture. The concrete was
moist cured on all flatwork for 3 days and forms left in place on verti-
cal work. No effort was done to overdesign the concrete forms because
of fluidity. Setting times were within 1 -2 hours of normal concrete and
slump was in the range of 100 -120 vs 80 - 100 mm. Flyash works as
plasticizers for cement.  Flyash particles get absorbed on the surface of
cement grains and act as very powerful dispersants to the cement par-
ticles.  This increases responsiveness of the mix during  pumping, plac-
ing and vibration. 

FIGURE 3.5.1
CONSTRUCTION, DECEMBER, 2000

FIGURE 3.5.2
CONSTRUCTION, JANUARY, 2001

3300MMPPAA  TTYYPPIICCAALL
CCOOMMPPRREESSSSIIVVEE  SSTTRREENNGGTTHHSS

1   Day Strength 16.2 Mpa

3   Day Strength 28.6 Mpa

7   Day Strength 36.2 Mpa

28 Day Strength 44.8 Mpa

56 Day Strength 65.2 Mpa
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FINISHING - Due to the lower water content, less bleed water rose to the
surface than expected for a typical concrete mix.  Finishers not being
able to rely on bleed water, used a high pressure power washer to mist
the air and keep the sheen on the surface. A delay in schedule was
avoided due to the adjustment in finishing technique.

APPEARANCE - The architectural concrete finish was lighter and warmer
coloured with fewer bug holes and honeycombing resulting in a denser
& smoother surface concrete.  The concrete placers found the concrete
surface to be more predictable and consistent from the forms, requiring
less patching thus avoiding color variations.

ECONOMICS - No detrimental cost effects were experienced in this proj-
ect from scheduling delays, increased labor and/or material cost.  On the
contrary, flyash costs about half the price of cement and is readily avail-
able. As well, the labour required to place flyash concrete proved to be
less than conventional concrete due to its workability. 

PERCEPTION - At the onset of the construction process, Ellis Don
Construction, prepared the trades' people (suppliers, placers, finishers)
about the potential negative impacts of high flyash use such as slow
curing time.  Discussions were held regarding potential adjustments to
handling, placing, vibrating and finishing EcoSmart™ concrete mixes.
Needless to say, the experience of working with EcoSmart™ concrete
turned out to be better than what everyone expected. 
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4.0 CONCLUSION

The experience in this project was very positive.  The original goal of 50% flyash
replacement for the majority placement of cast-in-place concrete was reached result-
ing in the reduction of approximately 850 tonnes of CO2 emissions.  The use of
EcoSmart™ concrete provided a stronger more attractive finished product, excellent
workability and did not disrupt the project schedule.  Overall, the project team gained
invaluable experience from the use of EcoSmart™ concrete and feels confident in set-
ting a flyash goal of at least 50% for similar projects in the future.
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