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Executive Summary
The concept from which this Risk Abatement Study was developed is that increasing quality control (QC)
would be sufficient to reduce risk to the ready-mixed concrete producer such that the producer would be
comfortable supplying EcoSmart Concrete System (ECS) on a performance basis. This increased QC
would presumably be required at the fly ash (FA) producer, ready-mixed concrete producer and
contractor levels. The Study found that simply increasing QC would not reduce the risk sufficiently to
achieve the objectives. What is needed is more meaningful tests and QC processes that will relate directly
to the performance of FA in concrete. These are required at all of the three levels.
Without exception, the industry assigns no significant increase in risk to using FA in concrete at the
conventional FA replacement levels of 10 to 30 %.
It was determined that the risk enunciated by the ready-mixed concrete producers is of two forms. It is a
real risk in that variations in FA quality are greater than those of the cement that the FA is replacing, and
this has an increasing impact with increasing percent replacement levels. It is also a perceived risk to
those unfamiliar with ECS concrete.
The Panel that reviewed this report made a major contribution in terms of defining the risks to all
stakeholders. Their input directed further work beyond the scope of this Study. In addition to the
proposed EcoSmart Guidelines, the Panel strongly recommended checklists for all parties. Rather than
elemental changes to QC procedures, they recommended a total quality management approach similar to
what is being implemented in other industries. There is more to QC than simply increasing the number of
test reports.
The need for major changes in the CSA A3001 for FA have been identified, the most critical of which are
requirements for uniformity and strength potential. Readily available tests have been identified that
would better assess major QC properties. In addition, the mill certificates provided by the FA producer
need to be more relevant to the users’ needs.
The proposed additions to the CSA A23.1 for concrete made with a high volume of supplementary
materials (HVSCMs) are a positive step and are strongly supported by the results of this Study.
From a contractor’s perspective, ECS does not present any risks that cannot be managed. However, the
increased setting time and low early strength pose potential risks.
The Study identifies a major role for the industry associations – the Canadian Ready-Mixed Concrete
Association (CRMCA) and the Association of Canadian Industries Recycling Coal Ash (CIRCA) – in
implementing the recommendations from this Study. Leadership is required from the FA producers, but
developing guidelines for use should come from the ready-mixed concrete industry itself. The Study also
identified a major role for EcoSmart in addressing the perceived risks by further case studies and the
Guidelines noted above. The availability of Life Cycle Cost calculations for ECS would assist.
The Study was unable to quantify cost differentials for ECS and conventional concrete. It was suggested
that it is too early in the development of ECS for market forces to affect costs. Industry’s acceptance will
come over time as it has for other new technologies such as superplasticizers.
This Study goes far beyond the original scope. It contains much information that will be of value for
future pursuit of ECS.
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1.0

Introduction

1.1

EcoSmart™ Concrete Project

EcoSmart is an organization committed to supporting the Government of Canada in efforts to reduce
emissions of greenhouse gases (GHGs). Portland cement production in Canada is in the order of 12
megatonnes per year (Mt/year), corresponding to the production of roughly 11 Mt of CO2. EcoSmart’s
primary focus is to reduce the amount of CO2 produced from the production of concrete by replacing a
portion of the cement in concrete with supplementary cementing materials (SCMs) while maintaining or
improving cost, performance, and constructability. The SCM of interest in this report is fly ash (FA).
The use of fly ash as an SCM is well-developed in Canada. Currently, annual Canadian FA usage in
concrete is about 550,000 t {1}. The domestic consumption of cement is about 8.4 Mt, so, nationally, FA
usage represents about 6 1/2% of the total cement usage. This 550,000 t is only about 11% of the FA
produced {1}. However, the technology is available to use up to 50% replacement of FA for cement in
some types of concrete construction. Much of this technology has been developed by the Materials
Technology Laboratory of CANMET – Mineral Technology Branch, Natural Resources Canada. The
functionality of this technology has been demonstrated in many case histories, including those by
EcoSmart {2}. There is, therefore, a latent potential for increasing the current FA replacement levels, and
it is the goal of EcoSmart to develop this potential. Concrete with these higher levels of SCMs has
become known as “sustainable concrete”.
The Canadian ready-mixed concrete industry has stated that they are comfortable with the current level of
FA replacement in common use, i.e., 10 to 30%. They also feel that the current CSA Standards readily
accommodate these levels. 1 However, they are uncomfortable with the increased risks associated with
higher levels of FA replacement. This Study is directed towards assessing those risks and developing
procedures to abate them. It is intended that the outcome of this Study will result in recommendations
that will reduce the risks, and permit the acceptance of these higher replacement levels as common
practice.
In order to achieve the objectives, it is necessary to first define the nature and significance of current
quality control (QC) practices. These include QC in the:
•

production of the FA itself,

•

production of concrete with higher volumes of FA replacement, and

•

construction practices associated with use of higher volumes of fly ash in concrete.

The focus of this Study is the higher fly ash replacement levels noted above. For purposes of this report,
concrete containing more than 30% FA is referred to as high volume fly ash (HVFA) concrete 2 , and the
HVFA concrete that meets the EcoSmart’s three main principles (see below) is referred to as EcoSmart
1

The Standards that will be referred to throughout this Study are CSA A3000, which addresses various aspects of
cementitious materials and CSA A 23.1, which “provides the requirements for materials and methods of
construction for cast-in-place concrete and concrete precast in the field.” At the time of writing of this report, the
CSA A3000 Standard was being revised. The information in this report reflects the now-current CSA A3000-03,
unless otherwise indicated. Similarly, the CSA A23.1 Standard is currently being revised, and in the course of the
Study, the draft of the proposed Standard has been consulted. The notation in this report labels the 2000 version as
“current”, and the 2005 version as “proposed”.
2
This FA replacement level is consistent with the proposed CSA A23.1 Standard, which uses the more general
acronym “HVSCM” – high volume supplementary cementing material – and includes both FA and blast furnace
slag.
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Concrete System (ECS). However, much of the work herein is also applicable to common levels of FA
replacement concretes.
Although this Study deals exclusively with FA, some of its recommendations are also applicable to other
SCMs, particularly slag. Further, the scope of this report is for FA that is commercially used as an SCM
in concrete. As noted above, there are large amounts of FA in Canada that do not find use as an SCM
either because of lack of demand or inferior FA quality.
EcoSmart is actively involved in other studies that have an impact on the work here. These include:
•

addressing technical issues that have been raised by industry with regard to ECS {3},

•

developing recommendations for revisions to CSA A23.1 {7} and A3001 {8}, and

The reader should be aware of the three principles under which EcoSmart advocates the use of FA
replacement levels in concrete. Those levels must:
1. be capable of being implemented at no increase in cost,
2. result in constructable concrete, and
3. result in no loss of concrete durability,
while minimizing the GHG emissions associated with the concrete mixture.
EcoSmart does not advocate a fixed level of FA replacement for all concrete elements, in all parts of
Canada, under all climatic conditions. Depending on these parameters, the FA replacement levels may
range anywhere from 15 to 60% {4}.
1.2

Rationale for the Study

Industry stakeholders, particularly the ready-mixed concrete producers, advised EcoSmart that there is a
risk associated with the use of higher volumes of fly ash in concrete. This risk is defined in Figure 1.

Quality Control → Standards

Risk
&
Liability

Quality
Control

Risk
Abatement
Study

Practice → Guidelines

Reduced
Risk
&
Liability

Figure 1: Risk Associated with Use of Higher Volumes of Fly Ash in Concrete
This risk manifests itself in terms of increased liability to the ready-mixed concrete producer who is
responsible for the performance and properties of the concrete.
Risk is seen as arising largely from the questionable / inadequate QC of the FA and/or the concrete
produced with it. Thus, this Study has been undertaken to develop the requirements for improved QC and
construction practices, and to provide recommendations for amending standards and developing
guidelines. Development of appropriate standards and guidelines is expected to reduce the risk associated
with the use of ECS.
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Elements of the rationale include:
1. Current CSA requirements are not as stringent for FA as for Portland cement. These Standards
may be outdated and/or inappropriate for evaluating the properties of FA when used at the
replacement levels advocated here (i.e., higher than typical “comfort” levels). Additional and/or
different testing procedures may be required.
2. Construction standards have not been developed with the ECS levels of cement replacement in
mind, and so additional requirements may be needed. For example, it may be necessary to
require a minimum total cementing materials content in low strength concrete.
3. Standard specification strength tests are conducted on mortar cubes, which may not properly
represent the performance of the FA in concrete. The tests also may not represent the FA’s
performance with different cements or with air-entraining agents (AEAs) and other admixtures.
Further, the Standards do not evaluate, except indirectly, the glass phases of the FA, which are
recognized as a major element of the FA’s performance.
4. Each material in concrete has its own variable properties. Given that the uniformity of FA is not
controlled in CSA A3000, use of it at say 50% of the cementing materials, may result in
corresponding increased variations in the properties of the concrete produced from it. These
variations would be less important at the current common replacement levels.
1.3

Objectives

The objectives of this Study are:
1. To ensure constant quality and minimal risk associated with construction using ECS by
developing the QC of:
a) fly ash,
b) HVFA concrete mixture evaluations, and
c) construction practices.
2. To provide a basis for amending the current Standards and developing practice guidelines.
Ultimately, it is intended that the results of this Study both evolve into submissions to the CSA
Committees with regard to necessary changes in the Standards, and are used in the development of
guidelines for the effective use of ECS.
The intended audience for this Study includes:
•

Standards organizations,

•

Advisory Committee for the Minerals and Metals Program of Action Plan 2000 on Climate
Change (Supplementary Cementing Materials program area),

•

FA producers and FA users, specifically those involved in the production of concrete and cementbased products,

•

cement producers,

•

contractors, and

•

design community (engineers and architects).

EcoSmart 2004 – Risk Abatement Study

3

2.0

Scope and Methodology

As indicated in Section 1.1, the focus of the Study is on the use of FA in ECS; however, some of the
findings apply equally to any concrete containing FA.
The methodology for the Study was defined by EcoSmart and is presented in Appendix A. Essentially,
the methodology was to:
•

define the nature of the risk as perceived by industry,

•

define industry’s current practices with regard to QC of HVFA concrete,

•

evaluate the current Standards with regard to their effectiveness in controlling quality and how
those Standards are applied by industry, and

•

recommend solutions as risk abatements.

Accomplishing the above has required:
•

Defining the current state of the art in QC of HVFA concrete by the producers of the FA, the
users (i.e., the ready-mixed concrete producers), and the construction industry;

•

Analyzing the Standards from the perspective of what they control and by what means;

•

Tracing the history of development of the Standards;

•

Comparing Canadian Standards with those from other countries, both with regard to technical
content and philosophy 3 ;

•

Conducting interviews with the industry and stakeholders 4 with regard to both their
understanding of the current situation and suggestions for improvement:
• ready-mixed concrete producers and their industry associations, both provincially and
nationally,
• researchers active in HVFA concrete,
• individuals active in CSA Standard preparation,
• concrete contractors, and
• FA producers and marketers, including their industry association, CIRCA;

•

Obtaining feedback from Seminars, particularly those conducted by CANMET and EcoSmart and
conducting discussions with international industry members with regard to their QC practices;

•

Reviewing the existing HVFA concrete QC guidelines by various technical organizations; and

•

Reviewing the available literature on QC of FA.

Subsequently, a draft of this Study’s findings was reviewed by a Panel of experts familiar with the use of
HVFA concrete. The Panel included the individuals listed in Table 1.

3

Relevant sections of reviewed Standards are included in Appendix E and Appendix F.
Those interviewed were advised that names would not be identified in this report because some of the information
provided was of a commercial nature.
4
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Table 1: Risk Abatement Study Review Panel
Stakeholder Group
EcoSmart Concrete Project
Cement & Concrete Producer (Lafarge)
Cement Producers (Cement Association of Canada – CAC)
Fly Ash Producers (Association of Canadian Industries Recycling Coal
Ash – CIRCA)
Contractor (Ellis Don)
Canadian Standards Association (University of Toronto)
Designer (Read Jones Christoffersen Ltd.)
EcoSmart Concrete Project
Ready-Mixed Concrete Association (Atlantic Provinces Ready-Mixed
Concrete Association – APRMCA)
Research (Natural Resources Canada – CANMET)
Research (University of New Brunswick)

Individual
Phil Seabrook, Study Director
Robert Munro
Richard McGrath
John Flynn
Lloyd Keller
Doug Hooton
Ron Mazza
Maggie Wojtarowicz
John Connely
Benoit Fournier
Mike Thomas

Recommendations of the Panel are summarized in Section 9.0. Where appropriate, the comments have
been incorporated into this report.
References used for the Study are presented in the Bibliography in Section 14.0. Included in Section 14.0
is a list of the Standards referenced in this Study.

3.0

Background Information

FA has been in use as a cement replacement in Canadian concrete since the mid 1970s 5 . Interviews
conducted during the Study and reference to the literature did not identify any durability problems with
FA concretes other than occasional problems with scaling of flatwork in freezing and thawing exposures,
particularly those exposures exacerbated by the use of deicing salts. Where those problems occurred,
they were often associated with inadequate curing and the lower quality of concrete such as is used in
residential construction.
However, the replacement levels of FA used in these previous concretes have typically been in the 10 to
20% range. The concrete being considered in the Study would normally have much higher replacement
levels, in the 30 to 50 % range (in ECS, the levels are determined by the EcoSmart criteria in Section 1.1).
The Author knows from personal involvement in the preparation of the previous CSA A23.1 Standard
that the Committee of those days did not address possible additional requirements that might arise from
the use of today’s higher FA replacement levels. Despite this, the Standard has been used, to the extent
that it is applicable, in the construction of numerous successful EcoSmart case study projects. Therefore,
it is not inappropriate but possibly incomplete Standards that are in question.
Throughout the Study, many stakeholders have stated that they are comfortable with the application of the
Standards to the common replacement levels of FA. Those replacement levels vary with the practices of a
particular geographical area, but maximums of 20 to 30% were suggested for this comfort level. For
them, risk management = comfort.

5

The first use was by Ontario Hydro in 1950 in the Otto Holden Dam, followed by numerous other dams in Ontario.
These typically used 20 to 30% FA.
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For the ready-mixed concrete producer, lack of FA uniformity increases the possibility of producing
concrete that is occasionally non-compliant with specifications (i.e., typically non-compliant with regard
to strength or air content), and therefore, there is a corresponding increased risk of liability. This is the
crux of the Study.
FA is used as a supplementary cementing material. The traditional Portland cement is a product
manufactured under stringent QC requirements, and it is those resulting levels of performance and
uniformity that the ready-mixed concrete producer are accustomed to having in their cementing materials.
FA is a waste by-product that results from the production of a primary product, electricity, and therefore,
is not subject to the same levels of control.

4.0

Information from Stakeholders

4.1

Contractors

4.1.1

General

Interviews were conducted with general contractors who specialize in concrete construction, and with
finishers / tradesmen.
Contractors focus mainly on schedule and cost. From a quality perspective, they see the responsibility
lying with the design team, and that their duty is to comply with the contract specifications. From a risk
perspective, their concern is that which is noted in all publications about HVFA concrete, and is inherent
in the system. Their main concerns include:
1. Increased setting times necessitate longer hours for the finishing crews. With higher volumes of
some fly ashes in cooler temperatures, this can result in the finishing crew having to stay
overnight and complete their work the next day {2, 3, 4}.
2. Slower early strength gain necessitates either longer duration for suspended slab shoring or delays
in formwork stripping {3, 5}. The risk here is that the in situ concrete strength will not be
adequately assessed, and the forms will be stripped before it is safe.
Some contractors also noted the cost associated with increased curing time although this did not appear to
be a major risk factor. Curing was considered the responsibility of the Owner to specify the appropriate
requirements. It is possible that additional curing is not identified as a major factor because, in practice,
proper curing is so inconvenient that much of the specified curing is not performed.
Contractors seem to appreciate that the level of these risks varies with the type of FA, being much higher
with Type F than Type C 6 . Further, the risk is proportional to the FA replacement levels. All contractors
stated that they do not identify risk (or cost) at the common 20% FA replacement levels.
4.1.2

Placing and Finishing

Some placers noted that the improved pumpability of ECS {3} reduced risks from pump blockage.
Finishers noted that the absence of bleed water in ECS makes the timing of trowel-finishing more
difficult, and some training / experience is necessary. The Author’s project experience shows that
6

“Fly ash is categorized as Type F or Type C. Type F is produced when either anthracite, bituminous, or subbituminous coal is burned.
Type C normally comes from lignite or sub-bituminous coal.”
(http://www.rinkermaterials.com/hydroconduit/infobriefs/i1005.htm, accessed September 13, 2004). The primary
xdifference in physical properties between Types F and C is that Type C has a significantly higher CaO content.
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finishers can handle ECS once they understand the differences. This strongly supports EcoSmart’s
approach in which finishers get an opportunity to work with the concrete in the early stages of a project,
typically in the footings.
The following was noted by a concrete contractor 7 with considerable experience with ECS, typically at
levels of 50% Type F FA {2}:
•

The risk is largely with the owner who specifies ECS or the ready-mixed concrete producer who
supplies it (on a performance basis). Initially, mixture proportions are adopted that are
conservative, and then these are progressively modified as results indicating higher-than-specified
strengths are received.

•

No extra QC is required from his perspective, but the ready-mixed concrete producer intensifies
its QC.

•

There is a potential problem in using high flowing concrete (ECS with superplasticizers), because
it results in leakage at tieholes and form joints.

•

The costs of ECS are probably slightly higher than conventional concrete because of the extra
finishing time required, and the fact that ready-mixed concrete producers do not pass on the
savings in reduced cementing materials costs. Presumably, there is a trade-off between extra QC
and risk, and decreased materials costs.

•

In his operation, separate crews are used for placing and finishing slabs. The finishing crew
typically arrives an hour after the completion of placing but when using ECS, this is extended to
typically 2 hours.

•

The appearance of ECS is superior to that of conventional concrete, both with regard to colour
and freedom from bugholes.

•

It has not been difficult to have HVFA concrete supplied on a performance basis by ready-mixed
concrete producers.

•

He also noted that FA is a component of concrete, and concrete is a component of the building, so
there is a need to make ECS work as part of the total building system. This is discussed further in
Section 11.0.

Finisher reactions varied. One finisher said that the differences between the concrete’s finishing
properties are greater among concrete producers than between ECS and conventional mixtures. He also
noted that higher volumes of FA are not desirable for extruded curb mixtures because plastic shrinkage
cracks could result from the lack of bleed water.
Another finisher advised that ECS was “sticky” (this is because of the higher paste volume at a given
cementing materials content) and looked “dead” (this is because of the lack of bleed water).
It is known that HVFA mixtures in exterior flatwork have a tendency to “skin-over”, particularly if there
are drying conditions, such as high winds. This phenomenon is well known for concrete containing silica
fume and can cause a crust to form on the surface, resulting in either plastic tear cracks from the trowels
and/or a wavy surface planeness.

7

This contractor specializes in exposed architectural concrete and was one of the first to use EcoSmart concrete. He
does not generally do high-rise or other concrete work requiring high cycle formwork, and stated that EcoSmart
concrete would not be suitable for that type of construction. Most of his concrete formwork, placing, and finishing
is done by subcontractors.
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4.1.3

QC Practices and Experience with HVFA Concrete

It is recognized that Standards {7} do not have any mandatory additional QC requirements for HVFA
concrete. However, some additional monitoring is required as noted below.
Contractors experienced with Type C FA indicated that it has a propensity to produce efflorescence.
One of Canada’s larger contractors, who has experience with ECS, offered the following comments:
•

They have used up to 50% FA replacement, mostly in mass concrete such as raft slabs, and have
experienced no problems.

•

For large or critical projects, it is necessary to “tighten up on the CSA Standards – CSA is too
loose”. They perform their own QC on the FA in addition to reviewing the supplier’s mill
certificates. Internal testing consists of loss on ignition (LOI), fineness (45 µm), and color (they
have found that colour variations are indicative of uniformity – see also Section 4.3.2). They also
perform a simple “float-out” test in which the foreign material floating to the surface of FA
placed in water is observed. Internally, they look for <2% variation in test properties.

•

They require that the supplier’s mill certificates accompany the FA shipment. In their ECS
projects, the concrete producer has paid special attention to QC. They refer to the New York
State requirements for FA qualification (see Section 5.2 and Appendix E).

•

They look for net mixing water reductions to assure that the ECS mixture proportions are
working. They expect a 6 to 8% reduction for Type C, and higher for Type F compared to
conventional concrete.

•

With regard to low ambient air temperature, they require that the mix does not drop below 15oC
because their experience is that, if a mix is allowed to chill, subsequent heat will not be as
effective in achieving strength gain. This requires temperature monitoring.

•

They approach trial mixes for specifications by using various cements with the available FA.
Results show that the same FA performs much better with some cements than with others;
apparently higher tricalcium aluminate (C3A) and alkali cements work better.

•

The lack of bleed water is a problem for finishing of ECS, and it requires experience and
monitoring. The key is observing the water sheen. Fog mists or evaporation retarding agents
may need to be used to prevent plastic shrinkage.

In general, this contractor suggested that there is no problem using ECS provided that you are prepared to
monitor its performance. The same type of monitoring is required for ECS as with conventional concrete,
but to a greater extent. There is, however, a learning curve with the finishing.
One larger contractor provided a copy of their internal QC requirements that they demand of their
concrete producer (see Appendix E). In this case, the concrete producer is required to obtain certification
of SCM quality from the SCM supplier.
It has been noted above that ECS does not produce a significant amount of bleed water. However, in a
recent project in which a shrinkage-reducing admixture was added to ECS, considerable bleeding
occurred. It was subsequently determined that such admixtures have a tendency to increase bleeding in
ECS {4}. This points out the need to check the compatibility of the concreting materials.
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4.1.4

Costs of QC

The matter of possible increased costs of additional QC of ECS was raised with the contractors. Without
defining the specific nature of those increases, it was difficult to assign numbers.
It is recognized that FA is generally one-half to two-thirds the cost of cement, and since it can be
substituted kg for kg in mixture proportions, at least up to some level of replacement (perhaps up to 25%
FA), the cost of the concrete itself is less 8 . In Western Canada, this difference might be in the order of $5
to $8/m3. Offsetting this are the additional monitoring, curing, finishing, and formwork removal times
noted above.
EcoSmart’s experience with tendering alternates for the supply of ECS versus conventional concrete is
that there is neither cost premiums nor savings {4}.
4.2
4.2.1

Ready-Mixed Concrete Producers
Position of the Ready-Mixed Concrete Industry

The ready-mixed concrete industry originally indicated that there are risks associated with the use of ECS
(see Section 1.2). The following information was obtained from interviews with the national and
provincial Ready-Mixed Concrete Associations, and individual ready-mixed concrete producers.
Appendix B provides an outline of the types of questions / issues that were discussed with the
Associations.
The Canadian Ready-Mixed Concrete Association (CRMCA) is actively involved with EcoSmart in
dialogue on the use of ECS. They have stated that “…our position is that promoting SCM contents
outside the current industry standards comes with significant liability issues…”. This statement is the
underlying reason for EcoSmart undertaking this Study (see Sections 1.1 and 1.2). They have also stated
that “The concrete industry in Canada has positioned environmental awareness at the top of their
agenda.”
To further illustrate the industry’s concerns, an excerpt from the Atlantic Provinces Ready-Mixed
Concrete Association (APRMCA) newsletter is presented in Appendix B.
The ready-mixed concrete industry has indicated that the qualities they want in a FA are uniformity and
high reactivity (which equates to high strength potential).
4.2.2

Nature of the Risk

The ready-mixed concrete industry has been unable to provide specific data or technical information on
the nature of the risk. From the industry’s perspective:
Risk = Liability
It is apparent from the Study interviews that liability is a prominent issue in the minds of the ready-mixed
concrete industry.
EcoSmart is not aware of the specific problems that lead to concerns from CRMCA. In addition, this
Study determined that the more sophisticated members of the ready-mixed concrete industry are using
replacement levels higher than the 20-30% common levels (see Section 1.3) on a routine basis. There are
8

The strength efficiency of FA, when replacing cement, varies with the particular FA and local practice. In one
area, 60 kg of cement are replaced with 80 kg of FA.
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many successful projects with these higher replacements {2} 9 . However, because it is the industry’s
perception that there is a risk, it will be addressed as such.
The general nature of the risk is presented in Section 1.2. Additional aspects include:
1. There is a risk that designers / owners will adopt national specifications requiring high
replacement levels that do not recognize the availability or quality / performance of local FA.
This is against the EcoSmart approach (see Section 1.1), but unfortunately has already occurred in
isolated instances.
2. Given that the variability of FA can be greater than that of cement, and that FA is replacing a
large percentage of the cement, there is an obvious risk of greater variations in properties of the
resulting mixture. Normally, the property of interest is strength. The industry in Ontario
contrasts the risk of the use of fly ash with the use of slag, the production of which is better
controlled than that of FA.
The EcoSmart case studies {2} have not shown increased variability. In one of the Author’s
recent large infrastructure projects that used ECS with FA replacements generally about 1 ½
times the common levels, the uniformity of the concrete, as judged by the standard deviation of
the strength results, was in the range expected for conventional concrete {4}. Following is a
typical set of values for one of that project’s ECS mixture proportions:
•
•
•
•

Average 56 day compressive strength – 47.6 MPa
Cementing materials efficiency @ 56 days – 14.0 MPa / 100 kg
Standard deviation – 4.8 MPa
Coefficient of variation – 10.0%

There are a number of other mixture proportions on this project with similar values. These would
be considered both excellent uniformity and cementing materials strength efficiency. One
concrete producer noted that he had not experienced any difference in strength uniformity
between 0% and 40% FA concrete.
3. One Ready-Mixed Concrete Association stated that FA is “uncontrolled”, and therefore, its
performance is unpredictable. As indicated above, the ready-mixed concrete industry wants a FA
with the same predictability as cement.
4. It was noted that while the cement producers provide technical support to ready-mixed concrete
producers (particularly the smaller or less technically sophisticated ones), there is generally no
similar technical support from the FA producers.
5. There is concern about the ability of the smaller ready-mixed concrete producers to implement
the extra QC required to accommodate ECS.
The CSA Standard for concrete {7} defines the minimum levels of quality for concrete, and assigns
responsibilities for the concrete’s performance. Ultimately, of course, it is intended to protect the public.
Under the current performance option (see CSA A23.1-00, Clause 16.1, Alternate 1 of Table 13), the
ready-mixed concrete producer is responsible for the quality of the concrete at the discharge from the
delivery truck. This is well understood and accepted by the industry. If, say 40% minimum FA
replacement for cement is specified, then it is the ready-mixed concrete producer’s responsibility to
design and produce a concrete mix meeting the 40% minimum plus the other criteria such as W/CM,
9

One reviewer of a draft of this report noted that, while good strength uniformity was obtained in the EcoSmart case
studies, presumably due to the availability of uniform FA, occasionally there are uniformity variations in the FA that
may compromise the strength of HVFA concrete. There are limited test methods that result in recognition of these
occasions.
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slump, air content, and strength. If the FA does not perform as expected, there can be a non-compliance
resulting in possible liability. Unfortunately, the contractor’s concreting system can also negatively affect
the quality of the concrete, but in the postmortem analyses, history teaches us that the ready-mixed
concrete producer is often held responsible; hence, the concern over liability.
One concrete producer offered the comment that in general, concrete producers should not participate in
the supply of HVFA concrete (or presumably ECS) if they are not comfortable with this type of concrete.
It was stated that the use of FA in blended cement eliminates the concern about FA being a waste byproduct. In blended cement production, the same QC is applied as for normal cement, so it becomes a
manufactured product. Additional FA could still be batched separately for special projects. One readymixed concrete producer noted that this approach reduces overall flexibility in ECS mixture
proportioning.
The risk of problems increases as the quality of concrete decreases (e.g., residential). However, one
concrete producer offered that risk would be lowered if this concrete were produced to the Standards,
specifically to the maximum W/CM of 0.70, which is now required for residential concrete in CSA A438
{9}. He noted that there is a greater risk associated with uncontrolled mixing water contents than from
variations in FA uniformity. Related to this, another concrete producer stated that the risk increases with
low strength concrete mixes (i.e., residential concrete) because of the generally lower level of QC, the
demand for higher workability, and the lack of recognition of the need for curing and protection.
Another element of the risk, although not the responsibility of the concrete producer, is the need for
extended curing of ECS, and the realization that curing requirements are often violated in construction.
Producers feel that they inherit some of this risk, because contractors have a tendency to download
responsibilities.
•

One large concrete producer advised that they support FA use without any special requirements
up to a replacement level of 25% (the comparable number for slag would be 35%). Replacement
over 25% would be considered high risk requiring special QC plus a “shared responsibility”
between the ready-mixed concrete producer and the owner/contractor.

This concrete producer said that “…90% of the calls that they receive about FA concrete relate to air
problems…”. In spite of this, their use of FA is increasing, and they are moving their replacement levels
upward.
The same concrete producer also noted that their testing has shown that “…all fly ashes are not created
equal…” and that they perform differently with different cements.
4.2.3
4.2.3.1

Quality Control of HVFA Concrete by Ready-Mixed Concrete Producers
QC of the FA

All concrete producers that were interviewed as part of this Study receive mill certificates for their FA.
These are typically distributed as tests on a monthly composite sample. It was recognized that the FA is
often in concrete before certificates are received. Producers generally do not do anything with the
certificate data other than to “…look at it from the perspective of uniformity with the typical (previous)
values.” Data is not integrated into their QC.
Some of the larger concrete producers have developed internal test procedures for evaluating / monitoring
the performance of the FA in their concrete (see Section 4.2.3.2).
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Of all the ready-mixed concrete producers known to the Author, none do any QC or independent testing
on the FA itself. The concrete producers simply accept the QC that is done by the FA supplier. For some
smaller concrete producers, the concept is “…cement-is-cement, fly ash-is-fly ash…”, and performance is
assumed.
4.2.3.2

QC of the Concrete Produced with FA and other SCMs

It was noted that the Standard {7} has no special requirements for QC of high volume supplementary
cementing materials (HVSCM) concrete. The proposed revisions to the Standard define safeguards for
the durability of HVSCM concrete that have to be accommodated in the mixture proportioning, but are
silent on any additional field QC testing (see the proposed CSA A23.1, Clause 8.8).
Concrete producers indicated that they do not perform any special QC testing when supplying HVFA
concrete. However, they normally intensify the frequency of their sampling and testing, because such
projects are typically high profile with rigid specification compliance. Related to this is the need to
perform additional air content tests because of the propensity of FA to cause fluctuations in entrained air
(see Section 4.2.2). Overall, concrete producers increase the amount of field-testing when using HVFA
concrete because it is more sensitive to change in plastic properties.
Concern was expressed by a number of those interviewed that the risk is higher for those smaller readymixed concrete producers who do not have comprehensive QC, and rely on FA suppliers for both a
portion of the QC and technical support. It was noted that the cement companies and the CAC supply
considerable technical support and troubleshooting advice. Similar support is not readily available from
the FA suppliers.
Two concrete producers independently described their own internal test programs in which they
compared the compressive strength of identical production mixes: one with 25% FA replacement and one
with cement only (no FA). In both cases virtually identical strengths were obtained, and there was no
indication of a reduction in the uniformity (i.e., standard deviation) of the mixes with FA. Data from
these tests is unfortunately not available for publication, but some was shown to the Author, and it did not
indicate significantly larger variations between mixes with and without FA as might be expected from the
assumed risk in Section 4.2.2.
In a discussion about this matter with industry leaders in sustainability P.K. Mehta and M. Malhotra 10 , it
was stated that ready-mixed concrete producers should not supply HVFA concrete if they do not have in
place a comprehensive QC program, both with regard to the FA used and the concrete produced from it.
Unfortunately, this would disqualify many of the small ready-mixed concrete producers from producing
HVFA concrete or ECS.
4.2.4

Other Issues Raised by the Ready-Mixed Concrete Industry

The CRMCA and others strongly stated that EcoSmart would better serve the industry, and EcoSmart’s
objectives of reducing GHGs, if they focus on expanding the use of FA within the current / common
replacement levels, given that on a Canada-wide basis, FA use is 6.5% that of cement {1}. In a separate
conversation, CRMCA suggested that the concrete sustainability issue should be moderated. One ReadyMixed Concrete Association quoted the range of 18 to 30% as the existing envelope of common
replacement levels.

10

P.K. Mehta is Professor Emeritus, University of California, Berkeley, and M. Malhotra is Research Scientist
Emeritus, Natural Resources Canada, CANMET.
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With regard to concrete supply requirements in CSA A23.1, the proposed draft of revisions introduce
what the industry calls total performance concrete (see Clause 4.4). The CRMCA has suggested that this
would mean that a specifier should not require anything but testable parameters if they require the readymixed concrete producer to be responsible for the quality of the concrete. CRMCA extends this to mean
that, should the specifier require a minimum SCM content, then the ready-mixed concrete producer is no
longer responsible for the quality of the concrete. Others do not share this interpretation, noting that the
owner (see Clause 4.1.2.1 and Table 5) has the right to specify sustainability requirements. However, if
the Clause 4.1.2.1 is accepted as CRMCA interprets it, the revisions would transfer all the responsibility
to the specifier / contractor / owner.
The implication of this proposed revision for ECS usage is that there is no clear or accepted definition of
what should be contained in a performance specification for ECS.
Some concrete industry members suggest that EcoSmart conduct a Life Cycle Analysis of the costs, and
GHG and energy impacts (including transportation) of ECS versus conventional concrete.
Related to the positions on the nature of the risk in Section 4.2.2, one concrete producer was most
concerned about the EcoSmart position that the “highest practical amount of FA should be used.” He
stated that he had to add a “fudge factor” (presumably an increase in standard deviation – see also Section
10.2) to mixture proportions with higher volumes of fly ash, while none was required with the “normal”
replacement levels.
It was noted that some governments in Canada still prohibit FA, or limit the replacement to small
percentages, 10% in one case. Further, some prohibit FA in concrete placed after September, presumably
because of the need for additional curing and/or protection prior to freezing.
One group stated that they are comfortable at 25% replacement levels “in the right application…”. This
approach is consistent with EcoSmart’s recommendations in Section 1.1.
For perspective, one concrete producer noted that strength comes from the cement, FA is just “…along
for the ride…” and you should not “…send the concrete out if you are not comfortable…”. Such a
comment indicates a lack of knowledge of FA properties among some members of the concrete industry,
and thus, the need for further education.
An interesting risk mitigation not mentioned by the ready-mixed concrete industry relates to mitigation of
the alkali-silica reaction (ASR). For example, the proposed CSA A23.1, Section B4.8, reads, “…90% of
BC aggregates tested have exceeded the recommended limit (0.15%) when tested in the accelerated
mortar bar test. When tested in the concrete prism test, the proportion of BC aggregates that exceed the
CSA recommended limit of 0.04% at one year is approximately 45%.” An accepted mitigation measure
is the use of FA, the minimum amounts ranging from 20% to 35% depending on the severity of the
reactivity and the composition of the FA (figures quoted are for Type CI FA – see also Table 6 of {10}).
During an EcoSmart seminar, the following comments were raised by industry:
•

ECS cannot be supplied for the turnover times (i.e., formwork cycling) that industry wants.

•

The challenge is curing – needs will vary across Canada according to the local relative humidity.

•

Slag is much easier to control than FA.

•

There are still a number of specifications (in Alberta) that prohibit FA – this arises from scaling
problems of past years.
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•

If there are problems with the concrete, the ready-mixed concrete producer is on the front line.

•

The Engineer’s liability lingers longest.

4.3
4.3.1

Fly Ash Producers
Position of the FA Production Industry with regard to Fly Ash as an SCM

A schematic of a typical power plant is shown in Appendix C. The location of fly ash producers in
Canada is also presented in Appendix C.
FA producers who operate the power plants honestly stated that the quality of the FA was not one of their
priorities, and that their business is producing power. They recognize the responsibility to dispose of
their waste products in an environmentally acceptable way, and therefore see the value in selling FA as an
SCM. Although historically they have little interest in the FA properties, some now have an increasing
awareness that it can be an asset, and there are potential upsides to using FA disposal as an element of the
plant’s sustainability program.
One representative of CIRCA stated that “due diligence will always be absolutely necessary if sustainable
development initiatives call for optimizing the use of an SCM such as FA.”
There is also the matter of financial perspective. FA costs about $8/t at the power plant, to process,
handle, store, and ship. The fact that a ready-mixed concrete producer can then pay in the order of $75/t
for FA indicates that the costs of transporting FA from its point of origin to concrete producers can be
substantial.
It must be appreciated that most power plants in Canada distribute their FA through marketers. They
adopt the position that they do not know the SCM/concrete world, and are happy to ship this waste
product to someone who does. These others have the contractual responsibility for developing,
marketing, and QC associated with the FA.
Given that there are variations in coal composition, either within a particular deposit or from the multi
sources that are often fired at one plant, the focus of a power plant is to maximize the energy potential of
those variations. This will result in variations in the properties of the dust that is collected in the stack.
FA producers stated that they can trace the properties of their FA to the coal source.
The industry also recognizes the difference in FA quality and/or uniformity between base load plants and
those required to produce power for peak loads. FA from the latter is traditionally more variable.
4.3.2

QC by the Fly Ash Producers

Daily QC at the plant, if any, is basic. For example, one FA producer reported not doing any. The testing
is usually confined to periodic determination of LOI and 45 µm only 11 . The other tests required by the
Standard are performed off site, commonly by the marketer. At least the minimum tests required by CSA
A3001-03 {8} are performed at some point. Often tests additional to those required by the Standard, or
Standard tests at an additional frequency, are also performed.

11

LOI = Loss on Ignition, which approximates the carbon content of samples, expressed as the percentage loss in
weight of a sample ignited to constant weight at a specified temperature, usually 900 to 1000oC. 45 μm = sieve size
used in determining the fineness of samples, where the percentage of residue retained on the sieve screen is
calculated and compared against the maximum allowable value in the Standard.
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Most plants have internal criteria for acceptance that are much more stringent than those in the CSA
A3001-03 Standard. When FA tests do not meet these more stringent criteria, the FA is diverted to waste,
or some other use, and diversion continues until the production again meets the criteria. Similarly, most
plants have testing frequencies that exceed the CSA A3001-03 Standard.
One plant reported sampling and testing (i.e., LOI and 45 µm) every 3 hours. Their internal standards
showed:
•

LOI – target 0.2 to 0.4%; maximum allowed = 0.55%, and

•

45 µm – target 9 to 15%; maximum allowed = 19%.

Plants chemically analyze their feed coal, including the determination of volatile organics. They claim
that from this they can predict most of the properties of the FA. Therefore, they suggest that their QC is
handled through process control, given that the best quality FA will result from the most effective
burning. Some plants use colour reference charts to qualitatively determine the carbon content of
samples.
Plants generally do not utilize all of the FA available. And most power generators have other plants that
are not currently providing FA to the concrete market, but that could do so with beneficiation of the ash.
Technology is readily available to beneficiate. Normally, this involves removal of excess carbon and/or
classification to remove coarse (non-reactive) fractions.
A number of FA producers suggested the use of the Foam Index and XRF tests 12 . Some FA producers
are already using these tests internally. Some FA producers also do glass phase analyses.
FA producers were questioned about the uniformity that could be expected in production. No data was
offered or was located in the review of literature. There was reference to uniformity problems in the
Japanese publications (see Section 5.4), but again, no data was given. The contention in Section 3.0 is
that QC of FA is much less than that of cement. Logic would support this, and anecdotal information was
provided, but no hard data.
4.3.3

Costs of QC

Power plants generally do not cost the FA QC separately, presumably because it is small compared to the
other aspects of the process. One FA producer suggested that the cost of conducting the complete ASTM
C618 (see Table 2 for comparison to CSA A3000-03) was in the order of $0.15/t.
The QC program at one large plant was estimated at $0.90/t. This does not include the supplementary
tests by the marketer.
Marketers readily acknowledged that the Pozzolanic Activity Index results do not correlate with the
strength of FA in concrete. A number of them advised that they are internally using other test methods to
monitor their FA quality, i.e., the Foam Index and XRF. In discussions about alternate test procedures,
they noted that there is no clear understanding of what FA properties should be measured.
In considering the cost to benefit ratio of FA QC testing, the following approach was suggested:
•

determine the relevance of the particular test,

12

Foam Index Text has been used to predict the air-entraining characteristics of samples and to determine the
amount of AEA that needs to be added to concrete mixtures. XRF Test involves x-ray analysis of chemical
reactivity of samples.
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•

determine what frequency is necessary to cover fluctuations in FA production, and

•

determine the cost.
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Table 2: Comparison of International Standards for Fly Ash
COUNTRY
PROPERTY
Chemical
Loss on Ignition,

Canada
CSA A3001-03
% max
Type F
Type CI and CH
% max

Sulphur trioxide,
CaO, %
Moisture content,
S1O2 + Al2O3 + Fe2O3,
Available alkali re ASR
S1O2,
MgO,
Chloride,
Physical
Fineness, 45 μm
Blaine
Soundness

% max
% min
% max
% min
% max
% max
max %
m²/kg
max %

PA Index

8.0
M
6.0
M
5.0
M
Varies with type
3.0
O
34
0.8

7 days % control
28 days % control
91 days % control
Reactivity with alkalis (re ASR)
Uniformity of AEA
Sulphate resistance
Water requirement,
% control
PA Lime, MPa Min
Drying shrinkage
% max
Density
kg/m3
Flow ratio,
% min
Other
Uniformity
Density +/- % average
45 μm +/- % average
Cement for testing
Sampling

75
Yes
Yes
Yes
-

Alternative test methods recognized
Certification

Legend:

O = Optional

M

US
ASTM C618-00
6.0
M
Up to 12.0 with
performance
5.0
M
Varies with type
3.0
M
70.0
M
1.5
O
-

34

M

M

0.8

M

O

75
75

M
M

Yes
Yes
105
-

O
O
M

O
O

Japan (Type II)
JIS A 2601 /
JSCE 2000
5.0

1.0

45

40
250

80
90

M

M

M
M

M
M

12.0

M

5.0

M

5.0

M

2.75
-

M

3.0
1.0

M
M

3.0

M

1.0

M

70.0
1.5
35.0

M
M
M

NL

O

320
0.8

M
M

80

M

4.0
0.15

M
M

M
M

M

NL

O

40

M

35

M

NL

O

NL

O

NL

O

50/50 FA/PC, 10 mm
Exp.
M
75
M
85
M

M

(Probabilistic approach)
+/- 10% Average

-

5
M
5
M
Use project
-

Blend any 3 local
Rationale plan

No
Typical data or
certificate

No
Purchaser must
designate

Yes
Supplier submits,
form presented
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0.1

+/- 150 average

No requirement

M = Mandatory

Australia
(Medium Gd)
AS 3582.1-1998

EU
BS EN 450:1995

M

>1,950
95

India (Grade 1)
IS 3812-1999

+/- 5% from sample
-

No
Supplier submits, may
provide copy to purchaser,
3rd party test recognized

Standard available
Autocontrol with
sampling plan, frequency
time based
Yes
Not specified

Statistical

Yes
Report form provided,
compliance specified

NL = No limit
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4.3.4

The Risk Element

Following is a definition of risk from a FA marketer who has experience dating back to the 1970s. Power
plants occasionally go down for a period due to mechanical or maintenance problems. There is always a
fluctuation in FA quality during start-up. This is monitored only by LOI and 45 µm in most plants, but
these tests are not sufficient to predict the performance of the FA in concrete. Some recent examples
were provided, but are not available for publication. Again, it was suggested that these variations are not
critical at average replacements, but would be at the higher levels of replacement. There currently is no
predictive test to determine the effectiveness (i.e., basically, strength and air-entrainment stability) of FA.
So a marketer could have a problem and not know it.
Most FA is shipped before completion of all of the CSA tests. But even if those tests were completed, the
effectiveness is not necessarily predicted. The only strength test, Pozzolanic Activity Index (see CSA
A3001-03, Table A.3), does not correlate well with strength in concrete. And it is run at a fixed FA
replacement of 25%, which does not cover the range of replacements in ECS.
One marketer suggested that the use of ECS should not be advanced beyond “engineered” projects until
proper predictive tests are available. He used the analogy of cement in which extensive physical and
chemical testing is done at a high frequency, and from that, predictive performance is available.
4.3.5

Other Issues Raised by FA Producers

The Author was advised that the FA supplier to a large EcoSmart case study project that required 50%
replacement issued a letter to the concrete producer stating that they would not be responsible for the
concrete’s quality.
One FA supplier has data, which is not available for publication but was shown to the Author that showed
some water-reducing admixtures do not work well with some FAs. These admixtures are designed for
effectiveness with cement, and not necessarily with FA. Compatibility tests are required for HVFA
concrete.
Plants are cognizant of environmental issues. However, they indicated that they do not feel that there are
any imminent threats to FA use from environmental regulations. Mercury emissions are a potential
concern (as they have been in the US), but most of Canadian coal is low in mercury. There was also a
comment about vanadium. It was stated that no Canadian commercial ash is rated as “hazardous” under
the federal Transportation of Dangerous Goods Regulations rules. However, if the rules being proposed
for the US are transferred to Canada, Canadian FAs will not be suitable as an SCM without beneficiation.
One estimate of the cost of installation of beneficiation equipment was $6 million. Another FA producer
estimated the operating cost for beneficiation at $10/t.
The matter of shipping FA before the tests were completed was discussed with the FA producers and
marketers. The time to report a full set of CSA A3001-03 (mandatory and optional) tests would take
about 1 ½ months from the time of sampling. From the FA producer’s perspective, it is a matter of
storage silo availability. The marketers believe that they do sufficient QC to assure reasonable quality
and some hold the FA for a few days so that data in addition to the basic LOI and 45 µm are available.
Adding to the storage problem is the fact that the bulk of power plant demand, and thus, FA production, is
in the winter, while the FA demand is in the summer.
Two FA producers advised that there would not be major changes in the power plant approach unless
there was legislation requiring no dumping (as there is in Japan). The issues then become storage,
transport, and investments in beneficiation.
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4.4

Designers / Owners

Designers / owners advised that they rely on concrete specialists for guidance when using ECS. This
results in requiring FA replacement levels appropriate for the criteria in Section 1.1.
They believe that specifying that FA “…shall meet the requirements of CSA A3000…” is sufficient to
guarantee quality. Few request copies of mill certificates. Even if they request and review the mill
certificates, the QC on the project would not necessarily increase. The reasons for this are that the mill
certificate may not necessarily correspond to the batch of fly ash used on a given project, the information
on the mill certificates does not necessarily provide the critical FA parameters to ensure its performance
in concrete, and by the time the mill certificates are received the FA may already be in the concrete.
However, some authorities, particularly those in areas where the source of the FA is not known (because
of a number of potential FA suppliers in an area), have detailed QC requirements. One example is shown
in Appendix E and discussed in Section 4.1.3.
With regard to QC, designers have not specified increased testing for ECS. The requirements of CSA
A23.1-00, Clause 17.1, therefore, apply. If a designer was to specify doubling the frequency of the tests,
the extra cost might be in the order of $1/m3 (based on typical commercial testing rates and average
volumes of concrete placement). However, increased testing, both with regard to frequency and the
properties tested, have been done on most of the HVFA projects, including the EcoSmart case studies
{2}. In general, it is difficult to assign a specific cost to these requirements.
It is recognized that there has been a reduction in the traditional quality of the Atlantic Canada fly ashes
due to the introduction of pet coke fuel {3}. Currently, FA is imported from the eastern US. An Atlantic
Canada concrete specialist advised that he is no longer prepared to specify ECS, because the quality of fly
ash is not assured. His inquiries of the potential FA suppliers indicated that they could not provide
historical data on performance of their FA in concrete used in aggressive exposures.

5.0

Information from Sources Outside Canada

5.1

General

The Review Panel cautioned that it may be difficult to apply international experience directly to the
Canadian situation. Because of the differences in coal types, direct comparisons may be misleading.
5.2

United States

Appendix E contains the outline of an approach adopted by New York State. Apparently they have
gravitated to that approach because many of their potential FA supplies are from peak load plants. New
York requires comprehensive submissions by the FA supplier in order to be approved for supply to their
Department of Transportation projects. As shown in Appendix E, these go far beyond the basic
requirements of ASTM C618, although they do integrate these requirements. They require a sampling
plan, a definition of the internal acceptance criteria (i.e., LOI and 45 µm), a methodology of diverting
non-compliant FA, a 12-month history of performance, and the submission of mill certificates.
A literature search on the keywords “fly ash” and “quality control” produced few results relevant to this
Study. Those located were primarily large projects, and typically with the US Army Corps of Engineers
who introduced FA in North America through their dam projects. In those cases, internal and projectspecific QC procedures were set up.
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5.3

Europe

Europe uses blended cements extensively; 50 to 60% of these have FA as part or all of the SCM
replacement. They recognize 4 different types of Portland-fly ash cement.
The maximum substitution of FA for cement, if added as an SCM at the batch plant, is 33% 13 .
FA can be used in two forms: accompanied by a certificate from a 3rd party laboratory that does the
sampling and testing, or tested to compliance by the user (ready-mixed concrete producer). The problem
experienced by FA producing power plants is that they import coal from various sources, which results in
corresponding variations in the FA. They also use agricultural waste as a fuel supplement with similar
variations.
Discussions with Norwegian consultants who are active in developing the Service Life Models for their
concretes indicated that it is not practical to get 100-year service life without the use of SCMs, and that
there are few instances where straight Portland cement is used in infrastructure projects.
Europe is moving to performance specifications, but currently they are still largely prescriptive, including
limits on minimum cementing materials contents and the maximum amount of SCM that can be added.
Interestingly, if one were to add additional FA to a blended cement, one would not be allowed to count it
as part of the minimum cementing materials content.
5.4

Japan

Much of the literature search results for the keywords “fly ash” and “quality control” point to Japanese
references, the majority of which were not available in English. Therefore, contact was made with a
Japanese authority, Prof. Kenji Sakata of the Okayama University, for assistance with translations and
additional expertise of FA use in Japan. It was noted that there are considerable variations in the
properties and qualities of Japanese fly ashes.
It should be appreciated that landfilling of FA as waste is not permitted in Japan, so there is great
incentive to make effective use of FA as an SCM.
According to Prof. Sakata:
•

The Japanese are using mixtures with 80 to 90% FA; the FA then also becomes the fine
aggregate. In these cases, a flowable slurry is produced. 14

•

A QC program was set up using flow and tapping density correlated with the water demand.
These tests were effective in estimating the concrete mixture proportions. The FA QC also
included LOI, methylene-blue absorption, specific surface (by BET), and tapping density 15 (and
thus, bulk density) as a method of predicting air-entraining admixture (AEA) dosages. Lowtemperature plasma and surface-active aqueous solution treatments were considered. A
recommendation for specific surface < 6.0 m2/g was made. Variations in quality of ash were
stated to be the result of the unburnt carbon.

13

Thirty-three per cent is the maximum amount that can be included in the calculation of W/CM; if more is added, it
is considered inert aggregate.
14
A similar approach has recently been used for BC Hydro’s electrical duct grouting, where thermal conductivity
has to be minimized.
15
In determining the tapping density, a volume of FA is placed in a standard cylinder and the outside is tapped a
prescribed amount to consolidate the FA. The bulk density is then measured.
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•

The Japanese Industrial Standard (JIS) tests are not considered timely for determinations of FA
variation. Determinations of the bulk specific gravity of the FA are sufficient to predict the unit
water content required for a specified slump, and the required AEA dosage for the concrete.

•

The use of 28-day strength acceptance is appropriate for FA replacements between 15 and 30%;
the test should be at 91 days when the FA is over 45%. Optimum strength has been obtained at
30% replacement.

•

XRF can be substituted for the conventional wet chemistry tests.

•

The dispersion of test results for all properties was greater for HVFA than conventional concrete.
The long-term strength and durability of HVFA concrete was better.

The above points out that the properties determined by JIS are not sufficient to do QC on FA, and that
other supplementary tests are required. Focus is on the analyses of carbon. Further, the time required for
the JIS tests is not compatible with the needs of construction.
The Japanese Society of Civil Engineers (JSCE) has produced an excellent guide to the use of FA in
construction {14}. It is largely a commentary on the JIS for FA. The section on QC is reproduced in
Appendix E. It notes the need to comply with the Standard (see Table 2), including reliance on
certificates from the FA supplier. It also suggests that consideration be given to expanded requirements
such as:
•

assurance that the FA is properly dispersed in the mix (may need longer mixing time),

•

determination of the Pozzolanic Activity with cement be made at the FA replacement percentage
proposed for the project,

•

measurement of key properties (i.e., surface area and LOI are noted) to be made at shorter
intervals than in the JIS,

•

establishment of special uniformity requirements, and

•

pre-qualification testing, including admixture compatibility.

6.0

Standards

6.1

Basis of the Canadian Standards

6.1.1

Fly Ash

The Canadian Standards Association addresses the use of FA in concrete in CSA A3001-03 through
A3005-03 (where the last 2 digits represent the year of publication), together referred to as CSA A3000 –
Cementitious Materials Compendium. A3001-03 is applicable to various properties of cementitious
materials, namely quality requirements, while sampling and testing requirements are covered in CSA
A3004-03. Comparison of CSA A3001-98 with the new CSA A3001-03 (see Appendix F for a detailed
comparison) show that there are no differences in the fundamental requirements (see CSA A3001-03,
Tables 5, 6, and A.3). However, there have been a few changes as follows:
• substantially increased recognition of, and requirements for blended cements,
•

substantial reductions in the required testing frequencies (see Table 3),

•

additional notes to assist in interpreting or conducting test procedures,

•

modifications to the method of assessing the ability of the FA to mitigate ASR, and
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•

revisions to the nature of the mill certificate. It will now be acceptable (see CSA A3004-A1-03,
Clause 5.5.1) to either provide typical test data, or provide a certificate stating that the FA meets
the requirements of the applicable Standard specified at the time of purchase.

There is recognition of the importance of glass content as an indication of strength potential for slag, but
there is no similar requirement for FA 16 .
Tests for the effect of the FA on drying shrinkage and water demand, which appeared in previous editions
of the CSA A3000 and A23.5 Standard, have been deleted. These, however, are critical requirements for
assessing the effectiveness of higher volumes of FA in a concrete mixture, and should be reintroduced in
the CSA A3000 Standard.
Typical FA mill certificates are presented in Appendix C. It is noted that none of these certificates
contain the source information that is required in CSA A3004-A1-03, Clause 5.5.
The testing requirements are separated into mandatory and optional (see CSA A3001-03, Tables 5, 6, and
A.3). The only mandatory tests are:
•

chemical – CaO, SO3, LOI, and

•

physical – fineness (45 µm) and autoclave expansion.

In order to assess quality of the two parameters critical to the ready-mixed concrete producer (i.e., the
strength and air content), Optional Requirements have to be specified.
The only test that assesses strength potential is the Pozzolanic Strength Activity Index. Mixtures for this
are prepared with a fixed 20% FA replacement of cement, which may not be representative of the
performance of concrete with higher volumes of cement replacement.
There are no uniformity requirements in the revised standard, except for the Optional Requirement for
AEA dosage in CSA A3001-03, Table A.3. The approach to uniformity of air content is that the required
amount of AEA to produce an air content of 18% by volume of mortar shall not vary more than 20% from
the average established from the 10 preceding tests. This is focused on the carbon content of the FA,
because this has a major influence on the required AEA dosage and the uniformity of the air content. In
the previous version, there were uniformity requirements for the 45 µm fineness and the density; these
have been dropped from the 2003 version.
CSA A3004-A1-03, Table 1 requires that the testing frequency be substantially increased when there is
less than 6 months of FA production records.
As noted in Table 3, there are no changes in the required physical and chemical properties of FA between
the 1998 and 2003 versions of A3001. However, relevant here is the marked reduction in the required test
frequency for 2003. Further, both versions have the permissive option that “[e]ither the manufacturer or
the purchaser has the right to waive the noted frequency of testing and to specify an alternative for
indicating compliance with the requirements of the noted specifications.” (See CSA A3004-A1-03, Table
1 Note.) This relaxation in requirements is obviously contrary to this Study’s assumed solution of
increasing the amount of QC as a risk abatement strategy. In the Author’s review, no examples of the
“waiving” were obtained.

16

There is no simple test for glass content of FA.
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Members of the A3004 Committee advised that the test frequencies were reduced, because most FA
producers had developed knowledge of the performance of their product, and that the previous
frequencies were unnecessary.
A review was conducted of the 1982 and 1986 versions of the then-current CSA A23.5 Standard for FA
(see Appendix F). There are few changes between the requirements in those Standards and the parallel
ones in the 1998 and 2003 editions.
6.1.2

Portland Cement

Similar to the CSA A3001-03 for FA, the 2003 version of the Standard contains updated requirements for
Portland cement. Appendix C contains a typical cement mill certificate from a producer.
This Standard does contain a uniformity requirement for strength (see CSA A3001-03, Clause 4.6.3)
based on the standard deviation of 30 consecutive strength samples.
With regard to testing frequency, it is noted that in CSA A3004-A1-03, Table 1 (as for fly ash) “…either
the manufacturer or purchaser has the right to waive the noted frequency of testing, and to specify an
alternative for indicating compliance to the noted specification…”, which is highly permissive.
6.1.3

Comparison of Required QC on Cement and Fly Ash

Appendix F contains a detailed comparison of the successive editions of the Standard for Portland cement
and FA requirements. Table 3 is a summary.
In terms of the frequency of testing, it was stated by the ready-mixed concrete producers and others, that
the Standard was much more demanding for cement than FA. Table 3 shows that the specified minimum
frequencies are similar – higher frequencies are required for some properties in either Standard.
Generally, the test frequency is once per every 1000 t to 4000 t. However, it is known that cement
producers do considerably more frequent testing, and test other properties as part of their internal QC.
With regard to sampling, CSA A3004-A1-03 has the same requirements for Portland cement and FA.

EcoSmart 2004 – Risk Abatement Study

23

Table 3: CSA A3001-03 and A3004-A1-03 Testing Requirements for General Use (GU) Cement and
Type F Fly Ash
Property
Chemical
LOI, % max
Insoluble Residue, % max
SO3, % max
C3A >8%
C3A <8%
MgO, % max
CaO, %
Physical
Fineness, 45 μm, % retained
max.
Soundness, % exp. max
Setting Time, minutes
Minimum
Maximum
Compressive Strength, MPa
3 days
7 days
28 days
Uniformity, CV, %
*Uniformity, AEA, max. %
variation
*PA Index, 28 days, min. % of
control
*Control of expansion due to
ASR, 14 days, max. % expansion
*Sulphate resistance in blended
cement, max. % expansion at 6
months
Type MS
Type HS
*Moisture Content, max. %
Density
*Heat of Hydration, 7-day max.,
kJ/kg
Type MH
Type LH

*
N/S

Portland Cement (GU)
Required
Frequency
(2003)
3.0
Lot or 1/2000 t
1.5
Lot or 1/2000 t

Required
8.0 (Type F)
5.0

Fly Ash (Type F)
Frequency
(1998)
(2003)
Daily or 400 t
Lot or 500 t
Lot or 1000 t Monthly or 3000 t

3.5
3.0
5.0
-

Lot or 1/1000 t
Lot or 1/1000 t
Lot or 1/2000 t
-

< 8.0

Lot or 500 t

Monthly or 3000 t

28

Lot or 1/2000 t

34

Lot or 100 t

Daily or 400 t

1.0

Lot or 1/1000 t

0.8

Lot or 1000 t

Monthly or 3000 t

45
375

Lot or 1/1000 t
Lot or 1/1000 t

-

-

-

14.5
20.0
26.5
8.0

1/2000 t
1/2000 t
1/2000 t
-

-

-

-

20

Lot or 1000 t

Monthly or 3000 t

75

Lot or 1000 t

Monthly or 3000 t

0.10

3 months

3 months

Lot or 1/4000 t
Lot or 1/4000 t

0.10
0.05
3.0
N/S

3 months
3 months
N/S
Lot or 500 t

3 months
3 months
N/S
Monthly or 3000 t

Lot or 1/4000 t
Lot or 1/4000 t

300
275

3 months
3 months

3 months
3 months

300
275

Optional Test
Not Specified
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6.1.4

Use of Fly Ash in Concrete

The current Standard governing “the requirements for materials and methods of construction for cast-inplace concrete and concrete precast in the field” is CSA A23.1-00 {7}. This Standard does not make
special provisions for concrete containing FA, either at lower or higher replacements. For QC testing (see
CSA A23.1-00, Clause 17), requirements are the same for concrete with and without FA. However, the
Standard does have this requirement:
•

CSA A23.1-00, Clause 15.1.5 states:
“When combinations of Portland cement and supplementary cementing materials are used,
they shall have been proven, to the satisfaction of the owner, to produce concrete resistant to
the exposure conditions outlined…”

It is important to consider the related requirements in the proposed CSA A23.1, Clause 8.8. In the
proposed version, there is:
•

recognition of the need for special requirements for concrete containing “…SCM above that
typically used for normal construction”; it goes on to define “above” as > 30% FA,

•

a conservative approach to durability in which a decreased W/CM (i.e., reduce by 0.05) is
required for a particular exposure, and there are maximum W/CM limits with regard to potential
carbonation exposure,

•

increased curing requirements; the increase varies with the replacement level of FA, and

•

the requirement for trial mixes to demonstrate appropriate concrete quality.

With regard to the need for increased early strength monitoring, CSA A23.1-00, Clause 17.6 outlines
options for various types of tests, however, none specific for concrete containing FA. The early strength
monitoring technology is well-developed and readily available commercially.
As discussed in Sections 4.2.3 and 4.4, it is difficult to apply a cost to the extra QC requirements in the
proposed CSA A23.1, Clause 8.8. For the decreased W/CM, there would not be an increased cost of the
concrete itself, because the HVFA concrete would have at least 10 L/m3 less water, and this would
compensate for the 0.05 reduction indicated above. The contractors contacted were not able to provide
unit costs for the extra curing. Alternative bids have shown no premium; contractors advised that there
was a premium but it was too small to be worth the special pricing.
6.1.5

Fly Ash Standards in Other Countries

Table 2 presents a comparison of the requirements for FA in various international Standards. The actual
test procedures for a particular parameter may not be the same in all countries, but the purpose of Table 2
is to show whether there is or is not a requirement. The key distinctive features of the other Standards
compared to CSA A3001 are:
•

The EU Standards have a statistical approach to the acceptance of all parameters. It minimizes
the number of properties tested, but increases the control on each.

•

Some Standards put the responsibility on the owner (as does CSA A3001 to a degree) to specify
the FA properties important for their purpose. This is particularly true for Australia. In the
supply of FA for general use in ready-mixed concrete, this presents logistical problems because
the FA in a silo cannot be segregated for a particular project.

•

Some Standards do not recognize the Optional Requirement approach.

•

Most Standards have uniformity requirements.
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•

Most Standards have a formal system for mill certificates.

Australia {15} has a unique approach to methods of demonstrating compliance (see Appendix E). It
recognizes, at the mutual agreement of the owner and the FA supplier:
•

statistical sampling to an approved plan by the FA supplier,

•

FA producer’s mill certificates,

•

acceptance of the FA supplier’s QC system, and/or

•

other methods by mutual agreement.

Numerical values for the various properties are similar (see Table 2). Testing frequencies that are not
stated in Table 2 are also similar.
It is apparent from Table 2 that the CSA A3001 requirements are amongst the least stringent in any
country. From the ready-mixed concrete producer’s perspective, the key properties of strength efficiency
and uniformity are not well served.

7.0

Gap Between Current Standards and Those Required for HVFA Concrete and ECS

7.1

General

It was stated by a number of parties interviewed, including those concerned with the risk, that the existing
Standards are adequate for conventional concrete, which, for purposes here is defined as that containing
up to about 25% FA replacement.
It is recognized that the CSA Committees are cognizant of the need for additions / modifications to the
Standards to address HVFA concrete, and that there are a number of proposals, including those outlined
in this report, that are under consideration.
A fundamental decision must be made as to where responsibility lies. Table 2 shows examples of the
onus being on the owner or user to specify any special FA properties necessary for their purposes. The
FA or concrete producer must document that compliance. There are logistical problems here for the
ready-mixed concrete producer, because they have only one FA silo and one product must fit all.
7.2

CSA A3001 for Cement

This Study did not specifically address QC of cement except as a comparison to FA. However, it was
determined that QC by the cement producers is highly sophisticated, and is conducted at frequencies and
parameters far in excess of the minimums in CSA A3001.
7.3

CSA A3001 for FA

The Standard does not have an impact on the day-to-day use of FA. It presents minimum values which
are commonly exceeded by the FA producers, and (most of) their QC is based on much refined internal
standards. If a plant were to produce a FA just meeting the minimums in CSA A3001, it would not be
commercially acceptable. In interviews during this Study, no one raised issues with the Standard, because
it is not a factor in the day-to-day use of FA in concrete.
CSA A3001 for FA is the least stringent of any of the international Standards examined. However, in
defense of the Standard, those involved in its preparation (including those on the Panel – see Section 9.0)
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stated that they had removed tests that could not be correlated with the quality of the FA as used. An
example was the removal of the test for alkali content and Pozzolanic Activity with lime. 17
The basis of FA quality as supplied is certification by the FA producer. This is consistent with the
international trend to performance Standards. There is no provision for 3rd party verification (although
the owner can test if desired). Recommendations provided in Section 10.0 are based on this approach.
The test properties do not directly or effectively provide the information needed by the ready-mixed
concrete producer, namely strength and uniformity (see Section 4.2). Therefore, there is a need to:
•

provide uniformity requirements;

•

define mill certificate requirements more clearly and address the problem of shipping FA before
the tests are completed

•

define test procedures that are meaningful for concrete strength, uniformity, and performance
(durability aspects are adequately covered in the Standard).

The matter of test frequency was examined. There is no indication here that increasing that frequency
would abate the risk.
7.4

CSA A23.1

Assuming that the provisions of the proposed CSA A23.1, Clause 8.8 (as well as those in proposed
Clause 4.1.1.1.5) are implemented, the matter of appropriate mixture proportioning and curing is
addressed. It is the Author’s opinion that these are appropriately conservative.
There is the issue of the possible need for increased QC testing. It is premised on the assumption that the
HVSCM concrete will have a higher degree of variation. The Author has found no data to support this
premise, but industry believes it to be true (see Section 4.2.3.1).
The procedures for monitoring early age strength are presented in CSA A23.2. Requirements for
uniformity of air content are covered in CSA 23.1. These existing Standards are adequate with respect to
conventional and HVFA concrete.

8.0

Position of the Stakeholders with regard to Risk

The following summarizes the findings with regard to risk as perceived by the stakeholders.
8.1

FA Producers

The FA producers are not directly involved in the process of supplying FA, and have made a corporate
decision to subcontract this to marketers. It is of course possible that some independent ready-mixed
concrete producer would purchase FA directly from a power plant (this may exist in Saskatchewan), but
the Author found no evidence of this occurring.
FA producers believe that monitoring the coal chemistry and sources, plus a small amount of basic QC
testing, permits them to provide an acceptable quality and uniformity of FA (see Section 4.3.2).

17

The Panel agreed that CSA A3001 had fewer properties tested, but stated that many of the properties tested by
other countries were not meaningful on terms of FA quality, or alternately the particular test was not reproducible.
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Their main interest is the sensitivity to disposing of a waste product in an environmentally responsible
way. Some told the Author that they intend to get more directly involved with QC of FA for use as an
SCM, but this has not occurred to date.
Therefore, the FA producers do not play a major part in the risk abatement. However, the Author has
been made aware of a recent case where the quality of the FA shifted, resulting in drops in strengths of
concrete from their traditional level. The FA still readily complied with the Standard. This change was
not picked up by the normal QC tests by the FA producer, but was detected by the marketer in testing
with their concrete. This points out a shortcoming of the QC and/or the tests conducted and/or the
Standard.
The degree to which risk is controlled today is largely the result of the QC by the marketers. However,
the FA producers do have risk as a supplier of a product, and could be leaders in the risk abatement
process.
8.2

Designers

Designer’s interest is largely driven by the Green Building or LEED™ interest of owners. They do not
identify any particular risk but typically retain engineering specialists to assist in implementing the use of
ECS on a project. Designers appreciate the potential for improved long-term properties and service life of
the concrete.
The only risk element identified by designers is the need for extended curing. This is not a problem if the
provisions of the proposed CSA A23.1, Clause 8.8 are implemented, but curing is notoriously ignored by
contractors. One solution is to make curing a pay item in contracts.
Unfortunately, curing is also a risk to the ready-mixed concrete producer. This is because assessing in
situ quality through testing of cores cannot differentiate the source of a quality deficiency (either the
concrete as supplied or the curing process).
The Panel noted that there is also a risk to reinforced concrete in exposures conducive to carbonation.
There has been premature deterioration of concrete in other parts of the world. The proposed CSA A23.1
addresses this.
8.3

Contractors

No significant risk elements were identified from the contractor’s perspective. Differences between ECS
and conventional concrete can be monitored and managed.
There are risks of cost overruns if the
contractor and the trades are not prepared for these differences. Orientation and training of the
tradespeople is required {2}.
The interviews with contractors reported in Section 4.1.1 were with larger contractors who had
successfully used ECS in projects. These contractors would be classed as relatively sophisticated in
managing their concreting operations. Some members of the Panel disagreed with the above risk profile
stating that:
•

there is risk associated with uncertainty surrounding delayed strength gain, and

•

the risk is magnified by cold temperatures – such temperatures are common throughout a
significant part of the year in all regions of Canada.
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8.4

Ready-Mixed Concrete Producers

The Study identified risks that are both real and perceived.
Perceived risks come from lack of familiarity with HVFA concrete and ECS, and these are
understandable as a natural concern over the unknown. In areas where ECS has been used, there is not
the same concern. In BC, where most of the EcoSmart case studies {2} have been conducted, there is not
the same concern. In fact, 40% or higher FA replacement mixes are available as standard designs from
some ready-mixed concrete producers.
There is a relevant analogy to the introduction of both superplasticizers and High Performance Concrete
about 15 years ago. Initially, the ready-mixed concrete industry would not provide these on a
performance basis, but today they are available in that form from virtually all ready-mixed concrete
producers.
The industry correctly acknowledges that the risk is higher with the smaller concrete producers and for
those without comprehensive QC programs. Ideally, CRMCA would like a system that could be used by
all of its members.
The real risk is a change in the properties and/or uniformity of the FA that would not be detected by the
existing QC methods of the FA supplier (see Section 8.1). Unfortunately, the ready-mixed concrete
industry was not in a position to define the specifics of what they need in terms of the quality of the FA
other than uniformity, strength potential, and stable air entrainment. From that definition, an appropriate
QC program could be developed. It appears that such information has not been assembled; CIRCA
indicated that it will be addressing this need.
The industry believes that the proposed changes to the methods of ordering concrete (see the proposed
CSA A23.1, Table 5) will significantly reduce their liability. A discussion of those changes is beyond the
scope of this Study, but if the industry is correct, then the problem is apparently largely solved.
Presumably, the logic behind this perception is that the new requirements for concrete supply will force
the ready-mixed concrete producers to improve their internal QC (including certification of operations),
and allow them to reduce the amount of FA replacement to levels that are comfortable from a risk
perspective. Such an approach is not in the interests of advancing the sustainability of concrete, but may
partially address the risk element.
8.5

Cement Producers

The only cement producer position relevant is with regard to the production of blended cement. The
cementing material then becomes a “controlled” product in the eyes of the ready-mixed concrete
producers.
There are already blended cements available in Eastern Canada, with cement replacement by SCM in the
order of 27%.

9.0

Results of Panel Review

Members of the Panel are identified in Table 1.
The result of the Panel’s deliberations is presented in Appendix G, along with a summary by the Author.
The process was enlightening. Responsible and constructive suggestions were made. Where appropriate,
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the Panel’s suggestions are incorporated into the text. In a few cases, they differ from the Author’s
findings.
Many of the suggestions are beyond the scope of this report. However, they will be an excellent reference
for future EcoSmart work.
Perhaps the most significant conclusion from the Panel’s work is that risk in using ECS is much broader
than that which EcoSmart envisioned when the Terms of Reference for this Study were developed.
Leading from this is the fact, accepted by the Author, that simply increasing the amount of the current QC
testing will not provide the desired risk abatement.
The Panel felt strongly that the draft report that they reviewed did not properly assess the constructability
risks, despite the contractor’s position in Section 4.1. It is acknowledged that the contractor position in
Section 4.1 is based on relatively sophisticated contractors who have been through, and have mastered,
the ECS learning process. It is, however, necessary to appreciate that there are constructability issues in
addition to the materials issues that are the focus of this Study.
The Panel noted that the process of assessing the activation energy of a particular SCM needs to be
standardized.
9.1

Quality Management

The Panel had a strong recommendation on the need for an umbrella quality management system (QMS)
for the QC of FA (and other SCMs). This discussion was led by the FA producer. It is consistent with
the total system recommendation by the contractor (see Section 4.1.3) and with the overall direction of
industry to “objective-based” Standards.
The QMS would replace the current prescriptive specification approach in the Standards. The envisioned
QMS process would include the following elements:
•

a requirement that the designer use only performance-based specifications,

•

the FA producer would be obligated to communicate changes in coal chemistry to the users (i.e.,
ready-mixed concrete producer), and be in a position to certify that the FA meets the Standard,
including any uniformity requirements,

•

the required prequalification data (see New York State Requirements for FA Qualification
example in Appendix E),

•

mill certificates more meaningful from the user’s perspective,

•

the ready-mixed concrete producer would have an effective QC program that would include
testing of the FA in actual concrete mixes,

•

the contractor would have a management system appropriate for the particular type of HVSCM
concrete,

•

overall clear definitions of responsibility.

10.0 Recommendations
10.1 From EcoSmart
Given that perceived risk for constructability with ECS is a matter of familiarity, EcoSmart should expand
its case studies to other parts of Canada. This should be done using the successful model that to date has

EcoSmart 2004 – Risk Abatement Study

30

been predominantly BC-based. Ready-mixed concrete producers could be involved in this process, as
they have been involved in BC. The Panel strongly supported this recommendation.
Included here should be increased awareness among specifiers so that unrealistic or high risk FA
replacement levels are not specified in areas of Canada, or under conditions, where they are not
appropriate. In this regard, the tenets of EcoSmart in Section 1.1 must be integrated.
The Guidelines that EcoSmart proposes to produce from this and other studies would be beneficial in this
regard. Such Guidelines would address the:
•

methods of risk control for contractors (see Section 8.3), and

•

QC practices that should be undertaken by a ready-mixed concrete producer 18 .

The Panel envisioned that these Guidelines would include checklists for each of the above stakeholders.
It is evident that awareness may be more important than Standards. 19
10.2 Standards
10.2.1 CSA A23.1
It should be recognized that, over the years, CSA A23.1 has introduced new technologies to the Canadian
concrete industry by using a series of notes and guidelines in the Standard. Mandatory requirements are
initially introduced in a conservative form, then, as they develop in the industry, they are refined and
made more cost effective. Continuing this approach is strongly recommended here.
Risk can be abated by:
1. Requiring mandatory 56- (or possibly 91-) day strength acceptance for the 1 or 2 Classes of HVSCM
concrete in the proposed CSA A23.1, Clause 8.8 (this is already recognized for other types of
concrete in the current CSA A23.1, Clause 17.6.4.3.2).
2. Increasing the frequency of testing in CSA A23.1-00, Clause 17. Doubling the frequency is an
option. The Panel did not support this approach claiming that tests more representative of the critical
properties rather than more of the same tests are required. Unfortunately these more representative
tests are not readily available for routine QC today.
3. Increasing the Factor of Safety in ECS mixture proportioning. The requirements in CSA A23.1-00,
Clause 17.6.7.1 are:
fcr = fc’ + 1.4 s
where

20

fc’ = the specified strength

18

Protocols for QC that show the interrelationship and responsibility separation between the stakeholders, and
outline the meaningful data required.
19
Information here suggests that such QC would include, but not be limited to:
• qualification of materials, including their compatibility,
• correlation with mill certificates for the SCM,
• a pre-work meeting to discuss QC and constructability issues,
• conducting trial placements with a range of cementing materials factors,
• mix designs with an initial conservative cementing materials content for the specified strength, and
• increased initial QC site testing.
20
The equation becomes fcr = fc’ + (2.4 s – 3.5) if s exceeds 3.5 MPa.
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fcr = the required average strength to achieve the fc’
s = the standard deviation
1.4 is a factor that assures no more than 1:10 test values < fc’
In this system, the ready-mixed concrete producer’s uniformity of strength production is determined by
“s”. The better the control, the lower can be the over-design factor. It would be easy to assign a higher
Factor of Safety to the classes of HVSCM concrete in the proposed CSA A23.1, Clause 8.8, say 1:15 (1 in
15 tests low). The statistics are readily available and well recognized by ready-mixed concrete producers.
However, it is noted that “s” is a measure of uniformity, and if the uniformity of HVSCM concrete is
lower than regular concrete, then there is automatic compensation built into the above formula.
Nevertheless, the use of an increased low-test acceptance factor would reduce the risk for the concrete
producer, and therefore, would be desirable at least during the early stages of implementation of ECS at a
particular plant.
Implementation of this recommendation would result in a small increase in the total cementing materials
content of the resulting concrete.
10.2.2 CSA A3001 for FA
This Standard needs a review from two perspectives – firstly, to determine if the required tests are
meaningful in controlling the quality of FA, and secondly, to determine if the situation is improved by
increasing the frequency of tests. But first, the Committee must decide on the general approach. Table 2
provides some options from other countries.
The Author favours the Australian approach wherein there are specified limits for a few key properties,
and then test procedures for others that the purchaser may want to include. There would then be
uniformity requirements for the key properties. This would require major education of the designers,
because simply specifying “…fly ash shall meet CSA A3000…” will not suffice. One benefit of this
system is that the designer can focus on particular requirements for their project or concrete exposure
such as ASR mitigation, shrinkage, or sulphate resistance.
Consideration should also be given to increasing the test frequency for those key properties only. It was
noted by one reviewer that a common approach should be taken for all concrete.
As an extension to the Australian approach, consideration should be given to requiring at some frequency
(perhaps annually), a complete set of tests of all parameters (mandatory and optional). In this case,
important tests for HVFA concrete such as drying shrinkage and water demand should be included. This
qualification report should be available to the designer on request. The test values of the key properties
then form the basis of assigned uniformity values.
At a minimum, the Standard should consider the following:
1. Include uniformity requirements for key properties. One obvious choice is fineness.
mechanics for establishing uniformity limits are available in ASTM C1451.

The

2. Provide detailed guidelines / requirements for the mill certificates. Address the responsibility if
the FA is used before the certificate is available.
3. Add alkali limits. There are procedures in use for this test (see Table 2). However, the challenge
will be to assign limits, particularly considering that it is the combination of high alkalis and
sulphates that is critical.
4. Provide alternate and/or more meaningful tests for:
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•

fineness 21 , and

•

carbon content.

Such tests are in use elsewhere, including some plants in Canada, and are not highly
sophisticated, so they could be readily introduced to the current test matrix.
5. Where appropriate in the preparation of test mixes, require the replacement of cement with FA to
match the requirements of the project.
6. Establish detailed requirements for the qualification of FA. The new Appendix D of CSA
A3001-03, or modifications thereof, should be a base.
It is evident that there is currently is no test for the strength potential of the FA that can be correlated with
concrete strength. An actual test in concrete (as is being used by some marketers –see also Section 4.2.3)
should be introduced.
EcoSmart has already made a submission to CSA A3001 (see copy in Appendix B) presenting some
preliminary thoughts on revisions to the Standards and related concepts. It is expected that the results of
this Study will permit the submission of further details.
10.3 Ready-Mixed Concrete Producers
Ready-Mixed Concrete Associations should discourage their members from supplying HVFA concrete or
ECS if they do not have comprehensive QC of both the FA itself and the concrete that they produce with
it. This is a commercial decision and is the most fundamental part of risk abatement.
Ready-mixed concrete producers should be aware that the risk is higher in high W/CM concrete, such as
residential concrete which represents about 40% of the total concrete produced {1}.
As indicated in Section 10.1, there is an important role for the Ready-Mixed Concrete Associations in the
education process. Given that much of the world is successfully using large SCM replacements of cement
in concrete, it would be constructive if the Ready-Mixed Concrete Associations in Canada were proactive
in implementing sustainable concrete in this country. They have indicated their interest in doing so.
10.4 Fly Ash Producers
Although not demonstrated to date, the FA producers could be proactive in establishing effective QC
procedures. They have the ability internally to provide a more comprehensive assessment of their FA
quality and uniformity. They could also sponsor related research on new or improved test methods.
10.5 Contractors
This Study has determined that there is no risk to the contractors that cannot be managed with today’s
technology. For the more sophisticated contractors, the process has already been developed. Others
would benefit from the Guidelines that EcoSmart will be producing.
10.6 Designers
It is necessary to educate designers so that they specify reasonable requirements for sustainable concrete.
Currently there are a number of designers who have this ability but many who do not. This can be
rectified by guide specifications in the EcoSmart Guidelines.
21

Malhotra and Mehta {6} state that “Typically, the pozzolanic activity of a fly ash is proportional to the amount of
particles under 10um, whereas particles larger than 45 µm show a little or no pozzolanic property.”
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10.7 Stakeholders Generally – Quality Management
Those interviewed and those on the Review Panel made a strong case for the development of a new
approach to QC of ECS (see Section 9.0). Such an approach would be a total quality management system,
presumably patterned on ISO 9001. In the ISO system, all stakeholders have a voice and have input in
the process. If properly developed, this QMS would supplant the current prescriptive specification
approach.
It is recommended that the stakeholder industry get together to develop the QMS. The venue for such a
development would logically be CSA, who have considerable knowledge of the mechanics of quality
management. CSA would require a commitment from industry to both fund the development of the QMS
(it may come out initially as a “guideline”), and to subsequently implement it. A certification process is
possible.
Leadership, and the bulk of the funding, would logically come from the FA producers, perhaps through
CIRCA. This would be a demonstration by the producers that they are truly committed to the quality
management of their product.

11.0 Discussion
Following is a discussion of the approach that was used to develop the above recommendations.
•

There needs to be more education of the industry on the management of the differences between
ECS and conventional concrete. Both EcoSmart and the industry can contribute to raising this
awareness. Part of this process is already planned. The ready-mixed concrete producers, as an
industry, should decide if they want to be part of the problem or the solution. Some members are
already major contributors to the solution.

•

For the QC of ECS, the approach should be an expansion of concept in the proposed CSA A23.1,
Clause 8.8, in which special and conservative requirements for the concrete are introduced.
These will simply be extensions of the current requirements and will not be difficult to
implement.

•

The needs of the ready-mixed concrete producers are fundamentally uniformity and high strength
potential from the FA, as discussed in Section 4.2. Uniformity can be achieved by introducing
appropriate requirements in the Standard. In the Author’s opinion, this is a critical component.
Similar requirements exist elsewhere. What this Study has failed to do is identify an existing test
procedure – the “silver bullet” – that would effectively monitor strength potential. There is still a
risk that FA could be produced meeting Standards, including the revisions to Standards suggested
here, and would not provide adequate strength potential. Such a test will have to be developed,
but fortunately a base already exists in the internal QC by some of the marketers.

This Study identifies a number of changes that will be necessary to abate the risk to the ready-mixed
concrete producer. The question that has to be asked is whether they will be sufficient to bring that risk to
a manageable level? These changes will not be sufficient if the industry does not support their
implementation. Changes to CSA A23.1 are a positive step in that direction.
The key to developing the quality management system described in Section 10.7 is leadership by the FA
producers. This requires that they both recognize the value of their product to sustainability and the
impact of variations on the ready-mixed concrete industry’s product.
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Readers should appreciate that ECS discussed here is not a new technology. It has been an element of
many projects, including the EcoSmart case studies {2}. For the most part, these projects were
“engineered” as described in Section 4.2.1. Similar practices should be applied to the development of
ECS in the market. With variations these practices should include:
•

Hold pre-work meetings with all stakeholders to encourage co-operation and explain differences
in the concrete. Assure that responsibilities are understood.

•

Prepare mixture proportions that take advantage of the positive features of ECS.

•

Do pre-qualification trial mixes as required by the proposed CSA A23.1. Assure compatibility of
the proposed materials.

•

Do “orientation” pours with the initial project concrete – involve the placing and finishing crews.

•

Increase testing for the initial work. Communicate results to the ready-mixed concrete producer.

•

Cure the concrete.

•

Recognize the contributions of the stakeholders at the end of the work.

Eventually, the market will mature as has happened with other new concrete technologies, such as
superplasticizers and High Performance Concrete.
Thought was given to recommending either that ECS should not be used in low strength concrete or that a
minimum total cementing materials content for ECS should be required irrespective of the design
strength. These are options, but the recommendations of “…don’t use without proper QC…” is advanced
as an alternate approach in this Study.
It is interesting to note that the use of SCMs, including FA, in blended cement produced at a cement plant
solves the concern of industry that “…cement is manufactured, FA is not…” by applying cement
production QC to the product.
It is the position of the Author that ECS should not be considered for use with poor and non-compliant
concreting practices. Rather, ECS should be developed to improve the standard of concrete construction.

12.0 Costs
Industry was understandably reluctant to provide cost information because they are of a commercial
nature. Some costs available to the Author are recorded in the text. For examples, see Section 4.1.4.
Implementation of the recommendations made in this study will obviously increase the cost of QC of both
the FA itself and the concrete produced from it. However, to compensate for at least some of that, the
market for FA will increase, and the risk will decrease. These increases are not expected to be large, and
if they reduce risk, as is expected, perhaps there will be cost savings.
The Review Panel cautioned that it is the total cost to all stakeholders that must be assessed. A
Contractor on the Panel counseled that it is too early in the evolution of, and comfort with ECS to provide
costs. When ECS becomes mainstream, market-based pricing will become competitive.
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Appendix A: Methodology of Risk Abatement Study
Excerpt from:

Review of Fly Ash Quality Requirements
and Control of EcoSmart™ Concrete Quality
– Risk Abatement
Report Outline – Draft

4. Methodology
4.1
•
•
•
•
•

Identify the source of concerns that lead to this study
Analyze the current standards, their application, and construction practices
Identify shortcomings of current standards and practices in ensuring the highest quality of fly ash
concrete
Recommend solutions to overcoming these shortcomings
Utilize the following resources (information and people’s experiences) and process (consultation
and collaboration) (see also Organisational Chart):

4.2
•
•
•
•
•
•
•
•

•
•

General

Detailed

Review the traditional usage levels of FA and current leading edge usage levels as targeted by
EcoSmart. Compare FA usage levels for which Standards exist with traditional and current usage
levels.
Investigate technical facts of the 1986 Ontario Basements Case in the context of standards and
construction practices “of the day”. Review Case files and literature, and interview experts.
Compare the Ontario Case with other cases in this timeframe and with recent cases.
Review the context of current Standards for Portland cement, FA, concrete, and construction
practices. Determine to what level of cement replacement by SCM the current controls are
appropriate.
Define current FA QC as required by Standards, and as practiced by the FA suppliers. Compare
the approach to QC for FA with those for cement. Include an assessment of the frequency of QC
testing for both FA and cement.
Define the uniformity of Portland cement and FA as currently supplied to the market.
Define to what level typical Portland cement and FA properties currently exceed Standards.
Compare industry standards to required Standards.
Define current QC of concrete and construction practices, as required by Standards and as
practiced by industry.
Indicate the relevance and appropriateness of the various QC procedures to the production of
quality concrete, and in particular, of quality EcoSmart concrete. Consider the influence of
Standards and of the quality of cementing materials and construction practices. Determine if the
current Standards are sufficiently stringent.
Determine if there is a gap between what the users (typically ready-mixed concrete suppliers but
also precast, dry-bag and other users) would like and what is available in terms of QC data from
the supplier.
Define the critical quality parameters necessary to assure uniformity of performance of concrete
containing FA in the field. Extend this to include EcoSmart concrete.
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•
•
•
•

Define which construction practices are influenced the most by the quality of fly ash and
concrete.
Review the cost of current QC measures, and compare with the cost of insufficient QC measures.
Estimate the cost of additional QC measures required to mitigate risk and potential liability.
Recommend what additional testing and/or standards are required to advance the user’s
confidence in the quality of FA and reduce risks and liability.
Consult with Standards organizations (CSA, ASTM, ACI, etc.) to determine the process and need
for changing current standards.

4.3

Process

4.3.1

Research and Data Collection

4.3.1.1
Lafarge Files
• Examine technical data in the Lafarge files regarding the 1986 Ontario Basements Case
• Consider quality control procedures, quality of fly ash used, quality of construction
methods
4.3.1.2
CANMET
• Examine procedures used at CANMET
4.3.1.3

4.3.2

Literature

Consultation with Experts

• Consult Portland cement/fly ash/cement/concrete industry to determine the procedures
quality control currently follows for both fly ash (compared with Portland cement) and
concrete production
4.3.2.1 Consultation with Standards Organizations
• Consult CSA, ASTM, ACI, etc. to determine the process of changing standards such that
the recommendations made in the study are in sink with the standards development
process, and that these recommendations to amend standards will be implemented
• Consult the standards organizations to determine the history and rationale of the
development of the current standards

4.3.3
•

Progress Meetings

Incorporate input from various stakeholders, including EcoSmart Steering Committee,
cement/concrete industry, fly ash producers, standards organizations, and the design
community (engineers and architects), that will be discussed during regularly scheduled
progress meetings
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Appendix B: EcoSmart Interface with Industry
B-1.
B-2.
B-3.
B-4.

CSA A23.1 – Public Review Comment on Draft Standard
CSA A3001 – Recommendations for 2003 Edition
Interview Questions to Industry Associations
Excerpt from APRMCA Newsletter
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504 – 999 Canada Place, Vancouver, BC, Canada V6C 3E1

Tel: (604) 775-6217

Fax: (604) 666-8123

Email: information@ecosmart.ca

Ms. Cecilia Vega
Canadian Standards Association
5060 Spectrum Way, Suite 100
Mississauga, Ontario, L4W 5N6
Submitted by Email: cecilia.vega@csa.ca
January 7, 2004
Dear Ms. Vega:
RE:

EcoSmart Public Review Comment on the Draft Standard A23.1

EcoSmart is pleased to submit the following comments to the Canadian Standards Association regarding
the current Draft Standard A23.1.
In line with EcoSmart’s objective to minimize the greenhouse gas (GHG) signature of concrete by
optimising the replacement of Portland cement with supplementary cementing materials (SCM), we
would like to express our support for the CSA in developing a Standard on concrete made with a highvolume of supplementary cementing materials (HVSCM) in Clause 8.8. The following comments are
based on the experience gained by EcoSmart through numerous case studies, applied research studies, and
collaboration with industry to resolve some of the potential problems with using HVSCM concrete.
Clause 8.8.1.3 – Exposure to Deicing Salts and Freezing and Thawing
The proposed Clause 8.8.1.3 does not limit the SCM content that is acceptable for Exposure Classes CXL, C1 and C2 (Table 1), as recommended by NRCan/CANMET, or as discussed in Annex XXX.
NRCan/CANMET recommends limiting the use of fly ash to 25% for flatwork concrete exposed to
deicing salts and freezing and thawing. Annex XXX indicates that a review of published results points to
30% fly ash level being an acceptable limit for scaling resistance. However, since Annexes are not
mandatory parts of the Standard, the discussion in Annex XXX does not actually limit the FA content in
the Standard for these Exposure Classes. EcoSmart is not aware of a limit for slag use under these
conditions, although is aware that there may be similar scaling resistance issues. Therefore, we propose
adding the following to Clause 8.8.1.3:
“…and if the concrete is a flatwork that is also exposed to chlorides (i.e., Classes C-XL, C1, and C2 in
Table 1), the fly ash content shall be limited to 25% in the interest of reducing the risk of scaling.”
Furthermore, the reduction of the maximum water to cementing materials ratio of the concrete by 0.05 for
HVSCM-1 is presumably related to higher susceptibility to scaling and greater sensitivity to proper curing
of HVSCM concrete mixes. With de-icing salt scaling, for example, being potentially a problem at fly
ash replacement levels above 25-30%, we suggest that the W/CM reduction be extended to HVSCM-2.
Clause 8.8.1.4 – Requirements for Reinforced Concrete
The latter half of Clause 8.8.1.4 should read:
“…shall not be greater than 0.40 for HVSCM-1 concrete and not greater than 0.45 for HVSCM-2
concrete.”
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Table 5 – Alternative Methods for Specifying Concrete
EcoSmart supports simplifying the Standard, and clarifying the roles and responsibilities for specifying,
supplying, placing, finishing, and curing the concrete (Table 5), thus, working towards mitigating the risk
of producing poor quality concrete. We suggest a couple of improvements to assist the implementation of
the proposed changes.
While industry certification programs are one way to increase the quality control on concrete, none of the
existing industry certification programs as listed in the Note to Table 5 are designed to ensure adequate
supplier knowledge of less conventional concretes, such as High Performance Concrete – Clause 8.2, Self
Consolidating Concrete – Clause 8.6, and Concrete Made with a High Volume of Supplementary
Cementing Materials – Clause 8.8. With the proposed changes to the Performance Method of specifying
concrete, particularly with respect to the type of information that the supplier shall provide (e.g.,
certification of compliance with performance criteria specified), the supplier certification programs must
be adequately designed to cover the less conventional concretes. Therefore, we propose that the Note to
Table 5 specifically request this type of certification, with the following (or similar) wording:
“When requesting High Performance Concrete – Clause 8.2, Self Consolidating Concrete – Clause 8.6,
or Concrete Made with a High Volume of Supplementary Cementing Materials – Clause 8.8, the Owner
may accept concrete industry certification programs that are specifically designed to ensure adequate
knowledge of the supplier to design, produce and deliver these types of concrete.”
Table 5 and Annex XX – What is Performance?
We suggest that the Standard needs to include a definition of environmental/sustainability performance of
concrete, particularly as it relates to the production of concrete (i.e., choice of materials, design of
concrete mixtures, and construction practices). How does the Standard capture the performance criteria
of reduced GHG emissions, for example? The one “measurable term” (p. 178) for GHG emissions
reduction is the cement content of a concrete mixture, however, the performance-based alternative to
specifying concrete does not allow the Owner to specify and independently verify this. Annex XX, which
serves as a guide for facilitating the performance approach, does not define a measurable term for the
performance of concrete in terms of GHG emissions – an increasingly important performance
characteristic of concrete to the Owner. To verify that this performance criteria is met, the concrete
supplier would have to either provide the concrete mix designs, that include the cement content, or in
some other way be able to verify the GHG signature of the concrete. The latter would require a GHG
labelling program for concrete.
With the rapid induction of the LEED™ system in Canada for rating the environmental performance of
buildings, and with an increasing number of building projects requiring LEED certification, there is also a
growing need for verification of the GHG signature and the recycled content of concrete. Without a
provision for documentation of these quantities, there is a danger that the concrete industry may lose
some of its market share to the steel industry, which readily provides this information for steel. We
propose inserting the following definition as item (f) under Hardened State section on page 179 (note: it is
being proposed that this item be inserted as item (f) in keeping with the order of performance parameters
listed in item (c) of Table 5, of the criteria that the Owner shall specify using the Performance Method):
“(f) Sustainability aspect in terms of the greenhouse gas (GHG) signature, recycled material content of
concrete, and longevity (i.e., limitations, such as the minimum and/or maximum, on the embodied GHG
emissions, recycled material content, and service life); this includes choice of materials, design of
concrete mixtures, and construction practices.”
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Annex XX – Roles and Responsibilities
In the section on Concrete Supplier, we suggest adding the following:
“Nothing in this Standard exempts the concrete supplier from proving the mix designs and information on
concrete ingredients, if this information is required by the Owner or the Design Authority as verification
that the performance requirements have been met.”
Annex XX – Selecting an Alternative
We suggest that non-certified, ISO-like programs are not effective in achieving the required quality of
concrete, because certification and regular auditing by a certified third party is an integral part of the
system. If an ISO approach is used, then ISO certification should be required.
Annex XXX – Explanation of Clause 8.7.1 – General (NOTE: Clause numbering to be corrected.)
We suggests including a reference to the field implementation work done with HVSCM concrete via the
EcoSmart Project, and propose adding the following wording to the first paragraph, following the
Malhotra and Mehta reference:
“The EcoSmart Project, supported by the Federal Government of Canada, has produced more than a
dozen case studies where HVSCM concrete has been used on actual construction projects. [EcoSmart
Project, www.ecosmart.ca.]”
Also in this paragraph, the reference to LEED™ in the statement “However, there has recently been
increased economic and environmental incentives (e.g. LEED™) to use these materials, especially fly
ash…at higher levels…” is not entirely true, since the current LEED™ system actually does not give any
incentive to use SCM at any level. Presently, a proposal developed by EcoSmart to include such an
incentive is in the process of being accepted by the Canada and the US Green Building Councils, and the
reference to LEED™ in this statement should not be included until the EcoSmart proposal is actually
accepted and incorporated into LEED™.
Annex XXX – Explanation of Clause 8.7.5 Trial Mixes
Item (c) under the “HVSCM mixtures, if optimized, will:” phrase needs to be qualified, in that the total
CM content needs to be increased ONLY if high early strength is required, or if equivalent strength is
required at 28 days. If the early strength is not an issue, and the strength acceptance age is increased to 56
or 90 days, then total CM content can remain the same, or can be lowered. We propose the following
alternate wording for item (c):
“(c) A higher total mass of cementing materials than the comparable plain Hydraulic cement mixture for
a particular strength up to the strength acceptance age of 28 days. For strength acceptance age longer
than 28 days, for example, 56 or 90 days, HVSCM mixtures may have a total mass of cementing materials
equivalent or lower than the comparable plain Hydraulic cement mixture for a particular strength.”
In the last paragraph of the Trial Mixes Section, we propose revising the statement “In general mixes
should be proportional to achieve the original setting times and early strengths required” to:
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“In general, mixes should be proportioned to achieve the setting times and strengths required for a
particular application, i.e., applications may require high early strength, or may require high ultimate
strengths without necessarily requiring high early strengths.”
Also in the last paragraph of this section, the issue of required high early strengths may be addressed in
several ways where HVSCM is being used. We propose revising the statement “For mixes where a early
strength is required, HVSCM may not be appropriate” to:
“When properly proportioned and cured, HVSCM concrete can be made to achieve sufficient early
strengths. For instance, a lower W/CM with appropriate curing, or specifying a higher ultimate strength
(e.g., 40 MPa instead of 35 MPa) may result in sufficient early strengths.”
Annex XXX – Explanation of Clause 8.7.6 (Curing Requirements)
We suggest adding the following after the first paragraph:
“One tool that the Owner may find useful, which has been successfully used by others, is to require that
the curing process be a separate cost item in the contract, in order to assure that the Contractor is aware
of the critical nature of the curing. This tool applies equally well to all concrete of the critical exposure
Classes C, F, A and S.”
EcoSmart would appreciate a response to how the CSA plans to address the issues raised above. We
would be pleased to provide additional information, if required.
Thank you for considering our input.
Sincerely,

Michel de Spot, P.Eng.
EcoSmart Chair
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504 – 999 Canada Place, Vancouver, BC, Canada V6C 3E1

Tel: (604) 775-6217

Fax: (604) 666-8123

Email: information@ecosmart.ca

Benoit Fournier
Chair, CSA Committee A3000
Email: bfournie@nrcan.gc.ca
CC: Mike Thomas
Chair, CSA A3000 Task Group on Fly Ash
Email: mdat@unb.ca
CC: Doug Hooton
Chair, CSA A3000 Sub-Committee on SCM
Email: d.hooton@utoronto.ca
November 7, 2003
Dear Benoit:
Re: Direction of CSA A3001.3 With Regard to Requirements for Fly Ash as an SCM
You are aware that EcoSmart has been reviewing the requirements of the new A3001.3 with regard to its
impact on, and relevance to the use of higher volumes of fly ash replacement for cement in concrete. In
view of the upcoming A3000 planning meeting, EcoSmart wishes to share the following thoughts with
your Committee with the intent of determining your interest in the items below and possibly receiving
from A3000 direction on how you wish to proceed on some or all of those items.
The EcoSmart activity here arises from our Risk Abatement Study (RAS) – see below. This Study is not
complete, but there is sufficient information on some items such that we can share these comments and
suggestions with the Committee. This is intended as an opportunity to both open dialogue between
EcoSmart and A3000 and identify those requirements for fly ash in the Standard that require further
consideration, rather than as an in-depth submission.
The EcoSmart Steering Committee has reviewed the above outline. One Member asked for greater
emphasis on determination of the glass phases in the fly ash. He also points out that "The industry still
cannot measure the variables leading to an understanding of strength gain characteristics. We know for
example, when comparing fly ashes with similar chemistry and Pozzolanic Activity Index, there may be
significantly different performances at high cement replacement percentages, when measuring 56 day
strength in concrete." The RAS will need to address these along with the other industry concerns raised
to EcoSmart thus far.
Phil Seabrook, Director of RAS, expects to be in Toronto on Nov. 14 and would be prepared to
participate in discussions if you considered that appropriate.
The EcoSmart RAS
This Study was developed from a submission to EcoSmart from the fly ash user community, particularly
the ready-mixed concrete producers, that the use of the higher amounts of cement replacements with fly
ash results in increased risk to the producer. They were comfortable that the existing CSA Standards
were appropriate for the conventional replacement levels in the order of 25%, but were of the opinion that
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they would not be adequate for the replacement levels advocated by EcoSmart. In addition, the nature of
the resulting risk could not be well defined.
The Terms of Reference for the Study is attached.
The portion of the Study related to the A3000 Standard has taken the form of:
• a review of the new A3001;
• consideration of the approach in Standards from other countries; and
• interviews with fly ash producers, marketers, and ready-mixed concrete producers and users.
It is expected that the results of the Study will produce, amongst other things, recommendations for
changes to quality control procedures to reduce the risk. These procedures will apply to:
• fly ash as a product;
• ready-mixed concrete; and
• construction practices.
The industry feels that the “specifier” should also be added to the list although not in the form of QC.
Some of this has already been addressed in the draft clauses of 27.7 in A23.1. For purposes here, the first
bullet above is of primary interest.
Review of A3000.1
If one were to specify (as is commonly done) that “…fly ash shall meet CSA A3001…”, one would be
assured that it would have been tested for:
• chemically – LOI and SO3;
• physically – 45um and autoclave expansion;
at the frequencies in A3004.A1. One could also specify the Optional tests, although that is seldom done.
Is required that the fly ash supplier “...shall ensure that the product complies…”; however, the process for
that is not defined. One could request a test certificate, which the supplier has to provide within 8 weeks,
and we believe that many users receive these certificates. Interestingly, some certificates that have been
made available to us do not comply with the Standard with regard to product identification – see 5.5 and
5.8 of A3004-A1.
From a quality perspective, the above tests have little to do with the performance of the fly ash in concrete
as required by the user as discussed below. Some protection with regard to durability is afforded.
Obviously the Optional requirements are necessary to get meaningful data on the product’s potential
performance in concrete. Fortunately, most fly ash producers do some of the Optional tests.
If the SO3 exceeds 5.0%, the sulphate expansion test is required, but that is conducted at only a 20% fly
ash replacement level.
The only requirement for uniformity is the Optional Uniformity of Air Entraining Admixture test.
Annex D presents an excellent outline of the process to qualify alternative cementing materials. The
obvious question is: why would this not be applied also to new fly ash sources (such as those without 5
years of field performance)?
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Preliminary Study Findings
1] Nature of the risk
The ready-mixed concrete producers have had difficulty defining details of the risk that they perceive,
except to say that their liability for the quality of the concrete is increased with the higher replacement
levels. However, it was determined that there was a legitimate concern that specifiers would ask for high
fly ash replacements in areas of Canada in which the quality of the fly ash available was not appropriate.
The statement is made by some that, while cement is a manufactured product, fly ash is a by-product.
Related to that is a major difference in quality requirements between cement and fly ash. The use of
blended cement obviously solves this concern.
There is a statistical increase in the variation of a particular mix corresponding to the variation of an
additional material (high volumes of fly ash here). In cases where the fly ash has larger LOI values, there
is a risk of negative impact on air entrainment if the LOI fluctuates.
Finally there is the possibility of fly ash being supplied that just meets the minimum requirements of a
particular property in A3001, while the common practice performance of that property is much higher.
Reductions in the performance of the user’s traditional mixture proportions could then result. The major
property of concern here is strength, which is (indirectly) assessed by the PAI.
2] Review of Standards for Fly Ash from Other Countries
2.1 India
The Indian Standard requires extensive chemical testing – (Fe2O3 +SiO2+ Al2O3), MgO, SO3, and SiO2
separately, as well as LOI. They also have a test for alkali for use in cases where ASR is a risk. Physical
testing includes Blaine fineness, PA lime and cement, drying shrinkage and autoclave expansion.
The product is “certified” by the manufacturer. Although it is not defined in their Standard, we are
advised that the government requires a prequalification program, a 6-month uniformity evaluation, and
Certificate of Compliance with the Standard from an independent tester (the Government) to accompany
each shipment.
2.2 Australia
Australia has dropped the need for the autoclave expansion test because their fly ash has no periclase –
this illustrates the process of adapting a Standard to the realities of the material. They also recognize the
need to use a base form of cement in the tests that require cement. There are no uniformity requirements.
Test frequencies are more time-based than based on the rate of production.
They have a process for permitting alternative test methods.
Australia permits 3 types of fly ash, fine, medium and coarse; the “medium” is closest to A3001
requirements.
The properties that are “reportable” are the usual LOI + 45um+ SO3, and:
• alkali content;
• relative density;
• water demand;
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•
•

relative strength; and
chloride ion content.

Certification of quality can be made in two modes – a 3rd party Certificate, or internal testing by the
producer operating under an audited and registered QM program. A Standard form of test certificate is
provided.
2.3 European Union
The EN 197-2, “Conformity Evaluation” is a complex QM process defining the roles of the manufacturer
and the third party certification. There is an option to sell fly ash as a certified product (by 3rd party), or
non-certified in which the ready-mixed concrete operator is required to conduct qualification tests.
They presently have a maximum 33% fly ash if used as an added material; if used in blended cement, you
cannot count it as “K” factor (durability). A maximum 10% CaO is specified.
2.4 Japan
Japan recognizes 4 Types of fly ash; of these, only Type I and II would be of interest here. Their
Standard, JSA 6201, requires the testing of:
• SiO2;
• LOI;
• fineness by 45um or Blaine – uniformity limits are provided for fineness;
• flow;
• relative density; and
• PA with cement.
Reporting of results is via a certificate from the Manufacturer, which accompanies the shipment. All test
properties are to be included in the certificate.
2.5 United States
As your Committee knows, ASTM C618 is similar to A3001, but there are these interesting differences:
• the invitation to add the Optional requirements is emphasized in the text;
• mandatory chemical requirements include the {SiO2 + Al2O3 + Fe2O3}; there is no optional
test for sulphate if SO3 >5%;
• mandatory physical requirements, including PA with cement and uniformity controls based
on the density and fineness parameters;
• Optional physical requirements include an LOI X 45um factor, alkali content for ASR
exposure, and sulphate resistance where appropriate;
• recognition, at least in the autoclave expansion test, that the % replacement of fly ash for
cement, in the particular concrete, being considered must be addressed in the test specimens.
It is EcoSmart’s judgement that C618 is more focussed on the use of the fly ash in concrete than A3001.
What is not clear in C618 is how the specific exposure determinations, for example sulphate, are
controlled in the purchase of fly ash by the ready-mixed concrete user from the producer.
We are advised that the limit on alkali that was previously present in C618 was removed because the test
was found to be meaningless.
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3] Test Methods In Use
Ecosmart has identified the following tests that are being used elsewhere. We acknowledge that some are
more research oriented and are not suitable for quality control or a Standard.
Test
Methyleneblue
Absorption
Blaine Fineness

Glass Phases
Foam Index

Concrete Mix Test
Packing density
BTE
XRD

Water Demand

Function
Analysis for carbon
Measures surface area of
particles
Assesses reactive component
of the ash
Subjective measurement of
amount of air-entraining agent
needed
In use by some users who have
developed their own standards
Indirect measure of fineness
Total surface of ash particles
Complete chemical spectrum
including trace elements

Assesses the efficiency of the
fly ash in terms of improving
rheology of a (mortar) mix

Comments
Appears to sort activated carbon from
other forms.
Equipment readily available and in
common use for fly ash by some. Much
better than the single point 45um.
Only suitable for base classification.
No standard available but used by some fly
ash producers.
Addresses a fundamental requirement – see
above.
Expensive equipment.
In use by some fly ash producers. May be
hard to define significance, if any, of the
trace elements. Some of this may become
necessary for environmental compliance.
Essential requirement for HVFA concrete.
Without the reduction, you do not have
efficient HVFA concrete.

4] Items for A3000’s Consideration
4.1 Uniformity
It appears obvious that a control on uniformity is required. The problem is deciding what properties can
be realistically assessed in this way and how that information would be of value to the ready-mixed
concrete user. Cement strength uniformity is assessed in 4.6.3 of A3001, and ASTM C1415 provides an
approach. Fineness and carbon content (not necessarily LOI) are possible choices but that leaves the
critical matter of strength potential.
4.2 Chemical Properties
A more meaningful test for carbon is required – some options are in 4] above. XRD appears to be an
obvious choice. Many users are switching to “autocontrol” as a chemical test option. See more in 5.6.
4.3 Timing of Tests
It is recognized that fly ash is often in concrete before some of the tests are completed. EcoSmart is
aware of cases where the only post-delivery tests completed are LOI and 45um. This does not appear to
protect the user. In countries where a certificate is required, this would not happen.
4.4 Tests in Concrete
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There is a need to develop a meaningful strength test in concrete as indicated in 4] above. Technology
and experience are available to create such a test. A “standard” cement is required.
4.5 % Fly Ash in Test Sample Preparation
Where appropriate, the % replacement should match the level of intended use. Admittedly, there are
logistics problems here.
4.6 Carbon Content
Consideration should be given to a test to replace or supplement LOI that would identify those carbon
forms that are significant in terms of use in concrete generally, and air entrainment specifically.
4.7 Alkali Content
It is clear that there needs to be a control on the total alkali content. Unfortunately, this is complicated by
the fact that it is the sum (not necessarily the arithmetic sum) of the alkali + sulphate content that is
important. We have not been able to define the required limits for this parameter except in a very general
way. Additional research is needed.
4.8 Reporting
Consideration would have to be given to expanded reporting requirements by the fly ash producer. There
is also the matter of timing / availability of the test results given that much of the fly ash used is in the
forms before the test results are available. The question arising is: what properties need to be tested to be
assured of no major negative impacts of the fly ash on concrete quality?
Possibly, a prequalification durability test could be defined in cases where the SO3 + soluble alkali is
greater than some level.
Thank you for considering EcoSmart’s suggestions. We recognize that there is a need to define the
problem that one is attempting to solve before making changes for change’s sake.
We look forward to your direction.
Regards,

Michel de Spot, P.Eng.
Chair, EcoSmart™ Concrete Project

CC:

Phil Seabrook, P.Eng., Phiz Engineering Ltd.

Attachments
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504 – 999 Canada Place, Vancouver, BC, Canada V6C 3E1

Tel: (604) 775-6217

Fax: (604) 666-8123

Email: information@ecosmart.ca

September 10, 2003
RE: Study of Risk Abatement in the Use of High Volumes of Fly Ash (HVFA) as Cement Replacements in
Ready-Mix Concrete
Dear _____________:
You will be aware of EcoSmart’s study into risk abatement for HVFA concrete. This study arose from a
submission to EcoSmart™ by the concrete industry, particularly the ready-mixed sector, which identified
increased risks associated with higher volumes of fly ash replacement. Further, industry advised that the
existing CSA Standards, while appropriate for the current conventional replacements of +/- 20%, might
not be suitable for HVFA.
In basic terms, the objective of our study is to:
• Identify the nature of those risks;
• Develop methods to abate the risks.
It is EcoSmart’s intent to both make representation to CSA for changes to the Standards and to publish
guidelines on effective practices for the use of this HVFA concrete. We hope to do so in concert with
industry’s desires as much as possible.
You are probably aware that CSA is considering a new Section to outline increased quality control
procedures for higher volume SCM replacements. EcoSmart supports the direction of that draft but is
concerned that it will not be sufficient for complete risk abatement.
The purpose of this communication is to solicit input from your Association. We will also contact other
Associations and individual ready-mixed producers for input.
Risk can be abated by quality control. We see three components to that control:
1. By the fly ash producer;
2. By the user, in this case the ready-mixed supplier; and
3. At the construction site.
Our focus in this discussion will be on the second point, but we would appreciate any comments on the
other components.
Attached is a list of topics that we wish to discuss. We appreciate that you will not have input on all of
these and that some will not be relevant to your situation. Phil Seabrook is directing this study, and will
call you in a few days to determine how you might provide input. You may choose to reply verbally or in
a written form, or to assign this task to an individual Member who is knowledgeable about HVFA
concrete. Please note, it is EcoSmart’s practice not to identify the source of information provided other
than to say “…. industry advises…”.
On a separate but related matter, we would appreciate being advised as to what requirements there are for
residential concrete in your area. You will be aware that CSA proposes to draw residential concrete back
into A23.1 and we are considering how that will impact the use of SCMs in that concrete.
Thank you for your co-operation.
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Regards,

Michel de Spot, P.Eng.
Chair, EcoSmart™ Concrete Project

Attachment:
EcoSmart RAS Study – Concrete Supply Aspects
Topics for Discussion with Producers
Fly Ash as a Product Supplied
 What QC information does the R/M get from the FA supplier? Do they get technical support?
 What do they do with that information? How is it integrated into their QC?
 What additional information would be useful?
 How do they address FA uniformity?
 Compare the QC on cements with that of FA.
Concrete Mix Designs for HVFA and Related Risk Matters
 What are the mix design adjustments required when HVFA is requested? Do they substitute kg/kg,
and if so, up to what % replacement?
 Up to what level of FA replacement is the industry comfortable with the normal QC system? What
would be required to increase these comfort levels?
 What additional risks accompany the production of HVFA? How might these be prevented or at least
reduced?
QC at the R/M Plant
 What additional testing or other aspects of QC are done if the concrete is HVFA?
Review the Proposed Approach for A23.1
 What is the industry’s reaction?
 What additional measures or requirements would be appropriate from the perspective of QC of the
FA itself, both during R/M production and in the field?
 What problems, if any, will there be in complying with the Standard?
 If CSA goes to the complete performance Standard, what impact will this have on the use of HVFA
concrete?
Reaction from Contractors
 What do the R/M producers hear from the placing and finishing trades when they supply HVFA?

EcoSmart 2004 – Risk Abatement Study

52

Excerpt from APRMCA Newsletter
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Appendix C: Fly Ash Production in Canada
E-1.
E-2.
E-3.
E-4.

Schematic of a Typical Power Plant
Location of Potentially Useable Sources of SCMs for Use in Canada
Fly Ash Mill Certificates
Portland Cement Mill Certificate
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Schematic of a Typical Power Plant
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Location of Potentially Useable Sources of SCMs for Use in Canada

Nanavut

Yukon
Northwest Territories

British
Columbia

Alberta
1

1

2

2

2
Saskatchewan
3

5
2

1 Centralia

1

2

4
2
2 4

2 New York

{Adopted from Bouzoubaâ, N. and Fournier, B. "Current Situation of Supplementary Cementitious
Materials (SCMs) in Canada", CANMET Report MTL 2003-4 (TR), Natural Resources Canada, Ottawa,
April 2003.}
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Fly Ash Mill Certificates
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E-5.

Portland Cement Mill Certificate

EcoSmart 2004 – Risk Abatement Study

60

EcoSmart 2004 – Risk Abatement Study

61

Appendix D: Relevant Sections of the Proposed CSA A23.1 Standard
The following are excerpts from the PUBLIC REVIEW DRAFT 2003 on CSA A23.1 Standard.
Clause 4.1.1.1.5
“4.1.1 Durability Requirements
4.1.1.1.5
When combinations of hydraulic Hydraulic cement and supplementary cementing materials are used, they
shall have been proven, to the satisfaction of the owner, to produce concrete resistant to the exposure
conditions outlined in Clauses 4.1.1.2 to 4.1.1.5.”
Clause 4.1.2.1
“4.1.2. Alternatives for Specifying Concrete
4.1.2.1
The owner shall select the specifying alternative given in Table 5
Note: When specifying concrete, the following items, should be considered:
a) Class of Exposure (W/CM, Air, permeability index) Table 2
b) Minimum Specified Strength at age
c) Intended application
d) Aggregate Properties (size, Special Grading, alkali aggregate reaction) Clause 4.2.3
e) Architectural (colour, finish, appearance) Clause 8.3
f) Sustainable Development (use of SCM)
g) Volume Stability
h) Quality Control Plan
i) Pre-qualification (trial batch, historical data, material conformance)
j) Other”

Clause 4.4
“4.4. Quality Control
4.4.1 General
Responsibilities for concrete quality are contained in Table [5]. Additional guidance is contained in
Annex XX.
4.4.1.1 Owner’s Responsibilities
4.4.1.1.1
Evaluation of concrete quality to ensure performance to the requirements of this Standard shall be the
responsibility of the owner. Unlimited access to the work for purposes of inspection and selection of
samples shall be available to the owner at all times.
4.4.1.1.2
The owner shall be responsible for reviewing all test reports to ensure that the requirements of this
Standard have been met.”

EcoSmart 2004 – Risk Abatement Study

62

Clause 8.8
“8.8 Concrete Made with a High-Volume of Supplementary Cementing Materials (HVSCM)
8.8.1 General
8.8.1.1
High-volume supplementary cementing materials concrete contains a level of SCM above that typically
used for normal construction. Annex XXX contains additional information on HVSCM concretes. For the
purposes of this standard concrete, two categories of HVSCM, 1 and 2, are defined as follows:
HVSCM-1:
HVSCM-2:

FA/40 + S/45 > 1
FA/30 + S/35 > 1

where:
FA = fly ash (Type F, CI or CH) content of the concrete (% mass of total cementing materials)
S = slag content of the concrete (% mass of total cementing materials)
A concrete which meets the definition HVSCM-1 and –2 is deemed to be HVSCM-1
8.8.1.2 Materials
Supplementary cementing materials used in HVSCM shall meet the requirements of CSA A 3001.
8.8.1.3 Requirements for C, F, S, R and A Classes of Exposure
The maximum water-to-cementing materials ratio of the concrete should meet the limits in Table 2, except
when the concrete is exposed to freezing and thawing in which case the values in Table 2 shall be reduced
by 0.05 for HVSCM-1.
Note: For example, for concrete with C-1 exposure, the maximum water-to-cementing materials ratio in
Table 2 is 0.40; for HVSCM-1 concrete this maximum value should be reduced to 0.35.
The minimum 28d compressive strength requirements given in Table 2 shall be specified at 56 days for
HVSCM-1 concrete.
8.8.1.4 Requirements for Reinforced Concrete
For reinforced concrete elements exposed to moisture and air, with depths of cover less than 50 mm, the
water-to-cementing material ratio should not be greater than 0.40 for HVSCM-1 concrete and not greater
than 0.45 for HVSCM-1 concrete.
Note: This requirement is intended to minimize the risk of corrosion of embedded steel due to
carbonation of the concrete cover.
8.8.1.5 Trial Mixes
Laboratory trial mixes, followed by full-size batch tests, shall be made to demonstrate that the materials,
mix formula, and production techniques chosen will produce concrete meeting the requirements for the
job. The following properties, as applicable to the work, shall be evaluated in the trial: workability, air
content, finishability, setting time, temperature development, hardened air-void parameters, strength and
durability. If recent and adequate test data exist, the owner may waive this requirement.
Note: If materials or placing conditions change significantly, further trials may be necessary.
8.8.1.6 Curing Requirements
The curing and protection requirements of Curing Regime 3 shall be implemented for HVSCM-1 and
Curing Regime 2 of Table 20 shall be implemented for HVSCM-2.
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8.8.1.6.1 Basic Curing
Concrete surfaces shall be cured for either 7 d at a minimum temperature of 10ºC or for the time
necessary to attain 40% of the specified compressive strength of the concrete.
Notes:
(1) Concrete strength can be assessed by testing field-cured cylinders or by using nondestructive testing methods as described in
Clause 4.4.
(2) Following the cessation of moist curing, the development of strength continues for a short time, provided that temperature
conditions are favourable. Some strength development will also be reactivated if moist curing is resumed.

8.8.1.6.2 Curing for Durability
Concrete for exposure classifications F-1, C-XL, C-1, C-2, S-1, and S-2,, concrete exposed to abrasion,
and concrete exposed to air pollution in heavy industrial areas as defined in Clause 4.1.1, shall be cured
for 10 d at a minimum temperature of 10ºC and for the time necessary to attain 70% of the specified
compressive strength of the concrete.
Note: At the end of the curing period for concrete of F-1, C-XL, C-1, C-2, S-1 and S-2 classes of exposure, a period of at least
one month of air drying should elapse before the application of de-icing chemicals to the concrete.

8.8.1.6.3 Curing Plan
The contractor shall submit to the owner for approval a plan for curing of the HVSCM concrete,
including:
• the type of curing material to be used;
• how the surface will be kept moist and the quality control requirements for keeping the surface
moist;
• the time of initiation and duration of curing;
• provisions to address potential problems such as high winds, and hot and cold weather; and
• the limitations of access, if any, to the surfaces being cured.”
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Table 5
Table 5
Alternative Methods for Specifying Concrete
(See Clauses 4.1.2.1, 4.1.2.3, 4.2.3.2.2, 5.2.4.3.2, and 8.1.4.)
Alternative
(1) Performance:
When the owner requires the
concrete supplier to assume
responsibility for
performance of the concrete
as delivered and the
contractor to assume
responsibility for the concrete
in-place.

The Owner shall specify
(a) required structural criteria
including Strength at age
(b) required durability criteria
including Class of Exposure
(c) additional criteria for
durability, volume stability,
architectural, sustainability
and any additional Owner
performance, prequalification or verification
criteria
(d) quality management
requirements, (See Annex
xx*)
(e) whether the concrete
supplier shall meet
Certification requirements of
concrete industry certification
programs.(see Note )

The contractor shall
(a) work with the supplier to
establish the concrete mix
properties to meet
performance criteria for
plastic and hardened concrete,
considering Contractor’s
criteria for construction and
placement and Owner’s
performance criteria
(b) submit documentation
demonstrating the Owner's
prequalification performance
requirements have been met,
(c) prepare and implement a
Quality Control Plan to ensure
that the Owner’s performance
criteria will be met, submit
documentation demonstrating
the Owner's performance
requirements have been met,

(2) Prescription:
When the Owner assumes
responsibility for the
concrete.

(a) mix proportions including
the quantities of any or all
materials (admixtures,
aggregates, cementing
materials and water) by mass
per cubic metre of concrete;
(b) the range of air content;
(c) the slump range
(d) use of a Concrete Quality
Plan, if required
(e) other requirements

(a) plan the construction
methods based on Owners’
mix proportions and
parameters
(b) obtain approval from the
Owner for any deviation from
the specified mix design or
parameters
(c) identify to the Owner any
anticipated problems or
deficiencies with the mix
parameters related to
construction

The supplier shall
(a) certify that the plant,
equipment and all materials
to be used in the concrete
comply with the
requirements of this Standard
(b) certify that the mix design
satisfies the requirements of
Clause 4.3.
(c) certify that production
and delivery of concrete will
meet the requirements of
Clause 5.2
(d) certify that the concrete
complies with the
performance criteria
specified
(e) prepare and implement a
Quality Control Plan to
ensure that the contractors
performance requirements
will be met if required
(f) certify that the concrete
supplier meets industry
Certification requirements, if
specified (see Note)
(a) that the plant, equipment,
and all materials to be used
in the concrete comply with
the requirements of this
Standard
(b) that the concrete complies
with the prescriptive criteria
as supplied by the contractor
(c) Identifies to the
contractor any anticipated
problems or deficiencies with
the mix parameters related to
construction

Note: The Owner may accept concrete industry certification programs such as provincial or regional ready mixed concrete
association facility certification programs. (e.g Atlantic Provinces Ready Mixed Concrete Association, BNQ Program – Quebec,
Ready Mixed Concrete Association of Ontario Approved Quality Plan, Audit and Facility Certification program, , Manitoba
Ready Mixed Concrete Association, Saskatchewan Ready Mixed Concrete Association, Alberta Ready Mixed Concrete
Association, British Columbia Ready Mixed Concrete Association). These programs, dealing with materials, material handling,
batching, mixing equipment etc. certify the ability of the supplier to produce concrete as prescribed by each program.
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Appendix E: International and Company Internal QC Requirements
E-1.
E-2.
E-3.
E-4.

New York State Requirements for FA Qualification
Large Contractor’s Internal Quality Control Requirements
JSCE No. 36 – 2000, Chapter 8 – Quality Control and Inspection
AS 3582.1-1998, Appendix A
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New York State Requirements for FA Qualification
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Large Contractor’s Internal Quality Control Requirements
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JSCE No. 36 – 2000, Chapter 8 – Quality Control and Inspection

CHAPTER 8 QUALITY CONTROL AND INSPECTION
8.1 General
In order to ensure the required qualities of concrete containing fly ash, quality control and inspection of
concrete materials and construction methods shall be exercised.
[Commentary]
Since the qualities of concrete containing fly ash vary depending on the type and replacement ratio of fly
ash, placing temperature, and curing methods, quality control of concrete materials and concreting
methods must be adequately exercised with a complete grasp of the properties of concrete to achieve
construction relevant to the purpose of the structure. Inspection is defined as confirmation by the owner or
an entrustee of the inspection that a concrete structure having the required qualities relevant to its purpose
is being constructed under adequate quality control exercised at adequate stages of construction.
8.2 Quality control and inspection of materials
(1)
Quality control and inspection of fly ash shall be exercised in accordance with the
Standard Specification [Construction].
(2) Quality control and inspection of cement, mixing water, aggregate, and admixtures other than fly ash
shall be conducted in accordance with the Standard Specification [Construction].
(3) Should the quality of any material be judged inadequate by the inspection, appropriate measures shall
be taken in accordance with the Standard Specification [Construction].
[Commentary]
Regarding (1): Quality control and inspection of fly ash should be exercised by confirming that the items
specified in JIS A 6201 (Fly ash for use in concrete), i.e., silicon dioxide, moisture content, ignition loss,
density, percentage retained on a 45- µ m sieve, specific surface area, flow value ratio, and activity index,
satisfy the specifications. Quality control and inspection of other items are also recommended when
deemed necessary.
The test method for an activity index to evaluate strength-developing properties requires the replacement
ratio and water-binder ratio to be 25% and 50%, respectively. However, these may widely differ from the
actual proportions. In such a case, direct evaluation of the strength under the relevant conditions may be
recommended depending on the purpose of use.
Since the specific surface area and ignition loss have strong effects on the properties of fresh concrete and
strength development, it is advisable to measure them at shorter intervals as necessary. Tests should be
basically conducted in accordance with JIS A 6201. However, the quality of fly ash may normally be
confirmed by the test report submitted by the manufacturing plant.
In order to produce concrete with constant qualities, the quality of fly ash should be constant. It is
important to confirm not only the fulfillment of the quality requirements for fly ash but also the
narrowness of the fluctuation range of fly ash quality, particularly in a large-scale project involving a
large quantity of concrete.
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Regarding (2): When an air-entraining admixture for use with fly ash is included, tests should be
conducted in accordance with JSCE-D 107. However, its quality may be confirmed by the test report
submitted by the manufacturing plant.
Air-entraining admixtures for use with fly ash may not develop the required performance when used with
admixtures other than those specified or with normal air-entraining admixtures, or when reclaimed water
is used as the mixing water. It is therefore advisable to confirm the performance of the air-entraining
admixture for use with fly ash beforehand using trial mixtures.
Regarding (3): The requirements of the Standard Specification [Construction] should be observed when
exercising quality control and inspection of materials other than fly ash. Also, in case of nonconformity of
any material to be used, the Standard Specification [Construction] should be referred to for remedial
measures.
8.3 Quality control and inspection of construction
(1) Quality control and inspection of production of concrete containing fly ash shall be exercised in
accordance with the Standard Specification [Construction].
(2) Quality control and inspection of concrete containing fly ash shall be exercised in accordance with the
Standard Specification [Construction].
(3) Quality control and inspection of transportation, placing, and curing of concrete containing fly ash
shall be exercised in accordance with the Standard Specification [Construction].
(4) Should concreting be judged inadequate by the inspection, appropriate measures shall be taken in
accordance with the Standard Specification [Construction].
[Commentary]
Regarding (1): Concrete containing fly ash is produced at ready-mixed concrete plants or plants in
construction sites. In either case, the production equipment and processes should be adequately
controlled to ensure the production of concrete with the required qualities, similarly to the case of non-fly
ash concrete. Accordingly, quality control and inspection of the production of concrete containing fly ash
are required to be in accordance with the Standard Specification [Construction].
When concrete containing fly ash is produced, the characteristics imparted by fly ash are intended for the
concrete, with the target performance being established. Accordingly, the attainment of the specified
performance of resulting concrete must be confirmed by adequate control. When mixing concrete, it is
important to confirm if the mixing is sufficient and if the specified quantities of components are mixed.
Since the dispersibility of fly ash during mixing is relatively high, the required mixing time may be set the
same as that of concrete with no fly ash. However, a slightly longer mixing time should be adopted in the
beginning to allow for safety, and then an adequate mixing time should be established after confirming
the quality stability.
Regarding (2): The performance items required for concrete containing fly ash and test methods for such
items are basically the same as those for non-fly ash concrete. The quality control and inspection of
concrete containing fly ash are therefore required as a rule to be in accordance with the Standard
Specification [Construction].
When the replacement ratio of fly ash is established for a special purpose, such as to improve durability or
reduce hydration heat, quality control should be exercised to maintain the specified replacement ratio over
time, and inspection should be made accordingly to check if the intended quality is attained.
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To confirm the uniformity and replacement ratio of fly ash in concrete, the following methods can be
applied: “Simple test method of confirming mixing uniformity of fly ash as a mineral admixture (draft)”
by the National Federation of Ready Mixed Concrete Industry Associations and JSCE-D 503 (Test
method for replacement ratio of fly ash contained as a mineral admixture) (draft).
Though an early compressive strength is normally tested for exercising quality control based on
compressive strength, early strength development of concrete containing fly ash as a mineral admixture is
low, and the test results are strongly affected by fluctuations of the specimen temperature after molding
and curing temperature. It is therefore important to establish the methods of producing and curing
specimens taking account of these points. Several methods of judging concrete strength in a short time
have been proposed. These methods provide the results in 1 hour at the earliest and 2 days at the latest
after taking samples. However, these methods have been developed for non-fly ash concrete. When
applying these methods to quality control of concrete containing fly ash, it is advisable to determine the
correlation between early compressive strength and 28-day compressive strength beforehand or to
conduct a 28-day compression test as well to confirm the attainment of the required qualities.
Regarding (3): Quality control and inspection of transportation, placing, and curing of concrete containing
fly ash may be exercised similarly to the case of concrete with no fly ash. A transportation time is the
time from the beginning of concrete mixing to the end of placing. Its fluctuations cause changes in
workability, resulting in fluctuations of concrete qualities. The transportation time must be within the
specified length, and it is desirable to exercise control to minimize both the transportation time and its
fluctuation. The method and period of curing are critical items to fully develop the properties of concrete
containing fly ash. These items should therefore be adequately established in consideration of the type
and replacement ratio of fly ash and weather conditions, and control should be exercised with care.
Regarding (4): When the concreting is judged inadequate by the inspection, appropriate measures must be
taken in accordance with the Standard Specification [Construction].
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AS 3582.1-1998, Appendix A
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Appendix F: Comparison of QC Requirements for Cement and FA in CSA A3000 and Previous
CSA A23.5 Standards
Current - A3000-03

Current - A3000-03
GU - Portland Cement
Result
Frequency (*)

Property
Chemical Requirements
Loss on ignition, % max.
Insoluble residuals, % max.
Sulphur trioxide (SO3), % max.

Type F - Fly Ash
Result
Frequency (**)

Notes

3.0 1 per 2000 t
1.5 1 per 2000 t

8.0 Daily or 1 per 400 t

3.5 1 per 1000 t

5.0 Monthly or 1 per 3000 t cementing material, when tested in combination with the particular Portland cement

It shall be acceptable to exceed this limit, provided that the supplementary

C3A > 8.0%
(before 2003,
C3A >7.5%)
C3A < 7.5%
(before 2003,
C3A >7.5%)
Magnesium Oxide (MgO), % max.
CaO, %

with which it is to be used, exhibits expansion not in excess of 0.020% at 14 days
when tested in accordance with A3004-C5. In the test mix, 20% of the mass of
Portland cement shall be replaced by an equal mass of supplementary cementing
material, or for Type SF, 10%, or the anticipated maximum field replacement
percentage, whichever is greater.

3.0 1 per 1000 t

5.0 1 per 2000 t
<8 Monthly or 1 per 3000 t For the purpose of classification, the tolerance is ±2% on the CaO limits.

Physical Requirements
Fineness, 45um sieve, % retained
Soundness (autoclave expansion or
contraction), % expansion max.
Setting Time, minutes

28 1 per 2000 t
1.0 1 per 1000 t

34 Daily or 1 per 400 t
0.8 Monthly or 1 per 3000 t

minimum
maximum

45 1 per 1000 t
375 1 per 1000 t

na
na

3-day
7-day
28-day

14.5 1 per 2000 t
20.0 1 per 2000 t
26.5 1 per 2000 t

na
na
na

Uniformity Requirements for Strength
Maximum coefficient of variation, %

8.0 not specified

Compressive Strength, MPa

Accelerated PA Index - 7d, % min. of control
Uniformity Requirements
Density - % max. variation
Retained on 45um sieve, % max. variation
Supplementary Optional Physical Requirements (New
Density

na

-

-

na
Monthly or 1 per 3000 t
75 Monthly or 1 per 3000 t These tests are optional.

Pozzolanic Activity Index - 28d, % min.
of control
Uniformity of air entraining admixture
dosage - % max. variation

20 Monthly or 1 per 3000 t These tests are optional.

Increase of drying shrinkage of mortar
bars, % max.
Reactivity with Cement Alkalies - 14d, %
min.
Control of Expansion due to alkali-silica
reactivity

-

% max. mortar expansion at 14d

na

-

-

-

-

0.1 Every 3 months

These tests are optional.

Uniformity Requirements
Variation of air content, % max.
Moisture Content, % max.
Heat of Hydration, 7d max. kJ/kg
MH (before
2003, Type
20E)
LH (before
2003, type 40E)

-

-3-

These tests are optional.

300.0 1 per 4000 t

300 Every 3 months

275.0 1 per 4000 t

275 Every 3 months

These tests only apply if certifying the product in respect to the parameter so noted.

Sulphate Resistance: Maximum
Expansion, % at 6 months
MS (before
2003, Type
20E)
HS (before
2003, Type
50E)

0.050 1 per 4000 t

0.10 Every 3 months

0.035 1 per 4000 t

0.05 Every 3 months
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Property

Current - A3000-03
GU - Portland Cement
Result
Frequency (*)

Current - A3000-03
Type F - Fly Ash
Result
Frequency (**)

Notes
The user is referred to ACI Manual of Concrete Practice, for fly ash, ACI 232.2R,
Use of Fly Ash in Concrete.

Guidelines for the Use of Supplementary Cementing
Materials in Concrete
New in the Standard Edition

Guide for the Evaluation of Alternative Supplementary Cementing Materials (SCMs)
for Use in Concrete

Testing Frequency
Water Requirement
Air-Entraining Admixture
Requirement
Setting Properties and Strength Development
Curing
Flexural to Compressive Strength Ratio
Drying Shrinkage
Alkali-Aggregate Reactivity
Form Pressures

Durability

Selecting Mix Proportions

Lean Concrete vs. Rich Concrete
Additional Notes:

Additional Notes:

Notes from Preface: In CSA Standard A3000:

Lot = an identifiable quantity of material such as loads in trucks, rail
cars or boats, material in silo storage, or bagged material
(1) No single sample to represent more than 500 tonnes or less than 4
kg
No composite sample shall represent more 2000 tonnes

(*) Either the manufacturer or the purchaser has the right to waive the noted
frequency of testing and to specify an alternative for indicating compliance with
(**) For a source for which less than 6 months of production records are
available, the sampling and testing frequency shall be 100 tonnes or daily,
whichever comes first, for fineness and loss on ignition (fly ash only) and 1000
tonnes or monthly, whichever comes first, for all other tests.

A5, A23.5, and A362 are merged into a single Standard: A3001, Cementitious
Materials for Use in Concrete.
A363, Cementitious Hydraulic Slag, is withdrawn with the publication of this
Standard. with the publication of this Standard, cementitious hydraulic slag is
included by definition as ground granulated blast furnace slag. The requirements for
this product are incorporated in the specifications for supplementary cementing
materials;

(2) Frequencies may be reduced when the source is shown to comply
(2a) Frequencies may be reduced up to 10 times the stated values
when the source is shown to comply
(3) If average is equal to 20%, then allowable variation = 15% to 25%

Guidance is provided for blended hydraulic cements consisting of a Portland
cement and up to three supplementary cementing materials.
A provision has been included for the testing of processing additions when slag, fly
ash, or natural pozzolans are present.
A definition for hydraulic cement has been added; hydraulic cement is defined as
either a Portland cement, a blended hydraulic cement, a mortar cement, or a
masonry cement.
The definition of blended hydraulic cement has been altered to accommodate more
than a single supplementary cementing material.
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Previous - A3000-98
Type 10 - Portland Cement
Result
Frequency (1)

Property
Chemical Requirements
Loss on ignition, % max.
Insoluble residuals, % max.
Sulphur trioxide (SO3), % max.
C3A > 8.0%
(before 2003,
C3A >7.5%)
C3A < 7.5%
(before 2003,
C3A >7.5%)
Magnesium Oxide (MgO), % max.
CaO, %

Previous - A3000-98
Type F - Fly Ash
Result
Frequency (2)

3.0 1 per 1000 t
1.5 1 per 1000 t

8.0 1 per 1000 t

3.5 1 per 500 t

5.0 1 per 1000 t

Notes

It shall be acceptable to exceed this limit, provided that the supplementary cementing
material, when tested in combination with the particular Portland cement with which it is to be
used, exhibits expansion not in excess of 0.020% at 14 days when tested in accordance with
CSA Standard A465.2-C5. In the test mix, 20% of the mass of Portland cement shall be
replaced by an equal mass of supplementary cementing material, or for Type SF, 10%, or the
anticipated maximum field replacement percentage, whichever is greater.

3.0 1 per 500 t

5.0 1 per 1000 t
For the purpose of classification, the tolerance is ±1% on the 8% limit.

<8 1 per 500 t

Physical Requirements
Fineness, 45um sieve, % retained
Soundness (autoclave expansion or
contraction), % expansion max.
Setting Time, minutes

28 1 per 2000 t
1.0 1 per 1000 t

34 1 per 100 t
0.8 1 per 1000 t

minimum
maximum

45 1 per 1000 t
360 1 per 1000 t

na
na

3-day
7-day
28-day

14.5 1 per 2000 t
20.0 1 per 2000 t
26.5 1 per 2000 t

na
na
na

Uniformity Requirements for Strength
Maximum coefficient of variation, %

8.0 not specified

Compressive Strength, MPa

Accelerated PA Index - 7d, % min. of control
Uniformity Requirements
Density - % max. variation
Retained on 45um sieve, % max. variation
Supplementary Optional Physical Requirements (New
Density

na
na

-

1 per 500 t

Pozzolanic Activity Index - 28d, % min.
of control
Uniformity of air entraining admixture
dosage - % max. variation

75 1 per 1000 t
20 1 per 1000 t

When air-entrained concrete is specified, the quantity of air-entraining admixture required to
produce an air content of 18.0 % by volume of mortar shall not vary from the average
established by the 10 preceding tests (or by all preceding tests if fewer than 10).
-

Increase of drying shrinkage of mortar
bars, % max.
Reactivity with Cement Alkalies - 14d, %
min.
Control of Expansion due to alkali-silica
reactivity

-

% max. mortar expansion at 14d

na

0.1 Every 3 months

The accelerated mortar bar test (CSA A23.2-25A ) shall be conducted at the range of mass
replacement levels of the cement by the supplementary cementing material. The minimum
safe replacement level shall be the lowest replacement level where the table limit is satisfied.
The base cement shall be a normal Portland cement meeting the requirements of CSA A23.225A and having an equivalent alkali content of 0.8 to 1.0%. The aggregate, for use in the test,
shall produce a 14-day expansion which exceeds the 0.30% in CSA A23.2-25A. (The Spratt
reactive limestone meets this requirement.) The use of reactive aggregates in concrete is
governed by CSA Standard CAN/CSA-A23.1.
When air-entrained concrete is specified, the quantity of air-entraining admixture required to
produce an air content of 18.0 % by volume of mortar shall not vary from the average
established by the 10 preceding tests (or by all preceding tests if fewer than 10).

Uniformity Requirements
Variation of air content, % max.
Moisture Content, % max.
Heat of Hydration, 7d max. kJ/kg
MH (before
2003, Type
20E)
LH (before
2003, type 40E)

na

20 1 per 1000 t
3-

1 per 4000 t

300 Every 3 months

1 per 4000 t

275 Every 3 months

0.050 1 per 4000 t

0.10 Every 3 months

0.035 1 per 4000 t

0.05 Every 3 months

At the option of the purchaser, these tests shall be performed. The report shall identify the
minimum required percentage mass replacement to meet the required heat of hydration
limits.

Sulphate Resistance: Maximum
Expansion, % at 6 months
MS (before
2003, Type
20E)
HS (before
2003, Type
50E)
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At the option of the purchaser, these tests shall be performed. The test report shall state the
C3A content of the cement, the minimum mass replacement required to meet the expansion
limits, and either the % Al2O3 of the slag or the % CaO of the fly ash (as applicable). If, after
compliance is established, the C3A content of the cement, or the Al2O3 of the slag, or the %
CaO of the fly ash increases by 2.0% or more than that used during compliance testing, then
retesting shall occur to reestablish compliance with this Standard. If the expansion is greater
than 0.05% at 6 months but less than 0.10 % at one year, cement shall be considered to
have passed.
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Property

Previous - A3000-98
Type 10 - Portland Cement
Result
Frequency (1)

Previous - A3000-98
Type F - Fly Ash
Result
Frequency (2)

Notes
The Guidelines from the 1986 version have been deleted. The user is referred to ACI Manual
of Concrete Practice, for fly ash, ACI 232.2R-96, Use of Fly Ash in Concrete.

Guidelines for the Use of Supplementary Cementing
Materials in Concrete
New in the Standard Edition

Testing Frequency
Water Requirement
Air-Entraining Admixture
Requirement
Setting Properties and Strength Development

na

Curing
Flexural to Compressive Strength Ratio
Drying Shrinkage
Alkali-Aggregate Reactivity
Form Pressures

Durability

Selecting Mix Proportions

Lean Concrete vs. Rich Concrete
Additional Notes:

Additional Notes:

Notes from Preface: In CSA Standard A23.5, Supplementary Cementing Materials:

Lot = an identifiable quantity of material such as loads in trucks, rail
cars or boats, material in silo storage, or bagged material
(1) No single sample to represent more than 500 tonnes or less than 4
kg
No composite sample shall represent more 2000 tonnes

(a) language has been added to allow preblending of specific SCMs;

(2) Frequencies may be reduced when the source is shown to comply

(e) a new Appendix A has been added for optional requirements;

(2a) Frequencies may be reduced up to 10 times the stated values
when the source is shown to comply
(3) If average is equal to 20%, then allowable variation = 15% to 25%

(f) the pozzolanic activity index has been harmonized with ASTM C 311 for fly ash and ASTM
C 1240 for silica fume and moved to Appendix A;
(g) the slag activity index has also been moved to Appendix A; and
(h) control of expansion due to alkali-silica reactivity has been changed to reference
CAN/CSA-A23.2-25A.

(b) fly ash has been reclassified based on calcium content, and two subsets of Type C, Type
CI and Type CH, have been added;
(c) the maximum loss on ignition for Type F fly ash has been reduced from 12 % to 8 %;
(d) a new test for tendency to entrap air with the use of silica fume has been added;

Test Method for Detection of Alkali-Silica Reactive Aggregate by the Accelerated Expansion
of Mortar Bars, replacing previous reference to ASTM C 441.
Guidelines for the Use of Supplementary Cementing Materials in Concrete in Appendix B now
references ACI Manual of Concrete Practice for information and guidance.
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Previous - A23.5-M86 R1992
Property

Type F - Fly Ash
Result
Frequency (2)

Chemical Requirements
Loss on ignition, % max.
Insoluble residuals, % max.
Sulphur trioxide (SO3), % max.

Clause

Notes

12.0 1 per Lot or 100 t

C3A > 8.0%
(before 2003,
C3A >7.5%)
C3A < 7.5%
(before 2003,
C3A >7.5%)

5.0 1 per Lot or 1000 t

Magnesium Oxide (MgO), % max.
CaO, %
Physical Requirements
Fineness, 45um sieve, % retained
Soundness (autoclave expansion or
contraction), % expansion max.
Setting Time, minutes

34 1 per Lot or 100 t
0.8 1 per Lot or 1000 t

minimum
maximum
Compressive Strength, MPa
3-day 7-day 28-day

-

Uniformity Requirements for Strength
Maximum coefficient of variation, %
Accelerated PA Index - 7d, % min. of control
Uniformity Requirements
Density - % max. variation
Retained on 45um sieve, % max. variation
Supplementary Optional Physical Requirements (New
Density

68 1 per Lot or 1000 t

Pozzolanic Activity Index - 28d, % min.
of control
Uniformity of air entraining admixture
dosage - % max. variation

75 1 per Lot or 1000 t

55 - (3)

?

Increase of drying shrinkage of mortar
bars, % max.
Reactivity with Cement Alkalies - 14d, %
min.
Control of Expansion due to alkali-silica
reactivity

0.03 1 per Lot or 1000 t
60 1 per Lot or 1000 t

test may be made using any high-alkali cement in accordance with ASTM C311, if the PC to
be used in the work is not known or is available at the time of the test
tests should not be requested unless the material is to be used with an aggregate that is
regarded as deleteriously reactive with alkalies in cement

% max. mortar expansion at 14d
Uniformity Requirements
Variation of air content, % max.
Moisture Content, % max.
Heat of Hydration, 7d max. kJ/kg
MH (before
2003, Type
20E)
LH (before
2003, type 40E)

20 1 per Lot or 100 t
3.0 1 per Lot or 100 t

Sulphate Resistance: Maximum
Expansion, % at 6 months
MS (before
2003, Type
20E)
HS (before
2003, Type
50E)
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Previous - A23.5-M86 R1992
Property

Type F - Fly Ash
Result
Frequency (2)

Clause

Notes

Guidelines for the Use of Supplementary Cementing
Materials in Concrete
New in the Standard Edition
First time requirements and guidelines for silica fume.

Testing Frequency

5.3.3.1 Samples representative of the production of a source shall be taken during each of six

Water Requirement

A4.2.1
A4.2.2
A4.3.1

Air-Entraining Admixture
Requirement
Setting Properties and Strength Development

1 per 1000 t

consecutive months.
Concrete mixes containing FA will normally require less water for a given slump.
Concretes containing some fly ashes will require more water.
Air-entraining admixture required to obtain optimum air content normally increases
appreciably when FA is used (a function of carbon content of FA).

A5.1

Slow strength development may be compensated for by an increase in TCM, an adjustment
in the ratio of SCM to PC, the addition of an accelerating admixture, or modification in curing
conditions.

Flexural to Compressive Strength Ratio

A6.1.4

Drying Shrinkage

A6.3

The ratio of flexural to compressive strength of concrete is not generally affected by the
inclusion of FA.
The effect of SCM (after 28 days moist-curing) on the draying shrinkage of concrete is
generally small. With concrete not containing SCM, it is a function of the water content of the
fresh concrete.

Alkali-Aggregate Reactivity

A6.6.1

Some SCM are effective in controlling alkali-silica reactions, but not alkali-carbonate
reactions.

A6.1.2

Lean concrete benefits more from the use of SCM than rich concrete. The benefits that may
accrue to rich concrete are increased levels of flexural and compressive strengths.

Curing

Form Pressures

Durability

Selecting Mix Proportions

Lean Concrete vs. Rich Concrete
Additional Notes:
Lot = an identifiable quantity of material such as loads in trucks, rail
cars or boats, material in silo storage, or bagged material
(1) No single sample to represent more than 500 tonnes or less than 4
kg
No composite sample shall represent more 2000 tonnes

(2) Frequencies may be reduced when the source is shown to comply
(2a) Frequencies may be reduced up to 10 times the stated values
when the source is shown to comply
(3) If average is equal to 20%, then allowable variation = 15% to 25%
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Previous - A23.5-M82
Type F - Fly Ash
Result
Frequency (2a)

Property
Chemical Requirements
Loss on ignition, % max.
Insoluble residuals, % max.
Sulphur trioxide (SO3), % max.

Clause

Notes

12.0 1 per Lot or 100 t

C3A > 8.0%
(before 2003,
C3A >7.5%)
C3A < 7.5%
(before 2003,
C3A >7.5%)

5.0 1 per Lot or 1000 t

Magnesium Oxide (MgO), % max.
CaO, %
Physical Requirements
Fineness, 45um sieve, % retained
Soundness (autoclave expansion or
contraction), % expansion max.
Setting Time, minutes

34 1 per Lot or 100 t
0.8 1 per Lot or 1000 t

minimum
maximum
Compressive Strength, MPa
3-day 7-day 28-day

-

Uniformity Requirements for Strength
Maximum coefficient of variation, %
Accelerated PA Index - 7d, % min. of control
Uniformity Requirements
Density - % max. variation
Retained on 45um sieve, % max. variation
Supplementary Optional Physical Requirements (New
Density

68 1 per Lot or 1000 t

Pozzolanic Activity Index - 28d, % min.
of control
Uniformity of air entraining admixture
dosage - % max. variation

75 1 per Lot or 1000 t

55 - (3)

?

Increase of drying shrinkage of mortar
bars, % max.
Reactivity with Cement Alkalies - 14d, %
min.
Control of Expansion due to alkali-silica
reactivity

0.03 1 per Lot or 1000 t

test may be made using any high-alkali cement in accordance with ASTM C311, if the PC to
be used in the work is not known or is available at the time of the test

60 1 per Lot or 1000 t

test may be made using any high-alkali cement in accordance with ASTM C311, if the PC to
be used in the work is not known or is available at the time of the test

% max. mortar expansion at 14d
Uniformity Requirements
Variation of air content, % max.
Moisture Content, % max.
Heat of Hydration, 7d max. kJ/kg
MH (before
2003, Type
20E)
LH (before
2003, type 40E)

20 1 per Lot or 100 t
3.0 1 per Lot or 100 t

Sulphate Resistance: Maximum
Expansion, % at 6 months
MS (before
2003, Type
20E)
HS (before
2003, Type
50E)
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Previous - A23.5-M82
Property

Type F - Fly Ash
Result
Frequency (2a)

Notes

Clause

Guidelines for the Use of Supplementary Cementing
Materials in Concrete
New in the Standard Edition
Testing Frequency
B4.2.1
B4.2.2
B4.3.1

Concrete mixes containing FA will normally require less water for a given slump.

B4.6

FA retards the setting time of concrete by an amount that depends on many factors, including
the SCM used, the amount of PC removed, and the concrete and ambient temperatures.

Curing

B5.1

Slow strength development may be compensated for by an increase in TCM, an adjustment in
the ratio of SCM to PC, the addition of an accelerating admixture, or modification in curing
conditions.

Flexural to Compressive Strength Ratio

B6.1.4

The ratio of flexural to compressive strength of concrete is not affected by the inclusion of FA.

Drying Shrinkage

B6.3

The effect of SCM on the draying shrinkage of concrete is generally small. With concrete not
containing SCM, it is a function of the water content of the fresh concrete.

Alkali-Aggregate Reactivity

B6.6.1

Form Pressures

5.2.2

Some SCM are effective in controlling alkali-silica reactions, but not alkali-carbonate
reactions.
Fluid pressure on forms shall be correlated to the capacity and type of placing equipment, the
planned rate of placing concrete, the slump, temperature, cementitious materials and
stiffening characteristics of the concrete (see Clause 19.3.2 in A23.1-M77). The use of SCM
may retard the setting time of concrete resulting in increased lateral pressure on the forms.

Durability

5.3.2

Selecting Mix Proportions

5.3.4.2 When the owner requires the supplier to assume the responsibility for the concrete mix

Water Requirement
Air-Entraining Admixture
Requirement
Setting Properties and Strength Development

Concretes containing some fly ashes will require more water.
Air-entraining admixture required to obtain optimum air content normally increases
appreciably when FA is used (a function of carbon content of FA).

When the CM is a combination of PC and SCM, the compressive strength at 28 days shall be
at least equal to that of PC concrete meeting the requirement of Table 7 of A23.1-M77, for the
conditions of exposure intended. In any case, the w/cm ratio shall not exceed the
requirements of Table 7 of A23.1-M77.
proportions, the supplier shall disclose the use of an SCM, and if requested, the mass of the
SCM.

5.3.4.3 When the owner assumes the responsibility for the mix proportions, the owner shall specify
the SCM, if any, to be used and its content by mass per cubic metre of concrete.

B6.1.2

Lean Concrete vs. Rich Concrete
Additional Notes:

Additional Notes:

Lean concrete benefits more from the use of FA than rich concrete.

A25.3-M82 relies quite heavily on A23.1.

Lot = an identifiable quantity of material such as loads in trucks, rail
cars or boats, material in silo storage, or bagged material
(1) No single sample to represent more than 500 tonnes or less than 4
kg
No composite sample shall represent more 2000 tonnes

(2) Frequencies may be reduced when the source is shown to comply
(2a) Frequencies may be reduced up to 10 times the stated values
when the source is shown to comply
(3) If average is equal to 20%, then allowable variation = 15% to 25%
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Appendix G: Notes from RAS Report Panel Review
Meeting Notes
RAS Panel Review
December 16, 2003
Toronto, Ontario
Attendees
EcoSmart Concrete Project
CANMET
Cement Association of Canada
CIRCA
Contractor (Ellis Don)
Canadian Standards Association (U of T)
Designer (RJC)
EcoSmart Concrete Project
Lafarge
Research (UNB)
Ready-Mixed Concrete Association

Phil Seabrook, Study Director
Benoit Fournier
Richard McGrath
John Flynn
Lloyd Keller
Doug Hooton
Ron Mazza
Maggie Wojtarowicz
Robert Munro
Mike Thomas
John Connely

General Comments:
•
•
•

Keeping interviewee names confidential (to protect their commercial information) does not give
companies the credit they may wish to be given.
More QC does not necessarily = less risk!
“replacement” needs a clearer definition.

What R/M want in FA
Munro (Lafarge)
• Effects on concrete.
• Constructability.
• Strength (ultimate) is not really an issue, neither is high strength potential. The issue is the rate of
strength gain!
Suggestions for Additional Items to be Included in the Report
Connely (CRMCA)
• GHG associated with shipping.
• Cost associated with shipping (esp. over long distances, which is the case in the East).
Definition of EcoSmart
Munro (Lafarge)
• Need to clarify that the definition re: cost refers to total project cost, i.e., “capable of being
implemented at no increase in total project cost”.
• Need to include all GHG impacts of HVFA in concrete, e.g., adding heat in the winter also generates
GHG.
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Cost Implications
Keller (Ellis Don)
• “You get to know what you’re doing [with HVFA concrete]”.
• Implication of “ethical pricing”. Price should include the cost of materials but also the cost associated
with the risk.
• Throughout the report, remove any mention of price in the negative context.
• When the technology becomes mainstream, pricing will become competitive. Currently pricing is not
competitive, and it reflects the level of comfort with a new technology.
Definition of QC
Hooton (U of T)
• Provide a checklist of what constitutes appropriate / sufficient QC, e.g., uniformity of FA, uniformity
of concrete, and how these would be measured.
Acceptance
Connely (CRMCA)
• Once in the provisions for HVFA are include in the NMS, the comfort level increases.
Mazza (RJC)
• Main issue here is familiarity of the project team with this technology.
Sustainable Concrete
Munro (Lafarge)
• Any type of concrete is a sustainable material, because of the operation energy savings implication.
The GHG saved in replacing a portion of cement with fly ash is minimal compared to the GHG
savings associated with the operation energy savings.
Specifications
Munro (Lafarge)
• The Report cannot make “blanket statements.”
• The Report should focus on the “process” of what needs to be done on a project to implement HVFA
concrete, but it is not possible to propose one set of FA percentages across Canada.
Overall Reactions from Panel Members:
Hooton (U of T)
1. Acceptance of HVFA
• Similarity to acceptance of high performance concrete
• Solution: pre-tender construction meetings, trial pours
2. Statements on QC are too general
• Need to develop a check list sheet on what adequate QC actually entails:
• FA consistency
• Concrete consistency
• Designer (specs)
• Contractor (formwork, curing)
3. Other parts of the world (p. 33)
• Need to indicate the risks faced in other parts of the world, e.g., extensive carbonation in Australia
Keller (Ellis Don)
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1. Lack of understanding among users that FA is a component in a SYSTEM
• FA is a component of concrete, where concrete is a part of a building – need to understand how make
the whole system work.
• Need to increase the “comfort level” of project teams, by doing trial pours as the basis for the
concrete mix design. Trial mixes should be done on a “3 point [strength] curve” basis, not as a
cookbook recipe.
2. Concerns over carbonation
Thomas (UNB)
1. Looking for guidelines (not just a description of the problem or current state of the situation)
2. Carbonation
• Low grade of concrete particularly of pour quality is particularly at risk
•

Inadequate curing will lead to carbonation

3. Type of Fly Ash
• There is a lot of references to international; most of this fly ash is primarily from Bituminous coal
• In North America, FA varies from region to region because the type of coal burned varies from region
to region. Therefore, international experience not universally applicable in North America.
Fournier (CANMET)
1. QC Program
• Report needs a clearer definition of what should be included in an adequate QC Program
2. Level of replacement vs. quality
• FA quality does not impact concrete quality at 25% replacement, but it will at >25%
• Data is required in the Report that shows this
3. Responsibility
• Need to identify where the responsibilities for the quality of the concrete lie
4. Report recommendation re: A3000 Review
• Does not agree that A3000 needs a complete review, although some review is necessary
5.
•
•
•

What R/M want
Assurance of strength as required at given age (i.e., stripping strength vs. ultimate strength)
Need to define at what age the “high strength potential” statement is being made
Need to define how one can manage strength development of HVFA concrete

EcoSmart 2004 – Risk Abatement Study

91

Connely (CRMCA)
1. R/M industry is happy that they have been heard
2. Concerns
• Quality
• Constructability
3. Recommendation for future activities
• More would be achieved (in terms of GHG emission reduction) if low volume (e.g., 30%) was used
across Canada instead of HVFA in a small number of projects
4. Need more consultation with CRMCA
• The R/M industry needs time to get familiar with HVFA concrete and get comfortable with using it
• CRMCA supports promotion of HVFA concrete and HPC (high performance concrete), not
“EcoSmart concrete”
• CRMCA is ok with the promotion of “EcoSmart” concepts but not with the concept of “EcoSmart
concrete”, especially when EcoSmart is a trademarked name and makes the concrete sound like a
proprietary product
5. Performance vs. Prescriptive
• Could not define what a performance spec would contain
• Accepts to review EcoSmart’s idea of what performance spec should be, and to comment on what
CRMCA would agree to
McGrath (CAC)
1. Responsibility
• Need to define who is assuming responsibility
• R/M Producer
• Engineer
• Owner
2. Variability of FA
• With the variability of FA across Canada, QC similar to that for PC is needed
3. The notion of requiring more QC implies (perception) that there is more risk
4. Making quality concrete
• There are construction practices aside from materials issues
5. Beneficiation of pour quality FA also requires energy, and thus, increases the GHG
6. Residential concrete = low quality
7. p. 7
• Report should not generalize one contractor’s experience and imply that it applies to all
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Mazza (RJC)
1. Need to define Risk
2.
•
•
•

Constructability Risk (“real” risk for this sector)
Setting time
Getting finishers on site on time
What actually needs to be done on site

3. Recognition of uncertainty in changes
4. Blended cement
• Not aware of use
Munro (Lafarge)
1. The Report tends to greatly oversimplify the issues
2. Strength and uniformity are minor issues and easiest issues to address
3. Construction issues are Major, particularly issues for and with the contractor
4. There is a lack of track record for using HVFA concrete
5. Specifying minimum cement content = prescriptive spec
6. Salt Scaling
• The Report does not address sufficiently the issue of salt scaling
• Guidance is required for how to handle the salt scaling issue in the field
7. Carbonation
• The Report entirely omits the issue of carbonation
• Carbonation is the biggest issue for long-term durability
8. The Report needs to address long-term durability
9. Maturity and Durability
• Need to develop equivalent maturity evaluation for HVFA as there are for conventional concrete,
since maturity of HVFA does not happen at the same time as for conventional concrete
10.
•
•
•

Report comments on CSA
The comments on CSA in the Report are exaggerated
Doubling QC will not reduce the risk
Preparing a test results report does not qualify as good QC
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11. Alkali + Sulphate limits
• Proposing alkali + sulphate limits may eliminate in some instances FA that is generally used with
good success
Flynn (Ontario Power Generation)
1. FA Producers
• FA producers should not escape the responsibility of making a quality product
2. Quality of product (FA)
• A power plant should know what it is generating, even if it is a by-product such as FA
3. Management System
• The Report should define a quality management system, instead of a prescription of frequency of tests
(This position also supported by a number of the other Panel Members)
• Anticipated changes to the characteristics of the FA should be communicated to the concrete supplier
• Need to make a standard that outlines how communication should work
• Need to improve QC procedures, not QC limits or frequencies
Comments on Recommendations
Recommendations for EcoSmart
• EcoSmart should focus on “helping” not “solving”
• Only perceived (constructability) risks can be solved by case studies; real risks cannot
• R/M Association wants one solution for every single R/M producer in the country
Recommendations for CSA A23.1
• The Report should focus on real risks, not just the perceived risks
• Time and temperature maturity measurements/results don’t work for HVFA
• Activation energy needs to be recalculated (see ASTM Procedure)
• Should recommend “temperature match curing” (e.g., pushout cylinders), where strength gain is
matched at the same temperature in the field as for cylinders
• QC should be “changed” not just “increased”
• Some FA varies from a power plant or in a region, whereas at other plants or in other regions it does
not, and it is not possible to make one set of rules for all fly ashes
• Recommend that performing the existing QC tests be enforced
• The Factor of Safety should be on constructability (i.e., curing) and not on the ultimate strength
• Need for anticipating changes and planning for them
• R/M risks are minimized if they are provided with proper specs and proper information on how to
produce according to specs
Recommendations for CSA A3001
• Increasing frequency doesn’t help ensure quality
• Recommend that when characteristics of a coal source change, require requalification of the FA
• Define in the report what the “methylene-blue test” is
• Uniformity can be measured by the fineness and the colour of the FA
• Recommend the foam index test for carbon
• Recommend the water demand test for concrete (not just mortar)
• Recommend specifications for fly ash alkali limits
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Recommendations for R/M Producers
• Define what is “high W/CM” (discussion indicated that this was > 0.7)
Recommendations for FA Producers
• Getting the FA producers involved does not work if there is no partnership/collaboration between the
FA producer, the FA marketer, if one is employed, and the R/M producer
• Where a marketer is employed, recommend the development of communication protocols between
the FA producer and FA marketer, and between FA marketer and R/M producer to ensure appropriate
quality control testing is implemented by the FA marketer.
• Where a FA supplier markets its FA directly to a R/M producer, recommend the development of
communication protocols between the FA producer and R/M producer, to ensure appropriate quality
control testing is implemented by the R/M producer.
• In either of the above cases, when boiler conditions change, for example, such as during start-up,
appropriate QC testing could mean increased sample frequency, or testing of additional properties not
tested under normal operating conditions for a pre-qualified FA. The communication protocols
should include exchange of sufficient and meaningful data that reduces the risk to the R/M producer
of producing poor quality concrete.
General Recommendations
• Curing should be made a pay item on contracts. There was some feeling that, since curing is often
not done properly, we should not depend on it for prevention of carbonation and the development of
the full potential of HVFA concrete.
• There should be a certification program for R/M producers to supply HVFA concrete

M. Wojtarowicz
Project Engineer
EcoSmart Project
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December 21, 2003
Project: EcoSmart RAS
Subject: Summary – Results of Stakeholder Panel Review
Detailed notes from the meeting have been prepared separately. The following is intended to interpret the
comments from the Panel, and the related discussion at the meeting, in terms of their impact on both the
general direction for EcoSmart and specific aspects that should be considered for inclusion in the final
version of the RAS Report.
In the introduction to the Panel, these items were presented:
Perceived Risk varies as Familiarity (with the EcoSmart concrete technology)
If you implement the changes recommended in RAS, will it abate risk?
General Assessment of the Panel Input
The Panel was a valuable exercise. There was healthy participation by all Members. Some commented
that they appreciated this opportunity for input. In some cases, it gave the Member a chance to get
concerns about EcoSmart’s direction off his chest.
A number of the comments relate to matters outside the scope of the RAS. They relate to more global
aspects of the EcoSmart program and to items that will / should be addressed in the Guidelines. They are
recorded here for future reference.
There was overall support for the Report. But most felt that it should go much further.
EcoSmart Approach
There is confusion in the names – “sustainable concrete”{all concrete is sustainable}, “EcoSmart
concrete”{this is a trademark, not a concrete}, “HVFA concrete”{much of what EcoSmart recommends if
not what is normally called HVFA}. EcoSmart was encouraged to drop “EcoSmart concrete”. One
suggestion was “low GHG concrete.
Assessments of the effectiveness of EcoSmart concrete should include both Life Cycle aspects and the
total energy footprint of the concrete (ie, including transportation and any additional heat required to
cure).
Ready-mixed suggest a bottom-up approach, where all concrete is to have some (small) FA, rather than
the top-down approach through designers / owners by EcoSmart.
Costing
It is too early in the implementation of EcoSmart concrete to determine the final cost comparison with
conventional concrete. Eventually, market and competitive forces will take over and determine the actual
cost. These include the reduced cost of the material, the increased cost of the construction and additional
QC.
It was noted that we are still on the learning curve with concrete containing > 30% FA; the curve is much
flatter with <30%.
Standards
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A strong case was made for recommending a total quality management approach (eg. the ISO System)
rather than adding to the current prescriptive standards. CSA and other international standards are now
requiring new Standards to be “objective based”.
The Panel took umbrage with my statement that the current A3001 is the least lenient in the world. They
stated that A3001 was superior to others in that tests and criteria that were meaningless had been
removed. Unfortunately, they had not been replaced with meaningful tests or criteria. So our approach
should be to “improve”, not totally rework.
Guidance is needed in what to put on mill certificates and how to interpret that data.
Report Presentation
We were strongly encouraged to present more details on the additional QC required. Increased QC, in
itself, will not produce the required result. The use of Checklists for producer, ready-mixed, and
contractor was recommended.
Costs should be removed because they are not yet defined. Costs are best presented as total project costs,
not just 1 element.
Remove some of the negative statements. Also recognize (further) that you cannot make blanket
statements for all FA in all on Canada.
Some commented that the nature of the risk needed further definition. Most felt that the contractor’s risk
was underestimated (some felt that this is the biggest risk).
Emphasize that EcoSmart concrete needs more TLC, particularly in cool weather.
Technical Aspects
There was strong feeling that the matter of carbonation was a risk not adequately addressed (this in not a
major issue in BC, but research indicates that the rate of carbonation will double with a 50% FA
mixture). The lack of adequate cover and curing is a component. The new A23.1 will have requirements
that will assist. Risk increases exponentially with increased W/CM.
Salt scaling potential was not adequately recognized (as a risk).
The dilemma with regard to curing is whether, in the specification of EcoSmart concrete, we should
assume that inadequate / non-compliant curing will exist. To date, we have taken the position that
specified curing will occur. There was a suggestion that we need to find some test to measure curing.
The use of “temperature-matched” curing is an interesting option.
With regard to strength, the age : strength aspect must be addressed, not just the ultimate value. The
concept should be “…manage strength development for the Project…”. Related to this is the need to have
“equivalent durability”.
Risks to the Stakeholders
The premise of the RAS is that more QC = reduced risk. Discussions by the Panel did not support this or,
at a minimum, indicated that it was an oversimplification. We need more representative tests, not more
tests of the same.
There was discussion about the “realm of comfort” (ie, 30% maximum). Some felt that the NMS was
headed in the right direction.
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The CIRCA representative felt that there is risk to the FA producer, and that they must get involved.
They have the information necessary to predict FA quality (but it is not used for that purpose) – need the
managed risk approach..
There was a strong feeling that the real risk lies in constructibility, not in uniformity of the ready-mixed
concrete.
The concept in the Report of periodic complete qualification followed by frequent monitoring of a few
key properties was largely supported. This will be developed further.
The possibility of industry certification {to produce HVFA concrete} was raised.
Action
It will be obvious that the Panel has suggested many items beyond the scope of the existing RAS. Some
of these will be incorporated, but many will have to be left to future work.
We still have not received details of risk as identified by the ready-mixed industry. However, the general
items have been presented in the Report. The Panel felt that the risk base was much broader than just
ready-mixed.

P.T. Seabrook
RAS Director
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