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1.0 Executive Summary

This report was commissioned by the GVRD together with several other case
studies to examine the subject of high volume fly ash concrete admixtures. This
particular report concerns the BC Gas Operations Centre on the Fraser Highway
in Surrey BC.

The building comprises about 1600m2 of office space above a single parking
level. The robust reinforced concrete structure is designed to post disaster
standard and comprises about 7900m3 of concrete, containing about 818 metric
tonnes of fly ash. The quantity of cement avoided has not been determined.

Most of the concrete is designed to 30 Mpa, some of which has a 56 day strength
specified to compensate for the longer curing time required by the fly ash
concrete mixes. There were no concerns about durability. The high volume fly
ash mixes were found to be easier to place than conventional mixes (more
workable) and cost less. There were no health concerns.

The presence of fly ash was not found to result in increased variability. The
variability of concrete is affected by many factors such as temperature,
reinforcing, geometry (shape), aggregate size and finish. The colour of the
concrete is more affected by the source of cement than by the presence of fly
ash.

Retardation of the curing was experienced as predicted. This is also affected by
temperature. Fly ash mixes were avoided at temperatures below 10 degrees
Celsius.

Finishing fly ash concrete mixes was found to require different technique than
conventional mixes (for flat work), however the experienced contractor was able
to adapt readily to the requirements. Vertical surfaces of architectural concrete
were finished by grinding and acid wash.

The Contractor suggested that suppliers, placers and finishers should be trained
in the application of high volume fly ash concrete mixes.

The use of high volume fly ash concrete mixes can be most successfully
implemented by setting clear goals at the outset, involving the whole team in
decision making, taking longer curing times into account in the project scheduling
and clearly specifying the fly ash objectives in the contract documents.

On balance, the experience of this project was positive and the team generally
anticipates being able to advance this and other environmental goals in future
projects.
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1.1 Introduction

The building that is the subject of this report is one of five buildings comprising
the BC Gas Coastal Facilities Project. Two of the five buildings are located on a
site in Burnaby; the other three are on a site in Surrey. The Operations Centre
which is the focus of this report is on the Surrey site and is the largest of the five
buildings, comprising some 16,000 m2 and approximately 4,000 m2 underground
parking with about 156 stalls. Refer to the drawings in Appendix B. The
Operations Centre is an office building designed to accommodate BC Gas
operations personnel for the Province of British Columbia.

The four-storey structure is organized around four atria located along a central
circulation spine. It is a reinforced concrete structure with columns, beams,
girders and shear walls designed to post disaster standards of the 1998 BC
Building Code. Much of the concrete is exposed, both inside and out. The shear
walls oriented north/south are exterior architectural concrete walls with “punched”
window openings. These walls are covered on the interior with metal studs,
insulation and gypsum board. The shear walls oriented east/west are located on
the north and south sides of the four atria and are exposed interior architectural
concrete features with one side facing the atrium and the other facing into the
office area. The floor slabs are concealed below access flooring throughout the
office area.

The project involved an integrated team design in which the Contractor acted as
Construction Manager from the time of Design Development through to
Construction Document Phase. During the Construction Document phase the
owner elected to proceed with a Guaranteed Maximum Price (GMP or Gmax)
project delivery.  The project’s Green Goals were articulated early in the Design
Development phase and embedded into the project specifications when the
trades’ sections were tendered. A broad range of environmental goals was
embraced in the project design including landscaping and site issues as well as
construction waste management and use of recycled materials. The goal for the
concrete was to achieve 40% fly ash content overall. This amount, although
arbitrary, was chosen having in mind that while not overly ambitious, it was well
above industry norms but within reach of a market-driven type of project.

The concrete work is complete and we have enough data to report some results.
All parties have learned about fly ash concrete and some of the limitations,
obstacles and opportunities associated with its use.
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1.2 Objective of this report

The production of one tonne of cement results in the production of almost one
tonne of CO2, a known greenhouse gas that is partly responsible for global
warming. The use of fly ash as a cement substitute in concrete has been shown
to be an effective way of avoiding cement use and hence CO2 production.

This report is a case study involving the use of fly ash concrete in an office
building in Surrey, BC.

The report describes the project, the building and the concrete with specific detail
relating to the use of fly ash as a supplementary cementing material (SCM). The
goal of using high volume fly ash (40%) was identified at the end of schematic
design and before design development commenced.

The objective of the report is to provide an account of the experience on this
particular project regarding the use of fly ash concrete. It describes how much
cement was avoided by using fly ash and provides some specific anecdotal
information relating to the subject. Some graphic material is provided to convey
additional information about the project.

The information in this report will help to identify the challenges to increased use
of fly ash. It is known that fly ash enhances all of the qualities we desire from
concrete and that the technology is mature. Increased use will help to reduce
greenhouse gas emissions and use a waste product. With wider experience of
the issues it is hoped that the construction industry will become more familiar
with the use of fly ash concrete.

Historical Narrative

Participants
The following companies were involved in the BC Gas Coastal Facilities Project:

Architect: Musson Cattell Mackey Partnership
Structural Engineer: Read Jones Christoffersen
Mechanical Engineer: Keen Engineering Ltd
Electrical Engineer: Reid Crowther & Partners Ltd
Landscape Design: Durante Kreuk Ltd
Interior Design: Seeton Shinkewski Design Group Ltd
Builder: The Dominion Company Ltd

In addition to offering their services for project management, Dominion
Construction Limited (DCL)had a strong desire to provide their own forces for
concrete work including formwork and finishing. They hosted a tour of some of
their projects incorporating architectural concrete and we also visited the Liu
Centre at UBC, which was about 50% complete at the time and incorporating
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50% fly ash concrete very successfully. Sam Pulio, one of Dominion’s senior
concrete experts, expressed some concerns about using fly ash. We met with
DCL, Read Jones Christoffersen (RJC), and Phil Seabrook of Levelton
Associates to discuss these concerns and how we could ameliorate them.

In order to facilitate the use of high volume fly ash concrete, RJC revised their
specifications from 28-day strength to 56-day strength. They pointed out that the
actual concrete mixes are usually left to the contractor to design with the
concrete supplier.

Dominion’s main concerns were about the extended curing time required for high
volume fly ash concrete and the finishing requirements. Nevertheless they were
willing to try to use fly ash mixes as much as possible. It was pointed out that
there are many different applications of concrete each with its own limitations and
opportunities for fly ash concrete use.

Footings and foundations are below grade; usually unseen and finishing is
usually not a concern. These were generally agreed to be a good candidate for
fly ash concrete. In this building some of the footings are massive as a result of
the post disaster requirements. Furthermore massive pours are in fact an
application where fly ash was first used to ameliorate cracking due to differential
shrinkages resulting from the characteristics of concrete curing.

2.0 Detailed Report

2.1 Quantity   (quantities to be verified)

Concrete volumes are approximately as follows:

Footings 1600 m3

Slab on Grade 800 m3

Shear walls (exterior) 900 m3

Shear walls (interior) 700 m3

Slabs, beams and girders 3900 m3

Total 7900 m3

Fly ash mass: 818 metric tonnes
Cement avoided: metric tonnes
CO2 emissions avoided: approx. 818 metric tonnes
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2.2 Strength

Strength requirements are specified by the structural engineer, in this case  Read
Jones Christoffersen. The strengths specified for different applications (columns,
slabs on grade, suspended slabs, beams and girders) are indicated on RJC’s
drawings. The strengths are mostly 30 Mpa. In order to compensate for slower
curing, some applications specified 56-day strength in lieu of the normal 28-day
strength. Stripping strength is also specified on the structural drawings: 10 Mpa
for architectural concrete and 8 Mpa for slabs and beams, for example. This
information is included in Appendix D.

2.3 Durability

It is well documented that fly ash increases the durability of concrete. Reduced
cracking results from lowered heat of hydration. There were no concerns about
durability of the concrete.

2.4 Workability

Dominion noted that fly ash concrete is more workable than conventional mixes.
Even though there is less water in the mix, the mechanical properties of the fly
ash (being tiny spheres of  glass-like silica) enhance the slump and flow of the
concrete. This makes the concrete easier to place and fill forms. Dominion noted
that external vibrating is preferred to internal for high volume fly ash concrete.
Their explanation for this is that the fly ash (consisting of very small particles)
migrates away from the source of vibration, so if internal vibrators are applied,
more fly ash ends up at the surface of the formwork. In combination with form
release agents, this can result in excessively dusty surfaces due to the effect of
the form release agent retarding the reaction of the fly ash (at the surface). If the
fly ash remains at the surface, unbonded to the concrete, additional labour may
be required to wash down the surface or sealer may be applied. This
phenomenon is described by Dominion but has not been substantiated
scientifically.

An additional point should be mentioned; that low VOC form release agents are
available and their use should be encouraged in preference to the traditional oil
based type. This is a separate issue from the fly ash one but related in the
environmental aspect.

2.5 Economics

Dominion indicated that fly ash costs about half the price of cement; with the
result that high volume fly ash has a lower cost than conventional mixes.
Dominion reports that the labour required to place fly ash concrete is less than
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for conventional concrete due to its workability. Fly ash concrete mixes are
readily available.

 2.6 Health

There were no health issues relating to the use of fly ash at this project. The fly
ash concrete is handled like conventional concrete with respect to health and
safety.

2.7 Variability

There are many factors affecting the variability of concrete. This report will only
discuss the appearance. Concrete appearance is affected by many factors in
addition to the amount of fly ash, including application, shape, reinforcing,
temperature as well as aggregate size and type, and finish.

The original specification for the architectural concrete in this building called for
medium sand blast finish. Dominion proposed a significant cost saving to delete
this requirement and it was accepted. In order to finish the surfaces to an
acceptable level, Dominion applied a program of grinding and patching to even
out colour and texture.

The placing of the concrete was made very difficult at wall locations due to very
high quantities of reinforcing steel. Although the building was always designated
a “post disaster” design, the abundance of steel rebar only became evident when
the steel subcontractor began to fabricate the “cages”. In the case of the atrium
walls, Dominion elected to pour a very high pour (about 4m). This proved very
difficult even with the fly ash concrete as the mix “filtered’ down through a vast
array of rebar before getting to the bottom of the form. The result was that as the
concrete mix tumbled through the maze of steel bars, most of the fines and
cement slurry adhered to the bars on the way down. What reached the bottom
first was an accumulation of (segregated) gravel. This effect was found in other
areas as well, although less pronounced. One measure taken to minimize this
problem was the introduction of “pour windows” between the top and bottom of
the pours.

2.8 Colour

The colour of cement is gray; one of the two local suppliers here (Ocean
Cement) provides a cool gray, the other (Lafarge Construction) Fly ash, by
contrast, has a rosy cast to it and results in a warmer colour of concrete if the
concentration is high enough. The colour of the concrete is more affected by the
source of cement and the aggregates than the presence of fly ash.



Musson Cattell Mackey Partnership      GVRD Fly Ash Report     Job No. 200025.01

9

2.9 Curing time

Fly ash retards the curing of concrete but the magnitude of this effect is not well
known or documented.

At the beginning of the project when Dominion first poured some high volume fly
ash concrete they had an unfortunate experience. They poured the concrete
early in the morning as they do for conventional concrete. With conventional
concrete it sets up quickly and the finishers are usually done by the end of the
day. In this instance the concrete was still semi-fluid at the end of the working
day (the Superintendent told me he could stick his hand in it up to his knuckles at
4:30 pm). The finishers were on site until 2:00 am the next morning.
Subsequently they poured late in the day and did the finishing the next morning.

There are many factors affecting the curing time including the strength of the mix,
water ratios, additives, super-plasticizers and low temperatures. Dominion chose
not to use high volume fly ash concrete at temperatures less than 10° Celsius.

2.10 Finishing

Dominion described the way concrete cures differently when it contains high
amounts of fly ash. A conventional concrete slab cures from the bottom up and
finishing is done to the top surface during this period. With high volume fly ash
the pour cures from the outside in. This may be due to losses from evaporation
and weather exposure. The result is that the pour develops a “crust” which
novice finishers have trouble to work on. Sometimes this results in a wavy
surface. Dominion advises that the best finish resulted from the use of a “double
wide trowel” which can ride over the top and eliminate “waving”.

A maturity meter can be used to gauge the strength of a new pour prior to
stripping. It may be possible to use it to gauge when to finish the surface too.

3.0 Conclusions

The experience in this project was very positive. Although our original goal of
40% fly ash for the entire placement of concrete overall was not reached, a large
amount of cement was avoided and the project team learned many lessons.

Dominion’s concrete superintendent gained experience and he now is a strong
advocate for fly ash. In the project he is involved with currently in Richmond they
are using 55% fly ash with a high level of confidence and comfort from the BC
Gas Coastal Facilities project. Dominion indicated that if a similar project similar
to BC Gas started up that they would feel confident in setting a fly ash goal at
50%.
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Dominion suggested that the trades’ people (suppliers, placers, finishers) need to
be educated about the mix characteristics. They indicated that industry would
benefit from more documentation on the issues around handling, placing,
vibrating and finishing. This might take the form of workshops or visits to sites
where high volume fly ash is being used. A video format would reach a still wider
audience.

Dominion suggested that data should be collected from each job and this
information be made available to the construction community.

In order to facilitate the maximum use of fly ash concrete, the following steps are
suggested:

1. Set clear and explicit goals at the outset of the project.
2. Involve all the team in the decision-making.
3. Determine the impact on the schedule of longer curing times resulting

from the use of high volume fly ash concrete and adjust the schedule
accordingly (including the pour and form cycling schedules).

4. Clearly state goals in the tender documents including drawings and
specifications.

5. Modify the specification to incorporate fully the environmental
requirements and fly ash objectives.

It should be stressed that in examining the technical issues relating to concrete
on this project it is critical to distinguish between the fly ash issues and the post-
disaster issues. There were challenges in both and they should be distinguished.

This project set some ambitious goals market development as regards green
design. Regarding the concrete goals and fly ash in particular, our experience
was very positive. All parties learned from the experience and will be able to go
still further with environmentally responsible design decisions in future projects.
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Appendix A
Site Photos (approx 20 representative site photos)
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1.  Excavation indicating large footing at base of a shear wall.
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2.  Mass footing with 40% fly ash concrete.
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                      3.  Shear wall at west end of building.
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4.  Shear wall at west end of building.
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5.  Shear wall at west end of building.
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6.  Atrium shear wall – exposed both sides.
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7.  View of building from north side.
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8.  Bridge in atrium.
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9.  Project Team
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10.  Concrete structure.
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11.  View of building from east.
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12. View of shear wall with sunshields installed.
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13. Junction of shear wall and curtain wall.
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14.  Shear wall at east end of building.
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Appendix B
Project drawings (11x 17 format, not available online)



Musson Cattell Mackey Partnership      GVRD Fly Ash Report     Job No. 200025.01

28

Appendix C
Concrete pour data from Dominion Construction

GVRD Fly Ash Report
Mix FlyAsh

Content
Total A
(m3)

Fly Ash B
(m3)

Kg Fly
Ash
(A*B) Kg

Metric
Tonnes
Fly Ash

Cement*

C (kg/m3)
Kg
Cement*
(A*C)

Metric
Tones
Cement

Various 0% 6,664.6
R1534 20% 6.0 55 330.0 0.3 220 1,320 1
R2034 20% 10.0 59 590.0 0.6 236 2,360 2
R2099 20% 4.8 60 288 0.3 240 1,152 1
R3034 20% 385.6 75 28,920.00 28.9 300 115,680 116
R3035 20% 488.8 73 35,682.4 35.7 292 142,730 143
R3035W 20% 10.6 0 0.0 0.0 0 0 0
R3036 20% 7.2 82 590.4 0.6 328 2,362 2
T3025 20% 1,227.8 60 73,6668 73.7 240 294,672 295
T3034 20% 38.0 ? ? ? ? ? ?
T3035 20% 288.0 ? ? ? ? ? ?
R3536 23% 351.2 106 37,227.2 37.2 355 124,603 125
M2045 40% 216.8 104 22,547.2 22.5 156 33,821 34
M3015 40% 97.6 135 13,176.0 13.2 203 19,764 20
M3034 40% 3,979.2 130 517,296.0 517.3 195 775,944 776
M3036 40% 621.2 105 65,226.0 65.2 158 97,839 98
M3043 40% 212.0 110 23,320.0 23.3 165 34,980 35

Total
concrete
(tonnes)

7,944.80 Total Fly
Ash
(metric
tonnes)

818.9 Total
cement

1647

*Cementitious material – may not all be cement
Detailed information not available from Lafarge and is considered to be proprietary and
confidential

(Does not include
cement in “Various”
mixes 0% mixes in line
item one)
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Appendix D
Concrete Design Notes from Read Jones Christoffersen

STRIPPING NOTES

1. NO COLUMN OR WALL FORMS SHALL BE REMOVED BEFORE CONCRETE HAS REACHED 10 MPa FOR ARCHITECTURAL
CONCRETE OR 8 MPa FOR OTHER COLUMNS OR WALLS,

2. NO SLABEORMS OR BEAMFORMS SHALL BE REMOVED BEFORE CONCRETE HAS REACHED
17 MPa. FOR PARKING SLABS THE CONCRETE SHALL REACH 75% OF THE 28 DAY STRENGTH BEFORE STRIPPiNG.

3. STRENGTh OF CONCRETE FOR STRIPPING TO BE DETERMINED BY FIELD—CURED CYLINDERS. ALTERNATE
METHODS, IF ACCEPTABLE TO THE STRUCTURAL DESIGN ENGINEER, MAY BE USED.

4. THE DESIGN OF RESHORING IS THE RESPONSIBILITY OF THE CONTRACTOR. RESHORING DRAWINGS SHALL BE
SUBMITTED TO THE STRUCTURAL ENGINEER.

5. ALL SLABS, BEAMS. GIRDERS ETC. TO BE SHORED UNTIL CONCRETE REACHES DESIGN STRENGTH,

6. SOME MULTI LEVEL OR HANGER ASSEMBLIES REQUIRE FULL SHORING FOR A NUMBER OF LEVELS. SEE STRUCTURAL
DRAWINGS FOR SPECIAL SHORING REQUIREMENTS.

CONCRETE NOTES

1. CEMENT SHALL BE PORTLAND CEMENT TYPE 10 – U.N.O CONCRETE SHALL BE STONE CONCRETE WITH A UNIT WEIGHT
OF 23.6 Kn/m3 (150 PCF).

2. CONCRETE PROPERTIES

ELEMENT MIN 28 DAY
STRENGTH (Mpa)

SLUMP
(mm)

MAX. AGG.
(mm)

EXPOSURE CLASS

SLAB ON GRADE
150 THICK
(INTERIOR PARKING)

35 MPa 70 20 C-1

SLAB ON GRADE
125 THICK
(INTERIOR PARKING)

25 MPa 70 20 C-4

SLAB ON GRADE
 (INTERIOR NO PARKING)

20 MPa 70 20 No requirement

SLAB ON GRADE
(EXTERIOR)

32 MPa 70 20

FTG. AND GRADE
BEAMS (OPERATIONS CENTRE)

30 MPa 80 40 No requirement

FTG. AND GRADE
BEAMS (MULTI USE + ANNEX)

20 MPa 80 40 No requirement
(interior)
F- 2 (exterior)

WALL FRAMES (OPERATIONS CENTRE) 30 MPa 80 20 No requirement
WALLS (OPERATIONS CENTRE) 30 MPa 80 20 No requirement
COLUMNS
(OPERATIONS CENTRE)

30 MPa 80 20 No requirement

NON-POST-TENSIONED SLABS,BEAMS,
AND SLAB BANDS (NON-PARKING)
(OPERATIONS CENTRE)

30 MPa 70 20 No requirement

* MIN 56 DAY STRENGTH



Musson Cattell Mackey Partnership      GVRD Fly Ash Report     Job No. 200025.01

30

NOTES:
 — PUMP MIX SLUMPS ALSO AS ABOVE.

— WATER CEMENT RATIOS FOR EXPOSURE CLASSES AS TABLE 7, 8, CAN/CSA—A23.1
— AIR CONTENTS FOR EXPOSURE CLASSES AND AGGREGATE SIZES AS TABLE 7, 8, & 10 — CAN/CSA-A23.1
— SLUMP TOLERANCES — 20mm FOR SLUMPS LESS THAN 80mm, OTHERWISE 30mm.
— AGGREGATE SIZES SHOWN ARE MAXIMUMS. SMALLER SIZES MAY BE USED (UNLESS NOTED OTHERWISE).
— LOWER SLUMPS MAY BE USED SUBJECT TO APPROVEL BY R.J.C.

— MIX DESiGNS SHALL STATE THE ELEMENT FOR WHICH THEY ARE INTENDED.

3. ALL BOTTOM EDGES OF EXPOSED SLABS AND BEAMS, AND EXPOSED COLUMN AND WALL EDGES TO BE BEVELLED 20 x 20.
ALL TOP EDGES OF EXPOSED SLABS, BEAMS, UPSTANDS AND STAIRS TO BE TOOLED UNLESS NOTED OTHERWISE. SEE
ALSO ARCHITECTURAL DRAWINGS AND SPECIFICATIONS,

4, NO CALCIUM CHLORIDE, IN ANY FORM, IS PERMITTED IN ANY CONCRETE MIX, WITHOUT THE WRITTEN PERMISSION OF
READ JONES CHRISTOFFERSEN.

5. CURING AND PROTECTION OF CONCRETE FOR HOT, COLD OR DRY WEATHER —AS PER CAN/CSA—A23.1 — CHAPTER 21,
EXCEPT FOR COLD WEATHER, SEE ALSO COLD WEATHER REQUIREMENTS” ON STRUCTURAL DRAWINGS.

6. CONCRETE SHALL BE TESTED. TESTING SHALL CONFORM TO CAN/CSA A23.1, CAN/CSA A23.2 AND THE SPECIFICATIONS.


