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1.0 SUMMARY OF TEST PROGRAM 
 
The objective of this test program was to provide a high flyash replacement concrete mixture design 
with cementing materials content and setting time similar to the concrete currently being supplied to the 
Whistler Convention Centre Renovation project.  The concrete mixes were placed in December 2002 
and January 2003 in Whistler, B.C. where low curing temperatures could be expected in spite of heated 
enclosures.  
 
In the past, the use of high range water reducing admixtures (HRWR) has mitigated the typically slow 
strength gain characteristics of concrete mixtures incorporating higher flyash replacement levels.  A 
third generation HRWR, Rheobuild 3200 HES, was used in an effort to minimize the water demand and 
achieve acceptable early age strength and low cementing materials content.  After 6 trials, 2 of which 
were discarded, it became clear that efforts well beyond the scope of this test program would be 
required to sufficiently optimise mixture proportions and admixture dosage rates to effectively use this 
HAWA for the purpose intended.  The Rheobuild 3200 HES mixes (2, 4, 5, and 6) were all 
characterized by very harsh workability, rapid slump loss, and initial bleeding of the mixture.  A small 
amount of air entrainment improved their workability remarkably.  However, even with the use of air 
entrainment, none of the mixes with Rheobuild 3200 HES were considered pumpable.  An alternative 
mix design strategy using a mid range water reducer, Polyheed 997, worked well.  All of the mixes using 
this water reducer had good workability, slump retention, and were considered pumpable.  It is 
interesting to note that the water demand of the mixes using Polyheed 997 were typically lower than the 
water demands of mixes using Rheobuild 3200HES.  Also, as expected, the higher flyash replacement 
mixes had lower water demands than mixes with lower flyash replacement levels at similar total 
cementitous materials contents.      
 
Pozzutech 20, a non-chloride accelerator, was used to offset the slower strength gain and setting 
characteristics of the mixtures with higher flyash replacement.  Mixes 7 and 8 are similar except for the 
use of Pozzutech 20 in Mix 8.  Pozzutech 20 reduced the initial and final setting time of Mix 8 by about 
45 minutes and 2 hours respectively when compared to Mix 7.  Mix 8 gained strength marginally faster 
than Mix 7.   
 
Based on the data obtained in the trial mix program, a mixture with about 35% flyash replacement, a 
total cementing materials content of 310 kg/m3, Pozzutech 20 and Polyheed 997 was selected for  the 
first field placement of about 12 m3.  This mix was reported to be easily pumped and placed, and 
although it took slightly longer to finish, the mix was considered quite acceptable.  The strength gain 
characteristic of this mix was considered acceptable and it was decided to increase the flyash 
replacement level to 40% for the remaining concrete placements.   Both the plastic and hardened 
performance properties of the 40% flyash replacement mix were also acceptable and received good 
reports from the placers and finishers.  Although compressive strength requirements for high volume 
flyash mixes are typically specified at 56 days, the 28 day compressive strength of the test mixes met 
the 30 MPa requirement with continuing strength gain measured at 56 and 112 days.  The 
cementitious content could have been reduced slightly in light of the continuing later age strength 
development. 
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2.0  INTRODUCTION 
 
Metro Testing Laboratories Ltd. (MTL) was asked by Task Construction Management to carry out a 
series of high flyash replacement concrete mixture designs for use on the Whistler Convention Centre. 
 The owners of the building wanted the project to qualify as a >green= project.  To this end, MTL 
carried out tests to determine the compressive strength gain, setting time and bleeding characteristics 
of a series of high-volume flyash concrete mixtures.  The flyash contents investigated ranged from 
about 30% to 60% flyash by mass of total cementing materials.  The mixtures were designed for a 
Class N exposure condition, ie. interior concrete not exposed to moisture, chlorides or freezing and 
thawing in service.  A small amount of entrained air was added to most of the mixtures to provide 
additional plasticity to the mixtures and reduce bleeding.   
 
3.0 CONCRETE MAKING MATERIALS 
 
3.1 Cement and Flyash 
 
The concrete supplier, Cardinal Concrete, generally uses Type 10 cement supplied by Lehigh and 
Lafarge.  Cement from Lehigh Cement and class CI flyash from Pozzolanic (originating from a coal fired 
thermoelectric plant in Centralia, WA) was used.  This fly ash typically has a CaO content of about 
8.2% which marginally meets the 8.0% requirement for Class CI flyash. 
 
The ready-mix supplier, Cardinal Concrete, typically uses 20% flyash replacement in summer months 
and 15% flyash replacement in winter months. 
  
3.2 Aggregates 
 
Aggregates are supplied to Cardinal by both, Construction Aggregates Limited in Sechelt and Coast 
Aggregates in Whistler.  Based on the concrete suppliers information, the first 4 mixtures were made 
with the natural Sechelt sand and coarse aggregate manufactured by Coast Aggregates.  After the first 
four mixes were completed, a preference for the use of manufactured sand, as well as manufactured 
coarse aggregate was expressed by the supplier.  Consequently, mixtures 5 to 9 were produced using 
manufactured aggregate supplied by Coast Aggregates.  Sieve analyses of all materials are attached.  
It was noted that the manufactured sand from Coast Aggregates was coarser than the natural sand 
from Sechelt. The fineness moduli (FM) of the sands were 2.50 for the Sechelt sand and 3.01 for the 
sand from Coast Aggregates respectively.  Since mixes 1 and 3 (initially produced with Sechelt Sand) 
were of most interest as control mixtures for comparison to the higher flyash mixes, these mixes were 
repeated using fine aggregate supplied by Coast Aggregates (Mixes 1A and 3A).  The aggregate 
proportions normally used for the 30 MPa mix with 20% flyash replacement were used for all of the 
mixtures in this program, with only slight variations for yield.  For ease of comparison, the mixture 
proportions in Appendix A have been corrected to yield exactly 1.00 m3. 
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3.3 Admixtures 
 
The objective of this testing program was to design high flyash concrete mixes with strength gain 
characteristics similar to the regularly used mixtures (with 15 to 20% flyash).  To achieve similar 
strength at higher flyash replacements, lower water cement ratios were required.  Rheobuild  3200 HES 
superplasticizer was used for Mixes 2, 4, 5, and 6 with 50, 60, 30, and 40%  flyash contents 
respectively.  Polyheed 997 was used for Mixes 1, 3, 7, 8, and 9 at varying dosages.   A non-chloride 
accelerator, Pozzutech 20, was also added to Mix 8 in order to offset the otherwise expected slower 
setting characteristic of this higher flyash mixture.  
 
4.0 DISCUSSION  
 
The plastic properties of each mix are described below.  The mixes using Rheobuild 3200 HES were 
typically characterised by poor workability and rapid slump loss, particularly at the higher flyash 
replacement levels.  After several trials with Rheobuild 3200 HES (Mixes, 2, 4, 5, and 6)  its use was 
discontinued.   The plastic properties of the mixes using the mid- range water reducer, Polyheed 997 
(Mixes 1, 3, 7, 8, and 9) were considered to be much more suitable, with good water reduction, 
workability, slump retention and little bleeding. 
 
4.1 Plastic Concrete Properties  
 
Mix No. 1  
Mix No. 1 was the standard Cardinal Concrete mix design for winter concrete with about 325 kg/m3 
cementing materials.  The mix contains about 20% flyash1 and was workable and cohesive.  Even with 
the use of Polyheed 997, (a mid range water reducer)  the water content of the first trial mix (1) was 
higher than normally expected and is considered erroneous.  Mix 1A, a repeat of Mix 1 using 
aggregates supplied by Coast Aggregates rather than Sechelt Aggregates, had a water demand 
consistent with expectations (about 150 kg/m3).  The mix was workable, retained slump well and was 
considered pumpable.  Setting time of Mix 1A was much longer than expected.          
 
Mix No. 2  
Mix No. 2 was a 50% flyash1 mix with about 325 kg/m3 cementing materials.  The mix as batched was 
very harsh.  The addition of entrained air remarkably improved workability.  However, even with air 
entrained, the mix did not appear to be pumpable.  The mix had a tendency to self consolidate and 
consolidated quickly under vibration.  Slump retention was poor.  This mix was not considered useable. 
 
Mix No. 3  
Mix No. 3 had no flyash1, and about 300 kg/m3 of cement.  This mix was very workable and appeared to 
be easily pumpable.  Mix 3A with aggregate supplied by Coast Aggregates had a lower water demand 
than Mix 3 and a higher air content.  The high air content resulted in an over-yield (yield in excess of 
design) condition for this mix.  Setting time was slightly longer than Mix 1A, and much longer than 
expected.   
 
Mix No. 4  
Mix No. 4 was a 60% flyash1 mix with about 270 kg/m3 of cementing materials.  This mix as initially 
proportioned was very harsh and had poor workability.  Additional sand was added to reduce the 
apparent harshness.  It was apparent that the high dosage of Rheobuild 3200HES rapidly induced self-
compaction and bleeding with corresponding rapid loss of workability.  The addition of entrained air 
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made the mix more workable, but still likely not pumpable.  Strength performance was poor at early 
ages.  Bleeding and setting time tests were not carried out on this mixture.  Mix was not considered 
useable. 
 
Mix No. 5  
Mix No. 5 was a 30% flyash1 mix with a total cementing materials content of about 310 kg/m3 .  The use 
of Rheobuild 3200HES in this mix did not appear to reduce the water demand to the extent expected. 
Rapid slump loss was  noted.  The mix was very harsh without air entrainment.  The rapid slump loss 
and the harsh nature of this mixture rendered it unusable. 
 
Mix No. 6    
Mix No. 6 was a 40% flyash1 mix with a total cementing materials content of about 350 kg/m3 .  This mix 
was similar to mix No. 5 in terms of its rapid slump loss and poor workability.  Like Mix No. 5, entrained 
air markedly improved workability, but the mix was still not considered to be pumpable or suitable for 
use under typical production conditions. 
 
Mix No. 7  
Mix 7 was a 33% flyash1 mix with a higher total cementitious content (about 350 kg/m3) than Mixtures 1 
to  5.  Mix 7 was air entrained and used Polyheed 997 for water reduction.  This mix was workable, 
retained slump well and was considered pumpable.  
 
Mix No. 8  
Mix 8 was a duplicate of Mix 7 with the addition of Pozzutech 20 set accelerator to compensate for the 
extended setting time due to the higher flyash content.  This mix was workable, retained slump well and 
was considered pumpable. 
 
Mix No. 9 
Mix 9 was a 33% flyash1  mix.  Mix 9 was lower in overall cementing materials content than Mixes 7 and 
8 (about 300 kg/m3 for Mix 9 compared to about 350 kg/m3 for Mixes 7 and 8).  Polyheed 997 was used 
at a consistent dosage for all three mixtures.  Mix 9 was workable, retained slump well and was 
considered pumpable.  Water demand was the lowest of all of the mixtures evaluated. 
 
Note 1 the above % of flyash means the % by mass of total cementing materials with the balance being 
type 10 Portland cement.  
 
4.2 Setting Time   
 
Initial and final setting time tests were carried out on most of the mixtures.  Of particular interest is the 
reduction of setting time of Mix 8 compared to the Mix 7 (without Pozzutech 20) by 45 minutes and 2 
hrs. for initial and final set, respectively.  The setting times of the control mixes 1A and 3A were 
significantly longer than for any of the other mixes for which setting time was determined.  This is 
considered anomalous but no explanation could be found and it was consistent with repeated tests.  
Setting time samples were stored at about 15°C in order to simulate the conditions expected at 
Whistler.  Results are shown in Figure 1. 
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Figure 1
Setting Time
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4.3 Bleeding 

 
Figure 2 below illustrates the bleeding as a fraction of the concrete by mass.  Bleeding samples were 
placed in a covered cylindrical container 150 mm in diameter and about 250 mm high.  Bleed water was 
periodically collected until bleeding stopped.   The bleeding samples were maintained at about 15°C 
throughout the duration of the testing.  Excessive bleeding occurred in Mixes 2, 4, 5, and 6 before the 
bleed water monitoring commenced, thus, the test results shown are artificially low.  Mix 3 with the 
natural sand showed only a trace of bleeding while the repeat Mix 3A with the manufactured sand 
showed higher bleeding.  Mix 1A with the manufactured sand also showed increased bleeding over Mix 
1 with natural sand.  Mixes 7, 8 and 9 were companion mixes.  Mix 8, with the incorporation of a set 
accelerator had less bleeding, as expected.  Mix 9 with a lower cementitious content compared to Mix 7 
showed higher bleeding.   The field use of a mix similar to Mix 9 with accelerator showed slightly greater 
bleeding than would be experienced for a normal mix.  However, this greater bleeding was not 
considered problematic. 
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Figure 2
Bleeding % by Mass
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4.4  STRENGTH GAIN CHARACTERISTICS 
 
Strength gain characteristics of the various mixtures are provided in Figures 1 and 2.  When viewing 
the strength gain characteristics, the cementitious materials as well as the flyash content must also be 
considered (Figure 4).  Generally the mixes performed as expected, with higher flyash mixes 
performing better at later ages compared to Mix 3 and 3A with no flyash and Mix 1 with about 20% 
flyash.   The strength of mix 3A is relatively low because of high entrained air content.  All of the mixes 
except Mix 2 and 4 with 50 and 60 % flyash respectively, met the specified compressive strength of 30 
MPa.  The field mixes showed strength performance similar to the laboratory cured cylinders.  However, 
the field cured cylinders and cores taken from the slab at the project location represented by the cast 
cylinders had significantly lower early strengths, likely due to the cooler curing temperatures on site 
compared to laboratory curing. 
 
Comparing the 28 day strength performance of the flyash mixtures against the plain cement control mix 
(Mix 3), only Mix 5 with 32% flyash replacement compared well.  Mixes 7 and 8 had higher strengths at 
28 days but also had significantly higher cementitious materials contents.  Mix 9 with similar 
cementitious materials content to the control mix had somewhat lower strength at all ages.  This was 
contrary to our expectations and cannot be readily explained. 
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Figure 3
Compressive Strength Data
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Figure 4
Cementing Materials
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5.0 FIELD PERFORMANCE  
 
Based on the performance data gathered during this study, concrete with the proportions of Mix 9 (with 
35% by mass of the total cementing materials being flyash) was selected for the first field placement of 
about 12 m3.  The placers reported no problems with placement or finishing.  Both laboratory and field 
cure strengths were determined Set 1.  Setting time was not measured in the field but appeared to be 
slightly longer than normal even with the Pozzutech 20 accelerator.  The additional cost of the 
Pozzutech 20 added about $10/m3 to the base price of the mix at the normal 20% flyash replacement 
level.  The lower cost of the flyash was more than offset by the increased cost of chemical admixtures. 
 
After reviewing this data it was decided to use a 40% flyash replacement for a further slab on grade 
placement of about 100 m3.  The 40% flyash mix was placed on January 24 , 2003.   As before, both 
field and laboratory cured cylinders were cast and tested.  This mix exhibited a slightly greater 
tendency for bleeding.  However, no difficulties were encountered during pumping, placing or finishing. 
  
 
A third and final slab pour, also of about 100 m3 in volume was undertaken with similar results. 
 
Strength performance of these mixes is shown in Figure 5 following.  
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Figure 5
Field Performance
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5.1   Field Mix Designs 
 
Table 1 provides the mixture designs used in the field.  
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Table 1 

High Flyash Mixture Designs for Whistler Convention Centre 
 
 
Ingredient 
  

 
35% Flyash 

(kg/m3) 

 
40% Flyash 

(kg/m3) 
 
Cement 

 
200 

 
185 

 
Flyash 

 
110 

 
125 

 
20 mm Aggregate 

 
650 

 
660 

 
10 mm Aggregate 

 
395 

 
395 

 
Concrete Sand 

 
835 

 
835 

Water 130 130 
 
Polyheed 997 

 
1.0 L 

 
1.1 L 

 
Pozzutech 20 

 
4.0 L 

 
4.0 L 

 
Entrained Air Volume 

 
3.0% 

 
3.0% 

 
6.0 CONCLUSIONS 
 
Based on the data gathered in this testing program the following conclusions are drawn: 
 
1. The control mixtures for this test program (Mix 1,1A and 3, 3A) with 20 % flyash and 0% flyash 

respectively performed well and might be considered overperforming.  Both were workable, 
easily pumpable and had very little bleeding.  

 
2. The mixes with Rheobuild 3200HEC high range water reducer were all considered to be harsh 

with high bleeding and rapid self consolidation.   While it was intended to compensate for the 
slower strength gain of these mixes with low water cementitious ratios and hence higher overall 
strength, the lack of workability exhibited by these mixtures made them unsuitable for 
production.  

 
3. Mix 9, with about 35% flyash, performed well and was used for the first major pour on the 

project. 
 
4. Mixes with 40% flyash and a total cementing materials content of about 310 kg/m3 of cementing 

materials, performed well in the field although, if high early field strength is desirable, heat must 
be provided.   
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7.0 CLOSURE  
The data contained in this report was generated in order to prepare high flyash concrete mixture 
designs for the Whistler Convention Centre Renovation project.  No responsibility is assumed for use 
of this data on other projects.  
 



 
EcoSmart Concrete Trial Mixes          8-Jan-03 
Project No. 6232            
Mix No. 1 1A 2 3 3A 4 5 6 7 8 9 

Ingredients  (kg/m3)                       
Cement 253 257 149 294 287 109 210 182 234 238 204 
Flyash 68 69 149 0 0 164 98 120 117 119 102 
Flyash % 21.2% 21.2% 50.0% 0.0% 0.0% 60.1% 31.8% 39.7% 33.3% 33.3% 33.3% 
Total Cementing Materials 321 326 298 294 287 273 308 302 351 357 306 
                        
20 mm 631 653 675 656 650 635 662 650 644 655 653 
10 mm 389 402 418 402 398 400 408 401 390 397 396 
Sand 744 761 761 785 768 924 818 803 828 841 839 
                        
Total Water 163 150 134 159 145 130 136 138 137 133 131 
                        
Addmixtures                       
Polyheed 997 1.11 1.13   1.49 1.45       1.17 1.19 1.19 
Glenium 3200 HES     0.8     3.6 0.78 1.15       
Pozzutech 20                   3.96   
Ratios                       
W/C 0.64 0.58 0.90 0.54 0.51 1.19 0.65 0.76 0.59 0.56 0.64 
W/Cm 0.51 0.46 0.45 0.54 0.51 0.48 0.44 0.46 0.39 0.37 0.43 
Sand content (%) 42.2% 41.9% 41.0% 42.6% 42.3% 47.2% 43.3% 43.3% 44.5% 44.4% 44.4% 
                        
Plastic Properties                       
Slump (mm) 80 90 150 60 100 250 50 30 120 110 140 
Air (%) 5.7 4.8 4.7 4.6 7.4 1.8 3.8 4.7 3 2 4.2 
                        
Compressive Strength (Mpa)                       
1 day 8.6   3.2 10.1     4.3 5.2 9.6 10.7 6.2 
3 day 27.5 25.8 14.9 36 29   25 22.1 22.8 24.2 18.3 
7 day 31.3 31.7 18.3 37.8 34.7 11.6 33.3 28 32.6 34 27.1 
28 day 40.3 40.6 24.9 44.5 37.2 16 43.7 39 43 46.9 32.3 
56 day 41.5   30.1 45.1   19.1 46.1 41.4 46.2 50.6 37.9 
112 day 44.5   34.4 47   28.9 48.9 45.4 47.6 51.5 39.8 
Setting Time Data                       
Initial Set @ 15°C  (hrs:min) n/a 8:30 n/a n/a 9:00 n/a 4:30 4:30 6:25 5:40 7:00 
Final Set @ 15°C  (hrs:min) n/a 11:40 n/a n/a 12:00 n/a 7:00 7:00 9:15 7:15 9:30 
Mass of Bleed Water Specimen 7079.2 10481 8423.6 Not done 11013 Not Done 9536 10086 9739.3 9408 10329.8 
Bleed water (g) 3.2 6.8 1.1   4.6   1.39 1.3 13.2 3.7 19.5 
% Bleeding by mass 0.05% 0.06% 0.01%   0.04%   0.01% 0.01% 0.14% 0.04% 0.19% 
vol / surface area (ml/cm2) 0.018182 0.038636 0.00625 0 0.026136 0 0.007898 0.007386 0.075 0.021023 0.110795



 

 
 



 
 



 
 



 
 
 



 
 

File No. 6323 METRO TESTING LABORATORIES LTD. 

Project: 
Whistler Conference Centre 

Upgrade 

To: TASK CONSTRUCTION MANAGEMENT INC. Client: Task Construction Inc. 

      4405 CANADA WAY    Source:   

      BURNABY, B.C.    Type of Sample:  FINE AGGREGATE 

     Date Sampled:      

Attention: Ms. Susan Hildebrand  Date Received:    

     Test Report No: 1 

     Tested by: A.B. 

RELATIVE DENSITY AND ABSORPTION Report Date: 12/19/2002 

OF AGGREGATES         
FINE AGGREGATES TRIAL 

(ASTM C128) 
1     

Average 

1. Flask No. B     

2. Weight of Flask & Aggregates (SSD) 676.1 677.3   

3. Weight of Flask 176.1 176.1   

4. Weight of Aggregate (SSD) = 2 - 3 500.0 501.2   

5. Combined Weight of Agg(SSD) & Flask & Water 976.8 977.1   

6. Weight of Flask & Water 674.0 674.0     

7. Weight of Oven Dry Aggregate 481.0 481.1     

8. Bulk Relative Density, Gs (Gsb) =     7/ [6 + 4 - 5]       2.439 2.429   2.434 

9. Bulk Relative Density,Gs SSD (Gssd) =  4/ [ 6 + 4 -5 ] 
      2.535 2.530   2.533 

10. Apparent Relatvie Density, Gs (Gsa) = 7 / [ 6 + 7 -5 ] 
     2.699 2.703   2.701 

11. Absorption =  100 [4 - 7]/ 7 3.950 4.178   4.064 

COARSE AGGREGATES TRIAL 

(ASTM C127) 20mm     
Average 

1. Weight of Aggregate (SSD) In Air 5263.1     

2. Weight of Aggregate (SS) In Water 3188.6     

3. Weight of Oven Dry Aggregate 5170.0     

  

4. Bulk Gs (Gsb) =       3 / [ 1 - 2]      2.492     2.492 

5. Bulk Gs SSD (Gssd) =      1/ [1 - 2]       2.537     2.537 

6. Apparent Gs (Gsa) =       3 / [3 - 2]      2.609     2.609 

7. Absorption =  100 [1 - 3]/3 1.801     1.801 
         
           



 

File No. 6323 METRO TESTING LABORATORIES LTD. 

Project: 
Whistler Conference Centre  

   Upgrade 

To: TASK CONSTRUCTION MANAGEMENT INC. Client: Task Construction Inc. 

      4405 CANADA WAY    Source:   

      BURNABY, B.C.    Type of Sample: Fine & Course Aggregates 

     
Date Sampled:  
    

Attention: Ms. Susan Hildebrand  Date Received:    

     Test Report No: 2 

     Tested by: A.B. 

RELATIVE DENSITY AND ABSORPTION Report Date: 12/19/2002 

OF AGGREGATES         
FINE AGGREGATES TRIAL 

(ASTM C128) 
2     

Average 

1. Flask No. B     

2. Weight of Flask & Aggregates (SSD) 676.1     

3. Weight of Flask 176.1     

4. Weight of Aggregate (SSD) = 2 - 3 500.0     

5. Combined Weight of Agg(SSD) & Flask & Water 988.8     

6. Weight of Flask & Water 674.0       

7. Weight of Oven Dry Aggregate 494.3       

8. Bulk Relative Density, Gs (Gsb) =     7/ [6 + 4 - 5]       2.669     2.669 

9. Bulk Relative Density,Gs SSD (Gssd) =  4/ [ 6 + 4 -5 ] 
      2.700     2.700 

10. Apparent Relatvie Density, Gs (Gsa) = 7 / [ 6 + 7 -5 ] 
     2.754     2.754 

11. Absorption =  100 [4 - 7]/ 7 1.153     1.153 

COARSE AGGREGATES TRIAL 

(ASTM C127) 10mm     
Average 

1. Weight of Aggregate (SSD) In Air 3987.8     

2. Weight of Aggregate (SS) In Water 2419.5     

3. Weight of Oven Dry Aggregate 3913.5     

  

4. Bulk Gs (Gsb) =       3 / [ 1 - 2]      2.495     2.495 

5. Bulk Gs SSD (Gssd) =      1/ [1 - 2]       2.543     2.543 

6. Apparent Gs (Gsa) =       3 / [3 - 2]      2.619     2.619 

7. Absorption =  100 [1 - 3]/3 1.899     1.899 
 


