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ABSTRACT

Paste fill is an innovative tailings management method that returns between 45% and 50% of the 
tailings back to the underground workings. Paste fill consists of tailings, water and binder. The 
binder has typically been Portland cement (PC), but a recent trend has seen it move towards 
blended cements. Blended cements are generally characterised by very slow early strength 
development, followed by the attainment of good ultimate strength. Blends comprising 100% PC, 
75% PC & 25% Flyash and 30% PC & 70% slag were tested, adding 3%, 3.5% and 4% by total dry mass 
of tailings having solids contents of 79%, 80% and 81%. The specimens were subjected to uniaxial 
compressive strength after curing periods of 7, 14, 28 and 56 days. The flow properties of 3.5% 
paste fill mixtures with each type of binder were investigated using yield stress tests. The results 
provided an understanding of the effect of binders, solids contents and curing period in the 
selection of optimal paste fill mixture. It was observed that slag-based paste fill had higher strength 
compared to the other two paste fills, however after considering the cost of binders, the 3.5% 
Flyash binder with 80% solids content tailings was chosen as an optimal mixture for strength and 
flow properties.  

1 INTRODUCTION

The use of paste fill as an underground mine backfill material has become a more widely accepted 
and used technology over the last decade. Specifically, it has been employed successfully by 
Canadian and Australian mines, including BHP Billiton’s Cannington Mine, located in North West 
Queensland. Cannington is one of the largest Australian paste fill mines. Paste backfill is a mixture 
of mine tailings, water and a small amount of binder. The binders used can include general purpose 
(GP) Portland cement or blended cements. Blended cements combine Portland cement mixed with 
another pozzolan, such as fly ash, blast furnace slag, gypsum or lime. The addition of binders to 
tailings produces a material capable of providing high initial strength and stiffness to the minefill.  

Currently, Portland cement is the only type of binder used with tailings at the Cannington mine. The 
cost of Portland cement is very high, accounting for approximately 46% of the operating costs. Thus, 
any cost optimisation will contribute significantly to the economic viability of the mining 
operations. The investigations reported herein focused on trying to reduce the binder proportion 
without compromising on the strength and stiffness of the material. Blended cements are produced 
by intimately and uniformly blending Portland cement (PC) with one or more supplementary 
cementitious materials. These materials are generally not used as cements by themselves, but when 
blended with PC, they make a significant cementing contribution to the properties of hardened 
mixture through hydraulic or pozzolanic activity. The focus of this paper is to try a number of 
different blended cement and tailings mixtures in order to reduce the cost of the paste fill. The 
Cannington paste fill was optimised with respect to binder type, curing time and the physical 
properties of the tailings for short and medium-term curing times, with due consideration to cost.  

2 MATERIALS

2.1 Tailings

Tailings were received from Cannington mine, Australia and samples were prepared according to the 
Australian standard (AS 1289.2.1.1 (1992), AS 1289.3.5.1 (1995),) before using it for the 
experimental studies described below. By definition, paste fill must have sufficiently fine grains to 
be able to indefinitely retain water in the soil matrix.  
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Figure 1: Grain size distribution for Cannington tailings 

Brakebush (1994) proposed at least 15% finer than 20 m. This minimum fines content has widely 
been accepted by industry and provides a basic “rule of thumb” for operational activities. Figure 1 
shows the grain size distribution for Cannington mine tailings and shows approximately 30% by mass 
of particles less than 20 m.  Table 1 shows the “average” physical properties for the tailings 
tested. The mining water content varies from 19 to 21% and bulk density between 1,950 and 2,300 
kg/m3. Further, the specific gravity was constant for all particle sizes with a value of 3.20. The D10,

coefficient of uniformity (Cu) and coefficient of curvature (Cc) are 6.25 m, 12 and 0.88 respectively. 

Table 1: Physical properties of the Cannington tailings (Rankine 2004) 

No Physical properties Ranges

1 Water content (%) 19.0-21.0 

2 Bulk density (kg/m3) 1,950-2,300 

3 Specific gravity 3.20 

4 D10 ( m) 6.25 

5 D50 ( m) 40

6 D90 ( m) 200 

7 Cu 12

8 Cc 0.88 

2.2 Binders

Rankine (2004) states that Cannington mines currently use 3.5% of Portland cement with tailings at 
79% solids content. Millions of dollars could be saved annually either by reducing the amount of 
binder by 0.5% or using cost-effective alternative binders instead of Portland cement. Natural and 
artificial pozzolanic additives such as fly ash, waste glass, silica fume and slag, could be used to 
produce high performance paste backfill of low permeability and high durability. The amount of 
binder used depends on the type of binder and the static strength requirement of the backfilled 
stope. In this study, three different types of binders were used for the optimisation process: Type A, 
Type B and Type C, as detailed in Table 2. 

Table 2: Mix proportions used in the experimental program 

Binder type 
% of 

binder
% of Portland 

cement
% of Fly ash % of Slag % of Tailings 

3.0 3.0 0 0 97.0 

3.5 3.5 0 0 96.5 Type A ( 100% GP) 

4.0 4.0 0 0 96.0 

3.0 2.25 0.75 0 97.0 

3.5 2.625 0.875 0 96.5 Type B (75% GP & 25% FA) 

4.0 3.0 1.0 0 96.0 

3.0 0.9 0 2.1 97.0 

3.5 1.05 0 2.45 96.5 Type C (30%GP & 70% S) 

4.0 1.2 0 2.8 96.0 
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7 3 EXPERIMENTAL STUDIES 

3.1 Paste backfill mixtures 

In this investigation, nine mixtures were made for each of the above 3 binder types to optimise the 
paste fill mix, with binder contents of 3, 3.5 and 4% and tailings solids contents of 79, 80 and 81%. 
Three samples of each paste fill blend were tested, and the average of the determined values is 
reported here. The paste fill samples were tested in the laboratory to determine their uniaxial 
compressive strength (UCS) and flow properties, with yield stress measurements carried out only for 
3.5% binder mixtures.  

3.2 Methodology 

3.2.1 Strength measurements 

1. Paste fill was prepared at James Cook University’s Geotechnical laboratory by mixing 
tailings, binders and water thoroughly for approximately 15 minutes in order to obtain a 
homogenous paste. This was based on the average operational batch cycle time and 
placement times used at Cannington Mine. 

2. The most common laboratory strength test for backfill is the uniaxial compression strength 
(UCS) test carried out on cylindrical samples with a height to diameter ratio of at least 2:1. 
Therefore, in this study, 50 mm internal diameter by 120 mm high plastic cylinders were 
used to cast 50 mm by 100 mm high specimens.  

3. The extraction of the sample, prepared in the plastic container was carried out by using a 
knife edge. A total of 324 paste fill samples was prepared for this study.  

4. All samples were triple sealed using plastic bags and cured in an oven in which the 
temperature was maintained at approximately 38oC and the humidity between 92% and 95% 
for periods of 7, 14, 28 and 56 days. Rankine (2004) gave a complete and detailed 
description of the preparation of the paste fill samples.  

5. The uniaxial compression tests were carried out using an Instron machine with a normal 
loading capacity of 10 kN, using a displacement rate of 0.5 mm/min.  

3.2.2 Yield stress measurements 

1. Paste fill samples were prepared using 3.5% binders (Type A, B and C) and 77%, 79%, 81% 
and 83% tailings solids content to obtain slurries for the yield stress measurements. After 
sample preparation, it took approximately 10 to 15 mins to start the tests due to 
transporting the samples to the chemical laboratory and setting up at instrument. 

2. Due to the high solids content, an HBV instrument was selected for the yield stress 
measurements. Of the large, medium and small vanes available, the medium and small 
vanes were selected to match the yield stress of the slurries.  

B

3. Samples were poured into the cup and the surface was levelled. Then, vane was carefully 
inserted into the slurry and the initial readings were set to zero.  

4. The instrument was operated and the peak value was recorded, from which the yield stress 
was calculated using equations provided by the manufacturer.  

4 RESULTS AND DISCUSSION 

4.1 Yield stress  

Figure 2 shows the variation of yield stress with solids content for the three types of blended 
binders. The results obtained for the Type A paste fill mix closely matched those for the same Type 
A (i.e., PC only as binder) carried out at Cannington by Bloss and Revell (2001). As shown in Figure 
2, the yield stress was higher for Types B and C paste fill mixes than for Type A paste fill mix 
between 77% and 83% solids content. Also, the trends of all curves are similar and the corresponding 
equations are shown in Figure 2. Therefore, it is possible to consider either Type B or C blended 
binders instead of Portland cement, based on flow performance alone. Bloss & Revell (2001) 
reported that a new benchmark was achieved in placing paste fill at Cannington, when paste 
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Figure 2: Yield stress versus percent solids for mixture of Cannington tailings and blended cements  

at 800 Pa yield stress was successfully placed underground. This is marked by the circles in Figure 2 
at yield stress of 800 Pa for all binder mixtures; corresponding to approximately 81% tailings solids 
content for Type A and nearly 80% for Types B and C. Therefore, it is assumed that provided the 
yield stress in below 800 Pa, the paste fill mix will have sufficient rheological characteristics for 
satisfactory placement within the stopes. 

4.2 Strength analysis 

Figure 3 shows the stress-strain relationships for Types B and C binder mixtures with 3%, 3.5% and 
4% when tailings at 80% solids content were subjected to uniaxial compressive tests after 28 days of 
curing. The UCS increased significantly with increasing binder contents for both binder mixtures and 
the peak values occurred at between 3% and 4% strains. The peak UCS were 471, 608 and 683 kPa 
for 3%, 3.5% and 4% Type B binder, respectively, and 745, 798 and 895 kPa for 3%, 3.5% and 4% of 
Type C binder, respectively. Figure 4 shows the UCS variation with curing periods from 7 to 56 days, 
for 80% paste fill mixes with all three types of binders. While paste fills with Type A and B binders 
achieved approximately the same UCS values, the Type C binder specimens achieved about 1.5 
times the UCS values of the Type A binder specimens for all curing times. For the Type A binder 
specimens, the UCS increased between 7 and 28 days of curing and remained approximately 
constant with increasing curing time to 56 days. For the Type B binder specimens, the UCS was less 
than for the Type A binder specimens after 7 days of curing and increased after 14 days of curing to 
values higher than those obtained for the Type A binder specimens with a further relative increase  

        

4% binder (B)

3% binder (C) 

3.5% binder (C)

4% binder (C)

3.5% binder (B)

3% binder (B) 

Figure 3: Stress-strain relationships for 80% solids of tailings with Types B and C binders after 28 days of 
curing
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Figure 4: UCS versus curing time for paste fill mixtures for 80% tailings solids content

from 14 to 56 days, reaching final values of 502 kPa, 623 kPa and 710 kPa for 3%, 3.5% and 4%  
binder, respectively. The results obtained for the Type A and B binder specimens support 
observations by Manca et al. (1983) that Type B binder mixtures can replace Type A, producing a 
slight decrease in strength after short curing times and higher strengths after long curing times.  

The UCS values obtained for the Type C binder specimens was higher than those obtained for Types 
A and B. These values increased slowly between 7 and 28 days of curing for 3% and 3.5% binders and 
remained constant with increasing curing time to 56 days. The UCS values increased linearly with 
curing time for 4% type C binder. From Figures 2 and 4, Type C can be considered as an alternative 
to Type A binder for 79% and 80% tailings solids contents, showing both adequate flow properties 
and UCS.  Table 3 shows a summary of the average UCS and Young’s modulus values after 28 days of 
curing, for 79%, 80% and 81% solid contents. The Young’s Modulus was determined considering the 
linear curve of the stress-strain curve. AS shown in Table 3, the UCS and Young’s modulus values 
increased noticeably with increasing tailings solid contents from 79% to 80% and binder contents 
from 3% to 4%. The current practice in Cannington mine is to use 3.5% Type A binder with 79% 
tailings solids content. From laboratory tests, the corresponding average UCS and Young’s modulus 
values were 500 kPa and 22.3 MPa, respectively. The minimum UCS value suggested from this is 500 
kPa after 28 days of curing. Also, the yield stress should not exceed 800 Pa after 10-15 minutes. As 
shown in Table 3, based on these recommendations are satisfied by all binder percentages except 
3% Type B binder mixture with 80% tailings solids content. Also, for 79% tailings solids content, 4% of 
Type B binder mixture and 3%, 3.5% and 4% of Type C binder mixture could be selected as an 
alternative to current practice. The cost analysis of the alternative binders is the primary factor in 
considering the final selection. 

Table 3: Summary of UCS and Young’s modulus results after 28 days of curing  

79% of Solids content 80% of Solids content 81%  of Solids content 
Paste fill 
mixture 

% of 
binder UCS (kPa) 

Young’s
Modulus
E (MPa) 

UCS (kPa) 
Young’s
Modulus
E (MPa) 

UCS (kPa) 
Young’s
Modulus
E (MPa) 

3.0 392 9.75 505 25.1 622 29.2 

3.5 500 22.3 531 33.1 675 34.2 
Type A & 
Tailings 

4.0 523 27.2 618 34.2 750 50.2 

3.0 406 8.92 471 32.2 544 46.3 

3.5 531 19.5 608 43.0 760 71.2 
Type B & 
Tailings 

4.0 571 31.2 683 48.7 801 73.2 

3.0 595 48.0 745 76.7 826 81.2 

3.5 713 61.2 798 109.6 959 115.0 
Type C & 
Tailings 

4.0 739 82.0 895 115.0 1174 137.6 
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74.3 Cost estimations of binders 

Figure 5: Binder cost versus UCS (28 days) relationships for types A, B and C binders 

The cost of the binder is the highest cost component in a paste fill operation. It is therefore 
essential to consider cost in the selection of the optimal binder mixture. Figure 5 shows the 
relationships between binder cost per tonne and UCS for 79%, 80% and 81% tailings solids contents 
with 3%, 3.5% and 4% of Types A, B and C binders. The cost analysis was carried out based on bulk 
cement prices from Cement Australia. As shown in Figure 5, binder costs increase with increasing 
tailings solids contents from 79% to 81%, for all types of binders, and with increasing % binder. The 
Type B binder mixture cost is less than Type A binder cost, while the Type C binder mixture cost is 
larger than that of Type A.  The shaded region in Figure 5 defines the combinations of tailings solids 
contents, binder mixture and % binder that are acceptable in terms of binder cost and UCS. There 
are nine binder mixtures within this area, and most interest is in 79% and 80% tailings solids 
contents with Types B and C binder mixtures. In this research, 3.5% Type B binder mixture with 80% 
tailings solids content is proposed as the most suitable alternative to currently used 3.5% Type A 
with 79% tailings solids content. The large circle corresponds to current practice and the smaller 
circle corresponds to the recommended alternative. 

5 CONCLUSIONS 

Cannington paste fill was studied using three alternative binders: Types A, B and C at 3%, 3.5% and 
4% with tailings at solids content of 79%, 80% and 81%. The optimal alternative mix was selected by 
comparing the 28-day UCS, 10 to 15 minute yield stress and binder cost with the mix currently used 
at Cannington mine. The 3.5% Type B (Fly ash blended cement) binder mixture with 80% tailings 
solids content was chosen as the optimal alternative mix, giving higher strength, lower yield stress 
and lower binder cost.           
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