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ABSTRACT 

Influence of partial replacement of sand by gold mine tailings on the gradation of sand and flow characteristics of 

mortar is investigated. Sand was replaced with 10%,20% and 30% of gold mine tailings and the resulting sand was 

compared with the grading limits specified in IS: 2116-1980. All the three reconstituted sands comply with the grading 

limits specified for sand passing through IS sieve sizes 4.75mm, 2.36mm, 1.18mm, 0.6mm and 0.3mm, except for 0.15mm 

sieve size. The reconstituted sand with 30% of gold mine tailings yields sand which contains 42% medium sand and 26% 

fine sand. Workability of mortars has been quantified by conducting flow table tests. There is a linear relationship between 

flow and water-cement ratio of the mortars. Flow increases with increase in water-cement ratio. High flow values can be 

obtained with reconstituted sands.  
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INTRODUCTION 

Indian construction industry is one of the largest terms of volume of raw materials/natural resources consumed.             

It is estimated that the consumption of cement will increase by 166 % at the end of 2020 [1], which leads to large scale 

consumption of fine and coarse aggregates. At present, approximately 350X109 m3 of fine aggregates are consumed 

annually [2]. Meeting the demand for fine aggregates without exploiting natural resources is a challenging task. To sustain 

the demand for fine aggregates, it becomes imperative to explore the possibility of utilizing alternative materials which are 

sustainable. Large quantity of industrial waste is generated annually and some of these wastes are unutilized for several 

decades. About 20 million tonnes of inorganic waste is generated annually [3], which include red mud, lime sludge, zinc 

tailings, gold mine tailings, etc. In this investigation, an attempt is made to study the properties of masonry mortar 

containing gold mine tailings as a partial substitute for natural sand. 

SCOPE OF THE WORK AND EXPERIMENTAL PROGRAMME 

Influence of replacing sand partially by gold mine tailings on the characteristics of masonry mortars in fresh state 

is examined. Gradation of river sand was varied by replacing certain percentages of river sand with gold mine tailings. 

Details of mortar proportions and various tests performed are given in Table 1. In order to minimize the errors arising in 

volume batching, the volumes of cement, sand and gold mine tailings were converted to weight ratios based on their loose 

bulk densities. These converted ratios were used in the experiments. 
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MATERIALS USED IN THE INVESTIGATION 

Cement 

Ordinary Portland cement conforming to IS: 8112 [4] was used for the preparation of mortar 

Sand 

Natural river sand was used in the investigations. The sand grading was altered by replacing certain percentages 

(10%, 20% and 30%) of river sand by gold mine tailings. 

Table 1: Details of Test Programme for Various Mortars 

Sand Type Designation FM 

Proportion (by Volume) Properties Investigated 

C S 
Particle 

Size 
Distribution 

Flow 
Characteristics 

River sand 
(RS) 

RS 2.45 
1 6 

√ 
√ 

1 4 √ 
Gold mine 
tailings 
(GMT) 

GMT 0.277 
1 6 

√ 
√ 

1 4 √ 

RS+GMT 
(0.9:0.1) 

RSGMT1 2.23 
1 6 

√ 
√ 

1 4 √ 
RS+GMT 
(0.8:0.2) 

RSGMT2 2.01 
1 6 

√ 
√ 

1 4 √ 
RS+GMT 
(0.7:0.3) 

RSGMT3 1.79 
1 6 

√ 
√ 

1 4 √ 
      C: Cement; S: Sand; FM: Fineness Modulus 

Gold Mine Tailings 

Tailings are one of the primary waste products of mining operations. They are made of fine-grained particles of 

the parent rock from which the ore is extracted by crushing, grinding and other milling processes. The characteristics of 

tailings are a result of the composition of the parent rock. Tailings used in this investigation were obtained from Hutti gold 

mines, Hutti village, Raichur district, Karnataka, India. Chemical compositions of the tailings were evaluated and are 

shown in Table 2.  

Table 2: Chemical Composition of Gold Mine Tailings 

Parameters Result (%) Parameters Result (%) 
Loss on ignition 1.08 Manganese as MnO 0.077 
Calcium as CaO 6.10 Zinc as ZnO 0.011 
Magnesium as MgO 3.68 Nickel as NiO 0.006 
Iron as Fe2O3 6.70 Chromium as Cr2O3 0.008 
Aluminium as Al2O3 3.85 Lead as PbO 0.007 
Sodium as Na2O 0.078 Silica as SiO2 71.6 
Potassium as K2O 0.285 Chloride as CL- 0.070 
Copper as CuO 0.010 Manganese as MnO 0.077 

 

TESTING PROCEDURE 

Reconstitution of River Sand 

The particle size distribution curves of sand and gold mine tailings are compared with the grading limits specified 

by IS: 2116-1980 [5], and are shown in Figure 1. The gold mine tailings gradation curve falls outside the limiting values, 
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which indicates that the material cannot be used in its natural form. Hence, the gradation of river sand was altered by 

replacing it with 10%, 20% and 30% by weight of gold mine tailings. The particle size distribution curves for these 

reconstituted sands are shown in Figure 2. 

Determination of Workability of Mortars through Flo w Table Tests 

Workability of mortar should be such that it allows the mason to spread it easily and adhere to the masonry units. 

Apart for the composition of the mix, generally water-cement ratio affects the workability of the mix. Workability 

characteristics of mortar are measured using a flow table test. BS: 4551 [6] code guidelines were followed to carry out 

experiments to determine the flow of mortars. 

 

Figure 1: Particle Size Distribution Curves for River Sand and Gold Mine Tailings 

RESULTS AND DISCUSSIONS 

Reconstitution of River Sand 

• The particle size distribution curves for sand, gold mine tailings and combination of sand and gold mine tailings 

for different percentages are shown in Figures 1 and 2 respectively. The following observations can be made from 

these graphs. 

• The gradation curve for gold mine tailings does not fall within the permissible limits specified by IS: 2116-1980. 

• Reconstituting river sand by a specific percentage of gold mine tailings results in change of gradation of river 

sand. The reconstituted sand with 10% gold mine tailings falls within the permissible limits specified by                      

IS: 2116-1980. Whereas in the case of reconstituted sands containing 20% and 30% gold mine tailings, the 

fraction passing through 75 microns sieve is slightly higher than the permissible limits. 

• Gold mine tailings which contain about 6% medium size sand and 63% fine sand gets converted into sand that 

contains approximately 42% to 59% medium sand and 24% to 26% fine sand. 
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Figure 2: Particle Size Distribution for Reconstituted Sand 

Flow Characteristics of Mortars 

A typical flow pattern for cement mortar containing 20% gold mine tailings at a flow value of 100% is shown in 

Figure 3. For a set of selected flow values, variation in water-cement ratio and water content of the mortar mix for mix 

proportions 1:6 and 1:4 is tabulated in Tables 3 and 4 respectively. The flow value versus water-cement ratio and water 

content for mortar prepared with river sand and gold mine tailings are shown in Figures 4 and 5 respectively. The flow 

value versus water-cement ratio and water content for mortar prepared with reconstituted sand (20% and 30% replacement) 

is shown in Figures 6 and 7 respectively. The following observations can be made from the results given in Tables 3 and 4, 

and Figures 4 to 7. 

• The flow value increases as the water-cement ratio or water content in the mix increases for all the sand types.             

A linear relationship exists between the flow value and water-cement ratio or water content of the mix for all 

proportions and all sand types. 

• For mortar with river sand, the maximum value of flow achieved is 100.5% and 97.8% for mix proportions                

1:6 and 1:4 respectively. Whereas in the case of mortar with gold mine tailings, the flow achieved is 120.5% and 

124.4% for mix proportions 1:6 and 1:4 respectively. This indicates that mortars containing relatively high 

percentage of fine sand require more water to attain similar flow values when compared to mortars with coarse 

sand. 

• Reconstituting river sand with gold mine tailings will enhance the workability property of the resulting mortar. 

For example, in the case of river sand of mix proportion 1:6, the water-cement ratio should be increased by              

12% to achieve an increase in flow value of 66%. In case of reconstituted river sand with 30% gold mine tailings, 

an increase in water-cement ratio of 15% will enhance the flow by 100%. In addition, a maximum flow of 123% 

can be achieved without any segregation. The same variation in flow values is observed in mortars with a mix 

proportion of 1:4. 
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Figure 3: A Typical Flow Pattern for Cement Mortar Containing 20% Gold Mine Tailings at 100% Flow 

Table 3: Flow Values, Water-Cement Ratio and Water Content for 1:6 Mix Proportion  

Sand 
Type 

Flow Values (%) 
60 80 100 110 120 

W/C WC W/C WC W/C WC W/C WC W/C WC 
RS 1.16 13.69 1.22 14.56 1.30 15.43 - - - - 

GMT 2.07 26.78 2.27 29.42 2.48 32.06 2.58 33.39 2.68 34.71 
RSGMT1 1.17 13.95 1.23 14.66 1.29 15.36 1.32 15.71 1.35 16.07 
RSGMT2 1.18 14.14 1.24 14.89 1.30 15.63 1.33 16.01 1.36 16.38 
RSGMT3 1.29 15.71 1.36 16.51 1.43 17.30 1.46 17.69 1.49 17.94 

 

Table 4: Flow Values, Water-Cement Ratio and Water Content for 1:4 Mix Proportion  

Sand 
Type 

Flow Values (%) 
60 80 100 110 120 

W/C WC W/C WC W/C WC W/C WC W/C WC 
RS 0.78 13.11 0.85 14.20 0.91 15.30 - - - - 
GMT 1.48 26.99 1.62 29.66 1.77 32.33 1.84 33.67 1.92 35.00 
RSGMT1 0.81 13.70 0.86 14.51 0.91 15.32 0.93 15.73 0.96 16.13 
RSGMT2 0.88 14.99 0.94 15.93 0.99 16.87 1.02 17.33 1.05 17.80 
RSGMT3 0.93 15.95 1.00 17.19 1.07 18.42 1.11 19.04 1.15 19.66 

 

 

Figure 4: Flow versus Water-Cement Ratio for River Sand and Gold Mine Tailings 
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Figure 5: Flow versus Water Content for River Sand and Gold Mine Tailings 

 

Figure 6: Flow Versus Water-Cement Ratio for River Sand and Gold Mine Tailings 

 

Figure 7: Flow versus Water Content for River Sand and Gold Mine Tailings 

SUMMARY AND CONCLUSIONS 

Influence of the presence of gold mine tailings as a partial substitute for sand in cement mortar was examined. 

The following conclusions can be drawn from this investigation. 

• Gold mine tailings are fine grained particles which contain more than seventy percent sand size particles. 

• Reconstituting river sand with thirty percent of gold mine tailings results in sand which contains about 42% 

medium size and 26% fine sized sand. 

• Flow increases with increase in water-cement ratio and water content of the mortar for all sand types. 
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• Mortar containing gold mine tailings require more water to achieve the same flow when compared with mortar 

containing other sand types. This may be attributed to the fact that mortar containing fine sand has large surface 

area. 

• Workability property of mortar improves with the replacement of river sand with gold mine tailings. A flow value 

of 123% and 132% is obtained in case of mortar containing fine aggregate with gold mine tailings of 30% and 

20% respectively. 
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