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 The use of natural sand as fine aggregate in cement mortar is being practiced from 

number of years. The bond stress which develops between sand particles and cementitious 

material is the main reason for using sand in cement mortar. However due to excessive use of 

natural sand and  more number of infrastructural projects, now a day’s natural sand has become 

scare. There is a need to find an alternative material which can replace natural sand in mortar. 

Crushed rock powder (CRP) is one such material which can replace natural sand. The present 

investigation aims in establishing the use of CRP as an alternative material for natural sand in 

cement mortar. 

  
Key words: Mortar, natural sand, crushed rock powder (CRP) 

 

 

 

 

 

Corresponding Author: Dr. Nagabhushana 

 

INTRODUCTION  

Studies have been carried out previously to recognize the need for utilization of crushed rock 

powder in mortar to save the natural resources. But limited investigations are found on mortar 

and on Reinforced Cement Mortar. None of the earlier investigation has used Crushed Rock 

Powder to replace 100% sand in mortar [1].  The present investigation is taken up to understand 

the behavior of mortar, using CRP as partial and full replacement to natural sand. 

Conventional building materials such as cement, aggregate, steel and timber are becoming 

expensive and scarce. Hence, there is a large demand for alternative building materials. 

Aggregates are important ingredients of mortar which are natural resources [2]. They have to 

be used sensibly in areas where there is high demand because the cost of aggregates may 

become high due to long distances of transportation. In our country, natural sand is used as fine 

aggregate in mortar. The use of manufactured sand is not popular in India [3]. Therefore, it will 

be highly appropriate to use some other material as a substitute to natural sand. This will not 

only preserve the natural resource but also provide an opportunity to utilize a waste material as 

a useful material [4]. Thus, in this research, experimental investigations are carried out to 
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determine the suitability of Crushed Rock Powder (CRP) as an alternate material for natural 

sand in mortar. 

 

CRUSHED ROCK POWDER (CRP) 

Crushed Rock Powder (CRP) is a by-product generated from quarrying activities involved in the 

production of crushed coarse aggregates. Rock dust is used as an alternative to natural sand and 

its effects on the strength of the mortars are investigated. Crushed Rock Powder which is 

generally considered as a waste material causes an environmental load due to disposal problem. 

Hence the use of CRP in mortar will reduce not only the demand for natural sand but also the 

environmental burden. Moreover the incorporation of CRP will offset the production cost of 

mortar. In brief the successful utilization of CRP will turn the waste material into a valuable 

resource. 

There has been very little use reported of the vast quantities of wastes generated by mixing and 

quarrying industries. Only small amounts of these wastes have been used in road making and in 

the manufacturing of buildings materials such as light weight aggregate bricks and autoclave 

blocks. The grading of crushed rock fine aggregate is slightly different from that of the natural 

sand and hence the possibility of using it as a partial or full replacement of natural sand in 

mortar.  

CRP is a waste material generated in the stone crushing industries. In the stone crushers, while 

manufacturing coarse aggregates of different sizes, a certain portion of stone will be reduced into 

finer particles. This is termed as Crushed Rock Powder (CRP). Till recently, it was considered as 

a waste material. In the last few years, it is being used in the construction of road pavements and 

also in making hollow blocks [5].  

Most of the aggregates used in our country are river sand as fine aggregates and crushed rock as 

coarse aggregates. Fine aggregates used for mortar should conform to the requirements for the 

prescribed grading zone as per IS: 383-1970. The stone particles comprising the sand should be 

hard and sound. The sand particles should be near cubical or spherical in shape. They should not 

be covered with deleterious materials like lumps and should be clean. They should not contain 

organic or chemically reactive impurities. Natural or river sand may not conform to all the above 

requirements and may have to be improved in quality. Improvements by washing, grading and 

blending may have to be done before use at the consumer end. River sand is becoming a very 

scarce material. 

 

PROPERTIES OF CRP MORTARS 

To study the variation of compressive strength of cement mortars with CRP, five grades of 

mortars were selected. They are 1:3, 1:4, 1:5, 1:6 and 1:8. The natural sand is replaced by CRP at 

0%, 20%, 30%, 40%, 50%, 60%, 80% and 100%. The compressive strengths are obtained at 3, 7 

and 28 days. 

The variation in 3days, 7 days and 28 days strength of CRP mortars are shown in Fig 1, 2 and 3 

respectively.   
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Table 1: Compressive strength of CRP mortars 

 

Sl 

no 

CRP in 

% 

3 days strength 

N/mm
2
 

7 days strength 

N/mm
2
 

28 days strength 

N/mm
2
 

1:3 CRP mortar 

1 0 6.46 8.81 18.47 

2 20 5.93 11.43 18.50 

3 40 6.41 15.70 19.02 

4 60 5.85 8.68 16.15 

5 80 4.01 7.61 10.95 

6 100 2.96 7.18 9.36 

1:4 CRP mortar 

7 0 4.30 6.05 11.79 

8 20 4.22 6.50 12.69 

9 40 5.01 8.88 14.13 

10 60 4.12 4.57 11.41 

11 80 3.64 4.00 9.92 

12 100 2.83 3.52 7.67 

1:5 CRP mortar 

13 0 2.31 2.88 9.10 

14 20 3.70 4.58 10.01 

15 40 3.76 5.12 12.75 

16 60 2.80 3.78 9.92 

17 80 1.79 2.72 8.02 

18 100 1.75 2.17 6.18 

1:6 CRP mortar 

19 0 1.47 1.60 4.80 

20 20 1.55 2.29 6.34 

21 40 1.64 2.31 7.41 

22 60 1.51 2.13 7.22 

23 80 1.24 1.95 6.57 

24 100 0.89 1.49 4.08 

1:8 CRP mortar 

25 0 0.28 0.69 3.12 

26 20 0.53 1.16 3.86 

27 40 0.81 1.28 5.16 

28 60 0.79 1.23 4.00 

29 80 0.79 1.13 4.11 

30 100 0.52 1.04 3.82 
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Fig 1 Variation of 3 day compressive strength of various grades of CRP 

mortars with different percentage of CRP 
 

 
Fig 2 Variation of 7 day compressive strength of various grades of CRP 

mortars with different percentage of CRP 
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Fig 3 Variation of 28 day compressive strength of various grades of CRP 

mortars with different percentage of CRP 
 

 

ANALYSIS OF RESULTS 

 

1. At any replacement level of sand by CRP, the strength increases with age of curing. 

2. Compressive strength goes on increasing up to 40% CRP and then decreases when 

compared to normal mortars. 

3. For rich mix of 1:3, the increase in strength at 40% CRP is 2.98%. At 100% CRP the 

decrease in strength is 49.32%. For lean mix of 1:8 CRP mortar, the increase in strength 

at 40% CRP is 65.38% and the increase in strength at 100% CRP is 22.44%. 

4. When CRP is used as fine aggregate in mortar, it is observed that the compressive 

strength is increasing upto CRP replacement level of 40%, for all proportions of mortar. 

However, the percentages increase in strength is high in lean mixes and low in rich 

mixes. This indicates that CRP replacement is more beneficial in lean mixes. At 40% 

CRP the increase in 28 day compressive strength of 1:8 mortar mixes is 65% and the 

corresponding increase in strength of 1:3 mortar mix is 3%. 

5. When CRP is used as fine aggregate replacing 100% of sand, the strength of mortar 

mixes reduced when compared to normal mortars, for all proportions of mortar mix, 

except 1:8. For this mix, at 100% CRP, the compressive strength gets enhanced by 22%. 
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CONCLUSIONS 

 

The findings of the present investigation advocated the use of Crushed Rock Powder (CRP) as a 

replacement to natural sand in mortars. The replacement level of CRP of 40% is observed to be 

optimum. Hence it can be concluded that CRP can be used to replace natural sand upto 40% after 

conducting trial mix design. The whole study is hoped to enhance the usage of alternative 

materials namely CRP and is an effort towards sustainable construction. 
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