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ABSTRACT 

Compressive and Tensile strength testes where carried out M- Sand mortar cubes with cement replaced by Marble 

power (MP) at the leaves of (0, 5,10,15,20 and 25%) after the curing age of 28 days. The chemical analysis of the rice husk 

ash revealed high amount of silica (18.43%), calcium oxide (67.79%), Magnesium oxide (13.79%) are the important 

minerals for Strength, Soundness and setting of concrete. And its having very less amount of magnesia (0.67). It is 

responsible for unsoundness. These results are indicated that MP can be used as partial replacement for cement mortar 

using m-sand in the range of 15 to 20% 
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INTRODUCTION  

 Permeability refers to the amount of water migration through concrete when the water is under pressure, and also 

to the ability of concrete to resist penetration of any substance, be it a liquid, gas, or chloride ion, etc... Permeability in 

concrete has direct relationship with the durability of the concrete. The lesser the permeability, the more durable the 

concrete will be. Permeability will make the concrete vulnerable to external media attack. These media include water, 

chemicals, sulphates, and etc. These external media, once capable of penetrating into concrete it will deteriorate the life 

span of that particular concrete structure. For example, water can cause corrosion to steel reinforcement bar in concrete. 

The permeability also reduces the resistance of concrete towards freeze-thaw action. Therefore, permeability is a very 

important characteristic of that need to be achieved in any application. The permeability occurs in hardened concrete in two 

scenarios; firstly from the trapped air pockets from incomplete compaction, and secondly from the empty space due to loss 

of mixing water by evaporation. In both situations the air space is not good for concrete durability. It is therefore very 

important to make that any concrete placed in the formworks gets proper and adequate compaction. Some contractors 

might add water to the properly design concrete mix in order to make it more workable at site. This practice shall not be 

allowed at all for any reason. With so much development in concrete technology, now it is possible to do concreting 

without the need to compact it (or at least with minimum compaction). This type of concrete is known as self compacting 

concrete, which as it name sounds is capable of compacting on its own. It creates a very highly compacted and dense 
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concrete; thus resulting in low permeability. 

 Since loss of mixing water is one of the reasons for higher permeability, simply adding water to concrete will 

create more air space after evaporation. Therefore, for any concrete to be watertight, the water-cement ratio shall be as low 

as possible. According to American Concrete Institute, for concrete exposed to fresh water the maximum water-cement 

shall not exceed 0.48, while this value shall be less than 0.44 if the concrete will be exposed to seawater. 

 Besides improper compaction and loss of mixing water, there are few other factors that affect the permeability in 

concrete. As the age of the concrete increases, the permeability will reduce. This is because concrete is material that will 

continue to hydrate over a long period of time as long as there is a presence of un-hydrated lime. So with the presence of 

water, the hydration products will fill the empty spaces in the matrix. Another factor that improves the permeability is the 

fineness of cement. Finer cement particles will hydrate much faster; thus creating the impermeable concrete faster 

 The permeability of a wall of concrete varies with the size and shape of the aggregate, the density of the mixtures, 

and the richness of the mortar. For given aggregate the densely and strongest mixtures will usually be the least permeable, 

although the least porous concrete is not necessarily the least permeable when different material are used. 

 Concrete durability has attracted a bunch of attention from many researchers, because it has significant influence 

on the service life of concrete structure. Concrete is a porous material with pore sizes ranging from a few nanometres to a 

few millimetres. Recently, Micro particles have increase more inattention in many fields to produce new materials with 

new functions due to their exclusive physical and chemical properties. It has been found that physical properties of mortar, 

predominantly permeability and strength significantly depend on its pore structure. Ultra fine particles of Nano composites 

provide more homogenous sharing of hydrated products of concrete. These effects of micro particles   enhance the 

toughness of cement composites as well as the strength. Nano-particles can act in response with calcium hydroxide (Ca 

(OH)2) crystals  which are arrayed in the interfacial transition zone (ITZ) between hardened cement paste and aggregates 

and produces C-S-H gel. The size and amount of calcium hydroxide crystals are significantly decreased, and the early age 

strength of hardened cement paste is increased [1-10].In the studies performed using NA, it was found that the powder 

increased compactness of the aggregate-cement paste interface, and also improved the modulus of elasticity and early age 

compressive strength of mortars up to a certain level [11]. Ordinary river sand is costly due to unwarranted cost of 

transportation from natural source. Also large-scale depletion of this source create environmental problem. Environmental 

transportation and other constraints make the ease of use and use of river sand less attractive, a substitute product for 

concrete industry need to be establish.  The production of MS also generates high amount of micro fines, particles that pass 

the 75 µm sieve, ranging from 5% to 20%. Usually the micro fines are washed out since the Chinese national standard JTG 

F 30-2003 limits the quantity of micro fines to 5% [12], and it is not possible to remove a portion of them. The removal of 

the micro fines represents a wasted aggregate resource and leads to a disposal problem for producers. In addition, the 

removal of the micro fines often produces a insensitive mix that does not finish well, leading to the necessity of adding 

natural sand for rising the workability [13]. In earlier researches have shown that good quality concrete can be made using 

MS with high quantity of micro fines [14-15]. Generally the, flexural strength, compressive strength and abrasion 

resistance as well as freezing resistance tend to enhance to a certain limit with increasing proportions of micro fines. After 

the limit was reached, the strength has decreases because there is not sufficient paste to coat the aggregate.  
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MATERIALS USED 

River Sand: The physical properties sand given in the following Table 1 

M-Sand: The physical properties and chemical Composition of M-sand are given in the following Table 1&2 

respectively Figure 1Shows the SEM& EDAX Result for OPC 

Cement Used: Ordinary Portland cement (OPC) - 43 Grade as per IS 8112 Composition of OPC are given in the 

following Table 3 & 4Figure 2 Shows the SEM& EDAX Result for OPC  

MP: Composition are given in the following Table 5 The average particle size distribution was 80-60µm Figure 

3Showsthe SEM& EDAX Result for RHA 

Table 1: Physical Properties of M-Sand & River Sand 

SI. 
No Characteristics M-Sand River Sad 

1 Specfic gravity 2.61 2.60 

2 
Bulk density 
loose(Kg/lt) 

1.48kg/m3 1.49kg/m3 

3 Finess modulus 3.0 3.0 

4 
Water 
absorption 

0 .65 Nil 

5 Grading zone Zone-II Zone-II 
 

Table 2: Chemical Composition for M-Sand 

Composition 
Wt % 

M-Sand 
SiO2 67.62 
Al 2O3 15.43 
Fe2O3 5.58 
CaO 3.25 
MgO - 
 SO3 - 
Na2O,K2O & others 4.01 
LOI 3.25 

 

 

Figure 1: Shows the SEM& EDAX Result for M-Sand 
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Table 3: Properties of Cement 

SI. 
No 

Property Value 

1 Specific gravity 3.15 
2 Initial Setting time 50min 
3 Final Setting time 355min 
4 Standard consistency 30% 

 

Table 4: Chemical Composition of OPC 

Composition SiO2 Al 2O3 Fe2O3 CaO MgO SO3 
Na2O,K2O 
& Others LOI 

OPC (%) 21.0 5.4 4.6 63.0 0.7 2.9 - 2.5 
 

 

Figure 2: Shows the SEM& EDAX Result for OPC 

 

Table 5: Chemical Composition of RHA 

Composition SiO2 Al 2O3 Fe2O3 CaO MgO SO3 
Na2O,K2O 
& others 

LOI 

RHA 18.43 - - 67.79 13.78 - - - 
 

 

Figure 3: Shows the SEM& EDAX Result for RHA 
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EXPERIMENTAL TESTS 

Compression Test: (ASTM C109) 

 The compressive strength of concrete is one of the most important properties of concrete. Mortar specimens of 50 

x 50 x50 mm cubes were cast with different materials. After 48 hrs the specimens were demoulded and subjected to curing 

for 7, 14&28 days in water curing. For each system triplicate specimens were cast .The cubes are tested in the 

compression-testing machine (1000 KN capacity). The ultimate load at which the cube fails was taken. The test set up is 

shown in Figure 5. 

 Compressive strength was calculated using the following formula. 

  

 

Figure 4:  Shows Compressive Strength Specimens 

 

Figure 5: Compressive Test in Progress 

Split Tensile Test 

 Split ensile test was carried out as per ASTM C496-90. Mortar cylinders of size 50 mm diameters and 100 mm 

height were casted. During casting, the cylinders were mechanically vibrated using a table vibrator. After 48hrs, the 

specimens were removed from the mould and subjected to water curing for 7,14 & 28 days After the specified curing 

period was over, the concrete cylinders were subjected to split tensile test by using universal testing machine. Tests were 

carried out on triplicate specimens and average split tensile strength values were recorded. 
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Figure 6:  Tensile Strength Specimen 

 

Figure 7:  Split Tensile Test in Progress 

 

Figure 8: After Tested the Specimen 

Table 6: Replacement of Sand by M-Sand (%)  

% of 
Replacement of 
Sand by M-Sand 

Comp. Strength  

(N/mm
2

) 

0 43.86 

25 44.24 

50 44.92 

75 45.68 

100 46.94 

Baskar. R & Ganapaty Chettiar 
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Figure 9: Optimum Value of M-Sand 

RESULT AND DISCUSSIONS 

Compressive Strength Test 

 The compressive strength obtained for opc(control) mortar was 43.86 N/mm2 and the strength was increased 

about 8.03% at  20% of  MP Replaced by Cement   . The Cao particles favoured the formation of Calcium Silicate Hydrate 

(CSH) gel and enhanced the compressive strength 20% level. From the table7it was found that the 20% added mortars 

showed the optimum value 

Table 7: Compressive Strength 

% of 
Replacement 

of Cement 
by MP 

Comp. Strength  

(N/mm
2

) 

0 46.94 

5 47.86 

10 49.14 

15 50.23 

20 51.04 

25 48.37 

 

 

Figure 10: Optimum Value of MP 
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Split Tensile Strength of Mortars 

 From Table 8 it was found that OPC mortar showed split tensile strength of 9.32N/mm2at 28 days.  The addition 

of MP in 20% level showed a maximum split tensile strength of 10.29N/mm2.  Below 20% level, the tensile strength 

decreased.  As observed in compressive strength values RHA at 20% level showed the highest tensile strength values 

indicating the tolerable limit of replace as 20%. From the compressive and tensile strength results it is confirmed that the 

tolerable limit of MP addition is found to be 20%.  Below 20% MP addition, there is a reduction in strength observed due 

to the delayed formation of CSH 

Table 8: Split Tensile Strength 

% of replacement 
of Cement by  MP 

Split Tensile 
Strength  (N/mm2) 

0 9.32 
5 9.63 
10 9.71 
15 9.94 
20 10.29 
25 9.82 

 

 

Figure 11: Optimum Value of MP 

CONCLUSIONS 

• The results show that the MP particles blended mortar had significantly higher compressive strength And split 

tensile strength compare to Controle 

• Addition of –MP particles favoured the formation of Calcium Silicate Hydrate (CSH) gel and enhanced the 

compressive strength. 

• The optimum addition of MP as partial replacement of cement in the range of 15 to 20% gives better result in M-

Sand  
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