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Abstract: 

The study the behavior of concrete, having partial replacement of cement with waste marble powder M40 

grade for which the marble powder is replaced by an experimental study was carried out and the effect on 

compressive strength and split tensile strength characteristics (0%, 4%, 8%, 12%, 16%, 20%) was studied. 

The result of this present investigation indicates that the replacement of 12% of cement with waste marble 

powder attains maximum compressive and tensile strength. The optimum percentage for replacement of 

marble powder with cement and it is almost 12%cement for both cubes and cylinders and it also minimize 

the costs for construction with usage of marble powder which is freely or cheaply available more 

importantly. 

Keywords: - Marble powder, slump, and compressive strength and split tensile strength. 

INTRODUCTION 

The advancement of concrete technology can 

reduce the consumption of natural resources and 

energy sources and lessen the burden of 

pollutants on environment. Presently large 

amounts of marble dust are generated in natural 

stone processing plants with an important impact 

on environment and humans. This project 

describes the feasibility of using the marble 

sludge dust in concrete production as partial 

replacement of cement.  

Concrete, a strong, durable material composed 

of cement, aggregate and water, is the most used 

building material in the world. Concrete has an 

ultimate load bearing capacity under 

compression but the material is weak in tension. 

That is why steel bars are embedded in the 

concrete for the structures to carry tensile loads. 

The steel reinforced bars take the load when the 

concrete cracks in tension. On other hand the 

concrete protects the steel reinforced bars from 

the environment and prevents corrosion. 

However, the cracks in the concrete form a 

major problem which affects the durability of 

the structures. Here the ingress of water and 

chloride ions takes place and deterioration of the 

structure starts with the corrosion of the steel. To 

increase the strength and durability of the 

structure either the cracks that are formed should 

be repaired conventionally using epoxy injection 

or latex treatment or by providing extra 

reinforcement in the structure during the design 

phase to ensure that the crack width stays within 

a permissible limit. This extra reinforcement is 

only needed for durability reasons (to keep the 

crack width small) and not for structural 

capacity 

PHYSICAL PROPERTIS OF CONCRETE:  

Workability: 
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 Workability that property of freshly mixed 

concrete that determines its working 

characteristics, i.e. the case  with which it can be 

mixed, placed, compacted and finished. 

•Factors effecting workability: 

•Method and duration of transportation 

•Quantity and characteristics of cementing 

materials 

•Concrete consistency (slump) 

•Aggregate grading, shape & surface texture 

•% entrained air 

•Water content 

•Concrete & ambient air 

Compressive strength: 

Compressive strength is defined as the measured 

maximum resistance of a concrete or mortar 

specimen to an axial load, usually expressed in 

psi (pounds per square inch) at an age of 28-

days. 

Water/cement ratio: 

•The single most important indicator of strength 

is the ratio of the water used compared to the 

amount of cement(w/c ratio) 

• Basically, the lower this ratio is, the higher the 

final concrete strength will be 

•This concept was developed by Duff Abrams of 

The Portland Cement Association in the early 

1920s and is in today world wise use. 

Segregation: 

Segregation may be of three types 

1.Coarse aggregate separating out or settling 

down from the rest of the matrix.  

2.Paste separating away from coarse aggregate.  

Water separating out from the rest of the 

material being a material of lowest specific 

gravity. 

A well made concrete, taking into consideration 

various parameters such as grading, size, shape 

and surface texture of aggregate with optimum 

quantity of waters makes a cohesive mix. Such 

concrete will not exhibit any tendency for 

segregation. The cohesive and fatty 

characteristics of matrix do not allow the 

aggregate to fall apart, at the same time; the 

matrix itself is sufficiently contained by the 

aggregate. Similarly, water also does not find it 

easy to move out freely from the rest of the 

ingredients. 

 

The conditions favorable for segregation are:  

1.Badly proportioned mix where sufficient 

matrix is not there to bind and contain the 

aggregates 

2.Insufficiently mixed concrete with excess 

water content  

3.Dropping of concrete from heights as in the 

case of placing concrete in column concreting  

4.When concrete is discharged from a badly 

designed mixer, or from a mixer with worn out 

blades 

5.Conveyance of concrete by conveyor belts, 

wheel barrow, long distance haul by dumper, 

long lift by skip and hoist are the other situations 

promoting segregation of concrete  
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Vibration of concrete is one of the important 

methods of compaction. It should be 

remembered that only comparatively dry mix 

should be vibrated. It too wet a mix is 

excessively vibrated; it is likely that the concrete 

gets segregated. It should also be remembered 

that vibration is continued just for required time 

for optimum results. If the vibration is continued 

for a long time, particularly, in too wet a mix, it 

is likely to result in segregation of concrete due 

to settlement of coarse aggregate in matrix. 

Bleeding: 

Bleeding in concrete is sometimes referred as 

water gain. It is a particular form of segregation, 

in which some of the water from the concrete 

comes out to the surface of the concrete, being 

of the lowest specific gravity among all the 

ingredients of concrete. Bleeding is 

predominantly observed in a highly wet mix, 

badly proportioned and insufficiently mixed 

concrete. In thin members like roof slab or road 

slabs and when concrete is placed in sunny 

weather show excessive bleeding 

Setting of concrete: 

           The hardening of concrete before its 

hydration is known as setting of concrete. OR 

The hardening of concrete before it gains 

strength. OR  The transition process of changing 

of concrete from plastic state to hardened state. 

Setting of concrete is based or related to the 

setting of cement paste. Thus cement properties 

greatly affect the setting time.  

Hydration of concrete: 

Concrete derives its strength by the hydration of 

cement particles. The hydration of cement is not 

a momentary action but a process continuing for 

long time. Of course, the rate of hydration is fast 

to start with, but continues over a very long time 

at a decreasing rate In the field and in actual 

work, even a higher water/cement ratio is used, 

since the concrete is open to atmosphere, the 

water used in the concrete evaporates and the 

water available in the concrete will not be 

sufficient for effective hydration to take place 

particularly in the top layer. 

Airentrainment:                                                                                                                             

Air entrainment reduces the density of concrete 

and consequently reduces the strength. Air 

entrainment is used to produce a number of 

effects in both the plastic and the hardened 

concrete. These include: 

1.Resistance to freeze–thaw action in the 

hardened concrete. 

2.Increased cohesion, reducing the tendency to 

bleed and segregation in the plastic concrete. 

3.Compaction of low workability mixes 

including semi-dry concrete. 

4.Stability of extruded concrete. 

5.Cohesion and handling properties in bedding 

mortars 

DESCRIPTION OF MARBLE POWDER 

Waste marble powder is generated as a by-

product during cutting of marble. The waste is 

approximately in the range of 20% of the total 

marble handled. The amount of waste marble 

powder generated at the study site every year is 

very substantial being in the range of 250-400 

tones. The marble cutting plants are dumping the 

powder in any nearby pit or vacant spaces, near 

their unit although notified areas have been 

marked for dumping. This leads to serious 

environmental and dust pollution and occupation 
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of vast area of land especially after the powder 

dries up (as shown in Figure 1). This also may 

leads to contamination of the underground water 

reserves (Branco et al., 2004; Vijayalakshmi et 

al., 2001). 

Traditionally, WMP products are disposed of as 

soil conditioners or land fill. However, there 

might be reusing or recycling alternatives that 

should be investigated and eventually 

implemented. Thanks to Civil Engineering 

research, numerous uses of waste marble powder 

have been introduced, including use in tiles 

manufacturing, concrete mixes, subgrade fill, 

and modified binder (Huseyin et al., 2010; 

Nunes et al., 2009; Akbulut et al., 2007; and 

Bache H., 1981). Of our particular interest is the 

use of WMP in cement industry as a substitute 

of limestone for the production of clinker. 

While marble blocks are cut by gang saws, water 

is used as a coolant. The blade thickness of the 

saws is about 5 mm and normally the blocks are 

cut in 20mm thick sheets. Therefore, out of 

every 25mm thickness of marble block, 5mm are 

converted into powder while cutting. This 

powder flows along with the water as marble 

powder. Thus, nearly 20 % of the total weight of 

the marble processed results into WMP. The 

produced WMP has nearly 35%-45% water 

content. The total waste generation from mining 

to finished product is about 50 % of mineral 

mined. 

Figure 1 • WMP pits at a local company site 

In general, the clinker is the main component of 

cement, and is obtained by firing the appropriate 

mixture of raw materials at about 1500 °C. 

Common phases in Portland cement clinkers are: 

alite (3CaOSiO2, C3S), belite (2CaO•SiO2, 

C2S), tricalcium aluminate (3CaO•Al2O3, 

C3A), and tetracalcium aluminate ferrite 

(4CaO•Al2O3.Fe2O3, C4AF) (Giacomo et al., 

2010).. Belite or sulphobelite-based cements 

contain the phases belite (C2S) and tetracalcium 

trialuminate sulphate (C4A3S¯) as their main 

constituents (Bonavetti et al., 2003). They do not 

contain alite or tricalciumaluminate, but may 

contain variable amounts of calcium aluminate 

ferrite. They also contain calcium sulphate 

(CS¯) in amounts higher than normal in Portland 

cement (Ho et al., 2001; Noguchi et al., 1999). 

One typical composition consists of: C2S 40%; 

C4A3S¯ 32%; C4AF 20%; CS¯ 8%. 

Sulphobelite cements may perform either as 

non-expansive high early strength cements, or as 

expansive cements, depending on the proportion 

of the individual phases in the clinker and the 

amount of interground calcium sulphate 

(Bonavetti et al., 2003). Two main advantages 

are generally attributed to these types of 

cements, namely: (i) energy savings upon firing 

(maximum clinkering temperature is 1350 °C; 

(ii) lower volume of CO2 emissions. 

Free calcium oxide in small amounts (usually 

below 1 % of weight) is a regular constituent of 

Portland clinker, but larger amounts may be 

present if the maximum temperature in the 

production of the clinker is too low, the burning 

time is too short, or the CaO content in the raw 

material exceeds the acceptable range (lime 

saturation factor >100). Large amounts may 

cause expansion, strength loss and cracking of 

the hardened paste, due to a delayed hydration of 

free calcium oxide to calcium hydroxide, which 

takes place topochemically and is associated 

with an increase in volume (Giacomo et al., 

2010). Thus, excessive amounts of free calcium 

oxide in clinker must be avoided. However, old 

cements have lime and/or pozzolans as main 

hardening phases and their durability is easily 

proved in several historical monuments and 

common buildings. It is then obvious than the 
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porous structure of those mechanically weak 

structures accommodates larger dimensional 

changes without serious damage (Giacomo et 

al., 2010). 

Environmental Problems Attributed to Waste 

Marble Powder 

The WMP imposes serious threats to ecosystem, 

physical, chemical and biological components of 

environment. Problems encountered are: 

•It adversely affects the productivity of land due 

to decreased porosity, water absorption, water 

percolation etc. 

•When dried, it becomes air borne and cause 

severe air pollution. Introduces occupational 

health problems, it also affects machinery and 

instruments installed in industrial areas (Hwang 

et al., 2008). 

•Affecting quality of water during rainy season, 

and reducing storage capacities and damaging 

aquatic life. 

•It adversely affect social and industrial 

activities of people since the heaps of powder 

remain scattered all round the country are an eye 

sore and spoil aesthetics of entire region 

(Munoz-Montano et al., 2003). 

It is therefore a social and legal responsibility of 

government and industry to solve the problem of 

WMP pollution (Corinaldesi et al., 1998). As 

such, development of country is only possible by 

sustainable balanced industrialization. Recently, 

the rapid social, economical, and environmental 

changes in Jordan stressed human society with 

unprecedented challenges. Thus, new 

approaches that consider industrial wastes as 

alternative raw materials becomes interesting, 

both technically and economically, for a wide 

range of applications. Of our particular interest 

is the use of WMP in cement industry as a 

substitute of limestone for the production of 

clinker. 

Durability of concrete: 

The durability of cement concrete is defined as 

it’s ability to resist weathering action,chemical 

attack,abrasion,or any other process of 

deterioration.durable concrete will retain it’s 

original form,quality,and serviceability when 

exposed to it’s environment. 

Significance of durability: 

When designing a concrete mix or desiging a 

concrete structure,the exposure condition at 

which the concrete is supposed to withstand is to 

be assessed in the beginning with good 

judgement.in case of  foundations,the soil 

charactistics are also required to be 

investigated.the environmental pollution is 

increasing day by day particularly in urban areas 

and industrial atmospheres.it is reported that in 

industrially developed countries over 40% of 

total resources of the building industries are 

spent on repairs and maintainence.in india,the 

money ie., spent on repairs of building is also 

considerable.every government department and 

municipal bodies have their own”repair boards” 

to deal with repairs of building.it is a sad state of  

affairs that we do not give enough attention to 

durability aspects even when we carry out 

repairs. 

Impact of w/c ratio on durability: 

 The volume change results in cracks and 

cracks are responsible for dis-integration of 

concrete.the permeability is the contributory 

factor for volume change and higher w/c ratio is 

the fundamental cause of higher 

permeability.therefore,use of higher w/c ratio-
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permeabilty-volume change-cracks-

disintegtation-failure of concrete is a cyclic 

process in concrete.therefore,for a durable 

concrete,use of lowest possible w/c ratio is the 

fundamental requirement to produce dense and 

impermeable concrete. 

 There is a tremendous change in the 

micro structure of concrete made with high w/c 

ratio and low w/c ratio.with low w/c ratio the 

permeability decreases to such a level that these 

concretes are impervious to water.this does not 

mean that they do not contain interconnected 

network of capilliaries,but these capilliraies are 

so fine that water cannot flow any more through 

them.when such concrets are tested for chloride 

ions permeability test,it is found that chloride 

ions diffuse such concretes at a rate 10-50 times 

slower than that of high w/c ratio concrete. 

 It has been proved beyond doubt that 

low w/c ratio concrete are less sensitive to 

carbonation,external chemical attack and other 

detrimental effects that causes lack of  durability 

of concrete.it has been reorted that it become 

impossible to corrode unprotected steel 

reinforcement in accelerated corrosion test of a 

concrete with very low w/c ratio.from this it 

could be inferred that the best way to protect 

reinforcing steel against corrosion is to use low 

w/c and adequate cover,rather than  using higher 

w/c ratio and then protecting the steel by epoxy 

coating. 

 It is easy to preach to on paper the vitues 

of  using low w/c ratio for all-round durability of 

concrete.but in actual practice for many years it 

has been found almost impossible to reduce the 

w/c ratio below 0.4.this situation has changed 

for the last 15 years in india with the practice of 

using superplasticizers.the advent and use of 

superplasticizers revolutionized the art and 

science of making durable concrete by 

drastically reducing the w/c ratio of concrete.the 

modern superplasticizers are so efficient that it is 

now possible to make flowing concrete with a 

w/c as low as 0.25 or even as low 0.2.this 

technological breakthrough,in conjunction with 

the use of silica fume and other secondary 

cementitious materials,has made it possible to 

develop a new family of high-strength concrete 

which is generally referred as high performance 

concrte-a concrete which is very durable. 

 In most of these new low w/c ratio 

concrete,there is not enough water available to 

fully hydrate all the cement particles.the water 

available can only hydrate the surface of cement 

particles and there exist plenty of unhydrated 

particles which can play an important role as 

they constitute strength in reverse.if for any 

reasons,structural or environmental,concrete 

get’s cracked,the unhydrated cement particles 

begin hydrating as soon as water or moisture 

starts penetrating through cracks.this is to say 

that unhydrated cement particles offer self 

healing potential to improve durability of 

concrete. 

Permeability effect on durability: 

w/c ratio is the fundamental point for concrete 

durability.another important point for 

consideration is the permeability of concrete.in 

case of durability permeability of  concrete has 

much wider and direct repercussion on 

durability that of w/c ratio.for example,micro 

cracks at transition zone is a consideration for 

permeability whereas w/c ratio may not get 

involved directly.it may be mentioned that micro 

cracks in the intial stage are so small that they 

may not increase the permeability.but 

propagation of micro cracks with time due to 

drying shrinkage,thermal shrinkage and 
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externally applied load will increase the 

permeability of the system. 

Permeability effect on concrete: 

                         Theoretically,the introduction of 

aggregate of low permeability into cement 

paste,it is expected to reduce the permeability of 

the system because the aggregate particles 

intercept the channels of flows and make it take 

a circuitous route.compared to  neat cement 

paste,concrete with the same w/c ratio and 

degree of maturity,should give a lower co-

efficient of permeability.but in practice it is seen 

from test data it is not the case.the introdution of 

aggregate,particularly larger size of aggregates 

increase the permeability considerably.the 

development of micro cracks that are produced 

in the transition zone.the size of micro cracks 

that are generated at the transition zone. 

However, the drying shrinkage,thermal 

shrinkage and externally applied load may cause 

cracks in weak trasition zone at the young age. It 

is reported that the size of the cracks in 

transition zone is much bigger than most of the 

capillary cavities present in the cement paste. 

The use of pozzolenic materials in optimum 

proportion reduces the permeability of 

concetre.this is evidently due to the conversion 

of calcium hydroxide, otherwise soluble and 

leachable, into cementitious product. though air 

entrainment, makes the concrete porous, when 

used up to 6%,makes the concrete more 

impervious, contrary to general belief. high 

pressure steam cured concrete in conjunction 

with crushed silica decreases the permeability. 

This is due to formation of coarser C-S-H gel, 

lower drying shrinkage and accelerated 

conversion of CA(OH)2 into cementitious 

products. 

LITERATURE REVIEW 

     The Literature available reveals that marble 

powder can be used to enhance the performance 

of the concrete. 

Rahul, Jamsheed, Shanil, Geo and Jagdeesh 

 Leaving the waste materials to the environment 

directly can cause environmental problem. 

Hence the reuse of waste material has been 

emphasized. Waste can be used to produce new 

products or can be used as admixtures so that 

natural resources are used more efficiently and 

the environment is protected from waste 

deposits. Marble stone industry generates both 

solid waste and stone slurry. Whereas solid 

waste results from the rejects at the mine sites or 

at the processing units, stone slurry is a semi 

liquid substance consisting of particles 

originating from the sawing and the polishing 

processes and water used to cool and lubricate 

the sawing and polishing machines. Stone slurry 

generated during processing corresponds to 

around 40% of the final product from stone 

industry. This is relevant because the stone 

industry presents an annual output of 68 million 

tonnes of processed products. Therefore the 

scientific and industrial community must 

commit towards more sustainable practices. 

There are several reuse and recycling solutions 

for this industrial by-product, both at an 

experimental phase and in practical applications. 

These industrial wastes are dumped in the 

nearby land and the natural fertility of the soil is 

spoiled. The physical, chemical and mechanical 

properties of the waste are analyzed. 

Ke Ru Wu, et al,  (2001) 

The impact of the type of coarse aggregate on 

the strength of concrete is more significant in 

HSC. In HSC about 10-20% higher compressive 

strength and split tensile strength are obtained 

with crushed quartzite compared to marble 
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aggregate. In concretes with a target strength of 

30MPa, strength differences between concretes 

made with different coarse aggregates are 

reduced. It is suggested that the high strength 

concrete with lower brittleness can be made by 

selecting high strength aggregate with low 

brittleness. 

Hassan A. Mohamadien  

Marble powder material (MP) is a very fine 

powder, obtained as a by-product of marble 

during the sawing and the shaping, and not 

recycling it due to environmental problems in 

the world. The possibility of using it and silica 

fume (S.F) separately as partial replacement of 

cement on mortar were studied and evaluated 

based upon the percentage of the partial cement 

replacement with both marble powder and silica 

fume separately. Four types of mortar mixture 

with same workability, cement to sand ratio of 

1:3 and water to cementitious materials ratio of 

0.4 were prepared marble powder and silica 

fume used in mixes separately, once as a partial 

replacement of cement content and another as an 

addition to the mix proportion. Replacement and 

addition ratio of both marble powder and silica 

fume with cement content separately at 0%, 5%, 

10%, 15%, 20%, 30% and 50 % by weight were 

investigated. The mechanical properties of 

mortar were measured in terms of compressive 

strength at 7 and 28 days and it was observed 

that the strength developments at 7, and 28 days 

and the highest development rate of compressive 

strength was observed at 15% replacement ratio 

for each the marble powder and silica fume 

separately. 

RESULTS AND DISCUSSION 

Compressive strength of concrete  

     The investigation is carried out to study the 

compressive strength of concrete. The results of 

the compressive strength at 7 days, and 28 days 

are tabulated in Table 5.1 

 

 

 Durability of concrete  

     The investigation is carried out to study the 

durability of concrete  

The results of the weight loss and strength loss 

at 7 days in Table No :5.2.1 
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Discussion on test results 

Compressive strength of concrete 

In M40 grade concrete the compressive strength 

of concrete at 7 days and 28 days are given in 

Table 5.1. It is observed that with 10 %  

replacement of cement with marble powder the 

compressive strength of concrete showed 

significant increase by 19.19% at 7 days and 

19.85% at 28 days. 

Durability study on concrete 

The percentage loss in weight and strength at 7 

days is given in Table 5.2.1. It is observed that 

with 10% replacement of cement with marble 

powder the loss in weight is 3.26% and the loss 

strength is 4.42% 

The percentage loss in weight and strength at 28 

days is given in Table 5.2.2. It is observed that 

with 10 % replacement of cement with marble 

powder the loss in weight is 6.45% and the loss 

strength is 7.91%. 

APPENDEX-A 

MIX DESIGN BY ISI METHOD FOR M-40 

GRADE OF CONCRETE: 

A.DESIGN STIPULATIONS: 

1)Characteristic compressive strength at 28 days 

= 40 N/mm2 

2)Target mean strength, ft = 40+1.65x5 = 

48.25Mpa 

3)Maximum size of aggregate = 20mm 

4)Degree of quality control = GOOD 

5)Type of exposure = Mild 

6)Type of cement = OPC- 53 grade 

 

1)Specific gravity of OPC 53 grade  = 3.15 

2)Specific gravity of coarse aggregate = 2.65 

3)Specific gravity of sand = 2.61 

4)Minimum cement = 300 kg/m3 

5)Maximum w/c ratio = 0.45 

Target mean strength of concrete: 

fck + txs   

fck =40+ 1.65x5 
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fck = 48.25 MPa 

Water-cement ratio: 

For the target mean strength of 48.25 N/mm2the 

water-cement ratios is 0.46 

Air content%: 

For nominal maximum size of aggregate 20mm 

= 2% 

Sand and water content: 

For 20mm nominal maximum size of aggregate 

and sand conforming to grading zone II, water 

content per cubic meter of concrete= 186kg and 

sand content as percentage of total aggregate by 

absolute volume = 30%. 

 

Calculation of cement content: 

Assume cement content as 400 kg/m3 

Calculation of water: 

400x0.46 = 184 kg (<186 kg) from IS: 10262  

6.7  Calculation of C.A and F.A : (As per IS – 

10262 , cl.no -3.5.1) 

V = [ w +(c/sc) + (1/p) x (fa/sfa) ] x 1/1000 

V = [ w + (c/sc) +{ (1/1-p) – (ca/sca)} ] x 

1/1000 

V= absolute volume of fresh concrete, equal to 

gross volume (m3) minus the volume of the 

entrapped air 

W = mass of water (kg) per m3 of concrete 

C = mass of cement (kg) per m3 of concrete 

Sc = specific gravity of cement 

P = Ratio of fine aggregates to total aggregates 

by absolute volume. 

(Fa), (Ca) = total mass of fine aggregate and 

coarse aggregate (kg) per m3 of concrete 

respectively. 

(Sfa), (Sca) = specific gravities of dry fine and 

coarse aggregates. 

Assume Fine Aggregate by % of volume of total 

aggregate = 30% 

0.98 = [ 184+(400/3.15) + (1/0.30) (Fa/2.61)] x 

1/1000 

Fa = 536.4 kg 

0.98 = [184 + (400/3.15) + {(1/1-0.30) – 

(Ca/2.65)} x 1/1000 

Ca = 1246.26 kg 

Hence mix design details per m3  

Cement = 400 kg 

Water = 184 kg 

Fine aggregate = 536.4 kg 

Coarse aggregate = 1246.26 kg 

Water: Cement: Fine aggregate: Coarse 

aggregate = 0.46: 1: 1.42: 3.31 

APPENDEX-B 

QUANTITY OF RAW MATERIALS  

REQUIRED FOR A CUBE 

M- 40 grade : 

Weight of cube = 8 kg 

Weight of cement per cube = 8/1+1.42+3.31 = 

1.39 kg 
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Weight of fine aggregate per cube = 1.39 x 1.42 

= 2 kg 

Weight of coarse aggregate per cube = 3.31 x 

1.39 = 4.60 kg 

Water per cube = 0.46 x 1.39 = 0.70 kg ≈ 675 ml 

Weight of cement for 6 cubes =8.34 kg 

Weight of course aggregate for 6 cubes =27.6 kg 

Weight of fine aggregate for 6 cubes =12 kg 

Weight of water for 6 cubes = 4.05kg 

Calculation for m40 grade cubes: 

For 5% marble powder:  

Weight of marble powder for 1 cubes =1.39 

x5/100=0.06 kg. 

 Weight of marble powder for 6 cubes = 0.06 x 

6=0.36 kg 

Weight of cement for 6 cubes = 1.39 x6-0.36 = 

7.98 kg. 

For 10% marble powder: 

Weight of marble powder for 1 cubes =1.39 

x10/100=0.139 kg. 

Weight of marble powder for 6 cubes = 0.139 x6 

= 0.834 kg 

 Weight of cement for 6 cubes =1.39 x6-0.834 = 

7.506 kg. 

For 15% marble powder: 

Weight of marble powder for 1 cubes =1.39 

x15/100=0.20 kg. 

 Weight of marble powder for 6 cubes = 0.20 x 

6= 1.251 kg. 

Weight of cement for 6 cubes = 1.39 x6-1.251 = 

7.08 kg. 

For 20% marble powder: 

Weight of marble powder for 1 cubes =1.39 

x20/100=0.278 kg. 

Weight of marble powder for 6 cubes = 0.278x 6 

= 1.66 kg. 

Weight of cement for 6 cubes = 1.39 x6-1.66 = 

6.68 kg. 

    APPENDEX-C 

 QUANTITY OF RAW MATERIALS  

REQUIRED FOR DURABILITY TEST  

M- 40 grade : 

Weight of cube = 2.6 kg 

Weight of cement per cube = 2.6/1+1.42+3.31 = 

0.45 kg 

Weight of fine aggregate per cube = 0.45 x 1.42 

= 0.639  kg 

Weight of coarse aggregate per cube = 3.31 x 

0.45 = 1.489 kg 

Water per cube = 0.46 x 0.45 = 0.20 kg ≈ 200 ml 

Weight of cement for 6 cubes =2.7 kg 

Weight of course aggregate for 6 cubes =8.934 

kg 

Weight of fine aggregate for 6 cubes =3.834 kg 

Weight of water for 6 cubes = 1.2 kg 

 

8.1 Calculation for M40 grade cubes: 
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For 5% marble powder:  

Weight of marble powder for 1 cubes =0.45 

x5/100=0.0225 kg. 

 Weight of marble powder for 6 cubes = 0.0225 

x 6=0.135 kg 

Weight of cement for 6 cubes = 0.45 x6-0.135 = 

2.6 kg. 

For 10% marble powder: 

Weight of marble powder for 1 cubes =0.45 

x10/100=0.045 kg. 

Weight of marble powder for 6 cubes = 0.045 x6 

= 0.27 kg 

 Weight of cement for 6 cubes =0.45 x6-0.27 = 

2.43 kg. 

For 15% marble powder: 

Weight of marble powder for 1 cubes =0.45 

x15/100=0.0675 kg. 

 Weight of marble powder for 6 cubes = 0.0675 

x 6= 0.405 kg. 

Weight of cement for 6 cubes = 0.45x6-0.405 = 

2.295 kg. 

For 20% marble powder: 

Weight of marble powder for 1 cubes =0.45 

x20/100=0.09 kg. 

Weight of marble powder for 6 cubes = 0.09x 6 

= 0.54 kg. 

Weight of cement for 6 cubes = 0.45 x6-0.54 = 

2.16 kg. 

CONCLUSIONS. 

The following conclusions are drawn from the 

detailed experimental investigations conducted 

on the behaviour of concrete with partial 

replacement of cement with marble powder: 

1.The optimum percentage of marble powder to 

be replaced to cement is 10%. 

2.In M40 grade concrete the compressive 

strength is increased by 19.19% at 7 days with 

10% replacement of cement with marble 

powder. 

3.In M40 grade concrete the compressive 

strength is increased by 19.85% at 28 days with 

10% replacement of cement with marble 

powder. 

4.From the durability studies, in M40 grade 

concrete the percentage weight loss and 

percentage strength loss for the cubes immersed 

in 5% H2SO4 revealed that the concrete when 

replaced with 10% of marble powder has less 

weight and strength losses at 7 days. 

5.From the durability studies, in M40 grade 

concrete the percentage weight loss and 

percentage strength loss for the cubes immersed 

in 5% H2SO4 revealed that the concrete when 

replaced with 10% of marble powder has less 

weight and strength losses at 28 days. 
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