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Abstract  
This paper presents an experimental 

investigation on the durability characteristic of  

concrete made with marble powder as partial 

replacement of cement by various percentages 

like 0%, 5%, 10%, 15%, and 20% on the 

properties of M25-grade of concrete, when it is 

subjected to various weathering agencies. 

Concrete specimens of size 150 x 150 x 150 mm 

were casted and cured as per IS specification to 

find the durability of concrete. In order to find 

the durability characteristics of concrete we 

performed many tests, like water absorption test, 

water permeability test, hydrochloric acid attack 

(HCl), sulphate attack iy(MgSo4) and chloride 

attack (NaCl). For the acid attack tests the 

concrete specimens were kept immersed in 5% 

concentrated acid solution of, hydrochloric 

acid(HCl) with water,  magnesium sulphate 

(MgSo4) with water, and sodium 

chloride(NaCl) with water for 90 days for 

observation. Before immersion of the 

specimens, they were weighed accurately and 

after required days of immersion and 

observation, the specimens were removed from 

acid solution. Then the specimens were weighed 

accurately and weight loss and hardness of 

concrete were studied. The  various results 

which indicate the produce of replacement of 

cement by marble powder on concrete are 

presented in this paper to draw useful 

conclusions. The results were compared with 

the mix design of concrete of same grade(M-

25). The test results indicate that use of 

replacement cement by marble powder has 

improved the durability of concrete at  20% of 

marble powder. But  the test for water 

absorption and  the water permeability of  

 

 

 

 

concrete also show the satisfactory  results at 20 

%   marble powder.  

  

  

Introduction  

  

 The iyadvancement yof iyconcrete iytechnology iycan 

iyreduce iythe iyconsumption iyof iynatural iyresources 

iyand iyenergy iysources iyand iylessen iythe iyburden iyof 

iypollutants iyon iyenvironment.  

iyPresently iylarge iyamounts iyof iymarble iydust iyare 

iygenerated iyin iynatural iystone iyprocessing iyplants 

iywith iyan iyimportant iyimpact iyon iyenvironment iyand 

iyhumans. iyThis iyproject iydescribes iythe iyfeasibility 

iyof iyusing iythe iymarble iysludge iydust  

iyin  iyconcrete  iyproduction  iyas  iypartial  

iyreplacement iyof iycement. iyMarble iyis iyone iyof iythe 

iymost iyimportant iydecorative iymaterials iyused iyin 

iybuildings iyand iymonuments iysince iyancient iytimes. 

iyStarting iyfrom iythe iyquarry iyand iymarble iyindustries 

iyto iythe iyutilisation iyplaces, iyby iyprocessing, iyit  

iygenerate considerable iyamount iyof iywastes iy(20-

25%) iyand iyin iyfine iypowder iyform iycreates 

iyenvironmental  

iyproblems iypolluting iythe iysoil, iywater iyand iyhealthy 

iyatmosphere. iyAs iyvery iyfine iyin iyparticle  

iyfraction  iyand  iypossessing  iypozzolanic  

iycharacteristics iyby iychemical iycomposition iylike 

iyother iywaste iymaterials iysuch iyas iyflyash, iyrice iyhusk 

iyash, iysilicafume iyand iyslag, iythe iymarble iypowder 

iyhas iybeen iyrecognized iyas iya iycement iyreplacing 

iymaterial iyamong iythe iyconcrete  

iyresearchers. iy iyIn iyline iywith iythe iyreduction iyof iythe 

iyemission iyof iycarbon iydioxide iyby iyavoiding iythe 

iyexcess iyproduction iyand iyuse iyof iycement iyin 

iyconcrete iyand iyaiming iyfor iygreen iyatmosphere, iythe 

iyutilisation iyof iymarble iypowder iycan iypromote 

iywaste iymanagement iysystem iyif iyproperly 
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iyunderstood iyand iymanaged iythrough iyproper 

iyresearch iyactivities.  

  

1. Experimental Programme. The main aim of 

this experimentation is to study the effect of 

partial replacement of cement by marble waste 

on the properties of  concrete, when it is 

subjected to various weathering agencies such 

as chloride attacks, acid attacks etc.  

  

2. Material Used  

  

Cement:   

Ordinary iyPortland iycement iyof AmbujaiyCement 

conforming iyto iyIS iy269-1976 iyand iyIS iy40311968 

iywas iyadopted iyin iythis iywork. iyThe iycement used 

iyis iyof iy53 iygrade.  

  

 Fine Aggregate:  

Natural iysand iywhich iyis iyeasily iyavailable iyand low 

iyin iyprice iywas iyused iyin iythe iywork. iyIt iyhas  

cubical iyor iyrounded iyshape iywith iysmooth surface 

iytexture. iyBeing iycubical, iyrounded iyand smooth 

iytexture iyit iygive iygood iyworkability. Sand which 

iyis iyused iyhere iyis iytaken iyfrom iystone crushing 

iyplant. iyParticles iyof iythis iysand iyhave smooth 

iytexture iyand iyare iybrownish iycolour. Sieve 

iyanalysis iywas iydone iyto iyfind iyout iyfineness 

modulus iywhich iycomes iyout iyto iybe iy3.29%  

which iyis iyunder iylimit iyas iyper iyIS iy383-1970.  

  

Coarse Aggregates.  

The iyaggregate iyused iyin iythis iyproject iymainly iyof 

basalt iyrock iywhich iycomes iyunder iynormal weight 

iycategory. iyThe iyaggregates iyare iylocally 

available. iy50% iyof iythe iyaggregate iyused iyare iyof 

10-12 iymm iysize iyand iyremaining iy50% iyare iyof 

20mm iysize. iyThe iycoarse iyaggregate iywas iyalso 

tested iyfor iyvarious iyproperties iylike iyimpact  value 

iytest, iycrushing iyvalue iytest, iyelongation  and 

flakiness iyindex iytest iyto iycheck iytheir iysuitability 

for iythe iyexperiment.   
Marble iypowder.  

Marble iypowder iywas iycollected iyfrom iythe dressing 

iyand iyprocessing iyunit iyin iyudaipur. iyIt was iyinitially 

iyin iywet iyform iy(i.e. iyslurry); iyafter that iyit iyis iydried 

iyby iyexposing iyin iythe iysun iyand finally iysieved iyby 

iyIS-90 iymicron iysieve iybefore mixing iyin iyconcrete.  

  

 

 

3. Experimental Procedure.   
 iyIn iyorder iyto iyobtain iythe iydurability iyof iyconcrete 

iymade iywith iypartial iyreplacement iyof iycement iywith 

iymarble iypowder iythe iyfollowing iytests iyhave iybeen 

iyconducted iyand iytest iyresults iywere iydiscussed.  

1. Water absorption test  

2. Water permeability test  

3. Acid resistance tests.  

Hydrochloric acid attack (HCl)  

Sulphate attack (MgSo4) Chloride 

attack (NaCl)  

1.Water absorption test.  

Water iyabsorption iy(WA) iytest iywas iycarried  out 

as iyper iyASTM iyC iy642-81 iyafter iy28 daysyof 

curing. iyThe iyspecimens iywere iytaken out  from 

curing iytank iyand iydried iyin iyan iyoven at iya 

temperature iyof iy105°C iyfor iy24 iyhours, then 

cooled iyto iyambient iytemperature iyand  weighed 

accurately iy(dry iyweight). iyDried specimens were 

iythen iyimmersed iyin iywater. Weights iyof 

specimens iyat iypredetermined intervals iyof iy12 

hours iywere iytaken iyafter wiping iythe iysurface 

with iya iydry iycloth. iyThis process iywas continued 

iyfor iyat iyleast iy48 hours till iya constant iyweight 

iywas iyobtained iyin iytwo consecutive 

iyobservations. iyPercentage iyof  

water iyabsorption iywas iydetermined. iy iy iy  

Water iyAbsorption iytest iyon iyconcrete iyhas iyalso 

been iycarried iyout iyon iy150 iymm iysize iycube 

specimens iyat iythe iyage iyof iy28 iydays iycuring. The 

iyspecimens iywere iydried iyin iyoven, weighed and 

iykept iyin iythe iywater iyfor iy60 iydays.  

Graph-1. shows the water absorption of  

concrete with different percentage of marble 

powder.  
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Graph-1. shows the water absorption in 

concrete.  

  

2.Water permeability test.  

  

The iywater iypenetration iytest iywas iyconducted as 

iyper iyIS: iy3085-1965. iyConcrete iycubes after  

28 iydays iyof iycuring iywere iykept iyin iythe iycube 

compartment iyof iythe iytest iyset iyup. iySides iyof 

cubes iywere iysealed iyusing iya iymixture iyof iywax 

and iyrosin iyto iyachieve iywater iytightness. Water 

at iya iyconstant iypressure iyof iy0.5MPa iywas 

maintained iythroughout iythe iystudy iyperiod iyof 3 

iydays.  iyQuantity iyof iywater iypercolating iyover 

the iyentire iyperiod iyof iytest iyafter iythe iysteady 

state iywas iynoted. iyThe iydepth iyof iypenetration 

for iyOPC iyconcrete iyand iyMP iyconcrete iywere 

determined.The iyresults iywere iycompared iyfor 

OPC iyconcrete iyand iyMP iyconcrete iyin iyGraph 2 . 

iyIt iyis iyevident iythat iythere iyis  considerable 

reduction iyin iythe iypermeability iywith iythe 

decrease iyof iywater iybinder iyratio iyfrom iy0.55 to 

iy0.45. iyLowest iyvalue iyof iypermeability iywas 

observed iyin iycase iyof iyMP iyconcrete iyand iy10 % 

iyreplacement iyof iyMP iyconcrete iyof iyMix 

M25.Marble iyPowder iyincreases iythe  

cementitious iycompounds, iyminimizes iywater 

demand iyand iyreduced iybleed iychannels, iyall of 

which iyincrease iyconcrete iydensity. iyBy iythe 

action iyof iyMP iy, iya iyreduction iyof iybleed 

channels, iycapillary iychannels iyand iyvoid spaces 

iyoccurs. iyThe iysmall iyparticles iyof iyMP will iyfill 

iyin iythe iytiniest iyvoids iyand iyincrease the iydensity 

iyof iythe iyconcrete.  

  

 

 

Graph-2 , Shows the permeability results of 

different samples.  

 4. Hydrochloric Acid Attack (HCL)  

 To iyconduct iythis iytest, iy5% iyby iyvolume iyof 

iyhydrochloric iyacid iywas iymixed iywith iyordinary 

iypotable iywater. iyThe iyspecimens iywere iycured iyfor 

iy28 iydays iyin iyordinary iypotable iywater iyand iythen 

iyimmersed iyin iythe iysolution iyfor iya iyperiod iyof iy60 

iydays. iyThe iypercentage iyof iyweight iyloss iyis iyfound 

iyout iyafter iy60 iydays.For iythis iytest iyI iyhave iycasted 

iy15 iycubes iy, iy3 iycubes iyfor iy0% iyof iyMP iy, iy3 iycubes 

iyfor iy5% iyof iyMP, iy3 iycubes iyfor iy10% iyof iyMP, iy3 

iycubes iyfor iy15% iyof iyMP iyand iy3 iycubes iyfor iy20% 

iyof iyMP.  

  

 The iyweight iyloss iyis iyless iywhen iycompared iyto 

iyconventional iyconcrete iyin iycase iyof iyacid 

iyresistance iytest. iyIt iyis iydecreased iyupto iy10% 

iyreplacement iylevel iyand iyincreased iythen iyupto 

iy20%. iyHowever, iythe iyweight iyloss iyis  

 iyalways  iyless  iywhen  iycompared  iyto  

iyconventional iyconcrete. iyThe iyweight iyloss iyis 

iyleast iyfor iy10% iyreplacement iylevel.  iyThe 

iystrength iyloss iyis iyreduced iyfor iyall iylevels iyof 

iyreplacement iy(up iyto iy20%).  

 
Graph -3 shows the weight loss of cubes with 

different percentage of  marble powder(MP).  
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5. Magnesium Sulphate test(MgSO4)  
    A iysolution iyof iymagnesium iysulphate i(MgSO4) 

was iyprepared iyin iywhich iy5% iyby iyweight iyof 

magnesium iysulphate iywas iymixed iywith water.  

The iycubes iywhich iywere iycured iyfor iy28 iydays 

were iythen iyimmersed iyin iythis iysolution. iyThe 

cubes iywere iytaken iyfrom iythe iysolution iyafter 60 

days iyof iyexposure iyto iythe iysolution iyand iywere 

surface iydried. iyThe iysurfaces iyof iycubes iywere 

cleaned, iyscrubbed iyand iyfinal iysurface iydry 

weights iywere iyfound. iy. iyThe iypercentage iyof 

weight iyloss iyis iyfound iyout iyafter iy60 iydays.For 

this iytest iyI iyhave iycasted iy15 iycubes iy, iy3 iycubes for 

iy0% iyof iyMP iy, iy3 iycubes iyfor iy5% iyof iyMP, iy3 

cubes iyfor iy10% iyof iyMP, iy3 iycubes iyfor iy15% iyof  

MP iyand iy3 iycubes iyfor iy20% iyof iyMP.  

  

 
Graph-4 Shows the weight loss of cubes with 

different percentage of MP.  

  

 The iyweight iyloss iyis iyreduced iyup iyto iy10% 

iyreplacement iyand iyincreased iyafterwards iyin 

iycase iyof iysulphate iyresistance iytest. iyThe iyweight 

iyloss iyis iyleast iyfor iy10% iyreplacement iylevel iyand 

iyis iy15% iyless iywhen iycompared iyto iyconventional 

iyconcrete. iy iyThe iystrength iyloss iyis iyreduced iyupto 

iy15% iyreplacement iylevel iyand iythereafter 

iyincreased. iyThe iyleast iyweight iyloss iyis iyobserved 

iyfor iy15% iyreplacement iylevel iyas iy23.5% iyless 

iycompared iyto iyconventionaliyconcrete.  

  

6. Chloride Attack Test  

 A iysolution iyof iysodium iychloride iy(NaCl) iywas 

iyprepared iyin iywhich iy5% iyby iyweight iyof iysodium 

iychloride iywas iymixed iywith iyordinary iypotable 

iywater. iyThe iycubes iywhich iywere iycured iyfor iy28 

iydays iywere iythen iyimmersed iyin iythis iysolution. 

iyThe iycubes iywere iythen iytaken iyout iyfrom iythis 

iysolution iyafter iy60 iydays iyand iywere iysurface 

iydried. iyThe iysurface iyof iycubes iywas iycleaned, 

iyscrubbed iyand iythen iyfinal iysurface iydry iyweights 

iyof iythe iyspecimen iywere  

iyfound. iy iy  

 iyThe iyresistance iyof iycement iybased iymaterials iyto 

iychemical iyattack iyis iymainly iydue iyto 

iypermeability iyand iyalkalinity iyof iyconcrete 

iymass. iyThe iyMP iyconcrete iyused iyin iythe iytest 

iyshows iyvery iyhigh iyresistance iyto iythe  

iypenetration iyof iychloride iyions iyin iythe iytests 

iyperformed iyaccording iyto iyASTM iyC iy1202 iyand 

iyhigher iyresistance iythan iyconventional 

iyconcrete. The iyweight iyloss iyis iynot iysignificant 

iywhen iycompared iyto  

iyconventional iyconcrete iyin iycase iyof iychloride 

iyresistance iytest. iyIt iyis iyincreased iyfor iy15% iyand 

iy20% iyreplacements iyand iydecreased iyfor iyothers. 

iyThe iyweight iyloss iyis iyleast iyfor iy5% 

iyreplacement iylevel iyand iyis iy8.4% iyless iywhen 

iycompared iyto iyconventional iyconcrete. iyThe 

iystrength iyloss iyis iyreduced iyfor iyall iylevels iyof 

iyreplacement iyup iyto iy20%. iy  

 

Graph-5, Shows the results of chloride attack’s 

test.  

4. Results & Conclusions  

The iyfollowing results & conclusions were 

drawn iyfrom iythe iystudy iyand observations:  

  Water  iyabsorption  iyis  iyhigher  iywhen  

iycompared iywith iyconventional iyconcrete. iyIt iyis 

iynot iyso iyencouraging iyfor iy5%  

iyreplacement iyand iyit iydecreases iyup iyto iy10% 

iyand iyincreases iyfurther iyup iyto iy20% 

iyreplacement. iyThe iyincrease iyin iywater 

iyabsorption iyfor iyconventional iyto iythe iy10% 

iyreplacement iyof iy28 iydays iyof iycured iyspecimen 

iyis iy1.15%. iyThe iyresult iyof iywater iyabsorption iyis 

iynot iyencouraging. iyIt iychanges iyabruptly iy, 
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iysometimes iyit iygoes iyup iyand iysometimes iywith 

iysmall iypercentage iyof iyMP iyit  iygoes iydown.  

 The iyweight iyloss iyis iyless iywhen iycompared iyto 

iyconventional iyconcrete iyin iycase iyof iyacid 

iyresistance iytest. iyIt iyis iydecreased iyupto iy10% 

iyreplacement iylevel iyand iyincreased iythen iyupto 

iy20%. iyHowever, iythe iyweight iyloss iyis  

 iyalways  iyless  iywhen  iycompared  iyto  

iyconventional iyconcrete. iyThe iyweight iyloss iyis 

iyleast iyfor iy10% iyreplacement iylevel. iyThe 

iystrength iyloss iyis iyreduced iyfor iyall iylevels iyof 

iyreplacement iy(up iyto iy20%) iy.  

The iyweight iyloss iyis iynot iysignificant iywhen 

iycompared iyto iyconventional iyconcrete iyin iycase iyof 

iychloride iyresistance iytest. iyIt iyis iyincreased iyfor iy15% 

iyand iy20% iyreplacements iyand iydecreased iyfor 

iyothers. iyThe iyweight iyloss iyis iyleast iyfor iy5% 

iyreplacement iylevel iyand iyis  

iy8.4%  iyless  iywhen  iycompared  iyto  

iyconventional iyconcrete. iyThe iystrength iyloss iyis 

iysreduced iyfor iyall iylevels iyof iyreplacement iy(up iyto 

iy20%). iy  

 The iyweight iyloss iyis iyreduced iyup iyto iy10% 

iyreplacement iyand iyincreased iyafterwards iyin iycase 

iyof iysulphate iyresistance iytest. iyThe iyweight iyloss iyis 

iyleast iyfor iy10% iyreplacement iylevel iyand iyis iy15% 

iyless iywhen iycompared iyto iyconventional iyconcrete. iy 

iyThe iystrength iyloss iyis iyreduced iyupto iy15% 

iyreplacement iylevel iyand iythereafter iyincreased. iyThe 

iyleast iyweight iyloss iyis iyobserved iyfor iy15% 

iyreplacement iylevel iyas iy23.5% iyless iycompared iyto 

iyconventional iyconcrete. iy  

 The iyoptimum iylevel iyof iyreplacement iyof iycement 

iywith iymarble iypowder iyis iy15%  

iybased iyon iythe iystrength iyrequirements iyand iyis  

iy10%  iybased  iyon  iythe  iydurability  

iyrequirements. iyHowever iyfurther iystudy iyis 

iyrequired iyfor iyhigher iygrades iyof iyconcrete iyand 

iycompatibility iywith iyreinforcing iymaterial.  
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